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significantly increased risk of talipes equinovarus compared
with CVS and a possible increase in early, unintended preg-
nancy loss.

POSTPROCEDURE AMNIOTIC
FLUID LEAKAGE

Besides fetal loss, additional complications have been reported
as being directly related to an invasive prenatal diagnosis pro-
cedure. Leakage of amniotic fluid after the amniocentesis pro-
cedure is concerning because of the risk for infection, miscar-
riage, preterm labor/delivery, and fetal neonatal complications.
The reported incidence varies from 0–4.6% (Table 35-1). Penso
et al.6 reported 40% fetal loss after leakage of amniotic fluid
in 407 EA procedures. A similar rate of fetal loss after 936
EA procedures at less than 12.8 weeks was also reported by
Hansen et al.32 Brumfield et al.23 reported a 2.9% incidence of
leakage and this was found to be significantly higher compared
with 0.2% in the cohort control group of mid-trimester amnio-
centesis. This post procedural complication contributed to a
22% fetal loss rate. Cederholm et al.17 described the highest
rate of postprocedure leakage (7.5%) in a partially randomized
series of 147 EA procedures compared with 174 transabdom-
inal CVS (7.5% vs. 1.1%). The CEMAT study reported an
increased rate of fluid leakage that was statistically significant
before 22 weeks of gestation when EA were compared with
standard amniocentesis (3.5% vs. 1.7%).10

A review paper evaluated thirteen recent studies of amni-
otic fluid leakage following amniocentesis. There were 17,136

amniocentesis and 280 cases of amniotic fluid leakage for an
incidence of 1.6%. Factors such as gestational age of less than
15 weeks and avoiding the placenta were found to increase
the risk. Conservative management with bed rest was found
to be useful in allowing the leakage site to seal. Amnio patch
technique was also considered.95

MUSCULOSKELETAL

The smaller amounts of amniotic fluid and the gestational age
dependant extraembryonic coelome separating the amnion and
the chorion membranes are a major concern, if prenatal diagno-
sis is required in fetuses at less than 15 gestational weeks.53 The
total volume of amniotic fluid is limited to 30–50 mL at around
12 gestational weeks.63 The vulnerability of the fetal lungs
and extremities after removal of up to 50% of the amniotic
volume and the effects on the fetus if the amniotic membrane
collapses are known.53 Many reports have suggested an associ-
ation between EA and congenital abnormalities (Table 35-3).
The lower limb extremity appears to have increased suscepti-
bility with temporary disturbances from a diminution in intra-
amniotic volume.22 A randomized study of second trimester
amniocentesis has shown that the incidence of talipes (0.8%)
was not significantly different from controls that did not have
invasive testing.88 Penso et al.6 2.2% of orthopedic postural
deformity including 4 club feet, 1 hyperextended knee, 1 sco-
liosis, 1 congenital dislocation of the hip, and 1 of the knee.
Three pregnancies (38%) had leakage of amniotic fluid.6 Nevin

T A B L E

35-3
EARLY AMNIOCENTESIS: ASSOCIATED MUSCULOSKELETAL AND
RESPIRATORY COMPLICATIONS

Complications

Randomized Studies No. Needle Size Volume AF(mL) Leakage AF % Musculoskeletal % Respiratory %

EATA11 (2004) 1,820 22 12–14 9.7 1.5 0.4
CEMAT10 (1998) 1,916 22 11 4.6 1.3 —
Sunberg9 (1997) 518 20 25 filtered 2.4 2.4 0.9
Johnson15 (1996) 344 22 11 2.1 1.2 2

Partially randomized studies
Nagel16 (1998) 130 22 11 — 3.1 —
Cederholm17 (1997) 147 20 10 7.5 0 —
Nicolaides18 (1996) 840 20 11 — 1.6 —

Observational studies
Yoon96 (2001) 980 22 11–12 — 1.1 —
Tharmaratnam97 (1998) 412 22 7 1.6 2.7
Eiben22 (1997) 3,277 22 3–6 1.1 0.4 —
Henry30 (1992) 1,805 22 11–17 1.7 0.5 —
Hanson32 (1992) 879 22 12–15 1.1 <0.4 —
Hackett36 (1991) 106 20 10–18 1 2.0 —
Nevin42 (1990) 222 20 2–17 — 0.5 —
Penson6 (1990) 407 22 12–15 2.6 2.2 6.1

AF—amniotic fluid.
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et al.42 described a single case of bilateral talipes equinovarus
(0.5%) in their 222 EA procedures. Hackett et al.36 identified 4
congenital anomalies from their series of 62 EA procedures; 2
were positional talipes. Eiben et al.22 reported an incidence of
0.4% of hip dislocation and talipes. Sundberg et al.9 reported
a higher rate of talipes equinovarus after filtered EA compared
with CVS in a randomized trial but the number of EA pro-
cedures were not sufficient to allow definitive conclusion.22

The 2 congenital anomalies mentioned in the Cederholm and
Axelsson17 study did not involve the musculoskeletal system
(large hemangioma on the trunk, cleft palate). Nicolaides’ par-
tially randomized trial showed a higher incidence of talipes
equinovarus in the EA group (1.66%) than in the CVS group
(0.48%), but this difference was not statistically significant.18

The partially randomized trial of Nagel et al.16 comparing EA
and transabdominal CVS had to be terminated early because
of an unintended increased fetal loss rate and substantially
more frequent incidence of talipes [3.1% (0.8–7.7%)]. The
CEMAT10 trial showed a significant increased rate of a foot
anomaly (1.3% vs. 0.1%; p = 001) for EA from 11 + 0 week
to 12 + 0.

EATA11 study found a 4.65 fold increase in talips with
amniocentesis during week 13 of pregnancy. Yoon et al.96 re-
viewed a non randomized cohort following EA and found a
1.1% incidence of talips. Tharmaratnam et al.97 reported a rate
of fixed flexion deformities of 1.6%. Their conclusion was that
there is a positive association with the amount of amniotic fluid
removed and the rate of musculoskeletal deformities.97

An orthopedic review group hypothesized that the foot de-
formities are secondary to decreased fetal movement during a
key phase in foot and ankle development.98

Even before the evaluation of EA, there have been con-
cerns of possible lung complications related to traditional
amniocentesis.67 Some suboptimal lung growth and develop-
ment have been demonstrated in a monkey model.98 Milner
et al.99 compared immediate neonatal lung function tests in 39
full-term babies that had had an amniocentesis in the second
trimester with 43 unexposed babies. Their results showed a
significantly lower dynamic compliance of the lungs and an
increased resistance in the group exposed to amniocentesis.99

The incidence of respiratory difficulties in newborns after EA
varies from 1%30 to 6.1%.6 Calhoun et al.101 reported on a
prospective controlled pilot study evaluating short-term com-
plications of EA versus mid-trimester amniocentesis. They
identified a clinically but not significant difference in pul-
monary complications between the EA group and the stan-
dard group.101 Tharmaratnam et al.97 reported a series of 404
EA procedures; the incidence of respiratory problems at birth
was 2.7% after removing only 7 mL of amniotic fluid. These
results for lung complications were comparable with other
studies.97 Recently, Greenough et al.102 evaluated the impact
of EA and CVS on respiratory morbidity in very young chil-
dren. The functional residual capacity was higher as well as
the number of chest-related hospital admissions for the EA
group compared with the control group.102 They concluded
that first trimester procedures are associated with increased

respiratory morbidity in children within their first year of
life.102

OTHER POSSIBLE FINDINGS
FOLLOWING AMNIOCENTESIS

Evidence of bacterial and viral organisms present in the am-
niotic fluid at the time of second trimester amniocentesis has
been reported.103,104 In 22 consecutive asymptomatic women
with intact membranes at mid gestation, 3 (13.6%) specimens
found chlamydia trachomatsis (2) and corynebacterium group
(1).104 Preexisting intrauterine viral infections were identified
in 8% of post amniocentesis losses within 30 days of proce-
dure and 15% of matched controls without pregnancy loss.
Adenovirus was present in both groups while cytomegalovirus
was found in only the control group. The conclusion was that
the presence of virus in second trimester amniotic fluid is not
significantly associated with elevated IL-6 levels or with early
post amniocentesis pregnancy loss.103 These infection studies
have not been evaluated in the first trimester.

Reports of amniocentesis fetal needle trauma at second
trimester are rare with the use of continuous ultrasound
guidance.105,106 These risks may be present in first trimester as
well.

A secondary analysis107 of the EATA Trial11 identified
an observation that focal disruption of the placenta at 13–14
weeks may increase the risk of hypertension/preeclampsia.
These findings provide support for the theory that distur-
bances in early placentation lead subsequently to maternal
hypertension.107

CONCLUSION

Over the years, many observational studies and partially ran-
domized and randomized trials had shown that early amnio-
centesis can be performed effectively. The results are generally
compared with a mid-trimester amniocentesis at a comparable
time. This technique, attractive because of a shorter learning
curve, the availability, the low rate of maternal-cell contami-
nation, and the early gestational timing, has been performed
widely in many centers. During this last decade, more and more
articles have started to raise questions about the safety of the
EA procedure. The increased rate of post procedure fetal loss
was often explained by many authors to be due to the early
timing of the procedure compared with the standard amnio-
centesis. Recently, multicenter randomized trials (CEMAT10;
EATA11) comparing EA and mid-trimester amniocentesis and
late chorionic villus sampling reported statistically and clini-
cally significant results. The CEMAT10 study showed the EA
group to have a total pregnancy loss to be significantly higher,
a significant increased incidence of musculoskeletal foot
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deformities, an increased culture failure rate, and an increased
post-amniocentesis rate of leakage when compared with stan-
dard mid-trimester amniocentesis. The EATA11 study showed
an increased risk of talips with amniocentesis at 13 weeks
gestation and possible increased pregnancy loss. These results
should certainly be part of any pre-procedure counseling when
EA procedure is considered. There is still the need to evaluate
early amniocentesis between 14 + 0 to 14 + 6 weeks.

References

1. Riis P, Fuchs F. Antenatal determination of foetal sex in the preven-
tion of hereditary diseases. Lancet. 2:180–12.

2. Steele MW, Berg WR. Chromosome analysis of human amniotic
fluid cells. Lancet. 1966;1:383–35.

3. Jacobson CS, Barter RH. Intrauterine diagnosis and management of
genetic defects. Am J Obstet Gynecol. 1967;99:795–807.

4. Wilson RD. Early amniocentesis: a clinical review. Prenat Diagn.
1995;15:1259–12.

5. Penso CA, Frigoletto FD. Early amniocentesis. Semin Perinatol.
1990;14:465–40.

6. Penso CA, Sanstrom MM, Garber MF, et al. Early amniocente-
sis: report of 407 cases with neonatal follow-up. Obstet Gynecol.
1990;76:1032–1016.

7. Crandall BF, Kulch P, Tabsh K. Risk assessment of amniocentesis
between 11 and 15 weeks: compared to later amniocentesis controls.
Prenat Diagn. 1994;14:913–919.

8. Canadian Multicentre Randomized Clinical Trial of Chorionic
villus Sampling and Amniocentesis. Final report. Prenat Diagn.
1992;12:3876–4476.

9. Sundberg K, Bang J, Smidt-Jensen S, et al. Randomized study of risk
of fetal loss related to early amniocentesis versus chorionic villus
sampling. Lancet. 1997;350:697–703.

10. The Canadian Early and Mid-trimester Amniocentesis Trial (CE-
MAT) Group. Randomized trial to assess safety and fetal outcome
of early and mid-trimester amniocentesis. Lancet. 1998;351:242–
247.

11. Philip J, Silver RK, Wilson RD, et al. Late first trimester inva-
sive prenatal diagnosis results of an international randomized trial.
Obstet Gynecol. 2004;103:1164–1173.

12. Alfirevic Z. Early amniocentesis versus transabdominal chorion vil-
lus sampling for prenatal diagnosis. (Cochrane Review) In: The
Cochrane Database of Systemic Reviews, The Cochrane Library,
The Cochrane Collaboration, 2003.

13. Jauniaux E, Pahal GS, Rodeck CH. What invasive procedure to use
in early pregnancy? [Review] Best Practice and Research in Clinical
Obstetrics and Gynecol. 2000;14(4):651–662.

14. Nanal R, Kyle P, Soothill PW. A classification of pregnancy losses
after invasive prenatal diagnostic procedures: an approach to al-
low comparison of units with a different case mix. Prenat Diagn.
2003;23:488–492.

15. Johnson J, Wilson RD, Windsor E, et al. The early amniocentesis
study: a randomized clinical trial of early amniocentesis versus mid-
trimester amniocentesis. Fetal Diagn Ther. 1996;11:85–93.

16. Nagel HT, Vandenbussche FP, Keirse MJ, et al. Amniocentesis be-
fore 14 completed weeks as an alternative to transabdominal chori-
onic villus sampling: a controlled trial with infant follow-up. Prenat
Diagn. 1998;18:465–475.

17. Cederholm M, Axelsson O. A prospective comparative study on
transabdominal chorionic villus sampling and amniocentesis per-
formed at 10–13 weeks’ gestation. Prenat Diagn. 1997;17:411–417.

18. Nicolaides K, de Lourdes Brizot M, Patel F, et al. Comparison of
chorion villus sampling and early amniocentesis for karyotyping in
1,492 singleton pregnancies. Fetal Diagn Ther. 1996;11:9–15.

19. Collins VR, Webley C, Sheffield LJ, et al. Fetal outcome and
maternal morbidity after early amniocentesis. Prenat Diagn.
1998;18:767–772.

20. Daniel A, HG A, Kuah KB, et al. A study of early amniocentesis for
prenatal cytogenetic diagnosis. Prenat Diagn. 1998;18:21–28.

21. Jorgensen C, Andolf E. Amniocentesis before the 15th gestational
week in single and twin gestations: complications and quality of
genetic analysis. Acta Obstet Gynecol Scand. 1998;77:151–154.

22. Eiben B, Hammons W, Nanson S, et al. On the complication risk
of early amniocentesis versus standard amniocentesis. Fetal Diagn
Ther. 1997;12:140–144.

23. Brumfield CG, Lin S, Conner W, et al. Pregnancy outcome follow-
ing genetic amniocentesis at 11–14 versus 16–19 weeks gestation.
Obstet Gynecol. 1996;88:114–118.

24. Diaz Vega M, de la Cueva, Leal C, et al. Early amniocentesis at
10–12 weeks gestation. Prenat Diagn. 16:307–312.

25. Shulman LP, Elias S, Phillips OP, et al. Amniocentesis performed
at 14 weeks’ gestation or earlier: comparison with first trimester
transabdominal chorionic villus sampling. Obstet Gynecol. 83:543–
548.

26. Eiben B, Goebel R, Hansen S, et al. Early amniocentesis: a cytoge-
netic evaluation of over 1,500 cases. Prenat Diagn. 1994;14:497–
501.

27. Eiben B, Goebel R, Rutt G, et al. Early amniocentesis between the
12th–14th week of pregnancy: clinical experiences with 1100 cases.
Geburtshilfe Frauenhelkd. 1993;53:538–554.

28. Kerber S, Held KR. Early genetic amniocentesis: 4 years experience.
Prenat Diagn. 1993;12:21–27.

29. Djalali M, Barbi G, Kennerknecht L, et al. Introduction of
early amniocentesis to routine prenatal diagnosis. Prenat Diagn.
1992;12:661–669.

30. Henry GP, Miller WA. Early amniocentesis. J Reprod Med. 37:396–
402.

31. Assel BG, Lewis SM, Dickerman LH, et al. Single operator com-
parison of early and mid-second trimester amniocentesis. Obstet
Gynecol. 1992;79:940–944.

32. Hanson FW, Tennant F, Hune S, et al. Early amniocentesis: outcome,
risks, and technical problems at ≤12.8 weeks. Am J Obstet Gynecol.
166:1707–1711.

33. Sato M, Witt D. Early amniocentesis: prospective follow-up of 604
cases. Am J Hum Genet. 1991;49:230.

34. Shulman LP, Elias S, Simpson JL. Early amniocentesis: complica-
tions in initial 150 cases compared to complications in initial 150
cases of transabdominal chorionic villus sampling. Am J Hum Genet.
1991;49:231.

35. Nevin J, Nevin NC, Dorman JC, et al. Early amniocentesis: clin-
ical and cytogenetic evaluation of 500 cases. Am J Hum Genet.
1991;49:226.

36. Hackett GA, Smith JH, Rebello MT, et al. Early amniocentesis at
11–14 weeks’ gestation for the diagnosis of fetal chromosomal ab-
normality: a clinical evaluation. Prenat Diagn. 1991;11:311–315.

37. Klapp J, Nicolaides KH, Hager HD, et al. Examinations in regards
to early amniocentesis. Geburtshilfe Frauenheilkd. 1990;50:443–
446.

38. Lindner C, Huneke B, Masson D, et al. Early amniocentesis for
prenatal diagnosis. Geburshilfe Frauenheilkd. 1990;50:954–958.

39. Thayer B, Braddock B, Spitzer K, et al. Clinical and laboratory
experience with early amniocentesis. Birth Defects Original Article
Series. 1990;26:58–63.

40. Stripparo L, Buscaglia M, Longatti L, et al. Genetic amniocentesis:
505 cases performed before the sixteenth week of gestation. Prenat
Diagn. 1990;10:359–364.

41. Elejalde BR, de Elejalde MM, Acuna JA, et al. Prospective study
of amniocentesis performed between weeks 9 and 16 of gestation:

ak
us

he
r-li

b.r
u



CHAPTER 35 � Early Amniocentesis: Risk Assessment 431

its feasibility, risks, complications and use in early genetic prenatal
diagnosis. Am J Med Genet. 1990;35:188–196.

42. Nevin J, Nevin N, Dornan J, et al. Early amniocentesis: experience
of 222 consecutive patients. Prenat Diagn. 1990;1:79–83.

43. Hanson F, Happ R, Tennant F, et al. Ultrasonography guided early
amniocentesis in singleton pregnancies. Am J Obstet Gynecol.
1990;162:1376–1383.

44. Evans MI, Drugan A, Kopitch III FC, et al. Genetic diagnosis in
the first trimester: the norm for the 1990’s. Am J Obstet Gynecol.
1989;160:1332–1336.

45. Rooney DE, MacLachlan N, Smith J, et al. Early amniocentesis: a
cytogenetic evaluation. Br Med J. 1989;299:25.

46. Benacerraf BR, Greene MF, Saltzman DH, et al. Early amniocentesis
for prenatal cytogenetic evaluation. Radiology. 1988;169:709–710.

47. Johnson A, Godmilow L. Genetic amniocentesis at 14 weeks or less.
Clin Obstet Gynecol. 1988;31:345–351.

48. Godmilow L, Weiner S, Dunn L. Genetic amniocentesis performed
between 12 and 14 weeks gestation. Am J Hum Genet. 1987;41:818.

49. Miller W, Davies R, Thayer B, et al. Success, safety and accuracy
of early amniocentesis. Am J Hum Genet. 1987;41:835.

50. Hanson FW, Zorn Em, Tennant FR, et al. Amniocentesis before
15 weeks’ gestation: outcome, risks and technical problems. Am J
Obstet Gynecol. 1987;156:1524–1531.

51. Moore KL, Persaud TVN. The Developing Human. 6th ed. Philadel-
phia, PA: WB Saunders; 1998:40–55.

52. Wilson RD. An evaluation of early amniocentesis. J Soc Obstet
Gynaecol. 1996;18:773–785.

53. Smidt-Jensen S, Sundberg K. Early amniocentesis. Curr Opin Obstet
Gynecol. 1995;7:117–121.

54. Sundberg K, Jorgensen FS, Tabor A, et al. Experience with early
amniocentesis. J Perinatol Med. 1995;23:149–158.

55. Liu DTY, Jesvons B, Preston C, et al. A prospective study of spon-
taneous miscarriage in ultrasonically normal pregnancies and rele-
vance to chorion villus sampling. Prenat Diagn. 1987;7:223–227.

56. Gilmore DH, Mcnay MB. Spontaneous fetal loss rate in early preg-
nancy. Lancet. 1985;I:107.

57. Wilson RD, Kendrick E, Wittmann BK, et al. Risk of spon-
taneous abortions in ultrasonically normal pregnancies. Lancet.
1984;II:920–921.

58. National Institute of Child Health and Human Development. Na-
tional registry for amniocentesis for prenatal diagnosis: safety and
accuracy. JAMA. 1976;236:1471–1476.

59. Yang YH, Ju KS, Kim SB, et al. The Korean collaborative study
of 11,00 prenatal genetic amniocentesis. Yonsei Med. 1999;40:460–
466.

60. Roper EC, Konje JC, DeChazal RC, et al. Genetic amniocente-
sis: gestation-specific pregnancy outcome and comparison of out-
come following early and traditional amniocentesis. Prenat Diagn.
19:803–807.

61. American College of Obstetricians and Gynecologists Committee
on Practice Bulletins-Obstetrics. ACOG Practice Bulletin. Clinical
Management Guidelines for Obstetricians-Gynecologist: prenatal
diagnosis of fetal chromosomal abnormalities. Obstet & Gynecol.
2001;97(5 pt 1):suppl 1–12.

62. Kucun CC, Harrigan JT, Canterino JC, et al. Changing trends in
patient decisions concerning genetic amniocentesis. Am J Obstet
Gynecol. 2000;182:10118–10120.

63. Cederholm M, Axelsson O, Sjoden PO. Women’s knowledge,
concerns and psychological reactions before undergoing an inva-
sive procedure for prenatal karyotyping. Ultra Obstet Gynecol.
1999;14:267–272.

64. Cedarholm M, Sjoden PO, Axelsson O. Psychological distress be-
fore and prenatal invasive karyotyping. Acta Obstet Gynecol Scand.
2001;80:539–545.

65. Caron L, Tihy F, Dallaire L. Frequencies of chromosomal abnor-
malities at amniocentesis: over 20 years of cytogenetic analyses in
one laboratory. Am J Med Genet. 1999;82:149–154.

66. Waters JJ, Waters KS. Trends in cytogenetic prenatal diagnosis in the
UK: results from UKNEQAS external audit, 1987–1998. Prenatal
Diagn. 1999;19:1023–1026.

67. Wilson RD, Johnson J, Windrim R, et al. The early amniocentesis
study: a randomized clinical trial of early amniocentesis and mid-
trimester amniocentesis. Fetal Diagn Ther. 1997;12:97–101.

68. Johnson JM, Wilson RD, Singer J, et al. Technical factors in early
amniocentesis predict adverse outcome: results of the Canadian
Early (EA) vs Mid-trimester (MA) Amniocentesis trial. Prenat Di-
agn. 1999;19:732–738.

69. Creasy RK, Resnik R. Maternal-Fetal Medicine. 4th ed. Philadel-
phia, PA: WB Saunders; 1999;56–57.

70. Bravo RR, Shulman LP, Philips OP, et al. Transplacental needle
passage in early amniocentesis and pregnancy loss. Obstet Gynecol.
1995;86:437–440.

71. Tharmaratnam S, Sadek S, Steele EK, et al. Transplacental early
amniocentesis and pregnancy outcome. Br J Obstet Gynaecol.
1998;105:228–230.

72. Jorgensen FS, Band J, Lind AM, et al. Genetic amniocentesis at
7–14 weeks. Prenat Diagn. 1992;12:277–283.

73. Robinson JN, Loeffler HH, Norwitz ER. A syringe adapter to fa-
cilitate aspiration at amniocentesis. Obstet Gynecol. 2000;96(1):
138–140.

74. van Schoubroeck D, Verhaeghe J. Does local anesthesia at mid-
trimester amniocentesis decrease pain experience? a randomized
trial in 220 patients. Ultrasound Obstet Gynecol. 2000;16:536–
538.

75. Fischer RL, Bianculli KW, Sehdex H, et al. Does light pressure ef-
fleurage reduced pain and anxiety associated with genetic amniocen-
tesis? a randomized clinical trial. J Matern Fetal Med. 2000;9:294–
297.

76. Rebello MT, Gray CTH, Rooney DE, et al. Cytogenetic studies of
amniotic fluid taken before the 15th week of pregnancy for earlier
prenatal diagnosis: a report of 114 consecutive cases. Prenat Diagn.
11:35–40.

77. Byrne D, Azar G, Nicolaides K. Why cell culture is successful after
early amniocentesis. Fetal Diagn Ther. 1991;6:84–86.

78. Winsor EJ, Tomkins DJ, Dalousek D, et al. Cytogenetic aspects of the
Canadian Early Med-Trimester Amniocentesis fluid trial (CEMAT).
Prenat Diagn. 1999;19:620–627.

79. Lockwood DH, Neu RL. Cytogenetic analysis of 1375 amniotic
fluid specimens from pregnancies with gestational age less than 14
weeks. Prenat Diagn. 1993;13:801–805.

80. Sundberg K, Lundsteen C, Philip J. Comparison cell cultures, chro-
mosome quality and karyotypes obtained after chorionic villus sam-
pling and early amniocentesis with filter technique. Prenat Diagn.
1999;19:12–16.

81. Brumfield CG, Cloud GA, Davis RO, et al. The relationship between
maternal serum and amniotic fluid alphafetoprotein in women un-
dergoing early amniocentesis. Am J Obstet Gynecol. 1990;163:903–
906.

82. Drugan A, Syner FN, Greb A, et al. Amniocentesis fluid alphafe-
toprotein and acetylcholinesterase in early genetic amniocentesis.
Obstet Gynecol. 1988;72:35–38.

83. Crandall BF, Hanson FW, Tennant F, et al. Alpha-fetoprotein levels
in amniotic fluid between 11 and 15 weeks. Am J Obstet Gynecol.
1989;160:1204–1206.

84. Wathen NC, Peter LC, Campbell DJ, et al. Early amniocentesis:
Alphafetoprotein levels in amniotic fluid, extraembryonic coelomic
fluid and maternal serum between 8 and 13 weeks. Br J Obstet
Gynecol. 1991;98:866–870.

85. Burton BK, Lewis HN, Pettenati MJ. False-positive acetyl-
cholinesterase with early amniocentesis. Obstet Gynecol. 1989;74:
607–610.

86. Campbell J, Cass P, Warhen N, et al. First-trimester amniotic
fluid and extraembryonic coelomic fluid acetylcholinesterase elec-
trophoresis. Prenat Diagn. 1992;12:609–612.

ak
us

he
r-li

b.r
u



432 SECTION III � Procedures

87. Chen CP, Chern SR, Wang W. Rapid determination of zygosity
and common aneuploidies from amniotic fluid cells using quanti-
tative fluorescent polymerase chain reaction following genetic am-
niocentesis in multiple pregnancies. Hum Reprod. 2000;15:929–
934.

88. Tabor A, Philip J, Madsen M, et al. Randomized controlled trial
of genetic amniocentesis in 4,606 low risk women. Lancet. 1986;I:
1287–1293.

89. Reid KP, Gurrin LC, Dickinson JE, et al. Pregnancy loss rates fol-
lowing second trimester genetic amniocentesis. Aust N Z J Obstet
Gynecol. 1999;39:281–285.

90. Horger EO, Finch H, Vincent VA. A single physician’s experience
with four thousand six hundred genetic amniocenteses. Am J Obstet
Gynecol. 2001;185:279–288.

91. Lippman A, Vekemans MJ, Perry TB. Fetal mortality at the time of
chorionic villi sampling. Hum Genet. 1984;68:337–338.

92. Saltvedt S, Almstrom H. Fetal loss rate after second trimester am-
niocentesis at different gestational age. Act Obstet Gynecol Scand.
1999;78:10–14.

93. Antsaklis A, Papantoiou N, Xygakis A, et al. Genetic amniocen-
tesis in women 20–34 years old: associates risks. Prenat Diagn.
2000;29:247–250.

94. Nicolaides K, deLourdes Brizot M, Patel F, et al. Comparison of
chorionic villous sampling and amniocentesis for fetal karyotyping
at 10–13 weeks’ gestation. Lancet. 1994;344:435–439.

95. Abboud P, Zejli A, Mansour G, et al. Amniotic fluid leakage
and premature rupture of membranes after amniocentesis: a re-
view of the literature. J Gynecol Obstet Biol Reprod. 2000;29:741–
745.

96. Yoon G, Chernos J, Sibbald B, et al. Association Between Am-
niocentesis and Congenital Foot Anomalies (abstract). Department
of Medical Genetics, Department of Obstetrics and Gynecology,
Alberta Congenital Anomalies Surveillance System (ACASS), Uni-
versity of Calgary.

97. Tharmaratnam S, Sadex S, Steele EK, et al. Early amniocentesis:
effect of removing a reduced volume of amniotic fluid on pregnancy
outcome. Prenat Diagn. 1998;18:773–778.

98. Tredwell SJ, Wilson RD, Wilmink MA, et al. Review of the effect
of early amniocentesis on foot deformity in the neonate. J Pediatr
Orthop. 2001;21:636–641.

99. Hislop A, Fairweather DV. Amniocentesis and lung growth: an an-
imal experiment with clinical implications. Lancet. 1982:II:1271–
1272.

100. Milner AD, Hoskyns EW, Hopkin IE. The effects of mid-trimester
amniocentesis on lung function in the neonatal period. Eur J Pediatr.
1992;151:458–460.

101. Calhoun BC, Brehm W, Bombard AT. Early genetic amniocentesis
and its relationship to respiratory difficulties in pediatric patients: a
report of findings in patients and matched controls 3–5 years post-
procedure. Prenat Diagn. 1994;14:209–212.

102. Greenough A, Yuksel B, Maik S, et al. First trimester invasive pro-
cedures: effects on symptom status and lung volume in very young
children. Pediatr Pulmonol. 1997;22:415–422.

103. Wenstrom KD, Andrews WW, Bowles NE, et al. Intrauterine vi-
ral infection at the time of second trimester genetic amniocentesis.
Obstet Gynecol. 1998;92:420–422.

104. Mandar R, Livukene K, Ehrenberg A, et al. Amniotic fluid mi-
croflora in asymptomatic women at mid-gestation. Scand J Infect
Dis. 2001;33(1):60–62.

105. Cambiaghi S, Restano L, Cavalli R, et al. Skin dimpling as a conse-
quence of amniocentesis. J Am Acad Dermatol. 1998;39(5 pt 2):888–
890.

106. Squier M, Chamberlain P, Zaiwalla Z, et al. Five cases of brain
injury following amniocentesis in mid-term pregnancy. Dev Med
Child Neurol. 2000;42:554–560.

107. Silver RK, Wilson RD, Philip J, et al. Late first trimester placental
disruption and subsequent gestational hypertension/preeclampsia.
Obstet Gynecol. 2005;105:587–592.

ak
us

he
r-li

b.r
u



C H A P T E R

36
CHORIONIC VILLUS SAMPLING

Mark I. Evans / Guy Rosner / Yuval Yaron / Ronald J. Wapner

Since the development of amniocentesis more than 30 years
ago, there has been a constant desire to move prenatal diagno-
sis to as early in gestation as possible.1 In the mid-1980s, the
combination of increasingly sophisticated ultrasound and lab-
oratory cytogenetic advances made first trimester sampling of
chorionic villi possible. Two decades of experience have now
shown that chorionic villus sampling (CVS), in experienced
hands, is both safe and effective (Fig. 36-1). Despite allega-
tions in the early 1990s of increased risk of birth defects2,3

now clearly disproved at the usual gestational ages by objec-
tive data (although still disputed by some), CVS gained rapid
acceptance, then decline, and now re-acceptance in prenatal
diagnosis in the hands of experienced operators.

In the 1980s, several US and European centers began per-
forming CVS for the purpose of prenatal diagnosis in the clin-
ical setting. Multiple single institutions and collaborative pa-
pers documented its accuracy and safety. Following the 1990
FDA approval of the TrophocanTM catheter (Concord/Portex;
Keene, New Hampshire) for use in transcervical CVS, an in-
creasing number of US physicians began offering the proce-
dure. To obtain privileges to perform CVS, some states enacted
legislation requiring the performance of 50 CVS procedures
in pregnancies in which the patient has already chosen first
trimester abortion.1 This practice has not always been feasi-
ble because of the controversies already surrounding elective
abortion, or because of the increased medical costs if this ex-
perience were acquired in a hospital setting. Other states and
hospitals had no guidelines at all, which resulted in physicians
performing the procedure without guidance and experience of
trained operators.

INDICATIONS

The most common indications for CVS are advanced maternal
age, and a biochemical or molecularly diagnosable genetic dis-
order abnormalities. Over the last decade, nuchal translucency
(NT) measurement in the first trimester has become a routine in
many centers worldwide (see Chapter 23). Increased NT in the
first trimester has been shown to be a prognostic marker of fetal
aneuploidy as well as structural anomalies.4 The risk for fetal
trisomy increases with NT, and that NT of 3, 4, 5, and >6 mm
are associated with a 4-fold, 21-fold, 26-fold, and 41-fold in-
crease, respectively, in the maternal age-related risks for tri-
somies 21, 18, and 13.5 Over the last few years, combined first
trimester screening has been employed, using first trimester
NT and maternal serum pregnancy associated plasma protein
A (PAPP-A) and free β̃-hCG.6−8 This combined screening
strategy is estimated to achieve a DS detection rate of 80–85%
for a 5% false positive rate.9 The test may be performed at
11–13 weeks of gestation, and screen positive patients may be
offered CVS. Other general indications have been reviewed
elsewhere and will not be repeated here.

With the exception of those patients whose primary risk is
for a neural tube defect, any patient considered a candidate for
amniocentesis could be offered CVS if they are seen in the first
trimester. CVS has the advantage of earlier diagnosis, allow-
ing earlier intervention when mandated guaranteeing privacy
in reproductive choices. While we used to check routinely at
9–10 weeks, we generally attempt to schedule patients inter-
ested in CVS to be seen at 11–12 weeks gestational age in
order to obtain translucency measurements at the same time. If
an abnormality is found, they may choose to terminate by the
safer, easier, quicker, and cheaper suction method rather than
techniques used in the second trimester, which are more expen-
sive, have higher complication rates, and are without privacy
as often many of the pregnant status of the patient becomes
obvious.

MULTIPLE GESTATIONS

CVS can be performed in the setting of multiple gestations
if separate, discrete placentas are clearly identified. Twins are
the most common multiple gestation even in the era of as-
sisted reproductive technologies (ARTs). We commonly per-
form CVS in higher order multiples prior to fetal reduc-
tion, but usually sample only the 2 or 3 fetuses likely to
be kept. Placental and fetal locations must be meticulously
noted in order to avoid the issues of mis-identification and of
sampling 1 twin twice, and the other not at all (Fig. 36-2).
Operators performing transcervical/transcervical CVS may
run the risk of cross-contamination of samples. With twins,
a transabdominal/transcervical CVS or transabdominal/
transabdominal dual CVS procedure can commonly be per-
formed to minimize cytogenetic contamination.

In the setting of a “vanishing twin,” which may occur in
up to 3% of pregnancies,10 studies suggest an increased risk of
aneuploidy in the remaining placental tissue of the “vanished
twin”.11 Therefore, care must be taken during sampling if only
the remaining twin is being evaluated.

PROCEDURE

After counseling, the next step is the ultrasound evaluation.
First, fetal viability is confirmed. About 7% of patients are
discovered to have a blighted ovum or an embryonic/fetal
demise.12 Fetal size discrepancies should also be noted. Of
significant concern is the smaller-than-expected fetus, even in
the first trimester. We have found that such fetuses are at in-
creased risk for aneuploidy,13,14 and that such cases merit CVS
to shorten the time to diagnosis.
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FIGURE 36-1 CVS ultrasound—transcervical.

Appropriate dating of the pregnancy is of particular im-
portance in some cases of prenatal diagnosis by DNA stud-
ies. Some disorders such as fragile X syndrome or other dis-
eases diagnosed by Southern blot may require larger amounts
of tissue (20–40 mg), compared to PCR-based diagnosis
(Fig. 36-3). If the indication for CVS is such that requires
large amounts of tissue, we prefer to schedule the patient at
11–12 weeks gestation because the placental mass is gener-
ally larger, and multiple passes may be necessary to obtain
sufficient material for DNA extraction and analysis.

Placental evaluation is of utmost importance in properly
assessing patients for transcervical CVS. In general, placental
location determines whether the approach will be transcervi-
cal or transabdominal. For most cases, this decision will be
straightforward. If the placenta is low-lying and posterior, a
transcervical approach is appropriate. Such cases are easier
to perform and may be attempted by novices under guidance.

FIGURE 36-2 Twin CVS ultrasound.

FIGURE 36-3 Villi in dish.

If the placenta is anterior and fundal, an abdominal approach
is usually indicated. The placenta can sometimes be maneu-
vered into a vertical configuration by judicious manipulation
of bladder volume. There is wide variation among operators
in the percentage of cases done cervically versus abdominally.
In general, it is easier for less experienced physicians to do
transabdominally because of their prior amniocentesis expe-
rience. However, most patients prefer an experience akin to a
pap smear rather than a needle. It is critical that operators be
able to perform both methods.

Other factors must be considered before attempting CVS.
At times the patient gives a history of genital herpes simplex
or a recent group B streptococcus (GBS) infection. Such cases
should be individualized, and the small or theoretical risk of
introducing an infection into the fetal-placental tissues should
be discussed with the patient. Transabdominal CVS (TA-CVS)
or amniocentesis are usually offered when a significant risk of
active GBS is present as data are in favor that uterine infec-
tion in such cases might occur almost entirely after transcervi-
cal aspiration.15,16 Additionally, because of the possibility of
GBS septic abortion after transcervical CVS procedure (TC-
CVS) in known GBS carriers, prophylactic antibiotic therapy
may be advocated prior to TC-CVS in such selected cases.
Silverman et al.16 have showed, however, that CVS was asso-
ciated with a low rate of post CVS bacteremia (4.1% after TC-
CVS compared to none after TA-CVS). Additionally, although
catheter tips used for TC-CVS yielded positive cultures in as
much as 16.3% of procedures, the actual rate of bacteremia
was much lower. Baumann et al. compared cervical bacterial
carrier status in women performing TC-CVS and TA-CVS and
its implications on pregnancy outcome.17 They reported an in-
creased incidence of miscarriages in the TC-CVS group where
bacteria/yeast or mycoplasma were found in cervical cultures.
In comparison, none of the miscarriages after TA-CVS was
associated with bacterial- or fungal-positive cervical cultures
other than mycoplasma. The authors concluded that regard-
ing TA-CVS positive cervical mycoplasma culture might be
associated with late miscarriage (greater than 2 weeks post
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procedure). The choice of whether to perform TA-CVS or TC-
CVS should be made according to the experienced operator’s
judgment, based on the previously described conditions and in
accordance with the patient’s bacterial/fungal cervical carrier
status.

SAFETY

Over the past 2 decades, multiple reports from individual cen-
ters have demonstrated the safety and low rates of pregnancy
loss following CVS.18–23 In experienced centers, the total rate
of miscarriage from the time of CVS until 28 weeks’ gesta-
tion is approximately 2–3%.23,24,25 However, adjustments for
the relatively high background loss at this gestational age are
necessary to determine procedure-related pregnancy loss.

In the late 1980s and early 1990s most data regarding the
safety of either transabdominal or transcervical CVS proce-
dures was reported by 3 collaborative groups. The Canadian
Collaborative CVS-Amniocentesis Clinical Trial Group re-
ported a prospective, randomized trial comparing CVS to sec-
ond trimester amniocentesis.26 There were 7.6% fetal losses
(defined as spontaneous abortions, induced abortions, and late
losses) in the CVS group, and 7.0% in the amniocentesis group.
The difference of 0.6% for CVS over amniocentesis was not
statistically significant, however, the overall loss was relatively
high.

The first American Collaborative Report was a prospective,
nonrandomized trial of over 2,200 women who chose either
TC-CVS or second trimester amniocentesis.27 Patients in both
groups were recruited in the first trimester of pregnancy. As in
the Canadian study, advanced maternal age was the primary
indication for prenatal diagnosis. When the loss rates were ad-
justed for slight group differences in maternal and gestational
ages, an excess pregnancy loss rate of 0.8% referable to CVS
over amniocentesis was calculated, which again was neither
clinically nor statistically significant.

A prospective, randomized collaborative comparison of
over 3,200 pregnancies sponsored by the European MRC
Working Party on the Evaluation of CVS demonstrated a 4.6%
greater pregnancy loss rate following CVS when compared
with amniocentesis (95%; CI 1.6–7.5%).28 However, there
were major flaws with this study. Operator experience, or lack
therefore would likely explain this difference. The US trial in-
cluded 7 centers and the Canadian trial included 11 centers,
whereas the European trial included 31. There were, on aver-
age, 325 cases per center in the United States study, 106 in
the Canadian study, but only 52 in the European trial. While
no significant change in pregnancy loss rate was demonstrated
during the course of the European trial, the learning curve for
both transcervical and transabdominal CVS probably exceeds
400 or more cases.29,30 Operators having performed fewer than
100 cases may have 2–3 times the postprocedure loss rate of
operators who have performed more than 1,000 procedures.31

Nicolaides et al., compared the pregnancy outcome fol-
lowing prenatal diagnosis procedure between CVS and early
amniocentesis, done at 10 and 13 weeks’ gestation, and found
that the spontaneous loss rate was significantly higher after
early amniocentesis (5.3%) than after CVS (2.3%).32

In a more recent work on the safety of TA-CVS, Brun
et al. reported of their experience in 10,741 CVSs during
1990–1999.23 The rate of fetal loss at <28 weeks was 1.64%
in all pregnancies and 1.92% when CVS was performed before
13 weeks. The authors explain their low fetal loss rate by the
fact that CVS was done at a higher median gestational age
(15 weeks) and in contrast to other studies, not done exclu-
sively during the first trimester. In concordance with other
studies, advanced maternal age appeared to be the single factor
significantly associated with fetal loss.

Several randomized trials have compared the transcervical
and transabdominal approaches.24,30,33,34 In the United States
collaborative CVS Project, no difference was found in the post-
procedure pregnancy loss rates between the 2 approaches (TC-
CVS 2.5%, TA-CVS 2.3%).24 Equally important was that the
overall post-CVS loss rate in the study (2.5%) was 0.8% lower
than that in the initial US study, which compared CVS to sec-
ond trimester amniocentesis. Because 0.8% was the quantita-
tive difference in loss rates between amniocentesis and CVS
in the original study, this finding suggests that when cen-
ters become equivalently experienced, amniocentesis and CVS
may have the same risk of pregnancy loss. Smidt-Jensen also
found no difference in pregnancy loss between TA-CVS and
second trimester amniocentesis, but he showed an increased
risk for TC-CVS, the procedure for which their center was
least experienced. In a retrospective review of their experience
with over 9,000 CVS procedures, Church has shown that in
their center, transcervical CVS has a slightly greater risk of
pregnancy loss than transabdominal sampling.35 Recently, an
international randomized trial of late first trimester invasive
prenatal diagnosis to assess the safety and accuracy of am-
niocentesis and TA-CVS performed at 11–14 weeks was
reported.36 No difference in fetal loss or preterm delivery was
observed for both procedures (2.3% and 2.1%, respectively).
However, a 4-fold increase in the rate of talipes equinovarus
was observed in cases where early amniocentesis was the tech-
nique used. The authors concluded that amniocentesis at, or be-
fore,13 weeks carries an increase risk for this specific limb de-
fect and an additional increase in early, unintended pregnancy
loss. In another study, Alfirevic et al.37 have analyzed 14 ran-
domized studies from the Cochrane Pregnancy and Childbirth
Group Trials Registry and from the Cochrane Central Registry
and Control Trials, in order to assess the safety and accuracy
of the various invasive procedures employed for early prena-
tal diagnosis. Based on their results they concluded that early
amniocentesis is not a safe alternative to second trimester am-
niocentesis because of increased pregnancy loss (relative risk
1.29), and higher rates of talipes equinovarus (relative risk
6.43). According to their results, TC-CVS appeared to carry a
significant higher rate of pregnancy loss and spontaneous mis-
carriage (relative risk 1.4 and 1.5, respectively) in comparison
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to second trimester amniocentesis. Notably, the absolute per-
centages reported in that study were higher than those reported
by others (ie, fetal loss after transcervical CVS 14.5%).

In conclusion, for first trimester diagnosis, either TA-CVS
or TC-CVS are the preferred method of choice, while early
amniocentesis carries a significant risk for fetal loss and fetal
malformations. It appears safe to speculate that fetal loss rates
between transcervical and transabdominal sampling will be
similar in most centers once equivalent expertise is gained with
either approach. We believe utilization of both methods is nec-
essary to have the most complete, practical, and safe approach
to first trimester diagnosis.

RISK OF FETAL ABNORMALITIES
FOLLOWING CVS

In the first half of the 1990s it was suggested that CVS may be
associated with specific fetal malformations, particularly limb
reduction defects (LRDs). Today, based on the published data,
it appears safe to state that there is no increased risk for LRDs
or any other birth defect when CVS is performed at >70 days
of gestation from LMP.38−41 Nonetheless, the subject will be
reviewed in greater detail.

The first suggestion of an increased risk for fetal abnor-
malities following CVS was reported by Firth et al.2 In a series
of 539 CVS-exposed pregnancies, there were 5 infants with
severe limb abnormalities in a cohort of 289 pregnancies sam-
pled by TA-CVS at 55–66 days gestation. Four of these infants
had the unusual and very rare oromandibular-limb hypogenesis
syndrome, and the fifth had a terminal transverse LRD. Based
on the estimation that oromandibular-limb hypogenesis syn-
drome occurs in 1 per 175,000 live births,42 and LRDs occurs
in 1 per 1690 births,43 the occurrence of these abnormalities in
more than 1% of CVS-sampled cases raised a high level of sus-
picion of a causative association. Subsequently, other groups
have reported the occurrence of LRDs and oromandibular hy-
pogenesis in following CVS.44−49 Currently, an abundant data
has accumulated concerning with the possibility and statis-
tics of fetal abnormalities following a CVS procedure.39−41 In
1992, a case-control study using the Italian Multi-Center Birth
Defects Registry, reported an odds ratio of 11.3 (95%; CI 5.6–
21.3) for transverse limb abnormalities following first trimester
CVS.44). When stratified by gestational age at sampling, preg-
nancies sampled prior to 70 days had a 19.7% increased risk
of transverse limb reduction defects, while patients sampled
later did not demonstrate a significantly increased risk. Other
case-control studies, however, have not seen any association
of CVS with LRDs.39,40

Currently, there are ample data suggesting an increased
risk for fetal malformations when CVS is done at an ear-
lier gestation age (i.e., prior to 70 days of gestation).2,3,46

Brambati et al. reported a of 1.6% incidence of severe LRDs in
a group of patients sampled at 6 and 7 weeks gestation.46 This

rate decreased to 0.1% at 8–9 weeks. In a report of the Taiwan
CVS experience, Hsieh reported 29 cases of limb reduction
defects following CVS from September 1990 until June 1992;
4 cases had oromandibular limb hypogenesis syndrome.47

However, there were 2 remarkable aspects of this report. First,
although the gestational age at sampling was not known with
certainty in all cases, most were performed at <63 days. Sec-
ondly, the cases with LRDs were performed by inexperienced
community-based operators, whereas no defects were seen in
cases performed at major medical centers. These data support
the assumption that early gestational sampling and excessive
placental trauma may be etiologic in the reported clusters of
post-CVS LRDs. In contrast, Wapner and Evans have shown
that in very experienced centers, CVS can be safely and reli-
ably performed even in very early gestation.38 In a study they
conducted CVS was performed at less than 8 weeks’ gestation
in a population of Orthodox Jews who by their religion are per-
mitted abortion only before 40 days post conception. Of the
82 cases of early CVS, there was only a single case of severe
LRDs, a rate of 1.6% (Fig. 36-4).

The question whether CVS sampling after 10 weeks has
the potential of causing more subtle defects, such as short-
ening of the distal phalanx or nail hypoplasia was a major
concern debated thoroughly in the literature.48,50 Presently, as
the overall incidence of limb reduction defects after CVS is
estimated to be 1 in 1881 (ranging from 5.2–5.7 per 10,000),
compared with 1 in 1642 (ranging from 4.8–5.97 per 10,000)
in the general population41,50 there are no data to substantiate
this concern. As noted, in most experienced centers perform-
ing CVS after 10 weeks, no increase in limb defects of any
type was observed.39,41,49,50 Based on the WHO CVS Registry
Data (216,381 cases) published in 1999,50 it was concluded
that CVS does not carry an increased risk for fetal loss or birth
defects. Furthermore, no difference in the incidence of LRDs
was found in the WHO report even when data regarding LRDs
and other birth defects in nonviable fetuses and terminated
pregnancies was also included. Therefore, as the possibility
of fetal malformations occurring after CVS seems negligible
after 70 days of gestation, it is speculated that the few reported

FIGURE 36-4 Posterior early CVS.
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clusters are either statistical flukes or related to center-specific
practices.

Mechanisms by which CVS could potentially lead to fetal
malformations continue to be disputed. Placental thrombosis
with subsequent fetal embolization has been raised as a poten-
tial etiology, but is unlikely because fetal clotting factors appear
to be insufficient at this early gestational age. Inadvertent entry
into the extra embryonic coelom with resulting amniotic bands
has also been raised as a potential mechanism. This appears
unlikely as well, because actual bands have not been observed.
Additionally, many of these cases of oromandibular-limb hy-
pogenesis syndrome had internal CNS anomalies that cannot
be accounted for by fetal entanglement or compression.

Uterine or placental vascular disruption appears to be the
most plausible mechanism at present.42,51 According to this hy-
pothesis, CVS causes injury, vasospasm, or compression of the
uterine vessels, which subsequently results in under-perfusion
of the fetal peripheral circulation. Following the initial insult,
there may be subsequent rupture of the thin-walled vessels of
the damaged distal embryonic circulation, leading to further
hypoxia, necrosis, and eventually re-absorption of preexisting
structures. Theoretically, an overly traumatic CVS technique
could lead to significant uterine or placental disruption with
secondary fetal hypovolemia, vasospasm, and peripheral shut
down, especially in very early gestation. A similar mechanism
leading to limb defects has been demonstrated in animal mod-
els following uterine vascular clamping, maternal exposure to
cocaine and to the prostanglandin E1 analogue misoprostol,
or even simple uterine palpation.49,52,53 A variation of this hy-
pothesis implicates fetal hemorrhage rather than vasospasm
as the etiology of fetal hypo-perfusion. Because the fetal and
maternal circulations are contiguous, a significant fetal bleed
will result in a fetal-to-maternal hemorrhage detectable as an
increase in the maternal serum alpha fetoprotein (AFP) level.
Smidt-Jensen et al. found that spontaneous fetal loss occurs
more frequently among women whose serum AFP increased
substantially after TA-CVS,54 suggesting that severe fetal hem-
orrhage may result in fetal death, whereas lesser degrees of
hemorrhage may allow the pregnancy to continue, but result in
a transient episode of fetal hypo-perfusion. Brent55 suggested
that as a consequence of CVS, bleeding from the chorion might
deprive the embryo a portion of its blood supply during a crit-
ical period (50–70 days post conception) and therefore could
lead to birth defects.

As an increased incidence of fetal hemangiomas in con-
junction with fetal oromandibular and limb disruption has been
reported to occur when CVS was performed prior to 9 weeks
of gestation,25,56 plausible mechanisms of fetal hypo-perfusion
secondary to placental bleeding has been suggested. Quintero
et al.57 added additional information by using transabdominal
embryoscopic visualization of the first-trimester embryo. In
their study, Quintero et al. demonstrated the occurrence of fetal
facial, head, and thoracic echymotic lesions following traumat-
ically induced detachment of the placenta with sub-chorionic
hematoma formation, while no changes in fetal heart rate were
seen. Although these lesions consistently appeared following

significant physical trauma to the placental site, it was specu-
lated that these findings were unlikely to be produced by the
passage of a standard CVS catheter.

A different hypothesis concerning mechanisms of fetal
malformations following CVS was postulated by Van der Zee
et al.58 who studied the possibility of maternal-embryonic
transfusion following CVS as a cause of immunogenic stim-
ulation and a local antibody-mediated reaction. The authors
have demonstrated that in experimental animals, maternal-
embryonic transfusion after CVS can lead to an antibody-
mediated reaction with vascular disruption at the level of the
“end arteries,” causing increased apoptotic cell death. When an
increased apoptotic cell death occurs early in pregnancy, birth
defects in general, and limb defects in particular is predicted
to be more extensive than later in pregnancy.

Any theory of CVS-induced limb defects must consider
the varying stages of fetal sensitivity and should demonstrate
a correlation between the severity of the defects and the ges-
tational age at sampling. As was shown by Firth et al.3 and
by others25,46,47,55,56 it appears that sampling prior to 9 weeks’
gestation may induce LRDs, but rates are not increased follow-
ing CVS performed after 70 days of gestation, compared to the
baseline risk and provided that the procedure is performed in
an experienced center by a trained operator. Patients should be
informed, however, of the theoretical risk to the fetus, and in
particular LRDs and feta anomalies documented when CVS is
performed prior to 10 weeks of gestation.

COMPLICATIONS OF CHORIONIC
VILLUS SAMPLING

BLEEDING

Vaginal bleeding is less common after TA-CVS, but is seen in
as many as 7–10% of patients sampled transcervically. Min-
imal spotting is more common and may occur in almost one
third of women sampled by the transcervical route.27,28 In most
cases, the bleeding is self-limited and the pregnancy outcome
is excellent.

INFECTION

Since the initial development of TC-CVS, there has been con-
cern that TC-CVS would introduce vaginal flora into the uterus.
This possibility was confirmed by cultures that isolated bacte-
ria from up to 30% of catheters used for CVS.59−64 In clinical
practice, however, the incidence of post-CVS chorioamnioni-
tis is low.26,27,60,65 In a recently published United States study
of over 2,000 cases of TC-CVS, infection was suspected as a
possible etiology of pregnancy loss in only 0.3% of cases.27

Infection following TA-CVS also occurs and has been demon-
strated, at least in some cases, to be secondary to bowel flora
introduced by inadvertent puncture by the sampling needle.
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RUPTURE OF MEMBRANES

Gross rupture of the membranes days to weeks after the pro-
cedure is acknowledged as a possible post-CVS complication.
Rupture can result from either mechanical or chemical injury
to the chorion, allowing exposure of the amnion to subse-
quent damage or infection. One group reported a 0.3% inci-
dence of delayed rupture of the membranes following CVS,65

a rate confirmed by Brambati et al.66,67 Unexplained mid-
trimester oligohydramnios has also been suggested as being
a rare complication of TC-CVS which occurs from delayed
chorio-amnion rupture and slow leakage of amniotic fluid.68

ELEVATED MSAFP AND Rhh SENSITIZATION

An acute rise in MSAFP after CVS has been consistently
reported, implying a detectable degree of fetal-maternal
bleeding.69−72 The elevation is transient, occurs more fre-
quently after TA-CVS, and appears to depend on the quantity
of tissue aspirated.72 In Rh negative women, this otherwise
negligible bleeding accrues special importance because Rh-
positive cells in volumes as low as 0.1 mL have been shown to
cause Rh sensitization.73 Because all women with even a single
pass of a catheter or needle show detectable rises in MSAFP,
it seems prudent that all Rh-negative, nonsensitized women
undergoing CVS receive Rho (D) immunoglobulin following
the procedure. Further support to the feto-maternal cell traf-
ficking comes from another study showing fetal erythroblasts
to be proportionally elevated in the maternal blood, correlated
directly to the period post CVS so that the closer the time to
the procedure the higher the percentage of fetal erythroblasts
detected.74

Implications of trends in MSAFP and beta hCG levels fol-
lowing CVS were demonstrated to be predictive of adverse
pregnancy outcome.75 In this study, patients who miscarry had
a greater rise in MSAFP and a greater decrease in maternal
serum beta hCG levels following CVS (compared to control
subjects with normal pregnancy outcome) implying that pre-
and post-CVS MSAFP and beta hCG levels might assist in
prediction of an increased risk for subsequent miscarriage.

PERINATAL COMPLICATIONS

No increases in preterm labor, premature rupture of the mem-
branes, small-for-gestational age infants, maternal morbidity,
or other obstetric complications have occurred in sampled
patients.76 Although the Canadian Collaborative Study showed
an increased prenatal mortality in CVS sampled patients, with
the greatest imbalance being beyond 28 weeks, no obvious
recurrent event was identified.26 To date, CVS is not consid-
ered to harbor additional prenatal complication as long as the
procedure is performed by an experienced operator and after
10 weeks’ gestation.

LONG-TERM INFANT DEVELOPMENT

Long-term infant follow up has been performed by Chinese in-
vestigators who evaluated 53 children from their initial placen-
tal biopsy experience of the 1970s. All were reported in good

health, with normal development and school performance.77

Schaap et al.78 obtained long-term follow-up data after CVS
and amniocentesis and found no significant differences for
neonatal and pediatric morbidity. Based on their data the au-
thors concluded that TC-CVS performed around 10 weeks’
gestation is not associated with an increased frequency of con-
genital malformations compared with second trimester amnio-
centesis.

ACCURACY OF CVS CYTOGENETIC
RESULTS

A major concern with all prenatal diagnostic procedures is
the possibility of discordance between the prenatal cytoge-
netic diagnosis and the actual fetal karyotype. With CVS, these
discrepancies can occur from either maternal tissue contam-
ination or from true biologic differences between the extra
embryonic tissue (ie, placenta) and the fetus. Fortunately, ge-
netic evaluation of chorionic villi provides a high degree of
success and accuracy, particularly in regard to the diagnosis of
common trisomies.79,80 The United States Collaborative Study
revealed a 99.7% rate of successful cytogenetic diagnosis, with
1.1% of the patients requiring a second diagnostic test, such as
amniocentesis or fetal blood analysis, to further interpret the
results.79 In most cases, the additional testing was required to
delineate the clinical significance of mosaicism or other am-
biguous results (76%), although laboratory failure (21%) and
maternal cell contamination (3%) may also require repeated
testing. Clinical errors or misinterpretation are rare, however,
and the need for repeat testing continues to decrease, as more
knowledge about the characteristics of chorionic villi is ob-
tained. Indeed, recent studies23,36 have demonstrated that CVS
is associated with a low rate of maternal cell contamination or
chromosomal abnormalities confined to the placenta, as will
be described in the following section.

MATERNAL CELL CONTAMINATION (MCC)

Contamination of samples with a significant amount of mater-
nal decidual tissue may lead to diagnostic errors, underlining
the importance of preventing this occurrence. Generally, de-
cidual contamination in CVS is almost always due to a small
sample size, making appropriate tissue selection difficult. In
experienced centers, in which adequate quantities of tissue
are available, this problem has become increasingly rare, with
MCC occurring in less than 1% of CVS procedures. In recent
years there has been much progress in the molecular techniques
suitable for detection of MCC, allowing more accurate results
in cases of molecular diagnoses, where MCC may jeopardize
the validity of the test.

In order to separate maternal tissue from the sample, the
chorionic “fronds” are distinguished from the maternal decidua
under the microscope, making decidual removal by careful
dissection possible. Various molecular techniques have been
applied to detect MCC when it occurs. Most are based on the
assessment of specific polymorphic loci in the human genome.
Batanian et al.81 reported a simple, rapid, and sensitive method
for detection of MCC in prenatal tissue, using the highly
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polymorphic markers such as variable number of tandem re-
peats (VNTRs) or microsatellites (stretches of DNA consist-
ing of repeating units of 2–4 nucleotides) that are fluores-
cently or radioactively labeled. The appropriate genetic lo-
cus must be determined by simultaneous screening of the par-
ents in order to distinguish informative from noninformative
markers.

CONFINED PLACENTAL MOSAICISM

True discrepancies between the karyotype of the villus and the
actual fetal karyotype can occur, leading to either false-positive
or false-negative clinical results. Although initially there was
concern that this might invalidate CVS as a prenatal diagnostic
tool, subsequent investigations have led not only to a clearer
understanding of the clinical interpretation of villus tissue re-
sults, but also revealed new information about the etiology of
pregnancy loss, possible causes of intrauterine growth retar-
dation (IUGR), and the biologic mechanisms for uniparental
disomy and associated clinical syndromes.

Mosaicism occurs in about 1–2% of all CVSs80,82−84 but
is confirmed in the fetus in only 10% to 40% of these cases.
In contrast, amniocentesis mosaicism is observed in only
0.1–0.3% of cultures but when found, it is confirmed in the
fetus in ∼70% of cases.85−87 These feto-placental discrepan-
cies are known to occur because the chorionic villi consist of
a combination of extra embryonic tissue of different sources
that become separated and distinct from those of the embryo
in early developmental stages. Specifically, at the 32- to 64-
celled blastocyst, only 3–4 blastomeres differentiate into the
inner cell mass (ICM), which forms the embryo, mesenchymal
core of the chorionic villi, the amnion, yolk sac, and chorion,
whereas the rest of the cells become the precursors of the extra
embryonic tissues.88

A chromosomal aberration that does not involve the fe-
tal cell lineage will produce a confined placental mosaicism
(CPM), in which the trophoblast and perhaps the extra em-
bryonic mesoderm may demonstrate aneuploid cells, but the
fetus is euploid. Several mechanisms may apply in pregnancies
where CVS mosaicism or nonmosaic feto-placental discrepan-
cies are detected: One possible explanation may be a lineage-
specific, nondisjunction. Another is selection for or against a
particular aneuploidy in certain cell lineages.89 This may be
the result of postzygotic, mitotic nondisjunction or anaphase
lag in conceptuses originally diploid or through mitotic loss
of a supernumerary chromosome in subsequent divisions in
initially trisomic conceptions. The probability of mosaic or
non-mosaic trisomy in the fetus itself depends on the placen-
tal lineages in which the trisomic cell line was found. CVS
culture represents the villus mesenchymal core and therefore
reflects the chromosomal constitution of the fetus proper to
a greater extent than the direct preparation, which represent
the chorionic ectoderm, farther removed from the fetus. Thus,
if a mosaic chromosomal aberration is detected on both direct
preparation and long-term culture, it is more likely to represent
a true mosaicism of the fetus.84 Nevertheless, it is advised that
in all gestations involving mosaic trisomic villus mesenchyme

(with or without evidence of trisomy in direct cytotrophoblast
examination) to further examine the fetal karyotype by amnio-
centesis and perform a thorough fetal ultrasound scan to rule
out fetal malformations.

Another adverse outcome that may be associated with CPM
is that of uniparental disomy (UPD). In UPD, both chromo-
some of a given pair are inherited from a single parent, rather
than 1 from each. UPD results when the original trisomic em-
bryo is “rescued” by the loss of the 1 extra chromosome.
Because in the trisomic embryos 2 of chromosomes come
from 1 parent and 1 from the other, there is a theoretical 1 in
3 chance that the 2 remaining chromosomes originate from the
same parent, leading to UPD. This may have clinical conse-
quences if the chromosome involved harbors imprinted genes
whose expression vary according to the parent-of-origin or if
the 2 remaining chromosomes carry a mutant recessive gene,
creating a homozygous state. In general, UPD has been re-
ported for almost every chromosomal pair, although clinical
consequences have been observed mainly in cases involving
specific chromosomes (ie chromosomes 2, 6, 7, 10, 11, 14, 15,
16, 20) and depending on the parent of origin.90 For instance,
despite a relative high frequency of CPM for Trisomy 2 and
Trisomy 7, maternal UPD(2) and maternal UPD(7) have only
been reported rarely.91−93

The most common CPM involving chromosome 15 is en-
countered in 27/100,000 samples.94 This is associated with risk
for UPD(15) which may lead to well-recognized clinical syn-
dromes. This is due to the fact that chromosome 15 is known to
carry genes that are subject to both paternal and maternal im-
printing. Maternal UPD(15), resulting from the relatively more
common maternally derived Trisomy 15, causes the Prader-
Willi syndrome. In contrast, paternal UPD(15) caused by res-
cue of the less common paternal Trisomy 15, results in the less
frequent Angelman syndrome.

In rare cases, CPM for Trisomy 15 offers the important
clue that UPD may be present in the “chromosomally normal”
fetus, which may be at risk of having Prader Willi/Angelman
syndrome.95,96 For this reason, cases in which CVS reveals
Trisomy 15 (either complete or mosaic) should be evaluated for
UPD if the amniotic fluid demonstrates an apparently euploid
fetus.94,97,98

SUMMARY

As a result of the Human Genome Project, we have witnessed
constant progress in prenatal diagnosis of genetic disorders in
families at risk. In addition, over the last decade first trimester
aneuploidy screening using nuchal translucency, PAPP-A and
free beta hCG has become routine in many centers worldwide.
These have significantly increased the need for early prenatal
diagnosis. Due to the association between early amniocentesis
and increased fetal malformations and fetal loss, this procedure
is no longer recommended for first trimester diagnosis. At the
time of writing, the use of fetal cells from maternal blood for
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genetic diagnosis remains largely experimental, making CVS
the earliest technique for prenatal diagnosis in the clinical set-
ting. CVS has proved to be a relatively safe procedure with
approximately 2–3% fetal loss in experienced centers. Based
on published data regarding the possibility of fetal anomalies
post CVS, it seems that there is no increased risk for limb re-
duction defects (LRDs) or any other birth defect when CVS is
done at >70 days of gestation. Evidence from multiple stud-
ies demonstrates the high accuracy of this technique, with a
low rate of both maternal cell contamination or chromosomal
abnormalities confined to the placenta. Technically, CVS can
be performed transabdominally or transcervically. The choice
between TA-CVS or TC-CVS should be made according to
the experienced operator’s judgment, based on the experience
gained in the particular route. A very recent review by us shows
that there is no significant difference in risk between CVS and
midtrimester amniocentesis.99 In experienced hands, CVS can
be offerred to virtually any patient who would be offerred a
genetic amniocentesis.
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CORDOCENTESIS

Carl P. Weiner

CORDOCENTESIS

Fetal blood sampling was first performed in the 1960s using a
fetoscope to identify the targeted vessel. Fetoscopy was cum-
bersome and risky—the procedure-related loss rate exceeded
5%. Fortunately, the development of high-resolution ultra-
sound made it possible to clearly image the umbilical cord.
Spurred by the need for an accurate method to diagnose fe-
tal toxoplasmosis, the first intentional percutaneous umbilical
blood sampling under ultrasound guidance (cordocentesis) was
performed by Fernand Daffos in 1980s.1 The procedure rapidly
gained favor with demonstration of its safety2−4 directly lead-
ing to the development of fetal medicine. A wide range of
gestationally appropriate norms5−13 permit new insight into
fetal pathophysiology. And while some early indications for
cordocentesis have been replaced by less invasive techniques,
the information gained allows the practice of fetal medicine
based on direct knowledge of the pathophysiology rather than
“educated” guesses.

METHODS

Cordocentesis can be performed as early as 12 weeks gestation,
though it is technically more difficult prior to 20 weeks and the
loss rate much higher prior to 16 weeks gestation.

There are 2 methods for cordocentesis: freehand and using
a fixed needle guide. Regardless of technique, the preferred
location for cord puncture is the placental origin where it is
relatively fixed. The first few centimeters of the fetal origin of
the umbilical cord is innervated. Its puncture causes pain and
should be avoided. The umbilical vein rather than the artery
is the preferred target because of its lower association with
complications discussed subsequently. Like all percutaneous
procedures, a “no touch” philosophy is essential. If you do not
touch the shaft of the needle that enters the patient, you cannot
contaminate it.

The technique described by Daffos uses a 20-gauge spinal
needle 8–12 centimeters long.1 The needle course is tracked
by imaging the tip and shaft with a high-resolution ultrasound
transducer held either in the opposite hand of the operator or
by their assistant. This is a matter of operator preference. Since
the needle is not fixed, the tip can move several centimeters in
all axes should either the site of insertion be suboptimal or the
fetus move during the procedure. Once punctured, the opera-
tor secures the needle while the assistant aspirates a series of
1 ml syringes. It is a fairly common mistake to use a single,
large syringe to eliminate the need to change syringes. Aspi-
ration with a syringe much larger than a milliliter can generate
enough negative pressure to collapse the umbilical vein lead-
ing to the erroneous conclusion that the position has been lost.

Pre-heparinization of the syringe is unnecessary unless a fetal
blood gas is needed. The sample is immediately placed into
a specimen container prepared with the required preservative.
The freehand technique remains the most popular method for
cordocentesis no doubt because of the flexibility it allows the
operator.

Cordocentesis may also be performed using a fixed needle
guide which is attached to the base of the ultrasound trans-
ducer. Typically, the transducer is held by the operator’s as-
sistant. The predicted course of the needle, which can travel
only in the vertical plane is displayed on the ultrasound screen.
This allows the operator to select in advance a precise target
for puncture. Deviation from the predicted path occurs only
when there is an abrupt change in the relationship between the
puncture site in the maternal abdominal wall and the uterus as
the needle traverses between the 2. The most common causes
are abrupt patient movement and failure of the assistant to hold
the transducer head flat against the maternal abdomen. Because
lateral movement of the needle is neither desired nor possible,
a smaller gauge needle such as a 22 or 25 is typically used. It
is important to line up the cord longitudinally rather than in
cross section. I prefer to target the “easiest” location for a di-
rect approach rather than confine myself to the placental cord
origin. In fact, a free loop is my target more than 50% of the
time. The preferred puncture is on the near side of the bend
in the loop. Placental puncture should be avoided if possible
when the indication for the blood sample is alloimmunization
(RBC or platelet) just as the informed practitioner would do
with amniocentesis.

Many practitioners use local anesthesia and prophylactic
antibiotics. The former is unnecessary for diagnostic proce-
dures if a 22-gauge needle is used, but may be beneficial with
the freehand technique because of the larger needle caliper and
movement outside the vertical axis. A local anesthetic placed
subcutaneously is useful independent of technique when the
procedure is lengthy (e.g., intravascular transfusion). Pro-
phylactic antibiotics are not indicated for either cordocentesis
or intravascular transfusion. There is no evidence they reduce
the already low risk of amnionitis. In my experience, amnioni-
tis complicates less than 1 in 800 diagnostic procedures when
the “no touch” philosophy is rigorously adhered to and a needle
guide is used.

Fetal movement can either prevent a successful puncture
or shorten the available access time regardless of the tech-
nique used. Fetal movement while the needle is intraluminal
is likely to increase the risk of trauma to the cord. Many oper-
ators administer a neuromuscular antagonist to eliminate fetal
movement. I routinely use pancuronium: 0.3 mg/kg when per-
forming a mid loop puncture. The pancuronium may be given
either intramuscular into the fetal buttock, or preferably, intra-
venously as soon as the vein is punctured. The effect is evi-
dent within seconds when given intravascularly. Recent study
suggests vercurnium may provide some advantage over pan-
curonium. Its shorter duration of action is an advantage for
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444 SECTION III � Procedures

diagnostic procedures since it is associated with a more rapid
return of fetal movement and heart rate variability.14

INDICATIONS AND APPLICATIONS
FOR CORDOCENTESIS

The indications for cordocentesis are dictated by the risk of a
significant complication. Risk does vary by indication (see the
following section). Typical indications for cordocentesis are
listed in Table 37-1.

The Doppler resistance index of several fetal vessels cor-
relates with the fetal acid base status.15,16 As such, its use has
been advocated when the fetus is presumed small. However,
cordocentesis is not indicated to determine the acid base status
of a fetus whose umbilical artery Doppler resistance index is
normal in the absence of labor. Assuming the mother is well
ventilated and the vessel punctured is correctly identified, the
blood gases are less likely to be abnormal than the chance of
a fetal loss. In over 1,200 procedures, we have yet to identify
a fetus with abnormal blood gases and a normal Doppler re-
sistance index in the absence of either hydrops or fetal sepsis
(unpublished).

More provocative and potentially clinically relevant is the
application for cordocentesis in the preterm growth restricted
fetus who has an elevated Doppler resistance index but still
has diastolic flow present if in the umbilical artery solely to
measure the acid base status. With these Doppler measure-
ments, the range of fetal blood gases is wide encompassing
normal to acidemia. Recent study of children who as growth
restricted fetuses had undergone cordocentesis suggests that it
is the acidemia not the hypoxemia alone which is associated
with compromised neurodevelopment.17 Should these exciting
findings be confirmed, proof that a preterm fetus was hypoxic
but not acidemic would allow the delay of delivery at least until
there is time to complete a course of maternal corticosteroids
to enhance postnatal lung function.

T A B L E

37-1
INDICATIONS FOR CORDOCENTESIS

Indication %a

Rapid karyotype 50.7
Hemolytic disease 33.7
Severe, early onset growth restriction 21.7
Congenital infection 16.9
Miscellaneous 4.2
Nonimmune hydrops fetalis
Stuck twin syndrome
Fetal drug therapy
Maternal TSiG
Alloimmune thrombocytopenia

aPercentages taken from reference 16. Some patients had more than 1
indication.

Cordocentesis is not indicated solely for fetal blood typ-
ing in most instances of maternal RBC alloimmunization.
This can now be accomplished by the application of PCR to
either trophoblast or amniocytes obtained early second
trimester when the risk of exacerbating sensitization is lower.

Immune thrombocytopenia (ITP) is not an indication for
cordocentesis (it is indicated for alloimmune thrombocytope-
nia (ATP)).8 The pro-cordocentesis argument is based on the
assumed risk to the fetus of intracranial hemorrhage during
labor. While the argument is logical, it is not supported by the
aggregate experience of the last 2 decades. There is no more
than 1 fetal loss documented in the literature secondary to an
intrapartum fetal hemorrhage.18 Most losses attributed to ITP
have either been associated with a maternal connective tissue
disorder or where associated with a neonatal bleed. In almost
all other instances of a reported loss, either the cause of death
or the timing of death is either not stated or not known. ITP
is the most common autoimmune disorder of reproductive age
women; if true, there should be no controversy that thrombo-
cytopenia secondary to ITP posed a significant fetal risk during
labor. Yet, the loss rate from cordocentesis in the best hands
for a “low risk” fetus is 0.2%.19 In addition, there is no direct
or indirect evidence that cesarean section for the indication of
autoimmune thrombocytopenia improves neonatal outcome. In
short, the use of cordocentesis to obtain a fetal platelet count
in a woman with ITP adds more risk than benefit.

Preliminary reports suggest that cordocentesis for the diag-
nosis of fetal toxoplasmosis has been supplanted the applica-
tion of PCR to samples of amniotic fluid, though this remains
controversial. Though a fetal blood sample had been thought
central to the diagnosis of fetal infection for all viruses other
than CMV, this indication too will likely be supplanted by the
application of PCR to amniotic fluid samples.

Not yet widely accepted but a likely valid indication for
cordocentesis is presence of maternal thyroid stimulating anti-
body (TSiG) or active maternal Graves disease.20,21 Emerging
evidence suggests that even mild degrees of thyroid dysfunc-
tion impairs long-term neurodevelopment.22−24 While there is
a relationship between the degree of maternal and fetal thy-
roid suppression with such agents as propylthiouracil, it is not
uncommon to find the fetus is significantly over- or under-
treated despite the mother being euthyroid. In the instance of
fetal hyperthyroidism, the maternal PTU dose is increased and
the woman given thyroxine replacement.20 In the instance of
fetal hypothyroidism, the fetus can be given thyroxine intra-
amniotically on a weekly basis.25 Women with a history of
Graves disease who have undergone thyroid ablation should
be screened for the presence of TSiG. The fetus is at minimal
risk if the TSiG study is negative.

The performance of cordocentesis is essential for a com-
plete evaluation of nonimmune hydrops since it allows the sep-
aration of cardiac from noncardiac etiologies.10,26 The UVP is
a surrogate for the central venous pressure. Recent studies of
human fetuses27 indicate that is very similar to the right-sided
heart pressure. An elevated umbilical venous pressure (UVP)
is consistent with myocardial dysfunction whether caused by
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CHAPTER 37 � Cordocentesis 445

anemia (eg, parvovirus infection, hemolytic disease), or my-
ocarditis, or obstructed cardiac return (thoracic mass effect). I
am unaware of any medical or surgical treatment for noncar-
diac hydrops. Successful treatment of cardiogenic hydrops is
associated with normalization of the UVP before the hydrops
resolves.26 The UVP also predicts which fetus with a hydro-
thorax and hydrops whose hydrops will be cured by place-
ment of a thoraco-amniotic shunt. Hydrops that is responsive
to shunting is caused by a shift of the mediastinum which then
obstructs cardiac return. If the UVP is neither elevated nor
normalizes after draining the chest, a shunt will not help. The
underlying problem lies elsewhere.

MAJOR COMPLICATIONS AND RISK
FACTORS FOR CORDOCENTESIS

The principle major complications of cordocentesis are listed
in Table 37-2. They include all those complications associ-
ated with amniocentesis plus fetal bradycardia, umbilical cord
laceration, and thrombosis. Risk factors for cordocentesis are
noted in Table 37-3.

Umbilical cord laceration and thrombosis are seen prin-
cipally with freehand procedures and have not been reported
when a needle guide was used.19 Though bleeding from the
umbilical puncture site is common, prolonged bleeding with
sequelae is uncommon. Application of a “no touch” technique
and the use of disposable needles for a single puncture will
minimize the risk of amnionitis. Bradycardia is the major com-
plication of cordocentesis. Virtually all emergency cesarean
deliveries and most perinatal losses are associated with a fetal
bradycardia (Table 37-4). A method to block its development
is greatly needed. Umbilical artery puncture and hypoxia are
the major risk factors for bradycardia. In the absence of pro-
found anemia or myocardial failure, fetal hypoxia is associ-
ated with an elevated umbilical artery resistance index and it
can be used as a risk marker. The incidence of bradycardia
with absent and/or reversed diastolic flow approaches 25%.
Umbilical artery puncture increases the risk of fetal bradycar-
dia 5–10 fold.3,19,28 The presence of either oligohydramnios
or a 2-vessel cord increases the risk of arterial puncture in
my experience. I have seen during bradycardic episodes that

T A B L E

37-2
COMPLICATIONS OF CORDOCENTESIS

1. Bradycardia or asystole
2. Premature rupture of membranes
3. Premature labor
4. Umbilical hemorrhage
5. Placental hemorrhage
6. Chorioamnionitis
7. Umbilical thrombosis
8. Fetal to maternal hemorrhage

T A B L E

37-3
RISK FACTORS FOR CORDOCENTESIS

1. Umbilical artery puncture (associated with bradycardia)
2. Fetal hypoxemia (associated with bradycardia)
3. Technique—freehand versus needle guide
4. Gestational age—prior to 20 weeks, both techniques
5. Number of punctures (freehand technique only)
6. Duration of procedure (freehand technique only)
7. Experience (freehand technique only, presumably be-

cause of #4, 5)

the Doppler resistance index is elevated in only 1 of the um-
bilical arteries suggesting the vasospasm is localized. I have
also demonstrated that pancuronium reduces the incidence of
bradycardia in appropriately grown but not growth restricted
fetuses.28 It is likely that some episodes of bradycardia result
when the fetus tugs on its cord causing needle trauma and
irritation of the underlying vascular smooth muscle. The asso-
ciation of bradycardia with umbilical vein puncture may reflect
disruption of the adjacent umbilical artery smooth muscle as
the tip traverses the cord. There is no known treatment for fe-
tal bradycardia in response to a cordocentesis. Based on direct
observation, I believe that vigorous fetal stimulation is bene-
ficial since the heart will slow again if the manual stimulation
is stopped too early. I have, on occasion administered a vari-
ety of chronotropes (e.g., atropine) and bicarbonate as part of
a fetal resuscitation. I am unconvinced they have predictable
value.

Even when performed at a mid loop, the fetus does “re-
act” to the cordocentesis. Umbilical artery resistance typically
declines after either a diagnostic procedure or a fetal intravas-
cular transfusion.29 As a rule, the higher the “normal” base-
line resistance index, the greater the decline. The decrease
is the result of prostacyclin release from the vascular endo-
thelium.30,31

Endothelial adaptation to hypoxia also explains why hy-
poxemia is a risk factor for bradycardia.28 Rizzo demonstrated
that umbilical vein puncture released a potent vasoconstrictor,
endothelin, in growth restricted but not appropriately grown
fetuses.32 Bradycardic fetuses released more endothelin. It is
reasonable to speculate that the release of a large amount of
endothelin causes focal vasocontriction at or near the puncture
site. Future studies of growth restricted fetuses might test an
ET antagonist as prophylaxis against bradycardia.

Both techniques for cordocentesis have a learning curve.
Based on considerable experience with both, I believe the
learning curve is shorter when a needle guide is used. However,
use of a needle guide requires a trained assistant with steady
hands. Until recently, it was generally accepted that the tech-
nique selected was a matter of operator preference and had no
impact on outcome.

I have long believed that the “advantage” of the freehand
technique, flexibility, also poses a risk to the fetus based on
indirect evidence. Analogous to a lever, a small movement
at the hub of the needle amplifies the distance the tip moves.
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T A B L E

37-4
FREQUENCY OF MAJOR COMPLICATIONS OF CORDOCENTESIS
WHEN A NEEDLE GUIDE IS USED

Final Diagnosis GA (Weeks) at Cordocentesis Percent Emergency Deliverya Percent Death Within 2 Weeksb

RBC alloimmunization 28 ± 4 0.2 0.2
Uteroplacental dysfunction 32 ± 4 5.0 0.9
Chromosome abnormality 29 ± 6 7.7 9.9
All others 28 ± 6 0.3 0.2

aWeiner, unpublished.
bFrom Weiner and Okamura.19 Fetuses with a chromosome abnormality delivered by cesarean section were delivered before the karyotype was completed.

For example, a freehand cordocentesis produces a significantly
greater incremental increase in the MSAFP than does amnio-
centesis after controlling for placental puncture.33 In contrast,
the change in MSAFP when a needle guide is used is similar to
amniocentesis.34 Further, the association between fetal throm-
bocytopenia and bleeding from the umbilical puncture site after
a freehand cordocentesis is high enough to have prompted 1
investigator to suggest prophylactic platelet transfusion of all
fetuses at risk.35 In contrast, there is no relationship between the
fetal platelet count and bleeding from the puncture site when
a needle guide is used.36 The latter may also be explained by
the use of the thinner gauge needle which is another potential
advantage of the needle guide. Second trimester amniocente-
sis studies report lower loss rates when thinner needles are
used.37 Not surprising, there are also reports which suggest
that an amniocentesis performed with a needle guide is safer
than 1 performed freehand.38

Comparisons of loss rates sustained by groups using the
freehand and needle guide techniques are difficult since it is
hard to separate procedure related losses from those secondary
to the natural progression of disease. No single center has ad-
equate volume for a randomized trial and up to now there is
no interest in a multicenter trial. Recently, I combined my ex-
perience with diagnostic cordocentesis with that of Professor
Okamura from Tokohu University in Sendai Japan.19 Our 2
sites shared only the use of a fixed needle guide and a long
experience involving many operators (n = 25) with varying
levels of experience.

In this study, 1,260 diagnostic cordocenteses were per-
formed at a mean gestational age of 29 weeks. The umbilical
vein (confirmed by the blood pressure reading) was punctured
in 90% demonstrating the desired vessel can be targeted. We
defined a procedure-related loss as any loss within 2 weeks of
the procedure except that resulting from elective pregnancy ter-
mination. Overall, there were 12 losses (0.9%) (Table 37-4).
Ghidini et al. reviewed the experience of the world’s largest
centers.39 All cordocenteses were performed freehand except
those from the University of Iowa where a needle guide was
used. Therefore, the Iowa contribution was deleted from the
following analyses.

The overall loss rate with the freehand method was 7.2%
(96/1,328).39 This rate was significantly higher than the over-
all loss rate when a needle guide was used (0.9%, 12/1,260;
p < 0.00001). To exclude the contribution of the underlying

pathology to the loss rate, Ghidini subdivided the procedures
into high and low risk with the latter excluding chromoso-
mal abnormalities, nonimmune hydrops, intrauterine growth
restriction, and fetal infection. Such exclusions virtually elim-
inate all abnormal fetuses who might be at risk for a loss un-
related to the procedure. The perinatal loss rate for these low
risk procedures using the freehand technique was 3% (20/660).
This rate is 15 times the needle guide rate (0.2%, 2/1021; p <

000001) which includes fetuses with either infection, hydrops,
or structural malformations.

It might be argued that the Ghidini review included many
centers early in their learning curve and that a single center
would provide a more suitable comparison. That opportunity
came when Donner et al. reported 759 diagnostic cordocen-
teses with a known outcome using the freehand technique.40

Acknowledging several limitations (final diagnoses were not
necessarily reported and 87% (34/39) of their perinatal losses
were excluded as being unrelated to the procedure), their stated
loss rate was 0.8% including 94 therapeutic terminations in
the denominator. Subtracting the terminations from their total
yields a loss of 1.1% (7/665). Of these pregnancies, 160 were
sampled because of severe early onset growth restriction. We
can estimate their low-risk group if we exclude the growth re-
stricted fetuses and assume that all fetuses with chromosomal
abnormalities were either in the growth restriction group, ther-
apeutic termination group, or the 1 fetus with trisomy 18 noted
in the paper. This leaves a low-risk group of 504 in which there
were 6 fetal/neonatal losses (1.2%). This rate is significantly
higher than that achieved with a needle guide (p = 0.03).

I do not believe the needle guide is a panacea. But while a
few skilled operators might duplicate the results obtained with
a needle guide, the majority of practitioners perform only a
few cordocenteses per year and would benefit from use of the
guide.
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TISSUE BIOPSIES

Mark I. Evans / Wolfgang Holzgreve / Eric L. Krivchenia / Eric P. Hoffman

Over 2 decades, there has been a dramatic shift away from the
need for tissue-specific diagnoses to those that can be accom-
plished by DNA methodologies. However, there are many dis-
orders for which only a tissue-specific histological or immuno-
histochemical examination of the tissue will provide accurate
prenatal diagnosis.1 A classic example is ornithine trans-
cabamylase deficiency which previously required a fetal liver
biopsy, but now can be done at DNA level from amniotic fluid,
chorionic villi, or fetal blood.2 There are still numerous inborn
errors of metabolism and other genetic disorders in which a
tissue-specific sample is necessary. For example, several liver
specific enzymes such as glycogen storage diseases require
tissue biopsy. In other disorders such as Duchenne Muscu-
lar Dystrophy (DMD), the isolation of the dystrophin gene in
the late 1980s allowed for the vast majority of patients at risk
for DMD to have the diagnosis in the first trimester through
CVS and subsequent DNA analysis.3 However, not all cases
of DMD are informative. When there is only 1 affected fam-
ily member, and there are no other data to definitively discern
whether a pregnant woman is a carrier, molecular diagnosis
can be particularly problematic.

Prenatal diagnostic techniques have centered on 2 major
areas, the first of which has been visualization of fetal struc-
ture and function. Over the decades, these techniques have in-
cluded X-ray, amniography, direct visualization by fetoscopy,
and ultrasound.4 The second major approach to prenatal diag-
nosis has been through the laboratory study of fetal tissue. After
3 decades of use, the most utilized clinical technique remains
amniocentesis. Chorionic villus sampling (CVS) and cordo-
centesis have emerged as additional techniques for obtaining
fetal material. The combination of cytogenetic, biochemical,
and molecular analyses in conjunction with highly detailed
ultrasound examination has enabled the prenatal diagnosis of
multiple fetal diseases and anatomic defects.

There has been a movement over the past decade away
from needing specific tissue material for diagnosis. The major
advantage of molecular diagnosis is that it allows, in general,
for the use of any fetal tissue to look at DNA structure and
expected function rather than at enzymatic reactions which are
tissue-limited to their actual site of action.5 However, in some
cases, the availability of DNA diagnoses has increased both the
possibilities for diagnosis, but also developed the need for fetal
tissue-specific biopsies for previously undiagnosable cases for
which molecular approaches do not work.

FETAL SKIN BIOPSY

Only a few of the serious dermatologic disorders are associated
with chromosomal abnormalities or enzyme defects that can
be detected in amniotic fluid or chorionic villi.6 Furthermore,
in the majority of serious cutaneous abnormalities, ultrasonic

visualization is useless. Actual visualization of the skin and
histology are the only ways to make such diagnoses. Examples
of conditions for which prenatal diagnosis requires study of the
fetal skin include:

• harlequin ichthyosis
• Sjögren-Larsson syndrome
• epidermolytic hyperkeratosis
• epidermolysis bullosa dystrophica
• epidermolysis bullosa lethalis
• oculocutaneous albinism
• congenital ichthyosiform ertheraderma
• congenital bullous epidermolysis6−11 (Fig. 38-1)

Fetal skin biopsies have been obtained in 1 of 2 ways: Either
under direct visualization via fetoscopy or under ultrasound
guidance.12

FETOSCOPY

For fetoscopy, the site of entry of the fetoscope is chosen to
allow easy access to biopsy sites such as the back, thighs, or
scalp.13−15 From 1970–1990, fetal skin biopsies have been
obtained by fetoscopic methods which carried a 2–5% risk of
miscarriage. The newer fiberoptic scopes simplify the proce-
dure and have lowered the risks. The skin is prepared as for
any invasive fetal procedure. Lidocaine 1% is injected subcuta-
neously into the maternal skin for anesthesia. A no. 15 scalpel
blade is used to nick the skin and, if the patient is thin, down
to the fascia. Then, under ultrasound guidance, the trocar of
the fetoscope—which can be as simple as a 16- or 18-gauge
needle—is inserted into the amniotic sac. If the procedure is
being performed under direct visualization, the fetoscope is
directed to the biopsy site. A significant advantage of direct
visualization is that the specimen can be obtained at the site of
obvious pathology. Though ultrasound-guided “blind” biopsy
has gained popularity because the quality of fiber optics had
previously been so poor, recent advances of fiber optic scopes
have changed the equation back in favor of direct visualization.
Fetoscopic techniques are described more fully in Chapter 41.

ULTRASOUND-GUIDED BIOPSIES

Recently, a modified approach to obtaining percutaneous
ultrasound-guided fetal skin biopsies has been developed us-
ing a fine needle system.16 The maternal skin is anesthetized
with 1% Xylocaine. A good site is fetal buttock and outer thigh.
Traditionally, an 18-gauge, 16-cm-long needle with trocar is in-
serted into the abdominal wall through the uterine cavity. Then,
the sharp point of the trocar is withdrawn to avoid trauma. The
tip of the needle is guided until it is about 1 cm away from
the biopsy site. A 20-cm-long, 20-gauge biopsy forceps is in-
serted until it touches the fetal scalp, and a biopsy is obtained.
The biopsy may be repeated to ensure that adequate material
is obtained.

Alternatively, we have recently begun using the core biopsy
needle/gun as for muscle biopsies. Here, the major issue is
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450 SECTION III � Procedures

FIGURE 38-1 Harlequin ichthyosis baby shortly before death.

making sure that the core starts external to the skin so that as
the core is excised it includes the entire skin thickness (Figs.
38-2, 38-3, and 38-4).

One potential concern applicable to all skin biopsies is scar-
ring from the procedure. However, recent evidence, predom-
inantly secondary to fetal surgical experience, suggests that
fetal skin heals by a different mechanism than it does postna-
tally. The process of regeneration is to reorganize properly, and
fetal incisions therefore tend to heal without scar.17

Methods of diagnosis include histology and biochemical
studies. For example, in harlequin ichthyosis, there is prema-
ture hyperkeratosis, most marked around the hair follicles and
sweat ducts.13Sjögren-Larsson syndrome is diagnosed by find-
ing of hyperkeratosis with increased keratohyaline.18 In epider-
molysis bullosa dystrophica, a cleavage plane below the basal
lamina, and focal collagenolysis of the upper dermis, appears
below the dermal/epidermal junction in unseparated regions.19

Significant advances in the biochemical examination of
pathological fetal skin have been made over the past 5 years
concurrent with our understanding of the ontogeny of struc-
tural proteins of normal fetal skin.11,20 Biochemical studies
have the advantages of allowing diagnoses earlier in gestation
before direct visualization would be possible. The biochemical
analyses of skin may also be applicable for genetic diagnosis
using amniocytes and amniotic fluid. For example, prenatal
diagnosis of several ichthyoses and other genetic disorders of

FIGURE 38-2 Skin biopsy: biopsy needle hovering over buttock.

FIGURE 38-3 Skin biopsy: coring element extended through skin
thickness.
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CHAPTER 38 � Tissue Biopsies 451

FIGURE 38-4 Skin biopsy: coring gun barrel shot forward obtaining
specimen.

which ichthyosis is a component, has been performed using
amniotic fluid obtained between 14 and 16 weeks gestation.

Such studies have concluded, for example, that harlequin
ichthyosis is not 1 disorder, but a genetically heteroge-
neous group of disorders with altered glomerular granules,
intercellular lipids, and variation in expression and/or pro-
cessing of structural protein markers of normal epidermal
keratinization.

As with all invasive procedures, risks include rupture of
membranes, bleeding, infection, and miscarriage. Improve-
ment in the fiber optic technologies have allowed decreasing
size and time to complete procedures, and therefore increasing
safety.

FETAL LIVER BIOPSY

The liver has hundreds of metabolic functions. For a large
number of these enzymatic reactions, enzyme activity can be
documented in many different tissues including amniotic fluid
and chorionic villi.21 Though it was necessary to learn that there
were different normal activity values in different tissues,22,23

the diagnoses of conditions such as the mucopolysaccharidoses
and Tay Sachs disease (among countless others) have been
routine for a number of years. Unfortunately, enzyme activity
is strictly limited to the liver for certain disorders.

Fetal liver biopsies have been used successfully for the
prenatal diagnosis of:

• ornithine transcarbamylase deficiency 24−28

• Von Gierke’s disease
• carbamyl phosphate synthetase deficiency
• primary hyperoxaluria type 1

The technique for fetal liver biopsy is similar to that for
skin except that a needle or coring biopsy instrument is in-
serted into the upper right quadrant of the fetal abdomen. If a
needle is used, a syringe is attached to create suction, and the
needle is then removed, taking a careful specimen with it.14 It
is important for all of these biopsy techniques to have a dis-
secting microscopy readily available to ensure that an adequate
specimen has been obtained. Likewise, the coring biopsy gun
can be used.

Multiple enzymes, in addition to the 1 of interest, must be
tested to eliminate the possibility that a low level of activity is
a function of a poor specimen rather than disease. Otherwise,
the enzymatic procedures are similar to those well known for
pediatric specimens.

FETAL MUSCLE BIOPSY

After nearly 3 decades of research in the United States and
millions of dollars in funding from highly publicized charitable
campaigns, the gene for the muscle protein dystrophin, whose
absence causes Duchenne muscular dystrophy (DMD), was
finally isolated in 1987.3 This gene encompasses more than
2 1/2 million base pairs of the X chromosome and is by far the
largest gene ever described.29 Analyses of children with DMD
have revealed that multiple molecular defects can produce the
clinical picture of DMD.30

Many of the children with DMD have sizable deletions
of the gene. In about 45% of patients, however, no deletion is
detectable. Attempts to diagnose DMD prenatally had been fu-
tile for nearly 20 years. It was hoped, for example, that muscle
proteins could be demonstrable in fetal blood, as it is known
that elevated levels of creatine phosphokinase (CPK) are often
elevated in carriers of DMD as well as significantly elevated
in patients with DMD. Unfortunately, these levels do not be-
gin to rise until at least the very end of pregnancy, making it
impractical for prenatal diagnosis.

With the isolation of the DMD gene, the majority of fetal
cases could be diagnosed by the molecular analysis of the gene,
either through detection of deletion mutations or by linkage
analysis. Thus, the majority of cases of DMD are currently
diagnosed from tissue specimens obtained via chorionic villus
sampling. However, there are a number of situations in which
a deletion mutation is not found and DNA molecular diagnosis
will not work. These can be divided into 4 different categories:

• Those with only prior family member affected, and it cannot
be determined whether the single affected family member
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41
CYTOGENETICS AND
MOLECULAR CYTOGENETICS

Alan E. Donnenfeld / Allen N. Lamb

Since the development of amniocentesis in the late 1960s, test-
ing for aneuploidy has become a routine component of obstet-
ric care. New prenatal diagnosis techniques have been devel-
oped that permit the analysis of numerous embryonic tissues.
These include traditional amniocentesis, early amniocentesis
(<14 weeks), transabdominal and transcervical chorionic vil-
lus sampling (CVS), fetal blood sampling, fetal skin biopsy,
analysis of fetal urine, and testing of fetal cystic hygroma fluid.
These clinical procedures are described in other chapters. Over
the past decade, the laboratory evaluation of samples derived
from these tissues has expanded dramatically. For decades,
traditional cytogenetic analysis had been the exclusive test for
chromosome abnormalities. Current methodologies include in-
terphase fluorescence in situ hybridization (FISH) for common
aneuploidies involving chromosomes 13, 18, 21, X, and Y, as
well as other molecular cytogenetic tests. These molecular cy-
togenetic tests permit evaluation and further characterization of
more subtle abnormalities, including microdeletions, marker
chromosomes, translocations, deletions, inversions, and sub-
telomeric deletions. DNA-based tests can be used to search for
uniparental disomy (UPD).

AMNIOTIC FLUID

Amniocentesis is the most common procedure performed for
prenatal diagnosis. Most laboratories performing cytogenetic
studies handle large numbers of samples so that appropriate
specimen handling and labeling is critical. The sample volume
and gross appearance (clear, bloody, brown, etc.) are recorded.
The sample, often in 2 tubes, is centrifuged and most of the
amniotic fluid is removed and saved. A small volume of tissue
culture medium is added (usually .5 mL), and the cell pellet
is resuspended. Highly supplemented tissue culture medium
optimized for the growth of amniocytes is commonly utilized.
Two of the most commonly used medias in the United States
are Amniomax (GIBCO, Carlsbad, CA) and Chang (Irvine
Scientific, Santa Ana, CA).

There are 2 culture methods for amniocytes: in situ and
flask. Most laboratories now use the in situ method. The re-
suspended cells are placed on the surface of a coverslip in a
small culture dish, cells are allowed to attach overnight, and
then the coverslip is flooded with more medium on the sec-
ond day. The cells attach and grow on coverslips as individual
colonies and the sample can be harvested without subcultur-
ing. Four cultures are generally established for amniocytes,
2 from each original sample tube. Both A-side cultures and
both B-side cultures (representing the 2 original sample tubes)
are split between 2 incubators.

Cytogenetic analysis is performed on metaphase spreads
found in the in situ colonies, which usually results in a faster

turnaround time (TAT) than the flask method. The specific
advantage is that subculturing, with subsequent slide making, is
avoided. TAT with the in situ method is in the 6- to 10-day range
for most patient cultures. Small-volume and bloody samples
are often at the upper end of the TAT range or longer. Early
amniocentesis may take up to 11/2 days longer than the average
16-week amniocentesis sample because there are fewer cells.1

The culture medium is removed from cultures selected
for harvest. The cells are then exposed to a hypotonic solu-
tion to help separate the chromosomes. The hypotonic treat-
ment is followed by fixation steps with Carnoy’s fixative
(3:1, methanol:acetic acid). The chromosomes are spread in
a temperature- and humidity-controlled environment, and the
coverslips are allowed to dry. The coverslips are then placed
in a dilute trypsin solution to induce banding, stained, and
mounted on a slide. Most laboratories use a trypsin G-band
technique to analyze chromosomes, with an average banding
resolution of between 400–500 bands per haploid genome.

CHROMOSOME ANALYSIS

Requirements and guidelines for chromosome analysis for
all sample types are available from the College of American
Pathologists (CAP) at www.cap.org/toolbox/index.htm
(Checklists, Cytogenetics) and the American College of
Medical Genetics (ACMG) at www.acmg.net (educational
materials, Standards and Guidelines for Clinical Genetics
Laboratories, 2002 edition).

For amniotic fluid cell culture, the recommended CAP stan-
dard is 15 cells from 15 colonies from 2 independent cultures.
The ACMG Guidelines state that if 15 colonies are not avail-
able, 10–15 cells from at least 10 colonies are acceptable. Nei-
ther CAP nor ACMG provide recommendations on what to do
or report if fewer than 10 cells are available.

The number of cells studied affects the ability to detect
mosaicism, which is the presence of 2 or more cell lines with
different karyotypes in at least 2 independent cultures. To be
considered a cell line, there must be at least 2 cells with the
same karyotype for trisomies or structural rearrangements, or
3 cells monosomic for the same chromosome. The routine anal-
ysis of 15 cells from 15 colonies excludes 19% mosaicism
at the 95% confidence level, and 9–6 cells excludes from
29–41% mosaicism.2 As the ability to detect mosaicism de-
creases with 6–9 cells, and is not possible to exclude with
5 cells or less, some laboratories include a statement about this
reduced ability on the final report.

Cytogenetic laboratories commonly have several layers
of review of the karyotypes, which may include (1) 2 tech-
nologists reading the case at the scope and each doing a
band-by-band analysis of all chromosomes in at least 2 cells,
(2) another person cutting out chromosomes and karyotyp-
ing 2–3 cells, either from electronic computer images or from
photographic paper, (3) a supervisor or senior technologist
review, and (4) a director review. Following a band-by-band
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CHAPTER 41 � Cytogenetics and Molecular Cytogenetics 477

then the coverslip is flooded with more medium on the second
day. Banding and staining is as described for amniocytes. The
TAT averages 5–7 days, but may take longer if a small volume
or poor quality of villi is received.

Five cells are usually examined from the direct preparation
and 20 cells from the culture. As cells are disassociated and in
large numbers, growth is not in obvious colonies as it is with
amniocytes.

PRENATAL DIAGNOSIS FROM CYSTIC
HYGROMA FLUID AND FETAL URINE

CYSTIC HYGROMA FLUID

Cystic hygromas are congenital malformations of the lym-
phatic system appearing as septated or nonseptated fluid-filled
cavities, usually involving the neck. They are often associ-
ated with a chromosome abnormality, most commonly 45,X,
trisomy 21, or trisomy 18, in descending order of frequency.
They may also be associated with several different Mendelian
syndromes.6

Obtaining fluid from a cystic hygroma for prenatal di-
agnostic studies has been suggested as an easier procedure
than obtaining amniotic fluid in cases involving large poste-
rior nuchal cystic hygromas associated with oligohydramnios.
The largest series of cytogenetic and FISH analysis from cys-
tic hygroma fluid involved 83 cystic hygroma specimens; all
83 samples were evaluated by traditional cytogenetics and 23
also evaluated by FISH for chromosomes 13, 18, 21, X, and Y.7

When >5 mL of fluid was submitted to the laboratory, the suc-
cess rate for cytogenetic analysis was 76%. If the sample was
<5 mL, cytogenetic analysis was successful in only 9%.
FISH on cystic hygroma specimens was successful for 78%
of the samples submitted, including several where cell cul-
ture failed. The optimal approach was to perform both tradi-
tional cytogenetic analysis and FISH. Using this combined ap-
proach, a successful result was obtained in 90% of cases when
>5 mL of fluid was submitted for analysis. The mean TAT was
8.2 days (range, 4–17 days). Results were available in
<12 days in 91% of cases. There was a 91% aneuploidy rate
identified, with 45,X occurring in 86% of the samples.

FETAL URINE

The sonographic appearance of a fetus with bladder outlet ob-
struction is characterized by a large, distended bladder, oligo-
hydramnios, and hydronephrosis. An investigation involving
the chromosome analysis of 75 fetal urine specimens from fe-
tuses with bladder outlet obstruction, including 31 evaluated
by interphase FISH, was recently reported.8 Traditional cyto-
genetic analysis was successful on 95% of samples and FISH
was informative on 65% of specimens. The combination of
traditional cytogenetic analysis and FISH yielded a 96% chro-
mosome analysis diagnostic success rate. The mean TAT was
8 days (range, 5–14) for traditional cytogenetic analysis and

1.6 days (range, 1.0–4.0) for FISH. Chromosome abnor-
malities were detected in 8%. The authors concluded that
traditional cytogenetic analysis achieved a high success rate
(95%) and was superior to FISH for chromosome evaluation
of fetal urine. However, the rapid TAT achieved with FISH al-
lowed for expeditious clinical management of bladder outlet
obstruction and placement of a vesicoamniotic shunt, when ap-
plicable, approximately 6 days sooner than would be possible
if waiting for traditional cytogenetic results to become avail-
able. For this reason, FISH is warranted in the management
of fetal bladder outlet obstruction. It is apparent that the opti-
mal approach for health care providers submitting fetal urine
for prenatal diagnosis of chromosome abnormalities should
be to request both traditional cytogenetic studies and a FISH
evaluation for the most common aneuploidies involving chro-
mosomes 13, 18, 21, X, and Y.

LABORATORY METHODOLOGY

The culturing of cystic hygroma fluid and fetal urine is the
same as for amniotic fluid cells. For cystic hygroma fluid, some
labs may also set up a phytohemagluttanin (PHA)-stimulated
culture in an attempt to stimulate any fetal white cells that
may be in the fluid. Chromosome analysis is the same as for
amniocytes.

FETAL BLOOD SAMPLING

Gaining direct access to the fetal circulation was considered an
impossibility (and far too risky to attempt) until Daffos et al.9

published their series of 606 fetal blood sampling procedures
in 1985.

LABORATORY METHODOLOGY

Standard PHA-stimulated blood culture techniques are used for
fetal blood samples (AGT Manual). To ensure that fetal and not
maternal blood has been cultured and analyzed, a distinguish-
ing test should be performed (CAP requirement), preferably at
the time of sampling. Twenty metaphase cells are examined.

FETAL SKIN BIOPSY

A fetal skin biopsy for chromosome analysis is rarely per-
formed. More commonly, a skin biopsy may be considered for
the prenatal diagnosis of a heritable, severe congenital skin
disorder such as epidermolysis bullosa. However, some in-
vestigators have encouraged the use of a fetal skin biopsy to
evaluate mosaicism identified either on amniocentesis or fe-
tal blood sampling. Once obtained, the cells can be separated
by collagenase and placed on coverslips, in flasks, or both.
At least 21 instances in which an abnormal cell line was ob-
served on a fetal skin biopsy, but not in fetal blood periph-
eral lymphocytes, have been reported.10 Thus, to clarify the
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478 SECTION IV � Laboratory Diagnostics

prenatal cytogenetic status of a fetus following the diagno-
sis of mosaicism on amniocentesis, fetal skin biopsy should be
considered. The ectodermally derived cells from fetal skin may
be more reflective of the true fetal chromosome status than
mesodermally derived tissue such as blood lymphocytes. Fetal
skin biopsy appears to be a relatively safe procedure. In the
largest series reported of 54 such procedures, no fetal compli-
cations were encountered and no pregnancy losses occurred.11

CYTOGENETIC RESULTS AND
ISSUES COMMON TO ALL PRENATAL
SAMPLE TYPES

The majority (80%) of clinically significant chromosome ab-
normalities are trisomies involving chromosomes 21, 18, and
13, aneuploidies involving the sex chromosomes, or mosaicism
involving these chromosomes. Most of the remaining 20% of

the chromosome abnormalities involve unbalanced transloca-
tions or deletions (Figs. 41-1, 41-2), either de novo or inherited,
other rare mosaic trisomies, and marker chromosomes. If the
chromosome abnormality can be defined based on G-bands or
with the use of FISH, prognostic information may be provided
to the parents after a search of the literature for similar cases.

A number of prenatal cytogenetic findings require the study
of parental blood chromosomes to help define the significance
of a finding in the fetal karyotype. These include balanced
translocations, unbalanced translocations (Fig. 41-3), inver-
sions, marker chromosomes, and potential variant chromo-
somes.

If a rearrangement appears to be a balanced translocation
or inversion, studying the parents to see if this rearrangement
has been “tested” in a phenotypically normal person often pro-
vides useful prognostic information. If the rearrangement is
de novo, more general risks may be provided based on the
literature.12

FIGURE 41-1 G-banded karyotype revealing a balanced reciprocal translocation between chromosomes 6 and 9.
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CHAPTER 41 � Cytogenetics and Molecular Cytogenetics 479

FIGURE 41-2 G-banded karyotype revealing an interstitial deletion on chromosome 2 between bands 2q23 and 2q24.2 in a patient with mental
retardation.

Because parental blood chromosomes are often of a better
quality and higher banding resolution, it is possible that what
was thought to be an unbalanced rearrangement in the fetus
turns out to be balanced. This may occur as parental stud-
ies are usually performed at a higher banding resolution. This
may lead to discovery of both derivative chromosomes from a
parental balanced translocation. A reexamination of the fetal
karyotype may show that what was originally thought to be
an apparently unbalanced translocation is actually an inher-
ited balanced translocation. Therefore, caution should always
be used until parental studies are completed before making
pregnancy management decisions. Routine FISH on obvious
abnormalities may also uncover balanced rearrangements (see
below).

Marker chromosomes provide a challenge if inherited or
de novo, requiring both FISH and C-bands, and are discussed
further under Molecular Techniques.

Parental studies are also useful for determining if the pres-
ence of additional material around the centromeres of any of
the chromosomes, or in the short arm regions of acrocen-
tric chromosomes (chromosomes 13, 14, 15, 21, and 22), is
clinically significant or represents a normal variant chromo-
some. C-banding and/or FISH can also be useful in resolv-
ing the clinical significance of this category of chromosome
variations.

The finding of a 45,X karyotype without abnormal ultra-
sound findings requires a cautious approach to rule out mo-
saicism with a normal cell line with 2 sex chromosomes (X or
Y), or mosaicism with a cell line that contains an abnormal
X or Y chromosome. A discussion with the clinician of the
ultrasound findings can be helpful, especially if male geni-
talia are observed. This cautious approach has uncovered ad-
ditional cell lines when more cells are examined (with the
second sex chromosome X or Y derived) and/or when FISH
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FIGURE 41-3 G-banded karyotype revealing an unbalanced Robertsonian translocation involving chromosomes 14 and 21 in a child with
Down syndrome.

is included. Depending on the ultrasound results, FISH using
SRY and/or the Y centromere and Yqh probes, and the X cen-
tromeric probe may be necessary. Some rare 45,X cases may
have the testis determining-gene, SRY, translocated to the short
arm of an acrocentric chromosome where it may not be dis-
tinguishable from a normal acrocentric short arm variant. In
cases of a 46,XX karyotype and male genitalia, SRY is fre-
quently translocated to the tip of the X chromosome short arm
(see the section on Prenatal Diagnosis From Cystic Hygroma
Fluid).

Carriers of Robertsonian translocations that involve chro-
mosomes 14 and/or 15 are at risk of having offspring with
UPD. UPD is the inheritance of a chromosome pair from
only 1 parent, with no contribution from the other. This is
a concern if genes are imprinted, which refers to the ex-
pression of certain genes only on the paternal homolog and
others only on the maternal homolog. The best known exam-
ples of imprinted diseases in humans are Prader-Willi syn-
drome (PWS) and Angelman syndrome (AS). Paternal and

maternal UPD for chromosome 14 has been reported to be
associated with an abnormal phenotype (reviewed in Shaffer
et al.13 and Drugan et al.3). Therefore, in both inherited and
de novo cases involving Robertsonian translocations with
chromosomes 14 and/or 15, UPD needs to be ruled out.
The risk of UPD is approximately 0.5% for Robertsonian
translocations involving nonhomologous chromosomes, and
as high as 66% if isochromosomes of 14 or 15 are seen in a
fetus.14

MOLECULAR CYTOGENETICS

Molecular techniques have complemented and improved the
diagnostic capabilities of prenatal and postnatal chromosome
analysis over the past 12 years. The major molecular cyto-
genetic technique is FISH, where fluorescently tagged DNA
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CHAPTER 41 � Cytogenetics and Molecular Cytogenetics 481

probes are hybridized to metaphase spreads or interphase cells
from all tissue types.

GUIDELINES FOR FISH STUDIES

Requirements and guidelines for FISH analysis for all sam-
ple types are available from the CAP at www.cap.org/toolbox/
index.htm (Checklists, Cytogenetics) and in more detail from
the ACMG at www.acmg.net (educational materials, Stan-
dards and Guidelines for Clinical Genetics Laboratories, 2002
edition). The guidelines ensure rigorous quality control and
validation of probes, both commercially prepared and “home-
brew.” Probes not cleared or approved by the Food and Drug
Administration (FDA) are considered to be analyte-specific
reagents (ASRs). The following disclaimer must be included
on any test report using ASRs: “This test was developed and its
performance characteristics determined by [laboratory name]
as required by the CLIA ’88 regulations. It has not been cleared
or approved for specific uses by the U.S. Food and Drug Ad-
ministration.” ACMG suggests that the following clarifying
language may follow the above disclaimer: “The FDA has de-
termined that such clearance or approval is not necessary. This
test is used for clinical purposes. It should not be regarded as
investigational or for research.” A laboratory must test and val-
idate all of its probes on a lot-by-lot basis. For interphase use,
databases should be made to establish confidence intervals for
interpreting results.

TYPES OF FISH PROBES AND
CLINICAL STUDIES

The main categories of FISH probes include locus-specific
probes, painting probes, and repetitive sequence probes.
Locus-specific probes can be from any unique locus on a chro-
mosome, such as those used to detect microdeletions (Table
41-1), specific subtelomeric regions, and other unique re-
gions of various chromosomes. A FISH laboratory likes to have
probes covering as many different regions of all the chromo-
somes as possible. This allows many structural rearrangements
to be further investigated, although it is often fortuitous if a
probe happens to be located in a region so that it provides useful
information. This used to also be true of the regions at the ends
of the chromosomes until the development of chromosome-
specific subtelomeric probes. Now suspected or unexpected
rearrangements at the chromosome ends can be verified or
discovered.

Subtelomeric Probes

A subtelomeric check of all the chromosome ends is indicated
in postnatal cases with indications of mental retardation or de-
velopmental delay and dysmorphic features (mild or severe).
This has uncovered many cryptic or subtle rearrangements, ap-
proximately half of which may be present in a balanced form
in 1 of the parents (reviewed in Berend et al.14 and de Vries
et al.15). Although many parents wish to pursue the perfect
child and want to eliminate as many uncertainties for their fetus

T A B L E

41-1
DISORDERS ASSOCIATED WITH MICRODELETIONS DIAGNOSABLE BY MOLECULAR
CYTOGENETIC TECHNOLOGY

Syndrome Microdeletion Features

DiGeorge/VCFS 22q11.2 Thymus hypoplasia, abnormal facies, moderate mental
retardation, hypoplastic parathyroid glands, cardiac
malformations

Angelman 15q11.2(mat) Severe mental retardation, seizures, ataxia, hyperactivity,
absence of speech, inappropriate laughter

Prader-Willi 15q11.2(pat) Hypotonia in infancy, hyperphagia, obesity,
developmental delay, hypogonadism

Cri-du-Chat 5p15.2 Cat cry in infancy, mental retardation, microcephaly,
round face, hypotonia, hypertelorism

Kallman Xp22.3 Anosmia and hypogonadism
Miller-Dieker 17p13.3 Type I lissencephaly; agyria; high, narrow, wrinkled

forehead; wide, flat lip; micrognathia
Smith-Magenis 17p11.2 Mental retardation, brachycephaly, brachydactyly, sleep

disorders, failure to thrive, hypotonia, self-destructive
behavior as an adult

Steroid sulfatase deficiency Xp22.3 X-linked ichthyosis
Williams 7q11.23 Mental retardation, elfin facies, supravalvular aortic

stenosis and/or other cardiac defects, gregarious
personality, infantile hypercalcemia, stellate iris

Wolf-Hirschhorn 4p16.3 Severe growth and mental retardation, cleft lip and
palate, microcephaly, hypertelorism, hypospadias,
cryptorchidism

VCFS—velocardiofacial syndrome.
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as possible, a subtelomeric check of all the chromosome ends
in a prenatal study is not a practical or feasible approach with
current labor-intensive FISH methodologies. If family history
leads to a suspicion of a subtle rearrangement, it is more appro-
priate to study the affected child, if possible. If this is not pos-
sible, a study of the parental chromosomes is the next choice.
If a rearrangement is found, then FISH studies on fetal chro-
mosomes can be performed with the specific probes involved.

Microdeletion Syndromes

For the microdeletion syndromes listed in Table 41-1, most are
based on a previous child with, or a family history of, a specific
syndrome. The 1 major exception is the 22q11.2 deletion seen
in DiGeorge/velocardiofacial syndrome (DGS/VCFS). The ul-
trasound finding of a congenital heart defect increases the risk
that the fetus has DGS/VCFS. Certain cardiac defects, most
specifically tetralogy of Fallot and conotruncal anomalies, may
be signs of DGS/VCFS syndrome.17 The risk of DiGeorge
syndrome in the presence of a prenatally diagnosed congenital
heart defect is approximately 5%. The risk is higher when the
specific defect is identified as tetralogy of Fallot or truncus arte-
riosus. In addition, the presence of excess nuchal translucency,
an ultrasound finding identifiable in the late first trimester, has
been identified as a risk factor for DiGeorge syndrome.18 The
prevalence of DGS/VCFS has been estimated to be 1 in 3000.
This is a higher frequency than many conditions that are stud-
ied prenatally.

Painting Probes

Whole chromosome painting probes, which hybridize to the
entire length of a specific chromosome, are most often used
for broader questions, such as “Is the extra material on a chro-
mosome from another chromosome or a duplication of material
from the same chromosome?” Almost every lab has been sur-
prised investigating what was thought to be a simple deletion
or unbalanced rearrangement, only to use a painting probe and
see a small amount of the painting probe on another chromo-
some. A focused reexamination of the G-banded chromosomes
usually reveals the balanced rearrangement.

Centromeric Probes

Centromeric probes are the most common and useful
chromosome-specific repetitive probes. These can be used
as control probes to mark a specific centromeric region in
relation to a locus-specific probe, to investigate centromeric
variants, or to identify marker chromosomes.

MARKER CHROMOSOMES

Marker chromosomes can be difficult and frustrating to deal
with for the laboratory, the clinician, and the patient. A marker
chromosome may be present in a mosaic or nonmosaic state,
vary in size, or may be satellited or nonsatellited. As with most
any unusual cytogenetic observation in fetal cells, parental
chromosomes should be studied when a marker chromosome
is found. FISH technology now allows the chromosome origin
(but not usually the gene content) of a marker chromosome to

be identified. Centromeric probes and painting probes (either
as individual painting probes or as multicolor painting probes)
can now be used to identify almost all marker chromosomes.
This information, however, does not always change the quality
of information presented to patients. Further detailed charac-
terization of the marker with probes adjacent to the centromere
is not currently readily available to determine if markers de-
rived from the same chromosome contain the same genes. In
addition, the level and distribution of abnormal cells in a mo-
saic state may also make comparisons difficult. The number of
characterized published cases is limited but growing.19 Other
than for chromosomes 15, 22, and the X chromosome, no con-
sistent genotype/phenotype correlations have been found that
can provide prognostic information. Therefore, C-band charac-
terization and the pre-FISH era risks of 11–15% risk for serious
congenital anomalies12 are often the most useful information
that can be provided.

Chromosome 15–Derived Markers

Markers derived from chromosome 15 represent an opportu-
nity to provide the patient with specific prognostic information.
The majority of these markers are bisatellited and are also re-
ferred to as inverted duplicated 15 markers (inv dup[15]) or psu
dic (15;15) markers. If these markers have the PWS/AS region
present (easily shown by FISH studies), then the marker is
associated with a well-characterized abnormal phenotype dis-
tinct from PWS or AS.20,21 If the PWS/AS region is missing,
a normal phenotype is often, but not always, observed.21 The
exception is when the marker is associated with PWS or AS
owing to UPD (2 copies of chromosome 15 inherited from
1 parent).20 If detected prenatally, there appears to be a 10%
risk of UPD for chromosome 15.22

X Chromosome–Derived Markers

An X chromosome–derived marker can also provide the patient
with specific prognostic information (reviewed in Leppig and
Disteche23 and Willard24). The determination of the presence
or absence of the XIST gene can help predict the phenotype
in prenatal cases of 45,X/46,r(X). If a small ring X chromo-
some lacks the XIST gene that is associated with X inactivation
and there are genes present on the marker, then genes that are
usually inactivated will be active and associated with an abnor-
mal phenotype that includes mental retardation. If there are no
genes present on the small r(X) chromosome, then Turner syn-
drome is expected. Also, if the marker is larger and contains a
functional XIST gene, then this r(X) marker is inactivated and
also results in a Turner syndrome phenotype.

PRENATAL INTERPHASE FISH

Prenatal interphase FISH is the rapid assessment of aneuploidy
status in uncultured interphase cells from amniotic fluid, CVS,
fetal blood, fetal urine, and cystic hygroma fluid. This tech-
nique is designed to detect aneuploidies of chromosomes 13,
18, 21, X, and Y. Experience has demonstrated the reliability
and usefulness of prenatal interphase FISH for providing rapid,
useful information to the clinician and patient (see review in
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Miny et al.25 and Schwartz26). Issues such as the presence of
maternal blood in the sample, either grossly visible or only
noticeable after centrifugation of the sample, still prevent re-
sults from being obtained on 2–5% of amniotic fluid samples.
These samples are either not analyzed or called uninformative
if male fetal cells are not observed.

NEW MOLECULAR DEVELOPMENTS

Because many of the FISH approaches discussed are labor
intensive and costly, development of new, more cost-effective
technologies is a desired goal. Another goal for new technology
is the development of more powerful and routine analysis of the
genome at a resolution higher than that attained with traditional
G-banded chromosome analysis and with some of the FISH
probes.

A recent successful molecular technique for the replace-
ment of prenatal interphase FISH that is becoming widespread
in Europe is QF–PCR27,28 (reviewed in Miny et al.25). This
quantitative approach uses polymorphic DNA markers (STRs)
for the common trisomies and sex chromosome aneuploidies.

Microarrays (DNA chips) with genomic clones are being
developed and hold promise for providing a replacement for
FISH for microdeletion syndromes and subtelomere analysis,
and potentially as a high-resolution banding technique, pro-
viding a more detailed reading of the complete genome than
current G-banding.29

SUMMARY

Over the past 10 years, prenatal chromosome diagnosis has
rapidly changed; both sampling methodologies and molecu-
lar techniques complement chromosome analysis. This review
summarizes current techniques and their risks used by the clin-
ician, and selected aspects of cytogenetic and molecular tech-
niques used by the laboratories. Within the next 3–5 years,
DNA techniques are expected to complement, and potentially
replace, aspects of current cytogenetic and FISH techniques,
and provide more detailed information on the genetic status of
the fetus.
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42
BIOCHEMICAL GENETICS

Yoav Ben-Yoseph

Biochemical tests for diagnosis of inherited metabolic disor-
ders consist of identification of abnormal metabolites or ab-
normal levels of metabolites that reflect the metabolic block
or alteration, and ultimately identification, quantitation and
characterization of the defective or deficient gene product
that is responsible for the metabolic block or alteration.1,2

The disorders covered here are monogenic disorders that are
caused by single mutant genes. Such disorders are caused by
mutant genes that produce no protein, produce small quan-
tity of protein, or produce abnormal protein whose func-
tional activity is altered. The 1 gene–1 enzyme concept has
been extended to cover RNA as the final gene product and
to cover proteins that are not enzymes as well as complex
proteins composed of nonidentical polypeptide chains. Post-
translational cleavage to generate multiple peptides, alternative
splicing, and alternative promoter sequences contribute com-
plexities to the concept. Additional intricacies are introduced
as mutations in transcription factors, gain-of-function muta-
tions, somatic mutations, unstable mutations, and imprinting
of genes.

When the underlying biochemical defect is known and
is expressed in obtainable specimens of fetal tissue (chori-
onic villi and fetal liver biopsy) or cells (trophoblasts, am-
niotic fluid cells, fetal erythrocytes, and leukocytes), prena-
tal diagnosis is ultimately based on analysis of the enzyme
or other protein primarily involved. In other cases, the test
is based on measurement of secondary biochemical events
such as elevation or absence of a particular metabolite(s) or
protein(s) in cell-free amniotic fluid or in fetal plasma or
serum.

The purpose of this chapter is to describe some of the con-
siderations used in prenatal diagnosis of monogenic diseases,
and to delineate the principles of the biochemical methodology.
The various points are illustrated by examples of representative
diseases and assay systems.

Mode of inheritance and family studies are important is-
sues in prenatal diagnosis of monogenic disorders, especially
for interpretation of the test results. Specific points of con-
sideration relating mostly to autosomal recessive disorders in-
clude genotype assignments among relatives of an index case,
fetal contribution to maternal serum enzyme levels dur-
ing pregnancy, problems with pseudodeficiencies, and car-
rier detection screening programs. Other points addressed
are distinction between affected heterozygotes and homozy-
gotes in autosomal-dominant diseases, identification of het-
erozygous females in X-linked diseases and non-Mendelian
inheritance.

Fetal samples of various types and origins serve as diagnos-
tic material for prenatal evaluations. Specific points discussed
include availability of the respective normal control samples,
maternal contamination, distribution of various enzymes and
isozymes in different cells and tissue types, direct versus cul-
tured specimens, cell morphology and cell culture conditions,
amniotic fluid metabolites, fetal blood sampling and fetal liver

biopsy, and handling of processed and unprocessed tissue and
fluid specimens.

Biochemically analyzable materials include gene products
such as enzymes, receptors, transporters, activators, peptide
hormones, immunoglobulins, collagens, coagulation factors
and transcription factors, and metabolites such as amino acids,
organic acids, and vitamins. In describing the methodologic
principles, the emphasis is on enzymes which are the most
commonly analyzed gene products. Topics addressed are en-
zyme preparations, assay conditions, controls and blanks, sub-
strates and cofactors, separation and detection methods, and
nonenzymatic defects.

MODE OF INHERITANCE AND
FAMILY STUDIES

Definitive diagnosis of an inherited metabolic disorder must
be based on clear-cut distinction between the values of
affected and unaffected fetuses. In the case of an autosomal-
recessive disease, the assay employed should ideally
discriminate between homozygous affected, heterozygous un-
affected, and homozygous normal fetuses. Because variabil-
ity owing to different genomic backgrounds does exist among
family members, testing of leukocytes or cultured skin fi-
broblasts from the parents, the index case and unaffected
siblings can provide valuable information on the respective
values of different genotypes within a particular family. In
addition to the benefit in interpretation of the results of the
prenatal evaluation, it may prove to be a reliable means for
identification of carriers among members of the extended
family. Valuable information concerning the fetus can be ob-
tained in some cases by determination of maternal serum en-
zyme activities during pregnancy. For example, the normal
increase in serum hexosaminidase A during pregnancy ap-
pears to be of fetal origin and unchanged levels in pregnan-
cies at risk for Tay-Sachs disease may indicate an affected
fetus.3,4

Low levels of enzymatic activity in apparently healthy in-
dividuals (pseudodeficiency) make prenatal diagnosis a more
difficult task. Deficiency of galactocerebrosidase activity to-
ward galactosylceramide and deficiency of arylsulfatase A ac-
tivity toward both p-nitrocatechol sulfate (artificial substrate)
and cerebroside sulfate (natural substrate) have been described
in unaffected members of families with Krabbe disease5 and
metachromatic leukodystrophy,6 respectively. Prenatal diagno-
sis cannot be made in such families on tissue or cell extracts,
but is possible by loading tests that are based on growing intact
cells in culture in the presence of the appropriate substrate or its
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precursor.7 Alternatively, mutations causing pseudodeficiency
may be identified by molecular methods.8

Screening for carriers is usually limited to populations
at high risk for a diagnosable disease. Carrier detection for
Tay-Sachs disease is routinely offered to all individuals of
Ashkenazi Jewish descent, in whom the combined frequency
for 2 common Mutations In the α-chain gene of hexos-
aminidases is 1 in 30.9,10 The ultimate benefit of carrier de-
tection programs is the identification of couples at risk prior
to having an affected child. In 1995–1996 (International Tay-
Sachs Disease Quality Control and Data Collection Center),
61,017 young adults were screened by 102 centers worldwide
to determine their Tay-Sachs disease carrier status and 60 at-
risk couples (both partners heterozygotes) were identified.

Assays for detection of autosomal-dominant diseases such
as some of the porphyrias11,12 are usually capable of identify-
ing affected homozygotes but fail sometimes to differentiate
conclusively affected heterozygotes from unaffected fetuses.
In genetic disorders, there is potential for overlap between the
normal and heterozygous ranges for enzyme activities. This is
caused in part by variability in assay conditions, but mainly
by the wide variation found for almost any activity in the nor-
mal population. Consequently, the demonstration of reduced
enzyme activities comparable with heterozygous forms of au-
tosomal dominant porphyrias usually is not considered an in-
dication for termination of pregnancy. On the other hand, defi-
cient enzyme activities consistent with homozygous forms of
dominant porphyrias are often considered for termination of
pregnancy because of their more severe clinical course.

X-linked disorders present some specific difficulties in het-
erozygote detection. Recessive and dominant inheritance refer
only to expression of the gene in females and this is often
highly variable owing to random X inactivation.13 This has
led to some arbitrary and inconsistent assignments. Ornithine
carbamoyltransferase deficiency often has been described as
X-linked dominant, whereas Fabry disease often has been de-
scribed as X-linked recessive. Phenotypic abnormalities occur
in some heterozygotes for either disorder. Because there is no
clear convention, it may be best to consider such disorders
as simply X-linked without a dominant or recessive designa-
tion. The recessive or dominant descriptors are more useful for
X-linked disorders where, respectively, heterozygotes are quite
consistently asymptomatic as in X-linked recessive Hunter
disease or are quite consistently symptomatic in a manner sim-
ilar to hemizygous males as in X-linked dominant hypophos-
phatemic rickets. Depending on the proportions of active mu-
tant and normal X chromosomes in the tissues involved in the
pathogenesis of the disease, a female heterozygous for Fabry
disease, for example, may be clinically normal through her life
or she may develop mild or severe manifestations of the disease
with increasing age.14

Biochemical methods are seldom completely accurate in
identifying X-linked carriers because of the randomness of
the X inactivation that sometimes may lead to a normal bio-
chemical result. As the variable clinical manifestation, enzyme
activities measured also vary depending on the ratio between

active mutant and active normal X chromosomes in the spec-
imen analyzed. Hence, activity levels may not correlate with
clinical expression. Accuracy can be increased to some extent
by sampling relatively clonal cell sources such as hair roots
and cloned skin fibroblasts or by testing related metabolites
under induced conditions such as orotic aciduria in carriers of
ornithine carbamoyltransferase deficiency.15 Molecular meth-
ods can circumvent the problems of biochemical analysis of the
gene product in some families, particularly when the mutation
can be detected directly. Males, on the other hand, have only
1 X chromosome and they are either hemizygote affected with
deficient enzyme activity or hemizygote normal with activity
within the normal range.

Some X-linked disorders are lethal in utero in males and
severely or completely impair reproduction in females. Such
disorders occur in females primarily or exclusively as sporadic
events owing to new mutations. Obviously, in such disorders
mode of inheritance is not an issue. Microphthalmia with lin-
ear skin defects syndrome16 and Rett17 syndrome are probably
such disorders. Some genes on the X chromosome fall in the
pseudoautosomal region and have a homologous copy on the
Y chromosome. For pseudoautosomal genes, modes of inher-
itance are indistinguishable from those of autosomal genes, as
the term implies.

There are also some monogenic disorders with non-
Mendelian inheritance. Mutations in mitochondrial DNA are
inherited maternally because oocytes carry multiple copies of
the mitochondrial genome and none are transferred by the
sperm. Females pass the trait to all offspring and males do not
transmit the trait. The situation is complicated because there
are multiple copies of mitochondrial genome per cell, and the
copies can be heterogeneous; some carry a mutation and others
do not. This may lead to phenotypic variation among family
members with the same mutation, to tissue-specific variation,
and to variation with age of the individual. Another example of
non-Mendelian mode is the inheritance of 2 copies of a whole
chromosome or a portion of a chromosome from 1 parent and
no copy from the other parent. Although this phenomenon of
uniparental disomy is relatively rare, it can contribute to the
occurrence of the well-known clinical disorders, Prader-Willi
and Angelman syndromes. The significance of uniparental di-
somy is in large part related to the phenomenon of imprinting
whereby the maternal copy of a gene and the paternal copy of
a gene may be differentially expressed.

GENETIC HETEROGENEITY

Genetic heterogeneity may result from the existence of differ-
ent mutations at a single locus (allelic heterogeneity) or from
mutations at different genetic loci (nonallelic heterogeneity). A
clinically similar bleeding disorder can be caused by mutations
at either of 2 loci on the X chromosome, 1 leading to a defi-
ciency of factor VIII (classical hemophilia or hemophilia A)
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and the other causing a deficiency of factor IX (Christmas
disease or hemophilia B).18 Hereditary methemoglobinemia,
which was once regarded as a homogeneous clinical entity, is
the result of 10 different mutations occurring at 3 distinct gene
loci: 2 at the locus coding for the α-chain of hemoglobin, 3 at
the locus coding for the β-chain of hemoglobin, and 5 at the
NADH-cytochrome b5 reductase locus.19 Most inherited dis-
eases, when analyzed thoroughly, are found to be genetically
heterogeneous. The extent of allelic heterogeneity is especially
high as being demonstrated by molecular techniques. Sickle
cell anemia that results from a single mutation at a single locus
is 1 of the rare exceptions. This disorder, however, has a quite
varied expression due to different genetic backgrounds.

In most diseases there is a classic phenotype in which no
functional gene product is produced. Many different alleles that
encode no functional gene product cause this severe pheno-
type. There are also milder expressions arising from mutations
that do not totally eliminate the functional gene product. The
occurrence of compound heterozygotes contributes to the com-
plexity of the clinical and biochemical spectra. Description of
Hurler-Scheie compound heterozygotes among mucopolysac-
charidosis I patients was first based on the existence of inter-
mediate phenotypes between the “classical” Hurler syndrome
and the mild Scheie syndrome. At the mild end of the spectrum
are those mutant alleles that encode a product that has substan-
tial activity and leads to a nearly normal clinical phenotype or
to one that is normal under most environmental conditions.
This spectrum extends into biochemical variation usually not
associated with a clinical effect.

Hartnup disorder and mild forms of hyperphenylalanine-
mia and methylmalonic acidemia are examples of these “be-
nign” phenotypes that are still subject to acute symptoms if
stressed. The amount of functional gene product required to
prevent clinical symptoms depends on other genetic factors
and on exogenous factors such as diet and catabolic events. An
individual with benign methylmalonic acidemia must be con-
sidered to be at greater risk than other individuals in the face
of major catabolic episodes, so that the benign designation in
such cases is merely conditional. The individual with Hartnup
disorder is at some risk for a pellagra complication. This type
of genetic heterogeneity forms 1 part of the border between
monogenic disorders and multifactorial diseases.

FETAL SAMPLES

The use of direct and cultured fetal specimens for prenatal eval-
uation of metabolic disorders requires the availability of the
respective normal control preparations. This applies to readily
obtainable specimens such as chorionic villus tissue, cultured
trophoblasts, cultured amniotic fluid cells, and amniotic fluid
supernatant, as well as to those obtained by more invasive pro-
cedures such as fetal blood sampling and fetal liver biopsy.
Except for trophoblasts and amniotic fluid cells that can be

maintained in culture, availability of fresh controls is often a
problem, and in most instances one has to resort to frozen con-
trols, which may have lost some activity. There are also other
potential pitfalls specific for each of these tissue, cell, and fluid
types.

In the case of chorionic villus sampling, it is crucial to
obtain samples that are of fetal origin and in which mater-
nal cells are either completely absent or extremely rare. The
quantity of tissue obtained is usually limited and may be in-
sufficient for a thorough analysis. The use of frozen controls
may affect adversely the interpretation of the results (false-
negative diagnoses) especially when the enzyme in question
is very labile such as sialidase (sialidosis) or when the normal
activity levels in chorionic villi are extremely low as described
for α-iduronidase (mucopolysaccharidosis I or Hurler, Scheie,
or Hurler/Scheie syndrome).20,21 Specific problems may be
encountered because of different distribution of enzymes and
isozymes. The presence of high levels of arylsulfatase C ac-
tivity in chorionic villi hampers the differential detection of
arylsulfatases A (metachromatic leukodystrophy) and B (mu-
copolysaccharidosis VI or Maroteaux-Lamy syndrome), and
therefore precautions must be taken to avoid false-negative
diagnoses. This can be accomplished by separating the aryl-
sulfatase isozymes using electrophoresis or chromatography.22

For most first trimester prenatal tests, the recommended
practice is to utilize the chorionic villi results for preliminary
evaluation and to use cultured trophoblasts for confirmation
of the diagnosis. Nonketotic hyperglycinemia is an exception.
The feasibility of prenatal diagnosis of this disease by chori-
onic villus sampling has been supported by demonstration of
the presence of the glycine cleavage system in placenta ob-
tained by abortion at 12 weeks of gestation.23 The evaluation
in this case must rely exclusively on the results obtained in
chorionic villi because the glycine cleavage system is not ex-
pressed in amniotic fluid cells or trophoblasts. Glycine/serine
ratio in amniotic fluid is elevated in this disease,24 but cannot
be used as a reliable indicator because there is overlap with the
ratios determined in normal controls.25

The variability in enzyme activities or in the levels of other
proteins and metabolites that is frequently observed in cul-
tured amniotic fluid cells and trophoblasts can be minimized
by a careful choice of control cell cultures of similar con-
fluency and morphology. For example, arylsulfatase A activ-
ity is normally low during the log phase of cell growth, and
increases significantly only after the cultured cell monolayer
has reached confluency. Therefore, in prenatal evaluation for
metachromatic leukodystrophy careful attention must be paid
to cell culture conditions and time of harvest.26 The choice
of control cell cultures, with respect to confluency and mor-
phology, is crucial when amniotic fluid cells are assayed for
argininosuccinate synthase (citrullinemia) and argininosucci-
nate lyase (argininosuccinuria) activities. The proportion of
epithelioid (epithelial-like) to fibroblastic (fibroblast-like) cells
in the control culture(s) should match closely that of the fetus
at risk because the fibroblastic cell type is remarkably more
active than the epithelioid one.27−29
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Amniotic fluid supernatants should be aliquoted to avoid
loss of activity with repeated freezing and thawing. Determi-
nations of amniotic fluid concentrations of specific metabo-
lites, as well as enzymes and other proteins, usually serve as
supporting findings in prenatal diagnoses. The final diagno-
sis preferably should rely on demonstration of the underlying
biochemical defect in cells or tissues. In propionic acidemia
(ketotic hyperglycinemia), for example, prenatal diagnosis has
been accomplished reliably by measuring propionyl-CoA car-
boxylase activity in cultured amniotic fluid cells,30 by mea-
suring [14C]-propionate fixation in amniotic fluid cells,31 or
by measuring methylcitrate in amniotic fluid.32 Methylcitrate
is probably formed from the intramitochondrial condensation
of propionyl-CoA with oxaloacetate.33 In some acidurias, the
basic biochemical defect is unknown and prenatal diagnosis
must rely on measurement of amniotic fluid metabolites.
This is the case in 3-methylglutaconic aciduria without
3-methylglutaconyl-CoA hydratase34 and in 3-hydroxy-3-
methylglutaric aciduria without 3-hydroxy-3-methylglutaryl-
CoA lyase.35 It is possible that a defect in cholesterol biosyn-
thesis and overload of the leucine catabolic pathway could
make the limiting enzyme to be the hydratase in some patients
and the lyase in others.

Fetal blood sampling and fetal liver biopsy should be con-
sidered only as a last resort because of the high risk for preg-
nancy loss with these invasive procedures. In glycogenoses
1a, 1b, and 1c, the respective enzyme (glucose-6-phosphatase)
and transporter proteins (glucose-6-phosphate translocase and
phosphate translocase) involved are expressed only in liver and
kidney. If the mutations are identified, DNA techniques may
provide a simpler diagnostic tool. In cases in which DNA tech-
nology is not available, the only option left for prenatal diagno-
sis is fetal liver biopsy in which glucose-6-phosphatase activity
can be measured in the absence and presence of detergent.36

On the other hand, prenatal diagnosis of hyperargininemia
(arginase deficiency), which has been made in the past only
by fetal blood, can in many instances be replaced by molecu-
lar technique.37,38 Even when available, DNA methodology is
not informative in all cases and families examined. Biochemi-
cal techniques must be considered in such instances. Ornithine
carbamoyltransferase deficiency with no informative restric-
tion fragment length polymorphism or deletion can be prena-
tally diagnosed in hemizygous male fetuses by direct enzyme
assay on fetal liver biopsy.39

To eliminate adverse effects of storage and shipment, it is
advisable to keep tissue specimens frozen and ship them on dry
ice. This applies to chorionic villus samples (after a portion has
been dedicated for culture) and fetal liver biopsies. Cell pel-
lets, amniotic fluid supernatant, and fetal serum or plasma also
should be kept frozen and shipped on dry ice. Cell cultures
should be almost confluent and should be shipped at room
temperature with flasks filled with medium (to avoid foam-
ing). Chorionic villus samples, whole amniotic fluids, and fetal
blood to be processed by the receiving laboratory should be
sent as soon as possible at room temperature. Whenever possi-
ble, appropriate normal controls from the referring physician’s
facility should accompany the samples to be analyzed.

ENZYME PREPARATIONS

Prenatal diagnosis of an enzymatic defect may be made by di-
rect assay of fetal tissue or cells when the particular enzyme is
the product of the gene in question and is expressed in the fetal
specimen to be analyzed. Direct demonstration of abnormal-
ity or deficiency of the gene (molecular techniques) or gene
product (biochemical techniques) is the preferred diagnostic
approach. Enzyme assays can be frequently performed on tis-
sue and cell extracts. In some cases, assays must be performed
on the cells in culture. Prenatal detection of citrullinemia and
argininosuccinuria and characterization of the mutant enzyme
(argininosuccinate synthase and argininosuccinate lyase, re-
spectively) are carried out in trophoblast or amniotic fluid cell
cultures by measuring the incorporation of 14C from citrulline
into arginine residues of newly synthesized protein.27−29

Tissue and cell extracts are prepared by homogenization
and sonication, respectively. The duration and intensity of
these extracting procedures should be adjusted, depending
on the nature of the enzyme to be analyzed. Membranous
enzymes, such as the lysosomal membrane glucocerebrosidase
(Gaucher disease)40 and the Golgi membrane N -acetylgluco-
samine 1-phosphotransferase (1-cell disease and pseudo-
Hurler polydystrophy)41 require effective extraction that is
often aided by the use of detergents. Milder extraction proce-
dures are required for cytosolic enzymes such as adenine phos-
phoribosyltransferase (adenine phosphoribosyltransferase
deficiency and 2,8-dihydroxyadenine urolithiasis)42 and
prolidase (hyperimidodipeptiduria).43

Extraction of labile enzymes such as sialidase (sialidosis)
should be performed with special care with respect to the dura-
tion of homogenization or sonication.20 Utilizing fresh chori-
onic villus tissue and freshly harvested trophoblasts and am-
niotic fluid cells helps to preserve the activity of such labile
enzymes.

ASSAY CONDITIONS

The pH optimum, the apparent KM values for the substrate(s)
and cofactors, and the linear range with respect to incuba-
tion time and protein concentration in the enzyme preparations
should be established for each assay system and for each tissue,
cell, or fluid type. Ideally, reactions should be performed at the
pH optimum, at saturating substrate(s) and cofactors concen-
trations (at least 5 times the respective KM values), and with
enzyme concentration and incubation time within the respec-
tive linear ranges. Practical considerations, however, force us
to deviate occasionally from these guidelines. For example,
α-glucosidase assay for detection of Pompe disease
(glycogenosis II) is carried out at a more acidic pH than the pH
optimum to avoid interference by neutral β-glucosidase.44 Sat-
urating substrate concentrations are impossible or unrealistic in
some instances owing to solubility limits or economic reasons.
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In some assay systems, incubation times must be extended
into the nonlinear range to produce detectable product levels.
Incubation temperature may deviate from the usual 37◦C, as
described for the assay of sulfamidase (heparan N -sulfatase),
in which improved discrimination between patients with mu-
copolysaccharidosis III A (Sanfilippo A syndrome) and carri-
ers can be achieved when the assay is conducted at 55◦C.45

CONTROLS AND BLANKS

A typical test consists of duplicates of reaction mixtures con-
taining appropriate dilutions of enzyme preparations from the
fetus in question and from at least 1 normal control, and appro-
priate concentrations of substrate(s) and cofactors in a buffer
of proper composition, ionic strength, and pH. Following incu-
bation, the reactions are terminated and the product is quanti-
tated directly or after its isolation. Blanks are composed of the
same mixtures but the reaction is terminated at the start (0 time
blanks), and/or boiled enzyme preparations are substituted for
native enzyme preparations (boiled blanks). Blanks account
for nonenzymatic reaction and interfering substances and are
subtracted from the test values.

Additional sets as described are used for the assay of other
enzyme activities, which originate from the same subcellu-
lar location as the enzymatic activity in question. These ad-
ditional enzymes are not expected to be altered in the fetus
in question, and as such, they serve as controls for viability
of the patient specimen and for proper extractability of the
enzyme in question. Indirect methods such as the differential
heat inactivation of α-galactosidase (Fabry disease)46 and hex-
osaminidase A (Tay-Sachs disease)47 should be calibrated in
the appropriate tissue or cell preparation, and when applicable,
the findings should be supported by additional means such as
use of additional substrates, ion exchange chromatography, or
electrophoretic separation and visualization.48

SUBSTRATES AND COFACTORS

There are 2 major categories of substrates and cofactors: natu-
ral and artificial. In each group, some are commercially avail-
able and others must be prepared or at least tagged (e.g.,
radioactive label) by the testing laboratory. Satisfactory diag-
nostic assays can be established in many cases by employing
artificial substrates and/or cofactors. Such assays are usually
simpler and more sensitive than those utilizing natural sub-
strates and cofactors, but they may fail to detect some variants
and they are less likely to distinguish between severe and mild
forms of a given disease.

These points can be illustrated by the GM2 gangliosidoses.
This is a group of disorders caused by mutations at 3 distinct
loci that code the α-chain and β-chain of hexosaminidases
and the GM2 activator protein.49 The common denominator is

the inability to degrade GM2 ganglioside, a process that re-
quires the combined action of the α-β hetero-oligomeric hex-
osaminidase A and the GM2 activator protein. In Tay-Sachs
disease (GM2 gangliosidosis B), the defect is in the gene cod-
ing the β-chain, and consequently hexosaminidase A is absent
and the homo-oligomeric hexosaminidase B is present but is
incapable of catabolizing GM2 ganglioside. In Sandhoff dis-
ease (GM2 gangliosidosis O), the defect is in the gene coding
the β-chain, and consequently both hexosaminidases A and B
are affected. In GM2 activator deficiency (GM2 gangliosidosis
AB), the defect is in the gene coding the activator, and both
hexosaminidases A and B are unaffected.

The commonly used substrate is an artificial fluorogenic
(4-methylumbelliferyl) derivative of β-N -acetylglucosamine
that can be cleaved by both hexosaminidases A and B. Dis-
crimination between the 2 isozymes is achieved by heat inacti-
vation of the thermolabile hexosaminidase A. This method can
detect Tay-Sachs and Sandhoff diseases, but not the activator
deficiency. This method also fails to detect a variant designated
GM2 gangliosidosis B1. In this disorder both hexosaminidases
A and B are present, but the α-chain of hexosaminidase A is
catalytically defective. The B1 variant, as well as Tay-Sachs
disease (GM2 gangliosidosis B), can be detected by sulfated
artificial substrates (p-nitrophenyl or 4-methylumbelliferyl
derivative of β-N -acetylglucosamine-6-sulfate), which are
specific for hexosaminidase A, but these artificial substrates
fail to detect some α-chain defects.50,51 The sulfated and unsul-
fated substrates are cleaved by distinct catalytic sites residing
on the some α-chain and some β-chain, respectively.49

The natural substrate GM2 ganglioside is commercially
available but must be radiolabeled by the testing laboratory
to allow its use for diagnostic purposes. All types of GM2

gangliosidosis, including the activator deficiency, can be de-
tected by this substrate when used with intact cells in culture
(trophoblasts and amniotic fluid cells). However, when used
with tissue or cell extracts, the concentration of the endoge-
nous GM2 activator protein becomes insufficient (because it
is no longer localized) and the reaction mixture must be sup-
plemented with purified activator protein preparation or with
detergent (artificial activator). This assay system cannot detect
the activator deficiency but can detect all some α-chain and
some β-chain defects, and when the natural activator protein
is utilized, the activity levels highly correlate with the severity
of the disease.52

SEPARATION AND DETECTION METHODS

Elevated concentrations of amino acids and organic acids in
amniotic fluid serve as preliminary indications for several in-
herited disorders such as amino and organic acidopathies and
urea cycle defects. In most cases, however, final diagnosis is
made by measuring the actual gene product responsible for
the metabolic block. Identification and quantitation of amino
acids and organic acids in physiologic fluids and in reaction
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mixtures are performed on amino acid analyzer and gas chro-
matograph, respectively. Quantities are determined by the ratio
between the peak area revealed in the sample and that of the
same compound in a calibration mixture of known concentra-
tions. Internal standards are used to correct for any inaccuracies
in the amount of sample injected into the instrument. Organic
acids must be extracted and derivatized prior to their separation
and quantitation by gas chromatography.

Some natural products of enzymatic reactions can be quan-
titated directly or following their isolation from the reaction
mixtures based on their physicochemical properties. In other
systems, substrates are tagged with a colored group, a fluo-
rescent group, or a radioactive group, and thus provide prod-
ucts that can be detected by sensitive colorimetric, fluoromet-
ric, or radiometric assays, respectively. For example, detection
of galactosemia is based on direct measurement of the fluo-
rescence of the reduced natural electron acceptor, NADPH,
using a fluorometer with excitation at 340 nm and emission
at 460 nm. NADPH is produced from NADP+ by the reac-
tion of UDP-glucose:galactose-1-phosphate uridyl transferase
followed by phosphoglucomutase, glucose-6-phosphate dehy-
drogenase, and 6-phosphogluconate dehydrogenase.53

The absorbance of free p-nitrocatechol at a wavelength of
515 nm (spectrophotometer) is a measure for arylsulfatases
A (metachromatic leukodystrophy) and B (mucopolysaccha-
ridosis VI or Maroteaux-Lamy syndrome) activities. Under
differential conditions with respect to ionic composition and
pH these enzymes release p-nitrocatechol from the synthetic
chromogenic substrate p-nitrocatechol sulfate.54 Similarly, the
activities of many glycosidases are determined by the re-
lease of 4-methylumbelliferone (a fluorescent compound with
excitation wavelength at 365 nm and emission wavelength
of 448 nm) from the artificial fluorogenic derivatives of the
respective sugar in the proper anomeric configuration (e.g.,
4-methylumbelliferyl-α-l-fucoside is used for diagnosis of
fucosidosis).20

The use of commercially available donor (UDP-[14C]-
N -acetylglucosamine) and acceptor (α-methylmannoside)
substrates for prenatal diagnosis of I-cell disease and
pseudo-Hurler polydystrophy requires the separation of the
reaction product (N -acetylglucosamine-phospho-α-methyl-
mannoside) from both the uncleaved donor substrate and the
unavoidable breakdown product (free N -acetylglucosamine).
This is achieved by stepwise elution from an ion exchange
column (QAE, Sephadex). The neutral breakdown product is
eluted with 20 mmol of NaCl, the negatively charged reac-
tion product with 30 mmol of NaCl, and the highly negative
substrate with 200 mmol NaCl.55

NONENZYMATIC DEFECTS

Detection of nonenzymatic proteins such as receptors, trans-
porters, and activators is more complex than direct enzyme

assays in tissue or cell extracts and usually requires the use
of intact cells in culture. Cell cultures have some advantages,
including the ability to incorporate radioactive precursors, the
ability to carry out repeated studies, and the relative ease with
which comparative studies can be performed on different pa-
tient and control cell lines.

The development of methods for quantitative assessment
of the low-density lipoprotein (LDL) receptor in cultured cells
permitted the prenatal diagnosis of fetuses homozygous for the
autosomal-dominant disease familial hypercholesterolemia.56

Four tests are available for quantization of the receptor
activity: (1) measurement of the cell surface binding and
intracellular uptake of 125I-labeled LDL; (2) measurement
of the rate of proteolytic degradation of 125I-labeled LDL;
(3) measurement of LDL-mediated suppression of the syn-
thesis of [14C]cholesterol from [14C]acetate in intact cells
or of 3-hydroxy-3-methylglutaryl CoA reductase activity in
cell extracts; and (4) measurement of LDL-mediated stim-
ulation of the incorporation of [14C]oleate into cellular
cholesteryl[14C]oleate. In addition, the number of LDL recep-
tors can be determined by immunoblotting or immunoprecip-
itation of 35S-labeled receptors.

It should be noted, however, that the feasibility of making
prenatal diagnosis has been established only for the severe,
receptor-negative homozygous familial hypercholesterolemia.
It has not yet been established that the diagnosis can be re-
liably made in those familial hypercholesterolemia homozy-
gotes with the less severe form who have some detectable
receptor activity (5%–30% of normal). It is unlikely that such
homozygotes can be distinguished with sufficient certainty
from heterozygotes.

Cystinosis, an autosomal recessive lysosomal storage dis-
ease in which cystine accumulation is presumably the result
of defective transport across the lysosomal membrane, can be
diagnosed prenatally by pulse labeling of cultured cells with
[35S]cystine or even by direct measurement of cystine content
in chorionic villi.57 Because of the success with cysteamine
therapy, many families prefer diagnosis at birth and immediate
initiation of therapy if the child is affected. This is done by
measuring the cystine content of the placenta or the cord blood
leukocytes.58

References

1. Scriver CR, Beaudet AL, Sly WS, et al. The Metabolic Basis of In-
herited Disease. 7th ed. New York: McGraw-Hill; 1995.

2. McKusick VA. Mendelian Inheritance in Man. 11th ed. Baltimore,
Md: The Johns Hopkins University Press; 1994.

3. Navon R, Lejbkowicz I, Adam A. Fetal hexosaminidase A in mother’s
serum: Pitfalls for carrier detection and prospects for prenatal diag-
nosis of GM2 gangliosidoses. Am J Hum Genet. 1987;40:60.

4. Ben-Yoseph Y, Pack BA, Thomas PM, et al. Maternal serum hex-
osaminidase A in pregnancy: effects of gestational age and fetal geno-
type. Am J Med Genet. 1998;29:891.

ak
us

he
r-li

b.r
u



CHAPTER 42 � Biochemical Genetics 491

5. Wenger DA, Riccardi VM. Possible misdiagnosis of Krabbe’s disease.
J Pediatr. 1976;88:76.

6. Dubois G, Harzer K, Baumann N. Very low arylsulfatase A and
cerebroside sulfatase activities in leukocytes of healthy members
of metachromatic leukodystrophy family. Am J Hum Genet. 1977;
29:191.

7. Kihara H, Ho C-K, Fluharty AL, et al. Prenatal diagnosis of
metachromatic leukodystrophy in a family with pseudo arylsulfa-
tase A deficiency by the cerebroside sulfate loading test. Pediatr Res.
1980;14:224.

8. Ben-Yoseph Y, Mitchell DA. Discrimination between metachromatic
leukodystrophy and pseudo-deficiency of arylsulfatase A by restric-
tion digest of amplified gene fragments. Am J Med Sci. 1995;309:
88–91.

9. Triggs-Raine BL, Feigenbaum AS, et al. Screening for carriers of
Tay-Sachs disease among Ashkenazi Jews. A comparison of DNA-
based and enzyme-based tests. N Engl J Med. 1990;323:6.

10. Kaback M, Lim-Steele J, Dabholkar D, et al. Tay-Sachs disease:
carrier screening, prenatal diagnosis and the molecular era. JAMA.
1993;270:2307.

11. Bloomer JR, Morton KO. A radiochemical assay for heme synthase
activity. Enzyme. 1982;28:220.

12. Labbe P, Camadro JM, Chambon H. Fluorometric assays for co-
proporphyrinogen oxidase and protoporphyrinogen oxidase. Anal
Biochem. 1985;149:248.

13. Lyon MF. Possible mechanisms of X chromosome inactivation.
Nature. 1971;232:229.

14. Broadbent JC, Edwards WD, Gordon II, et al. Fabry cardiomyopathy
in the female confirmed by endomyocardial biopsy. Mayo Clin Proc.
1981;56:623.

15. Hauser ER, Finkelstein JE, Valle D, et al. Allopurinol-induced oro-
tidinuria: a test for mutations at the ornithine carbamoyltransferase
locus in women. N Engl J Med. 1990;322:1641.

16. Wapenaar MC, Bassi MT, Schaefer L, et al. The genes for X-
Linked ocular albinism and microphthalmia with linear skin defects:
cloning and characterization of the critical regions. Hum Mol Genet.
1993;2:947.

17. Schmidt M, Du Sart D. Functional disomies of the X chromosome
influence the cell selection and hence the X inactivation pattern in
females with balanced X-autosome translocations: a review of 122
cases. Am J Med Genet. 1992;42:161.

18. Biggs R, Douglas AS, MacFarlane RG, et al. Christmas disease: a
condition previously mistaken for haemophilia. Br Med J. 1952;2:
1378.

19. Nagel RL, Bookchin RM. Human hemoglobin variants with abnormal
oxygen binding. Semin Hematol. 1974;11:385.

20. Ben-Yoseph Y, Evans MI, Bottoms SF, et al. Lysosomal enzyme ac-
tivities in fresh and frozen chorionic villa and in cultured trophoblasts.
Clin Chim Acta. 1986;101:307.

21. Poenzini L. First trimester prenatal diagnosis of metabolic diseases:
a survey in countries from the European community. Prenat Diagn.
1987;7:333.

22. Sanguinetti N, Marsh J, Jackson M, et al. The arylsulphatases of
chorionic villi: potential problems in the first-trimester diagnosis of
metachromatic leucodystrophy and Maroteaux-Lamy disease. Clin
Genet. 1986;30:302.

23. Tada K, Kure S. Nonketotic hyperglycinemia: molecular lesion and
pathophysiology. Int Pediatr. 1993;8:52.

24. Applegarth DA, Levy HL, Shih VE, et al. Prenatal diagnosis of non-
ketotic hyperglycinemia. Prenat Diagn. 1986;6:257.

25. Mesavage C, Nance CS, Flannery DB, et al. Glycine/serine ratios in
amniotic fluid: an unreliable indicator for the prenatal diagnosis of
nonketotic hyperglycinemia. Clin Genet. 1983;23:3, 54.

26. Percy AK, Farrell DF, Kaback MM. Cerebroside sulphate (sul-
phatide) sulphohydrolase: an improved assay method. J Neurochem.
1972;19:233.

27. Fleisher LD, Rassin DK, Desnick RJ, et al. Argininosuccinic aciduria:
prenatal studies in a family at risk. Am J Hum Genet. 1979;31:
439.

28. Fleisher LD, Harris CJ, Mitchell DA, et al. Citrullinemia: prenatal
diagnosis of an affected fetus. Am J Hum Genet. 1983;35:85.

29. Ben-Yoseph Y, Mitchell DA. Detection of kinetically abnormal argini-
nosuccinate synthase in neonatal citrullinemia by conversion of cit-
rulline to arginine in intact fibroblasts. Clin Chim Acta. 1989;183:
125.

30. Gompertz D, Goodey PA, Thom H, et al. Prenatal diagnosis and family
studies in case of propionicacidaemia. Clin Genet. 1975;8:244.

31. Willard HF, Ambani LM, Hart AC, et al. Rapid prenatal and post-
natal detection of inborn errors of propionate, methyl-malonate, and
cobalamin metabolism: a sensitive assay using cultured cells. Hum
Genet. 1976;34:277–283.

32. Sweetman L, Weyler W, Shafai T, et al. Prenatal diagnosis of propionic
acidemia. JAMA. 1979;242:1048.

33. Ando T, Rasmussen K, Wright JM, et al. Isolation and identification
of methylcitrate, a major metabolic product of propionate in patients
with propionic acidemia. J Biol Chem. 1972;247:2200.

34. Leopold D, Bojasch M, Jakobs C. 3-Hydroxy-3methylglutaryl-CoA
lyase deficiency in an infant with macrocephaly and mild metabolic
acidosis. Eur J Pediatr. 1982;138:73.

35. Hammond J, Wilcken B. 3-Hydroxy-3-methylglutaric, 3-
methylglutaconic and 3-methylglutaric acids can be non-specific
indicators of metabolic disease. J Inherited Metab Dis. 1984;7:
117.

36. Golbus MS, Simpson TJ, Koresawa M, et al. The prenatal determi-
nation of glucose-6-phosphatase activity by fetal liver biopsy. Prenat
Diagn. 1988;8:401.

37. Grody WW, Klein D, Dodson AE, et al. Molecular genetic
study of human arginase deficiency. Am J Hum Genet. 1992;50:
1281.

38. Meloni R, Fougerousse F, Roudaut C, et al. Dinucleotide repeat
polymorphism at the human liver arginase gene. Nucleic Acids Res.
1992;20:1166.

39. Holzgreve W, Golbus MS. Prenatal diagnosis of ornithine transcar-
bamylase deficiency using fetal liver biopsy. Am J Hum Genet.
1984;36:320.

40. Evans MI, Moore C, Kolodny EH, et al. Lysosomal enzymes in chori-
onic villi, cultured amniocytes, and cultured skin fibroblasts. Clin
Chim Acta. 1986;157:109.

41. Ben-Yoseph Y, Mitchell DA, Nadler HL. First trimester pre-
natal evaluation for I-cell disease by N -acetylglucosamine 1-
phosphotransferase assay. Clin Genet. 1988;33:38.

42. Rylance HJ, Wallace RC, Nuki G. Adenine phosphoribosyl trans-
ferase: assay using high performance liquid chromatography. Clin
Chim Acta. 1985;148:267.

43. Myara I, Charpentier C, Lemonneir A. Optimal conditions for pro-
lidase assay by proline colorimetric determination: application for
iminodipeptiduria. Clin Chim Acta. 1982;125:193.

44. Grubisic A, Shin YS, Meyer W, et al. First trimester diagnosis of
Pompe’s disease (glycogenosis type II) with normal outcome: assay
of acid α-glucosidase in chorionic villous biopsy using antibodies.
Clin Genet. 1986;30:298.

45. Matalon R, Deanching M, Marback R, et al. Carrier detection for
Sanfilippo A syndrome. J lnherited Metab Dis. 1988;11:158.

46. Desnick RJ, Allen KY, Desnick SJ, et al. Fabry’s disease: enzy-
matic diagnosis of hemizygotes and heterozygotes. J Lab Clin Med.
1973;81:157.

47. Kaback MM. Thermal fractionation of hexosaminidases: application
to heterozygote detection and diagnosis of Tay-Sachs disease. Meth-
ods Enzymol. 1972;28:862.

48. Grabowski GA, Kruse JR, Goldberg JD, et al. First-trimester pre-
natal diagnosis of Tay-Sachs disease. Am J Hum Genet. 1984;36:
1309.

ak
us

he
r-li

b.r
u



492 SECTION IV � Laboratory Diagnostics

49. Kytzia H-J, Sandhoff K. Evidence for two different active sites on
human β-hexosaminidase A. Interaction of GM2 activator protein with
β-hexosaminidase A. J Biol Chem. 1985;260:7568.

50. Fuchs W, Navon R, Kaback MM, et al. Tay-Sachs disease: one step
assay of β-N -acetylhexosaminidase in serum with a sulfated chro-
mogenic substrate. Clin Chim Acta. 1983;133:253.

51. Ben-Yoseph Y, Reid JE, Shapiro B, et al. Diagnosis and carrier de-
tection of Tay-Sachs disease: direct determination of hexosaminidase
A using 4-methylumbelliferyl derivatives of β-N-acetylucosamine-
6-sulfate and β-N-acetylgalactosamine-6-sulfate. Am J Hum Genet.
1985;37:733.

52. Conzelmann E, Kytzia H-J, Navon R, et al. Ganglioside GM2

N-acetyl-β-D-galactosaminidase activity in cultured fibroblasts
of late-infantile and adult GM2 gangliosidosis patients and of
healthy probands with low hexosaminidase level. Am J Hum Genet.
1983;35:900.

53. Copenhaver JH, Bausch LC, Fitzgibbons JF. A fluorometric procedure

for estimation of galactose-1-phosphate uridyltransferase activity in
red blood cells. Anal Biochem. 1969;30:327.

54. Baum H, Dodgson KS, Spencer B. The assay of arylsulfatases A and
B in human urine. Clin Chim Acta. 1959;4:453.

55. Ben-Yoseph Y, Baylerian MS, Nadler HL. Radiometric assays of N-
acetylglucosaminylphosphotransferase and α-N-acerylglucosaminyl
phosphodiesterase with substrates labeled in the glucosamine moiety.
Anal Biochem. 1984;142:297.

56. Goldstein JL, Basu SK, Brown MS. Receptor-mediated endocyto-
sis of low density lipoprotein in cultured cells. Methods Enzymol.
1983;98:241.

57. Gahl WA, Dorfmarm A, Evans MI, et al. Chorionic biopsy in the
prenatal diagnosis of nephropathic cystinosis. In: Fraccaro M, Simoni
G, Brambati G, eds. First Trimester Fetal Diagnosis. Berlin, Springer-
Verlag, 1985:260–265.

58. Smith ML, Clark KF, Davis SE, et al. Diagnosis of cystinosis with
use of placenta. N Engl J Med. 1989;321:397.

ak
us

he
r-li

b.r
u



C H A P T E R

43
MOLECULAR DIAGNOSTICS
FOR PRENATAL DIAGNOSIS

Laura S. Martin / Mark I. Evans

The demand for prenatal diagnosis has increased rapidly over
the last 30 years. This chapter illustrates the theory and methods
required for this undertaking.

MOLECULAR GENETICS:
PRENATAL DIAGNOSIS

Molecular genetics is the study of human variation—
mutation—at the level of the gene: its organization, regulation,
and expression. The study of the genetic mechanisms for the
expression of inherited information and their mutant protein
products has been facilitated by investigating experimental
bacterial and animal models. Because similar experimental
methods, for example, irradiation or chemical exposure, are
not suitable in the human, the study of naturally occurring mu-
tations provides models and insight into the structure–function
relationship of the gene and its environment. These research
methodologies have yielded precise diagnostic testing capabil-
ities for many genetic diseases. In this section we review the
development of important recombinant molecular genetic di-
agnostic techniques with emphasis on the utility of molecular
genetics in prenatal diagnosis.

In 1970, H.O. Smith at the Johns Hopkins University
School of Medicine isolated and purified the first restriction
endonuclease, Hind II, in Haemophilus influenza, for which he,
D. Nathans, and W. Arber received the Nobel Prize in Medicine
and Physiology in 1978. In 1980, Lawn and Maniatis cloned
and sequenced the β-globin gene, thereby opening the door for
DNA mutational analysis.1 Fortuitously, the β-globin gene, lo-
cated on chromosome 11, is only 1600 base pairs (bp) in length
(in contrast to the CFTR gene, which is 250,000 bp) of which
only 438 bp are of coding sequence. In 1978, the first DNA
restriction fragment length polymorphism (RFLP), Hpa 1, was
found by W.Y. Kan at the β-globin locus. This discovery led
to the use of haplotype analysis in prenatal diagnosis as mark-
ers for gene mapping, for differentiation of mutant alleles, for
the study of the mechanisms of mutation, and in forensic and
paternity testing.

It has been estimated that the human genome, 3.0 × 109 bp
per haploid copy, contains 50,000–100,000 genes dispersed
on 23 chromosomes. Each individual is thought to have 6–10
abnormal genes.

Genes are composed of a variety of elements critical to the
normal function of the gene: its expression of the messenger
RNA (mRNA) and the processing of that message (its final pro-
tein sequence). The sequence of a gene is defined by regions
of coding and noncoding domains, called exons and introns.
The coding regions are constructed by a seemingly random
sequence of a 4-letter alphabet of nucleotides (guanine, ade-
nine, thymine, and cytosine), which directs the assembly of the
protein through an intermediate molecule known as messenger

RNA. The intervening sequences (IVS), introns, are removed
by a nuclear process called splicing prior to translation of
the mature mRNA to protein in the rough endoplasmic retic-
ulum, located in the cytoplasm. The nucleotides that pre-
cede (splice donor-GT) and terminate (splice acceptor-AG)
the IVS are critical for proper splicing, although the func-
tion of the intron has not been entirely elucidated. At the
beginning of every gene is a region called the 5 ′ untrans-
lated region containing the promoter that dictates in which
tissue the gene is active and at what level. The transport of
the mRNA from the nucleus to the cytoplasm is in part con-
ferred by a series of about 200 adenosine residues at their
3′ end (polyadenylation); thereby, protein assembly is com-
pleted.

Mutations in DNA—alterations or changes—can occur in
any of the regions of DNA described, resulting in a change in
the production of the protein, often a reduction or an abnor-
mally functioning protein. This may include an alteration of
1 nucleotide, known as a point mutation, in the coding region,
which changes the amino acid at that position to a differing
amino acid; a missense mutation; or a termination signal, which
causes translation to stop at that position, a nonsense mutation.
A mutation may also be a deletion or insertion of DNA result-
ing in the loss of one to thousands of nucleotides producing a
shift in the reading frame assuming a change of a multiple not
of 3, termed a frameshift mutation, and frequently introducing
a premature termination signal. Alterations in the signaling re-
gions, for example, splice junctions or promoter, may result in
splicing abnormalities leading to incorrectly modified mRNA,
too little or too much mRNA, thus leading to an unstable mRNA
and too little or too much protein.

Molecular genetic technology has permitted analysis of
the gene. We now discuss a variety of recombinant DNA
methodologies, diseases, and the genes that best illustrate them.
Table 43-1 provides a list of common terms and abbreviations
along with their definitions.

POLYMERASE CHAIN REACTION

In 1987, while “snaking along a moonlit mountain road into
northern California’s redwood country,”2 Kary B. Mullis con-
ceived of an idea that would revolutionize the molecular biol-
ogy world and for which he would ultimately receive the Nobel
Prize.3,4 This discovery is known today as the polymerase
chain reaction (PCR). A small aliquot of genomic DNA is
taken and a specific region of that DNA is enzymatically am-
plified. That is to say, 2 primers are devised—a short fragment
of known DNA sequence surrounding the area of interest—
bound to the complementary sequence on the patient’s ge-
nomic DNA, and with the addition of a DNA polymerase
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T A B L E

43-1
GLOSSARY OF TERMS AND ABBREVIATIONS

Meaning

Allele One of several alternate forms of a gene at any specific locus
ASO Allele-specific oligonucleotide
bp Base pair
CFTR Cystic fibrosis transmembrane regulator gene
CCM Chemical cleavage of mismatch
DNA Deoxyribonucleic acid, the molecule of which all eukaryotic life exists
DGGE Denaturing gradient gel electrophoresis
Exon The regions of the gene that are transcribed and present in the mature RNA; usually represent the coding

portion of a gene
Haplotype Specific combinations of alleles found in close association—linked—to a gene whereby one defines a

genotype, usually inherited as a single group
Heteroduplex The pairing of homologous double-stranded DNA or RNA from 2 parental molecules, usually wild type

and mutant, each being complementary to each other with the exception of a small region of mismatch
Intron Intervening sequences of DNA found between exons in genes, spliced out of the immature message RNA,

prior to translation of the mature RNA into protein
IVS Intervening sequences
Kb Kilo bases
Linkage Describes the predilection for nonallelic genes or segments of genes to be inherited as a unit as a result of

their close proximity on the same chromosome
mRNA Messenger RNA; the template on which polypeptides, proteins, are synthesized
Multiplex PCR Method whereby multiple exons are amplified in a single reaction tube via the polymerase chain reaction
Mutation A change or alteration in the sequence of a gene
Nucleotide Unit of DNA
Normal transmitting male A male who carries the fragile X mutation and thus can transmit the gene to his daughter, but he himself

has a normal phenotype
Polymorphism Genetic variation in individuals, often seen as an alteration, obliterating or creating, a restriction

endonuclease site, or as difference in the number of tandem repeats, eg, triplet repeats
PCR Polymerase chain reaction
PSM PCR-mediated site-directed mutagenesis
Restriction endonuclease Enzymes isolated from a variety of bacteria that are capable of cutting double-stranded DNA at specific

sites
RFLP Restriction fragment length polymorphism
RT-PCR Reverse transcriptase-polymerase chain reaction
Splice junction Nucleotide sequences adjacent to the exon–intron boundaries in a gene
SSCP Single-stranded conformation polymorphism, differences present in single-stranded DNA detected on a

nondenaturing gel

the genomic sequence of interest is replicated by theoretically
1 billion fold, practically 1 million fold (Fig. 43-1). These
fragments of DNA can then be visualized by electrophoresing
them through an agarose gel and staining the gel with the fluo-
rescent dye ethidium bromide, which intercalates between the
stacked bases of DNA. The ways in which PCR has been uti-
lized for mutational analysis and diagnostics as it relates to
disease genes are multifold.

Recently, a number of diseases (e.g., fragile X syn-
drome, Huntington disease, Kennedy’s disease, spinal cere-
bellar ataxia, dentatorubral—pallidoluysian atrophy [DRPLA]
and myotonic dystrophy) have been found to be the result of
an expansion of an region of DNA known as trinucleotide
repeats. Analysis of normal individuals reveals length vari-

ation ranging from a low of 6 to a high of 54 repeats in
the fragile X gene. Two types of mutations have been de-
scribed: premutational state in which only a female may pass
an allele capable of expanding in an offspring to a full mu-
tation (Sherman paradox), and the full mutation associated
with the fragile X syndrome. The PCR conditions are modi-
fied to incorporate a radioisotope, which allows direct visual-
ization of PCR-amplified product after electrophoresis through
an acrylamide gel, thus revealing the size of the repeat, CGG,
found in both the normal and premutation state. However,
when hundreds of repeats are present as in the full mutation,
the region is often too large to be amplified by PCR. Thus,
this potential problem is resolved using the Southern transfer
technique.
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CHAPTER 43 � Molecular Diagnostics for Prenatal Diagnosis 495

FIGURE 43-1 PCR reaction diagram. (Reproduced, with permission, from Toy EC: Case Files:
Biochemistry. New York, McGraw-Hill, 2005:54.)

MULTIPLEX PCR

PCR technology allows us to amplify multiple exons simul-
taneously. This method is known as multiplex PCR. It com-
bines the rapidity and sensitivity of the PCR process and al-
lows the analysis of small or poor-quality samples (i.e., those
that might not be sufficient for Southern blot analysis). It
requires the development of specific oligonucleotide primer
sets unique to each region of the gene of interest, special
amplification conditions, and the creation of amplified prod-
uct of varying length for easy interpretation. This technique
has been applied to the Duchenne/Becker muscular dystrophy
(DMD/BMD) gene; this large—nearly 2400 kb with ∼70 ex-
ons and 329 deletions—gene may be scanned for deletions in
those patients or fetuses at risk for DMD/BMD with detection
of over 97% of deletions in DMD and all those with BMD
(Fig. 43-2).5

This assay has also been performed in the analysis of the 9
exons of the hypoxanthine guanine phosphoribosyltransferase
(HPRT) gene within 8 fragments for Lesch-Nyan disease6 and

the identification of 4 point mutations in the cystic fibrosis
transmembrane regulator (CFTR) gene.7

NORTHERN BLOT/REVERSE
TRANSCRIPTASE-POLYMERASE
CHAIN REACTION

Northern blot is the term given to the procedure whereby RNA
is separated according to size by electrophoresis through an
agarose gel, transferred to a solid support such as a nylon fil-
ter, hybridized to radiolabeled or chemiluminescent probe, and
autoradiography is used to locate the position of the band com-
plementary to the RNA:DNA complex. In some instances, the
quantity of RNA is insufficient to be detected in this man-
ner; thus, reverse transcriptase-PCR (RT-PCR) methodology
permits the scientist to identify and isolate these small quanti-
ties of mRNA and thereby analyze genes in a more fastidious
manner. Grompe et al.8 were unable to detect the mRNA in an
OTC-deficient patient by northern analysis. Nonetheless, the
mRNA was isolated and successfully amplified (after synthesis
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FIGURE 43-2 Structure of the dystrophin gene. Boxes denote exons. LP, CP, MP, and PP indicate first exons of full-length dystrophin
transcripts driven by lymphocyte-, cortical (brain)-, muscle-, and Purkinje cell-dystrophin promoters. Dp260, Dp140, Dp116, and Dp71
depict first exons of the short transcripts driven by intronic promoters in full-length dystrophin. A “U” in a box indicates an untranslated
sequence; numbers in boxes refer to the numbers of codons in the first exon. (Reproduced, with permission, from Engel AG: Myology,
5th ed. New York, McGraw-Hill, 2004:962.)

of a single-stranded cDNA by the utilization of the RNA-
directed DNA polymerase, reverse transcriptase) and the muta-
tion responsible for the disease was identified. This technique
also isolation of the shorter cDNA fragments corresponding to
the coding region of the gene of interest. As in Menkes (kinky
hair) disease, a neurodegenerative disorder associated with a
disturbance of copper metabolism, exon splicing is the char-
acteristic result of the splice junction mutations seen in this
rather large gene.9 Thus, by utilizing RT-PCR, the exons that
are lacking can be discerned by the size of fragment seen on
agarose gel or by sequence analysis.

RESTRICTION ENDONUCLEASE
ALLELE RECOGNITION

Hemoglobinopathies are the qualitative or quantitative disor-
ders of the globin chains, either alpha or beta. Sickle cell
anemia is the most common disease among these disorders.
Among the American black population, the frequency of the
heterozygous state is 8%; 1 in 500 individuals has the dis-
ease. The diagnosis can be readily made on examination of a
peripheral blood smear. Hemoglobin electrophoresis confirms

this diagnosis. The β-globin gene is located on chromosome
11; the only mutation responsible is an A to T transition in
the second nucleotide of the 6th codon, substituting a valine
for glutamic acid. Allelic heterogeneity does not exist for this
disease. This alteration of DNA obliterates a sequence that the
enzyme Dde1 recognizes, CTNAG, which is present in the nor-
mal A, CTGAG, and hemoglobin C, CTAAG, allele but not in
the S allele, CTGTG, and thus enables prenatal diagnosis of
sickle cell disease or trait by utilizing restriction endonuclease
site analysis.

An alternative to relying on naturally occurring phenom-
ena to create or obliterate a restriction endonuclease site is a
novel technique called PCR-mediated site-directed mutagen-
esis (PSM), whereby a restriction site is created to facilitate
the discrimination of mutations. The general principle is to
enzymatically amplify genomic DNA using modified primers
containing altered 3′ terminal nucleotide to create these sites.
After these primers have been efficiently incorporated into
the amplified DNA, the PCR products may then be digested
with their respective enzyme (Fig. 43-3). This assay has been
applied to the analysis of the β-globin gene with respect to
the sickle cell mutation, A→T, in the sixth codon of this
gene.10 Another example of similar analysis is the amplifi-
cation of exon 10 of the CFTR gene for ascertainment of those

FIGURE 43-3 Polymorphic restriction enzyme sites in the human β-globin complex and nine of the
common haplotypes derived from them. (Reproduced, with permission, from Scriver CR, Beaudet AL,
Sly WS, Valle D, Childs B, Volgelstein B: The Metabolic and Molecular Bases of Inherited Disease,
8th ed. New York, McGraw-Hill, 2001:4576.)
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individuals with the �F508 mutation, responsible for approx-
imately 70% of all cystic fibrosis chromosomes, and the use
of the restriction endonuclease, Mnl1, resulting in obliteration
of the site in the presence of the mutation, resulting in per-
sistence of the 83-bp fragment.11 This technique allows rapid
diagnosis—within hours—and avoids the use of radioisotope
and its inherent problem of safety and disposal.

ALLELE-SPECIFIC
OLIGONUCLEOTIDE HYBRIDIZATION

ASO hybridization has proven to be a valuable technique which
measures the specific binding of short (18-20-mer), radioac-
tively or nonradioactively, labeled oligonucleotide probes that
either match the wild-type, normal, DNA sequences exactly or
the mutant sequence containing a single base pair substitution
under stringent washing conditions. Only the probes that ex-
actly complement the immobilized DNA remain bound, and
thus generate a signal seen on autoradiography. This technique
was originally described by Conner et al.12 in 1983 for the de-
tection of sickle cell βs−globin allele without the luxury of
PCR amplification of genomic DNA. This technique greatly
facilitates the evaluation of genetic disorders in which the gene
has to be screened for numerous mutations like thalassemia or
cystic fibrosis, or in those where a restriction site is neither
created nor obliterated (Fig. 43-4).

FIGURE 43-4 The expression of a human globin gene. (Reproduced, with permis-
sion, from Beutler E, Lichtman MA, Coller BS, Kipps TJ, Seligsohn U: Williams
Hematology, 6th ed. New York, McGraw-Hill, 2000:550.)

REVERSE DOT BLOT

The reverse dot blot hybridization procedure, which was de-
vised by Saiki et al.13 in 1989, utilizes membrane-bound
oligonucleotides as hybridization targets for amplified ge-
nomic DNA. The probe:DNA hybrids may be visualized
by nonradioactive chemiluminescent activation or radioactive
probes. As one might imagine, it would be more efficient
to screen a set of mutations with a sample of amplified ge-
nomic DNA rather than screen a patient’s DNA sample with
a single oligonucleotide as a probe for each of approximately
30 or more allelic mutations. Such a range of potential mu-
tations must be tested to achieve a reasonable level of con-
fidence in a negative test with the unlikelihood of a new
mutation.

A prime example for utilization of this methodology would
be the diagnosis or screening of the CFTR gene.14 Cystic fi-
brosisis characterized by elevated sweat electrolytes and thick
mucous secretions owing to abnormal chloride permeability in
epithelial tissues. In 1989 a consortium headed by L.C. Tsui
cloned and sequenced the cystic fibrosis (CFTR) gene. The in-
cidence of cystic fibrosis varies dramatically among different
populations. In the northern European population, 1 in 2500 in-
dividuals is affected with this autosomal recessively inherited
disease; however, in Northern Ireland 1 in 1700, in Sweden 1 in
7700, and in the Asian and African ethnic groups 1 in 110,000
individuals are affected.

The CFTR gene localized on chromosome 7 encompasses
approximately 250,000 base pairs of DNA, and is arranged
as 27 exons with 26 introns. Exon 11, which encodes the

nuclear binding fold 1, harbors the more common
mutations. One region of exon 11 has at least
11 different sequence alterations clustered in
5 codons. In contrast, there are several regions
in which no mutation has been identified.

To date 30,000 mutant chromosomes have
been examined worldwide and 70% carry the
delta F508 mutation; however, more than 325
different mutations have been defined. Only 7
alleles are represented by more than 100 cases
and 23 additional mutations by greater than 10
cases. Thus, this is ideally suited to the reverse
dot blot method in which multiple alleles need
to be examined to determine the parental carrier
status and fetal genotype.

SOUTHERN BLOT ANALYSIS

Localization and identification of specific se-
quences in the genomic DNA is often performed
by the transfer technique described by E.M.
Southern.15 In this method, genomic DNA frag-
ments are transferred to a solid support system
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FIGURE 43-5 Restriction fragment length polymorphisms. Schematic of the use of RFLP analysis
to detect a point mutation associated with mitochondrial encephalomyopathy, lactic acidosis, and
stroke-like episodes (MELAS). An A ↑ G transition in the mitochondrial genome at mtDNA position
3243 creates a HaeIII polymorphism. PCR of mtDNA with primers (P) generates a 238-bp fragment.
Cleavage of normal DNA with HaeIII (H) yields three fragments that are 169, 37, and 32 bp long. The
extra HaeIII site in MELAS and mtDNA (H) cleaves the 169-bp fragment into two smaller fragments
of 97 and 72 bp (arrows on schematic of an electropheretic gel). (Reproduced, with permission, from
Engel AG: Myology, 5th ed. New York, McGraw-Hill, 2004:936.)

and probe DNA is radioactively labeled. Then by hybridiza-
tion of the nylon filter with a solution containing then probe
DNA, fragment binds to complementary regions in the ge-
nomic DNA linked to the nylon support filter. The filter is ex-
posed to an x-ray film and regions in which the binding occurs
is discerned by the bands that are visible on the autoradio-
graph. Figure 43-5 provides a schematic representation of the
procedure.

The Southern blot analysis allows for the identification of
2 kinds of mutational differences: (1) single base pair changes
that alter—either obliterate or create—a restriction endonucle-
ase site that results in an altered band size and (2) insertions or
deletions, resulting in the rearrangement of the gene. Fragile X
(Bell) syndrome is the most common inherited form of mental
retardation occurring in approximately 1 of 1250 males and 1
of 2500 females. It is inherited in an unusual X-linked fashion;

30% of carrier females are affected and 20% of males (normal
transmitting males) who carry a fragile X chromosome are
phenotypically normal. Transmission of the fragile X mutation
and phenotypic expression thereafter demands that the X
chromosome be inherited through a female. This is known
as the Sherman paradox. The mutation seen in the fragile X
syndrome may be 1 of 2 types, small insertions called premuta-
tions (∼100–600 bp) or large insertions (600–4000 bp) called
full mutations. It is now apparent from studies analyzing the al-
teration of the expansion, twinning, and a variety of tissues that
this phenomenon is a somatic event occurring after the creation
of the zygote. Variation of the length of DNA at the fragile site is
found between normal and fragile X individuals and is caused
by expansion of a CGG repeat with methylation upstream of the
CpG island that appears to correlate with the loss of expression
the FMR-1 mRNA. Methylation of the CpG island alters
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FIGURE 43-6 Filter hybridization. A. Southern blotting of a cloned
DNA sequence in a plasmid. (Adapted from Darnell J, Lodish H,
Baltimore D: Molecular Cell Biology. New York, Scientific Ameri-
can/W.H. Freeman, 1986. Copyright c© 1986 by Scientific American
Books, Inc. Reprinted with permission of W.H. Freeman and Com-
pany.) B. Southern blotting of genomic DNA. Adapted from Wat-
son JD, Hopkins NH, Roberts JW, et al: Molecular Biology of the
Gene. Menlo Park, CA: Benjamin Cummings, 1987. With permis-
sion. Copyright c© 1987 by The Benjamin Cummings Publishing
Company, Inc.)

(obliterates) the restriction site endonuclease activity of
Eag1; thus, the Eag1 and EcoR1 endonuclease restriction
digest and Southern transfer is utilized to analyze the
methylation pattern and presence or absence of the mutation
(Fig. 43-6).16−18

LINKAGE

Most variation in DNA is inconsequential with respect to caus-
ing disease. The majority of sequences of DNA are not known
to be coding regions; only about 5% of a gene is made up
of protein-coding sequence. Within IVS, noncoding regions,
there is a mutation approximately every 200 base pairs. Often,
these changes alter or create a restriction endonuclease site,
thereby allowing the change in band size on Southern blot to
be determined. These variations in sequence are known as DNA
polymorphisms. By definition, these alterations should occur
in less than 1% of the population. These fragments created
by restriction enzymes are termed restriction fragment length

polymorphisms (RFLP) and their analysis of association with
the disease gene, linkage analysis. The closer the polymor-
phism is to the disease gene, the less likely recombination is
to occur between the two and hence increasing the likelihood
that they will be inherited together. This is known as linkage.
If an alteration were in close proximity to the disease causing
gene, but not necessarily in that gene, one could track the asso-
ciated fragment (the band on Southern blot) in a given family
pedigree. Today, RFLP analysis is used primarily in the diag-
nosis for diseases in which the gene has yet to be cloned, the
mutations are “private,” or DNA sequencing is not practical.

SEQUENCE ANALYSIS

Direct sequencing of the amplified product of a segment
of genomic DNA is often the only method for analysis of
mutations.19 This may be because of a previously unrecog-
nized mutation in an affected individual, or in certain diseases
for which the no allele is predominant, in contrast to the single
mutation responsible for sickle cell anemia, or definable but
heterogeneous alleles as in the CFTR gene in cystic fibrosis.
Manual methods of sequence analysis have been developed and
are routinely employed; however, new automated techniques
have been exploited to speed the process.

MUTATIONAL SCANNING

In mutational scanning, exons and intron borders are scanned
to identify alterations, primarily point mutations, in those genes
with a high frequency of sporadic mutation (e.g., X-linked
or dominant disorders). Single-stranded conformation poly-
morphism analysis (SSCP), chemical cleavage of mismatch
(CCM), and denaturing gradient gel electrophoresis (DGGE)
are 3 modalities of this kind. These applications allow de-
tection of point mutations that alter electrophoretic mobility
of radioactively labeled single-stranded DNA in nondena-
turing polyacrylamide gels or heteroduplex/homoduplex for-
mation in denaturing gradient gels, respectively.20−25 These
methods have been employed in the prenatal diagnosis of
such conditions as hemophilias A and B,26,27 α-1-antitrypsin
deficiency,28,29 β-thalassemia,30 and cystic fibrosis.31 De-
tection rates vary between 30–100% depending on the
method, type of nucleotide change present, and gel conditions
adopted.
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44
MOLECULAR SCREENING

Roderick F. Hume, Jr.

INTRODUCTION

Molecular screening has emerged from the realm of the pos-
sible to the actual1 within the gestational period of this text’s
second edition.2 The rapid growth and development of biotech-
nology has allowed the more accurate molecular laboratory
methods to replace previous methods, expanding classic texts
and changing titles.3 Most of these methods were developed in
the research laboratory in the effort to more rapidly search for
possible mutations associated with a specific disease.4,5 When
proven, these tests become available to the clinical geneticist.6

In general, genotype based laboratory methods offer several
advantages compared to the more cumbersome and impre-
cise phenotypic tests. One needs only to recall the difficul-
ties of sweat testing for cystic fibrosis when compared to the
widespread, and cost-efficient, molecular methods in current
use to recognize the remarkable impact of the molecular ge-
netic advance.7 Genotypic characterization may also facilitate
the more accurate prediction of phenotype for some inherited
disorders, such as is the case for cystic fibrosis, congenital ab-
sence of the vas defferens, Gaucher, and other disorders. The
capacity to perform automated, repeated, or sequential testing
on a minuscule quantity of biologic specimen enables the ap-
plication of molecular screening methods to several clinical
situations. We will explore this new realm through the dis-
cussion of several current examples of the use of molecular
screening methods in a variety of clinical situations and for a
variety of specific diseases. Pertinent in our discussion will be
a consideration of the ethical challenges posed by the assess-
ment of genetic risk through molecular screening.8 Questions
remain, however. Who may benefit from these advances in
our ability to detect the actual from the among possible diag-
noses: potential insurers, employers, prospective parents, or the
individual?9

PRESYMPTOMATIC DETECTION

Neonatal screening programs have proven very effective in
the preclinical detection of disease. Most appropriate diag-
noses for neonatal screening are severe life-threatening dis-
orders which have a proven therapeutic intervention. This is
certainly the case for congenital hypothyroidism and phenylke-
tonuria (PKU).10 Sickle cell anemia and cystic fibrosis may
benefit from preclinical diagnosis by aggressive vaccination
and antibiotic therapy programs. Novel therapeutic approaches
may offer even greater potential benefit. Hydroxyurea (HU)
treatment has been shown to increase the expression of fetal
hemoglobin which has a favorable influence on progno-
sis for sickle hemoglobinopathy. Molecular screening has
been shown to be more efficient for the detection for many

hemoglobinopathies.11−14 The molecular characterization of
the ethnic and geographic distribution of mutations provides
the basis for molecular screening programs. Such programs
have been suggested for CF, DMD, and BMD.15 A known risk
population with proven molecular methods for a specific dis-
ease is required. Cost-effective programs can then be selected
for each specific disease. In this regard, neonatal screening
refers to the identification of an affected individual from among
a population without any specific known family risks. The goal
is the prevention of any avoidable sequelae resultant from the
preclinical phase of the disease.

Presymptomic detection in adults for autosomal dominant
disease of late onset poses a major medical-ethical problem,
especially for cancer genes.16−21 The lessons learned with
Huntington disease (HD) are being tested with the many can-
cer susceptibility genetic screening programs currently being
deployed with great rapidity. Such screening projects may cre-
ate a greater need than currently exists for genetic counseling.
It remains critical for the success of any molecular screening
program that the genetic counseling capability be in place prior
to the implementation of the program. This advance may mean
that more reproductive geneticists are drawn into cancer ge-
netics and family counseling. The prenatal diagnosis setting
in which the reproductive geneticist may become involved in
the presymptomic detection of parental disease include adult
polycystic kidney disease (APDK),22 bilateral renal agenesis
(BRA),23 or breast cancer (BRCA1/2).24

CARRIER DETECTION

Carrier detection for an autosomal recessive life-threatening
disorder has generally been based on pedigree analysis or eth-
nicity. Molecular screening can now be offered based on eth-
nicity and population risks for many of the classic genetic
diseases.25−27 This includes cystic fibrosis for individuals of
Northern European descent, Tay-Sachs, tyrosinemia in French
Canadians, familial dysautonomia, and Gaucher among Ash-
kinazim. Also hemoglobinapathies and thalassemias for those
with asian and/or mediterranean ancestry.28 The natural out-
growth of the recent advances in molecular diagnosis provides
a more accurate assessment of carrier status for prospective
parents. If a couple is found to both be carriers for a dis-
ease then the specific homozygous or compound heterozy-
gous state predicted provides a more accurate basis for pre-
natal diagnosis, genetic counseling, and prognostic estimation.
Molecular characterization makes the genetic counseling more
straightforward. For the perinatologist or reproductive geneti-
cist molecular screening for carrier detection most often oc-
curs for the couple who present in a current pregnancy with
a family history, or an ethnic risk, for a specific disease. It
should be our goal to move this point of mutational analysis,
or molecular recognition, away from the prenatal and into the
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preconceptional period. Preconceptional counseling, with an
emphasis on ethnic and pedigree analysis, affords the repro-
ductive geneticist the time to ascertain the specific risks for
the couple, pursue the educational requirements and proceed
with the most appropriate testing. Molecular screening has its
greatest potential benefit in this clinical situation.29,30

NONCLASSICAL APPLICATIONS

There are several scenarios in which the element of mystery can
be lifted through molecular screening. The most common will
be the pregnancy with a remote family history, or a previously
uncharacterized mutation in a sibling with a specific disorder
such as cystic fibrosis. In such a setting sequential mutational
analysis may refine the risks such that prenatal testing is un-
necessary, impossible or very specific. It gives a clear yes or no
answer to a very specific genetic question. Such risk modifica-
tion is well within the scope of normal practice for a geneticist.
Another example would be seeking the genetic basis of male
infertility.31 Among the more bizarre uses reported for molec-
ular screening has been its application to the identification of
decedents following a mass disaster.32 In general, DNA testing
has greatly advanced the precision of forensic science.

A similar stretch of genetic testing, and one that may take
on a greater importance in fetal therapy, is the use of molecu-
lar screening to identify matching donors for bone-marrow or
organ transplantation.33

In both of these novel examples the speed and accuracy of
DNA tests are amplified by the ability to perform repetitive tests
on the same minuscule sample via PCR and reverse dot blot
methods. The cost-efficiency of these methods also provide the
potential employer or insurer with the capability to apply ge-
netic discrimination in decisions which may adversely impact
the individual. The routinely collected blood sample can be
tested for presymptomatic diagnosis of “pre-existing” disease,
or identification of genotypes which should avoid certain occu-
pational exposures.34 The balance between potential benefits
or harm for the individual remains problematic. The same tech-
nology that offers a clear benefit for the molecular recognition
of ethnic disease, carrier detection in a couple for Tay-Sachs
or cystic fibrosis prior to in vitro fertilization, becomes a po-
tential nightmare of unintended consequences for BRCA, HD,
or APKD. The same methodology that is clearly beneficial in
the genetic counseling paradigm for a family member under-
going yearly endoscopy for FAP or prophylactic mastectomy
for BRCA35 may be used to exclude another individual from
employment or insurability.

SUMMARY

In summary, molecular screening can be utilized to refine the
risks for a couple planning pregnancy, define prenatal diag-

nostic accuracy, facilitate the identification of donor-recipient
matching for transplantation, provide the molecular recogni-
tion of ethnic disease carrier detection in population testing,
enhance the accuracy of presymptomatic neonatal screening
programs, identify special occupational exposure risk sit-
uations, and for individual identification following a mass
disaster.
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45
PRENATAL DIAGNOSIS USING FETAL
CELLS FROM MATERNAL BLOOD

Sinhue Hahn / Wolfgang Holzgreve

One of the most promising means for developing a nonin-
vasive method for prenatal diagnosis is the isolation of fetal
cells from the blood of pregnant women. In proof-of-concept
studies, both fetal aneuploidies and single gene disorders have
been detected using such enriched fetal cells. The feasibil-
ity of this methodology for the detection of fetal aneuploidies
is being investigated in a large scale trial under the auspices
of the National Institutes of Child Health and Development
(NICHD). Preliminary results from this study have indicated
that significantly lower false-positive rates can be attained for
the detection of specific fetal aneuploidies than current non-
invasive screening methods. However, several improvements,
which we address in this chapter, have to be made before this
methodology is introduced into a clinical setting.

HISTORICAL AND TECHNICAL OVERVIEW

Although the presence of fetal cells in maternal blood was first
reported more than a century ago by Schmorl,1 who found
trophoblasts in the lungs of women who had succumb from
eclampsia, a considerable debate has raged over whether the
presence of fetal cells in the blood of pregnant women was a
common or sporadic event.2 Several recent reports have, how-
ever, demonstrated the reliable and reproducible isolation of
fetal cells, in particular fetal erythroblasts, from the blood of
pregnant women, thereby refuting reports are otherwise skep-
tical of their existence.3

These successes were only achieved after a consider-
able period of frustration, partly in the inability to confirm
Schmorl’s original finding,4,5 but mainly because the proper
tools for enrichment and fetal cell identification were not
available yet. Another snag was that researchers had not de-
cided on which fetal cell they should focus their attention.
Because such trophoblasts were found to be inadequate can-
didates and trophoblast deportation does not appear to be a
feature common to all pregnancies,6,7 and furthermore, by
their large multinucleate nature, they were determined to be
unsuitable for cytogenetic analysis by such technologies as
fluorescent in situ hybridization (FISH). A further complica-
tion with this cell type was that most efforts to enrich for tro-
phoblast cells, even when using purported specific antibodies,
failed.8

Fetal lymphocytes were determined to be unsuitable; be-
cause of their longevity, the danger existed that cells from a
previous pregnancies could be retrieved for analysis.9,10

It is for these reasons that most researchers in the field
have decided to focus their attention on fetal erythroblasts,
also termed nucleated red blood cells.3 These cells have the
advantage that they are particularly abundant in the fetal cir-
culation early in gestation and are rare in the normal adult
periphery. By their short lifespan of approximately 90 days,

there is no danger of obtaining cells from a previous preg-
nancy. Furthermore, erythroblasts are readily identified by their
well-defined morphology: a small dense nucleus, clear cyto-
plasm, and the size of an erythrocyte. Additionally, fetal eryth-
roblasts can be tentatively identified by the expression of em-
bryonic and fetal hemoglobins, which are expressed during
fetal development. These, and high levels of expression of the
transferrin receptor (CD71:TfR), the blood group antigen gly-
cophorin A (GPA) and potential fetal specific antigens, such
as the HAE9 antigen have also proven very helpful for the
enrichment and isolation of these rare cells.11

Arguably, the field benefited most by the introduction of
techniques that permitted the enrichment of rare cell popu-
lations. The first innovation to facilitate this was the fluores-
cent activated cell sorter (FACS), and which was first used
by Herzenberg et al12 for the enrichment of fetal lymphocytes
from maternal blood using HLA disparities between mother
and fetus. This methodology was subsequently used by Bianchi
et al for the enrichment of fetal erythroblasts, who used either
CD71 or the gamma globin molecule to target erythroblast
selection.13,14

By using the then novel technique of magnetic cell sorting
(MACS)15 and micromagnetic conjugated antibodies to CD71,
our group pioneered the enrichment of fetal erythroblasts form
maternal blood by these means.15

A further vital development was the ability to genetically
identify cells as being fetal. This was provided on the one
hand by the advent of FISH,17 which permitted a specific cy-
togenetic analysis in interphase cells, and also by the develop-
ment of polymerase chain reaction (PCR),18 by which means it
was now possible to examine and analyze minute quantities of
genetic material, even single cells.

INITIAL SUCCESSES AND THE ADVENT OF
THE NICHD NIFTY STUDY

In the early 1990s, 3 publications in rapid succession reported
the detection of fetal aneuploidies using fetal erythroblasts
enriched from pregnant women.19−21 Two of these studies
had used FACS for the enrichment, and the other from our
group used a combination of a triple-density Ficoll gradient
and MACS.

These results were so encouraging that the NICHD was
prompted to initiate a large-scale study to examine the feasi-
bility of using fetal cells from maternal blood for the detec-
tion of fetal aneuploidies.22 In the National Institute for Child
Health and Development Fetal Cell Isolation Study (NIFTY),
some 3000 women at risk of bearing an aneuploid fetus will
be recruited; that is, maternal age of over 35, abnormal sono-
gram or serum screening result, or previous instance of a fetal
aneuploidy.
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506 SECTION IV � Laboratory Diagnostics

The enrichment procedures used by the 4 laboratories in-
clude 2 different FACS protocols,14,23 and 2 forms of magnetic
separation, a magnetic colloid system24 and the traditional
miniMacs columns as pioneered in our laboratory.16 No sig-
nificant difference in efficacy has been observed between the
2 MACS procedures. Preliminary indications are that fetal ane-
uploidies can be detected by these means with specificities
superior to current noninvasive methods.25

An integral part of this study is an evaluation of the psy-
chosocial response of pregnant women to the introduction of a
new, noninvasive method for prenatal diagnosis, which is espe-
cially aimed at clarifying any feeling of coercion. An interme-
diate report from this study, which examined the response of a
cohort of high-risk pregnant women, has indicated that there is
an overwhelmingly favorable response among this cohort for
the introduction of such a noninvasive diagnostic test.26 In our
own extensions of this facet, we have interviewed 4 groups of
women:

1. Those with a high risk for a fetal aneuploidy and who
were about to undergo or have undergone an invasive
procedure for prenatal diagnosis.

2. Those with a normal, low-risk pregnancy.
3. Those who required some form of assisted reproduction

technology (ICSI, IVF).
4. A control group who were currently not pregnant.

This study indicated that the majority of women favored the
introduction of a noninvasive alternative for prenatal diagno-
sis, even if this test could not cover the entire spectrum of
chromosomal abnormalities. This desire was especially high in
the group that had sought reproductive assistance and in those
women who were currently pregnant with their first child. Very
few of the women interviewed felt that they would be coerced
to undergo such a test. An interesting aspect of this study was
that although women would generally not question results in-
dicating that the fetus was normal, they would invariably opt
for an invasive second opinion to confirm that a fetal anomaly
was present in those cases where an abnormality was detected
using fetal cells.

OPTIMIZATION OF RECOVERY

An observation made by all participants of the NIFTY study
and other researchers in the field is that although fetal cells
can now be reliably and reproducibly enriched for, several
steps of the enrichment procedure need to be optimized, as
fetal cells appear to be lost in each step of the enrichment
procedure.11,27,28 If one considers that as few as 20 fetal cells
may be present in the maternal blood sample drawn, then it is
a foregone conclusion that a loss of these rare cells should be
avoided at all costs.

In this manner, even though our laboratory was instru-
mental in the introduction of differential density gradients

for the selective enrichment of erythroblasts prior to the ap-
plication of the MACS enrichment step,16,21 our recent work
has shown the benefit of using simpler high-density Ficoll or
Percoll gradients.3,11,29 In a large-scale examination of over
300 samples, where fetal cells were scored on the basis of
FISH for X and Y chromosomes, we noted that similar effica-
cies could be attained by using a single 1077 g/L Ficoll density
gradient, when compared with the more complex triple-density
gradient.28 The added advantage of this switch in protocol is
that it permitted the use of smaller blood samples (16 versus
40 mL), thereby allowing us to recruit more patients.

In addition, we have observed that enrichment could be fur-
ther enhanced by the use of a single heavy (1119 g/L ) Ficoll
density gradient, as this allowed for the greatest recovery of
erythroblasts,11 a feature we have also observed with different
Percoll density gradients.29 To obtain the greatest purity, we
then showed that it was best to couple an initial gradient separa-
tion step to ensure the greatest yield with the most specific anti-
body obtainable for the subsequent antibody-mediated step.11

In our investigation comparing different antibodies, which in-
cluded alleged fetal specific ones such as the anti-fetal liver
generated HAE-9 or the i blood group antigen, we observed
the best recovery with anti-GPA, which regularly yielded at
least a 3- to 5-fold higher yield than our old standard, anti-
CD71 (transferrin receptor).11

In a similar manner, altering the protocols for enrich-
ment by FACS, by such means as intracytoplasmic fetal
hemoglobin staining30 or new more efficient staining and stor-
ing protocols31,32 has lead to significantly improved yields.

Other promising alternatives that have recently been
described include charge flow separation, where near-to-
phenomenal recoveries of erythroblasts have been reported,33

but also step34 Percoll gradients or minimal enrichment tech-
niques such as explored by Oosterwijk et al.35 In addition, we
recently explored the use of a novel continuous Percoll gradi-
ent in a study examining the use of fetal erythroblasts for the
prenatal diagnosis of hemoglobinopathies.36

A problem with all these approaches is that even after en-
richment for fetal cells, the majority of recovered cells are still
of maternal origin, which means that only 1 in 100 to 1 in
1000 cells analyzed may actually be fetal. It is for this reason
that several groups have voiced the need for fetal-cell–specific
markers and for effective automatic recognition systems to lo-
cate these cells in the enriched preparations.

IDENTIFICATION OF FETAL CELLS:
THE BASIS FOR AUTOMATED SCANNING

A problem that affects all of these enrichment procedures is
that all the resulting preparations are heavily contaminated by
co-enriching maternal cells. This means that as few as 1 in
1000 of the obtained cells may be fetal. When fetal cells such
as erythroblasts are the subject of investigation, the problem is
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further exasperated by the fact that many of the erythroblasts
analyzed are of maternal rather than of fetal origin.3

To overcome this problem, a common strategy has been
opted for by most groups: identification of fetal cells by im-
munohistochemical staining using fetal-specific antibodies,
such as anti-fetal (HbF) or embryonic—hemoglobin (HbE).3

In our hands, staining with anti-gamma globin antibodies ac-
curately identified fetal erythroblasts enriched from maternal
blood,3 even though basal levels of gamma globin-positive
cells can be detected in the blood of pregnant women. In those
pregnancies, where maternal levels of gamma globin may be
excessively high, such as for carriers of a hemoglobinopathy,
it may be advisable to use anti-zeta or anti-epsilon globin an-
tibodies instead.36,37

It should, however, be borne in mind that no antibody is
absolutely fetal specific, and that the only way in which a fetal
cell can be irrefutably identified as been fetal is on the basis of
a genetic marker.

The central idea for being able to identify fetal cells by
such means is to use some form of automated recognition de-
vice to localize these cells among the myriad of co-enriched
maternal cells. This could either be accomplished using laser
scanning approaches,38 fluorescence correlation spectroscopic
microscopy,39 or digital recognition equipped microscopes.40

CURRENT EFFICACY IN THE CYTOGENETIC
ANALYSIS FETAL CELLS

For simplicity’s sake, and because almost half of all pregnant
women give birth to boys, many researchers have used to use
FISH for the X and Y chromosomes to monitor the efficiency of
their fetal cell enrichment and detection procedures. A further
advantage of this approach is that because it is easier to recruit
a large number of normal pregnancies with male fetuses than
those with an aneuploid fetus, it is considerably easier to as-
sess the influence of any potential modifications. For instance,
by these means we were able to determine that the switch to a
different, less complex primary enrichment step lead to simi-
lar or better recoveries than the more complex triple gradient
we previously used. Furthermore, by only having to focus on
2 signals per cell, the technicians responsible for the evalua-
tion of the FISH signals are also able to process more samples
than if they were required to examine an additional 2 or more
signals per cell.

By these means, we were also able to observe subtle differ-
ences in efficacy, for instance in the effect of the anticoagulant
used during blood sampling, where samples treated with EDTA
were consistently superior to those treated with heparin.41

This approach also indicated that successful recovery and
identification of fetal cells is a multifactorial process and de-
pends on several variables, 1 of which is the ability of the tech-
nician to correctly analyze the sample preparation, and not to be
mislead by erroneous background hybridization signals.3 This

also implies that the specificity of the FISH probes is critical,
and indeed, we have noticed major fluctuations in the efficacy
of fetal cell recognition with FISH reagents of different batches
or different manufacturers.

In a recent review of our data, we determined that for the
560 cases we processed in the prior 18 months, the following
sensitivities and specificities could be attained: If 1 XY+ cell
was used as being indicative of a male fetus then the sensitivity
was 57% and the specificity was 77%. By using 2 XY+ cells,
an increase in specificity to 87% was noted, which could be
increased to almost 95% if 3 XY+ cells were used. Although
this level of specificity is comparable to current noninvasive
procedures for the determination of fetal aneuploidies, this re-
sult indicates of the power of this system; no other noninvasive
method is able to determine specific fetal chromosomes with
such accuracy. The downside of these investigations was that
this high level of specificity was coupled with a decrease in
sensitivity to below 20%. This result indicates the need to be
able to accurately retrieve and score more than 3 fetal cells to
achieve those levels of diagnostic accuracy required for pre-
natal diagnosis, thereby again raising the need for automatic
recognition systems. In a sense, these results parallel our ob-
servations made with the analysis of single fetal cells by PCR,
where we calculated that to achieve a diagnosis with an accu-
racy of 98% or greater 4 or more individual fetal cells would
have to be analyzed.42

DIAGNOSIS OF FETAL ANEUPLOIDIES

Because it is likely that the number of fetal cells recovered will
nevertheless be small, regardless of the enrichment procedure,
it is of obvious importance to obtain the maximum amount
of information from these few cells. For the diagnosis of fe-
tal aneuploidies it is, hence, pertinent to use multicolor FISH
procedures, which would be able to identify the most com-
mon aneuploidies (X,Y, 13, 18, and 21) simultaneously in a
single cell.43 Consequently such approaches are actively being
pursued. This can be accomplished by direct examination of
these chromosomes either directly by 5-color FISH in a single
cell,43or by the sequential hybridization of the chromosomes
of interest as pioneered by the laboratory of Ferguson-Smith,44

which has also been termed poly-FISH.45

By the use of 3-color FISH for the X, Y, and 18 chromo-
somes, we have recently been able to correctly determine the
fetal genotype for this fetal aneuploidy with a high degree of
success.

PCR AND MENDELIAN DISORDERS

Pioneering publications by Sekizawa et al.46 and from the lab-
oratory of Y.W. Kan37 demonstrated the feasibility of using
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FIGURE 45-1 Micromanipulation of a single erythroblast.

single fetal erythroblasts for the prenatal diagnosis of inher-
ited single gene disorders (Fig. 45-1).

A major problem with such an approach is the need to
positively identify fetal erythroblasts. Because we were not of
the opinion that an antibody, such as anti-gamma globin or
anti-zeta globin is able to provide the degree of discrimina-
tion needed, we set out to use another means, namely DNA
fingerprinting. This process makes use of pattern generated
by microsatellites or short tandem repeats (STRs), which are
unique for each individual (Fig. 45-2).

FIGURE 45-2 Single-cell PCR identification of microsatellite loci
specific for chromosome 21 using a single lymphocyte. This fig-
ure indicates that an uneven ratio is obtained for the 2 loci analyzed
(D21S1440: green peaks), thereby implying that this analysis cannot
be used for the quantitative analysis of fetal aneuploidies on single
cells. The peaks are the molecular weight standard.

A further problem when dealing with limiting amounts of
input template for the PCR reaction is allele drop out (ADO),
whereby only 1 locus of an allele pair is amplified. Obviously
this can lead to false diagnoses, when only the mutant or normal
allele is amplified from a normally heterozygous state.

We have shown that ADO is best overcome by the sequen-
tial analysis of several individual cells, and that by these means
a high degree of accuracy can be obtained.42,47 We also showed
that even under conditions of extremely high levels of ADO,
an STR analysis can be used to distinguish fetal cells from
maternal ones.42

This study also indicated that 4–5 fetal cells would have
to be individually analyzed to attain those levels of diagnostic
accuracy required for prenatal diagnosis.

A further advantage of the use of STRs is that they can
be used to give an indication of chromosomal ploidy.47,48 (Be-
cause quantitative fluorescent PCR is not really feasible from
single cells, it cannot be reliably used to detect aneuploidies
that have arisen from errors in meiosis ll, in which 2 copies of
the same maternal chromosome are inherited. These, however,
only account for up to 28 % of all aneuploidies49; therefore,
the use of STRs yields valuable additional information con-
cerning ploidy. They should, however, not solely be used for
this purpose.

HOW MANY ERYTHROBLASTS ARE OF
FETAL ORIGIN?

As pointed out, during pregnancy both fetal and maternal ery-
throblasts are present in the maternal circulation. To date no
reliable data exist to indicate the relative proportion of the
2 populations; most studies used only a single locus as being
indicative of fetal origin.

We set out to address this question by using single-cell PCR
on isolated fetal cells by turning to a simple model system,
namely by examining the fetal rhesus D status in pregnancies
where the mother is rhesus D negative.50 By concentrating on
2 fetal loci, absent from the maternal gene, namely the SRY
locus on the Y chromosome and the rhesus D gene, we are able
to very rapidly and simply discern between fetal and maternal
cells (Fig. 45-3).

In this study, in which we examined 19 cases, we were able
to successfully recover erythroblasts in 14 instances. Single
morphologically identified erythroblasts were micromanipu-
lated and individually examined by a multiplex PCR reaction
that is able to simultaneously detect the presence of the SRY lo-
cus on the Y chromosome, the rhesus D gene and the β-globin
gene. Because the latter is common to all genomes, it was used
as a control to ensure that a cell had been transferred to the
reaction vessel and that the PCR amplification had functioned.
Because both the Y chromosome and the rhesus D gene are
absent from the maternal genome in the cases recruited, their
presence indicates a fetal cell. A perhaps surprising outcome
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FIGURE 45-3 Simultaneous analysis of fetal sex and rhesus D using
a fetal cell enriched from maternal blood. The PCR products are
indicated by the following key: S, DNA molecular weight marker;
G, β-globin PCR product, Y, SRY PCR product; R, rhesus D PCR
product. The first cell is, hence, maternal as no amplification occurred
for the rhesus D and SRY loci. The second cell is from a rhesus D–
negative male fetus, and the third cell is from a male rhesus D–positive
fetus (it is positive for all 3 loci).

of this study was that in all 14 cases in which erythroblast
could be recovered, we were able to correctly determine the
fetal genotype for both loci interrogated. This study, which
is currently the largest, for the analysis of any fetal gene by
noninvasive means, illustrates both the potential of this sys-
tem and that there may be instances in which no fetal cells are
recovered. This study also showed that approximately half of
the erythroblasts examined were of fetal origin.

A similar trend has emerged in a second study we have col-
laborated with, in which the use of fetal cells for the diagnosis
of β-thalassemia was investigated.36 Here, blood samples were
recruited from 6 couples at risk for this disorder. Following en-
richment on a novel density gradient, fetal erythroblasts were
identified by immunohistochemistry for zeta globin. Strongly
staining cells were observed in 4 of the cases examined and
by examining these cells by single cell PCR, they were de-
termined to be of fetal origin, as in all these cases the fetal
β-globin genotype was correctly determined. A feature that
also emerged from this study is that at least 4 fetal cells have to
be analyzed to obtain a highly accurate result, thereby support-
ing the hypothesis we proposed on the basis of earlier work.42,47

FETAL DNA IN MATERNAL PLASMA

By extrapolating from the observation that tumor-specific DNA
can be detected in plasma of affected patients, Lo et al51 showed
the presence of extracellular fetal DNA, which can be detected
by PCR in the plasma and serum of pregnant women. By the use
of sensitive real time quantitative PCR technology (Taqman)
(Fig. 45-4), they were able to show that in normal pregnancies
the quantities of this fetal DNA accounted for almost 5% of
the total plasma DNA.52 Because it is possible to distinguish
between free extracellular fetal and maternal DNA except for
those loci where disparities exist, the potential applications of
this technology are limited. It can, however, be successfully

FIGURE 45-4 Real-time PCR quantification of fetal DNA in maternal
plasma in a euploid pregnancy and in an aneuploid (47XY + 21)
pregnancy. Because fewer PCR amplification cycles are needed to
detect the same threshold level of PCR product—33 cycles instead of
almost 36—this figure shows that in pregnancies with an aneuploid
fetus, more fetal DNA may be present in the maternal plasma.

used to detect the presence of fetal loci absent from the ma-
ternal genome, examples again being Y-chromosome–specific
loci and the rhesus D gene in rhesus D-negative women.53 Al-
though the feasibility of this system has been demonstrated
for the determination of the fetal rhesus D status, the sensi-
tivity when using samples from the first trimester of gesta-
tion was only around 80%,54,55 thereby indicating that this
test may only be suitable for the screening of second trimester
samples.

We have extended the scope of this methodology by show-
ing that it is possible to simultaneously analyze several fetal
loci by the use of multiplex PCR, in that by employing the
same PCR for SRY and rhesus D that we had developed for
the analysis of single cells, we were able to determine the fetal
genotype for these 2 loci with a high degree of accuracy.56

A caveat concerning this test is that no positive control
exists to indicate that fetal DNA was indeed present in the
plasma sample and that it was correctly amplified. As such, no
protective strategies can be developed against obtaining false-
positive results. When one bears in mind that considerable
fluctuations in fetal DNA levels are detected during pregnancy,
this danger can become very real. Similarly, the use of very
sensitive nested PCR techniques raises the danger of obtaining
false-positive results owing to spurious contaminants.56

IN VITRO CULTURE OF ENRICHED
FETAL CELLS

Serious limitations when dealing with isolated fetal cells are
the small numbers of recovered cells and the inability obtain-
ing information concerning the entire karyotype. The only op-
tion to overcome this is by being able to culture the enriched
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fetal cells, thereby not only increasing their initial number but
perhaps also permitting the metaphase chromosome analysis.

Although attempts in such a direction have been made for
a considerable time,57,58 these have largely been unsuccessful
as the few fetal cells in the culture inoculum were generally
out-competed by the abundance of maternal cells present in
the enriched fraction. This may, however be redressed by the
availability of new cytokines, which in combination with better
culture conditions may favor the selective proliferation of fetal
progenitor cells over maternal ones.59

In examinations we carried out on early fetal progenitor
cells, we observed that these cells displayed a much higher
basal proliferative capacity than comparable mature progeni-
tor cells, but that marked differences in the response of these
cells to different cytokine cocktails, in particular to flt-3 ligand
and thrombopoietin occur.60 Other similar approaches have
revealed that alterations in serum conditions may favor the
outgrowth of fetal erythrocytic progenitors.59

To ascertain the optimal culture conditions for maternal
blood derived fetal progenitor cells we have turned to the Taq-
man real-time qPCR system. By choosing only pregnancies
bearing a male fetus, we quantitated the number of male fetal
cells after enrichment and compared this to the number ob-
tained after in vitro culture. This system permits a very rapid
and accurate assessment of those culture conditions that truly
favor the selective expansion of fetal cells. This system can
now be applied to individual colonies to determine which cell
types are most frequently generated.

It is hoped that once the ideal conditions have been de-
rived that enhanced numbers of fetal cells will be available for
numerous examinations. In the instance of PCR, this greatly
facilitates more simple forms of analyses, because the problem
of ADO is no longer a concern. Second, the genome of pools of
cells is much more amenable to whole genome amplifications
methods, thereby generating sufficient DNA for dozens if not
hundreds of analyses.

The big hope is of course that this will permit direct
metaphase karyotype analysis, either by traditional or mod-
ern molecular genetic means, such a comparative genome hy-
bridization or multicolor spectral karyotyping.61 It is most
likely that many researchers will opt for the latter more sensi-
tive approach, which allows for the detection of translocations
and other chromosomal abnormalities which would usually be
missed. A factor that should be borne in mind, though, is that
any form of culture requires a period of time, and that hence,
the idea of a quick screening test is somewhat compromised.

FETAL CELLS AND DISEASE

The observation by Bianchi et al10 that certain fetal cells, with
a stem cell–like phenotype could persist for several decades in
the maternal circulation raised the question of what the con-
sequence could be of such a long-term microchimerism. This

has been answered to some extent by 2 recent papers high-
lighting the possible involvement of persisting fetal cells in
autoimmune disorders, such as systemic sclerosis.62,63 Inter-
estingly, evidence for fetal cells has also been observed in
polymorphic eruptions of pregnancy, a disorder of pregnancy
with autoimmune-like characteristics.64

We made a separate novel observation regarding fetal cells
and the pregnancy-related disorder, preeclampsia, in that we
observed that the levels of erythroblasts are significantly ele-
vated in pregnancies affected by preeclampsia,65,66 an obser-
vation that we have been able to reproduce in 2 separate case
control studies. Furthermore, by conducting a case-controlled
study in which we only used pregnancies bearing male fetuses,
we were able to show that a large proportion of these erythro-
blasts were fetal.65 Interestingly, in an independent examina-
tion in which they examined the levels of fetal DNA in maternal
plasma in normal and preeclamptic pregnancies, Lo and col-
leagues obtained results closely paralleling ours regarding the
number of fetal cells.67,68 Currently, we are carrying out fur-
ther studies to confirm these findings, and are also investigating
whether our findings can serve as a prognostic marker for those
at risk for preeclampsia. In this context, it will be interesting
to examine if any association exists between the incidence of
preeclampsia and subsequent autoimmune disorders.

CONCLUSION

Although the prime concern regarding fetal cells from ma-
ternal blood remains the issue of a noninvasive form of pre-
natal diagnosis, the recent observations that such cells may
play a role in the etiology of diseases such as scleroderma and
perhaps preeclampsia has widened the spectrum of interest
considerably.

On the diagnostic front, advances both in enrichment tech-
niques but also in multicolor FISH and automated recognition
systems are bringing the goal of a reliable noninvasive screen-
ing method for fetal aneuploidies closer.

Regarding the involvement of fetal cells in disease etiology,
it is highly likely that we are standing on the threshold of a new
level of understanding.
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CLINICAL PROTEOMICS

Chris Shimizu / Kevin P. Rosenblatt / Peter K. Bryant-Greenwood

With the sequencing of the human genome came significant
advances in the field of obstetrics. The entirely new field of
prenatal diagnostics was born, which subsequently gave way
to the field of preimplantation diagnostics. With the develop-
ment of these 2 fields, obstetrics has assumed a natural lead-
ership position in molecular diagnosis, not only in terms of
applied technology but also in the social, clinical, economic,
and political ramifications of these technologies.

Despite the advances that came with the sequencing of the
human genome, diagnostic testing in obstetrics is far from be-
ing complete or reliable. The advances that have been made are
mostly in the areas of single gene abnormalities or infectious
diseases. Although these developments have had an important
impact, early diagnoses such as predicting preterm birth, in-
trauterine growth restriction, preeclampsia, or the initiation of
labor remain elusive.

The problem with DNA-based diagnosis results from the
small number of only 40,000 genes that make up the hu-
man genome. Mutations in single genes rarely correlate with
disease status. The diagnosis of complex diseases requires
much more than the ability to monitor mutations in multiple
genes.

Accurate diagnostic tests for complex diseases will instead
be made at the protein level. The 40,000 genes in the human
genome encode for 1,000,000 different proteins, whose syn-
thesis is regulated by 10,000 different transcription factors. To
detect, monitor, and analyze this proteome requires 3 critical
components: (1) clinical serum and tissue samples linked to
clinical data, (2) mass spectrometry, and (3) bioinformatics. In
this chapter, we overview mass spectroscopy and bioinformat-
ics and then discuss the application of these 2 tools to a broad
array of clinical questions.

MASS SPECTROMETRY

The technique of mass spectrometry was developed in the
early 1900s, with J.J. Thompson’s invention of the first
spectrometer.1 These instruments consist of 3 basic compo-
nents: the source, mass analyzer, and detector (Fig. 46-1). The
source produces ions from a sample to be separated by the
analyzer by their mass/charge (m/z) ratios. The detector then
quantifies the separated ions and allows the interpretation of
these data. Although different types of sources, analyzers, and
detectors have been developed, they all work the same way,
separating ions by their m/z ratios. The advances made in mass
spectrometry equipment over the past 2 decades allow for the
analysis of larger, more fragile biomolecules that would frag-
ment under analysis by earlier instruments.

There are 3 modern source types that can be used for the
analysis of larger peptides and proteins: electrospray ionization
(ESI), matrix-assisted laser desorption/ionization (MALDI),
and surface-enhanced laser desorption/ionization (SELDI).

These ionizing techniques are most often paired with ei-
ther a time-of-flight or quadrupole analyzer. These ionizing
sources allow for soft ionization, a process that leaves large
molecules such as proteins and peptides intact. Both ESI and
MALDI were developed in the late 1980s, and for the first
time, mass spectrometry could be used for the analysis of bi-
ological samples. SELDI, a variation of MALDI, ionization
was developed in the early 1990s. These ionization techniques
are sensitive to the picomole-to-femtomole range required for
application to biological samples, including carbohydrates,
oligonucleotides, small polar molecules, and peptides, pro-
teins, and posttranslationally modified proteins, such as glyco-
proteins and phosphoproteins.2

In the MALDI technique, biological samples are first
mixed with energy-absorbing compounds, known as a chem-
ical matrix, then are spotted onto a solid surface, some-
times called a probe. The matrix contains small chromophores
that absorb light at a particular wavelength. Commonly used
matrix chemicals include α-cyano-4-hydroxycinnamic acid,
3,5-dimethoxy-4-hydroxycinnamic acid, and 2,5-dihydroxy-
benzoic acid. After the matrix and samples have been mixed,
water is evaporated off of the probe, and sample proteins
become embedded in a crystalline lattice made up of ma-
trix molecules. The probe is then subjected to the source
laser, which fires at the matrix’s set wavelength. The matrix
molecules absorb energy and then transfer it to the sample
molecules. This transmission of energy causes both the matrix
and sample to vaporize. Positive sample ions are then produced
when protons are transferred from the matrix to the sample.
This process allows for the ionization of the sample particles,
and causes little fragmentation because most of the energy is
absorbed by the matrix. The ion gas cloud is subsequently ac-
celerated into the mass analyzer electrostatically.

The SELDI technique is similar to MALDI, except that
selective surfaces are used in SELDI to separate out unwanted
proteins from the very start. The probe is washed to remove
unbound proteins and other impurities. Also, the use of a chem-
ical matrix is not required for the SELDI process. Surfaces
with diverse affinities for different proteins of interest can be
generated to carry out on-probe chromatography, including
cation/anion exchange, reverse phase (for hydrophobic interac-
tions), and metal affinity chromatography, among others. This
chromatography method is advantageous over other methods
such as column chromatography and electrophoresis; it is fast,
simple, inexpensive, and versatile. It is sensitive to the femto-
mole range and reproducible. These traits give SELDI potential
for high-throughput diagnostics.

The ESI process does not require probes as MALDI and
SELDI do. Instead, ESI creates an ion vapor by sending high
voltage through a stream of aqueous sample solution. The sam-
ple is then electrostatically driven through drying agents to
evaporate off water. The charges are left behind on the sam-
ple molecules as solvent evaporates off. This method of ion-
ization is gentler than MALDI and SELDI and produces less
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FIGURE 46-1 The basic components of a spectrometer.

protein fragmentation, but produces ions in the m/z range of
ESI-coupled analyzers that have a smaller mass range than
TOF analyzers.

MALDI and SELDI ionization sources are usually con-
nected to TOF analyzers that have a mass limit between
150,000 and 300,000 Da. The ESI ionization method has a
mass limit of 70 kDa, and is usually paired with a quadrupole
or other analyzer. TOF analyzers are able to determine the m/z
ratio of a sample particle by using the measurement of time for
the particle to travel from source to detector. Following ion-
ization, proteins are accelerated into the analyzer with equal
kinetic energy (KE). The KE gained by an ion depends on
its charge. The relationship between KE, mass (m), and ve-
locity (v) is KE = 1/2 mv2. This means that smaller particles
travel through the analyzer with a greater velocity than larger
particles, and reach the detector sooner. By knowing the time
required for a sample particle to travel from source to detec-
tor, the particle’s mass can be calculated. TOF analyzers have a
lower resolution than other analyzers because of the KE spread
of ions reaching the detectors. This causes broadened peaks for
each m/z value, but resolution can be improved in TOF analyz-
ers by the addition of reflectron components within analyzers
that reduce the variation in KE for each ion species hitting the
detector (Fig. 46-2).

BIOINFORMATICS

Mass spectrometry creates serum fingerprints (Fig. 46-3) that
can be analyzed with complex bioinformatics algorithms and
used to develop diagnostic tests for disease. The Proteome
Quest software application uses a 2-phase process to create a
diagnostic test. The first step requires a genetic algorithm, a

parallel to the natural selection process. Proteome fingerprints
are collected from both diseased and nondiseased patients, and
the 15,500 m/z values produced by the SELDI-TOF technique
are analyzed to determine which proteins are indicative of dis-
ease. In this process, the computer creates hundreds to tens of
thousands of “virtual” chromosomes, which are simply small
sets of m/z values randomly selected from the x-axis of the
data input.

Each candidate subset of m/z values contains from 5–20
of the 15,500 potential x-axis values from the spectra, which
can be likened to combinations of genes or alleles on a chro-
mosome. A cluster-analysis method is then used as a fitness
test of the genetic algorithm; it plots the pattern formed by the
combined y-axis amplitudes of the candidate m/z subsets in
N -dimensional space, where N is the number of m/z values
in the test set. The pattern formed by the relative amplitude
of a particular m/z value subset is then rated for its ability
to distinguish between disease and nondisease; only the best
discriminator sets are saved. The m/z values within the high-
est rated sets are recombined to form new subsets (Fig. 46-4).
These new subsets are then rerated accordingly until a set of
m/z values emerges that fully discriminates diseased from the
nondiseased serum samples. Literally trillions of iterations can
be run until the best combination of m/z values surfaces. The
final output of the bioinformatics tool is a diagnostic pattern
defined by the relative combination of m/z amplitudes; this
pattern of amplitudes acts as a discriminator for the training
set cohorts. This completes the initial step in developing the
diagnostic pattern, deriving a set of m/z values and relative
amplitudes that distinguish 1 study set (disease) from another
(nondisease).

The second step of the bioinformatics process uses the di-
agnostic pattern to analyze unknown patient serum samples
(Fig. 46-5). The set of m/z values determined in the first
phase is analyzed for each sample. The unknown patterns
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A

FIGURE 46-2 Comparison of low (A) and high (B) resolution spectrometers.

are matched against the optimum values of the training
set, and are then classified as either cancer, unaffected, or
unknown.

In the testing of this platform, all 18 patients with stage I
ovarian cancer were correctly identified. Of the 66 patients
without cancer, 63 were diagnosed correctly. The sensitiv-
ity and specificity of this platform are, respectively, 100%
and 95%.3 Using the high-resolution QSTAR instrument, the
serum diagnostic test was improved, and an optimal 100%
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Data analysis window: 0-20,000 Daltons = 15,500 data points

FIGURE 46-3 Typical serum profile from SELDI analysis.

was reached for both specificity and sensitivity; every stage
I ovarian cancer was correctly identified and no benign cases
were misinterpreted as cancer. These results suggest that this
bioinformatics platform has the potential to develop both early
screening and diagnostic tests. Similarly high sensitivities and
specificities have been achieved for the early diagnosis of
non-neoplastic diseases as well. The detection of preclini-
cal graft-versus-host disease (GVHD) was successful with
100% sensitivity and specificity; detection of labor in the term
and preterm period was 100% sensitive and more than 90%
specific.4,5 This system is only 1 of the bioinformatics pro-
grams available in serum proteomics. Recent software includes
hierarchical-clustering algorithms, neural networks, and other
statistical algorithms used previously in the analysis of DNA
microarrays.

APPLICATIONS

SERUM DISEASE DIAGNOSIS

For many patients, disease is diagnosed too late, after the tu-
mor has already metastasized throughout the body. Perhaps
more than 60% of patients with breast, colon, lung, or ovarian
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FIGURE 46-4 The process of creating subsets for gene analysis, or a proteomic “fingerprint.”

carcinoma have microscopic or obvious metastatic disease at
the time of diagnosis; the success of therapy after distant dis-
ease is often very limited. Early detection of disease often
translates into higher cure rates. Ovarian cancer is an excellent
example of the benefits of early disease detection. Greater than
80% of patients present at an advanced clinical stage, when tu-
mor cells have left the ovary and disseminated throughout the
pelvic and peritoneal cavities or beyond.6 The 5-year survival

Classification of

Unknown: NO MATCH

Classification of Unknown:

NON-DISEASE  MATCH

Classification of Unknown:

DISEASE MATCH

FIGURE 46-5 Analysis of unknown serum samples.

rate for these late-stage patients is about 35%, even for patients
receiving the most advanced surgical and pharmacologic treat-
ments. In contrast, early stage ovarian cancer is associated with
5-year survival rates in excess of 90% when conventional treat-
ment is given.6 It is clear that an early detection method that
identifies disease well in advance of the symptoms, when the
tumor is confined to the ovary, will have a profound effect on
patient survival.

The present schematic for the diagnosis of
disease using an initial screening test is born
out of necessity. The inherent inaccuracy of our
present screening modalities for disease, whether
it is the Pap smear, the triple screen for Down
syndrome, or a serum cancer marker such as
CEA demand a confirmatory gold standard test.
These gold standard tests represent the second
layer of problems inherent in our present dis-
ease diagnosis strategy. The most common gold
standard cancer test is really a combination of
2 completely different tests—imaging followed
by biopsy. Correct diagnosis in this context re-
quires multiple types of equipment and multiple
experts. The inaccuracy inherent in this process
is the first problem with our gold standard modal-
ities. The inevitable false-positive and false-
negative results lead to unnecessary treatment
with its associated morbidity and mortality, or
premature death from undiagnosed or misdiag-
nosed diseases. The second problem with our
confirmatory tests is that they are invasive. Inva-
sive tests result in their own morbidity, whether

ak
us

he
r-li

b.r
u



CHAPTER 46 � Clinical Proteomics 517

it is a lung biopsy resulting in a pneumothorax or an allergic
reaction to radiologic contrast material. The error rate and the
invasive nature of our confirmatory tests result in increased
cost and patient avoidance of the initial screening test.7 Patient
avoidance, combined with the error rates inherent in our present
modalities, represents a glass ceiling for disease survival rates.

The ovarian cancer data described previously are impor-
tant because they provide us with insight into the kinetics of
the serum proteome. First, small molecules that would other-
wise be cleared by the body must be shed into the serum, to the
point where they achieve a steady-state concentration. Rapid
changes in disease may not be detected, or may be more dif-
ficult to diagnose because the small molecules fail to achieve
the required steady-state concentration in the patient’s serum
compartment. Thus, potentially important proteins or peptides
are missed in the platform currently under development. A
second, and related, problem is protein or peptide half-life. A
cohort of proteins or peptides, even if they attain steady-state
concentrations in the serum, may have such short half-lives
that they elude detection. They degrade to the point of spectral
noise in the time it takes to get the sample from the patient
to the mass spectrophotometer. These reasons perhaps explain
why the same platform that is 100% sensitive and 95% specific
for stage I ovarian cancer can only tell the difference between
a woman in labor and not in labor with 100% sensitivity and
90% specificity. The third weakness of the ovarian platform is
that a protein’s activity state cannot be detected directly. For
example, a protein may have the same m/z value in the serum
from a cancer patient versus a normal individual, but may be
phosphorylated. This imparts significant changes in biologic
activity outside of the spectral range of the SELDI-TOF sys-
tem, thus escaping detection and analysis.

The diagnostic bioinformatics platform used for early di-
agnosis can also be applied to a number of other disease man-
agement issues. These include diagnosis of minimal residual
disease and microscopic disease to specific tissues before radi-
ologic detection, for example, liver, brain, or cancer cell signal
pathway profiling (outlined below). Application to non-
neoplastic disease processes such as infectious agents, autoim-
mune disease, prenatal diagnostics, or dementia is underway.

SERUM SURROGATES FOR DISEASE
PATHWAY PROFILING

The molecular classification of disease serves a singular pur-
pose; the identification of cell-signaling and growth pathways
specific to cancer, independent of cell origin. This represents
an important evolution in our research endeavor. The present
clinical trial model requires accurate identification of cell of
origin (eg, ovarian, breast duct, thyroid, etc.), pathologic stage,
and histologic grade. Some trials even require some level of
immunohistochemical detection of protein expression, such as
ER/PR, Her-2-neu or C-kit expression. The types of trials that
are now possible are those that attempt to map out the protein
cellular circuitry of the diseased cells in addition to therapy
evaluation. These trials would demonstrate that

1. diseases of the same morphologic type use different path-
ways.

2. diseases of different morphologic types use the same path-
ways.

3. therapies can be developed to the specific pathways used
by a patient’s disease, thereby individualizing a patient’s
treatment regimen.

4. specific therapies improve response and cure rates and re-
duce toxicities.

5. specific therapies allow the rational treatment of disease
recurrence or resistance.

Customizing therapy to the individual and the individual’s dis-
ease process is the next step in realizing improved outcome
for cancer patients. Our aim is to use a combination of pro-
teomic techniques to not only dissect and evaluate the path-
ways of importance, but to be able to do this from the patient’s
serum.

Reverse phase protein arrays have been pioneered by the
National Cancer Institute for this purpose. Briefly, microdis-
sected pure abnormal cells from frozen biopsy tissue are lysed
and arrayed in miniature dilution cures onto nitrocellulose
slides (Fig. 46-6). These lysates are nondenatured and do not
require antigen retrieval. The dilution curve allows the direct
quantitative measurement of protein expression. Because there
is no direct labeling or tagging of the protein of interest, the
assay has markedly improved sensitivity and reproducibility.
From 3000 microdissected cells, 30 or more arrays can be made
and probed with a wide range of antibodies. Reverse-phase ar-
rays can now be used to study key “nodes” in the cellular
circuitry of a disease cell and monitor a patient in real time for
the purpose of therapy customization.

In addition to being relatively laborious, reverse phase
arrays require biopsy material to be procured from the pa-
tient. Even if the array manufacturing process was automated,
reverse phase arrays would be prohibitively expensive—
procuring tissue from every cancer recurrence by minimally
invasive surgery or interventional radiology would place an
enormous fiscal burden on patients and our health care sys-
tem. However, linking the data derived from reverse phase ar-
rays in clinical trials with serum proteomics offers an exciting
and much more cost-effective modality (Fig. 46-7). Serum is
drawn from the patient before biopsy. Biopsy material is mi-
crodissected, arrayed, and probed with antibodies to selective
cell circuitry nodes. The patient’s serum is run on the SELDI
platform and interrogated with the same bioinformatics tool
utilized for early diagnosis. In this case the training sets are
not cancer versus noncancer, but more sophisticated.

Cells from both tumors would stain positive by immuno-
histochemistry for EGFR. However, because of the complex-
ity of the signaling system and pathway–pathway interactions,
positive immunohistochemistry does not accurately reflect bi-
ologic behavior. Study set 1 shows a subtly altered pathway
utilized by a cohort of 50 patient’s lung cancers in which an
EGFR-mediated activated pathway resulted in both cell cy-
cle activation and angiogenesis, but not in the usual, expected
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FIGURE 46-6 Signal transduction pathway profiling.

expression of cell motility and metastasis proteins. Study set
2 shows a different cohort of 50 patients who have a block
in RAS activation with an expected decrease in angiogenesis
proteins but no decrease in either cell-cycle or cell-motility
protein expression, suggesting an alternative pathway used by
the tumor cells.

Utilizing the same software for early diagnosis as described
previously, we can ask the bioinformatics tool to tell us whether
a new patient with either a primary process or a cancer recur-
rence clusters to study set 1, study set 2, or matches to neither
based on the patients serum. Non-neoplastic disease would
work similarly. In the case of preterm birth, detection of in-
fectious versus noninfectious pathways for premature rupture
of membranes could be achieved. Our assumption is that dif-
ferent signaling pathway result in different biologic behavior
and is reflected in the patient’s serum. To date this is largely
unknown, though serum detection of elevated Her-2-neu ex-
pression in breast cancer patients offers an exciting hint at the
possibilities.8 In cases where a patient’s serum does not match,
biopsy can be performed followed by reverse-phase array anal-
ysis and a new study cohort can be generated as new “nonfit”
patients are biopsied.

Posttreatment biopsies can be analyzed the same way. For
instance, assume that study set 2 represents a cohort treated
with a small molecule that actively blocks RAS. Ideally, we
would like to see angiogenesis, proliferation, and invasion
protein pathways turned off. In this case only 1 of the 3 is.

This again suggests RAS-independent proliferation and inva-
sion pathways at work. If a new patient is given the small
molecule or biologic that blocks RAS, we can draw serum
at midtreatment and assess through our bioinformatics tool
whether the patient’s tumor is responding or is partially re-
sponding to blockade. Apoptosis in the tumor cells could also
be monitored through surrogate serum analysis. Partial respon-
ders would have a second treatment added, and nonresponders
would have this otherwise unnecessary treatment discontinued.

SERUM MANAGEMENT OF THERAPY
TOXICITY: REAL-TIME MANAGEMENT
OF THE THERAPEUTIC WINDOW

Toxic side effects are an inherent component of all medi-
cal interventions, whether they are traditional small-molecule
pharmacologic agents, monoclonal antibodies, or clonally ex-
panded lymphocytes. In addition to dose, the toxicity profile
of an agent depends on host response. Analysis of this host
response includes prediction of toxicity and monitoring for
end-organ damage.

Pharmacogenomics represents an initial attempt at
toxicity prediction. Individuals with specific mutations in
genes responsible for drug metabolism, such as those in-
volved in the p450 system, are at higher risk for either reduced
metabolism of the drug, and hence toxicity, or in some cases
increased metabolism and a subsequent subtherapeutic re-
sponse. In being able to predict response, pharmacogenomics is
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FIGURE 46-7 Real-time monitoring of disease.

fundamentally different from our traditional modalities fused
to monitor drug toxicity and its corollary, drug efficacy.

Traditionally, clinical trials define the toxic ranges for a
drug. This requires the drug to be administered to a standard-
ized cohort of patients at a number of different doses. Patients
are then monitored clinically for drug toxicity and correlated
with serum, blood, tissue, or plasma levels of the drug. Clini-
cal monitoring becomes the critical process for toxicity eval-
uation. Clinical monitoring requires a number of different in-
struments. These include patient questionnaires, blood tests,
urinalysis, imaging studies, physical examinations, and even
interventional procedures such as angiogram or colonoscopy.
Although clinical monitoring is the gold standard for deter-
mining toxicity, it is far from being a perfect modality:

1. Variation. Multiple tests are available that attempt to de-
fine the same toxic event, each having its own test sensi-
tivity and specificity. For example, serum troponins and
cardiac echocardiography can both be utilized to define
cardiac toxicity. Troponins are more sensitive, and allow

for monitoring for subclinical toxicity, but are not as spe-
cific as direct imaging. Troponins, as a laboratory test, may
be more standardized than imaging studies that require a
physician’s subjective interpretation, but intra- and inter-
laboratory variation may still be problems. The question
is not only which test to use, but also how to use them to-
gether for a given clinical trial. Unfortunately, the answer to
the latter question differs from 1 clinical trial to the next.
Multiple test modalities results in a process variation that
prevents data collected from a clinical trial to be either
transferred to another trial (e.g., the same type of cardiotox-
icity caused by completely different medications) or worse,
from being directly applied to real clinical practice.

2. Expense. Combining multiple test modalities, whether it is
a physical examination, laboratory test, or imaging study,
requires physician interpretation. This is a laborious, ex-
pensive process.

3. Time. The complexity and expense of toxicity/efficacy
evaluation means shortened time frames for this evalua-
tion. Many toxic events are subsequently missed.
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At a fundamental level, pharmacogenomics attempts to
address the problems encountered in clinical monitoring for
toxicity and efficacy. Individuals with known mutations that
result in toxicity from certain classes of medications are ex-
cluded from study at the outset. This reduces one of the greatest
sources of variation in the clinical trial setting—that of the pa-
tients themselves. Clinical trials become more accurate and
less costly as a result: by narrowing the range of toxic side ef-
fects of the study population, fewer test modalities are required
to detect toxicity or gauge toxic severity.

Monitoring the expression of 35,000 genes in the pre-
trial state or using high-throughput single nucleotide poly-
morphisms to predict toxicity is neither cost effective nor
accurate. Pharmacogenomics does not replace clinical mon-
itoring; it only reduces the magnitude of its inherent inac-
curacies. In serving as a direct, real-time surrogate marker
for specific end-organ dysfunction, serum proteomics directly
addresses the problem of clinical monitoring.

Serum proteomics will be used as a pretrial predictor of
toxicity. The goal of 100% specificity and 100% sensitivity
for predicting toxicity is only possible with the 450,000 data
points and bioinformatics interrogation algorithms of serum
proteomics. The 35,000 genes in the human genome are not
reflective of the biologic state of the organism because they cor-
relate poorly with protein expression and activity, are not as
responsive to the cellular environment as their protein coun-
terparts, and do not represent enough data points for accu-
rate prediction. Serum proteomic prediction will use the same
bioinformatics tool utilized for the yes-no–type diagnostics de-
scribed. The use of the serum proteome for clinical trial and
post trial monitoring, however, requires a completely different,
more complicated kind of bioinformatics tool currently under
development. This tool attempts to place an individual on the
curve or spectrum of toxicity.

The application of serum proteomics to diagnosis and mon-
itoring of toxicity and disease state is a daunting challenge.
It requires a host of very disparate disciplines to work to-
gether to input meaningful data into the system. This data may
be in the form of clinical information, tissue samples, patho-
logic diagnosis, clinical pharmacology, or mass spectrometry–
derived data points. This challenge is no longer just the devel-
opment of new technologies, but rather the best use and inte-
gration of these technologies for the diagnosis and treatment of
disease.
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47
PSYCHOLOGICAL REACTION TO PRENATAL
DIAGNOSIS AND LOSS

Natalie Gellman

Preparing oneself to work with individuals who possess med-
ical problems involves extensive training. Too often there is a
focus on the science and technical aspects of medicine, which
incorporates a massive amount of material. There is less study
regarding the experience of working with patients, and prepar-
ing for the emotional aspects of practicing medicine.

Most physicians are accustomed to information being
collected and presented in an analytical, statistically based
fashion. While there are numerous psychological studies
that follow such a model, there is very little literature
on the experiential nature or psychological reaction to a de-
fective pregnancy. In order to fully understand and appreciate
the prenatal diagnostic experience, it is necessary to listen to
the people involved. Through words their thoughts and feelings
become clear. The material in this chapter has been gathered
phenomenologically. It has emerged from the self-reporting of
couples who have gone through prenatal testing. Some have
chosen to terminate their pregnancy in light of a positive diag-
nosis, and others have chosen to have their baby.

The technology and science of reproduction are progress-
ing at a remarkable pace. Innovations have afforded many peo-
ple the opportunity not only to give birth, but also to give birth
to babies with fewer medical problems. However, this entire
field has precipitated debate in the ethics community. Also, it
has created a new focus in the field of psychology because the
emotional impact experienced by the patients involved in the
diagnosis and treatment of birth defects is being recognized.

Clearly there is an intense response from a pregnant woman
when she is told her fetus may be defective.1 The emotional
consequences of contemplating and, perhaps, experiencing an
abortion are even greater.2 It is imperative for professionals
to understand a woman’s experience; similarly, it is important
to understand the emotional responses of the father and the
doctors involved with treatment.

For most couples, it is unfathomable not to see a pregnancy
to term. From the start, each member of the couple begins
to fantasize about her or his role as a parent. Sometimes the
decision is made to seek housing that is more conducive to the
growing family. Others prepare for career changes and financial
needs to accommodate a baby.

Thus, for those who have not miscarried or anticipated
problems for other reasons, the news of a possible defect are
shocking. However, people who have been through or have
reason to suspect they are at risk find a loss or defect no easier
to bare. Those who are advised to have prenatal diagnosis are
typically unprepared for the experience.

When patients seek prenatal diagnosis, they are entering
into processes of evaluating disabilities, and deciding which
disabilities make life not worth living as well as which disabil-
ities demand too many resources or strain their competence
as parents. Often an individual woman entering the process
does not fully appreciate how difficult these decisions will be.
Most are not adequately informed to anticipate the range of

possible diagnoses or the ambiguity inherent in the diagnostic
process.1

Women, who are confronted by the prospect of prenatal
testing, report that the suggestion of a defect creates feelings
of disbelief, confusion, and bewilderment. In essence, they are
thrust into an experience of grief as they also seek to reconcile
a sense of loss, in particular the belief that they would have
a healthy baby. Countless thoughts and feelings converge on
them. Initially, they are shocked by the prospect that something
could be wrong. The fantasy of family, so quickly in place
after conception is confirmed, is suddenly threatened. Even
those who conceive with the knowledge of possible genetic
problems experience a sense of disappointment. Most women
fear initiating a miscarriage during the diagnostic procedure.

For many women, the initial awareness of a possible birth
defect marks the beginning of a set of emotional polarities,
which many people never understand. Often these women have
2 contradictory feelings simultaneously. They try to convince
themselves that 1 of the feelings is legitimate, and are often
tormented as they struggle with the opposing feelings. In re-
ality, both feelings are genuine and reflect the intensity of the
struggle within the woman. This polarity is very common for
women who are at risk with their pregnancies. On the one
hand, a woman may tell herself she should accept this baby
no matter what, for that is the stereotypical image of a mother.
On the other hand, the anticipation of having a defective child
precipitates feelings of anger, resentment, and fear. Too often,
women are not allowed to express these latter feelings even to
themselves. They feel they are betraying their role as mothers
who are supposed to feel unconditional love and acceptance
of their children. The result can be a pervasive feeling of guilt,
which can color every decision including her decision to pursue
prenatal testing.

There are some women, so frightened of the prospect of a
birth defect, who will employ denial as a means of coping with
their fear.3 A small number of women will deny the reality of
their pregnancy until the results of the prenatal tests are known.
Some claim that at this time they cease to be aware of fetal
movement. Other women will avoid discussing the prospect of
a birth defect. One, under this form of denial, believes that if
something is not validated, it does not exist. For women who
are terrified of the truth this is their coping mechanism.

Women choose not to have prenatal testing for other rea-
sons. Those who are committed to having the baby despite its
problems do not always see the value of prenatal testing. Those
opposed to abortion question the necessity of learning about
a defect. However, some choose to have prenatal testing and
hope the results will show a healthy fetus. This enables them to
feel reassured during the remainder of the pregnancy. Others
will agree to do so to be prepared for interventions at birth.

Women, who are at high risk for complications and choose
not to have prenatal testing, report a high level of anxiety
through duration of the pregnancy. Their fears and fantasies
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remain unconfirmed; this is a stressful and lonely position. It
is advisable that women who forego prenatal testing receive
some type of psychological counseling. However, it is often
harder to find support for their decision because they are often
going against medical advice.

Anxiety and guilt are highly pervasive in women con-
fronted by suspected birth defects.4 Initially, there is a tendency
to impose self-blame. Desperate to control what feels like an
out-of-control situation, women will conjure up explanations
for the problem. If there is reason to believe there is a ge-
netic link, they will feel responsible for having conceived this
less-than-perfect-baby. Women who had problems conceiving
blame their bodies. Those who were uncertain about want-
ing children blame their psychological resistance. Sometimes
there is guilt over past behavior.

These types of “irrational” fantasies are very rational re-
sponses to these difficulties. Physicians must accept these
fantasies as a manifestation of fear and anxiety and not as
a statement of fact. Women should be encouraged to ex-
press these thoughts and not repress them. Repression usually
leads to a heightening of emotions rather than a dissipation
of them. Reassurance and support, blended with an intersper-
sion of facts, will help a woman healthily move through these
feelings.

The decision whether to proceed with medical tests or pro-
cedures can be very stressful. Most women are still suffering
from the shock, guilt and fear provoked by the discovery that
there may be a birth defect. The response is typically exac-
erbated by the confirmation of a problem. Thus, the decision
of whether to test becomes replaced with the decision of how
to proceed if a problem has been identified. There are cultural
variations as well as religious differences in how the informa-
tion is received and processed by couples before they make
their choice.5,6,7

A woman with suspected or confirmed problems has en-
tered a strange world of technical jargon and emotional dif-
ficulty. They usually have no information or understand-
ing of how to proceed. For those professionally involved
in this field—doctors, genetic counselors and mental health
workers—there is a tendency to be desensitized to a woman’s
experience. What may be routine for a professional, such as
testing older women or performing selective termination, is not
routine for the particular woman.

In The Tentative Pregnancy, Barbara Katz-Rothman de-
scribed this stage when she said, “Initially, I felt this alienation-
from the pregnancy, from the fetus. I didn’t want to put
my hands down on my stomach.”8 Rothman makes another
poignant observation:

In choosing between the tragedy of a disabled, defective damaged,
hurt, “in-valid” child, and the tragedy of aborting a wanted preg-
nancy, a woman becomes responsible for the tragedy of her choice.
Whichever “choice” she makes, it is all the worse for having been
chosen. If she chooses to keep the pregnancy and have the baby, she
is responsible for its suffering. After all, she chose to have the baby;
she could have avoided this tragedy, but chose not to. If she chooses
to abort it, if she chooses a fetal loss, then she grieves for the loss

of a baby nonetheless because she has chosen its loss. In adding in
the element of choice, her burden grows no lighter. Yes, we can sit
here and weigh tragedies and say that the tragedy of a baby’s death
is less than the tragedy of disability. Or the other way around. And
whichever tragedy one chooses as the lesser is the one you get. The
chosen tragedy.5 (p. 180)

First, such feelings must be addressed and expressed. Dif-
ferent women require different lengths of time to go through
this stage. How this is facilitated depends on the needs of each
person. One may want time to herself. Another might seek sup-
port from family and friends and others may crave information
and ask for material to read or professional help. Some women
want to see the fetus on ultrasound; others do not, and, are
devastated at the experience. Many women have expressed an
interest in talking to others who have gone through similar ex-
periences. For some, meeting mothers of children with a birth
defect helps them reconcile their decision. It is mandatory to
listen to the patient and, based on their unique needs, to be pre-
pared with a variety of interventions, rather than predetermine
what will be in their best interest.

Many women describe the experience of making a decision
as feeling caught, trapped, or involved many, this fetus is a real
in a nightmare. It is not easier for those who have been told their
fetus eventually will die. The mother is involved in a life-and-
death decision that she must live with forever. There is evidence
that women are less bonded to a fetus earlier in the pregnancy
and, thus, are more likely to select abortion during the first
trimester, although recent data suggest similar decisions in the
first and second trimester.2

Women who have been taught to believe that abortion is
murder feel like villains as they decide whether to terminate a
pregnancy. It is difficult for them to validate their own needs
and wants. Some women will encourage the father to make the
decision in order to lessen their own guilt.

The position of choice can be devastating. There is a feeling
of bitterness about being put in this position. And yet, there is
no alternative.

I just went crazy with it. Hysterical. . . .I could not stand for the baby
to move, just could not stand it. My emotional rejection of the child
came early—embracing her and rejecting her at the same time. Crying
for her. Not knowing if I could deal with birthing her knowing what
I knew about her.5 (p. 166)

For those who choose to abort or have selective termination
the grief process intensifies. What was the anticipation of the
loss of a healthy baby becomes a real loss. In reviewing the
experiences of women who have had miscarriages, there is a
significant difference in the minds of the women: these women
choose to terminate a pregnancy. Though a miscarriage is an
intensive painful experience, women who miscarry are not re-
sponsible for having made the choice that led to the death of the
fetus. The factor of choice is a tremendous, emotional burden
for women who choose to abort.

Another feeling is anger, which manifests in a variety of
ways. A woman may express anger toward the doctor and the
hospital by indicating that the staff or facility are somehow
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responsible for what has happened. She may also blame God
for causing her to conceive a defective baby. Some women
blame themselves and may display self-destructive behavior
as punishment for having conceived and/or chosen to abort
the baby. They may withdraw from family and friends because
they feel unworthy of relationships and support. They may gain
or lose significant amounts of weight, drink excessively, abuse
drugs, and set themselves up to be fired at work.

Marriages and partnerships can undergo tremendous stress
at this time. A woman may focus her anger at her mate. Rather
than confront the guilt over her choice, she will blame her
partner. It was his gene. It was the pressure he imposed to
conceive or abort. Undeniably, there are men who do exert
these intense pressures and there is validity for the anger, but
emotionally she accepts the blame because she is aware that
the final decision was hers.

A man’s expressed feelings of shock, hurt and disappoint-
ment contribute to stress in the relationship. Often their pain
is overlooked as doctors as well as family and friends seek to
counsel and support the woman. It is also a lonely experience
for a man. He feels very helpless and scared. Nothing he can
do or say can fix the situation. He feels responsible; he reflects
on the pressure he exerted on his partner to conceive or abort;
he thinks about time he spent away from home; or he perceives
of himself as failing to understand. Perhaps he believes it was
his gene that contributed to the defect, or possibly he blames
his mate and is confused by his anger toward her.

Often a man will feel he is not entitled to his grief. He
tells himself that he is going through less than his partner is
and tries to discount his pain. It is important to not abandon
a man during this experience. There is a very strong tendency
to ignore the man, even though he is the parent of the fetus,
because most of the focus is on the woman. Such a focus is
facilitated by the fact that women often show their feelings
more easily. A woman may cry when she is frightened, angry
or sad, whereas a man often withholds his feelings and may be
reluctant to let others see his discomfort.

Consider the following example. A couple was told that the
ultrasound showed fetal demise. The couple had come to the
hospital for CVS because of advanced age. They had reported
during the intake that there was light spotting for 2 days, but the
woman was not alarmed since she had also had spotting during
a prior successful pregnancy. When the doctor informed them
of the demise the man sat without moving and stared into space.
He then reached over to his wife and attempted to touch her
shoulder. She seemed oblivious. They decided to proceed with
the CVS to gain information about the death. As the procedure
progressed, he sat frozen in the chair and said nothing. When
the procedure was finished, he accompanied his wife out of the
room and she went to change her clothes. When I walked out
into the hallway, the man continued to sit in the chair with a
blank look on his face. In other circumstances his pain might
have been overlooked because of his silence and not so visible
signs of grief.

On another occasion there was a man who had anguished
over the termination of a pregnancy for 2 years. When it was

determined through amniocentesis that the baby had Down
syndrome, he and his wife had readily agreed to terminate.
Because he was afraid of precipitating more sadness in his wife
who was already in distress, he decided to withhold his feelings.
He had never expressed any of his feelings, but had provided his
wife with emotional support. In the 6 months prior to seeking
counseling, he had been to 3 medical doctors with somatic
complaints. Each encouraged him to seek psychological help
when their tests revealed no physical illness. At the start of
counseling, he was very depressed and unable to explain the
source of his sadness. After a few questions that prompted
him to talk about the abortion he was able to get to the root
of the problem. As he described the experience, relating his
knowledge about the results of the amniocentesis and going
through the abortion, he was overcome by sobbing. He later
said he was shocked by his response.

All of the feelings of the partners can contribute to estrange-
ment in the relationship if they do not openly and honestly
express themselves.

It is important not to discount the effects of this experi-
ence on the siblings. At an early age, children are capable
of understanding that they will be having a brother or sister.
They will often announce to perfect strangers that “Mommy
has a baby in her tummy.” Just as they are invited to share in
the excited anticipation of a baby, so should they be included
in the process of grieving the loss. Children are very aware
of their parents’ feelings, and it is wise to validate the per-
ception that something is wrong and that the parent is sad.
Because of their self-centered tendencies, a child needs to be
reassured that they did not cause the sadness or the death of the
baby.

It is a loss for the sibling too. Often they eagerly await an
anticipated playmate, and other times they reluctantly await
an anticipated competitor. In either case, it is a loss, and it is
important to respect their right to know. Children can become
very distrusting of their parents if someone else reveals the loss
of the baby to them. Their need to grieve should be respected.
They will likely ask many questions, some arising from a nat-
ural curiosity and others resulting from anxiety. The idea of a
baby dying may feel threatening, and they need to be reassured
that they will be all right.

Parents should be honest with children, but not flood them
with too much information. Usually, it is best to present a basic
outline of the events, and then allow the child to indicate the
best way to proceed. Questions will reflect what knowledge a
child is ready to receive. Emotional responses can vary. It is
possible that a child will not feel terribly upset, but possible
that a child will be frightened and sad. Either response should
be respected, and there should be an opportunity to discuss
feelings. It is very appropriate to include a sibling in whatever
ritual the parents may choose to denote the termination of the
pregnancy.

In some situations, an unborn or aborted child becomes the
ghost of the “perfect child” in a family, i.e., the fetus becomes
idealized. The parents may imagine what this child would have
been in life if he or she had lived, and often the imagined
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characteristics become hyperbolized. In these cases, the living
siblings often find that they are competing with a ghost. Be-
cause the unborn child is imagined in such idealistic ways, the
siblings can never win. Parents are typically unaware of the fact
that they have idealized the unborn baby, and are less aware of
its impact on the surviving children. Siblings will describe a
feeling of never being quite good enough for their parents, yet
are unaware of how the standard was set.

It is best to confront this issue directly, perhaps by dis-
cussing the possibility of the “perfect child” phenomenon to
the parents. This precipitates a conscious awareness and re-
duces the likelihood of it occurring.

Women often feel reticent, embarrassed or awkward about
sharing their feelings. This contributes to a strong sense of
isolation or emotional withdrawal. Some women intentionally
do not announce their pregnancies if they are concerned about
possible defects. Thus, support is often not offered because
people do not know what has happened. Women may also
seek to avoid people who are pregnant or who have children: it
is too painful to confront what might have been. They are often
afraid that people are judging what they have done or what has
occurred.

Each stage of this experience involves a grief response.
When a person learns that there is suspicion of a problem in
the fetus, there is fear for the loss of one’s dream about one’s
child. For those who decide not to proceed with prenatal testing,
and are left wondering until the baby is born, the experience
of uncertainty is very stressful and lonely. If prenatal diagno-
sis indicates a problem, grief is again experienced because the
diagnosis confirms loss of a dream; and, if the testing is fol-
lowed by abortion, there is the grief of the baby’s death. Each
stage is anguishing; time seems slowed. There is a feeling of
disconnection from everyone and everything. A person feels
alone. There is the hope of “waking up and discovering it is all
a bad dream.” Many fantasize about committing suicide rather
than having to feel the pain.

The symptoms of going through this grief process vary
from one person to the next. As one moves through stages of
shock, denial, bewilderment, confusion, anger, sadness, guilt
and, hopefully, reconciliation or acceptance, one’s behavior
varies. There are stages of emotional incubation as women
withdraw into themselves as they work to reconcile their pain or
decision. Withdrawal from people and activities is also symp-
tomatic of depression; also, here may be a loss or increase of
appetite. Erratic sleeping patterns may develop: a woman may
sleep more than usual, less than usual or report interrupted
sleep.

A reduced sex drive often accompanies depression, but
some women report heightened sexuality, which tends to en-
hance their need to be validated as women. Alcohol or drugs
may be taken to numb the pain. A woman may overreact to
other people and events as her emotions become fragile. As
mentioned earlier, self-destructive behaviors may ensue as a
means of inflicting punishment on herself for having produced
an “imperfect” child or for choosing to abort it.

Doctors may also see an increase in physical complaints.
It is common for grieving people to become hypersensitive to
their bodies. In some cases this may be because a woman is
not taking good care of herself and may be more vulnerable
physically. Others may translate their emotional pain to phys-
ical pain that has no medical origin. Stomach problems,
headaches, acidity, muscular tension and nausea are often
symptomatic of depression and anxiety. However, it is impor-
tant to not make that assumption. If no physical source was dis-
covered after an examination, it would be helpful to advise the
patient to seek counseling. In all likelihood, with support and
understanding, these symptoms may diminish rather quickly.

Valuable interventions that can be made by the people who
work in the area of birth defects include:

1. Listen. Not being listened to is a common complaint ver-
balized by many patients.

2. Recognize and allow the expression of feelings. This is
an intense time, and many women do not feel safe com-
municating with anyone but their doctors.

3. Avoid judgment. It is a woman’s right to decide what
she needs to do. Often what is self-destructive for one
person is self-constructive for another. Be sensitive to the
differences.

4. Avoid giving advice. Give information openly and hon-
estly about the causes, options and potential for the future.
This will enable a woman to make her own decision.

5. Do not patronize a woman with comments such as, “I
understand what you are going through.” You will be
trusted more if you acknowledge her suffering and not
try to sympathize.

6. Avoid comments meant to lessen the pain such as, “You
can try again,” “It is nature’s way....It is the best thing
for the baby.” This type of statement does not respect a
woman’s struggle. Pain is a part of the experience.

7. If she wishes, allow a woman to see an ultrasound. Do
not make a decision for her despite how upset she may
become. She is entitled to the pain and may need to see
the ultrasound in order to take the next step.

8. Let the woman know that she can have access to the pic-
tures, if she so chooses.

9. Do not discourage a woman from wanting to bury the
fetus if she chooses. It may be wise to let her know that
this is an option and not an expectation.

10. Encourage some ritual or action to acknowledge the
death. It is a way of providing some validation and clo-
sure.

11. Do not tell a woman she will get over it; most never do.
12. Encourage therapy or a self-help group. It is important to

express the feelings precipitated by this experience. Often
a trained professional or people who have been through
the experience can provide support. Have a referral list
available.

This chapter has thus far addressed the emotional impact
in the field of genetic reproduction. It is also imperative to
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recognize the emotional effects on the professionals involved
in the field. Many doctors experience conflicting feelings about
their work, not unlike the polarities mentioned earlier for the
women. Doctors experience fear also. There is the fear of ac-
cidentally aborting a healthy fetus or of delivering a defective
baby.

Some doctors are opposed to abortion because of religious
or moral convictions. It is important to be honest about these
beliefs and encourage women to consult with other profession-
als rather than of biasing their decisions.

There is also the risk of becoming desensitized to the point
of debilitating a woman’s decision. Clearly, after doing many
procedures, a doctor is likely to develop confidence in the test
or method. It is possible at these junctures to lose sight of the
woman’s anxiety and ongoing doubt. However, a woman will
not find her experience to be a clear-cut medical problem that
is treated in clear-cut ways, and thus the professional staff will
be exposed over and over again to a world that involves pain,
anger and fear as well as relief and appreciation. If a physician
can confront that reality, he or she will truly offer a woman an
option to make the right decision for herself. This is the true
reward.
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48
COUNSELING FOR
ABNORMALITIES

Anne Greb / Jane Wegner

INTRODUCTION

Prenatal diagnosis is an important option for many families
with an increased risk for having a child with a birth defect
or genetic condition. In fact, many of these couples would
not consider another pregnancy without the ability to know
whether or not their unborn fetus is affected with their fam-
ily’s genetic disorder. Fortunately, the vast majority of families
are provided with reassurance that the disorder is not present in
their fetus. Consequently, the availability of prenatal diagnosis
has actually led to the birth of many healthy babies that would
otherwise have not occurred. However, approximately 5% of
patients receive abnormal results following prenatal diagnosis
and require skillful and timely counseling from the health care
team.1 The purpose of this chapter is to describe a protocol
for counseling this group of patients, their partners and fam-
ilies. This chapter is written by a genetic counselor, who has
worked for many years with families that have received abnor-
mal prenatal diagnostic results. The chapter also incorporates
the perspective of a patient who relates her experiences and
has had to deal with the issues associated with the prenatal
diagnosis of a chromosome abnormality.

The ability to diagnose chromosome abnormalities prena-
tally became a reality in the early 1970s, which helped to spark
the initial interest in clinical genetics that ultimately resulted
in the current genetic revolution. In the 1980s, maternal serum
alphafetoprotein screening for neural tube defects became rou-
tine, and its usefulness in screening for Down syndrome was
recognized. Also during this time, chorionic villus sampling
(CVS) moved the application of prenatal diagnosis to the first
trimester and work was done to develop in utero therapies
for specific birth defects. The Human Genome Project (HGP)
began in 1990 and achieved its goal of obtaining a draft se-
quence of the entire human genome in February 2001. Labo-
ratory methods continued to improve, which made molecular
diagnosis more efficient and cost effective. Because of these
successes, prenatal diagnosis has become common for a wide
range of birth defects and genetic conditions as well as a fun-
damental part of routine obstetrical care and management.

INDICATION FOR PRENATAL DIAGNOSIS

In general there are 2 groups of patients who may be offered
prenatal diagnosis: those at risk of recurrence and those at risk
of occurrence. Couples at risk of recurrence include patients
who have had recurrent and unexplained pregnancy losses re-
sulting from a genetic cause and those who have a family
member with any of the following conditions: multiple con-
genital anomalies (including chromosome abnormalities), iso-
lated birth defects, single gene disorders, skeletal dysplasias,

visual and/or hearing impairments or mental retardation. Cou-
ples at risk of occurrence include those in the following cir-
cumstances: couples who are related or consanguineous, of
increased maternal or paternal age, women of a specific ethnic
background in which there is an increased frequency of harm-
ful autosomal recessive genes, exposed to a potential teratogen
during pregnancy, women with an abnormal maternal serum
screen, and women who have had an ultrasound evaluation
that revealed a specific fetal abnormality or more subtle ultra-
sound findings that may be associated with an underlying fetal
anomaly. It is important, however, to realize that the majority of
birth defects occur “out of the blue” to couples with no known
risk factors. This latter group of patients usually has no reason
to suspect a problem in their fetus and consequently is com-
pletely unprepared to deal with the complex issues, emotions
and decision making that surrounds the prenatal diagnosis of
a fetal anomaly.

Rebecca was our third pregnancy. We had a miscarriage with our
first pregnancy and then a healthy baby girl who was two years old
at that time. Aside from being exposed to chicken pox and needing
to get a vaccination, this pregnancy seemed to be going along
normally. I was 30 years old and had no reason to be concerned
about any problems with my pregnancy or baby. I wasn’t offered
the MSAFP test, but this didn’t worry me since I did not have that
test with my last pregnancy and everything turned out fine. I was
looking forward to having an ultrasound done, which my doctor
scheduled during my sixth month. The ultrasound examination in
my doctor’s office at 25 weeks showed that the baby was smaller
than expected. At the time, my obstetrician put my due date back
by one month even though I was sure of my menstrual dates. I was
frustrated that she didn’t trust the accuracy of my information. I was
just told to come back one month later. I was concerned because I
was certain about my dates. My obstetrician did another ultrasound
the next month and again the baby’s growth wasn’t keeping up
with the previous ultrasound measurements. I was told I would just
have a “petite” baby. Finally she realized something else might be
going on and referred me to a maternal fetal medicine specialist.

I saw the specialist and had another ultrasound. He wasn’t initially
concerned with the baby’s growth until he did a follow-up ultrasound
a few weeks later and compared both measurements. During that
first ultrasound he also noticed something about the baby’s heart that
wasn’t completely normal. He thought it was just a normal variation,
but wanted to look at the heart in a couple weeks. At the next follow-
up ultrasound it was now obvious that the baby’s growth was lagging
behind and something wasn’t right with the heart. A fetal echocardio-
gram and amniocentesis was suggested and both were performed the
next week.

PRENATAL DIAGNOSTIC TECHNIQUES
AND COUNSELING

There are several techniques that can be utilized in the prenatal
diagnosis of birth defects and genetics conditions, which are
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discussed in detail elsewhere in this textbook. These include
standard invasive procedures such as amniocentesis, CVS, and
cordocentesis, as well as noninvasive procedures such as ul-
trasonography. Other procedures such as embryoscopy, 3-D
ultrasonography, ultrafast MRI, and specific fetal tissue biop-
sies are available at more comprehensive prenatal diagnostic
centers. Pre-implantation genetic diagnosis is becoming more
readily available as a diagnostic technique that allows those
couples at an increased risk for certain disorders to undergo
in vitro fertilization (IVF) with the implantation of unaffected
embryos. It is usually recommended that these couples un-
dergo subsequent prenatal diagnosis to confirm the predicted
result. For more common chromosome abnormalities efforts
are currently underway to isolate and characterize fetal cells in
the maternal circulation as a first trimester screening method.
Once available, although much more needs to be done before
this is clinically useful, it will greatly increase the ability to
detect certain chromosome abnormalities antenatally.

Prenatal diagnostic techniques should be differentiated
from prenatal screening methods. Screening tests, such as ma-
ternal serum screening and routine ultrasound screening, are
usually not intended to provide a definitive diagnosis. Instead
screenings identify a subset of the population for whom pre-
natal diagnostic tests should be offered. Unless properly coun-
seled prior to the screening test, a patient will inevitably inter-
pret a positive screening test as meaning that there is a problem
with their unborn baby and endure unnecessary panic and
stress.

The importance of counseling and informed consent prior
to any prenatal diagnostic procedure cannot be over empha-
sized. Time taken at this point will greatly reduce unnecessary
confusion and frustration in the event that an abnormal re-
sult occurs. During this initial genetic-counseling session, the
topics that should be discussed include information about the
risks and characteristics of the condition being tested should
be discussed, the nature of the procedure and risk of complica-
tions, method, accuracy and limitations of the specific labora-
tory tests being performed. The counselor should also mention
the possible options available to the couple if an abnormal re-
sult is found—at the time of counseling the couple does not
need to know their course of action, only what decision making
they could face in the event of an abnormal result. Finally, the
counselor should explain how the results will be relayed to the
couple as well as mention any other unrelated conditions that
are being tested for (e.g., the measurement of alphafetoprotein
levels to test for open neural tube defects even though there is
not an increased risk in patients of advanced maternal age).

FACILITATING THE WAITING PERIOD,
INFORMING THE PATIENT OF THE RESULTS,
AND PROVIDING THE NECESSARY
INFORMATION AND SUPPORT

Waiting for test results can be extremely difficult for patients,
especially if there is already suspicion of a problem. During
this time, it is important to encourage the patient to call for

support and to check on the status of their results. Even though
results are normally relayed to the patient as soon as they are
available, if patients feel it is all right to call periodically, then
they have a sense of control and purpose. Also, offering to
check with the laboratory—even if just to report that everything
is progressing along as anticipated and to confirm when the
result is expected—can be very helpful and reassuring. The
health care provider can supply tremendous comfort and help
to patients, who oftentimes must wait weeks for the results, by
simply validating that the waiting period is hard, and reassuring
the patients that they will be contacted as soon as the results
are available.

Giving bad news is difficult and stressful for any health care
provider. However, what the patient hears and understands, and
how she integrates and reacts to the news depends on how the
information is conveyed. Usually, nothing can be offered in
terms of a cure or effective treatment for a diagnosed fetal
anomaly. However, health care providers can offer empathy,
time and resources to the patient and her family as they try
to make sense out of what has happened and cope with the
diagnosis. There are certain techniques and strategies for con-
veying abnormal prenatal diagnostic results that are better than
others.1

Often the initial information about an abnormal result must
be given over the telephone. In this circumstance, the call
should be made in the evening when both the patient and her
partner are likely to be home. Also, it should be when the health
care professional can spend time on the telephone to provide
support and answer questions. The important information to
relay initially is that yes there is a problem and it is important
to meet as soon as possible to discuss the details of the diag-
nosis. Do not beat around the bush: be direct, yet caring, with
information that is straightforward, accurate, and not techni-
cal. The patient is often in shock and not able to remember
specific details. Let her determine how much information she
is ready for at this point. Make sure there is a support person
either present or that she can contact immediately. Have spe-
cific information about the time and place for the follow-up
appointment the next day. Be sure to inform any other health
care providers associated with the case about the diagnosis—
often patients call others involved in their care to get additional
input and opinions.

If the problem is identified during a routine ultrasound eval-
uation, then the approach should be similar. Inform her that a
problem has been identified and be prepared to answer ques-
tions. Do not have a lengthy discussion while the patient is
lying on the ultrasound table—finish the scan, let her dress,
ask whether or not a support person came with her and find a
quiet place to sit down for the discussion. Again, the patient
can absorb very little information at this point. It is probably
most helpful to give the patient some time to realize there is
a problem, gather her support system together and schedule a
followup visit for the next day, when the ultrasound findings
can be described in more detail and indicate any specific inva-
sive testing. Conveying a sense of empathy and willingness to
do what ever is needed to help is a critical contribution made
on the part of the healthcare team.
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When the patient and her family are ready, it is important
that they have accurate and complete information about the di-
agnosis in order to make informed decisions about any subse-
quent testing that might be indicated, pregnancy and neonatal
management, and the option of pregnancy termination. Pro-
viding written information that is not too technical will be
important. This augments the counseling process by allowing
the patient to absorb information. A referral to a medical sub-
specialist who cares for individuals with the specific diagnosis
can be helpful and should always be offered if indicated and
available. Other resources some families find helpful are dis-
ease specific support groups. It is important to be familiar with
all referral sources and to know that the information provided
is accurate, appropriate and balanced. For example, the patient
may be given very different (and often optimistic) information
about a certain condition from a pediatric specialist. This is
usually because the prenatal natural history of the condition is
different than the natural history of those neonates who sur-
vive to be seen by the pediatric specialist. It is important that
all information be provided in a manner that is not judgmental
or directive. Lastly, patients may utilize the Internet as a way
to gather information and/or seek out other specialists. It is
important to be familiar with information available on the In-
ternet and to encourage patients to share the information with
the healthcare team so it can be reviewed for accuracy.

If possible, encourage the family to take as much time as
necessary to gather and digest all the information they need
before making a decision about whether or not to continue the
pregnancy. However, these decisions, which require the inte-
gration of complex medical information, often must be made
within pressing time constraints.

Families often ask if there is any chance that the diagnosis
could be wrong. An explanation of the testing procedure, how
the diagnosis was made and the accuracy of the test results
should be given again. For some couples, actual confirmation
by a repeat procedure and/or a second opinion may be impor-
tant and should be supported if time allows.

In some situations, the prenatal findings, or the implications
of the findings, are uncertain. For example, this can happen
with particular ultrasound findings and unusual or subtle chro-
mosomal findings. It is important that the healthcare team do
a comprehensive literature search and consult with recognized
experts in the field. They need to be honest with the patient
about the lack of, or limited information available. As a con-
sequence, the patient and her family are left knowing there is
a problem (or potential problem), but they do not have specific
information. The lack of information is very confusing for the
patient who is not sure whether to continue hoping or start
grieving. In some circumstances, further tests may be helpful
to clarify the findings. Other times, it is not until the fetus can
be examined after birth that light is shed on the prenatal find-
ings. Needless to say, the decision-making task becomes even
more burdensome in the case of diagnostic uncertainty.

In the face of an abnormal or potentially abnormal result as
the consequence of prenatal diagnosis, the patient and her fam-
ily are likely to be in a psychological state of shock.2 As they
begin to absorb the reality of the diagnosis, their emotional state

will continue to reflect other stages of grief and mourning such
as: denial, sadness or anger. Families should be encouraged to
express these feelings. Support, time and privacy should be
provided to them as they begin to work through the grieving
process.

Fourteen days passed by before the doctor called with the amniocen-
tesis results. This was the longest two weeks of my life. I met with my
obstetrician while waiting for results and expressed my concerns as
to why it was taking so long. I was hoping she would be willing to call
the laboratory and see if she could obtain any information. However,
she was not willing to make the phone call.

The specialist finally called and confirmed my worst nightmare.
Our little girl had Wolf-Hirschhorn or 4p-syndrome. Over the tele-
phone, the doctor explained in medical terms—as though he was
reading from a medical textbook—about Wolf-Hirschhorn syndrome.
When you hear this type of news about your child it is extremely dif-
ficult to comprehend what the doctor is telling you. I started asking
him several questions and he basically told me to give my sister a
call and ‘that she can probably explain it to me better.’ My sister,
who lives in a different state, just happened to be a genetic counselor
and was already doing a lot to try and help me through this whole
ordeal. The specialist ended the phone call by asking me to give him
a call in the morning to come in and talk. After I hung up the phone
I called my sister to find out what was really wrong with our child.
I desperately needed more information, but felt bad putting my sis-
ter in the position that she would be the one to have to do this. She
gave me some information, but told me I really needed to meet in
person with a genetic counselor who could explain what this condi-
tion meant and what my options were. I asked her what she meant
by options. She told me that even though I was in my third trimester,
pregnancy termination was still an option in a few states. My sister
had worked with many families in similar situations before, how-
ever, this time she wanted to be in the role of sister and not genetic
counselor.

The next morning I called to set up a meeting with the MFM
specialist. I was told he was not available and was at another hospital
that day. At my sister’s urging I called again and insisted he see us
that day and we would be willing to meet him at the other hospital.

We went in and talked with him and he went over what our options
were. He mentioned we could proceed with the pregnancy as high risk
or basically let nature take its course. I then brought up the option of
termination. He said yes this was also something we could do. At
my request, he called to set up an appointment for us in the genetics
clinic at our city’s children’s hospital. They were willing to see us
immediately.

When we met with the geneticist and genetic counselor they right
away made us feel as though they really were concerned about our
situation and would do what they could to help. They took the time to
really explain what the chromosome abnormality would mean for our
child’s health and development, and what the quality of life would
be like for her and the rest of our family. They talked from their
own experiences of taking care of children with Wolf-Hirschhorn
syndrome and not from just reading information out of a medical
textbook. I finally felt like I had enough information to begin to make
decisions about my options. We also discussed the option of pregnancy
termination and they reassured us that this was a reasonable option
given the severity of the condition. They told me they would facilitate
the arrangements and would support us if this is what we chose to do.
I finally felt like there were people out there who truly cared. We left
and went to my parents’ house to pick up our daughter and to inform
them about what was going on.
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Each morning I woke up hoping this was not true and was all a
nightmare. But it was not. After going over everything we had learned
the past few days about Wolf-Hirschhorn syndrome, we now needed
to make the most difficult decision of our lives. We chose to terminate
the pregnancy. We informed the genetic counselor of our decision and
she made the necessary arrangements. Because we were in our third
trimester, we needed to go out of state.

As I look back, I remember how devastated I felt throughout this
whole experience; how in less than a week our entire lives had been
turned upside down. One day life was wonderful and the next we
learned about Wolf-Hirschhorn syndrome—something we had never
even heard about before, now suddenly consuming our every waking
moment. We were getting on an airplane, going out of state, away
from our family and friends to end the hopes and dreams of bringing
home a child to love. We were going someplace strange and far away.
I had never felt so heartbroken in my life. I remember thinking over
and over “This is not the way it was supposed to be.”

THE DECISION-MAKING PROCESS

Families need information and support so they can make an in-
formed decision about whether or not to continue a pregnancy
in which a fetal abnormality is found. Seldom is there a cure
or effective treatment so families grapple with trying to decide
which painful outcome is “less worse.” Decisions are made not
only based on the medical facts surrounding the diagnosis;3,4

but also on how the diagnosis will impact the rest of the fam-
ily, particularly the couple’s other children, and financial con-
straints as well as moral, religious and cultural values.5 The
field of medical genetics is deeply committed to patient au-
tonomy and informed decision-making. The fact that families
faced with the same diagnosis make different decisions and
utilize different coping mechanisms must be respected and
valued. Individuals and their families react differently because
of the spectrum of belief and value systems that exist within
our society.

THE DECISION TO TERMINATE
THE PREGNANCY

The health care team should recognize the distinction be-
tween choosing to end a pregnancy for social reasons and
making a decision to end a pregnancy because of the knowl-
edge of the poor prognosis. To help reduce the stigma of
abortion, the health care provider must be nonjudgmental and
supportive of the patient’s decision. The next step in the coun-
seling process is an exploration and explanation of the avail-
able pregnancy termination procedures. The types of proce-
dures available are based on the diagnosis and whether or
not there is a need for a postmortem evaluation, gestational
age, health of the mother, experience and preference of the
physician, preference of the patient, and any hospital rules and
regulations.

Another important issue to discuss when describing the
pros and cons of different pregnancy termination procedures
is the potential psychological ramifications. Many patients may
prefer a dilatation and extraction (D&E) procedure to an in-
duction of labor because it is performed in the operating room
under general anesthesia and is over relatively quickly. How-
ever, patients need to be cautioned that the grieving process
will not end as easily. Patients should be encouraged to gather
mementos of the pregnancy such as ultrasound pictures in order
to remind them that the pregnancy and fetus did exist.

Other couples prefer an induction of labor procedure be-
cause it leads to the birth of an intact baby. This not only allows
them to see and acknowledge the wanted child, whom they have
lost because of its medical problems; but also allows the fam-
ily to see the anomalies, which helps to validate their decision.
Besides seeing the baby, the patient should be encouraged to
hold, photograph, and name the baby. Many couples decide
to have their baby baptized and/or plan a funeral or memo-
rial service. If necessary, a postmortem evaluation should be
performed to try and determine the etiology and subsequent
recurrence risks. In arranging for an induction of labor proce-
dure, every effort should be made to provide the patient with
a private room on a nonmaternity floor.

Regardless of the method of pregnancy termination there
are other things that should be provided to the couple to fa-
cilitate the grieving process.6 A referral to a professional such
as a social worker, psychologist and/or clergy member, who
deals with grief and loss issues, is very helpful and should rou-
tinely be made. Other ways of memorializing the baby, such
as planting a tree or donating to a charity, can be valuable to
the family.

Before discharge, it will be important to discuss with the
patient what physical (e.g., hormonal changes and possible
lactation) and emotional changes she should expect. Talk with
her about some of the emotional reactions that others who have
had a similar experience report. These include: how emotional
recovery is much more difficult than anticipated, difficult it will
be to see other pregnant women and baby-related items in store
aisles, difficult the time surrounding the baby’s due date will
be, male partners react and grieve differently, family members
and friends may have difficulty knowing how to react to the
loss and that, unfortunately, some individuals might make in-
sensitive comments. Explain that they can expect to feel many
emotions, and that this is a normal and important part of the
grieving process. Many patients report that journaling can be
extremely therapeutic in both the short term and long term. It
not only helps to express feelings, document the events and
serve as a reminder about how and why they arrived at their
decision.

Tips on how to talk to family, friends and young children
about the loss will also be helpful. Encourage the couple to find
individuals whom they know will be supportive of the events
surrounding their loss. Having a few nonjudgmental and caring
people to listen will be invaluable. It is difficult for spouses to
rely on each other because they are each on different emotional
roller coasters and not in a position to be each other’s sole
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support. It is not easy to know how or what to tell the rest of
the world about the loss. Some patients simply state that there
were problems with the pregnancy and that they lost the baby.
For others, they feel it is important to be forthcoming about
the events surrounding the loss, even if it means having to
cope with some unpleasant reactions. Encourage the patient to
ask close family and friends for help with this task. The couple
needs to be very selfish during the initial period of grief and not
worry about the needs or concerns of others. If necessary, they
should be given several weeks of medical leave from work.

When dealing with other children, it is important to be
honest; but keep explanations simple, and at a level appropriate
with their ability to understand. Children should be included in
the grieving process. Even if the parents pretend that everything
is fine, the children will still sense that things are not; and,
consequently, may be denied their need to grieve. Children
should be encouraged to express their feelings and be reassured
that they and the rest of the family will be all right. They need
to be told that they were not the cause of the problem and that
nothing they thought or did made this happen.

Specific resources for families who have made the decision
to terminate a wanted pregnancy because of the presence of a
fetal abnormality are available and should be utilized routinely.
They include written information in the form of booklets, In-
ternet sites and support groups specific for families in this cir-
cumstance. The health care provider should keep an updated
file with current available resources and pass the information
on to the patient. A Heartbreaking Choice is an Internet site
(www.aheartbreakingchoice.com) that is designed for families
who have chosen pregnancy termination in the face of a fetal
anomaly. Besides the valuable written information for fami-
lies, the site also maintains a listserv and has a list of regional
support groups. Referral to more general pregnancy loss sup-
port groups or Internet sites is usually not appropriate for these
families.

We arrived at the clinic where the pregnancy termination would take
place to find abortion protestors. We had been warned about this, how-
ever, actually seeing the protestors was difficult. All I could think was
that these people have no idea what we are going through. Once inside
the clinic we filled out the necessary paperwork and began the next
phase of our nightmare—actually going through with the termination.
It turned out that there were seven other couples going through what
we were. On one hand it was comforting to know we were not alone;
but on the other hand hard to know that others were also suffering
as we were. Our experience at the clinic was as positive as can be
expected under the circumstances. The personnel there were caring
and emotionally supportive. The opportunity to talk with other cou-
ples helped immensely. More decisions needed to be made: whether
to see and hold our child, whether to have her baptized, and whether
to have her cremated there or have her body delivered back home.

Rebecca Lynn was born on February 14th—Valentine’s Day.
Valentine’s Day in our family would never be the same. We were
able to see her and hold her that day. Right away I was able to see the
physical signs that are apparent with Wolf-Hirschhorn syndrome. We
held her for only a few moments. It was difficult because there was no
family support available. We felt very alone at the most difficult time
of our lives. After the actual termination, we did feel very relieved that

the medical procedure was over. I ended up meeting another woman
who was also going through the same thing while at the clinic and I
have kept in contact with her over the years since the termination. I
am grateful for her friendship and support, as the difficult months and
years have passed.

As we left the clinic to return back home, we were given pho-
tographs of our daughter, handprints, footprints, and a certificate to
take home. Once home we began the very long road to emotional
recovery. We needed to let family and friends know that our baby had
died. How do you tell people you have terminated your pregnancy?
How do you tell people that the medical condition of your unborn child
is horrifying enough to want to end her life before it even began—
especially in a society where this is not an acceptable action? How do
you make people understand what it is like, as a parent, to be forced
to make that type of decision for a child you very much wanted and
already loved? When people have a hard time talking about grief in
general, how does someone comfort you in your grief when they have
never even seen the person you are grieving for?

My six-week postpartum check-up was very difficult. Just walk-
ing into the office was hard. I remember thinking ‘the last time I was
here I was pregnant.’ Also, seeing all the other pregnant women sitting
there was very hard. I had all along sensed that my obstetrician was
not supportive of our decision to terminate the pregnancy. After the
exam was over, she needed to sign some papers from the clinic where I
had the termination procedure performed to say she had examined me,
which she reluctantly did. She never really seemed to care about how I
was doing, although, she did hand me a piece of paper with a phone
number on it for a pregnancy loss support group named RESOLVE
Through Sharing. I just threw the number away when I got home. I
never went back to see her. I was often tempted to write her a letter
expressing my disappointment with how she handled our situation,
but never did. I just started looking for a new obstetrician.

The next several months were very difficult. People stopped call-
ing to see how I was doing. Life for everyone else was pretty much
back to normal. Somehow I seemed to get through each day one at
a time. Having my older daughter to care for seemed to be the only
reason to get up in the morning.

The next difficult hurdle to tackle was preparing for Rebecca’s
memorial service. We met with the funeral home to start preparing
for the service. The woman at the funeral home was very nice and I
felt comfortable telling her that we had terminated the pregnancy. We
went over some ideas for songs, poems, etc. I just kept thinking ‘In a
million years I would have never thought that at the age of 30 I would
be preparing a memorial service for my own child.’ The memorial
service was scheduled for May 18th. It was probably one of the most
difficult days of my life.

The hardest part about dealing with the loss of a child whose
life you decided to end because of a serious medical problem is that
you just feel so alone. Nobody around you has any idea what you are
going through. All you want is for people to acknowledge how painful
and real your grief is. There are very few support groups or books
available specifically related to pregnancy termination. We ended up
getting connected with a support group about an hour away that was
specifically for people who had terminated a pregnancy because of
problems with the baby. Here, we were finally able to talk to people
who had to make the same decisions as we did.

I have also remained in contact with the woman I met at the clinic
where the termination took place. She had also terminated her second
pregnancy, a little girl. I can truly say she is the only person on earth
I can talk to who really understands what I have been through. She
has been a great source of support over the four years since we met.
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THE DECISION TO CONTINUE
THE PREGNANCY

The decision to continue with a pregnancy, when a fetal ab-
normality has been diagnosed, takes into consideration many
complex factors. Sometimes the decision is made because of a
more favorable prognosis,4 and other times a prenatal or neona-
tal intervention can be offered to improve the outcome. Just as
the healthcare provider must be nonjudgmental and supportive
of the decision to terminate a pregnancy, they must likewise
support the decision to continue a pregnancy in which a fetal
anomaly has been diagnosed.

After the decision to continue with the pregnancy has been
made, the couple will continue to deal with the emotional issues
surrounding the loss of a “normal” baby. These include feelings
associated with loss and grief such as sadness and anger. The
family is faced with working through the grieving process as
they also anticipate and prepare for the birth of a baby with
special medical needs. The opportunity for the patient and her
family to talk with a therapist should be encouraged.

Prenatal diagnosis of fetal abnormalities allows parents the
opportunity to be prepared for the birth of their child by hav-
ing time to learn about the condition as well as issues related
to delivery, treatment and postnatal management.7 If surgical
intervention is indicated following delivery, the parents should
meet with the pediatric surgeon to better understand the de-
tails of the surgery and recovery.8 In fact, a big advantage of
prenatal diagnosis is the ability to be able to plan and prepare
for postnatal surgical treatment following delivery in a tertiary
carecenter.9 Prior to delivery, many families find it helpful to
meet with the neonatal intensive care unit (NICU) staff in order
to become familiar with technical aspects of the nursery and
other issues such as infant feeding and visiting hours. Also,
families should become acquainted with community and fi-
nancial resources.

Usually the involvement of a maternal fetal-medicine spe-
cialist, who assists in or takes over the prenatal care, is neces-
sary. Serial ultrasound evaluations may be needed to monitor
the status of a specific fetal anomaly (e.g., hydrocephalus).
Input from a reproductive and/or pediatric geneticist may be
important to clarify the diagnosis, etiology and natural history
of a particular condition. The neonatology staff needs to be
consulted and told of the pending birth of a baby with medi-
cal problems. During this period, families often benefit from
speaking to other families who have children with the same
diagnosis for information and support.

In some situations, a couple may decide to continue with
a pregnancy in spite of an extremely poor (e.g., trisomy 13) or
even lethal (e.g., anencephaly) prognosis. This decision may
have been made because of religious beliefs or perhaps the
couple wants the time during pregnancy and after delivery to
spend with their wanted, although very sick, child. These preg-
nancies are usually expectantly managed. In other words, no
technical intervention for the sake of the fetus; nature is al-

lowed to take its course. The family and healthcare team need
to work closely together to ensure that the experience is as
positive as possible, and that the family has input into how the
pregnancy, delivery and neonatal care are managed.

As is the case with couples that have chosen to terminate
a wanted pregnancy in the face of a fetal abnormality, it is
important that families who continue a pregnancy with a poor
fetal prognosis have time after delivery to see, hold and take
photographs of their baby. If the baby dies, then a discussion
about whether or not to have the baby baptized and to have a
funeral or memorial service needs to take place. A postmortem
evaluation is important in most cases to document the prena-
tal findings and identify any other anomalies in an attempt
to make diagnosis. During delivery, it will be important that
the patient has a private room and that the nursing and NICU
staff be told about the situation. The same psychosocial issues
that are relevant following a couple’s decision to terminate a
pregnancy also apply to couples that continue a pregnancy as-
sociated with a poor fetal outcome, and these issues will need
to be addressed. Again, these include a discussion about what
physical and emotional changes to expect, how to talk to family
and friends and the available support services in the area and
on the Internet. If the patient has not yet spoken with a grief
counselor, this issue should be brought up again and followup
encouraged.

Although the option of prenatal treatment of a fetal
anomaly is not common, the list of birth defects that can
be considered for in utero treatment is growing, and cur-
rently includes diaphragmatic hernia, obstructive uropathy,
cardiac arrhythmia, congenital cystic adenomatoid malforma-
tion (CCAM), sacrococcygeal teratoma, neural tube defect,
certain metabolic disorders such as congenital adrenal hy-
perplasia and vitamin-B12 responsive methylmalonic aciduria,
and certain inherited disorders that are amenable to stem cell
therapy such as X-linked severe combined immunodeficiency
syndrome (SCIDS). Some treatments are moderately invasive,
whereas others involve open fetal surgery and present a con-
siderable risk to the mother and fetus. If a birth defect is identi-
fied prenatally and fetal treatment is an option, then the patient
needs to be referred to one of the few worldwide centers that
have the appropriate experience and expertise to counsel the
patient and her family about the risks, benefits and limitations
of in utero treatment.10

FOLLOWUP COUNSELING

The months following the loss of a baby are emotionally diffi-
cult, especially after the diagnosis of a fetal abnormality. Sup-
portive phone calls during the weeks following the delivery
will be important. Also important within the first few months
is a follow-up appointment to review the diagnosis, etiol-
ogy, recurrence risks and prenatal diagnostic options available
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during possible subsequent pregnancies.11 If a postmortem
evaluation was performed, then at this time the results need
to be reviewed with the couple. Time must be provided in or-
der to answer questions and help the couple understand the
genetic and medical aspects surrounding what has happened.
This is a very important part of helping the family make some
sense out of their difficult situation.

A discussion about how the couple is coping emotionally
needs to continue during this time. Inquire about their support
systems: how the experience has affected their relationship
with each other, how their children have reacted to what has
happened and how have other family members and friends re-
sponded to the situation. They need to know that the situation
is difficult and being emotional is expected and normal. En-
courage them to express their feelings and remind them again
about local support groups and Internet sites that are applicable
to their situation. Talk with them again about journaling as a
method of documenting and validating their feelings and situ-
ation. Again, bring up the importance of seeing a psychothera-
pist for ongoing support and counseling. Finally, a letter should
be sent to the patient summarizing all the information discussed
at the follow-up counseling session.

THE NEXT PREGNANCY

When someone decides to have a child it is because they have a certain
desire to bring a child into the world. I was one month from what was
supposed to be a normal delivery that would result in a healthy baby
to bring home. Suddenly all those hopes and dreams were shattered.
After the termination, that feeling of wanting to bring another child
into the world did not go away. Now I was faced with grieving for the
child I thought I would bring home and also faced with the questions
of when or if I will ever have another child to love. Part of me wanted
to get pregnant right away because my desire to have a child was so
great. But part of me was scared to death to ever be in the situation
again where something so terrible could go wrong.

I chose to find a new obstetrician and that meant starting over with
a new doctor. I needed to find someone who I could trust, someone
who would understand how scared I felt at the thought of another
pregnancy. It also meant that I had to tell my story again.

Six months after we terminated the pregnancy with Rebecca, I
was pregnant again. I had found a new obstetrician with whom I felt
comfortable. That was the easy part, now I had to make it through
the next nine months. As I soon discovered, a subsequent pregnancy
is an emotional roller coaster. I was still grieving over the loss of
Rebecca, yet excited that a new life was upon us. Feelings of guilt,
anger and sadness were part of everyday life. I felt guilty that I was
excited about having another child. I felt like Rebecca was being
even more and more forgotten. I wondered if I would feel resentment
towards the new baby because Rebecca did not have a chance at
life.

We had an early ultrasound done so we could date the pregnancy
accurately. This time the due date would not change and not be an
issue. We also scheduled another amniocentesis. This was a major
hurdle. We were once again faced with the fact that something could

be wrong with this child. A whole flood of emotions came back with
having to go to the same hospital, the same high-risk doctor, the same
hospital floor, the same office, and the same examining table where
we were first told that our unborn child was not healthy.

The amniocentesis results came back with good news this time.
After hearing the news one would think all is well. We knew the
baby’s chromosomes were normal, however, we still worried about
the so many other things that could go wrong. I also realized that for me
pregnancy was a time of worry and not a time of joyous anticipation.
Friends and family all talked with excitement of a new baby arriving;
I was scared to death. I got through this pregnancy one day at a time.
Not until the very end of the pregnancy was I able to buy a new outfit
and blanket for the baby for fear that once again, this baby would not
come home with us.

Once we got closer to the actual due date, more emotions and fears
began to erupt. Now I was faced with how would I react when I actually
see the new baby? Would I be able to control my emotions in the
delivery room? My last experience with delivering a child resulted in
a dead baby. I really felt very alone at this point of the pregnancy. Those
around me were excited because the new baby would be arriving soon
and I was becoming an emotional wreck. This is a time I really could
have used some emotional support.

Our third child arrived on her due date. She was a beautiful healthy
little girl. The next few weeks were difficult—very bittersweet. I knew
that I would not be holding my third daughter in my arms, had my
second daughter lived. I felt guilty because I was feeling happy once
again. Did I have the right to smile when Rebecca was not able to live
a healthy life?

My third child is now three years old. As I sit here writing this,
my fourth beautiful little eight-week-old daughter is at my side.

CONCLUSION

Modern technology, along with advances in science and
medicine, has produced techniques that prenatally diagnose
a wide spectrum of congenital anomalies and genetic condi-
tions. The ability to diagnose fetal problems antenatally has
resulted in greater successes for the treatment and manage-
ment of an increasing number of fetal anomalies. This is truly
an exciting time, and there is every reason to be optimistic that
prenatal diagnosis and targeted intervention will decrease the
morbidity and mortality associated with many serious condi-
tions. However, the provision of appropriate counseling and
support to families faced with the diagnosis of a fetal anomaly
will be essential to the successful use of prenatal diagnosis and
the further development of utero therapies.

DEDICATION

This chapter is dedicated to Rebecca Lynn Wegner. We will
always remember you.
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49
TERMINATION OF
PREGNANCY

Rony Diukman / James D. Goldberg

Many couples, when faced with the prenatal diagnosis of a ge-
netic defect in their fetus, consider the option of pregnancy ter-
mination. It is important to provide these couples with accurate
information concerning the various approaches to pregnancy
termination in order for them to make an informed decision.
It addition, it is critically important to have an understanding
of studies that can be performed on the abortus to establish
an accurate diagnosis and define a potential recurrence risk
for the couple. This chapter will provide an overview of exist-
ing methods of pregnancy termination in the first and second
trimester including selective termination of multiple gesta-
tions. The proper evaluation of the aborted fetus and psycho-
logical support for the couple will also be discussed.

FIRST TRIMESTER TERMINATION
OF PREGNANCY

SURGICAL TECHNIQUES

Suction curettage and to a lesser extent sharp curettage are by
far the most frequently used techniques for pregnancy termi-
nation in the first trimester.1

Suction Curettage and Dilation and
Curettage (D&C)

Abdominal and bimanual examination are initially performed
to determine the shape, position, and size of the uterus. Any
questionable finding at this point, especially a discrepancy be-
tween dates and size, should be verified by ultrasound exam-
ination. A speculum examination is then performed at which
time cervical cultures and a pap smear may be obtained. If lam-
inaria are to be used they are inserted transcervically as sterilely
as possible after povidone-iodine cleansing of the vagina and
cervix. Laminaria tents, which are made from seaweed root,
are tampon-like objects that can be inserted into the cervical
canal through the internal os. They swell to 4–5 times their dry
diameter without lengthening, resulting in cervical dilation.
For first trimester abortion, laminaria can be left for several
hours, although some physicians prefer overnight placement.
The use of laminaria provides adequate dilatation and facil-
itates further mechanical dilation if needed. The number of
tents used depends on the size of the cervical canal and the
gestational age.

Those who advocate the use of laminaria believe that grad-
ual dilatation of the cervix reduces the risk of cervical lacera-
tion, uterine perforation and the duration of the transcervical
procedure is shorter and less painful.2−4 The disadvantages are
pain at insertion, infection and rupture of membranes. Syn-
thetic hydrophilic dilators made of hydrogel polymer dilators
have been recently introduced.5 They have the advantage of
complete sterilization and more rapid action. Prostaglandin

preparations applied intracervically or intravaginally prior to
first trimester termination have also been successfully used to
facilitate the abortion procedure.6,7

After laminaria tents have been removed, the vagina is re-
cleansed with a povidone-iodine solution. A paracervical block
or general anesthesia may be used for the procedure. If a para-
cervical block is used, diazepam and meperidine may also be
given by slow intravenous injection. The cervix is grasped with
a tenaculum and the direction of the canal is ascertained with
a uterine sound. If additional dilatation is required, manual
dilatation is done by using steel dilators increasing by 0.5
mm between dilators. The dilator should be introduced slowly
and carefully because at this stage serious perforation can
occur.

At this point, suction curettage with a vacuum cannula is
performed. The canula is introduced in the direction of the
uterine curve. The principle motion of the suction handle is
rotation with occasional in and out movements, while avoiding
movement of the suction tip into the cervical canal. The vacuum
aspiration is usually followed by a brief sharp curettage to
verify that the uterus is empty.

The operator must perform a careful examination of the
aspirated tissue by looking for fetal parts and placental villi.
If no villi are seen, then the diagnosis of a failed abortion or
ectopic pregnancy should be considered. Failed abortion can
occasionally occur even when chorionic villi are histologically
verified. Thus, making identification of gestational sac or fetal
parts important.

COMPLICATIONS

First trimester terminations can result in a number of early
or late complications, including uterine perforation, bleeding,
laceration of the cervix, anesthesia-related problems, infec-
tion, and retention of gestational products. The overall rate of
major complication such as severe hemorrhage, prolonged in-
fection, and laparotomy/hysterectomy is estimated to be less
than 1% (0.5–0.7%).8 Failure to interrupt the pregnancy oc-
curs in less than 0.5% of suction curettage procedures, and
most commonly when the termination is attempted before
6 menstrual weeks.8 Late complications such as tissue reten-
tion, anemia, infection and bleeding occur in about 2–3% of
early abortions.

MEDICAL METHODS

A nonsurgical, outpatient, possibly self-administered method
for termination of early pregnancy would be an attractive al-
ternative to vacuum aspiration in early pregnancy.

PROSTAGLANDINS

The use of prostaglandins as abortifacients is based on
their unique ability to stimulate uterine contractility even
during early pregnancy. Unfortunately, naturally occurring
prostaglandins, such as PGE2 and PGF2a, intravenously or
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intravaginally given in doses necessary to terminate preg-
nancy have a very high frequency of gastrointestinal and
other side effects.9 Prostaglandin analogues, such as 15-
methyl PGE2, 15-methyl PGF2a, 16,16 dimethyl-trans-D2-
PGE1 methylester, and others are effective when vaginally
or intramuscularly given and are sufficiently stable to allow
routine clinical use.10 Gastrointestinal side effects, following
treatment with PGE analogs, while reduced as compared to the
natural prostaglandins, are still common. Vomiting and diar-
rhea occur in approximately 50% of patients.7 The incidence
of strong uterine pain is significantly higher (12%) than af-
ter vacuum aspiration. Prostaglandins can be used alone or
in combination with antiprogestins such as RU486.11,12 The
frequency of complete abortion with prostaglandin E analogs
varies between 92 and 94%.10,13 The efficacy of vaginally ad-
ministered PGE analogs has been compared with vacuum as-
piration and found to be almost as effective as the surgical
procedures.14−16

Vaginal suppositories and cervical pessaries are the pre-
ferred routes of prostaglandin administration. Therapy is avail-
able as PGE2 in 20 mg suppositories for vaginal application.
A gel containing prostaglandins for cervical effacement is also
available. PGE2 gel can be used in intracervical application
prior to first trimester abortion. Using this approach resulted
in cervical ripening and dilation (mean Hegar dilation of 11.8)
with 80% of patients having a complete abortion.6

Prostaglandins currently are the most effective medical
method for first trimester abortion. They produce complete
evacuation in over 90% of cases. Unfortunately, side effects
such as nausea and vomiting (40–50%) bleeding and pain
that require analgesia (40%) and fever (5%) are significant
complications.13

ANTIPROGESTINS

The antiprogestins listed in Table 49-1 are a class of drugs
whose administration creates progesterone withdrawal condi-
tions. They convert the uterus into an organ of spontaneous
activity and reactivity and lower the threshold of myometrial
response to prostaglandins.10,17

The various antiprogestins have different modes of action.
Epostane is a progesterone synthesis inhibitor and Mifepri-
stone (RU486) is a progesterone receptor blocker. Epostane
inhibits the 3 β-hydroxysteroid dehydrogenase activity and
blocks the conversion of pregnenolone to progesterone as
well as that of dehydroepiandrosterone to androstenedione.
RU-486 blocks progesterone receptors of the myometrium,

T A B L E

49-1
ANTIPROGESTINS

Mode of Action Dose

Mifepristone Progesterone receptor 50–150 mg × 4 day
(RU486) blocker 600 mg single dose

Epostane Progesterone synthesis
inhibitor

4 × 200 mg/day for
7 days

endometrium, and the decidua. Twenty-four to 36 hours fol-
lowing administration of an antiprogestin, regular uterine con-
tractions appear. The increased sensitivity to prostaglandins
starts at the same time. Studies show that RU486 used in early
pregnancy causes complete abortion in 87% of patients using a
single dose of 600 mg.18 A higher success rate can be achieved
if RU486 is given repeatedly over 2–4 days.

The efficacy of RU486 given in combination with differ-
ent prostaglandins for termination of early pregnancy has been
evaluated in several clinical studies.10,11 Most commonly, a
PGE2 analog was given as a vaginal suppository 48 hours
after starting RU486. RU486 was given in a daily dose of
50 to 150 mg for 4 days or a single 400-600 mg dose. The
complete abortion rate was 90–100% for pregnancies up to
7 weeks amenorrhea. Another similar combination uses RU486
and oral PGE2 with a frequency of complete abortion of 85%.

The use of the progesterone synthesis inhibitor, Epostane,
requires repeated doses for several days.17 The drug is given in
a dose of 200 mg 4 times a day for 7 days. Two large efficacy
trials showed an 84% complete abortion rate.19,20

There is a significant relationship between the efficacy of
the antiprogestins and gestational age. The current medical
methods—PG analogs, Epostane, RU486 alone and in combi-
nation with PG analogs—can be used most successfully dur-
ing early pregnancy (7–8 weeks). At later stages their ability
to induce complete abortion declines dramatically. They may
be used in later pregnancy to shorten the induction-delivery
interval with PG induced abortions.17

RU486 is well tolerated with few side effects. While the
mean blood loss is 50 to 90 mL, heavy bleeding does occur in
5.6% of cases when RU486 is used alone. This risk is signifi-
cantly reduced when used in combination with prostaglandins.
Nausea, vomiting, dizziness, and fatigue can occur following
antiprogestin use, but diarrhea, which is a typical PG side ef-
fect, very rarely occurs. Strong uterine pain is also a rare side
effect with antiprogestin use alone, but occurs slightly more
when used in combination with PG.

ANTIMETABOLITES

The use of methotrexate and misoprostol, a synthetic
prostaglandin structurally related to prostaglandin, E1 has been
shown to be an effective first trimester abortifacient. In a
small preliminary study, 96% of women had a successful first
trimester abortion following administration of methotrexate
(50 mg per sq meter of body surface area) followed 5–7 days
later with a 800 microgram intra-vaginal dose of misoprostol.21

The incidence of side effects was extremely low.

SECOND TRIMESTER
TERMINATION TECHNIQUES

The various methods of midtrimester pregnancy termina-
tion can be grouped into 3 general approaches; instillation
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T A B L E

49-2
PERCENTAGE OF REPORTED LEGAL ABORTIONS, BY WEEKS OF GESTATION AND
TYPE OF PROCEDURE, 1995

Procedure

Curettage (Suction Intra-amniotic
Weeks of Gestation and Sharp) Intra-amniotic Saline Prostaglandin Hysterectomy/Hysterotomy Others

< 8 99.6 0 0 0 0.3
9–10 99.9 0 0 0 0.1

11–12 99.7 0 0.1 0 0.2
13–15 99 0.3 0.2 0 0.5
16–20 90.4 3 2.3 0 4.2
> 21 81.6 1.9 5.0 0 11.4

Total 99 0.2 0.2 0 0.6

Centers for Disease Control Surveillance Summaries Abortion surveillance, United States 1995: Morbidity and Mortality Weekly Report. US Department of
Health and Human Services, 47(ss-2):31, 1998.

techniques or medical induction, dilatation and evacuation
(D&E), and hysterotomy/hysterectomy. The instillation tech-
niques include the intra- and extra-amniotic instillation of
prostaglandin, hypertonic saline, and urea. The choice of
method depends primarily on whether an intact fetus is needed
for evaluation. If not, a D&E can be performed, provided there
are experienced operators available to provide the procedure.

DILATION AND EXTRACTION

D&E has become increasingly popular in the last 20 years
and, as shown in Table 49-2, is now more commonly used than
other methods. Between 1975 and 1985, the percentage of sec-
ond trimester abortions performed by intrauterine instillation
decreased from 57–16%.1 In earlier years it was thought that
vacuum curettage and D&E could be done only up to 12 weeks
gestation. Women presented for abortion at 13 weeks or later
were treated by hypertonic saline, amnio-infusion or abdomi-
nal surgical methods. A series of papers from the Centers for
Disease Control and Prevention (CDC) and other investigators
documented that instrumental evacuation through the cervix
is the procedure of choice for many of these second trimester
terminations.22,23 As mentioned before, a major disadvantage
of this procedure is the inability to examine an intact fetus
which may be of diagnostic importance for future reproduc-
tive counseling.

Proper surgical technique requires experience and suffi-
cient cervical dilatation. Preoperative evaluation should in-
clude ultrasound in all cases to confirm gestational age and to
assess fetal position. Some operators have recommended that
the procedure be performed with real-time ultrasound guidance
to reduce complications.

The D&E can be done with local, regional, or general
anesthesia. Local anesthesia, usually intracervical or parac-
ervical block, may be the safest approach since the patient
can report any unusual symptoms. Use of laminaria or hy-
drocele dilators is important and may be used in conjunc-
tion with prostaglandin cervical gel. Three or more laminaria

tents should be inserted at least 4 hours before the proce-
dure; some physicians customarily use sequential packings of
laminaria.

After removing laminaria from the cervix, additional me-
chanical dilation may be necessary to achieve a diameter equal
to the number of weeks of gestation plus 2 mm. The pro-
cedure is initiated by rupturing the amniotic sac. As fluid is
released, the uterus contracts and brings the products of con-
ception down closer to the cervical os. Most operators use
special ovum forceps to remove the fetal tissues. For gesta-
tions up to 15 weeks, suction curettage, with a large diameter
suction cannula, only can be used. Most operators use oxytocin
during the operation to decrease bleeding and lessen the risk
of uterine perforation. The use of prophylactic antibiotics is
variable.

Before 16 weeks gestation, surgical termination is believed
to be safer than instillation techniques. There is no observable
difference in maternal mortality after 16 weeks with either of
the 2 methods, but a lower risk of complication is associated
with D&Es than compared with instillation procedures.1 Al-
though the upper gestational age limit for D&E abortions may
be as high as 24 weeks, the majority of these operations take
place earlier in the second trimester.24

INSTILLATION TECHNIQUES

All instillation techniques have similar requirements—
complete history, physical examination, hematocrit and
ultrasonography—that should be done before the injection of
a specific agent. These processes can detect systemic disease
that can increase complications and may require special man-
agement.

The intra-amniotic injection regimens include: intra-
amniotic prostaglandins, hypertonic saline and hyperosmolar
urea. Amnio-infusion methods are most frequently successful
when done after 15 weeks gestation. Care should always be
taken to avoid intravenous, intraperitoneal, or intramyometrial
injection of abortifacient.
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540 SECTION V � Management of Problems

HYPERTONIC SALINE

Usually 200 mL of 20% NaCl solution is slowly injected into
the intra-amniotic cavity transabdominally after 100–200 mL
of amniotic fluid has been removed. Hypertonic saline will
reliably cause midtrimester abortion in most cases although
the injection to the abortion interval is somewhat long (16–
42 hours with a mean of 19). Frequently an oxytocin infusion
is added to augment labor. The use of oxytocin or laminaria
reduces the duration of the abortion. Fetal demise usually oc-
curs within a few hours of instillation. A repeat injection can
be used in those cases that have not responded within 24 hours.
The failure rate at 48 hours is 1–3%.25−27

HYPEROSMOLAR UREA

This technique includes the removal of 200 mL of amni-
otic fluid and injection of 80 grams of urea in 135 mL of
5% dextrose in water (i.e., 60% solution). Adjunctive agents
such as laminaria tents, oxytocics, and prostaglandins are
used because of prolonged injection to expulsion time (36–
48 hours). Hyperosmolar urea is extremely fetotoxic result-
ing in a fetal demise.25,26 The routine postinjection protocol
includes frequent monitoring of vital signs, careful record-
ing of fluid balance, and ascertainment of bleeding, labor, and
abortion.28

PROSTAGLANDINS

Intra-amniotic prostaglandins have been used with increasing
frequency and considerable success. Prostaglandin prepara-
tions can reliably produce uterine contractions at any stage of
pregnancy. When prostaglandins are used intra-amniotically,
one must take great care to avoid inadvertent myometrial
or intravascular injection. A small intra-amniotic test dose
should be administered. Efficacy rates using PGF2a range from
54–72% at 24 hours after the start of treatment. The use of PG
analogs has significantly increased the percentage of complete
abortions at 24 and 48 hours (Table 49-3). Until recently, a
dose of 40 mg of PGF2a was used in terminations occurring in
the United States. This preparation is no longer available, but
an equivalent dosage of 2–2.5 mg of 15 methyl PGF2a may be
used.

T A B L E

49-3
INTRA-AMNIOTIC INSTILLATION OF PROSTAGLANDIN
ANALOGS: DOSE, EFFICACY, AND INSTILLATION
ABORTION TIME (IAT)

Dose Efficacy Mean IAT(h)

15 methyl PGE2 100 mg repeated 24 h 90% in 24 h 16.5
100% in 46 h

15 methyl PGF2a 2.5 mg (single) 95% in 48 h 18–20
Sulprostone (PGE2

derivative)
1–4 mg (single) 90–96% 5–17

Amy JJ. Intra-amniotic prostaglandins for mid-trimester abortion. In: Toppozada M, Bydgeman M, Hafez
ESE, eds. Prostaglandins and Fertility Regulation. Lancaster, Boston, MTP Press Ltd. 1984:107–118.

Using a combined method of single dose of intra-amniotic
PGF2a and PGE2 intracervical gel markedly improves the
abortifacient effects. Using this approach, the initiation to abor-
tion time was 17 hours (range 12–19 hours), with a 48-hour
failure rate of 14–18%.26,29−31

Prostaglandin administration is associated with a high rate
(50%) of gastrointestinal side effects. The side effects us-
ing only intra-amniotic PG are somewhat lower. The use of
prostaglandins in combination with urea shortens the instil-
lation to abortion time, and produces a fetotoxic effect and
decreases gastrointestinal side effects.28 The use of PG alone
may result in the expulsion of a live fetus. PG use is superior
to hypertonic saline with regard to the number of complica-
tions and length of hospital stay. Intra-amniotic prostaglandin
F2a instillation can be safely used for termination of preg-
nancy, even at advanced gestational ages. The induction-to-
abortion interval is inversely correlated with the gestational age
at the time of the procedure and is the main factor influencing
complications.32

Our current protocol at the University of California, San
Francisco, utilizes the intra-amniotic injection of 2 mg of
15 methyl PGF2a and laminaria insertion. Approximately
6 hours later an oxytocin infusion is started with 50 U of
oxytocin in 1 L of D5 1/2 NS at 100 cc per hour. Ten units
of oxytocin is added to the IV bag per hour until delivery.
If a second liter of fluid is needed, 250 U of oxytocin are
added. The mean injection to abortion interval is approximately
16 hours with this approach.

Recently, intravaginal misoprostol has been shown to be
effective in second trimester pregnancy termination. In a
study comparing misoprostol with gemprost, patients received
200 µg of misoprostol intravaginally every 6 hours for
4 doses.33 This was repeated if the patient was undelivered
by 24 hours. The median time from drug delivery to abor-
tion was 16.9 hours with 74.9% of women delivering within
24 hours. The incidence of side effects was significantly re-
duced with misoprostol as compared with gemprost.

EXTRA-AMNIOTIC PROSTAGLANDINS

The extra-amniotic technique of PG administration for induc-
tion of abortion was first introduced in the early 1970s. Since

then the method has gained increas-
ing popularity as a reliable method of
second trimester termination. Through
the years different protocols have been
used.34

Instillation of prostaglandins into
the extra-amniotic space produces ad-
equate myometrial stimulation while
maintaining low plasma levels of the
drug. Extra-amniotic administration of
PGE2 or PGF2a can be accomplished
with total doses one tenth fewer
than those required by the intravenous
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CHAPTER 49 � Termination of Pregnancy 541

T A B L E

49-4
EXTRAAMNIOTIC INSTILLATION OF
PROSTAGLANDINS: INDUCTION
ABORTION TIME (IAT) AND SUCCESS
RATE (36H)

IAT (h) Success Rate (%)

PGF2a 22.4 85–96
PGE 19.3 93
15 methyl PGF2a 14.1 80–82

Bydgeman MA. Prostaglandin Procedures in Second Trimester Abortion.
Boston, John Wright PSG Inc, 1981:89–106.

route and, as a result, with markedly reduced systemic side
effects.34−36

Both PGE2 and PGF2a have been used in a variety of
different dosage regimens including intermittent injection of
PGF2a gel, a continuous rate infusion pump and a single extra-
ovular injection of 15-methyl PGF2a.37 Most operators use a
Foley catheter or a specially designed double balloon catheter
that is placed in the extra-ovular space.35,36

The success rate after 24 hours is 72–96%, with an in-
duction to abortion time of 12.9–22.4 hours (Table 49-4). A
relatively low incidence of side effects has been reported, in
particular gastrointestinal.36 Continuous instillation of extra-
ovular PGF2a has been reported for pregnancy termination
with a high success rate and no complications in patients who
have had previous cesarean sections.35 Extra-amniotic admin-
istration of PG has the following advantages: a low total dose of
PG, which results in a lowered incidence of side effects, and the
need for less operator skill than the intra-amniotic methods.38

Pretreatment with a single dose of 200 mg of the antipro-
gestogen mifepristone, given 24 hours before starting an extra-
amniotic prostaglandin E2 infusion, has been shown to shorten
significantly the interval between prostaglandin administra-
tion and expulsion of the fetus.39 The amount of prostaglandin
E2 needed was also reduced. Most likely, the observed ef-
fects were due to an increased sensitivity of the mifepristone
primed myometrium to prostaglandins and antiprogestogen-
induced ripening of the cervix. It seems pretreatment with
mifepristone will become an established practice in second
trimester pregnancy terminations as the drug becomes more
available.

COMPLICATIONS

The risks associated with late abortions are 3–4 times higher
than those associated with abortions performed in early
pregnancy.8,40 Second trimester abortions are responsible for
67% of all complications and for 57% of abortion mortality,
even though second trimester abortions account for only 12.4%
of all legal abortions in the United States.41 Fortunately, the
case fatality rate has been reduced by a factor of 10, from 4
in 100,000 in 1972 to 0.4 in 100,000 in 1987. Complication
rates are lowest for abortion by suction curettage followed in
ascending order by classical D&C, saline instillation, hyster-
otomy, and hysterectomy.8 Complication rates in the sec-

T A B L E

49-5
MAJOR COMPLICATION RATES
(PERCENTAGE): JOINT PROGRAM FOR
STUDY OF ABORTION (JPSA) 1970−1978

Suction curettage < 6 weeks 0.2–0.6
7–8 weeks 0.2–0.3
9–10 weeks 0.3–0.4
11–12 weeks 0.4–0.5

Saline instillation 13–16 weeks 1.6–1.8
> 17 weeks 1.7–2.8

Prostaglandin 13–16 weeks 2.7–3.0
instillation > 17 weeks 2.2–2.8

D&E 13–16 weeks 0.6–0.8
> 17 weeks 0.7–0.9

Tietze C. Fertility Regulation and the Public Health—Selected Papers of
Christopher Tietze. Tietze SL, Lincoln R, eds. New York, Berlin, Springer-
Verlag. 1987:227–267.

ond trimester increase with the age of the woman and par-
ity, while for the first trimester there is no association with
parity and a slight downward trend with the age of the
woman.8

The urea-prostaglandin procedure results in a significantly
higher rate of serious complications than D&E (1.09 vs. 0.49
per 100 abortions).4 Saline instillation has a significantly
higher risk of serious complication than urea-prostaglandin.4

Major and minor complications are summarized in Table 49-5.

UTERINE PERFORATION

Uterine perforation is a major, but rare (3 in 1000) compli-
cation of D&E.42 Perforations in the second trimester proce-
dure are usually more severe than those in the first trimester
and may be associated with extensive blood loss and injury
to other abdominal structures. Perforations are extremely rare
with the current instillation techniques. Sudden pain, increased
bleeding or extraction of maternal tissue are indications of
perforation.

Data suggest that a prior cesarean section is a risk factor
for uterine rupture and blood transfusion in women having a
midtrimester pregnancy termination. Chapman et al. found a
significantly increased risk of uterine rupture (3.8% vs. 0.2%)
and an increased need for blood transfusion (11.4% vs. 5.3%)
in women who had a prior cesarean section.43

INFECTION

The risk of infection and fever following D&E is small (1%).
For instillation procedures the infection rate is 3–8% and is
increased with the prolongation of the instillation to abortion
interval.42

RETAINED PRODUCTS OF CONCEPTION

Retained products of conception are less common with D&E
than with medically induced abortions. Retained placental
products, postabortion fever, bleeding, and pelvic infection are
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all managed by re-exploring and emptying the uterine cavity.
Oxytocin and ergot products may be helpful.

BLEEDING

The loss frequency of more than 500 ml of blood is 5–10%
following instillation procedures with an increasing incidence
as pregnancy progresses. Coagulopathy is associated with all
forms of pregnancy termination with an incidence of 191 in
100,000 for D&E and 658 in 100,000 for saline procedures.44

Cervical lacerations are rare (1%) secondary to D&E but may
result in severe hemorrhage. With intra-amniotic techniques
lacerations are more frequent (3%) although laminaria use has
lowered the frequency to about 1%.26

HYPERTONIC SALINE

Sudden death from hypernatremia and necrosis of the uter-
ine wall have been reported at 1 in 14,000. The sudden onset
of tachycardia, hypotension, headache, or salty taste warns
the operator of probable intravascular absorption of hyper-
tonic saline, which can lead to cardiovascular collapse, cere-
bral edema, convulsion and death. Infusion should be stopped
immediately and water/dextrose given via IV. Another uncom-
mon but serious complication of this method is disseminated
intravascular coagulation (DIC).

Rh ISO-IMMUNIZATION

One of the relatively serious potential outcomes of pregnancy
termination is Rh-Iso-immunization. The incidence of Rh-
sensitization in early abortions is less than that at term, but
it is still significant.45,46 In first trimester terminations fetal
blood may enter the maternal circulation. The estimate of the
frequency of this event in the first trimester is 7.2%.47 Over-
all, it has been estimated that approximately 4% of susceptible
women would become sensitized from early abortion if they
were not given immunoprophylaxis. The likelihood of sensiti-
zation may increase with instrumentation in the uterine cavity.
First trimester patients should receive 50 µg of Rh immune
globulin.

The second trimester abortion incidence of Rh-
sensitization, in absence of prophylaxis, is approximately the
same as in term deliveries. Rh-negative women undergoing
midtrimester termination should get 300 mg of Rh immune
globulin unless the fetus can be shown to be Rh-negative
or if the spouse is Rh-negative. A high frequency of fetal
blood entering the maternal circulation during first and sec-
ond trimester abortion (58% and 96%, respectively) has been
demonstrated by measurement of an alpha-fetoprotein rise in
maternal blood.48

MORTALITY

Since the CDC’s surveillance of abortion mortality began in
1972, 93% fewer deaths have occurred. The case fatality rate
in 1985 was 0.5 deaths per 100,000 legally induced abortions,
which was down from the 0.8 per 100,000 reported in 1982
through 1984, and a 75% drop in number of deaths from 1972
(case fatality rate of 4.1).1

SUBSEQUENT PREGNANCIES

Many women undergoing termination of pregnancy are not at
the end of their reproductive years. For women desiring further
children after their abortion the question of subsequent fertility
and pregnancy complications is a crucial one.

Among the problems that can jeopardize future pregnan-
cies and term deliveries, the most critical ones are postabortion
infertility, ectopic pregnancies, cervical incompetence leading
to spontaneous abortions, premature deliveries, and low birth-
weight babies.

SECONDARY INFERTILITY

Early reports of postabortion infertility raised the question of
the potential harmful effects of abortion on fertility. Currently,
most studies show that there is no increased risk of secondary
infertility following induced abortion. Some have even shown
that the interpregnancy interval is shorter. Prospective and case
control studies show that, while secondary infertility may be
a rare complication of a complicated termination, the overall
risk is not significantly elevated.8,49

ECTOPIC PREGNANCY

Several investigators have examined the relationship between
prior induced abortion and ectopic pregnancy. Studies com-
pleted outside the United States have shown variable results.
The relative risk of ectopic pregnancy in women who had prior
induced abortion is 1.3–3 in different studies.50 In studies car-
ried on within the United States the relative risk was 1.0–2.4.
Women whose first pregnancy is terminated by vacuum aspira-
tion are at no increased risk of subsequent ectopic pregnancy,
while women who had more than 1 induced abortion or have
postoperative pelvic inflammatory disease are at higher risk
for ectopic pregnancy.8,51−53

ABORTIONS

Women whose first pregnancy is terminated by vacuum as-
piration are at no increased risk of subsequent midtrimester
spontaneous abortion when compared with women who are
pregnant for the first time; the relative risk is 0.56–1.2. The
type of abortion is related to the risk of subsequent midtrimester
spontaneous abortion. Women terminating by D&C in the first
trimester have an elevated risk factor (2.7–3.7) for second
trimester spontaneous abortion. This may be consistent with
possible increased risk for cervical incompetence secondary
to the D&C procedure, and is probably related to the extent of
cervical dilatation.8,49

PRETERM DELIVERY AND
LOW BIRTHWEIGHT

Studies conducted in Britain, Hungary, and Israel have shown
decreased mean birthweight among women who had had pre-
vious induced abortions, while studies in the United States,
Yugoslavia, and Taiwan have not confirmed this finding. The
World Health Organization task force on pregnancy following
induced abortion observed an increased risk of low birthweight
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and preterm delivery following vaginal termination of preg-
nancy by D&C.54 The Royal College of Obstetricians and
Gynecologists joint study supports the finding of other in-
vestigators that induced abortion has no significant effect
on the overall maternal complication rate of childbearing
or on the rate of congenital abnormality or neonatal death
in offspring in subsequent pregnancy. There was no differ-
ence in the rate of stillbirth, low birthweight, and shortened
gestation.8,55

The impact of multiple abortions and longterm effects on
fertility of midtrimester abortions have not been adequately
studied. Studies to date suggest that instillation procedures
carry little, if any, excess risk. Dilatation and evacuation tech-
nique may have elevated risk depending on the method and
extent of cervical dilatation.49

SELECTIVE SECOND TRIMESTER
TERMINATION OF THE ANOMALOUS
FETUS IN MULTIPLE GESTATIONS

Three options are available to couples in cases for which a
chromosomal, metabolic or morphological abnormality is de-
tected in 1 fetus of a multiple gestation. The first option is
to continue the pregnancy for the sake of the healthy fetuses
and accept the possibility that an affected sibling will also
be born. A second is to perform a selective termination of
the affected fetus. The third option is the termination of both
fetuses.

Many ethical, moral, and social problems are associated
with the choice of a selective termination. The overall expe-
rience with this procedure in the second trimester is limited.
Selective termination of pregnancy raises many questions con-
cerning attendant risks and problems. Immediate problems in-
clude selection of the wrong fetus, technical failure, premature
rupture of the membranes, infection and abortion, and damage
to or death of the normal fetuses. There is also the risk of DIC
from thromboplastin released after the dead fetus, which can
affect the normal fetuses and the mother. A later risk is preterm
labor and delivery.

COUNSELING

The couple should be counseled about potential risks that could
directly or indirectly result from the procedure including loss
of the whole pregnancy, chorioamnionitis, premature delivery,
permanent damage to the surviving fetus, and termination of
the wrong fetus.

IDENTIFICATION OF THE AFFECTED FETUS

Before beginning the procedure it is critical that the abnormal
fetus be correctly identified. A careful and detailed sonographic
evaluation should be carried out. If a sonographic marker such
as nonidentical sex, anatomical abnormality, or significant size
difference is present, then the identification is easy. In the ab-
sence of such a marker, information from the previous amnio-

centesis is used; therefore, it is extremely important to make
accurate descriptions and drawings when performing an am-
niocentesis in a multiple gestation pregnancy. Unless there is a
clear identification, a fetal blood sampling for rapid diagnosis
should be done to re-identify the affected fetus.

TECHNIQUES

Over the past 10 years different methods for selective ter-
minations have been used. These techniques include cardiac
puncture with exsanguination, hysterotomy, and removal of
the affected fetus, air embolization to the cardiac area and
through the umbilical vessels, cardiac tamponade with saline
and, finally, injection of calcium gluconate, formaldehyde, and
potassium chloride (KCI). Usually the procedure is done using
a 20- to 23-gauge needle that is guided into the fetal heart with
ultrasound.56−62

Currently, the most widely used technique is intracardiac
injection of KCI. The other methods are less efficient and have
many technical problems. Air embolization has a risk of in-
fection, and on the ultrasound the air shadows the fetal heart
making confirmation of asystole difficult. Cardiac puncture and
exsanguination is unreliable in achieving asystole and may re-
sult in bradycardia, which can later recover.

INTRACARDIAC INJECTION OF
POTASSIUM CHLORIDE

In this procedure, 5–15 mEq of KCI is injected into the fetal
heart. This is the most effective procedure with the lowest com-
plication and failure rate. In most cases, cardiac arrest occurs
almost immediately after injection.56−62

MONOCHORIONIC GESTATION

An attempt to determine whether the pregnancy is dichorionic
or monochorionic is of critical importance. In many mono-
chorionic pregnancies a significant circulatory exchange takes
place through placental anastomoses. Termination of an af-
fected fetus in a monochorionic pregnancy using toxic agents
or air is likely to end in the spontaneous demise of the nor-
mal fetus. This is due to shared circulation with the dead fe-
tus being a low resistance pool for the blood of the living 1;
thus causing exsanguination.56−58 Interruption of the circula-
tion of the affected fetus is necessary. In the past this was per-
formed by hysterotomy and ligation of the umbilical cord and
removal of the affected fetus. More recent studies have demon-
strated the success of endoscopic cord ligation of the affected
fetus.63,64

If there is a question of zygosity, DNA polymorphisms can
be evaluated to determine zygosity. These can be performed
on any fetal nucleated cell such as amniocytes or lymphocytes.

PREMATURE LABOR

Premature labor and delivery is a major complication in sec-
ond trimester selective terminations. Decreasing the procedure
time of intrauterine manipulations and performance of the pro-
cedure as early in gestation as possible may lower the prema-
ture labor rate.
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INTRAVASCULAR
CONSUMPTIVE COAGULOPATHY

This complication is known in singleton pregnancies and has
been reported in cases of intrauterine fetal death of 1 fetus
in twin and triplet pregnancies.65,66 D&C related lesions in a
living twin of monochorionic pregnancies were reported after
spontaneous death of a co-twin.67 There have been no reported
cases of this complication related to selective termination of
pregnancy and the risk is probably low.

OUTCOME

Data from a large multicenter collaborative reports suggest that
selective termination of a dichorionic abnormal twin is effec-
tive and safe.68,69 Outcome statistics showed that 83.8% of
deliveries occurred after 33 weeks with only 4.3% occurring
at 25–28 weeks of gestation. The overall loss rate was 12.6%.
Gestational age at the time of the procedure was found to cor-
relate positively with loss rate and inversely with gestational
age at delivery. This emphasizes the need for early diagnosis.

DIAGNOSTIC EVALUATION OF
THE ABORTED FETUS

Contrary to general perceptions, loss of an embryo or fetus
carries for the parents a feeling of grief and loss as if a liv-
ing child had died. Prevention of recurrence is uppermost in
their minds. Genetic counselors, obstetricians, and perinatol-
ogists sometimes are unable to answer parents’ questions as
to probable cause of death, recurrence risk and potential for
prenatal diagnosis in the next pregnancy because of the lack of
anatomical, pathological, and other data on the fetus.70

The importance of a thorough study of the aborted fetus
has been reinforced by the growth in the ability to prenatally
diagnose birth defects and genetic disorders as well as the
development of antenatal therapies for some of them. The in-
formation obtained from autopsy and other studies done on
the fetus also serves to confirm the accuracy of ultrasound
diagnosis, amniocentesis, CVS, and the efficacy of antenatal
therapy.71 This information is invaluable to the families as well
as to the clinicians.

Available tools, such as cytogenetical, enzymological,
and molecular methods of diagnosis and imaging techniques,
should be used in the investigation of the aborted fetus and
products of conception.

ROLE OF THE CLINICIAN

It is important to give the pathologist performing the autopsy
all the clinical information available before commencing the
postmortem examination. Such clinical information should in-
clude data on prenatal age, health, race, family history, prior ob-
stetric history, and history of present pregnancy including last
menstrual period (LMP), expected date of confinement (EDC),
date of termination, and method of collection. Other important
information should include diagnosis considered before the
termination and whether proved or not as well as desirable
studies (e.g., blood or tissue cultures for chromosomes, mi-

croorganisms, serologic, or enzymologic studies). It is advis-
able to discuss the case with the pathologist. This preliminary
discussion can help the pathologist define the most important
areas of study and plan the investigation. The refusal of consent
for necropsy does not preclude performance of certain diag-
nostic tests. Physical examination, weight and measurement,
whole body photographs, x-rays, ultrasound, blood and tissue
(e.g., skin and liver needle biopsy) specimens for cell culture
and other studies may still be performed.72

ROLE OF THE PATHOLOGIST

The primary role of the pathologist is to supplement the ob-
servation of the clinician by carrying out external examina-
tion, measurements, dissection, and histological examination
as well as any additional studies that are indicated.

SAMPLES

Tests that require fresh tissue or body fluids include muscle
biopsies, metabolic and toxicologic studies, chromosome anal-
yses, electron microscopic studies, and microbiologic cultures.
All specimens should be taken prior to subjecting the fetus to
formalin fixation.

Several types of tissue can be used for chromosome stud-
ies. Lymphocytes from blood are preferred and can be cultured
if obtained within 12 hours of fetal death. If fetal blood is not
available, samples of skin, diaphragm or kidney can be taken by
sterile technique, placed in separate containers of sterile phys-
iological saline and transported at room temperature. Sending
several tissue-type samples will maximize the chance of ob-
taining results. If more than 12 hours have elapsed since fetal
death, tissue should still be sent, although the likelihood of
being able to culture the tissue for karyotype analysis is signif-
icantly reduced. Samples should be sent as quickly as possible
to the laboratory.

A variety of other tissue samples may be needed depending
on what diagnoses are being considered. Samples for metabolic
studies include serum and urine which should be refrigerated.
Liver and skin should be obtained and immediately frozen,
preferable at –70˚C. These samples can be analyzed for or-
ganic and amnio acids, mucopolysaccharidoses and enzymatic
assays. Fresh tissue for DNA extraction and analysis should be
frozen. A good source can be the placenta. Tissue for electron
microscopic studies should be obtained rapidly and placed in
cold fixative (i.e., glutaraldehyde).

Consultation with the laboratory that performs the test can
be of great help in deciding what tissues are needed and how
they should be stored. Labeling is mandatory for proper pro-
cessing. It is generally easier to obtain enough samples of all
kinds and later discard the unnecessary ones than to try to
recover them later.

PHYSICAL EXAMINATION

A careful assessment should be done of prenatal growth, matu-
ration and development. Weight and measurements (i.e., crown
rump, total body and head circumference) should be recorded.
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Other characteristics that should be described include hair tex-
ture, color and pattern; fontanels and sutures; shape of the skull;
ear formation, shape and position; eye position, shape, and
measurements; nose shape; mouth anomaly, lips, and palate;
general shape of neck, chest, abdomen, genitalia and extrem-
ities. The participation of a dysmorphologist at this stage can
be of great advantage.

The external features should be photographed. This is par-
ticularly important for dysostoses, skeletal dysplasias, and in
cases of multiple congenital anomaly syndromes.73

The examination of the fetus and pregnancy products after
termination of the pregnancy, the performance of a necropsy,
and obtaining the necessary samples for confirmation of the
diagnosis should be an integral part of the management of the
aborted fetus.

PSYCHOLOGICAL ASPECTS OF
PREGNANCY TERMINATION

With the increasing incidence of prenatal diagnosis, greater
numbers of women will be requesting termination of other-
wise much wanted pregnancies. The psychological difference
between elective and medically indicated abortion is extreme.
While women going through elective abortion will primarily
feel relieved, when a genetic abnormality or major malforma-
tion is the cause for abortion, a grief response by both parents
is to be expected.

Women who have a wanted pregnancy and have established
some sort of psychic relationship to the fetus are at a higher
risk and may require prolonged psychiatric treatment or even
hospitalization within the 12 months following termination.
The grief reaction following abortion of a malformed, but oth-
erwise desired fetus, can be similar to the death of a living
child. Questions such as “What was the baby like?” “Did he
have a chance?” “Will it happen again?” are often asked.

Reaction to abortion may vary depending on the age of the
patient, her religious background, gestational age, degree of
social support and other factors such as premorbid psychiatric
status. Second trimester abortions generally produce more dif-
ficulty. At later stages of pregnancy women are more likely to
have felt fetal movements and to have a greater psychological
investment in the pregnancy.

Depending on the specific procedure selected, the pro-
cedure itself is emotionally stressful. Women who undergo
midtrimester instillation-abortion techniques face a long stress-
ful labor and delivery, side effects of medication and sometimes
complications that may potentiate reactions such as anger and
depression. Many couples, however, having realized the de-
structive nature of a D&E will request an instillation proce-
dure. The procedure for the patient is relatively quick, painless
and less stressful using the D&E method, but the operator must
deal with the stressful situation of removing fetal parts.

Long-term psychological stress in women whose preg-
nancy is terminated following ultrasonographic detection of
fetal anomalies does not differ from the stress response seen
in women experiencing a perinatal loss.74 A possible adverse
effect on the psychological response of women having to
decide themselves about the continuation of pregnancy was not
found. Women undergoing pregnancy termination following
ultrasonographic detection of fetal anomalies are more likely
to try to become pregnant again in the year following the loss
than women having a late spontaneous abortion or perinatal
death.

There is a positive correlation between the premorbid psy-
chological status and the amount of postabortion psychiatric
difficulty. Postabortal psychoses occur in women who have
pre-abortal emotional disturbances. Preoperative evaluation
should include a discussion of how the decision to terminate
the pregnancy was made, and the patients’ feelings about the
decision. Abortion patients require counseling and emotional
support before, during and after their procedure. Psychiatric
evaluation should be requested if the patient exhibits signs and
symptoms of psychiatric illness, has a history of postpartum
psychosis or exhibits ambivalence over the decision.75

Management of grief, following a loss, involves facilitat-
ing the normal processes that occur rather than attempting to
isolate or protect a family from the consequences of the loss.
Perhaps the most important task for the parents is to recog-
nize both the reality of the fetus’s existence and of its death.
Some investigators recommend encouraging the parents to see
the fetus, if the parents need to make the death a reality. While
hospital staff are often reluctant to show a macerated or grossly
abnormal baby to the family, parents tend to focus on the baby’s
normal features. Often, the parents’ conception of the abnor-
mality are much worse than reality. Studies show that 90% of
parents choose to see the fetus.

A grief response of the father has been less well docu-
mented but should be considered. He should be seen during
the hospitalization of the mother and asked to return during
followup visits with his partner.76

There are many different recommendations for the number
and timing of followup appointments. In addition to increasing
the level and understanding of information, followup visits
have been shown to increase satisfaction with medical care.
Facilitation of the grieving process during the initial 6 weeks
after the procedure should decrease the incidence of longterm
depression.77

After perinatal loss, a waiting period of from 6–12 months
is usually advised before attempting another pregnancy. There
is an emotional drive to become pregnant again as soon as
possible, but this can put the parents and the new child at in-
creased psychological risk. Inappropriate grief, morbid grief
reactions and psychiatric problems occur with increased fre-
quency in couples who attempt pregnancy at an early interval.
Self-help groups in which parents can receive help and sup-
port from couples with similar experiences are highly recomm-
ended.
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It should be remembered that feelings of sadness, depres-
sion and guilt are common and that a period of mourning after
abortion is considered normal. In most cases, grieving is re-
solved without complications, but some will have abnormal
grief reactions. It is the goal of the health providers to facili-
tate this painful process.78
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THE FETAL AUTOPSY

Faisal Qureshi / Suzanne M. Jacques

INTRODUCTION

Interest in perinatal and fetal autopsies has grown in recent
years, as the number of deaths in the perinatal period has de-
clined and as the size of families has decreased. More stress is
placed on smaller families and, in the event of poor pregnancy
outcome, the desire of the parents to have an explanation for the
loss has grown. The parents want to know not only the reason
for their loss, but how it will affect any future pregnancy and
if it can possibly be prevented from happening again. In cases
where prenatal examination has demonstrated fetal anomalies,
it is important to confirm these findings, obtain tissue or other
material for special studies, as indicated, or look for additional
abnormalities. The perinatal or fetal autopsy (fetopsy) is an im-
portant adjunct to the prenatal examination and is considered a
standard for determining the cause of perinatal loss and in the
confirmation and further delineation of perinatal diagnoses.1

This chapter is not meant to provide details on how to perform
a complete and thorough fetopsy or to describe the pathol-
ogy of various disorders, since there are excellent textbooks
on these subjects.2,3,4 However, it is meant to provide a sense
of the usefulness of the fetopsy, to outline basic guidelines on
how to perform the fetopsy, and utilize tissue preserved dur-
ing autopsy for diagnosis and research. The importance of a
pathologist interested in fetal and perinatal pathology is also
discussed.

Fetal and perinatal pathology is largely concerned with the
pathogenesis of reproductive loss and malformations. Much of
fetal and perinatal pathology involves either a fetopsy or ex-
amination of specimens obtained at dilatation and evacuation
(D&E). The information sought in a fetopsy is different from
that in an adult autopsy. This information is not only useful in
documenting disease, but also requires consideration of dis-
orders unique to the maternal-fetal-placental unit, assessment
of anatomical maturity of the fetus and its individual organs,
assessment of the type of malformations and syndromes, as-
sessment of possible recurrences in future pregnancies, and
recognition of unsuspected complications of medical care. As
Rushton5 has noted “the perinatal autopsy is unique in that
the results may affect not only future reproductive behavior of
the parents and their close relatives, but may influence subse-
quent generations in whom genetically determined disorders
are identified. It is sometimes forgotten that it is equally impor-
tant to exclude as to confirm diagnoses in perinatal deaths, and
the recording of negative findings is of paramount importance.”
Macpherson6 has also affirmed that it is important to recognize
the value of the so-called “negative” findings, since at a mini-
mum they indicate the absence of identifiable recurrence risks.
The fetopsy is important to clinicians who must develop a strat-
egy for the management of future pregnancies in the family, but
can also benefit other families in similar situations. It can also
be used as an important tool in medical education and the data

obtained is important for registries and databases. These roles
of a fetopsy are best fulfilled when performed by a pathologist
interested and knowledgeable in perinatal and developmental
pathology.7 For an adequate fetopsy, good clinical information,
external examination, good dissection, adequate sampling of
tissues, special studies (including radiology and photography),
and placental examination are vital.

It also appears that the rate of the fetal autopsy has not
dropped as has the rate of the adult autopsy; this is partly the
result of increased utilization of new diagnostic techniques
during pregnancy and partly the result of increased desire of
the parents to know about future pregnancies. However, even
so, the perinatal and fetopsy rates remain low, suggesting the
ambivalence of clinicians about the value of the autopsy.8 This
is partly because it is assumed that new methodologies allow a
better identification and understanding of the disease process,
and partly because of poorly performed or untimely reporting
of autopsies.

The ultrasound examination has become a tool to provide
an in utero “physical examination.”9 However, despite the ad-
vances made in prenatal fetal testing and ultrasound diagnosis,
the perinatal autopsy remains the standard for determining the
cause of perinatal loss and in the confirmation and further delin-
eation of perinatal diagnoses.1,10 This is partly because, despite
the sophistication of the ultrasound, only major anomalies are
diagnosed, with most of the minor abnormalities—facial, ex-
tremity, and the like—not being suspected clinically.11 These
minor abnormalities, although not significant enough to cause
fetal problems, serve as markers for the major anomalies and
may be useful in changing the diagnosis and lead to a proper
diagnosis.11 It should also be noted that prenatal diagnostic
techniques do not provide the proper diagnosis in a signifi-
cant percentage of the cases.1,9,10,12 The autopsy confirmed
the clinical diagnosis in 52 (55.3%) of 94 conclusive perinatal
autopsies examined by Saller et al.,1 while in the remaining
42 (44.7%) the autopsy changed or significantly added to the
diagnosis. These investigators also noted that in 48 fetal au-
topsies, the clinical diagnosis was changed or added to in 26
(54.2%) of the cases. The major diagnoses that were changed
were anencephaly due to early amnion rupture sequence, con-
genital diaphragmatic hernia to cystic adenomatoid malforma-
tion, and premature rupture of membranes to bilateral renal
agenesis. It also appeared that congenital heart disease and
renal anomalies were among the unexpected but significant
findings identified at autopsy but not diagnosed prenatally. Sun
et al.13 found minor differences between the ultrasound diagno-
sis and fetopsy in 14.8% of cases with a central nervous system
abnormality and 23% in somatic abnormalities; major differ-
ences were noted in 6.5% of cases with central nervous sys-
tem abnormalities and 27.9% of somatic abnormalities. These
investigators concluded that the limitations of ultrasound ex-
amination necessitated a thorough perinatal autopsy after fetal
demise or abortion to confirm the prenatal diagnosis and allow
proper management and counseling. In a study comparing the
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accuracy of prenatal ultrasonography, Chescheir and
Rietnauer9 found that the ultrasound correctly identified over
80% of all abnormalities of the brain, skull, spine, neck, and
skeleton and cases of hydrops, while missing approximately
50% of abnormalities involving the extremities, heart, face, and
external genitalia, Meier et al.12 noted that among 139 perina-
tal deaths, despite careful clinical review, the autopsy was the
only means by which a cause of death could be assigned in 36
(26%) of the cases. Also in the same study, autopsy was the
only means by which information essential to follow-up was
obtained in 30 (48%) of 62 cases, in which genetic counseling
or evaluation was indicated.

IMPORTANCE OF THE
PERINATAL PATHOLOGIST

In the past the fetopsy was generally not considered demanding
of pathological skills and was performed by junior residents.
It has only been recently recognized that the performance of a
good fetopsy requires special skills and knowledge of a pathol-
ogist with interest and experience in this area of pathology;
such specialists are usually available only in specialized cen-
ters. That a pathologist interested in perinatal or fetal pathol-
ogy can better perform and document fetal and perinatal prob-
lems has been demonstrated in various studies. Wigglesworth14

notes that when an autopsy is requested, that “Too often the
response is a hurried and meaningless ritual by an uninter-
ested pathologist that leaves the clinician looking embarrassed
that he requested permission from the parents for such an un-
productive mutilation of their deceased infant.” Part of the
need for a pathologist trained in perinatal pathology stems
from the need to stay abreast of the increasing knowledge
in the fields of reproductive medicine and genetics; this re-
quires close contact with other clinical specialists with similar
interests and also necessitates an adequate exposure to case
material.5 An inadequate fetopsy may also result in failure
to document and classify lesions appropriately, leading to in-
appropriate counseling of the parents and a totally erroneous
prognosis.5

PERMISSION FOR THE AUTOPSY

It is extremely important in the current medico-legal climate to
make sure that proper permission is obtained before the start of
the autopsy, and the pathologist must have a working knowl-
edge of the laws pertaining to the performance of the autopsy.
Since laws regarding autopsies differ from state to state, an un-
derstanding of the local laws and guidelines pertaining to the
autopsy is useful. The state health authorities can usually pro-
vide information regarding the appropriate laws; information
can also be obtained from the College of American Pathologists

regarding these laws. The first thing a pathologist does before
performing the autopsy is carefully check the permission pa-
pers and adhere to any restrictions. Once the papers have been
checked, proper identification of the body is necessary prior to
starting the autopsy. In some cases the parents may only grant
permission for an autopsy limited to certain organ systems or
they may deny the autopsy for religious or personal reasons. In
such cases, these limitations should not preclude a proper and
thorough external examination; in such instances photography
and radiology provide invaluable help.15

CLINICAL INFORMATION

An essential of a good and complete perinatal autopsy is a
review of the clinical information available. Since this is a
retrospective look, it allows the perinatal pathologist to have
access to complete information about the fetus. Clinical in-
formation can not only be obtained by reviewing the physi-
cian’s case records, but can also be gleaned from the nurses’
notes, since these may provide invaluable information about
specific therapies or diagnostic procedures. Some investigators
recommend using a clinical data sheet to record useful clin-
ical information.16 Discussion about the case with the clini-
cian requesting a fetopsy can also be useful, since information
that may not be on the clinical records can be obtained this
way; this also establishes closer links between the patholo-
gist and the clinician. Information most useful in a fetopsy
includes maternal medical and obstetrical history, particularly
as it relates to previous pregnancy losses or genetically abnor-
mal fetuses. A history of previous maternal exposure to known
teratogens or social drugs such as cocaine, alcohol, smoking,
and so on is also helpful.

RADIOLOGICAL EXAMINATION

With the increasing use of high-resolution ultrasonography
there is an increasing identification of abnormalities of the
fetus. Radiography remains a simple yet informative means of
examination of stillborn fetuses.17 Its several uses include a
refinement of the autopsy technique and diagnosis. The bony
skeleton and bony abnormalities of the spine and limbs are
more often seen radiographically and with more clarity lead-
ing to enhanced genetic counseling17,18; this also saves the
grueling and laborious task of dissecting the bones.17 Radio-
graphic examination of the fetus along with a good external
examination can lead to a correct postmortem diagnosis even
in those cases where a fetopsy is not feasible. It serves as a
permanent documentation of the autopsy findings and as in-
structional material and may be of value in those cases where
a regular autopsy cannot be performed.19 It also allows for
observation of normal development and consequently a better
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FIGURE 50-1 Routine radiological examination includes an anteroposterior (left) and lateral views (right) of the body.

understanding of disease processes. Radiologic examination is
useful in assessing fetal bone age, identifying pathological cal-
cifications of soft tissues and air in the thorax or peritoneum.
It can help in determining the gestational age of the fetus and
is essential for diagnosing skeletal malformations, especially
osteochondrodysplasias.19

Griscom and Driscoll17 have suggested certain guidelines
for radiological examination of fetuses. These include: (1) all
fetuses greater than 20 weeks EGA with gross abnormalities,
(2) fetuses with a positive family or pregnancy history (ab-
normal ultrasound or chromosomal analysis) suggesting mal-
formation, and (3) fetuses where fetopsy is refused. Routine
radiologic examination consists of the anteroposterior and lat-
eral views of the body and is obtained before the autopsy is
performed. Slight angulation of the head, arms by the side, and
legs extended at the knees are best for anteroposterior view. For
the lateral film, the arms are in the front of the chest and the
knees are slightly flexed for the best view (Fig. 50–1).

Many investigators have also utilized the injection of radio-
opaque material into the blood vessels or body cavities of
the fetus to identify abnormalities.18,20,21 Talamo et al.20 uti-
lized injection of radio-opaque dye to demonstrate the vascular
anomalies in a sirenomelic fetus. Arteriography is carried out
by injecting the contrast medium into the umbilical or femoral

arteries; the contrast medium can be barium sulphate or a radio-
opaque dye. Böhm21 has shown that postmortem arteriography
is particularly useful for the demonstration and documentation
of anomalies in the pulmonary and systemic circulations; in
fact it may provide more useful information than a fetopsy
in such instances.21 The conditions that can be identified are
supernumerary vessels, absent, hypo- or hyperplastic arteries,
stenoses, and aortic abnormalities. Injection studies can also
be used to display vessel course and blood supply in acardiac
fetuses, sacrococcygeal teratoma, and conjoined twins. At our
institution we have also used radio-opaque dye in the urinary
bladder in cases of fetal obstructive uropathy to demonstrate the
site of the obstruction (Fig. 50–2). Other investigators have sug-
gested using magnetic resonance imaging, plain X-ray films,
and ultrasound examination in cases where the permission for
an autopsy is refused.15

PERFORMANCE OF THE FETOPSY

The performance of a good fetopsy demands attention to
detail, a knowledge of normal and abnormal development,
and variations from the normal. The fetopsy includes both
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FIGURE 50-2 Injection of radio-opaque dye into the urinary bladder
effectively demonstrates the marked narrowing of the urethra (arrow).
The obstruction was present at the meatus.

an external examination and an internal examination with
histopathological sectioning for microscopic evaluation and
clinico-pathologic correlation.

The external examination includes a thorough evaluation
of the external features of the fetus and recording of certain
weights and measurements. Both major and minor abnormal-
ities are noted and recorded on external examination, since
they are of great importance. Major structural abnormalities
have social and medical consequences and their incidence ap-
pears highest among abortions, intermediate in stillborn in-
fants, and lowest in liveborn infants.11 These include major
cardiac defects or renal defects such as absent kidney. Minor
anomalies such as frontal bossing, microtia, bifid earlobe, syn-
ophrys, epicanthal folds, microstomia, and macrostomia are
relatively frequent structural abnormalities that pose no signif-
icant health or social burdens (for a list of minor abnormalities
see ref. 11. Approximately 15% of newborn infants have 1 or
more minor anomalies; however, they are important because
their presence should prompt a search for co-existent major
anomalies. Infants free of minor defects have a low incidence
(approximately 1%) of major malformations. Infants with 1
minor defect have a 3% risk of major defects, those with 2

minor defects a risk of 10%, and those with 3 or more have a
20% risk of major defects.11

WEIGHTS AND MEASUREMENTS

The measurements most useful in a fetopsy or perinatal autopsy
include crown-rump (CR) length, crown-heel (CH) length, foot
length, and hand length. These measurements provide a useful
indicator of the gestational age of the fetus. The foot length is of
particular help in fetuses presenting with major head and spinal
malformations such as anencephaly, cranio-spinal rachischisis,
or amniotic band syndrome; it is also useful when the fetus is
macerated and autolyzed. It should be remembered that in cases
of osteochondrodysplasias (dwarfism), measurements of all
4 extremities including both distal and proximal portions
should be taken, since these give an idea if there is
mesomelic or rhizomelic dwarfism. Other measurements that
are useful and necessary include the head circumference, chest
circumference, and abdominal circumference. The head cir-
cumference, along with measurements of the anterior and
posterior fontanelles, serves as a useful guide to the degree
of hydrocephaly or microcephaly. The abdominal circumfer-
ence is increased in cases of obstructive uropathy associated
with megacystis and in cases of abdominal organomegaly. The
chest circumference may be decreased in pulmonary hypopla-
sia associated with the oligohydramnios sequence, or in cases
of short rib and thoracic dystrophy syndromes (Jeune’s as-
phyxiating thoracic dystrophy). The fetus should always be
weighed since this provides a guide to the nutritional sta-
tus of the fetus. The weights and measurements of fetuses
at different gestational ages have been published in previous
monographs.2,3,22,23

GROSS EXTERNAL EXAMINATION

After the weight and other measurements of the fetus have been
taken, a thorough external examination is performed to iden-
tify abnormalities, both major and minor. It should be stressed
here that since genetic terminations are performed in early fe-
tuses, features normally associated with the fully developed
syndromes may not be present, namely Down syndrome.24

A systematic external examination according to established
guidelines is important.

The external examination starts with examining the cranio-
facial region and proceeding caudally in a systematic man-
ner. The shape of the head is examined and may be dolicho-
cephalic (long, keel-shaped skull with prominent forehead and
occiput), brachycephalic (high, wide, and short skull due to
premature closure of coronal sutures), or asymmetric; the head
may be microcephalic, macrocephalic, or hydrocephalic. Ab-
normalities of closure of the neural tube such as anencephaly
or an encephalocele are noted. In the case of an encephalo-
cele, it should be recorded if it is anterior, posterior, or lat-
eral; lateral encephaloceles are associated with the amniotic
band syndrome. The status of the sutures, whether closed (syn-
ostosis) or overlapping is noted. Abnormalities of the eyes such
as microphthalmia, anophthalmia, cyclopia, abnormal spac-
ing (hypertelorism or hypotelorism), and epicanthal folds are
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recorded, along with abnormalities of the eyebrows, such as
synophrys. Features of the nose of genetic interest are patent
choanae, abnormal bridge, anteversion, or abnormal length.
Examination of the mouth includes size (microstomia), abnor-
mal length of the philtrum, cleft lip, hypoplastic mandible (mi-
crognathia), abnormal teeth or gums, and cleft or high-arched
palate.

In the neck the most significant finding is the presence of a
cystic hygroma. It is important to determine whether it is sep-
tated or not, since septated cystic hygromas are usually larger
and commonly progress to nonimmune hydrops.25 Abnormal-
ities of the shape of the chest including a small chest are noted.
A small chest may be seen in pulmonary hypoplasia or short
rib polydactyly syndromes. A protuberant abdomen is a sign
of an obstructive uropathy, abnormally large cystic kidneys
(if symmetric, this indicates infantile polycystic kidney dis-
ease), or other organomegaly. The size and site of abdominal
wall defects such as gastroschisis or omphalocele are noted.
Abnormalities of genital differentiation may be seen in some
syndromes and include hypospadias, epispadias, undescended
testes, abnormal labia or scrotum, and an abnormally sized
penis or clitoris. It should be determined if the anus is patent
or not and associated with a smooth perineum; this finding is
a sign of the more serious cloacal dysgenesis. Examination
of the extremities includes the recording of abnormal length,
polydactyly (postaxial or preaxial), syndactyly, reduction de-
formities, arthrogryposis, abnormal clenching or overlapping
digits, and rocker-bottom feet. Abnormal nails may be associ-
ated with certain syndromes—hypoplastic nails in trisomy 18
and in the Ellis-van Creveld syndrome (chondro-ectodermal
dysplasia). Although dermatoglyphics are of importance in
many chromosomal syndromes, it is impossible to record them
at an early gestational age. The only findings that we have
been able to identify in genetic fetopsies (gestational age of
20–22 weeks) are the simian crease or the Sydney line. Finally
the skin is examined for any lesions or subcutaneous edema.
Cutaneous lesions such as hemangiomas or pigmented lesions
should be noted, along with signs of maceration or constric-
tion bands. An important aspect of external examination is
the detection of hydrops fetalis associated with subcutaneous
edema and effusions. Once this diagnosis is made, an effort
should be made to identify the cause, whether immunologic or
nonimmunologic.26,27

INTERNAL EXAMINATION

In Situ Examination

Although the precise order and manner of dissection of the
organs is secondary to the thoroughness of the autopsy, it is
best to follow an individual routine to prevent any important
pathology being missed.16 After the initial skin incisions have
been made and the body cavities have been exposed, an in situ
examination of the organs is made to assess proper situs of the
organs, any organomegaly, and abnormalities. In the abdom-
inal and pelvic regions, the peritoneal surfaces are examined
for calcifications, possible meconium spillage, or hemorrhage.

The diaphragm is examined for hernias and the size of the
hernias recorded. Any abnormality of the mesenteric attach-
ments is noted, since this is associated with malrotation of the
intestines. The size of the liver and extension below the di-
aphragm is measured. It is also important to note if the liver
and gallbladder are in the midline, since these are part of the
heterotaxy syndromes (asplenia and polysplenia). Abnormal-
ities of the genitourinary tract such as a dilated bladder and
ureters, hydronephrosis, and cystic change of the kidneys is
recorded. In both the pleural and peritoneal cavities, the vol-
ume and type of fluid is measured. In the thoracic cavity, situs
of the heart and lungs, abnormal lobation of lungs, and pres-
ence of abdominal contents (in cases of diaphragmatic hernia)
is important. This initial in situ examination also allows the
pathologist to prepare for any special studies, if needed.

EXAMINATION OF INDIVIDUAL ORGANS

CNS

It appears that central nervous tissue is not well preserved in
most cases in which labor is induced by prostaglandins for ter-
mination of the pregnancy. The central nervous system tissue
is poorly myelinated at gestational ages when induction is per-
formed, making it impossible to assess structural abnormalities
of the brain in many of these cases. Moreover, abnormalities
such as the Arnold-Chiari malformation, a common associ-
ation of meningomyelocele, are not fully developed at this
stage, adding to the difficulty in diagnosing such conditions.
Other developmental migrational defects such as lissencephaly
or polymicrogyria are also difficult to diagnose on gross ex-
amination, since the brain normally appears lissencephalic at
20–22 weeks gestation.

The usual method of removal of fetal and neonatal brains
involves creating lateral flaps of calvarium thereby exposing
the brain. The brain is then inspected in situ for intracranial
hemorrhages and tears of the tentorium or falx cerebri. When
a Dandy-Walker anomaly is suspected, the posterior fossa is ex-
posed after removing the occipital bone. Since the cyst is liable
to be lost during removal, it is advisable to photograph the cyst
wall before removing the brain. It has been suggested that the
brain be removed by floating it under water using a “no-touch”
approach and trying to keep the leptomeninges intact. Despite
such precautions, removal of the intact fetal brain is difficult in
induced cases, necessitating other methods to examine or fix
the brain in situ. Kent et al.28 employed an unusual method for
neuropathologic examination of abortuses suspected of hav-
ing cerebral malformations involving the ventricular system.
Their method involves decapitation and freezing of the head at
−4◦C. The specimen is then serially sectioned using a band-
saw, followed by photography. However, this method of
examination causes marked artifactual changes, rendering it
unsuitable for histopathologic evaluation. Other methods that
we have used include injection of formalin directly into the
subdural region, or into the carotid arteries in the neck, at least
1–2 hours before the performance of the fetopsy. However,
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these methods also show limited success in cases where the
brain is markedly autolyzed.

In cases of neural tube defects such as anencephaly or
spinal dysraphia (meningomyeloceles), histopathological ex-
amination is of limited diagnostic use, since the defect is
grossly recognizable. However, Kronz and Hutchins29 have
proposed serial sectioning and histopathologically examining
the entire defect, and have suggested on the basis of these
studies that these defects are homologous and a consequence
of a musculoskeletal disorder or a secondary injury, rather than
failure of the neural tube to close.

Heart

The heart is examined after first removing the thymus and
pericardium. Before removing the heart from the thoracic cav-
ity, the normalcy of the heart’s position and shape, the pattern
of all venous return, and the orientation of the great vessels
is recorded. This initial examination provides useful clues to
underlying congenital heart disease. When the left anterior de-
scending branch of the left coronary artery lies toward the left
it indicates a hypoplastic left ventricle. Transposition of the
great vessels can be appreciated by observing the reversal of
the normal pulmonary trunk and aortic positions. A right sided
aortic arch and coarctation are easily appreciated. If a con-
genital cardiac anomaly is suspected on clinical grounds, the
heart is removed along with the lungs, inferior vena cava, and
a portion of the liver; this is to allow recognition of anomalous
pulmonary venous return.

After removing the heart, standard dissection techniques
are employed to optimally examine the heart.30 In complex
congenital heart disease, it is important to identify each cham-
ber as right or left according to established morphologic crite-
ria, to better define the defect. The right atrium is recognized
by the wide based appendage (dog ear), crista terminalis, and
a fossa ovalis, while the left atrium is recognized by a narrow
based appendage (bent finger) and a crenelated border. The
right ventricle shows the presence of coarse trabeculations,
poorly defined papillary muscle bundles, scattered chordae,
separation of the pulmonary and tricuspid valves by the pres-
ence of a septal band, and a pulmonary conus. The left ventricle
shows a smooth septal and endocardial surface, well-defined
papillary muscles, prominent chordae attached to the mitral
valve and mitral-aortic valve fibrous continuity.

Lungs

The lungs are weighed and inspected for normal lobation,
masses, and petechiae. The weight of the lungs is used as guide
to determine pulmonary hypoplasia, if present. To determine if
the lungs are hypoplastic, the lung to body-weight ratio is used.
Wigglesworth et al.31 have suggested that in fetuses with a ges-
tational age of 28 weeks or less, a ratio of 0.015 and in fetuses
28 weeks or more a ratio of 0.012 or less should be considered
consistent with hypoplasia; however, Page and Stocker find
that a lung to body weight ratio of 0.010 identifies pulmonary
hypoplasia in most instances.32 The masses usually identified
in the lungs are congenital cystic adenomatoid malformations

or sequestrations. In such cases angiography of the pulmonary
and bronchial arterial systems is of great diagnostic help.

Genito-Urinary Tract

The entire genito-urinary tract, from the kidneys to the urethra,
is removed in a single block. This is particularly important in
males since obstructive uropathies from any cause—posterior
urethral valves, urethral atresia, or stenosis—are more com-
mon in males. Hoagland and Hutchins33 documented a case of
“kinking” of the urethra and not urethral atresia, as a cause of
the prune-belly syndrome, and recommended that serial sec-
tioning of the intact lower urinary tract be performed. This
technique allowed histopathologic examination of the entire
urinary tract and ensured identification of short segmental le-
sions within the urethra.

Gastrointestinal Tract

The gastro-intestinal system is examined from the esophagus
to the anorecturm. Anomalies of interest in the esophagus in-
clude tracheo-esophageal fistulas, webs, and stenoses. Duo-
denal atresia and an annular pancreas may be seen in Down
syndrome. Atresias and stenoses of the small intestine suggest
a possible diagnosis of cystic fibrosis. Recognition of other
abnormalities such as Meckel diverticulum is important since
these may be syndromic. The length of the colon (short colon
syndrome) may be an indicator of maternal diabetes melli-
tus. Meconium peritonitis with calcification and matting of in-
testines may be seen in cytic fibrosis. In cases of anal atresia (a
manifestation of abnormal cloacal development) other features
associated with abnormal cloacal development, such as colon
ending in the bladder, absent urethral and vaginal openings,
should be carefully searched for.

Skeletal System

Although radiological examination is the best tool available
for examining the skeletal system, histopathological evalua-
tion of the skeletal system has been of significance in defin-
ing various osteochondrodysplasias.34 For the most appropri-
ate histopathological examination of the skeletal system, the
method of Yang et al. is recommended.34 These investigators
recommend sections of the ribs, vertebral bodies, and prox-
imal or distal femur or humerus as a minimum requirement
for adequate evaluation. Additional sections from bones with
significant radiologic changes may also be used.

Lymphatic System

The weight, location, and presence of the thymus are noted;
absence of the thymus is associated with the DiGeorge syn-
drome. Examination of the spleen involves location and num-
ber. It is located on the right in cases of situs inversus and
in heterotaxy syndromes (asplenia, polysplenia). Normally
2–3 small splenic masses (spleniculi) in association with a
normal-sized spleen may be present occasionally. Multiple
small spleniculi without a single large spleen (polysplenia)
or absence of the spleen (asplenia) are associated with se-
vere cardiac malformations. Lymph nodes are not generally
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appreciated in second trimester fetuses; however, enlarged
nodes, when present, signify an infectious process.

Microscopic Evaluation

After a thorough gross examination, tissue can be submitted
for microscopic evaluation. Appreciation of normal histology
at various stages of development is important. Usually one
section is taken from each organ and one from each side for
the paired organs. Sections from each cardiac ventricle are
appropriate, although some investigators recommend serially
sectioning the entire heart when it is small. In most early ge-
netic fetopsies, although histopathological findings of interest
can be found in any organ, the most important are frequently
the central nervous system, kidneys, and the skeletal system.
In the central nervous system, migrational defects, such as het-
erotopias and abnormalities of gyration (polymicrogyria and
lissencephaly) and changes associated with hypoxic/ischemic
damage can only be identified by microscopy. In the kidney,
differentiation of cystic disease into multicystic dysplastic, in-
fantile recessive polycystic, or “adult” type of polycystic kid-
ney disease is important, since the genetic implications are
different. On occasion we have noted calcifications in the liver
and papillary muscles of the heart. Recently, Faquin et al.35

have suggested that fetal liver calcifications may be associated
with chromosomal abnormalities and not infections. The sig-
nificance of cardiac calcifications is not known; however, it is
possible that these may represent hypoxic events. Although ra-
diological examination remains of prime importance in osteo-
chondrodysplasias, histopathological examination has helped
define many of these disorders.34 It is important to save tissue
in paraffin since this can serve as an important resource for
molecular biological studies.

EXAMINATION OF DILATATION AND
EVACUATION SPECIMENS

Elective termination of pregnancy is being performed with in-
creasing frequency for cases in which major chromosomal ab-
normalities or complex fetal anomalies are identified on prena-
tal examination. After a major fetal anomaly or chromosomal
abnormality has been identified, and the parents appropriately
counseled, the pregnancy can be terminated by prostaglandin
induction or by D&E. While prostaglandin induction allows
for delivery of an intact fetus, which can be examined in de-
tail and the prenatal diagnoses confirmed, it carries certain
disadvantages.36 It is prolonged, may be associated with la-
bor discomfort,36 and may be accompanied by vomiting or
diarrhea. D&E offers certain advantages over prostaglandin
induction which include rapidity, less pain, and in this day of
cost containment, a much shorter stay in hospital resulting in
saving hospitalization costs. Consequently, it is the most com-
mon method of termination of second trimester pregnancies.
However, there is disruption and fragmentation of fetal tissue

making gross examination of the fetus difficult. There is also a
possibility of microbial contamination of the tissues from the
vaginal flora, precluding cell culture growth.37,38 Klatt36 has
proposed a method for examining the D&E specimen; this in-
volves the separation of fetal from placental tissue and sorting
of the fetal tissue into separate regions with proper anatomic
relationship. After an initial radiologic examination, the fetal
tissue is weighed and examined in detail, region by region, to
identify abnormalities, if any. Photographs of any unusual or
characteristic features are taken for teaching and documenta-
tion. If cytogenetic or biochemical testing is to be performed,
the tissue is submitted fresh and appropriate samples taken in
a sterile fashion. Using the above method, Klatt36 identified
a major fetal abnormality in 92% of the 37 cases examined.
In 46% of cases, pathological examination provided a specific
diagnosis not previously made. However, the procedure did
not allow for identification of intracranial abnormalities such
as Dandy-Walker malformation, Arnold-Chiari malformation,
or encephalocele because of the softness of the brain. Iden-
tification of herniation and abdominal wall defects was also
difficult, since fragmentation hampered proper relationships
of body parts. This experience was not shared by Sun et al.,39

who noted that in D&E specimens pathologic examination was
confirmatory in most neural tube defects, but was of very lim-
ited value in detecting most other fetal anomalies.

THE IMPORTANCE OF
PLACENTAL EXAMINATION

Pregnancy represents a complex biologic interaction of the
fetus, placenta, and the mother, and an accurate assessment
of events during abnormal pregnancy requires knowledge of
all 3. The placenta is a fetal organ and mirrors fetal disease
and in recent times there has been an increased interest in
studying the placenta as it reflects on the health of the fetus.
With increasingly sophisticated tools being used for assessing
the health of the fetus, both clinicians and pathologists have
shown an increased awareness of the fetoplacental unit. The
placenta can also provide valuable information in genetic and
infectious diseases of the fetus. Most of the diseases of the
mother and other placental problems associated with fetal loss
later in gestation are not seen in the early conceptus and will
only be alluded to in this chapter. In this chapter we will cover
only some of the basic aspects of placental pathology as it
refers to genetic, chromosomal and infectious diseases of the
placenta; for more understanding of placental pathology, refer
to monographs in placental pathology.40,41,42

As the placenta is a fetal organ, it is essential to exam-
ine it as part of any pathologic evaluation of an abnormal
pregnancy outcome, and it has been argued that all placen-
tas should be examined.43 Much has been learned about pla-
cental morphology and pathology and it is incumbent upon
the perinatal pathologist to be familiar with the placenta, its
variations, and pathological changes caused by various fetal
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and maternal disorders. In many cases of placental examina-
tion, morphologic lesions simply confirm clinical events during
pregnancy (antepartum hemorrhage, meconium staining), and
recording them serves important quality assurance and medico-
legal issues.44 Placental examination is important in cases of
multiple gestations, not only for zygosity determination but
also for possible causes of discordant growth—i.e., determina-
tion of anastomoses in twin-to-twin transfusion. Detailed pla-
cental study is recommended in cases of invasive procedures,
such as selective termination in multiple pregnancies, fetal
surgery, or ablation of anastomoses in twin-to-twin transfusion.
Other placental lesions of interest from a clinico-pathological
and legal standpoint include abruption, retroplacental hem-
orrhage, maternal floor infarct, placental infarcts, meconium
staining, maternal disorders including hypertension, dia-
betes mellitus, autoimmune diseases, and rhesus incom-
patibility.

In fetal genetic disorders and structural abnormalities, the
placenta generally shows morphologic abnormalities that do
not appear to be very specific. Microscopically, these placen-
tas generally show large immature villi, which appear to be
hypovascular, with decrease in the number of small arteries
and arterioles;45,46 growth as measured by proliferation mark-
ers tends to be comparable to normal controls.47 These find-
ings correlate with abnormal Doppler findings on ultrasound
examination, suggesting that abnormal placental morphology
and fetoplacental blood flow may contribute to disturbed fetal
growth.45 It has been suggested that most cases of triploidy
are associated with a partial hydatidiform mole and associ-
ated with diandry (2 sets of paternal chromosomes); however,
McFadden and Pantzer48 have shown that most cases of
triploidy show digyny (2 sets of maternal chromosomes) and
that only 15% of triploid conceptions show a partial hydatid-
iform mole. Of interest is the finding of confined placental
mosaicism (CPM), where the chromosomal abnormalities are
present in the placenta and not in the fetus; these have been
shown to have a worse prognosis.49 Since it is limited to the pla-
centa, CPM is not detectable by gross, histopathologic, or cyto-
genetic studies of the fetus. The introduction of fluorescent in
situ hybridization (FISH) has made the assessment of CPM in
the fetus and placenta feasible. The most common karyotypic
abnormality in CPM involves chromosome 16, although other
chromosomes such as 2,3,7,9,12,13,15, and 18 may also be
involved.49

Other genetic abnormalities may be associated with abnor-
mal placentas; these include conditions associated with fetal
hydrops. Of these the hemoglobinopathies are generally as-
sociated with large placentas showing villous edema and in-
tracapillary hematopoesis.44 Although many of the inherited
metabolic disorders are diagnosed in utero using assays of
cultured amniotic cells, these changes are not generally appre-
ciated by light microscopy.

However, in many of these conditions vacuolation of
trophoblast epithelium and villous stromal and Hofbauer cells
in various combinations occurs;50 biochemical means aided by
electron microscopy is essential for a definitive diagnosis.51

In most structural abnormalities of the fetus, the placental
findings are generally nonspecific and not helpful in arriving
at a diagnosis. In most of these conditions, the placenta shows
nonspecific findings including villous immaturity and edema,
with atrophy of trophoblast and occasional trophoblast inclu-
sions; these findings have been described in anencephaly and
we have seen them in other fetal conditions. However, in cer-
tain conditions, placental examination provides a clue to the
diagnosis. A typical example of this is the early amnion rupture
sequence (amniotic band syndrome), which may be associated
with anencephaly, limb-body wall malformations, and limb
amputations and constrictions. The diagnosis is sometimes
confirmed only after placental examination, with the patho-
logical findings including a thickened and attenuated fetal sur-
face, vernix granulomas, chronic inflammation, and fibrosis.52

Another fetal abnormality that is associated with specific pla-
cental pathological changes is the oligohydramnios sequence
in which the classical finding of amnion nodosum is present.

Many maternal infections can also involve the placenta,
and may have severe consequences for the fetus. These in-
fections may be acquired as an ascending infection from the
cervix, through hematogenous spread, or by extension from the
endometrium. With newer diagnostic modalities, other possi-
ble routes of infection include amniocentesis, chorionic vil-
lous sampling, and fetal biopsy. While viral infections are less
common than bacterial infections, they are more often terato-
genic. The most common viral infection of the placenta is the
cytomegalovirus (CMV); other viral infections include her-
pes simplex virus (HSV), varicella zoster virus (VZV), and
rubella. The hallmarks of CMV infection are the characteris-
tic intra-nuclear inclusions and intra-cytoplasmic inclusions,
lymphoplasmacytic villitis, and necrosis of villous tissue;
however, this histopathologic picture may vary depending
on the age of the fetus.53 In cases where histopathology is
nondiagnostic, special techniques such as the polymerase chain
reaction (PCR), immunoperoxidase, and in situ hybridization
are of help.54,55 HSV gives rise to an acute and chronic villitis
if the infection is acquired from the endometrium or a necrotiz-
ing chorioamnionitis associated with plasma cells, if it is an as-
cending infection.42 Although varicella infection of the mother
in the third trimester is rarely associated with fetal or placental
involvement, infection in the first trimester may be associ-
ated with the “congenital varicella syndrome” with cutaneous
scars, limb hypoplasia, and ophthalmologic problems. The pla-
centa shows chronic villitis with granuloma-like changes.56

The fetal rubella syndrome is acquired through transplacen-
tal infection; however, the associated placental changes in-
cluding focal trophoblastic necrosis and decidual perivas-
cular infiltration, abnormal villous vasculature, and fibrosis,
appear to be nonspecific.42 Of the bacterial infections, syphilis,
and listeria are associated with specific placental pathology. In
syphilis there is chronic villitis, villous immaturity, prolifer-
ative vascular changes, and acute villitis.57 Confirmation de-
pends on identifying the organism in the placenta, using special
stains such as Steiner and Steiner stain to identify the organ-
isms. Listeria gives rise to intraplacental abscesses.
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Single umbilical artery is the most common true congeni-
tal abnormality in humans and can be detected by ultrasound
examination, and confirmed by microscopic examination.42

SPECIAL STUDIES

Since the earliest times the principal use of the autopsy has been
as a research tool to understand the changes induced by dis-
ease on the whole organism; the increasing usage of complex
molecular techniques provides such an opportunity to under-
stand the molecular basis of disease.58 The autopsy serves as
a useful resource to preserve tissue for further studies, since
in many cases fresh tissue from biopsies or surgically excised
material may not be available from all organs, such as the brain
and heart.58 In this regard tissue obtained from a fetopsy may
be of more value, since it can be used to study developmental
genes and processes. However, in many cases the fetopsy may
be performed several hours to possibly days after the death
or delivery of the fetus raising the question of preservation of
DNA and RNA in tissue. Larsen et al.59 studied the preservation
of tissues obtained at autopsy and their usefulness in molecular
biological techniques. They showed that RNA was sufficiently
preserved in tissues obtained less than 2 days postmortem, to
give signals on Northern blot analysis, while DNA could be
extracted 3–5 days postmortem as demonstrated by Southern
blot analysis. DNA stability was documented in the liver 24–
36 hours postmortem, up to 5 days postmortem in the spleen,
kidney, and thyroid and up to 3 weeks in brain tissue.60 DNA
preservation is good in paraffin-embedded tissue previously
stored in buffered formalin, but not if stored in nonbuffered
formalin; however, the genetic material obtained at autopsy
may be used for qualitative and not quantitative determina-
tion, since partial degradation of signal may occur because
of autolysis.59 Humphreys-Beher61 et al. identified mRNA in
tissue obtained postmortem from patients with cystic fibro-
sis. Significant quantities were obtained from the lung, but not
from the pancreas or stomach, suggesting that the pancreas and
stomach could be producing RNase. The authors stressed the
importance of time as a critical factor in the recovery of RNA
and the utility of this methodology to study not only cystic
fibrosis but other genetic diseases as well.

With the advent of the PCR, the identification of even small
strands of DNA and oligonucleotides is possible. PCR has been
used for the identification of infectious organisms, including
viruses and bacteria from tissue obtained at autopsy. Utiliz-
ing PCR, Dong et al. identified congenital cytomegalovirus
infection in 23.5% of first trimester pregnancies.54 For the
best results it is preferable to use fresh or frozen tissue for
PCR analysis; however, PCR has been used to identify ap-
propriate DNA in formalin-fixed, paraffin-embedded archival
tissue. Turner et al.62 identified adenovirus DNA in formalin-
fixed, paraffin-embedded tissue obtained at postmortem, while
Nakamura et al.63 were able to identify the human CMV
gene in placental chorionic villitis in formalin-fixed paraffin-

embedded tissue, even in cases where the typical intra-nuclear
inclusions were not identified on light microscopy or by
immunohistochemistry.

FISH has been used to identify specific chromosomes in
interphase and metaphase cells for rapid prenatal diagnosis
from uncultured amniocytes, single cells from blastomeres,
and fetal cells extracted from maternal blood.64

Although routinely performed on cells taken from fresh
tissue, it has been used to identify the abnormal chromosomal
complement in formalin-fixed, paraffin-embedded tissue.64

These investigators correctly identified the chromosomal com-
plement in 15 of 19 placental tissues examined, including all
cases of trisomy 18 and 13; probes for trisomy 21 were less
reliable. Drut et al.65 also identified trisomy 13 in archival
tissue obtained at autopsy. Although most structural chromo-
somal abnormalities cannot be identified by this technique,
FISH may be used to identify specific cytogenetic abnormali-
ties in formalin-fixed, paraffin-embedded tissues, especially in
cases where tissue is not submitted fresh for genetic analysis
or the cells fail to grow in culture. FISH offers many benefits
compared with traditional cytogenetic analysis of cultured tis-
sue: (1) it eliminates the difficulty associated with culture of
fetal tissue from macerated fetuses which often fails to grow;
(2) it eliminates the tissue culture-induced bias of variable vi-
ability of diploid and aneuploid cells and their ability to yield
analyzable metaphases; and (3) a large number of cells from
multiple tissue samples can be analyzed rapidly, permitting
effective detection of chromosomal mosaicism especially in
cases of CPM.49 One of the most powerful tools in molecu-
lar biology and wherein lies one of the greatest uses of the
autopsy, is the prospective planned necropsy-based research,
where tissue is gathered in a systematic and uniform manner
for all cases. This has the advantage of uniform sampling with
optimum preservation.58,66

Microbiologic studies involving both viral and bacterial
cultures are recommended on selected cases.44,67 These have
to be done before the autopsy is completed. Infection can be
suspected on the basis of maternal history or potential exposure
to an infectious agent. The external appearance of the fetus may
be help in a few cases; hydrops fetalis may have an infectious
cause. If the internal examination reveals hepatosplenomegaly
and enlarged lymph nodes in the absence of a hematologic
problem, an infection may be the cause. Bacterial infections are
more important in cases of abortions, stillbirths, and preterm
delivery;44 however, both viral and bacterial cultures are rec-
ommended in select cases. For identification of viruses, tissue
culture is variably successful; however, more recently PCR,
FISH, and immunohistochemistry have been very useful.

PHOTOGRAPHY

The importance of photography in the performance of a good
perinatal autopsy cannot be stressed enough. Although in an
ideal situation all fetopsies should be photographed, reality
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dictates that only those cases in which anomalies are present
be photographed. All external anomalies are photographed at
our institution and as the fetopsy proceeds additional pho-
tographs are taken as the need arises. These photographs not
only provide a permanent record of the autopsy for future ref-
erence, but also serve as a powerful teaching tool for resi-
dents and other health care providers and can also aid in bet-
ter parental counseling. If properly taken, photographs pro-
vide a more accurate record than a lengthy written description
and they are particularly useful when further consultation is
needed.67

AUTOPSY SUMMARY

Finally, the autopsy report should include a final diagnosis,
which is a compilation of all the findings noted during perfor-
mance of the autopsy, whether these are macroscopic or mi-
croscopic. This should be accompanied by a clinico-pathologic
correlation or autopsy summary, which summarizes the gross
and microscopic findings and any special studies that were
performed, and correlates them with the clinical findings. The
summary allows the pathologist to describe and interpret the
findings in an objective manner, and provides others with an
understanding of the pathological findings.68 This summary
should be concise and directed and should include references
pertinent to the case, since these serve as important teaching
tools.
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51
REDUCTION IN
MULTIPLE PREGNANCIES

Mark I. Evans / Doina Ciorica / David W. Britt / John C. Fletcher

INTRODUCTION

Since Louise Brown’s birth in 1978, more than 1 million IVF
babies have been born. Several million more have been born
from less aggressive fertility treatments. These positive family
outcomes have not come without a price. However, the recent
epidemic of multifetal pregnancies, in particular the twin preg-
nancy rate, which was described for decades as 1 in 90, now
has doubled to more than 1 in 45. Even in the past decade, twin
pregnancies have continued to rise by 20% and triplets or larger
multiples by nearly 200% (Table 51-1).1 The ratio of observed
to naturally expected multifetal pregnancies shows that twins
are more than double the expected rate, and quintuplets occur
more than 1,000-fold compared to expected numbers without
infertility therapies (Table 51-2). More than 70% of all twins
and 99% of higher-order multiples derive from infertility treat-
ments. There are some suggestions that the incidence of triplets
and higher is slowly diminishing, but the incidence is still very
high and may, in fact, only reflect increasing use of production.

The inherent risks of multifetal pregnancies are not always
understood.2−11 The major criteria for the extent of appreci-
ated pregnancy losses relates to the gestational age at that one
begins counting. Some reports by perinatologists are overly
optimistic because these physicians do not start counting un-
til they begin to see patients at nearly 20 weeks, and at that
time most losses have already occurred.13 We previously es-
timated losses before viability from attempting to carry twins
at 10%, triplets 18%, quadruplets slightly higher than 25%
and quintuplets at 50%.3,12 Serious morbidity rates also corre-
late with starting numbers. Recent data suggest that the risks
to twins is higher in those conceived with fertility treatments
than naturally.15−18

In the 1980s, pregnancies were initiated with ovulation in-
duction agents such as Pergonal in about 75% of multifetal
pregnancy patients seeking reduction.19 However, even with
the first month of the lowest dose of Clomid, quintuplets can
occur. Over the years, cases induced by assisted reproductive
technologies (ARTs), such as IVF, have become increasingly
common. Currently, about 70% of multifetal cases are gener-
ated by ARTs (Table 51-3).19−22

Despite the increase utilization of ARTs,19−22 the propor-
tion of cases significantly hyperstimulated and resulting in
quintuplets or more has dramatically decreased to less than
10% of all cases relevant to us. Regardless, the 2000 report
of the Society of Assisted Reproductive Technologies (SART)
suggests that of all pregnancies achieved in the United States
by ARTs 58.5% are singletons, 28% twins, 7.5% triplets or
higher, and 5.9% unknown.23,24 In our experience with referred
cases of ovulation stimulation, particularly those using FSH
analogues, the proportion of cases that are quintuplets or
more has fallen, but not dramatically.25 Such data continue to

emphasize the significant role of vigilance in monitoring infer-
tility therapies. The vast majority of multifetal cases occur to
physicians, with the best equipment and intentions, who have
an unfortunate and reasonably unpredictable or unpreventable
mal-occurrence. Despite this, some cases might have been pre-
vented by increased vigilance.12,25,26

Media hype associated with multifetal pregnancies extends
back to the 1930s with the birth of the Dionne quintuplets in
Ontario, Canada.27 In the 1980s, quintuplets would raise na-
tional attention, but the bar is set higher and higher for press
interest. In the early 1990s, sextuplets, such as the Dilly family
in Indiana, drew intense media attention. This family received
help from diaper, formula and crib companies as well as the
tremendous support of neighbors in their small town. The ul-
timate media circus was the Iowan MacCaughy septuplets,
where virtually the entire town was marshaled to help the fam-
ily deal with the rigors of so many children. The state of Iowa
bought them a house, and a local automotive dealer gave the
family a van. At the time, some commentators remarked that
there were already thousands of children in Iowa without ad-
equate housing and questioned why they were less deserving.
Miraculously, the MacCaughy pregnancy lasted until about
31 weeks, and the national media reported all was doing well.
However, closer inspection revealed that the presenting fetus
was a transverse lie, who rather than acting as the usual wedge
to cause dilatation actually blocked the cervix from opening.
What the media presently glosses over is that 2 of the children,
now 8 years old, have been diagnosed with cerebral palsy and a
third is said to have epilepsy. Three had required feeding tubes
for several of their first years. The Houston octuplets, born in
1998, received much less attention. Whether media disinterest
was due to the saturation of stories about multifetal pregnan-
cies or (more likely) to the African origin of the couple is open
for speculation. One of the fetuses died shortly after birth and
the other 7 are said to be doing reasonably well.

PROCEDURES

Multifetal pregnancy reduction (MFPR) is a clinical procedure
that began in the 1980s when a small number of centers in both
the United States and Europe attempted to ameliorate the usual
and tremendously adverse sequelae of multifetal pregnancies
by selectively terminating or reducing the number of fetuses
to a more manageable number. The first European reports by
Dumez28 and the American reports by Evans et al.,25 Berkowitz
et al.,30 and later Wapner et al.31 described a surgical approach
in order for physicians to improve the outcome in such cases.

Even these early reports recognized the ethical conun-
drum faced by couples and physicians under such diffi-
cult circumstances.29 In the mid-1980s, despite mediocre
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T A B L E

51-1
MULTIPLE BIRTHS IN THE UNITED STATES

Quintuplets and
Year Twins Triplets Quadruplets Higher Multiples

2003 128,665 7,110 468 85
2002 125,134 6,898 434 69
2001 121,246 6,885 501 85
2000 118,916 6,742 506 77
1999 114,307 6,742 512 67
1998 110,670 6,919 627 79
1997 104,137 6,148 510 79
1996 100,750 5,298 560 81
1995 96,736 4,551 365 57
1994 97,064 4,233 315 46
1993 96,445 3,834 277 57
1992 95,372 3,547 310 26
1991 94,779 3,121 203 22
1990 93,865 2,830 185 13
1989 90,118 2,529 229 40
% Increase from 34.5% 172.2% 118.8% 212.5%

1989–2003 32.7% 181.1% 104.4% 112.5%

ultrasound visualization, needles were inserted transabdom-
inally and maneuvered into the thorax for KCL injections, air
embolization, or mechanical disruption of the fetus. Transcer-
vical aspirations initially were tried, but without much success.
Some centers also used transvaginal mechanical disruption, but
data suggested a significantly higher loss rate than the trans-
abdominal route.32,33

Today, virtually all experienced operators perform the pro-
cedure inserting needles transabdominally under ultrasound
guidance. We find it best to line up the needle with the thorax
first in the longitudinal plane. Under transverse visualization,
the needle is carefully thrust into the thorax and a syringe at-
tached to the needle. KCl is then injected slowly so as not to
dislodge the needle tip. A pleural effusion should be seen as
well as cardiac asystole (Fig. 51-1).

OUTCOMES

Several centers with the world’s most experience began col-
laborating to leverage the power of their data. In 1993 the

T A B L E

51-2
RATIO OF OBSERVED TO
EXPECTED MULTIPLES

Births Observed Expected Ratio

Twins 128,665 45,444 2.83:1
Triplets 7,110 505 14.7:1
Quadruplets 468 6 78.0:1
Quintuplets & higher multiples 85 6 1416:1

Total births in 2003: 4,089,950.

first collaborative report showed a 16% pregnancy loss rate
through 24 completed weeks.19 This was a major improve-
ment compared to expectations of higher order multiple preg-
nancies, particularly quadruplets and higher-order multiples.
Further collaborative efforts were published 1994, 1996, and
2001, and show continued dramatic improvements in the over-
all outcomes of such pregnancies (Table 51-4).25,33,34 The
2001 collaborative data demonstrated that the outcome of
triplets reduced to twins and quadruplets reduced to twins now
perform essentially as if they started as twins (Fig. 51-2).25

Even with tremendous advances in neonatal care for prema-
ture babies, the 95% take-home-baby rate for triplets and
the 92% for quadruplets clearly represent dramatic improve-
ments over natural statistics. Not only has the pregnancy-
loss rate been substantially reduced, but so has the rate of
dangerous prematurity. Both the loss and prematurity rates
continue to be correlated with the starting number. Data
from the past few years show that the improvements are, not
surprisingly, greatest in cases with higher starting numbers
(Fig. 51-3).

Finishing number data also showed the lowest pregnancy-
loss rates for those cases reduced to twins and increasing losses
for singletons that follow from triplets. Not surprisingly, the
rate of early premature delivery has been highest with triplets

T A B L E

51-3
CHANGES IN ETIOLOGY OF
MULTIFETAL PREGNANCIES

Ovulation Induction Assisted Reproductive Technologies

1980s 75% 25%
1990s 50% 50%
2000s 70% 30%
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FIGURE 51-1 Pleural effusion following KCl injection.

followed by twins and lowest with singletons. Mean gestational
age at delivery was also lower for higher order cases.

Birthweights following MFPR decreased with starting and
finishing numbers reflecting increasing prematurity.35 How-
ever, analysis of birthweight percentiles, particularly for sin-
gletons, reflects falling percentiles with starting number, from
51.75 percent for 2→1, to 31.26 percent for 4→1.25 Further-
more, in remaining twins, the rate of birthweight percentile
discordancy among the twins increased from 0.57% for start-
ing triplets to 4.86% for starting 5+. For remaining triplets, the
percentile differences were even greater. Analysis of the data
show that the improvements in multifetal pregnancy reduc-
tion outcomes are a function of extensive operator experience
combined with improved ultrasound.

Historically, most observers, except for those completely
opposed to intervention on religious grounds, have accepted
MFPR with quadruplets or more and saw no need to use it
for twins.36 The debate has been over triplets. While data in
the literature conflicts, our experiences suggest that triplets re-
duced to twins do much better in terms of loss and prematurity
than do unreduced triplets.37−42 We believe that if a patient’s
primary goal is to maximize the chances of healthy children,
then the reduction of triplets to twins achieves the best live
born results.

Political and ethical questions about triplets have been ad-
dressed by several recent papers, which have argued whether or
not triplets have better outcomes when reduced. Yaron et al.37

compared triplets to twins (3→2) data with unreduced triplets
within 2 large cohorts of twins. The data show substantial im-
provement of reduced twins as compared to triplets. Data from
the most recent collaborative series suggest that pregnancy
outcomes for cases starting at triplets, or even quadruplets,
and reduced to twins do fundamentally as well as pregnan-
cies starting as twins. Therefore, the data support some cau-
tious aggressiveness in infertility treatments to achieve preg-
nancy in difficult clinical situations. However, when higher
numbers occur good outcomes clearly diminish. A 2001 pa-
per suggested that reduced triplets did worse than continu-
ing ones.38 Analysis of that series showed a loss rate fol-
lowing MFPR twice that seen in our collaborative series25,42

and poorer outcomes in every other category for remaining
triplets. Several other recent papers have likewise shown higher
risks for unreduced triplets than for reduced cases.39−44 It is
clear that one must use extreme caution in choosing compari-
son groups (Table 51-5). An ever-increasing situation involves
the inclusion of a monozygotic pair of twins in a higher-
order multiple (Fig. 51-4).43 Our experience suggests that pro-
vided the “singleton” seems healthy, the best outcomes are
achieved by reduction of the monozygotic twins. Obviously, if
the singleton is not healthy, then keeping the twins is the next
choice.

Pregnancy loss is not the only poor outcome. Very early
preterm delivery correlates with the starting number. It is not
well appreciated that about 20% of babies born at less than 750
g develop cerebral palsy.46,47 In Western Australia, Petterson
et al. showed that the rate of cerebral palsy was 4.6 times
higher for twins than singletons per live births, but 8.3 times
higher when calculated per pregnancy.48 Pharoah and Cooke
calculated cerebral palsy rates per 1000 first year survivors
at 2.3 for singletons, 12.6 for twins, and 44.8 for triplets.49

The data on diminishing birthweight percentile in singletons
from high starting numbers and discordancy in twins are of
concern, and are consistent with a belief that there is perhaps
a fundamental “imprinting” of the uterus early in pregnancy
that is not completely undone by MFPR.25

In the 2001 collaborative report, the subset of patients who
reduced from 2 to 1, (not for fetal anomalies) included 154
patients. The data suggested a loss rate comparable to 3 to 2,

T A B L E

51-4
MULTIFETAL PREGNANCY REDUCTION—LOSSES BY YEARS

Losses (Weeks) Deliveries (Weeks)

Total % <24 % >24 % 25–28 % 29–32 % 33–36 % 37+

1986–1990 508 13.2 4.5 10.0 21.1 15.7 35.4
1991–1994 724 9.4 0.3 2.8 5.4 21.1 61.0
1995–1998 1356 6.4 0.2 4.3 10.2 31.5 47.4

Data from reference 11.
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FIGURE 51-2 Multifetal Pregnancy Reduction: Losses and very prematures by starting number.
Adapted from reference 11.

but, in about one third of the 2 to 1 cases, there was a medical
indication for the procedure—for example, maternal cardiac
disease, prior twin pregnancy with severe prematurity or uter-
ine abnormality.25 In recent years, however, the demographics
have changed and the vast majority of such cases are from
women in their 40s and 50s, some of whom are using donor
eggs and, more for social than medical reasons, only want a sin-
gleton pregnancy.50,51 Recent data suggest that twins reduced
to a singleton do better than remaining as twins.52 Consistent
with the above, more women are desiring to reduce to a single-
ton. In a recent series of triplets, we found the average age of

outpatients reducing to twins to be 37 years and to a singleton
41 years.53 While the reduction in pregnancy-loss risk for 3
to 1 is not as much as 3 to 2 (15% to 7% and 15% to 5%,
respectfully), the gestational age at delivery for the resulting
singleton is higher, and the incidence of births <1500 grams is
10 higher for twins than singletons.36 Consequently, the data
have made the counseling of such patients far more complex
than before (Fig. 51-5). Not surprisingly, there are often dif-
ferences between members of the couple as to the desirability
of twins or singleton.53 There are also profound public health
implications to these decisions, as recent United States data

FIGURE 51-3 Risk reduction as a function of starting number.
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T A B L E

51-5
REDUCED VERSUS “UNREDUCED” TRIPLETS COMPARISON

Deliveries (Weeks)MFPR Cases
Years Losses <24 Wks 24–28 Wk 29–32 33–36 37+

1980s 6.7% 6.1% 9.1% 36.9% 47.9%
90–94 5.7% 5.2% 9.9% 39.2% 45.2%
95–98 4.5% 3.2% 6.9% 28.3% 55.1%
98–02 5.1% 4.6% 10.8% 41.8% 37.6%
Mean GA 35.5 PMR 10.0/1000
98–02(3→l) 8.0% 4.0% 12.0% 4.0% 72.0%

Mean GA 39.5 PMR 0/1000
NON-REDUCED

TRIPLETS
98 (Leondires) 9.9% Mean GA 33.3 PMR 55/1000
99 (Angel) 8.0% Mean GA 32.3 PMR 29/1000
99 (Lipitz) 25.0% Mean GA 33.5 PMR 109/1000
02 (Francois) 8.3% Mean GA 31.0 PMR 57.6/1000

Data from reference 37.

show that of $10.2 billion spent per year on initial newborn
care, 57% of the money is spent on the 9% of babies born at
<37 weeks.54,55

In 2003, more than $10 billion was spent on the 12.3% born
preterm.56 Data are now also emerging that there is consider-
ably higher neurologic and developmental disability in six year
olds who survived birth at 26 weeks or less. The rates of se-
vere, moderate, and mild disability were 22%, 24%, and 34%
respectively. Significant cerebral palsy was present in 12%.57

Hack et al. also have now shown that in babies born at less
than 1000 g, the rate of cerebral palsy was 14% as opposed
to controls, and asthma, poor vision, IQ <85 and poor motor
skills were substantially higher.58

FIGURE 51-4 Monogygotic twin pair as part of multiple.

As a result of all of the above and the changing demo-
graphics of who is having infertility and desiring reductions,
we believe that reduction of twins to a singleton is likely to
become more common over the next several years.

PATIENT ISSUES

The demographics of patients seeking multifetal pregnancy re-
duction have evolved over the past decade.25,49 With the avail-
ability of donor eggs, the number of “older women” seeking
MFPR has increased dramatically. More than 10% of all pa-
tients seeking MFPR are over 40 years of age in several pro-
grams and most are using donor eggs. A consequence of the
shift to older patients, many of whom already had previous re-
lationships and children, is an increased desire by these patients
to have only 1 further child and will increase as a percentage
of cases. The number of experienced centers willing to do 2 to
1 reductions is still very limited, but we believe it can be jus-
tified in the appropriate circumstances.36

For patients who are older and using their own eggs, the
issue of genetic diagnosis comes into play. By 2001, more than
50% of patients in the United States having ART cycles were
over the age of 35 (Table 51-6).1,23,24,51 In the 1980s and early
1990s, the most common approach was to offer amniocentesis
on the remaining twins at 16–17 weeks. A 1995 paper sug-
gested an 11% loss rate in these cases, which caused consider-
able concern.59 However, in 1998, a much larger collaborative
series settled the issue by showing that loss rates were no higher
than comparable controls of MFPR patients who did not have
amniocentesis.60 The collaborative data showed a loss rate of
5%, which was certainly no higher than the group of patients
post-MFPR who did not have genetic studies.

Since the centers with the most MFPR experience also
happen to be the ones that had the same accomplishments
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FIGURE 51-5 Risks starting with triplets.

with chorionic villus sampling (CVS), combinations of the
procedures were very logical. There are 2 main schools of
thought as to the best approach for first trimester genetic diag-
nosis: should it be before or after the performance of MFPR?
Published data in the early 1990s in which CVS was done first
and followed by reduction suggested a 1–2% error rate as to
which fetus was which, particularly if the entire karyotype is
obtained before going on to reduction.61 Therefore, for the first
10–15 years, the approach we used was to generally do the re-
duction first at approximately 10.5 weeks in those patients who
reduced down to twins or triplets and then followed with CVS
approximately 1 week later.49 However, in patients going to a
singleton pregnancy, i.e. essentially putting “all of their eggs
in 1 basket,” we believed the best approach was to know what
was in the basket before reducing the number of embryos.25,49

In these cases we usually performed a CVS on all the fetuses,
or 1 more than the intended stopping number, and performed
a fluorescent in situ hybridization (FISH) analysis with probes

T A B L E

51-6
MATERNAL AGE AND ART
(SART DATA—2001)

All cases 81,915
Fresh non-donor 60,780
<35 28,778
35–37 14,416
38–40 11,301
41–42 4,365
42+ 2,190

Wright VC, Schieve LA, Reynolds MA, Jeng G: Assisted reproductive tech-
nology surveillance Pub Med, MMWR Surveill Summ. 2003;52:1–16.

for chromosomes 13, 18, 21, X, and Y. Whereas about 30%
of anomalies seen on karyotype would not be detectable by
FISH,62 there is always residual risk.63 The absolute risk given
both a normal FISH and a normal ultrasound including nuchal
translucency64 is only about 1 in 450. We believe this risk is
lower than the increased risk from the 2-week wait necessary to
receive the full karyotype. We have now extended this approach
to all patients who are appropriate candidates for prenatal diag-
nosis regardless of fetal number. Over the past few years, more
than 80% of our patients have combined CVS and MFPR pro-
cedures (Fig. 51-6). With data now suggesting increased risks
of chromosomal and other anomalies in patients conceiving by
IVF, especially with ICSI, the utilization of prenatal diagnosis
will likely increase.65−79

The other approach used by another group was to perform
the CVS and complete karotype first, and then have the patient
come back for reduction. Although “mistakes” were common
10 years ago, the chance of error has been considerably reduced
and the group believed the benefits of the full karyotype justi-
fied the wait. The issue as to the better of these 2 approaches
is currently unsettled.

SOCIETAL ISSUES

MFPR will always be controversial. Opinions on MFPR, in
our experience have never followed the classic “pro-choice/
pro-life” dichotomy.2,19,25,49,51 We believe that the real debate
over the next 5–10 years will not be whether or not MFPR
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FIGURE 51-6 CVS prior to fetal reduction in triplet pregnancy.
Catheter is inserted to reach posterior fundal placenta. Low ante-
rior placenta would likewise be reached transcervically, and anterior
fundal placental would be done transabdominally.

should be performed with triplets or more. A serious debate
will emerge over whether or not it will be appropriate to offer
MFPR routinely for twins, even natural ones for whom the
outcome has commonly been considered “good enough.”52 Our
data suggest that reduction, of twins to a singleton actually
improves the outcome of the remaining fetus.52 No consensus
on appropriateness of routine 2→1 reductions however, is ever
likely to emerge. We do, however, expect the proportion of
patients reducing to a singleton to steadily increase over the
next several years.

Over the years, much has been written on the subject. Opin-
ions will always vary substantially from outraged condemna-
tion to complete acceptance. No short paragraph could do jus-
tice to the subject other than to state that most proponents do
not believe this is a frivolous procedure, but see it terms of the
principle of proportionality, i.e., therapy to achieve the most
good for the least harm.71−73

How patients “hear” and internalize data and make deci-
sions with respect to reduction have been fascinating to us over
the years. Much of the literature on medical decision-making
has emphasized a rational choice model in which emotions,
feelings and values are treated as complications that must be
considered as a second stage of an analysis that puts hard data
regarding relative risks center stage.74,75 Even the literature
that talks about genuine alternative models of decision making
(systematic versus heuristic, for example), a central assump-
tion is that these are individual differences in style that can be
identified through what people say.76,77

We have approached this problem from a different direc-
tion, arguing that where controversial, high-anxiety decisions
are concerned, patients treat these decisions as an ongoing part
of the social reality that they are creating to live in and raise
a family.78 This reality construction process is proactive, with
couples aware of the potential consequences of sharing with

others what they are going through. In a recent study of shar-
ing strategies, strategies for sharing ranged from a defended-
relationship approach in which only the partner and patient
knew about the problems the patient was facing and the deci-
sion to reduce (16/50, or 32%), through a limited-risk strategy
of sharing only with “qualified” family and friends (20/50, or
40%), to both sets of parents knowing (9/50, or 18%), and
finally to an extended, open network of family, friends and
colleagues knowing (5/50, or 10%). No sharing strategy was
completely free of risk. Even a defended-relationship strategy
between partners broke down if the partners disagreed over
the ethics of reduction or the continuation of efforts to become
pregnant (2/16, or 12.5% of cases). Partner conflict was also
the only factor that undermined the limited-risk strategy (2/20,
or 10% of cases). These two strategies were more successful in
minimizing hostility than either that in which both sets of par-
ents know or there is a more extended sharing network. These
latter two result in hostile or lack-of-support responses in 5/14
(36%) cases.79

The realities people construct, composed of supportive
people and institutions together with complexes of support-
ive values, norms and attitudes, are the source of frames that
the patients use to view the data.56−59 The decisions they make
and how they justify those decisions may help resolve incom-
patible elements in the realities in which they find themselves
enmeshed. It may often happen, for example, that parents who
have gone through reduction to two or one live in families
and/or work in communities where having engaged in reduc-
tion would be considered as something shameful. The less
control they have over the selection of family, friends and
workplaces, given the prospect of such stigma, the more likely
they are to simply present their pregnancies to these publics
as if their pregnancies had always involved twins or singleton.
Where they have more control over the situation—as typically
happens with friends versus family—they may be more likely
to selectively share their experiences.

The one thing all such patients have in common is a very
strong desire to have a family (Table 51-6). But there does
not appear to be a single set of supportive institutions, people
and norms that is conducive to going through the pain, stress
and resource expenditure of IVF I are three viable alterna-
tive resolutions. The first of these, a rational Medical Model,
looks superficially like what one would expect from the ra-
tional analysis model. But the commitment to factual analysis
comes from their having selected themselves into the hard sci-
ences, medicine, dentistry, engineering or the law—disciplines
in which the “facts” are crucial. Such women will want to see
the numbers regarding the relative risk associated with differ-
ent reduction choices and will want to engage in a rigorous
discussion of the data and their implications. And they will be
likely to choose a final number for reduction that maximizes
the chances of a “take-home” baby.

The lens of scientific objectivity is not the only frame
through which women who have gone through IVF in or-
der to have a child will examine these data. For those who
have immersed themselves in a social reality that has a strong
emphasis on norms against abortion and/or reduction—such
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that they themselves have such normative beliefs and are heav-
ily involved in churches who reinforce similar beliefs—a de-
tached examination of the “facts” is simply not possible. These
“facts” hold no special moral authority. Their beliefs and those
of the individuals and social institutions in which they have
selected themselves have a moral authority as well. The bal-
ance that such women will likely seek is one that reduces
their relative risk to acceptable limits. So, unless the conse-
quences are dire, they will not reduce or choose to reduce
only to three. We labeled such a resolution a Fundamentalist
Model.

Finally, there are those for whom the demands of career
and/or existing children constitute powerful elements in their
constructed realities. For such women—and this includes many
of the older patients we encountered—the essential balance
that they seek is a more secular one, a Lifestyle Model, one
that emphasizes creating a family situation in which having a
family can be balanced with having a career. Such women will
more than likely choose reduction to two or even one embryo,
depending on the number of other children they have and the
level of resources that the family has.

Where women have selected themselves into and/or been
trained to accept the legitimacy of rigorously-determined
statistics regarding relative risk (a Medical Frame), reduction
choices can be straightforward—or at least they can appear to
be relatively straightforward. This is usually not the case, how-
ever, for women who must forge a resolution amongst poten-
tially incompatible elements, as for women who are struggling
to reconcile the potentially oppositional elements of religious
beliefs and involvement with risks associated with higher-level
pregnancies (Fundamentalist Frame) or those who are strug-
gling to reconcile the potentially-conflicting identities of home
and career (Lifestyle Frame). We have been able to examine
some of these issues in a few studies to date. In one we were
able to trace the extreme fluctuations in anxiety and stress
as women progress through IVF and then must confront the
painful choice of reduction.48 In a second, we were able to
show that the meaning of detecting a fetal anomaly changes
depending on the needs of the patient and her spouse for some
confirmation regarding their choice.72

SUMMARY

Over the last two decades MFPR has become a well-established
and integral part of infertility therapy and the attempts to deal
with sequelae of aggressive infertility management. In the mid-
1980’s and 90’s, the risks and benefits of the procedure could
only be guessed.29−33 We now have very clear and precise data
on the risks and benefits as well as an understanding that the
risks increase substantially with the starting and finishing num-
ber of fetuses in multifetal pregnancies. The collaborative loss
rate numbers, i.e., 4.5% for triplets, 8% for quadruplets, 11%
for quintuplets, and 15% for sextuplets or more, seem reason-

able ones to present to patients for the procedure performed by
an experienced operator. Our own experience and anecdotal re-
ports from other groups suggest that less experienced operators
have worse outcomes.

Pregnancy loss is not the only poor outcome. The other
main issue with which to be concerned is very early preterm
delivery and the profound consequences to such infants. Here
again there is an increasing rate of poor outcomes correlated
with the starting number. The finishing numbers are also criti-
cal, with twins having the best viable pregnancy outcomes for
cases starting with three or more. Triplets and singletons do
not do as well. However, an emerging appreciation that sin-
gletons have prematurity rates less than twins is making the
counseling far more complex. We continue to hope, however,
that MFPR will become obsolete as better control of ovulation
agents and assisted reproductive technologies make multifetal
pregnancies uncommon.
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52
SELECTIVE
TERMINATION

Mark I. Evans / Charles H. Rodeck / Mark Paul Johnson / Richard L. Berkowitz

INTRODUCTION

Prenatal diagnostic techniques were first developed in the early
1970s. Amniocentesis was the first invasive test and followed
by the development of fetoscopy, sophisticated ultrasound, and
ultimately, in the 1980s, by chorionic villus sampling (CVS)
and fetal blood sampling.1 These techniques along with con-
comitant laboratory tests have allowed couples the option of
considering termination of pregnancy when fetal abnormalities
are detected.

In the United States during the late 1960s, the very restric-
tive abortion laws, which were on the books throughout most
of the 20th century, began to be repealed. However, in 1973, the
United States Supreme Court removed the then existing state
regulations against the termination of pregnancy. Two Supreme
Court decisions, Roe v. Wade2 and Doe v. Bolton,3 declared a
right of privacy that allowed women in the first trimester the
ability to decide upon the continuation or termination of preg-
nancy. The state’s only interest, in the second trimester (i.e.,
prior to fetal viability), was to insure that such procedures were
done under safe and acceptable conditions. During the third
trimester, corresponding to fetal viability, abortions could only
be performed for the health and welfare of the mother. Laws in
many other countries underwent similar changes in the 1970s,
although in a few countries such as the Federal Republic of
Germany, laws tended to become more restrictive in the 1980s
and early 1990s. Even after 30 years, legal attacks against the
availability of abortion services occur regularly. These have
been fought recently both in the national level (e.g., Carhart v.
Stenberg and National Abortion Federation et al. v. Ashcroft4)
and at state levels (e.g., Evans v. Granholm6 [Michigan]) in
which ever increasing restrictions been turned back by the
courts.1,2 It is unlikely that this trend will continue in the United
States as more conservative juries get appointed to high courts.

In cases of multifetal pregnancy, the development of pre-
natal diagnostic techniques has created a new dilemma. Con-
fronted with the diagnosis of an abnormality in 1 twin and
presumed normality in the other twin, couples had the unen-
viable choice of either continuing with both or terminating
both fetuses. Faced with such quandaries, couples were forced
to choose between 2 very difficult options—either to keep to
preserve the normal one, but therefore have a baby with an ab-
normality, or to terminate both to prevent having a baby with
a problem but thereby losing a normal one.

RISKS OF ABNORMALITIES

It has long been recognized that the incidence of certain struc-
tural abnormalities such as neural tube, cardiac, and chromo-
somal defects are more common in twin gestations than in

singletons (Table 52-1).7,8 Monozygotic twins are especially
prone to defects of laterality such as situs inversus. Monoam-
niotic twins have an even higher incidence of abnormalities
than do monochorionic/diamniotic fetuses.

The incidence of chromosome abnormalities in monozy-
gotic twins should essentially parallel age-related risks for sin-
gleton gestations. Furthermore, 100% concordance should oc-
cur between twins with only 1 egg fertilized by 1 sperm and
the divergence to twins occurring postfertilization. For dizy-
gotic twins, however, 2 eggs are fertilized by 2 sperm. Thus,
the risk of either twin being aneuploid is essentially an inde-
pendent probability. For example, the risk of having a baby
with a chromosome abnormality at maternal age 35 at delivery
is approximately 1 in 190.9 If there are 2 fetuses, the risk is
essentially doubled: 2 in 190 or 1 in 95. A 1 in 95 risk cor-
responds to the risk of a singleton for a 38-year old woman.
Similarly, the risk for a 30-year old woman with a singleton is
1 in 380. With twins the risk is approximately 2 in 380 or 1 in
190, which is the risk of a 35-year old woman (Table 52-2).

TERMINOLOGY

Selective termination has been the term used for 2 slightly
different procedures. Selection termination usually referred to
a second trimester procedure performed on gestations with 1
abnormal twin. Accordingly, selective termination, selective
reduction and multifetal pregnancy reduction are terms that
describe a first trimester technique to reduce the number of
embryos in a multifetal pregnancy usually of triplets or larger
multiples.10–13 These are usually seen in infertility patients as a
result of the use of ovulation induction agents, such as in vitro
fertilization and other assisted reproductive technologies.10–13

A consensus has emerged to define the term multifetal preg-
nancy reduction for first trimester procedures that reduce the
number of fetuses when shear number places the pregnancy
at risk. Alternatively, the term selective termination is used
for procedures performed when a fetal abnormality has been
diagnosed.13

TECHNIQUES FOR SELECTIVE
TERMINATION

There are several techniques by which selective termination
has been accomplished. Since the early 1990s, there has been
general agreement that hysterotomy was a last-resort proce-
dure, although multiple technologies were used in series of
variable sizes and quantities (Table 52-3). Clearly, with all
techniques, the major issue is to make sure one is terminating
the correct fetus. In a multifetal pregnancy reduction in which
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T A B L E

52-1
INCIDENCE (%) OF MALFORMATIONS IN MONOZYGOTIC,
DIZYGOTIC, AND SINGLETONS

Twins

MZ DZ Singletons

Race Major Minor Major Minor Major Minor

White 10.49 9.09 6.06 3.41
Black 11.54 12.50 8.56 7.65
Total 10.72 10.99 7.78 5.51 7.10 7.26

the shear number of fetuses per se is the indication for the
procedure, it probably does not matter which fetuses are ter-
minated. In selective termination, the procedure is specifically
performed because of a fetal abnormality in 1 twin. Documen-
tation of which fetus is abnormal can be very easy in cases
with obvious structural defects or a chromosome abnormality
in discordant sex twins, but can certainly become difficult when
the defect is a subtle anatomic abnormality, Mendelian disor-
der or chromosomal aneuploidy in like-sex twins. Such issues
point to the importance of placentation documentation and fetal
position when prenatal diagnostic procedures are undertaken
(Fig. 52-1). If there is doubt about which fetus is which, then
the diagnostic procedure should be repeated.

Consistent with the data of Golbus et al., one must use
extreme caution if considering a selective termination on
monozygotic/monoamniotic twins or there clearly appears to
be a single shared placenta without differentiation between the
2 fetuses. Data from a number of centers suggest that the risk of
the normal twin’s death are considerably increased under these
circumstances when using the techniques described below.14

Anderson et al. reported 4 cases of neurologic damage in the
surviving monochorionic twin of those naturally dying and se-
lectively terminated fetuses.15,16 It is for this reason that newer
methods of umbilical cord ligation and bipolar cautery were
developed.17 These will be described in a separate section.

KCL

All percutaneous techniques have in common the necessity
for the accurate placement of a needle into the fetal cardiac
chambers (Fig. 52-2). Unlike multifetal pregnancy reduction
in the first trimester when placement of the needle within

T A B L E

52-2
INCIDENCE OF CHROMOSOMAL
ABNORMALITIES IN AT LEAST ONE
FETUS IN A MULTIFETAL GESTATION

Maternal Age Singleton Twin Triplet

20 1/526 1/263 ≈age 34 1/175 ≈age 36
25 1/476 1/238 ≈age 34 1/150 ≈age 36
30 1/385 1/192 ≈age 35 1/128 ≈age 37
35 1/192 1/96 ≈age 38 1/64 ≈age 40
40 1/66 1/33 ≈age 43 1/22 ≈age 45

the chest cavity is sufficient for success,
in cases of second trimester techniques
low-resistance blood return in the oper-
ating needle is critical to guarantee vas-
cular access and subsequent success of
the procedure. We generally use a 20-
gauge needle which is positioned care-
fully above the fetal thorax. The optimal
target is the left ventricle as flow
will then go into the coronary arti-
cles and require less volume of KCl to
achieve cardiac standstill. Position on

ultrasound is confirmed in both longitude and transverse
planes. Once positioning is believed to be satisfactory, the nee-
dle is inserted into the cardiac chamber with a sharp thrust, the
stylet removed and blood flow drawn into the syringe. Rota-
tion of the bevel of the needle helps to increase blood return.
Once satisfactory blood flow has been confirmed, a fetal blood
sample can be obtained and used for confirmation of abnor-
mality. Following blood sampling, another syringe containing
5 or 10 cc of potassium chloride is attached and 2 ml of KCl
are injected steadily into the fetal heart. With proper place-
ment, an immediate decrease in fetal heart rate should be noted
with complete cessation occurring in approximately 1 minute.
The absolute amount of KCl varies from as little as 1 cc to
as much as 10 cc, depending upon gestational age and proper
needle positioning. The needle should not be removed until
the operator is absolutely convinced that cardiac activity has
ceased. Anecdotal reports have suggested reinitiation of fetal
cardiac activity within a few minutes if the dose of KCl has been
insufficient.

Some centers perform the procedure via intrafunic in-
jection of KCl. This technique commonly requires a greater
amount of KCl than intracardia and has been associated with
anecofotyly failures. A repeat scan 30–60 minutes after cord
injection would seem prudent. Rodeck also described air in-
jection via the umbilical cord. He used this procedure for a
number of years with good technical success in over 20 cases
with only 2 losses (unpublished data).

AIR EMBOLIZATION

Another technique formerly used was air embolization.18 The
position and placement of the needle is the same as for KCl,

T A B L E

52-3
TECHNIQUES OF SELECTIVE
TERMINATION IN
DICHORIONIC GESTATIONS

Potassium chloride
Air embolization
Exsanguination
Cardiac tamponade
Hysterotomy
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FIGURE 52-1 Anencephalic and normal dichorionic twins.

however, once the needle is in place, 5–10 cc of air was in-
jected directly into the fetal heart. A significant disadvantage
of this technique, however, is that the air obscures ultrasonic
visualization making confirmation of cardiac asystole some-
times very difficult.1 Some authors have advocated injecting
the air via a Millipore filter to “guarantee” its sterility.14 It is

FIGURE 52-2 Needle injected into cardiac chamber.

unclear whether such a precaution is necessary. We have con-
cerns that the extra pressure and manipulations necessary to
inject sterile air may increase the risk of needle displacement
and an unsuccessful procedure.

EXSANGUINATION

A technique used in the early 1980s was exsanguination: con-
tinuing to draw fetal blood until circulatory collapse occurred
with subsequent fetal death. However, this technique had a
relatively high risk of failure as third-spaced fluid and placen-
tal reserves often were sufficient to permit fetal survival, and
therefore, the technique has generally been abandoned.7 We
are aware of several instances particularly in the early 1980s,
in which this technique failed, and the patient subsequently
chose to terminate both fetuses. In fact, some patients were
often offered selective termination if they agreed to terminate
the entire pregnancy should the procedure fail because of the
concern of fetal trauma inflicted by the procedure.

CARDIAC TAMPONADE

Cardiac tamponade, particularly in monochorionic twins, has
been successful in a number of cases. After cardiac puncture
has been performed to obtain a fetal blood sample, 60 cc of
sterile saline can be injected into the pericardial space. An ad-
ditional 100 cc has often been placed into the pleural cavity
to provide further tamponade of heart until asystole has been
achieved. Golbus reported 1 case in which 3 attempts at tam-
ponade were necessary, but only temporary bradycardia was
achieved. Air embolization was then performed to achieve car-
diac asystole.14

HYSTEROTOMY

Hysterotomy of 1 abnormal twin has been utilized in some
cases, but has the obvious disadvantage of being a major sur-
gical procedure requiring general anesthesia, a classical uterine
incision, opening and closure of the uterus and membranes and
a high risk of premature labor. Furthermore, because of the
“classical” incision, the patient would require cesarean sec-
tions in all future pregnancies. As a procedure of last choice, it
certainly could be considered an option, particularly if there is
a shared placental circulation which would significantly raise
the risks of embolization, coagulopathy and damage to the re-
maining normal twin.

Technically, the procedure is somewhat difficult and re-
quires a high dose of tocolysis to prevent labor. After the ma-
ternal abdomen is opened, intraoperative ultrasound should be
used to precisely define the optimal point of uterine incision.
Experience from the University of California San Francisco
Fetal Treatment group suggests the use of a bovie hot knife
for entry to minimize bleeding.19 The fetus can then be re-
moved, the cord clamped and left inside. The membranes and
uterus are closed in a “Smead-Jones” combined layered suture
with synthetic “super glue” adhesive/sealant instilled to reduce
amniotic fluid leakage.
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HISTORICAL DATA

In 1978, Aberg et al. was the first to report successful selective
birth from a twin pregnancy discordant for Hurler Syndrome.20

With the poor ultrasound diagnostic technology available at
that time, there was considerable concern of possible mistaken
identification of the affected fetus, damage or death to the nor-
mal fetus, and a risk of disseminated intravascular coagulopa-
thy (DIC) affecting the remaining fetus and/or the mother and
inducing preterm labor. Following the original report, a num-
ber of other cases have been published which usually drew
little attention, yet some have created a considerable stir in the
media. In 1981, Kerenyi and Chicaro reported selective birth
in a twin pregnancy discordant for Down syndrome.20 As a
justification the authors stated that they were “blackmailed”
by the mother, who would terminate both fetuses if they did
not attempt to terminate the fetus with Down Syndrome. In
1981, Petres and Redwine reported 2 failed attempts at se-
lective termination by exsanguination of a fetus with Down
syndrome.21 Concerns were appropriately raised that the fetus
was now even more compromised by the trauma of the failed
attempts than by its genetic disorder. A third attempt was then
made with intracardiac air embolization. The affected fetus
was successfully terminated, but subsequently chorioamnioni-
tis developed. Preterm labor ensued and neonatal delivery of
the normal child at 28 weeks resulted in subsequent death from
prematurity. In 2 reports in the early 1980s, Rodeck et al. pub-
lished 6 cases of second trimester selective termination.18,22

Under fetoscopic guidance, intrafunic, sterile air embolization
was performed. Five of the 6 cases resulted in a normal liveborn
twin. In the 6th case, delivery at 29 weeks occurred and the
fetus died at 1 month of age from necrotizing enterocolitis. In
1988, Golbus et al. reported selective termination procedures
on 22 patients of whom 19 were for a fetal abnormality found
in a twin pregnancy.14 In 17 dichorionic pregnancies there was
successful delivery of surviving singletons. However, for twins
in 5 monochorionic pregnancies, there was successful delivery
of only 1 and pregnancy loss occurred in the other 4. Six of
18 delivered pregnancies in their study were complicated by
premature labor and delivery. The general assessment as of the
1980s was that selective termination was a difficult procedure
with a high complication rate. The difficulty is now under-
stood to be secondary to poor understanding of monozygotic
twin risks, diagnosis and poor ultrasound with a concomitant
inability to correctly perform the procedure.

OVERALL RESULTS

Data on second trimester selective terminations have not been
as extensively catalogued as those of first trimester multifetal
pregnancy reduction. However, reports from a few centers and
2 collaborative series that we have put together suggest that the
procedure can be successfully accomplished in the vast major-
ity, if not all cases.23−28 Concerns that must be considered in-

clude: (1) the risk of losing the remaining fetus prior to viability,
(2) long-term neonatal morbidity and mortality of the normal
twin secondary to prematurity, and/or (3) damage from dis-
seminated intravascular coagulopathies and/or embolizations
from the decomposing, dead twin.

Experience has shown that the risks of the procedure are
considerably higher in monochorionic/diamniotic twins be-
cause of vascular anastomoses.15 We have also, although rarely,
seen vascular connections when there appears to be 2 distinct
placentas. We know of 1 case in which a 14-week fetus with
an encephalocele was terminated without difficulty, but on a
followup ultrasound scan the following day the normal fetus
was found to be hydropic and dead. One must, therefore, pro-
ceed with extreme caution before declaring that there are no
vascular communications between twin fetuses. In a couple of
unpublished reports there has been evidence of coagulopathies
found in the normal twin of a monochorionic pregnancy which
were felt to be secondary to the demise and decomposition of
the abnormal twin. Currently, the general opinion is that the
damage is more likely to be secondary to hemodynamic im-
balance. Regardless of the specific pathophysiology, bipolar
cauterization would be the best option in these circumstances.

Two collaborative series have been published by Evans
et al. in 1994 and 1999.23,24 In the later report 402 completed
cases of selective termination from 8 centers (Detroit, San
Francisco, Philadelphia, Los Angeles, New York, Tel Aviv,
Basel, Milan) in 4 countries were combined. Data were col-
lected on procedure indications, methods employed, week
the procedure was performed, pregnancy losses, gestational
age at delivery, and neonatal outcome. Indications were di-
vided into chromosomal aberrations, structural anomalies, and
Mendelian disorders. Techniques included intracardiac and in-
trafunic potassium chloride.

Of the 402 completed cases there were 345 twins, 39
triplets, and 18 quadruplets or larger multiples. The mater-
nal age distribution of these patients was slightly younger than
typically seen in most prenatal diagnosis units reflecting the
high proportion of structural abnormalities that are not age re-
lated. Of the abnormalities, 56.1% were chromosomal, 40.3%
structural, and 3.1% Mendelian disorders. This has changed
somewhat over time as more structural cases have now been
detected by ultrasound.

Selective termination was technically successful in 100%
of the reported cases. Thirty of the 402 cases (7.5%) miscarried
before 24 completed weeks. Breakdown of the data by gesta-
tional age at procedure shows that from 9–12 weeks there were
5.4% losses. From 13 to 18, 19 to 24, and 25+ weeks, loss rates
were 8.7, 6.8%, and 9.1%, respectively. Unlike fetal reduction
for multifetal pregnancies, these data did not show the marked
improvement in losses or prematurity in time periods over the
15 years. This is, however, partly explained by the number of
cases involving triplets or more, which have dramatically in-
creased in the past few years, and partly because these cases
have significantly higher loss rates and risks of early prematu-
rity (Tables 52-1, 52-2). When only twins were counted the loss
rate was reduced to 7.0%. The inverse correlation between loss
or prematurity and gestational age at procedure presented in our
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T A B L E

52-4
TECHNIQUES USED FOR
SELECTIVE TERMINATION IN
MONOCHORIONIC GESTATIONS

Absolute alcohol injection
Alcohol-soaked suture fragments
Metal coils
Occlusive substances
Suture ligation
Monopolar cauterization
Laser cauterization
Bipolar cauterization
Radiofrequency ablation

earlier paper does not hold with this larger data set. There were
no instances of clinically evident or laboratory appreciated co-
agulopathies in mothers. Also, no ischemic damage or coagu-
lopathies were observed among the surviving neonates. Eddle-
man et al. showed a 4% loss rate for twins reduced to a singleton
at an average of 19 weeks. However, the loss rate was 5 times
higher with triplets consistent with the collaboration data.24,25

Premature delivery is a consistent problem which, anecdo-
tally, appears to occur more frequently than with first trimester
multifetal pregnancy reductions. One can speculate that the
cause of such prematurity is related to the amount of residual
fetal tissue that is left in utero. Intuitively, a single 18-week fe-
tus weighs more than several 10-week fetuses added together.
As trends in medical practice establish first trimester prena-
tal diagnosis as the accepted norm, centers that are likely to
be involved in selective termination or multifetal pregnancy
reduction procedures will no doubt diagnose the presence of
fetal anomalies at early gestational ages and such procedures
will begin to be undertaken earlier in pregnancies. Such a shift
is likely to produce better outcomes with decreased incidence
of premature delivery and consequent neonatal morbidity and
mortality. As long as there are patients who do not receive first
trimester prenatal care or whose ultrasound diagnoses are not
made until the late second trimester, the necessity for second
trimester procedure will persist and the difficulties associated
with such will remain.

SELECTIVE TERMINATION IN
MONOCHORIONIC TWIN GESTATIONS

Selective termination may be considered as a management op-
tion in monochorionic twin gestations where 1 twin is affected
by a significant abnormality such as aneuploidy—a severe mal-
formation that is not compatible with normal ex utero life—
particularly if the anomaly is associated with pregnancy com-
plications that can place the normal co-twin at risk or compli-
cations caused by the existence of unbalanced vascular anas-
tomoses within the placenta.

Examples include discordant trisomy 18 or anencephaly
where the anomalous twin has an increased risk of intrauter-
ine demise and/or, in the case of anencephaly, can develop
polyhydramnios resulting in very preterm delivery of the nor-

mal co-twin. Anomalous fetuses, when at an increased risk for
intrauterine demise, represent an ongoing danger to their nor-
mal co-twins. Monochorionic placentas invariably have vas-
cular communications that hemodynamically link the circula-
tions of both twins.16 If 1 twin dies, then the co-twin faces a
25–30% risk of demise19 and, if it survives, a 25–50% risk of
severe neurologic morbidity.25 Postnatal morbidity and neuro-
logic handicap may result from hypoperfusion or thromboem-
bolic complications in various organs, particularly the brain. It
has been proposed that acute exsanguination of the surviving
twin into the circulation of the dead twin through placental
vascular anastomoses is the cause of acute hypotension and
irreversible hypoxic brain damage.29 Thromboplastic proteins
transfused from the dead twin to the survivor via placental vas-
cular anastomoses could also result in thrombotic damage to
the liver, spleen, kidneys, and brain of the survivor.30

The subject of how the death of MZ twins damages the
other remains controversial. Undoubtedly vascular collapse,
disseminated intravascular coagulation as a result of release of
thermoplastic material, or infarction secondary from embolism
from the dead co-twin.30−35

Hemodynamic complications due to anomalous or unbal-
anced vascular communications within the chorioangiopagus
can threaten survivals as well. One example of this is twin re-
versed arterial perfusion sequence (TRAP)30 which places the
normal “pump twin” at risk for high output cardiac failure and
in utero death, or can lead to early polyhydramnios and prema-
ture delivery with its associated morbidity and mortality.36 An-
other condition is twin-to-twin transfusion syndrome in which
the recipient is hypertensive and hypervolemic, and can de-
velop a progressive hypertrophic cardiomyopathy leading to
hydrops and demise.37

Conventional feticide techniques with intracardiac injec-
tion of potassium chloride are not an option in monochori-
onic twin gestations because the substance could transfer to
the nonaffected twin through the vascular communications
within the monochorionic angiopagus. Because of these anas-
tomoses, alternative techniques have been designed that aim
at interrupting umbilical cord flow in the anomalous twin
completely and permanently.38 If the occlusion is not com-
plete or becomes patent over time, then persistent fetal-to-fetal
transfusion or acute interfetal hemorrhage may occur, both of
which are recognized causes of intrauterine fetal death in
monochorionic twins.29 Vascular embolization,39–45 intrahep-
atic alcohol injection,46,47 laser48,49 and monopolar thermoco-
agulation,46,47 radio-frequency ablation,52 and fetoscopic um-
bilical cord ligation53,54 have been used to attempt permanent
occlusion, but none have been consistently successful.

More recently, Deprest et al.53 introduced the use of a
2.7 mm or 3.0 mm bipolar forceps device to thermocoagulate
the umbilical cord for selective feticide. Complete occlusion
of blood flow to the anomalous fetus was seen in 10 out of
10 cases. However, 2 of these cases experienced premature
rupture of membranes within 2 days of the procedure. The re-
maining 8 pregnancies resulted in the live birth of a healthy
baby, with a mean interval between procedure and delivery of
15.1 weeks. Only 1 of these 8 fetuses failed to achieve at least
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Bipolar Forceps grasping cord

FIGURE 52-3 Selective termination performed by coagulation of um-
bilical cord using bipolar forceps to sclerose lumen. Care must be used
to avoid rupture of the vessel.

36 weeks gestation, and was delivered at 26 weeks because of
an unrelated obstetrical complication.

We have adopted this approach with comparable suc-
cess. In a recent review conducted at Children’s Hospital of
Philadelphia, of selective feticide procedures using the same 3
mm bipolar cautery devise (Fig. 52-3)—half of the procedures
were for TRAP sequence and half for a nonviable anomaly—
we were also successful in achieving complete occlusion of
umbilical cord blood flow in the selected fetus in all cases.
However, our mean gestational age at delivery was 31.2 weeks
and mean interval from procedure to delivery was 10.2 weeks.
The reason for this difference is unclear, as both centers are
experienced in fetoscopic procedures and both contained 2
pregnancies that delivered shortly after the procedure due to
premature rupture of membranes (1 at 12 days and 1 at 14 days
after the procedure in our series). One possible difference is the
gestational age at the time of the procedure: in Deprest et al.53

a mean age of 20.2 weeks and 21.3 weeks in our series. This
suggests that, when the procedure is performed, the gestational
age may play a role in outcomes.

We have also used this approach in monochorionic and
monoamniotic twin gestations where 1 twin had a significant
anomaly that was associated with an increased risk for in-
trauterine demise. In such cases, however, the umbilical cord
is cauterized at 2 closely adjacent locations at both the sites of
abdominal cord insertion and placental cord insertion, and the
cord transected between cauterization sites at both locations.
By severing the cord at both locations, the subsequent risk of
cord accidents in the surviving twin due to co-twin cord entan-
glement and tethering should be markedly reduced. However,
this procedure requires the use of 2 fetoscopic ports: 1 for a
guiding endoscope and 1 for the operative instruments, but
outcomes have been comparable to single port procedures.

We, therefore, believe that selective feticide using bipolar
cauterization offers a safe and reliable approach to the selective
isolation of the fetal circulations in monochorionic pregnan-
cies, and offers a minimally invasive alternative to suture cord
ligation or cord embolization procedures, particularly at later
gestations.

ANALYSIS OF DATA

In experienced hands, selective termination for a dizygotic ab-
normal twin appears to be safe and effective when it is per-
formed by intracardiac or intrafunic injection of potassium
chloride. In this collaborative series, the incidence of prema-
ture deliveries was relatively low, with 78% of all viable deliv-
eries occurring after 33 weeks and only 6.0% at 25–28 weeks.
The gestational age at the time of the procedure did not corre-
late with the loss rate or with the gestational age at delivery.
There does not appear to be the necessity for coagulopathy
testing as was done until our first collaborative report.23 We
are unaware of any clinical data consistent with damage from
the procedure.

In bichorial pregnancies, the benefits expected from selec-
tive termination should be weighed against the potential risk
of the procedure concerning the unaffected twin. Pregnancy
loss and premature delivery are the major potential obstetri-
cal and perinatal risks associated with selective termination
that were identified by our first survey. However, pregnancy
losses of up to 30% have been reported in the natural history
of twins.51 Prematurity rates of 40–44% have been reported
in twin pregnancies.42 These figures are comparable with the
37% prematurity rate observed in the first series. Here, follow-
ing selective termination, 13.7% of potentially viable fetuses
were delivered in the 25–32 weeks period, which is slightly
higher than the 10.5% rate of severe prematurity observed in
the natural history of twins in Britain.54 This may be due in part
to the inclusion of 39 triplets and 18 quadruplets or more in the
series of selective termination. When these cases are analyzed
separately, the loss rate for 2 to 1 is shown to be lower.24−26

ETHICS

To many people, any deliberate termination of a fetus is inher-
ently controversial. There are many parallels when compar-
ing selective termination to multifetal pregnancy reduction in
terms of the ethics of the procedure.55,56 In addition, there are
specific ethical differences between selective termination and
multifetal pregnancy reduction and that of abortion per se. A
woman has an abortion because she has decided that she does
not wish to have the child. A woman undergoes selective ter-
mination or multifetal pregnancy reduction precisely because
she does wish to have a healthy child, and is in circumstances
that make this very difficult because either the shear number in
cases of multifetal pregnancy or a fetal abnormality has been
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detected in 1 or more of the fetuses. In the past, the options were
to keep both fetuses and commit oneself to care of a potentially
severely handicapped infant, or to abort both fetuses and termi-
nate an otherwise healthy, wanted fetus. The development of
selective termination has allowed couples to attempt to have a
presumably healthy infant while being spared the emotional
and financial trauma incurred with a severely handicapped
infant. The Ethics Committee of the American College of
Obstetricians and Gynecologists has endorsed the ethical pro-
bity of offering selective termination under such circum-
stances.57 In a society that legally permits abortion, there is
no ethical justification for attempting to impose legal sanctions
against selective termination as have been proposed but not en-
acted in a number of jurisdictions in the United States. Shalev
et al. have suggested postponing selective termination into the
third trimester to reduce the risk of premature delivery.58

There certainly is the potential for ethical abuse of the pro-
cedure because of its potential use in prenatal diagnosis of a
twin pregnancy specifically for the purpose of sex selection.
While such cases have been anecdotally suggested, the absolute
incidence is probably extremely low.56,59−61 It is our opinion
that sex selection is not routinely appropriate. However, we
believe that in a pluralistic society in which abortion can be
considered an acceptable option under certain circumstances,
selective termination for a significant fetal abnormality is cer-
tainly justifiable.

When the risks of performing the procedures are compa-
rable, less important issues such as gender can be a minor
consideration.62 In 1987 Elias and Annas argued that selec-
tive termination should only be considered in cases in which
there are profound abnormalities, such as Tay-Sachs disease,
because of the risk to the normal twin.63 They specifically felt
that Down Syndrome was not a sufficient abnormality to be
considered as an indication to offer the procedure. We dis-
agreed then and continue to believe that any aneuploid state is
a sufficient indication for the consideration of this procedure,
particularly as the data has continued to suggest improving
outcomes for the procedures. Others have argued that there is
a wide divergence of clinical expression for each aneuploidy,
especially cases of trisomy 21 which range from severe psy-
chomotor manifestations to milder degrees that allow sheltered
independence in a rare number of individuals. However, there
are no present available means that allow prognostic differ-
entiation prenatally; thus, selective reassurance for the expec-
tant parents. We believe that all couples should be allowed
to make this difficult choice for themselves based on known
clinical facts, and that differing personal perceptions of risk
and burden cannot be ethically legislated or imposed. Given
that a fundamental tenet of genetic counseling is nondirec-
tional counseling, the imposition of one’s view of acceptable
versus unacceptable abnormalities is not usually justifiable or
ethical.

As with all procedures, as experience increases and the
safety of the procedure becomes more appreciated, the ap-
propriate indications for this procedure will likely become
clearly delineated. We do not believe that selective termination
should ever be considered a frivolous procedure done merely

for convenience.64 However, data suggest a more favorable
outcome for twins reduced to a singleton as opposed to con-
tinuing twins62 which makes the 2 to 1 situation even more
controversial.
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53
THE OBSTETRICAL MANAGEMENT OF
FETAL ANOMALIES

Peter G. Pryde

INTRODUCTION

Anomalous development of the human embryo and fetus is a
common and increasingly relevant clinical problem. It is es-
timated that as many as 30–50% of human conceptions are
lost in early gestation, most of which are thought to be intrin-
sically abnormal.1,2 Despite the impact of early spontaneous
loss in eliminating the majority of aberrantly developing preg-
nancies, there remain a significant number who survive. By
term an estimated 3% of infants are born with major structural
anomalies and 1% have multiple malformations.3 This clini-
cally significant group of developmentally abnormal neonates
contributes increasingly, and disproportionately, to the sum
of perinatal mortalities. While recent efforts to reduce peri-
natal mortality have been effective in reducing deaths related
to utero-placental causes, and therefore total perinatal deaths,
such a reduction has not been observed with deaths due to fe-
tal anomalies. Therefore fetal anomalies, accounting for only
12% of perinatal deaths in the 1960s,4 now account for nearly
one third of perinatal losses.5

Through the application of several rapidly evolving tech-
nologies (including high resolution ultrasound, biochemical
analyte screening, cytogenetics, and molecular biology), and
the development of advanced invasive fetal diagnostic tech-
niques, the obstetricians ability to screen for, accurately diag-
nose and manage fetal developmental disorders has become
quite powerful. Concomitant with the expanding prenatal di-
agnostic possibilities has been the growing expectation, by
prospective parents, that their child will be normal.6 This has
translated into a high uptake of prenatal screening and di-
agnostic techniques by pregnant women and a high rate of
utilization of such technologies by their care providers.7,8 Thus
fetal anomalies are increasingly recognized antenatally allow-
ing evaluation, prognostication, and in some instances inter-
vention to effect outcome.

Although many fetal anomalies carry a dismal prognosis,
regardless of efforts at detection and treatment, there are oth-
ers in which real impact on outcomes can be made. It is the
pregnancy management principles for this group of potentially
surviving, but anomalous, fetuses on which this chapter shall
focus.

DIAGNOSIS OF ANOMALIES:
IMMEDIATE MANAGEMENT

When diagnoses of fetal anomalies are made, or suspected, the
parents must be informed of the findings in a sensitive but clear
and truthful fashion. Education will be the initial priority. Be-
cause most parents are quite unprepared for such a discussion

it will typically require considerable time. In some instances,
particularly when awaiting invasive diagnostic information,
serial encounters will be necessary. Several key elements must
be conveyed to the parents. First is a frank discussion of the
ultrasound findings and the fetal differential diagnosis. As will
later be detailed, this must include realistic appraisals of diag-
nostic certainty and uncertainty. Next, the attendant range of
prognostic possibilities is elaborated. And finally, pregnancy
management options (including aggressive versus nonaggres-
sive approaches, or in some cases abortion), are sensitively
presented (Table 53-1).

As such discussions unfold, parental anxieties naturally
arise accompanied by variable levels of grief, guilt, and disbe-
lief. Clinicians commonly observe that the capacity of parents
to fully assimilate the information being presented them is of-
ten blunted by these emotions. The nonrational component of
the parental response must be kept in mind when, despite the
shocking news, they may be called upon to consider a vari-
ety of medically complicated management options and make
decisions.

Before long-term prognosis and pregnancy management
can be properly discussed it is essential to establish as precise
a fetal diagnosis as is possible (Fig. 53-1). The observation
and description of an aberrant ultrasound finding, in most in-
stances, does not constitute a specific diagnosis. It is essen-
tial to compile all identifiable abnormalities, acknowledging
that high resolution ultrasound continues to have diagnostic
limitations,9 and that varying levels of diagnostic uncertainty
are not infrequent. With this information an effort is made to
narrow as much as possible the differential etiologic diagno-
sis. The quality of the counselling very much depends on this
effort. In most cases the prognosis for a fetus with the find-
ing of an anatomic defect hinges altogether on the specific
etiologic diagnosis. For example observing mild isolated fetal
ventriculomegally during ultrasound tells much less about the
fetal prognosis than does this finding when accompanied by the
demonstration of associated defects such as a Chiari malfor-
mation secondary to a large spina bifida. This is important be-
cause difficult parental pregnancy management decisions will
depend largely on the fetal prognosis as it is related to them by
their physician.10

Recall that among fetal diagnoses of structural malforma-
tion, the overall rate of aneuploidy can range from 10% (with
an isolated defect) to 35% (when 2 or more anomalies are
seen).11 Additionally, one third of newborns having a major
congenital anomaly are found to have multiple anomalies.3

And finally, the organ most commonly affected by structural
anomalies, whether in the setting of an isolated defect or in
association with multiple congenital anomalies, is the heart.
Thus, optimal prenatal diagnostic precision requires minimally
(a) a vigilant search for additional extracardiac anomalies,12

(b) a comprehensive fetal echocardiographic study,13 and
(c) in most instances a fetal karyotype.11,14 Most prenatal
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580 SECTION V � Management of Problems

T A B L E

53-1
FETAL MANAGEMENT STRATEGIES

Strategy Methods Clinical Situations

Abortion DE versus labor induction techniques Typically poor prognosis fetal conditions. Available regardless
of type of abnormality if gestational age within legal limits.

Nonaggressive Withhold antepartum testing, intrapartum testing,
and any invasive procedures (ie, Cesarean
section) which otherwise are performed for fetal
benefit alone

Reserved for definitively diagnosed fetal conditions with
extremely poor prognosis and little hope for beneficial
intervention. Examples include alobar holopros encephaly,
anencephaly, large encephalocele, bilateral renal agenesis,
lethal congenital heart defects, triploidy, trisomies 13 and 18,
etc.

Aggressive Full provision of appropriate antepartum and
intrapartum fetal assessment techniques.
Provision of cesarean section for fetal or other
obstetrical indications. Fetal therapies where
indicated, including invasive fetal procedures for
indicated conditions.

Disorders with hopeful outlook by natural history, or in which
fetal or neonatal interventions can improve outcomes.
Examples are several repairable heart defects, isolated ventral
wall defects, many instances of spina bifida, isolated cleft lip
and/or palate, selected cases of diaphragmatic hernia or
bladder outlet obstruction, and many more.

diagnostic laboratory tests can be performed on fluid ob-
tained by amniocentesis (such as a karyotype, tests for fetal
infection,15 or tests for rare mendellian disorders having struc-
tural features shared in the differential diagnosis of the fetal
findings). Occasionally, other invasive fetal diagnostic proce-
dures will also be needed such as fetal blood sampling in cases

of nonimmune hydrops,16 and fetal urine sampling in cases of
bladder outlet obstruction.17

The results of these tests may prove invaluable in refining
discussions of prognosis. For example, when there is ultra-
sound identification of ventricular septal defect (VSD), it is of-
ten the underlying cause, or etiology, of that defect (more than

Ultrasound diagnosis of Anatomic Defects

Differential Diagnosis: Refine as precisely as possible.

Consider complimentary diagnostic modalities:

1. Fetal karyotype

2. Comprehensive fetal anatomic survey

3. Formal fetal echocardiogram

4. Appropriate biochemical or molecular testing when indicated

5. Miscellaneous (fetal vesicocentesis, skin or muscle biopsy)

Definitively lethal or

profoundly

neurodevelopmentally

disabling with shortened

life expectancy

Mild, moderate, or severe

prognosis with potential for

neonatal or fetal intervention

to impact outcome

Severe prognosis with only

experimental or marginally

beneficial fetal/neonatal

therapies

Abortion or “nonaggressive”

strategy

Abortion or “aggressive”

strategy

Abortion, ‘‘nonaggressive” or

“aggressive” approach in fully

informed patient

FIGURE 53-1 Fetal anomalies evaluation and management algorithm.
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CHAPTER 53 � The Obstetrical Management of Fetal Anomalies 581

the defect itself) which determines the long-term outlook. The
prognosis for truly isolated VSD is, in many cases, excellent.
However, if searching the remainder of the fetal anatomy re-
veals additional structural anomalies then syndromic (Mendel-
lian, sporatic, or chromosomal) causes of VSD must be con-
sidered. Not only do the additional anomalies carry their own
unique risks, but the presence of multiple defects point to a
global, as opposed to single organ specific, abnormality of fetal
development. Obviously the aggressiveness of the pregnancy
management may be radically different when a poor or lethal
prognosis (for example if trisomy 18 is revealed in the work-up
of VSD) can be clearly determined, compared to where there
is a potentially excellent prognosis (as when the VSD appears
to be truly an isolated finding).

THE “PERINATAL TEAM”

Because of the complexity of the maternal and fetal medi-
cal issues raised, women having prenatal diagnoses of fetal
anomalies are usually referred to, and managed, under the
guidance of a perinatal team.18,19,20 Such a team has multispe-
cialty representation, which typically includes specialists in
maternal-fetal medicine, genetics, neonatology, all branches
of pediatric surgery, and pediatric cardiology. Other profes-
sionals typically involved include genetic counselors, social
workers, and at times medical ethics representatives. The team
approach, by combining the unique expertise, experience, and
viewpoint of many individuals representing a variety of dis-
ciplines, often improves diagnostic precision as well as the
quality and balance of parental education and counseling. Ul-
timately, the optimal care of an anomalous fetus may require
the input of the entire team.

It is essential that physicians overseeing these pregnancies
maintain a reasoned, continuously updated, and as much as
possible evidence based approach. However, the reality is that
most existing literature in this area is retrospective, uncon-
trolled and with small numbers of cases. Thus management
plans are based not only on a critical appraisal of the avail-
able data, but also include consideration of the collaborative
experience of the perinatal team.

INFORMED CONSENT

It is essential to maintain utmost sensitivity to the importance
of informed consent in managing these patients. Informed con-
sent is perhaps more problematic in fetal medicine than in other
medical disciplines due to (a) the frequent pressure of time con-
straints for decision making, (b) the often considerable levels of
diagnostic uncertainty as discussed above, (c) the comparative
lack of solid management guidance data sometimes creating
legitimate controversy about prognosis as well as management
for particular defects, and (d) the available management op-
tions may bring maternal and fetal welfare into conflict. Thus,
a painstaking effort to elaborate the potential risks (both ma-
ternal and fetal), benefits (fetal), as well as alternative options
(each with its own risk/benefits), must be made. When the pa-
tient has demonstrated sufficient grasp of these issues, she is
called upon to choose a course of action. It is the physician’s

obligation, then, to devise and follow a mutually acceptable
management plan which includes the patients desires (within
medical reason) as well as her fully informed and written
consent.

ONGOING AND DEFINITIVE MANAGEMENT

ABORTION FOR FETAL ANOMALIES

Before viability, a woman’s right to abortion is established
through the Supreme Court decision of Roe v. Wade.21 Thus,
when abnormalities of most, if not all, types are diagnosed prior
to fetal viability the option of pregnancy termination should be
presented. When diagnoses are established beyond the limits of
viability legal access to abortion becomes more limited. Sev-
eral centers will provide terminations beyond viability in cases
of definitively diagnosed lethal anomalies (i.e., anencephaly,
triploidy). Only a few centers, however, allow broader fetal
indications for termination beyond viability. Thus for some
women who might otherwise prefer abortion, it may not be a
realistic option.

AGGRESSIVE MANAGEMENT APPROACH

When the diagnostic evaluation indicates that there is hope for
fetal salvage, the pregnant woman and her partner may choose
to pursue an “aggressive” approach to pregnancy management.
Under such circumstances both the maternal patient, and the
fetal patient, must be simultaneously considered with the in-
tention of minimizing maternal risk while maximizing fetal
outcome. Management will be individualized according to the
nature of the fetal disorder (and its anticipated prognosis) as
well as a careful consideration of any unique maternal medi-
cal and philosophical concerns. Issues to be addressed include
(a) where, when and by what route of fetal delivery, (b) what
type and intensity of fetal surveillance is indicated, and finally
(c) are in utero therapies a consideration.

When aggressive management is chosen, anomalous fe-
tuses should be delivered in a tertiary center equipped with
an intensive care nursery and an experienced “perinatal
team.”18,19,20 Only in this environment will there be ready ac-
cess to comprehensive diagnostic, as well as therapeutic inter-
ventions. The need for such interventions can arise acutely in
the perinatal period, and should be anticipated. Obviously it
is best to avoid delivery at a hospital unequipped for complex
neonatal problems which are likely to be aggravated by the
delay and technical logistics of neonatal transport to a tertiary
center.22

In most cases full-term delivery is optimal for fetuses af-
fected with malformations.18 The rationale for this generaliza-
tion is that larger babies are usually better surgical candidates.
Additionally, respiratory problems of prematurity will compli-
cate the already problematic management of the malformed in-
fant and should be avoided whenever possible. Certainly there
are exceptions to this rule: For example, occasionally fetuses
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582 SECTION V � Management of Problems

with obstructive hydrocephally will be noted to have rapidly
expanding ventriculomegally. In these cases delivery, as soon
as pulmonary maturity can be established, may reduce pro-
gressive cerebral injury by earlier corrective surgery.23 Other
examples would include instances where antepartum testing
indicates deteriorating fetal status in anomalous fetuses for
whom there remains hope for salvage.18

Route of delivery is occasionally a source of controversy
in the management of malformed infants. For most anomalies
elective cesarean section will provide no demonstrable fetal
advantage compared with the vaginal route of delivery, while
substantively increasing maternal risks.18 For these anomalies,
therefore, cesarean delivery should only be performed for stan-
dard obstetrical indications. Some anomalies, however, will
clearly require cesarean section simply due to the near cer-
tainty of dystocia (e.g., conjoined twins, sacrococcygeal ter-
atoma, and cases of hydrocephaly with marked macrocephaly
when aggressive management is planned thus contraindicating
cephalocentesis). There also remain a few relatively common
anomalies for which the optimal route of delivery is not yet es-
tablished, and for which there remains legitimate controversy.
Examples are selected cases of meningomyelocele, gastroschi-
sis, and omphalocele.

A final aggressive management option that may be con-
sidered in a few relatively uncommon fetal conditions is fetal
surgery by either open or percutaneous techniques. These in-
vasive fetal therapies are currently offered only at a handful of
“fetal surgery” centers. Current indications include carefully
selected cases of obstructive uropathy,24 isolated congenital
diaphragmatic hernia,25 fetal sacrococcygeal teratoma,26 con-
genital cystic adenomatoid malformation of the lung,27 and
isolated fetal hydrothorax.28 Results have been variable, but
techniques are evolving. Prospective studies proving fetal ben-
efit, as well as establishing the level of maternal procedure re-
lated risk, are not yet available. Each of these treatments must
therefore still be regarded as experimental and, for now, should
probably be performed only at the most experienced centers
under human investigational protocols.

NONAGGRESSIVE
MANAGEMENT APPROACH

Occasionally severe defects are discovered for which the out-
look is poor, and interventions are unlikely to be beneficial or
entail inordinate maternal risk. For many women abortion, even
under such circumstances, is not an option. Alternatively, these
defects may be, and often are, diagnosed beyond the local legal
limits for abortion. In such instances the pregnant patient and
her partner may choose a nonaggressive pregnancy manage-
ment approach. Nonaggressive management, in this context,
implies avoidance of obstetrical tests or interventions typically
employed strictly for fetal benefit, and in some instances with
the potential cost of increasing maternal risk. Such interven-
tions that may be avoided would include (a) antepartum fetal
surveillance methods, (b) fetal heart rate monitoring in labor,
(c) mandatory delivery in a tertiary care center, and (d) ce-
sarean section for fetal indications. In order to consider the

nonaggressive approach there should be a high level of di-
agnostic certainty predicting either a lethal, or a profoundly
neurodevelopmentally and cognitively disabling, fetal condi-
tion. Examples of such diagnoses include triploidy, tisomy 18,
trisomy 13, anencephaly, alobar holoprosencephaly, hydranen-
cephaly, congenital heart disease with progressive hydrops, and
bilateral renal agenesis.

COMMON CLINICAL SITUATIONS

A complete list of fetal anomalies and review of proposed
obstetrical management exceeds the scope of this chapter
and has been the content of several important textbooks.
The following are representative examples of the more com-
mon anomalies with which a busy “perinatal team” will be
confronted.

CENTRAL NERVOUS SYSTEM ANOMALIES

Structural disorders of the central nervous system (CNS) are
comparatively common, and with current ultrasound technol-
ogy are frequently identified antenataly.29 As with malforma-
tions in other systems, they can occur in isolation or as com-
ponent of a syndrome involving multiple anomalies including
aneuploidy. Additionally, with several of the CNS anomalies,
there is a tendency for progression of severity with advanc-
ing gestation. Thus, it is imperative that as precise a diagno-
sis as possible be established including a careful search for
associated CNS and non-CNS anomalies as well as chromo-
some analysis. However, even when an isolated defect is as-
sured, prognostic counseling can be difficult due to problems
in predicting the severity of cognitive and neurodevelopmen-
tal disabilities for which any given case may be destined. With
any previable diagnosis of CNS anomaly abortion must be
offered.

NEURAL TUBE DEFECTS

Neural tube defects (NTDS) are the most common CNS
anomalies encountered affecting 1–3/1000 live births.30 Anen-
cephaly and caudal spinal dysraphism are the most frequent
among NTD’s and occur in nearly equal proportions. Consider-
ably more rare examples include iniencephaly, encephalocele,
and craniospinal rachischisis. The prognosis for these disor-
ders is quite variable. While some are predictably lethal (anen-
cephaly and craniospinal rachischisis), or have uniformly poor
outcomes (iniencephaly and most instances of encephalocele),
the outlook is less predictable in cases of caudal meningocele
and myelomeningocele.31

In cases with clearly poor prognosis (anencephaly, inien-
cephally, and craniospinal rachischisis) there is general agree-
ment that a “nonaggresive” approach should be encouraged.
Prenatal diagnosis of encephalocele is more problematic:
While most instances of encephalocele are in fact cranial
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CHAPTER 53 � The Obstetrical Management of Fetal Anomalies 583

meningomyelocele with extremely poor prognoses, there are
some instances where the defect is small and contains no
neural tissue. In such cases the anomaly is effectively a
cranial-meningocele with potentially a much more favorable
prognosis.32 In cases where there is associated microcephaly
and neural tissue clearly occupies the encephalocele, the prog-
nosis is predictably poor and “nonaggressive” management is
appropriate. However, when such findings are not obvious, the
distinction of the two entities may not be possible antenatally.
This would lead one toward the “aggressive” approach, which
may include cesarean delivery (see meningomyelocele discus-
sion in the following section).

In recent years, attributable mostly to early pediatric neu-
rosurgical and adjuvant medical care, there has been enor-
mous improvement in the outlook for children born with
myelomeningocele. Current surveys33,34,35 report that while
most affected individuals have some element of neurologic
disability, the majority survive. Among survivors, cognitive
abilities (as indicated by intelligence quotient) are within the
normal range in 70–80%. Although severity of neurologic
disability varies with size and location of the lesion, about
50% of affected individuals are capable of ambulation as
adults.

The possibility that obstetrical management may fur-
ther improve outcomes with meningomyelocele has been de-
bated, and has generated a considerable literature. Following
Chervanaks report36 of 4 fetuses managed by elective cesarean
section to allow “atraumatic” delivery, there have been several
relatively small series published. Important findings include
Hadi’s report on 9 fetuses, all having small (≤4 cm in diam-
eter) lesions, that were delivered vaginally from a cephalic
presentation.37 Among these there were no ruptures of the
meningocele sacs, no cases of meningitis, and outcomes were
not different from abdominally delivered historic controls. Two
subsequent retrospective series of 72 and 35 affected infants,
respectively, failed to show significant differences in mortal-
ity or neurologic outcomes in infancy.38 However, the for-
mer study did show increased numbers of infants develop-
ing meningitis among the vaginally delivered group (3 of the
total of 4 meningitis complications in the entire series). The
later study found a higher incidence of rupture of the meningo-
myelocele sac (a complication associated with neonatal menin-
gitis which itself is associated with worse overall outcomes)
among infants having lesions >6 cm regardless of mode of
delivery. Finally, Luthy and associates reported their retro-
spective experience with 200 meningomyelocele affected in-
fants delivered at the University of Washington.39 These au-
thors stratified infants by cesarean without labor, cesarean after
labor, and vaginal delivery. Although there were no differences
in neonatal complications, there were statistically significant,
and clinically important, differences in neurologic outcome at
24 months between those exposed and those not exposed to
labor. The labored group was 2.2 times more likely to have
“severe” paralysis. Similarly, the mean neurologic level of
paralysis was higher in the labor exposed compared with the
unexposed group.

Each of these studies can be criticized due to their ret-
rospective nature, and the ongoing controversy calls for a
prospective study. However, as Hobbins has editorialized, a
definitive controlled randomized trial is unlikely to occur.40 In
the absence of such a trial, the available data would support
liberal use of cesarean section prior to the onset of labor. Such
an approach would allow controlled delivery, into an aseptic
environment, in a setting allowing prompt neurosurgical eval-
uation and repair. A possible exception to this sort of policy
may be cephalic presenting fetuses affected with small (<4 cm)
lumbosacral lesions in which rupture of the sac appears to be
unlikely37 and outcomes do not appear to be influenced by
delivery mode.

VENTRICULOMEGALLY

The term ventriculomegally describes the finding of enlarged
cerebral ventricles. It is markedly heterogeneous in etiology
including idiopathic, secondary to Chiari malformation as-
sociated with spinal dysraphism, infectious, association with
aneuploidy, and association with a variety of other develop-
mental disorders. Ventriculomegally thereby has a highly vari-
able prognosis depending very much on the specific etiologic
diagnosis.31 In a series of 267 consecutively diagnosed cases
of ventriculomegally, Nicolaides and associates41 reported that
64% were secondary to open spina bifida, 22% were “iso-
lated” ventriculomegally, and 14% had multiple congenital
anomalies. Among cases with multiple defects there were 36%
having associated aneuploidy, and 100% mortalities. Among
“isolated” ventriculomegally cases there were only 6% with
chromosome abnormalities. Additionally the prognosis with
mild, static, isolated ventriculomegally in the absence of chro-
mosomal abnormalities was excellent both for survival and for
neurodevelopmental outcome.

Thus the presence or absence of associated anomalies and
the karyotype, will facilitate discussions about management
approach. Abortion should be offered in all instances where
ventriculomegally is diagnosed before viability. In poor prog-
nosis cases (those with multiple associated anomalies except-
ing isolated spina bifida, and/or a serious chromosome abnor-
mality), for which abortion is declined, or the diagnosis is made
too late to exercise that option, a “nonaggressive” approach
is justified. In these instances decompression cephalocente-
sis during labor has been considered by some authors, in the
attempt to avoid the maternal morbidity of cesarean section,
when dystocia occurs due to macrocephaly.23

In the early 1980s, efforts at in utero ventriculo-amniotic
shunt placement for the treatment of supposedly “isolated” ex-
panding ventriculomegally met with marginal success.42 Due
to an unacceptably high procedure related fetal mortality (12%
of reported cases), problems ruling out associated anomalies,
and lack of a proper comparison group to demonstrate benefit,
the procedure has been abandoned.

In continuing ventriculomegally affected pregnancies
which are either isolated, or those cases whose only associ-
ated anomaly is spina bifida, an “aggressive” approach is rec-
ommended. In these cases serial ultrasound is necessary to
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observe for progression of the disorder: Occasionally rapidly
expanding hydrocephaly may be observed and early delivery
recommended.43 Under these circumstances corticosteroids
may be appropriate if delivery is anticipated prior to 34–
36 weeks. In all cases fetal lung maturity should be verified
prior to delivery. Route of delivery will depend on the presence
or absence of attendant macrocephaly. Fetuses having a BPD
<100 mm can be allowed a trial of labor for vaginal delivery,
with cesarean reserved for obstetric indications.18 Larger heads
will likely lead to dystocia and cesarean section followed by
postnatal shunting may optimize outcomes.

MISCELLANEOUS CNS ANOMALIES

There are a variety of less common but important CNS anoma-
lies that come to the attention of the perinatal team and deserve
comment.

Miscellaneous disorders of brain development will be dis-
cussed together including Dandy-Walker malformation (and
its variants also known as “partial agenesis of the cerebellar
vermis”), agenesis of the corpus collosum, and the progres-
sively severe varients of holoprosencephaly (lobar, semilobar,
and alobar). It is important to recognize that each of these disor-
ders has a high rate of associated CNS and non-CNS anomalies
as well as significantly elevated risk for aneuploidy.29 Addi-
tionally, they can have widely variable prognoses depending
on the severity of the primary finding, as well as the presence or
absence of other abnormalities. As with the other CNS lesions
discussed, associated anomalies or chromosomal abnormali-
ties portend poor prognoses. In the absence of associations,
however, one needs to be extremely careful in prognosticat-
ing, especially in the mild forms of these diagnoses (i.e., iso-
lated partial agenesis of the corpus colossum, partial agenesis
of the cerebellar vermis, or lobar holoprosencephaly). These
milder forms can, but do not always, have quite normal neu-
rodevelopmental outcomes. Thus, management principles can
be generalized to performance of a comprehensive anatomic
survey (including fetal echocardiogram) searching for addi-
tional anomalies, followed by karyotype evaluation. In clearly
poor prognosis cases (multiple anomalies, chromosome abnor-
mality, or alobar holoprosencephaly) nonaggressive manage-
ment or abortion should be offered. In the remainder of cases,
for which prognosis must be considered uncertain, abortion is
offered when previable and otherwise “aggressive” obstetrical
management is encouraged.

The final group of CNS disorders to be considered together
are the fetal brain abnormalities thought to be of a disruptive
vascular origin, or of a developmental origin but anatomically
resembling a vascular disruption.44 The former includes hy-
dranencephaly, and type I porencephaly (also known as “false
porencephaly”). The later is type II porencephaly (also called
“schizencephaly”). From the viewpoint of obstetrical manage-
ment, the important issue is accurate diagnosis. When type
II porencephaly (usually bilateral involving extensive cere-
bral cortex) is identified, or hydranencephaly is confidently
diagnosed, the prognosis is extremely bleak for long-term sur-
vival, and neurocognitive development is generally poor in

survivors. Abortion is offered and, in continuing pregnancies,
a “nonaggressive” approach is encouraged. On one hand for
type I porencephaly (usually unilateral and of variable sever-
ity) the outlook is less predictable.44 Mild cystic lesions can be
associated with comparatively good outcomes and an “aggres-
sive” approach may be considered. On the other hand “severe”
cases tend to follow a course similar to type II porencephally
and should be managed accordingly.

CARDIAC ABNORMALITIES

There are multiple well described abnormal patterns of car-
diac development. The majority of these can now be diag-
nosed in the late second trimester fetus, with an impressive
degree of confidence, using high-resolution ultrasound and
color doppler imaging. The heart is the most common organ
to be congenitally anomalous such that nearly 1% of new-
borns are found to have a cardiac defect.45 From the viewpoint
of obstetrical management, the fetal cardiac disorders can be
grouped into (a) those which involve anatomic defects, and
(b) those which involve rhythm disturbances.

STRUCTURAL CARDIAC ANOMALIES

As with other fetal anomalies, the observation of a congenital
heart defect (CHD) should alert the clinician to the possibility
of associated noncardiac anomalies and/or aneuploidy. In pub-
lished series of antenatally diagnosed CHD multiple anomalies
are reported in 25–50% of cases.46 Similarly, aneuploidy oc-
curs in up to 32% of cases with the prevalence skewed toward
those with multiple defects.47,48 When identified prenatally, the
overall survival rate for CHD is reported less than 25%.49,50

This contrasts with subtler lesions that escape antenatal detec-
tion and survive in 80% of cases.50

From a prognostic point of view several generalizations
can be made. As with many fetal anomalies, the earlier in ges-
tation the diagnosis becomes apparent, the more severe the
anomaly and the attendant prognosis. Similarly, those defects
that escape prenatal detection, in experienced units, tend to
be milder with better outcomes. When associated noncardiac
anomalies are noted the prognosis worsens considerably, as is
also true with the presence of aneuploidy. Some lesions, even
in isolation, are severe and carry predictably poor prognoses
(e.g., hypoplastic left heart, and any structural disorders ac-
companied by evolution of hydrops). Thus, prognostication
requires (a) comprehensive fetal anatomic evaluation, (b) fe-
tal karyotype, and (c) serial echocardiagraphic functional
evaluation.

When CHD is diagnosed before viability, abortion is
offered. For continuing pregnancies, management is dictated
by certainty of prognosis. In clearly poor prognosis cases
(examples include those with multiple anomalies, severe ane-
uploidy such as trisomies 13 and 18, or severe primary
lesion), the “nonaggressive” approach is recommended. Addi-
tionally, lesions which have progressed leading to fetal hydrops
have an extremely dismal outlook51 and should be managed
“nonaggressively” as well. On the other hand, when prognosis
is regarded as uncertain, or good, the “aggressive” management
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approach is encouraged. With CHD it is important to keep
abreast of pediatric surgical advancements, and to arrange
predelivery pediatric cardiology consultation in cases where
pediatric outlook is poor but where controversial procedures
are available (such as the Norwood procedure52 for hypoplas-
tic left heart). In such cases the aggressiveness of the ob-
stetrical management will depend on the patient’s intentions
for management after delivery. For all cases in which ag-
gressive management is chosen, frequent ultrasound fetal
evaluation is indicated to watch for signs of fetal decom-
pensation.

FETAL ARRHYTHMIA

The prevalence of fetal arrhythmia is thought to be as common
as 1–2% in near term fetuses.53 Centers seeing large numbers
of referrals for the indication of fetal arrhythmia, report that by
far the most common arrhythmia is variably frequent extrasys-
tole which in most cases is benign.53,54 Less common, but of
more clinical importance, are the sustained fetal tachyarrhyth-
mias which include in order of frequency: supraventricular
tachycardia, atrial flutter, and very rarely atrial fibrillation, or
ventricular tachycardia. Also uncommon, but clinically impor-
tant, is complete congenital heart block manifest as sustained
fetal bradycardia. The approach to these disorders requires
(a) an investigation to exclude underlying structural heart dis-
ease, (b) knowledge about the untreated natural history of the
different arrhythmias, as well as which arrhythmias may ben-
efit by therapy, and (c) an understanding of the maternal risks
of implementing those treatments.

Whenever a fetal arrhythmia is noted, whether by aus-
cultation in the office, at fetal tocodynamometry, or during
ultrasound fetal assessment, it is important that it be thor-
oughly evaluated. This evaluation includes a comprehensive
fetal structural evaluation. Emphasis is given to fetal echocar-
diography including M-mode doppler imaging to define the
nature of the arrhythmia by observing the systolic relationship
between the atria and the ventricles. Fetal arrhythmias are as-
sociated with structural heart disease in 5% of cases55 which,
when present, is highly associated with aneuploidy.47,48 Thus
when cardiac, or noncardiac, anomalies are seen karyotype is
recommended.

EXTRASYSTOLE

Fetal extrasystoles are common.53 They are rarely associated
with CHD, and in the absence of structural abnormalities are
typically benign. However, Copel and associates have reported
a 0.5% risk of evolution of sustained tachyarrhythmia in such
patients.54 Therefore these pregnancies deserve aggressive ob-
stetrical management and it is recommended that the fetal heart
be monitored or auscultated twice weekly until complete res-
olution of the arrhythmia, or until delivery.

SUSTAINED TACHYARRHYTHMIA

With sustained fetal tachyarrhythmia it is important to sort out
the specific arrhythmia both from the standpoint of progno-
sis and management. Supraventricular tachycardia (SVT), by

far the most frequent tachyarrhythmia, has a 1:1 atrial to ven-
tricular systolic rate (generally 220–260 beats per minute). It
is rarely associated with underlying structural heart disease.54

The major concern for fetuses having sustained unremitting
tachycardia in this range is cardiac decompensation and evo-
lution of fetal hydrops (estimated to occur in 40% of untreated
fetuses, and an additional 15% of untreated neonates).56 Of-
ten the arrhythmia is intermittent and well tolerated without
therapy. However, when unremitting, SVT can be corrected
in most instances using antidysrrhythmic therapy. Digoxin is
usually employed as the first-line agent, followed by a variety
of alternate second-line medications if it fails. Thus, after a
full discussion of the potential fetal benefits contrasted with
the possible maternal risks of therapy, an aggressive man-
agement approach is encouraged. Because conversion to a
normal rhythm is not immediate, nor is it guaranteed, very
close ultrasound fetal assessment of fetal well being is manda-
tory. If pulmonary maturity is anticipated and the fetus does
not easily convert, delivery is indicated. If the arrhythmia is
present during labor it will, in most instances, be impossi-
ble to evaluate fetal tolerance of labor. If there is rapidly
progressing labor serial scalp pH may allow adequate fetal
assessment and vaginal delivery. More typically, a cesarean
section will be necessary because of inability to assess fetal
wellbeing.

Fetal atrial-flutter and fibrillation are thought to be consid-
erably more rare causes of fetal tachyarrhythmia than SVT.54

Nonetheless it is important to distinguish them from SVT due
to the worse prognostic implications. Both of these arrhyth-
mias have an increased risk of structural heart disease (es-
timated at 20%).56 Also these arrhythmias tend to be more
recalcitrant to antidysrrhythmic therapy and carry a higher
fetal mortality rate than SVT.54 The distinguishing feature with
flutter is atrial rates of 400–460 having variable degrees of
AV block such that the ventricular rate is lower. Atrial fib-
rillation is still more rare and may be difficult to distinguish
from flutter but presumably carries a similar prognosis. Man-
agement, after excluding underlying structural disease is “ag-
gressive” with a similar approach as in SVT. However, greater
fetal risk is acknowledged and accordingly more rapid addition
of alternate antidysrrhythmic agents, if digoxin fails, may be
advised.

SUSTAINED BRADYARRHYTHMIA

The differential diagnosis for sustained fetal bradycar-
dia includes fetal distress, physiologic sinus bradycardia,
blocked atrial bigeminy, second degree heart block, and com-
plete congenital heart block (CCHB).53 Fetal echocardiog-
raphy can distinguish these. Obviously fetal distress needs
rapidly to be diagnosed followed by in-utero resuscitative
efforts and possible delivery if viable. Sinus bradycardia,
blocked atrial bigeminy, and second degree heart block, typ-
ically are benign if there is no hydrops or structural heart
disease.54 If the biophysical activity is normal, and there is
normal heart rate variability expectant management is encour-
aged. This should include frequent ultrasound evaluation of
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the fetus including biophysical profile and aggressive manage-
ment if signs of fetal deterioration. In the case of second degree
heart block, this can occasionally progress to complete con-
genital heart block, which has been reported in mothers with
autoimmune antibodies.57,58 For such fetuses, corticosteroid
therapy in effort to reverse or stop progression of evolving im-
mune related damage to the fetal conduction system has been
suggested.57,58

Fetuses with true CCHB can be sorted into 2 clinically and
prognostically discreet groups. The first are those with CCHB
and normal cardiac anatomy. These cases appear to have com-
plete heart block as the endpoint of immune-complex–related
damage to the fetal cardiac conduction system (secondary to
clinical, or preclinical, maternal autoimmune disease).57,58 The
second group has CCHB in face of underlying structural heart
disease. This group accounts for 25–63% of fetuses with sus-
tained bradycardia, and it is the structural defect itself which
disrupts the conduction system.59,60 In such cases karyotype
abnormality is common, atrial isomerism is frequent, hydrops
is typical, and survival rare.59,60 Management for these cases
should be “nonaggressive.” In contrast, where there is no
evidence of structural disease, and the heart rate is preserved
above 50 beats per minute, the outlook is favorable justifying
“aggressive” management.

The work-up of newly identified CCHB includes complete
maternal autoantibody evaluation including anti-Ro (SSA) and
anti-La (SSB) IgG antibodies. At the same time a comprehen-
sive fetal echocardiogram is mandatory to search for struc-
tural cardiac defects or evidence of cardiac compromise. When
autoantibodies are detected, and structural disease is absent,
some authors have advocated weekly dexamethasone in effort
to reduce the rare evolution of hydrops in these fetuses.57 Oth-
ers have utilized betamimetics to increase fetal ventricular rate
also hoping to stave off hydrops.60 None of these approaches
have been tested prospectively against expectant manage-
ment. Regardless, whether expectant management, dexam-
ethasone, or beta-mimetic regimens are chosen, vigilant fetal
surveillance, including weekly biophysical profile and ultra-
sound cardiac assessment, is indicated for antepartum surveil-
lance. Delivery is recommended if early signs of heart failure
evolve in the viable fetus after documenting lung maturity.
Regarding route of delivery; some authors have advocated
continuous fetal electrocardiography (to monitor fetal atrial
rate variability as an indicator of fetal well being) for labor
management.58 The reality is that for most institutions this is
not a practical, or even available, solution and cesarean section
will be necessary due to inability to assess fetal tolerance of
labor.56

DIAPHRAGMATIC HERNIA

Diaphragmatic hernia occurs in about 2 in 10,000 live births.61

The prognosis has been regarded as generally poor when ascer-
tained prenatally, especially when the diagnosis is established
before 25 weeks.62 However, advances in perinatal manage-
ment (including regionalization and technological advance-
ments in perinatal and neonatal care) seem to have consid-

erably improved the outlook. An 80% mortality rate for pre-
natally diagnosed cases reported in 198563 was reduced to
58% in the extensive experience of one group as published
in 1995.64 Among individuals with “isolated” congenital di-
aphragmatic hernia (hernia without associated defects), there
is a wide range of outcomes ranging from mildly affected to
severely disabling and lethal. The principle cause of death in
severely affected neonates is related to pulmonary hypoplasia,
with attendant pulmonary hypertension, caused by the inad-
equate growth and expansion of the fetal lungs due to com-
pression by the herniating abdominal viscera. The variable
timing and quantity of herniating abdominal viscera create
the spectrum of outcomes: Fetuses having large and early de-
veloping lesions carry the worst prognosis. Particularly dam-
aging in this regard are right sided hernias with fetal liver
extensively occupying the right hemithorax. As with most ma-
jor congenital anomalies, there is substantial risk of a vari-
ety of associated structural (30–50%)65,66 and/or chromosomal
(5–16%)67,68 abnormalities as well. The presence of associated
abnormalities is clearly correlated with worse prognoses than
in “isolated” cases.

Thus, it is again important to provide as precise, and com-
plete, a diagnosis as possible which includes a comprehensive
search for cardiac and other anatomic defects. A fetal chromo-
some analysis also should be recommended. A unique caveat
regarding procedure of choice for evaluating fetal chromo-
somes in DH cases is the observation by Donnenfield and
associates69 that mosaic supernumary isochromosome 12p
(phenotypically Pallister Killian syndrome) often occurs as
tissue line specific mosaisism. In some instances the cytoge-
netic defect is detectable only in fibroblasts, but not manifest
in blood lymphocytes. Pallister Killian affected fetuses, which
in 15% of cases have diaphragmatic hernia as part of their
anomaly spectrum, might therefore not be detected by fetal
blood sampling, while it would be evident on karyotype of
cultured amniocytes or villi.

Having exhaustively established a precise diagnosis, that
information is used to individualize counselling and man-
agement. Prior to viability all cases need to be offered the
option of abortion. In continuing pregnancies, where there
are associated anomalies and/or severe chromosome anoma-
lies, a nonaggressive management approach typically is en-
couraged. Perhaps more problematic, from the viewpoint
of counselling and management, are those cases with iso-
lated defects. Of concern are the limitations of ultrasound
imaging data for prognostication. Even for “isolated” cases
neonatal mortality remains high. Despite some reported suc-
cess in efforts to describe ultrasound predictors of poor
prognosis (early gestational age at diagnosis,62 evolution of
polyhydramnios,70 left heart underdevelopment,62,72 presence
of an intrathoracic stomach,73 low ratio of right lung area to
head circumference,71 and presence of liver herniation71), there
remains too much uncertainty to confidently predict lethal out-
comes in any given case. Thus, after excluding ultrasound de-
tectable associated anomalies and aneuploidy, an “aggressive”
approach is typically utilized acknowledging the uncertain
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outcome with as much as a 50% chance for a poor or lethal
outcome.

The “aggressive” armamentarium for prenatally diagnosed
diaphragmatic hernia includes, for selected cases, the con-
troversial approach of open fetal surgery. Endoscopic ap-
proaches, also, may be forthcoming. For most patients, cur-
rently, these options will not be available or may not be
considered. More often, where invasive fetal therapy is de-
clined, “aggressive” management will mean regular ultra-
sound surveillance, including serial assessment of cardiac
function, fetal growth, amniotic fluid volume, and biophys-
ical assessment. In cases where polyhydramnios evolves to-
colysis may need to be considered, and in extreme cases am-
niodecompression might be necessary to maintain maternal
comfort as well as in attempt to stave off attendant preterm
labor from uterine overdistension. Delivery must be at a tertiary
center equipped and staffed for immediate initiation of extra-
corporeal membrane oxygenation (ECMO) if necessary.64,74

As with most lesions it is best to deliver as mature a fetus
as is possible, and accordingly preterm delivery is discour-
aged if avoidable. Routine cesarean section will provide no
known benefits and therefore is utilized only for standard ob-
stetrical indications. Because of the significant potential for
ECMO initiation after delivery it may be best to avoid oper-
ative vaginal delivery. In our experience an infant with large
diaphragmatic hernia was delivered by uncomplicated vacuum
extraction; however, due to ventilation difficulties the child was
quickly placed on ECMO. This was followed by the develop-
ment of a large cephalohematoma (attributed to the attendant
need for anticoagulation of ECMO patients), requiring blood
transfusion and surgical evacuation.

VENTRAL WALL DEFECTS

The principle ventral wall defects to be considered include
omphalocele and gastroschisis occurring in 2/10,000 and
1/10,000 respectively.75,76 While maternal serum alpha fe-
toprotein screening facilitates early diagnosis of these dis-
orders (screen positive in more than 75% of cases), each is
relatively easy to diagnose by routine ultrasound screening
alone. With rare exception they can be clearly distinguished
from one another ultrasonographically. This is important be-
cause the two entities are etiologically, and pathologically,
distinct.76 Accordingly, they must be approached very dif-
ferently in the initial diagnostic evaluation and counselling.
Omphalocele is a morphogenetic anomaly and as such is highly
associated with additional structural anomalies76,78,79 (40–
70%), and/or aneuploidy76,79,80 (10–40%). In contrast, gastro-
schisis is thought to be a vascular disruptive process, rather than
morphogenetic, and therefore rarely has associated anomalies
with the exception of secondary bowel abnormalities.81

Thus generalizations about the prognosis for the 2 disor-
ders are dissimilar. The outlook for omphalocele, as a whole,
is poor due to the high frequency of severe associated anoma-
lies or aneupoloidy (excluding elective abortion the mortality
exceeds 50%).82 However, in “isolated” omphalocele (absence
of associated defects) the outlook is generally excellent with

mortality rates less than 10%.79 A rare exception to the fa-
vorable outlook in “isolated” cases, is “giant omphalocele”
in which the huge size of the defect, the large quantity of
extruded viscera, and the attendantly small size of the re-
maining abdominal cavity create technical difficulties in repair
that in some instances can not be overcome. Gastroschisis, on
the other hand, as a typically isolated abnormality, tends to
have a good overall prognosis. Most authors report approx-
imately 90% intact survival.78,79,83 Mortalities in this group
relate to surgical complications (including sepsis, and bowel
complications) or problems related to prematurity or low birth
weight.

The initial management of omphalocele includes a com-
prehensive fetal anatomic evaluation, including fetal echocar-
diogram, searching for associated anomalies. A chromoso-
mal analysis is encouraged in all cases. Non-aneuploidy
syndomes also must be considered emphasizing the Beckwith-
Weidemann syndrome. This is recognized antenatally in some
instances by the association of omphalocele with macroso-
mia, diffuse visceromegally, and macroglossia. After all rele-
vant diagnostic information is gathered, definitive counselling
and management decisions are made. Before viability abortion
is offered. In continuing pregnancies, the presence of severe
associated anomalies or a severe karyotype abnormality will
usually be managed “nonaggressively.” Cases of “isolated”
omphalocele, or Beckwith-Weidemann, with their compar-
atively good prognoses will be managed “aggressively.” In
cases of gastroschisis, despite the low likelihood of asso-
ciated anomalies or aneuploidy, most experts still recom-
mend complete anatomic evaluation and offering chromosomal
analysis.84,85 In virtually all cases of continuing gastroschisis-
affected pregnancies, because of the generally good prognosis,
management will be “aggressive.”

For either of these ventral wall defects aggressive man-
agement is similar, but individualized. Both entities are at
increased risk for premature delivery as well as intrauterine
growth restriction.77,78 Thus intensification of fetal surveil-
lance in the third trimester is recommended. Additionally,
for gastroschisis, serial ultrasound monitoring of the fetal
bowel has been advocated watching for signs of evolving
bowel injury. As yet no consensus has been achieved but it
has been speculated that rapid progressive bowel dilatation
is a worrisome feature and may warrant early delivery after
demonstrating fetal lung maturity.85,86,87 Whether this inter-
vention impacts outcomes remains to be proven. In rare cases
where fetal bowel perforation is suspected delivery has been
recommended.88

All cases of ventral wall defect should be managed and de-
livered in a tertiary center. Mode of delivery remains controver-
sial for both gastroschisis and omphalocele.18,78,84 In omphalo-
cele cases, most agree that vaginal delivery is appropriate for,
and does not present substantive fetal risk, when the sac size
and contents are small. When the sac size is large (>5 cm), or
when substantial extracorporeal liver is evident within the sac,
cesarean section should be considered for obvious reasons.18

In the case of suspected Beckwith-Weidemann syndrome,
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the potential for dystocia must be considered when planning
delivery route and where significant macrosomia is anticipated
liberal use of cesarean delivery is advised. Also the frequent
dangerous complication of profound neonatal hypoglycemia
must be prepared for and when it occurs must be managed
immediately postpartum.

Regarding gastroschisis, there remain advocates firmly
maintaining that most cases should be delivered abdominally,84

while others assert that improved neonatal outcomes data have
not been convincingly presented to justify the maternal risk
of cesarean delivery.89 The rationale for elective cesarean sec-
tion is to avoid bowel trauma at delivery, but also to allow for
immediate evaluation and repair of the defect by having the
pediatric surgeon standing by. Such rapid repair, it has been
hypothesized, improves the neonatal course compared to cases
in which there has been delay.84 Critics of this rationale have
noted that this hypothetical benefit remains unproven, and that
reasonably early repair should be possible in tertiary centers
even if the delivery is unscheduled.

Two other rare but serious ventral wall defects deserve
mention. Pentology of Cantrell is the association of omphalo-
cele with peritoneopericardial diaphragmatic hernia resulting
in ectopic heart displacement through the anterior chest wall.
Cloacal extrophy occurs as a combination of omphalocele and
extrophy of the bladder, typically with inperforate anus and
variable severity spina bifida. Each of these morphogenetic dis-
orders is highly associated with additional anomalies including
aneuploidy.90,91 Although comparatively mild cases have been
described in which there has been survival90,92 after corrective
surgery, it is thought that prenatally diagnosed cases tend to
be at the severe end of the spectrum with generally poor prog-
nosis. Previably, the option of abortion is offered to parents.
In continuing pregnancies after comprehensive cataloging of
associated anomalies and determination of karyotype the ag-
gressiveness of management is individualized according to the
anticipated severity of the individual case. When aggressive
management is felt to be a reasonable option, close ultrasound
follow-up of interval growth, evolution of anomalies, and fe-
tal biophysical assessment should be instituted. Liberal use of
cesarean section is encouraged to minimize trauma to the mul-
tiple extracorporeal organs. Management must be in a tertiary
care center, and predelivery consultation with the pediatric sur-
geons is prudent.

GENITOURINARY DEFECTS

In aggregate congenital abnormalities of the urinary tract are
quite common such that nearly half of all prenatally diagnosed
anomalies involve the urinary tract.93 The urinary tract dis-
orders of prenatal diagnostic relevance can be categorized as
renal morphogenetic anomalies (renal agenesis or hypopla-
sia, ectopic kidney, horseshoe kidney), renal cystic disorders
(multicystic dysplastic, adult polycystic, infantile polycystic,
and obstructive cystic kidney diseases), extrarenal urinary tract
obstructive disorders (urethral, vesicoureteral junction, and
ureteropelvic junction obstruction), renal tumors (mesoblastic

nephroma, and Wilms tumor), and genital anomalies (ambigu-
ous genitalia, hydrocolpos, and ovarian cyst).

Because of the fluid production by the kidneys, and conduit
function of the collecting system, the fetal urinary tract pro-
vides optimal tissue/fluid interfaces for ultrasound evaluation.
Using a systematic approach (evaluating each kidney, followed
by the collecting system, urinary bladder, and genitalia) one
can define anatomic defects, and localize obstructions. Addi-
tionally, assessment of the volume of amniotic fluid allows
inference about overall urinary systemic function. Thus, when
urinary tract anomalies are identified the following general-
izations can be made for purposes of prognostication. First,
genitourinary defects that are unilateral tend to be associated
with good prognoses if associated anomalies are excluded and
amniotic fluid volume is preserved.93,94,95 In contrast, bilateral
renal abnormalities, or obstructing conditions involving both
kidneys, when accompanied by early onset oligohydramnios,
carry a very poor prognosis.93,94,95,96 Finally, the urinary tract
is no exception to the rule that one anomaly elevates the risk for
associated defects including nongenitourinary anatomic defect
and/or aneuploidy,93,94,95 the presence of which may consid-
erably alter the prognostic implications.

The initial approach to prenatal diagnosis and management
of fetal urinary tract abnormalities begins noninvasively with
a comprehensive search for associated structural abnormali-
ties. It is also crucial to define the nature and function of the
urinary tract problem. The kidneys are carefully examined for
(a) size, shape and location, (b) presence of cysts or abnormal-
ities of echotexture (multicystic? polycystic? microcystic?),
(c) urinary collecting system dilatation (hydronephrosis?
megaureter? megacystis?), (d) presence or absence of a fill-
ing bladder (obstruction proximal or distal to bladder? renal
function?), (e) symmetry or asymmetry (unilateral or bilater-
ality of lesion), and (f) quantification of amniotic fluid volume
(indirect assessment of production of urine and egress into the
amniotic space).

In most cases optimal diagnostic effort will require inva-
sive techniques. Assessment of the fetal karyotype is usually
indicated and can be obtained from amniotic fluid, fetal urine,
fetal blood, or villi. Occasionally, imaging will be obscured by
the lack of an acoustic window due to anhydramnios of renal
dysfunctional origin.97,98 In these instances percutaneous am-
nioinfusion and/or fetal peritoneal fluid instillation have been
used to improve visualization so that confident anatomic di-
agnoses can be resolved.98 In cases of bladder outlet obstruc-
tion, with established or evolving oligohydramnios, several
authorities have recommended yesicocentesis for urine bio-
chemical evaluation in order to prognosticate regarding sal-
vageability of renal function.99,100,101 This method has on oc-
casion been reported to be “curative” of the obstruction,99 but
more commonly has been used for selection of fetal surgical
candidates.99,100,101

Following comprehensive imaging, chromosomal analysis,
and serial vesicocentesis where indicated, a specific diagnosis
can usually be rendered and the range of prognoses estimated.
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In continuing pregnancies the aggressiveness of management
will be determined by prognosis. With genitourinary disorders,
the prognosis will hinge on the specific etiologic diagnosis, as
well as the genitourinary functional assessment described in a
previous section.

Some urinary tract congenital disorders are clearly hope-
less such as bilateral renal agenesis,96 early onset infantile
polycystic kidney disease,93,102 or bilateral multicystic dys-
plastic kidneys with oligohydranios.93,103 Under these cir-
cumstances a nonaggressive approach is encouraged. In some
centers, when these anomalies are confidently diagnosed, post-
viability terminations of pregnancy are offered. Alternatively,
“nonaggressive” management is encouraged. In continuing
pregnancies with untreated obstructive uropathy having pro-
found megacystis and long-standing anhydramnios, the out-
look also is poor. Neonatal death is almost certain due to
the pulmonary hypoplasia component of the oligohydram-
nios sequence.93,100 For these cases, abortion is offered, or a
“nonaggressive” management approach is encouraged. When
the “nonaggressive” approach is used in poor prognosis cases
with profound megacystis, it should be recognized that fetal
abdominal dystocia is likely at vaginal delivery. This should be
anticipated and can be averted by performing a percutaneous
fetal urinary tract decompression procedure during labor.

When an early diagnosis of bladder outlet obstruction is
made in the male fetus a diagnosis of posterior urethral valve
is highly likely. This particular lesion is thought to be treatable
in selected cases with invasive fetal surgical techniques. Such
an “aggressive” management approach is risky both for the ma-
ternal and the fetal patient and remains investigational given
the comparatively small and quite variable long-term outcome
experience.99,100,101 Accordingly, the counselling and manage-
ment of candidates for this approach is best done at the most
experienced centers having fetal surgery units.

Many times isolated urinary tract abnormalities are seen
which have generally good prognoses by virtue of unilateral-
ity, or are bilateral but demonstrate preserved renal and uri-
nary function as indicated by normal amniotic fluid volume. In
such cases aggressive management is encouraged and should
include close serial ultrasound follow-up to assure continued
amniotic fluid production (if bilateral involvement), and if
unilateral to assure that bilateral obstructing phenomena do
not evolve over time (as can occasionally occur particularly
with ostensibly isolated unilateral multicystic dysplastic kid-
ney disease).93,99 Usually there will be continued adequate
amniotic fluid volume and vaginal delivery at term will be
appropriate with neonatal management of the urologic disor-
der. Rarely, however, in late pregnancy there will be evidence
of unilateral disease becoming bilateral (due to late onset of
obstruction in the normal side of the urinary tract), or with bi-
lateral functional obstruction suddenly worsening (as indicated
by progressive decrease in amniotic fluid volume). Under these
circumstances early delivery may be indicated.93,95 Cortico-
steroids to accelerate fetal pulmonary maturity prior to elec-
tive preterm delivery is encouraged in these rare instances.95

Cesarean section is reserved for the usual obstetric indications.
Regardless of the urinary abnormality noted, even if it is only
mild hydronephrosis, neonatal post-hydration urologic evalu-
ation is indicated to confirm diagnosis and allow proper sur-
gical and/or medical follow-up.104,105 This will avoid many
instances of progressive infant urologic diseases, or recurrent
occult urinary tract infections, that might have otherwise es-
caped recognition before irreversible damage if not for their
discovery antenatally.105

SKELETAL DYSPLASIAS

The birth prevalence of the widely heterogeneous osteochon-
drodysplasias is 2–4 per 10,000.106 With the more severe
phenotypes abnormal biometry is usually evident early in preg-
nancy allowing diagnosis in the second trimester.107 Unfortu-
nately, however, although the prenatal recognition of skele-
tal dysplasia is increasingly common, establishing confident
specific diagnoses remains comparatively infrequent, and is
dependent very much on the skill and experience of the sonol-
ogist. One particularly experienced group reported accurate
prenatal diagnoses in over 50% of skeletal dysplasia with ac-
curate prognoses in about 85% of the cases affected with lethal
phenotypes.108 However, a recent survey, by the International
Skeletal Dysplasia Registry, of a broader prenatal diagnosis ex-
perience showed accurate specific diagnoses in a minority of
cases and an alarming number of normal fetuses misclassified
as “dwarfs.”109 Because prognosis relies very much on specific
diagnosis, this makes counselling and obstetrical management
decisions difficult in many instances.

The initial management approach for skeletal dysplasias
focuses on narrowing the differential diagnosis and if possi-
ble establishing a precise diagnosis. Obviously, this includes
a complete genetic history including ascertainment of con-
sanguinity (because several skeletal dysplasias are autoso-
mal recessively inherited)110 and history of teratogenic expo-
sures (fetal warfarin syndrome, for example, can present as a
phenocopy of nonrhizomelic chondrodysplasia punctata).111

If the ultrasound findings are borderline for skeletal dysplasia
a chromosome analysis should be considered as aneuploidy
has been mistaken for osteochondrodysplasia in numerous
instances.109 Frequently, in clinical situations, the ultrasound
findings are not specific enough to allow a precise diagnosis,
but still provide useful prognostic information. Several details
that may provide both diagnostic and prognostic clues deserve
systematic ultrasound assessment. These include the follow-
ing: (a) severity of the long-bone shortening, (b) presence of
bone fractures or abnormalities of bone shape, (c) evidence
of thoracic dysplasia, (d) suspicion of bone demineralization,
(e) appearance of dysmorphic calvaria, (f) abnormalities of
hand posture or polydactyly, (g) distribution of long-bone
shortening, (h) characteristic spine abnormalities, and (i) as-
sessment of amniotic fluid volume.

When such an evaluation does not elucidate a specific
diagnosis, an attempt is still made to prognosticate. Often
one can predict lethal versus “probably not lethal” even
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when the specific skeletal dysplasia can not confidently be
established.112,113 Features thought to be highly correlated
with lethality among the skeletal dysplasias include: (a) se-
vere diffuse (micromelic) long bone shortening, (b) presence
of hydropic change, (c) evidence of thoracic dysplasia, and
(d) marked polyhydramnios. Late onset or comparatively mild
limb shortening, in the absence of thoracic dysplasia, bodes
well for survival.

With confident diagnoses established in the second
trimester, the outlook tends to be poor. Abortion always
should be presented as an option. In continuing pregnancies
in which clearly lethal disorders such as thanatophoric dys-
plasia, or osteogenesis imperfecta type II, are diagnosed, a
nonaggressive management approach should be encouraged.
In prognostically uncertain cases, or confidently good progno-
sis cases (such as heterozygous achondroplasia), an aggressive
management approach is indicated. Usually vaginal delivery
can be accomplished in cephalic presenting cases, however
some disorders can be complicated by large calvaria (achon-
droplasia for example)113 or abnormal shape (Kleblatschatel
in thanatophoric dysplasia)114 such that cesarean is indicated
for dystocia. An additional consideration when selecting de-
livery mode is that of c-spine instability typically observed in
infants with achondroplasia. For this reason some authors have
suggested pre-labor elective cesarean delivery in confidently
diagnosed cases.115

NONIMMUNE HYDROPS FETALIS

Nonimmune fetal hydrops is defined as excess total body water
resulting in accumulation of fluid in soft tissues and 2 or
more serous cavities.116 It occurs in approximately 2–4 per
10,000 pregnancies.117 Although episodes of spontaneous
resolution are reported,118 the natural history tends to be
characterized by progression with a natural history mortal-
ity risk ranging from 40–90%.119,120 The causes of nonim-
mune hydrops are myriad including cardiac (structural anoma-
lies and arrhythmias), anemias (thalassemias, transient red
cell aplasia, and hemorrhagic), infections (CMV, toxoplasma,
syphilis, parvovirus B-19), syndromal (chromosomal, mendel-
lian, sporatic), twins (twin to twin transfusion phenomena, twin
reverse arterial perfusion syndrome), and a variety of other
miscellaneous disorders.121 It is important to recognize that hy-
drops fetalis not only carries risk to the fetus, but substantially
increases maternal risk for preclampsia, postpartum hemor-
rhage, preterm labor, birth trauma, severe anemia, gestational
diabetes, and retained placenta.122

With recent advances in prenatal diagnostic technologies
the ability to establish an etiologic diagnosis in the hydropic
fetus continues to improve. Contemporary work-up stratagies
incorporate (a) comprehensive ultrasound anatomic evalua-
tion, (b) fetal echocardiogram, (c) fetal karyotype, (d) fe-
tal blood analysis (hemogram and chemistries), (e) maternal
blood analysis (Kleihauer Betke and infection serology), as
well as (f) amniotic fluid molecular work-up for infectious eti-
ologies. Using this multi-faceted approach recent series have

reported the establishment of an etiologic diagnosis in 50–80%
of cases.123,124

Although the natural history outlook is generally poor, es-
tablishing the etiology will identify many of the cases cer-
tain to do poorly, as well as narrrowing the instances which
might be considered suitable for aggressive obstetrical man-
agement. Features which predict a poor prognosis include asso-
ciated structural anomalies, aneuploidy, severe anasarca, early
onset with severe pleural effusions, and marked cardiac en-
largement (biventricular outer dimensions >95%).124,125 Ex-
ceptions to this would be instances having treatable diagnoses
such as fetal arrhythmia or anemia explaining the “severe”
findings. Features associated with the greatest likelihood of
response to fetal therapy were fetal tachyarrhythmia,120,124,126

fetal anemia secondary to fetomaternal hemorrhage120,124,127

or parvovirus infection,128 and milder cases having late
onset and no identifiable cardiac, anatomic, or syndromal
cause.124

Obstetrical management, as with other disorders of het-
erogeneous etiology, will depend on the level of confidence
in the diagnosis and attendant prognosis. In previable cases
of nonimmune hydrops the outlook is generally poor and
abortion is offered. Continuing pregnancies having severe
prognostic features mentioned above, will be offered nonag-
gressive management, unless treatable diagnoses can be iden-
tified. In nonaggressively managed fetuses, percutaneous fetal
pericentesis may be needed to allow vaginal delivery when as-
cites is marked. Even when nonaggressive fetal management is
elected, very close maternal surveillance is necessary. In cases
where associated preeclampsia (sometimes atypical as in “mir-
ror syndrome”)129 or severe anemia evolve, preterm delivery
is indicated.

When there remains uncertainty about etiology, or there
appears to be a treatable cause, the aggressive management
approach is encouraged.124,126 This approach will include
fetal therapy in selected cases including fetal transfusion for se-
vere anemias, antidysrrhythmic therapy for tachyarrhythmias,
and indwelling thoraco-amniotic shunt placement in appropri-
ate instances with large pleural effusions. Whether invasive
fetal therapy is indicated, aggressive management will also in-
clude frequent ultrasound fetal assessment for progression or
improvement in the hydropic condition as well as for assess-
ment of biophysical parameters. During this intensive fetal
surveillance, as with the nonaggressive approach, the mother
also must be closely observed for signs or symptoms of evolv-
ing preeclampsia or marked anemia.122,128 Occasionally pre-
mature delivery will be effected for worsening hydrops of un-
determined etiology although the outlook in general will be
acknowledged as uncertain. In such cases, predelivery corti-
costeroids for fetal lung benefit should be considered. Recom-
mendations for mode of delivery of hydropic fetuses remain
vague in the literature, but several authors suggest liberal use
of cesarean delivery.119,120 Arguments for cesarean include the
anticipated limited reserve of the edematous placenta, and to re-
duce birth trauma which may be sustained by the often severely
edematous fetus.
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CHROMOSOME ANOMALIES

Chromosomal abnormalities, including both abnormalities of
count and abnormalities of structure, occur in 50–80 per 10,000
live-born infants.130 As a group they are considerably more
common than most of the individual disorders so far discussed.
There is considerable heterogeneity among the chromosomal
abnormalities that are compatible with live-birth and prognoses
accordingly are quite variable.

Chromosomal abnormalities often come to prenatal as-
certainment by their associations with congenital anomalies
detected at ultrasound. In such cases, the prognosis of the
underlying chromosomal defect (in effect the cause of the
observed anatomic defects) often takes on more importance
than the defect itself in guiding the optimism or pessimism
about counselling. Some chromosomal disorders are lethal in
all cases (triploidy131 for example). Others cause fetal or early
neonatal death in most cases but can be compatible with fairly
long, albeit profoundly disabled, lives (trisomies 13 and 18
for example.132,133) Trisomy 21 affected individuals, on the
other hand, can frequently live well into adulthood with com-
paratively modest severity of disability in many instances.134

Similarly the sex-chromosomal aneuploidies can have quite
mild phenotypic effects.135

Thus, while abortion is offered for any of these disorders
when identified previably, there is also a place in many cases
for the “aggressive” management approach in continuing preg-
nancies. For lethal and profoundly disabling aneuploidy condi-
tions a nonaggressive approach is encouraged. But, for milder
phenotypes (trisomy 21 and sex chromosomal aneuploidy for
example), in the absence of life-threatening anomalies, the
aggressive approach is suggested. An aggressive approach in
these cases would include individualized antepartum, and in-
trapartum, fetal surveillance. Mode of delivery can generally
be by vaginal route, but with standard employment of cesarean
section for either maternal or fetal indications. After delivery,
current medical practice encourages corrective surgery, within
reason, for these milder disorders.

POSTPARTUM MANAGEMENT AFTER
DELIVERY OF AN INFANT WITH
CONGENITAL ANOMALIES

After an anomalous infant is delivered, and maternal medical
issues are stabilized, it is critical to complete genetic coun-
selling about the implications of the neonatal diagnosis. Be-
cause of the variable degrees of uncertainty that often accom-
pany a prenatal diagnosis of anomalies, the neonatal period (or
post-abortion autopsy) often will allow the definitive evalua-
tions that facilitate unequivocal diagnoses. Of utmost impor-
tance to the perinatal or genetics consultant at this point will be
education of the family regarding impact of the now refined di-
agnosis may have on future reproductive planning, decisions,
and possible outcomes.

In many cases the diagnosis will prove to be “likely
sporadic” and of low recurrence potential. Not infrequently,
however, the disorder will have real and quantifiable re-
currence risk. For nondysjunctional trisomies a 1% recur-

rence risk will be quoted, while a variable, but considerably
higher, risk will be counselled in cases affected by inherited
chromosomal rearrangements. For inherited Mendelian disor-
ders, such as cystic fibrosis (autosomal recessive) or inherited
Marfan disease (autosomal dominant), the recurrence risk will
be 25% and 50% respectively. In instances of teratogen medi-
ated anomalies the recurrence risk will be variable depending
on the agent and potential avoidability of the exposure in future
pregnancies.

Included in this discussion will be strategies, where ap-
plicable, to reduce or modify recurrence risk. For example
in patients with a newborn having diabetic embryopathy, the
importance of preconceptional and early pregnancy optimiza-
tion of glycemic control is emphasized.136 Women using phar-
macotherapeutic teratogens may be candidates for medica-
tion adjustment preconceptionally. The mother of a child with
NTD needs to be advised about the recurrence risk reduc-
tion afforded by preconceptional and first trimester folate
supplementation.137 Parents of infants with Mendelian dis-
eases, or inherited unbalanced chromosomal rearrangements,
should be aware of the availability of prenatal diagnosis with
selective abortion, or in some cases noncarrier-doner ova or in-
semination. For these parents pre-implantation diagnosis may
soon become a practical reality as well.
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54
ASSESSMENT AND
MANAGEMENT OF NEONATES WITH
CONGENITAL ANOMALIES

Mary P. Bedard

The discovery of a fetal anomaly has a profound impact on
the family. They are faced with the loss of their normal infant
weeks or months before birth and they must deal with the fear
and anger that this brings. The frequency with which this situ-
ation arises is increasing dramatically as our ability to evaluate
the fetus has improved significantly.

MULTIDISCIPLINARY CONSULTATION

The obstetrician generally has the responsibility of informing
the family of the fetal abnormality. It is also his or her respon-
sibility to provide the family with the appropriate information
to allow the family to make the best choice for them. This
should include the opportunity for the family to meet with a
pediatric subspecialist knowledgeable in the care of newborns
with that particular anomaly. Ideally, the referral is to a sub-
specialist practicing in the hospital where the infant will be
cared for after birth. In addition to meeting with obstetric and
pediatric subspecialists, the family should be given the oppor-
tunity to meet with the neonatologist or pediatrician who will
be providing pediatric care for the infant at and after delivery.

Communication between the obstetric and pediatric con-
sultants and the family is critically important.1 The obstetrician
should provide written documentation of the prenatal findings
to the consultants prior to meeting with the family. The consul-
tants should also provide written feedback to the obstetrician
documenting their contact with the family. This information
should be readily available at the time the mother delivers to
minimize confusion or misinformation to the family.

INTERPRETATION OF DIAGNOSTIC STUDIES

Although prenatal diagnosis is often quite accurate, we must
not forget that access to the fetus is limited. Some techniques,
such as fetal karyotyping and DNA analysis, are very precise
and reliable. Others, such as maternal serum α-fetoprotein or
ultrasonography, are less precise. The accuracy of fetal ultra-
sonography is increased when done in a high-risk center when
compared to office scans.1 However, even under the best of
circumstances, misdiagnoses do occur.

In addition, we know that the natural history of some
fetal abnormalities may be variable. A good example is fetal
cystadenomatoid malformation.2 Many of these lesions spon-
taneously regress with the delivery of a healthy infant who
may or may not require surgery. Other fetuses develop hy-
drops with a high likelihood of fetal or neonatal demise. In
discussing recommendations for fetal and neonatal manage-

ment, we must keep in mind the limitations of our diagnostic
studies.

DELIVERY

Delivery of an infant with a known congenital abnormality
should occur in a center that can properly evaluate and care
for the infant at and after birth. Ideally the center can care for
both mother and baby to avoid the need to transfer the infant
to another facility. In many areas, this is not possible and the
infant does need to be transferred. This increases the stress
on the family with the mother being separated from her infant
and the father and other family members torn between staying
with the mother and going to the hospital where the baby is.
Caregivers at both facilities need to be sensitive to this situation
and allow the families easy access to information about the
infant and the mother. If at all possible, the mother should be
allowed to see her infant prior to transfer. Pictures of the baby
should be taken both at the delivery and referral facilities for
the mother to have.

Timing of the delivery may be an issue. In general, most
infants with congenital abnormalities are not well served by
premature delivery. There are circumstances, however, when
preterm delivery cannot be avoided. Infants with hydrops, for
example, are often at increased risk of fetal demise unless deliv-
ered early. This places even more importance on the selection
of an appropriate delivery facility. The use of antenatal steroids
can be very helpful in reducing the risk of severe hyaline mem-
brane disease for these infants.

Route of delivery also deserves some consideration. With
few exceptions, cesarean section delivery should be reserved
for the traditional maternal and fetal indications and not done
because of the fetal abnormality. There is a report, however, that
there is less neurologic deficit in infants with myelomeningo-
cele who are delivered by cesarean section.3 There are also a
number of reports indicating decreased morbidity and shorter
hospital stays for infants with gastroschisis who undergo im-
mediate postdelivery repair.4 In most circumstances, imme-
diate repair is not feasible unless delivery occurs by elective
cesarean section.

RESUSCITATION

Infants with congenital abnormalities are at increased risk to
require resuscitation in the delivery room. Personnel who are
in attendance at delivery should be aware of the antenatal diag-
nosis. If there is any question of no or limited resuscitation of
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596 SECTION V � Management of Problems

the infant, discussions between the neonatologist/pediatrician
and the family must occur prior to the actual delivery.5 The
parents and the neonatal caregivers should clearly understand
what will and will not be done in the course of the resuscitation.

Certain congenital abnormalities should be assumed to
require resuscitation in the delivery room. Infants with pul-
monary or airway abnormalities, such as diaphragmatic her-
nia, cystadenomatoid malformation, lung hypoplasia, or cystic
hygroma, often present with immediate respiratory distress.
Airway management with prompt intubation should be carried
out. An orogastric tube should be inserted to keep the intestines
decompressed and avoid further pulmonary compromise. The
administration of volume expanders and epinephrine may be
required. Sodium bicarbonate should be used with great cau-
tion unless blood gas analysis is available since many of these
infants have severe respiratory acidosis. Infants who fail to re-
spond to resuscitation should be assessed for the presence of a
pneumothorax, which needs to be aspirated promptly. The use
of oscillatory ventilation may decrease the risk of air leaks in
these infants. Once the infant is stabilized, he or she should be
evaluated by the appropriate subspecialist. If necessary, trans-
fer to the treating center should be accomplished as soon as
possible.

Infants with hydrops of any etiology almost always re-
quire delivery room resuscitation. Airway management is the
first priority. Once the infant is intubated, drainage of pleural
or ascitic fluid may greatly enhance ventilation efforts. There
is a report of aspiration of pleural or ascitic fluid from the fetus
just before delivery with decreased need for resuscitation.6 If
there is reason to believe that the hydrops is caused by anemia,
O-negative packed red blood cells should be available in the
delivery room. Placement of an umbilical venous catheter pro-
vides ready vascular access. A hematocrit should be obtained
at the time of insertion. Despite the fetal edema, many in-
fants have intravascular volume depletion and require volume
expansion. After confirmation of venous catheter placement,
central venous pressure measurements can guide fluid therapy.

Neural tube and abdominal wall defects generally do not
present with life-threatening problems. The defects should be
covered with a dressing. Infants with an abdominal wall defect
can be placed in a sterile plastic bag to protect the defect from
drying out or rupturing. Special attention needs to be paid to
thermal management because both the defects and the saline
dressings can lead to hypothermia.

PHYSICAL ASSESSMENT

Following delivery and stabilization, the infant should be care-
fully examined. The presence of 1 congenital anomaly in-
creases the risk of a second. Weight, height, and head circum-
ference should be measured and plotted on growth curves for
gestational age. Infants with chromosomal abnormalities, fetal
alcohol syndrome, or congenital infections are often small for

gestational age. Infants of diabetic mothers or infants with
Beckwith-Wiedemann syndrome are generally large for ges-
tational age.

The size, shape, and symmetry of the skull should be as-
sessed as well as the fontanels and cranial sutures. Infants with
craniosynostosis syndromes often have an unusual skull shape
and ridging along suture lines. Large fontanels or split sutures
are often signs of underlying hydrocephalus. Microcephaly is
found in a large number of syndromes and is frequently asso-
ciated with mental retardation.

The facies should be examined in a systematic fashion.
An initial general impression should assess symmetry of the
face. The forehead should be evaluated for prominence, the
presence of a metopic suture, or unusual sloping. The eyes
should be evaluated for size, spacing, and palpebral fissures.
The globes should be examined for the presence of a light
reflex, iris colobomas, and unusual pigmentation. In some
conditions, such as congenital infection and CHARGE associ-
ation, the retina should be examined for the presence of chorio-
retinitis or retinal colobomas. The presence of epicanthal folds
and abnormal slanting of the eyes should also be noted. The
appearance of the nasal bridge, nose, and philtrum should be
noted. The size of the mandible should be assessed. Newborn
infants normally have a somewhat small mandible. Microg-
nathia is seen in a number of syndromes and may be asso-
ciated with glossoptosis and airway difficulties as is seen in
the Pierre Robin malformation sequence. The mouth should
be examined for unusual thinness of the lips and clefts. The
presence of a high arched palate or clefts of the hard or soft
palate should be looked for. The size of the tongue should be
assessed. Infants with Down syndrome frequently have a pro-
truding tongue. Infants with Beckwith-Wiedemann syndrome
may have macroglossia and may require surgical reduction.

The size, shape, and symmetry of the ears are important.
The presence of auricular skin tags or ear pits should be noted.
In addition, the position of the ears must be noted. The top of
the pinna should be at or above a line that extends from the
inner canthus of the eye through the outer canthus. If the top
of the pinna is below this line, the ears are low set. In addition,
the ears may be posteriorly rotated.

Careful examination of the cardiovascular system should
be performed. The location of heart sounds as well as any
murmurs should be noted. The quality of the brachial and
femoral pulses should be recorded as well as 4 extremity blood
pressures. Breath sounds should be assessed for quality and
symmetry.

The abdomen should be examined for the presence of hep-
atosplenomegaly or masses. The most common mass palpated
in a newborn is an enlarged kidney. It must be noted, however,
that even a very large, hydronephrotic kidney may not present
as a palpable mass.

The genitalia deserve careful examination. In female in-
fants the size of the labia majora and minora as well as the cli-
toris should be noted. Virilization such as that seen in congeni-
tal adrenal hyperplasia is usually manifested as enlargement of
the clitoris with varying degrees of labial fusion. The presence
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of separate urethral and vaginal openings should be looked
for. In male infants, the size of the stretched penis should be
measured before a diagnosis of micropenis is made. The mea-
surement should be compared to published norms for newborn
infants of differing gestational age. Hypospadias is a common
congenital malformation. Although it may be seen in a variety
of syndromes, it most commonly is an isolated abnormality.
Cryptorchidism in a full-term infant is also a common finding
in many syndromes. Placement and patency of the anus should
be noted.

Abnormalities of the skeletal system are common in many
syndromes. General note should be made of the proportions
and symmetry of the extremities to the trunk. Congenital am-
putations such as those found with amniotic band syndrome
are usually quite obvious. Absent or hypoplastic long bones are
most common in the upper extremities and are often accom-
panied by thrombocytopenia. Polydactyly can be an isolated
autosomal-dominant condition, but is also seen in a number of
syndromes including Trisomy 13. Syndactyly, especially be-
tween the second and third toes is very common as an isolated
condition, but can be seen in a number of syndromes. Vertebral
and rib anomalies may be present, but may only be apparent on
radiographs. The hands should be examined for the presence
of simian creases, clinodactyly, and finger position.

Joint mobility should be assessed. Limitation of motion of
the joints may be an indication of an underlying neuromuscular
problem and is frequently seen in infants with oligohydramnios
sequence. Talipes equinovarus is common as an isolated prob-
lem and is frequently seen in infants with neural tube defects
as well as oligohydramnios sequence.

Abnormalities of the skin should be looked for. The pres-
ence of café au lait spots, port wine stains, or other pigmenta-
tion abnormalities may be indications of a group of syndromes
known as hamartoses.

POSTNATAL DIAGNOSTIC STUDIES

The infant with a prenatal diagnosis of a congenital abnormal-
ity must have the diagnosis confirmed with postnatal studies if
the abnormality is not readily apparent.7 Many infants in whom
1 abnormality was noted antenatally have additional findings
on examination that warrant further diagnostic studies.

Evaluation of structural abnormalities is often best accom-
plished by x-ray studies and ultrasound examinations. Plain
films of the chest allow evaluation of the lungs, heart, ribs, and
cervical and thoracic vertebrae. Abdominal films should be
evaluated for intestinal gas pattern, masses, intra-abdominal
calcifications, as well as the vertebrae. Skull and long bone
films are very important in the evaluation of skeletal dys-
plasias and may also provide clues to the presence of congenital
infections.

Cranial ultrasound should be performed in all infants with
abnormal head size, neural tube defects, and midline facial de-

T A B L E

54-1
CONDITIONS ASSOCIATED WITH
CONGENITAL HEART DISEASE

Omphalocele
Esophageal atresia with TE fistula
Congenital diaphragmatic hernia
Chromosomal abnormalities
Infant of the diabetic mother
Fetal alcohol syndrome
Noonan syndrome
CHARGE association
VACTERL association
Ivemark syndrome
DiGeorge syndrome

Abbreviations: CHARGE, colobomas, heart disease, atresia, choanae, retarded
growth and development, genital anomalies, ear anomalies; TE, tracheo-
esophageal; VACTERL, vertebral, anal, cardiac, tracheal, esophageal, renal,
limb.

fects. Cranial magnetic resonance imaging (MRI) is a better
choice to evaluate the brain stem and spinal cord and parenchy-
mal abnormalities.

Abdominal ultrasound is indicated in any infant with an
abdominal mass, urogenital anomalies, or suspected renal
anomalies. Infants with hydronephrosis require a voiding cys-
tourethrogram (VCUG) to look for the presence of vesi-
coureteral reflux or posterior urethral valves. Mag 3 renal scans
are helpful to look at differential renal function or obstruction,
although the low renal blood flow limits their use in the imme-
diate neonatal period.

Congenital heart disease is associated with many congen-
ital abnormalities and may not be readily apparent on initial
physical examination. Table 54-1 lists conditions with an in-
creased incidence of associated cardiac defects. An echocar-
diogram is indicated for infants with these conditions as well
as any infant with congenital anomalies who has a cardiac mur-
mur or any other evidence suggestive of a cardiac lesion. Pulse
oximetry is helpful in detecting cyanotic lesions.

Infants with multiple congenital malformations should
have a karyotype done if one was not done antenatally. In
addition to chromosome number, banding should be done to
evaluate for the presence of more subtle unbalanced chromo-
somal abnormalities. The presence of microdeletions such as
those found with DiGeorge syndrome (chromosome 22) or
Prader-Willi syndrome (chromosome 15) can be detected with
the use of a fluorescence in situ hybridization assay.

Specific laboratory tests are available for a number of other
conditions associated with congenital malformations, such as
7 dehydroxycholesterol for Smith-Lemli-Opitz syndrome.

The ability to make a specific diagnosis is very important.
This knowledge focuses additional testing for abnormalities
that may not otherwise be looked for. A specific diagnosis pro-
vides families with more reliable information regarding life
expectancy and physical and neurodevelopmental outcomes.
It also allows counseling of families with regard to recurrence
risks for future pregnancies. A specific diagnosis can often
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be made once the results of the physical examination, radi-
ologic and imaging studies, and laboratory testing has been
completed. Some conditions, such as Down syndrome, are usu-
ally quite typical and relatively easy to diagnose. Other con-
ditions, such as DiGeorge or Smith-Lemli-Opitz syndromes,
are less obvious but have specific confirmatory tests avail-
able. Many conditions, however, do not have specific testing
available and the diagnosis is more difficult to ascertain. Of-
ten repeat examinations over time help to clarify the correct
diagnosis.

The field of genetic testing is expanding rapidly and it is
often difficult for neonatologists and pediatricians to keep
abreast of the latest developments in this area. All infants
with multiple malformations should be evaluated by a medi-
cal geneticist. They can provide valuable assistance in making
specific diagnoses. Smith’s Recognizable Patterns of Human
Malformation is a valuable resource to assist in diagnosis of
infants with multiple anomalies and should be available in ev-
ery neonatal intensive care unit.8 Computer programs, such
as POSSUM9 and BDIS,10 are also available to assist in the
diagnosis of malformation syndromes. These programs are par-
ticularly helpful for identification of rare or newly described
syndromes.

HYDROPS FETALIS

Hydrops fetalis is one of the more common conditions that
is diagnosed antenatally. The cause may be readily ascertain-
able, as in Rh isoimmunization, or fairly obscure. Table 54-2
lists many of the conditions that have been associated with
hydrops. With the development of Rho (D) immune globulin
(RhoGAM), the majority of cases of hydrops fetalis are now
caused by nonimmune factors. In a review of nonimmune hy-
drops fetalis by Sasidharan et al., 38% of cases were caused
by chromosomal or other congenital anomalies.11 Cardiac le-
sions accounted for 26%, hematologic causes for 14%, and
infectious causes for 3%. In 19% of the cases, no cause could
be found and these cases were labeled idiopathic.

The underlying pathophysiology for the development of
hydrops is not always clear. Most cases involve either conges-
tive heart failure, hypoproteinemia, tissue hypoxia, or vascular
or lymphatic obstruction. These infants are often premature
and usually critically ill at birth and require aggressive resus-
citation as described.

Once the infant has been stabilized, a diagnostic evaluation
needs to be done if the cause of the hydrops is not already
known. Table 54-3 lists the studies that should be performed
to determine the cause of the hydrops. Not all of the tests may
be indicated for an individual patient. The mortality of infants
with hydrops fetalis is high. In the previously cited review
article, 47% of fetuses were either stillborn or the pregnancy
was terminated. Of the infants who were live born, 37% died.

T A B L E

54-2
CONDITIONS ASSOCIATED WITH
HYDROPS FETALIS

Cardiopulmonary
Fetal cardiac arrhythmias
Congenital heart disease
Premature closure of the foramen ovale
Cystic adenomatoid malformation
Pulmonary lymphangiectasia
Pulmonary hypoplasia
Arteriovenous malformations

Hematologic
Blood group incompatibility
Chronic fetomaternal hemorrhage
Chronic twin-to-twin transfusion
Enclosed fetal hemorrhage
G6PD deficiency
Homozygous α-thalassemia
Gaucher disease

Infections
TORCH infections
Parvovirus
Hepatitis
Coxsackie virus
Leptospirosis
Chagas disease

Chromosomal and congenital anomalies
Trisomies
Triploidy syndrome
Turner syndrome
Achondroplasia
Noonan syndrome
Myotonic dystrophy
Tuberous sclerosis
Many others

Renal
Congenital nephrotic syndrome
Renal dysplasia
Renal vein thrombosis

Neoplasms
Neuroblastoma
Sacrococcygeal teratoma
Hemangioendothelioma

Placental
Chorioangioma
Umbilical vein thrombosis
Chorionic vein thrombosis

Miscellaneous
Maternal diabetes mellitus
Pregnancy-induced hypertension
Dysmaturity
Meconium peritonitis
Idiopathic

Abbreviation: G6PD, glucose-6-phosphate dehydrogenase; TORCH,
toxoplasmosis, other, rubella, cytomegalovirus, herpes simplex.
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T A B L E

54-3
DIAGNOSTIC WORKUP FOR
HYDROPS FETALIS

Placental pathology
CBC, differential, platelet count, and blood smear
Blood type, Coombs test, antibody screen
Hemoglobin electrophoresis
G6PD assay
Maternal Kleihauer-Betke test
TORCH or other viral IgM titers, total IgM level
CMV culture
Karyotype
Total protein and serum albumin levels
Renal and liver function studies
Diagnostic studies on pleural and ascitic fluid
Chest and abdominal x-rays
Skeletal survey
Echocardiogram
Abdominal ultrasound
Cranial ultrasound

Abbreviations: CBC, complete blood count; CMV, cytomegalovirus; G6PD,
glucose-6-phosphate dehydrogenase; IgM, immunoglobulin M; TORCH.

CONGENITAL DIAPHRAGMATIC HERNIA

Congenital diaphragmatic hernia (CDH) is estimated to oc-
cur in approximately 1 in every 3500 live births.12 Despite
the availability of newer modes of ventilation, extracorporeal
membrane oxygenation (ECMO), and inhalational nitric oxide,
mortality from this defect remains high. A recent review of 500
articles published between 1990 and 1995 revealed an average
mortality of 40%. Several studies suggest that the mortality
of infants with a prenatally diagnosed hernia is even higher
(mean 65%, range 36–86%).12 A number of studies have at-
tempted to identify factors, both prenatal and neonatal, that
predict survival, without success.

Currently, there does not appear to be any particular strat-
egy for management of the infant with a CDH that is clearly
superior.13 Appropriate management begins with resuscitation
in the delivery room as outlined. Administration of exoge-
nous surfactant before the first breath may be useful for those
patients diagnosed antenatally. Both conventional and high-
frequency ventilation are used. High mean airway pressures
should be avoided if at all possible. The goal of ventilatory sup-
port should be to maintain a preductal saturation of 85–90%.
Attempts at hyperventilation to produce a respiratory alkalosis
should be avoided. Infants with evidence of severe pulmonary
hypertension may be given a trial of inhaled nitric oxide, al-
though the reported results are inconsistent. Many centers use
ECMO for infants who fail to respond to more conventional
treatments.

Surgical repair is usually deferred until the infant is stable
with resolved or decreased lability of the pulmonary vascula-

ture. Infants who have been placed on ECMO may be repaired
after successful decannulation, although some centers elect to
defer decannulation until after repair because of concerns of
recurrent pulmonary hypertension.

CONGENITAL CYSTIC
ADENOMATOID MALFORMATION

Congenital cystic adenomatoid malformation (CCAM) is
an uncommon multicystic lung lesion with proliferation of
bronchial structures.14 It is unilobar in the vast majority of
cases. Lesions are classified as types I–III depending on the
size of the cysts and homogeneity of the mass. Type III lesions
are more likely to be associated with fetal hydrops and adverse
outcomes. CCAM is usually an isolated defect without other
malformations.

Infants with CCAM have a wide clinical presentation rang-
ing from asymptomatic to critically ill with severe respiratory
distress. After initial stabilization, a chest x-ray should be ob-
tained. Those infants who require mechanical ventilation are
at increased risk for pneumothorax. Very large lesions pro-
duce a mediastinal shift and may cause hypoplasia of the unin-
volved portions of the lung. Treatment is surgical resection of
the mass, which generally entails removing the entire affected
lobe.

Infants with antenatally detected lesions who are asymp-
tomatic should also be evaluated. The chest x-ray frequently
has subtle abnormalities. Chest computed tomography or MRI
may be helpful in detecting small lesions. Some authors rec-
ommend resection of even asymptomatic lesions because of
the risk of development of later lung tumors. Surgery can be
done electively when the child is bigger.

ABDOMINAL WALL DEFECTS

An omphalocele is a defect in the ventral abdominal wall
with herniation of the intra-abdominal contents. The abdom-
inal contents are covered by a membrane with the umbilical
cord inserting into the sac.15 Most cases are sporadic, although
recurrence in families has been reported. Omphaloceles may
be associated with a number of syndromes or other malfor-
mations including trisomies 13 and 18, Beckwith-Wiedemann
syndrome, and pentalogy of Cantrell. Thirty percent may have
associated congenital heart disease.

Omphaloceles almost always contain loops of bowel.
Larger defects may also contain stomach and liver. The cov-
ering membrane may rupture before, during, or after delivery.
Prior to surgical repair, the infant should be evaluated for the
presence of associated anomalies.
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Gastroschisis is a full-thickness defect of the right anterior
abdominal wall that is felt to be related to vascular compro-
mise of either the umbilical vein or omphalomesenteric artery.
This defect allows herniation of the bowel loops; only rarely
are the liver and stomach involved. There is no membrane
covering and the bowel loops are usually covered by an in-
flammatory exudate as a result of exposure to the amniotic
fluid.

In contrast to omphaloceles, infants with gastroschisis do
not have an increased incidence of abnormalities outside of the
gastrointestinal tract. Chromosomal defects have only rarely
been reported. Infants with gastroschisis do have a 10–20%
incidence of intestinal atresia. Infants with gastroschisis are
more likely to be born prematurely.

During delivery room stabilization of an infant with an ab-
dominal wall defect, a nasogastric tube should be inserted and
placed to suction to prevent bowel distention. Primary surgical
closure is preferable; it is associated with earlier feeding toler-
ance and shorter lengths of stay. With larger defects, however,
primary closure is frequently not possible because of increased
intra-abdominal pressure with resultant intestinal and renal is-
chemia and respiratory compromise. These patients need to be
managed with placement of a silo and staged reduction.

Recent reports indicate improved outcomes in infants with
gastroschisis who undergo surgical repair immediately after
delivery.4 Infants who underwent immediate repair were more
likely to have a primary fascial closure, required fewer days of
ventilatory support, were fed earlier, and had shorter lengths
of stay.

The outcome of infants with omphalocele is largely de-
pendent on the presence of associated congenital and chro-
mosomal abnormalities as well as the size of the defect. Sur-
vival in infants with gastroschisis is higher than those with
omphalocele.

RENAL ANOMALIES

Renal abnormalities, especially hydronephrosis, are among
the more commonly diagnosed antenatal abnormalities. Of
concern is the discrepancy between prenatal and postnatal
diagnoses.16 In 1 study, 62% of infants identified with renal
and/or bladder abnormalities on antenatal ultrasound had nor-
mal postnatal studies.17 Other studies report agreement be-
tween the prenatal and postnatal diagnoses between 65–74%.

The fetus with severe renal abnormalities and oligohy-
dramnios is at high risk of developing the oligohydramnios
sequence. This results from uterine deformation of the fetus
owing to decreased amniotic fluid volume, which is the re-
sult of absent urine formation in the fetus. These infants have
the characteristic “Potter facies” with flattening of the face,
creases under the eyes, low-set and posteriorly rotated ears,
and multiple joint contractures. They also have pulmonary hy-
poplasia. The renal abnormality is always bilateral and may

be agenesis, polycystic kidney disease, or severe cystic dys-
plasia from obstruction. Pulmonary hypoplasia is the major
problem and most infants die soon after birth from respiratory
failure.

A very high percentage of infants with antenatally diag-
nosed urinary tract abnormalities have a perfectly normal phys-
ical examination. Therefore, all these infants should have a
postnatal ultrasound. If the study is done before the third day
of life and is normal, a repeat sonogram should be obtained
3–4 weeks later because the low urine output present dur-
ing the first 2 days of life may mask the abnormality. Some
urologists recommend a repeat ultrasound in 6–8 weeks
even if the initial ultrasound was done after the third day
of life.

Infants with abnormal postnatal renal ultrasounds require
further investigation.16 A VCUG is indicated to evaluate for
the presence of posterior urethral valves in male infants with
bilateral hydronephrosis and also to look for the presence of
vesicoureteral reflux. A renal isotope scan allows assessment
of renal function and may help to determine when or if surgical
intervention is required. A furosemide washout scan helps to
determine the degree of obstruction.

Following confirmation of the urinary tract abnormality,
a treatment plan can be formulated. Infants with bilateral ob-
structive uropathy usually require surgical intervention early
to preserve as much renal function as possible. This may in-
volve definitive correction, such as the ablation of posterior ure-
thral valves, or temporary drainage procedures (nephrostomy
or vesicostomy) with definitive surgery being performed at a
later time. Infants with unilateral disease can often have their
surgical treatment performed in later infancy. Infants with vesi-
coureteral reflux should be placed on antibiotic prophylaxis to
minimize the risk of urinary tract infections and subsequent
renal scarring.

A significant number of infants with antenatally diagnosed
renal abnormalities require surgical intervention at some point
during the first year of life. Although many authors believe that
antenatal detection is beneficial in improving long-term out-
comes, there are no controlled studies that confirm this belief,
especially in infants with unilateral disease.16

Infants with a nonfunctioning multicystic kidney usually
require no intervention in the neonatal period. Many cases un-
dergo spontaneous regression. Others require surgical removal
at a later time because of feeding intolerance, systemic hyper-
tension, or fear of malignant degeneration.

Polycystic kidney disease is an inherited disorder and is
always bilateral. Infantile polycystic kidney disease is an auto-
somal recessive trait. The diagnosis is often made antenatally
and these fetuses may have oligohydramnios sequence. Infants
who are symptomatic at birth have a high mortality related to
pulmonary hypoplasia or severe renal insufficiency. Many of
these infants require chronic dialysis from a very early age.
Adult polycystic kidney disease is an autosomal dominant trait
with wide variation in expression. It may be diagnosed ante-
natally and also present with the oligohydramnios sequence.
Infants with this disorder may be difficult to distinguish from
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the infantile type on the basis of renal ultrasound. Cystic
changes of the liver, pancreas, and spleen are often present
and help to distinguish between the 2 types. Mortality is high
among infants who are symptomatic at birth.

MYELOMENINGOCELE

Myelomeningocele is another commonly diagnosed antenatal
anomaly. Elevated maternal serum α-fetoprotein often leads
the ultrasound detection of the defect. Hydrocephalus may or
may not be present at the time of diagnosis. Although this
is most often an isolated anomaly, these infants have many
other associated problems. Antenatal diagnosis greatly facili-
tates providing families with information regarding the prob-
lems that will need to be dealt with, both in the neonatal period
and beyond. Many families who have an infant with this lesion
that was undiagnosed antenatally are overwhelmed with infor-
mation and faced with making decisions while under a great
deal of emotional distress.

Many centers have a team of professionals who are in-
volved in both the immediate and long-term care. Included in
this team are neurosurgery, neurology or physical medicine,
nursing, urology, orthopedics, and social work. The team
should be consulted immediately after admission and can begin
to build a relationship with the family.

After initial stabilization, the defect should be covered with
sterile, saline-soaked gauze. The infant should be kept prone or
on his or her side to avoid pressure on the defect. If the defect
is leaking, prophylactic antibiotic coverage is usually begun.
All infants should have a cranial and abdominal ultrasound.
In addition to hydrocephalus, the majority of infants with a
myelomeningocele have an associated Arnold-Chiari malfor-
mation. A VCUG is also necessary but may be deferred until
after surgical correction. If ventricular size is normal or only
minimally enlarged on the preoperative cranial ultrasound, a
follow-up study is indicated postoperatively to monitor for the
subsequent development of hydrocephalus which may occur
days or weeks after surgical closure. Serial head circumference
measurements should also be recorded.

Surgery is usually performed within the first 24–48 hours. If
hydrocephalus is present at birth a ventriculoperitoneal shunt
may be inserted at the time of the initial surgery or within
several days.

Postoperatively, the infant’s voiding pattern should be doc-
umented. Many urologists recommend intermittent postvoid
bladder catheterization to check for residual urine. This can
also be assessed on VCUG. Infants with significant urine resid-
uals need intermittent catheterization as part of their home
management. If vesicoureteral reflux is seen on the VCUG,
prophylactic antibiotic treatment is recommended.

Many infants with myelomeningocele have orthopedic
problems including talipes equinovarus and hip dysplasia.
Treatment of these problems may begin while the infant is

in the neonatal intensive care unit or may be deferred until
after discharge.

The prognosis for these children is variable, but has im-
proved significantly. The majority have normal or only mildly
impaired intellectual function and most can lead very produc-
tive lives. Regular follow-up in a multidisciplinary clinic is
essential to prevent or deal with complications promptly.

ETHICAL CONSIDERATIONS

The birth of an infant with congenital malformations invari-
ably leads to ethical questions of whether or not and/or how
aggressively to treat. Many times, the families have dealt or
are still dealing with these issues following the prenatal diag-
nosis. The decision to continue with the pregnancy of a fetus
with congenital anomalies does not necessarily imply that the
family wishes to continue treatment in the newborn period.
Often, uncertainties as to the exact diagnosis or severity of the
problem can be better answered after birth than before.

Before recommendations are made to the family, a thor-
ough evaluation of the infant’s problems must be made with
appropriate consultation of subspecialists. If the infant has been
transferred to a facility other than the birth hospital, discussions
to withhold care should be deferred until the mother is able to
come to the referral facility. It is extremely difficult to commu-
nicate information of this magnitude through family members
or by telephone.

Parents remain the best choice for determining what is in
the best interest of their child. It is the responsibility of the
medical personnel caring for the infant to educate the fam-
ily regarding the severity of the infant’s problems and the
prognosis. It is appropriate for the physician to make rec-
ommendations regarding the extent of care, but the decision
generally rests with the family. If there is conflict between
caregivers and the family, Bioethical Review Committees
exist in most hospitals that can help to resolve the conflict. The
role of these committees is generally to open lines of commu-
nication, however, not to make the decisions. If families are
refusing treatment that the medical providers feel is clearly
in the child’s best interest, the legal system can be petitioned
to override the parent’s decision. The more difficult situation
arises when the family insists on continuing care that is clearly
not beneficial.18 There is no ready solution to this dilemma.
There are precedents for not instituting treatment that is of no
benefit, but withdrawal of ongoing care, such as ventilatory
support, remains problematic.

CONCLUSION

The diagnosis of a fetus with a congenital abnormality presents
a challenge to all involved. Although it is stressful for families,
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602 SECTION V � Management of Problems

prenatal diagnosis affords the opportunity to educate the family
and make arrangements for appropriate delivery and neonatal
management. Optimal management requires communication
and cooperation between the obstetrician, perinatologist, ge-
neticist, pediatric subspecialist, and neonatologist.
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FETAL SHUNT
PROCEDURES

Mark Paul Johnson

INTRODUCTION

Most congenital malformations do not lend themselves to
definitive in utero surgical correction, but the destructive im-
pact of several conditions may be significantly reduced by sim-
ple interventions resulting in dramatically improved outcomes
in fetuses whose prognosis was otherwise quite dismal. One
such intervention involves the use of diverting shunts with the
sole purpose of chronically draining fluid-filled spaces. Such
diverting shunts, which can be placed percutaneously with a
minimum of uterine invasion, have been shown to be safe and
reliable, and have resulted in the births of numerous infants
who otherwise had little chance of survival. While the actual
placement of the shunt is undoubtedly the most challenging as-
pect of these cases, considerable experience has shown that one
must understand the underlying pathologic processes at work,
and that careful diagnostic evaluation and patient selection are
the most important aspects of this type of in utero therapy. In
this chapter we discuss the mechanisms of damage, the prenatal
evaluation, criteria for selecting those fetuses who may benefit
from intervention, the invasive technique, potential compli-
cations, and recommended follow-up after shunt placement
for pregnancies complicated by obstructive uropathy, congen-
ital cystic adenomatoid malformation, and idiopathic pleural
effusion.

LOWER URINARY TRACT OBSTRUCTION

Fetal obstructive uropathies are a diverse and heterogeneous
group of developmental abnormalities that generally involve
obstruction of the proximal urethra in the male fetus. The more
common etiologies involve urethral atresia, posterior urethral
valves, or prune-belly syndrome. Cloacal anomalies may be
part of the underlying disorder, reflect the presence of a more
complex underlying genetic syndrome, and must be ruled out
during prenatal evaluation because such cases have not been
found to benefit from shunt therapy. Other etiologies can in-
clude anterior urethral valves, chromosomal abnormalities,
complex genetic causes such as megacystis/microcolon syn-
drome, or partial obstructions or strictures that restrict flow
through the urethra as may rarely occur in abnormalities of the
urethral meatus such as hypo- or epispadius.

Complete urethral obstruction or significant restriction of
urethral flow results in accumulation of urine within the fe-
tal bladder, leading to megacystis. Prolonged obstruction re-
sults in smooth-muscle hypertrophy and hyperplasia within the
bladder wall, and eventual impairment of contractile capacity
as well as compliance and elasticity. Bladder distention re-
sults in elevated intravesicular pressures, which may overcome

the delicate physiologic valve mechanism at the ureterovesi-
cal junctions. Bladder wall distortion-associated hypertrophy
and hyperplasia may contribute to the loss of these physiologic
valves. Reflux eventually results, contributing to the develop-
ment of hydroureters and hydronephrosis.

Ureteral distension due to reflux also elicits smooth-muscle
hypertrophy and hyperplasia, particularly in the distal ureter
where smooth muscle is more prevalent. This appears to result
in further distortion of the delicate ureterovesical angles as well
as diminished elasticity of the ureters.

Experience indicates that there is a subset of male fetuses in
which ureteral hypoplasia with patency can be demonstrated
on fetal autopsy, although these fetuses appear sonographi-
cally identical to those in which complete obstruction is con-
firmed postnatally. Histologically, these fetuses appear to have
a basic underlying defect in the development and response
of smooth muscle throughout the upper and lower urinary
tract, resulting in dilation of the bladder and subsequent re-
flux hydronephrosis. In cases of true anatomical obstruction,
there is a marked hypertrophic and hyperplastic response of the
smooth muscle component in the walls of the bladder and dis-
tal ureters to obstruction, which is progressive and reflective of
the duration of the obstructive process. In the fetuses without
complete anatomical obstructions, we have found no change in
the smooth muscle component when compared to age-matched
nonobstructed controls,1 and the long-term prognosis in such
cases following shunt intervention appears to be better than
outcomes in cases of anatomical obstruction. As such, it would
be prognostically helpful to be able to reliably identify these
2 groups prenatally.2 We have recently introduced the use of
fine-needle fetoscopy to perform in utero fetal cystoscopy dur-
ing the prenatal evaluation to directly examine the bladder mu-
cosa, ureteral orifices, and proximal urethra.3 In cases of true
urethral obstruction, the proximal urethra has been markedly
dilated with trabeculations noted in the trigone of the bladder.
In cases subsequently confirmed to be urethra-patent prune-
belly syndromes, the proximal urethra and bladder neck was
much less distended and the trigone was without trabecula-
tions, although sonographically, both groups demonstrated the
characteristic “keyhole” sign associated with proximal ure-
thral distention. The capability of differentiating these 2 major
groups of fetuses prenatally may allow future changes and
refinements in our interventive approaches so as to optimize
long-term outcomes.

Hydronephrosis develops from continued urine production
in the face of obstructed drainage as well as reflux from the dis-
tended bladder. The renal pelvises and calyces systems become
progressively distended and compress the renal parenchyma
against the distended renal capsule. Histologic studies indicate
a progressive dilation of the distal to proximal renal tubules
associated with the development of peritubular and interstitial
fibrosis. Sonographically, the degree of compression and asso-
ciated fibrosis is reflected by the echogenic appearance of the
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606 SECTION VI � Fetal Therapy

parenchyma. Eventually, these processes lead to type IV cystic
degeneration of the kidneys and renal insufficiency at birth.

After 14 weeks’ gestation, maintenance of amniotic fluid
volume is principally from fetal urine production. In cases of
obstruction, fetal urine cannot replenish amniotic fluid vol-
ume lost by membrane reabsorption and fetal swallowing, and
amniotic fluid volume progressively falls. Subsequent severe
oligo- or anhydramnios and massive megacystis leads to physi-
cal deformations and physiologic changes characteristic of the
prune-belly sequence, which include a markedly protuberant
abdomen with apparent decrease in skeletal muscle present
within the rectus sheath, joint contractures, compressive facial
abnormalities, and pulmonary hypoplasia from intrathoracic
pressure alterations and inability to take in amniotic fluid dur-
ing fetal breathing, which may play an important role in lung
development and maturation. The presence of severe oligo-
hydramnios during the transition from canalicular to alveolar
phase of development, which occurs between 18 and 24 weeks’
gestation, results in severely underdeveloped lungs and respi-
ratory insufficiency at birth.4

PRENATAL EVALUATION

The antenatal evaluation consists of 3 basic steps; high-
resolution sonographic survey to rule out additional congenital
anomalies, fetal karyotyping, and renal function analysis. De-
tailed fetal sonographic survey is necessary to rule out the pres-
ence of other anomalies, such as neural tube or cardiac defects,
which would dramatically affect the long-term prognosis for
that fetus. Certainly, in utero intervention would not be war-
ranted when the fetus is afflicted with another life-threatening
anomaly. One must also look carefully for other, more subtle
phenotypic signs, such as limb shortening or facial abnormal-
ities that may indicate the presence of an underlying genetic
syndrome, which might adversely affect the clinical prognosis.
The urinary tract is then carefully evaluated from the kidneys
to the distal urethra. Long axis measurement of the kidney
is useful in evaluating the underlying hydronephrosis and, in
general, kidneys that measure large for gestational age and
less hyperechogenic are associated with a better prognosis.
Kidneys that are hyperechogenic and measure appropriate or
small for gestational age are generally found to have poor un-
derlying function due to advanced renal fibrosis. The finding of
small kidneys in such cases may reflect the underlying contrac-
tion phase of scarring and fibrosis in these severely damaged
tissues.

The renal parenchyma is then examined for the degree of
echogenicity, compression, and the absence of discreet corti-
cal cysts (Figs. 55-1, 55-2). Care must be taken when possible
microcystic changes are noted to ensure that what the sono-
grapher is seeing is not dilated minor calyces. The presence
of cortical cysts is associated with irreversible, advanced renal
damage, which renders the fetus not amenable to interventive
therapy. Occasionally, a large, unilocular cystic structure can
be found adjacent to the renal capsule. In many cases, this rep-
resents a subcapsular urinoma and must be differentiated from
a large pyelectasis or cortical macrocyst. Such urinomas may

FIGURE 55-1 Ultrasound of obstructed hydronephrotic kidney with
mild pyelocaliectasis. Arrows show dilated minor calyces.

result from increased intrarenal pressures from obstructive hy-
dronephrosis and may transiently decrease intrarenal pressure
and associated damage, serving a temporary protective func-
tion for the kidney.

Next, the ureters are carefully examined for abnormali-
ties. The presence of massive pyelectasis in the absence of
hydroureters (Fig. 55-3) may indicate the presence of an ob-
structive component at the level of the ureteropelvic junction

FIGURE 55-2 Ultrasound of obstructed hydronephrotic kidney with
renal dysplasia. Arrows show discrete cortical cysts consistent with
severe fibrocystic renal dysplasia.
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THE EVOLUTION OF FETAL SURGERY
FOR TREATMENT OF CONGENITAL
DIAPHRAGMATIC HERNIA

George B. Mychaliska / Michael R. Harrison

INTRODUCTION

Managing a fetus with prenatally diagnosed congenital di-
aphragmatic hernia (CDH) requires an understanding of natu-
ral history, pathophysiology, and prognostic factors. Although
progress has been made in postnatal management, 58% of
fetuses diagnosed with CDH prior to 24 weeks die despite
optimal postnatal management including extracorporeal mem-
brane oxygenation (ECMO).1 Traditionally, a family carrying
a fetus with a CDH had 2 options: pregnancy termination or
delivery in a tertiary neonatal center. Fetal surgery now of-
fers the possibility of intervention before birth. Fetal surgery
is justified if (1) the prenatal diagnosis is certain, (2) the
pathophysiology is understood, (3) the prognosis is poor, and
(4) maternal safety is assured.

The in utero treatment of CDH has fueled an intensive ex-
perimental and clinical research effort. Despite 2 decades of
experimental work on animals and a decade of human expe-
rience establishing the efficacy of in utero intervention, many
hurdles remain. While complete in utero repair of CDH ap-
pears to work for fetuses without liver herniation into the chest,
this approach has not worked for fetuses with liver herniation
because immediate reduction of the viscera and liver cause
kinking of the umbilical vein. This devastating problem was
the impetus for the PLUG (Plug the Lung Until it Grows) strat-
egy that creates tracheal occlusion to allow the lungs to expand
slowly without disruption of umbilical blood flow. Despite ad-
vances in surgical technique and monitoring, pre-term labor
remains the nemesis of open fetal surgery. Intractable preterm
labor was a major stimulus to develop minimally invasive tech-
niques (Fetendo) to treat CDH in utero.

This chapter chronicles the evolution of in utero treatment
of CDH. The rationale for in utero intervention will be pre-
sented in the context of the pathophysiology of CDH with
reference to animal models. Prior to human application, pre-
natal diagnosis, prognosis, and maternal-fetal safety had to
be assured. We will then present the evolution of open fetal
surgery, PLUG strategies, and endoscopic fetal surgery for in
utero treatment of CDH.

EXPERIMENTAL RATIONALE FOR
IN UTERO INTERVENTION

Initial studies in the fetal lamb were undertaken to unravel the
pathophysiology and the reversibility of pulmonary hypopla-
sia in CDH. Fetal lambs had a silicone-rubber balloon progres-
sively inflated in their left hemithorax during the last trimester
to simulate compression by herniated viscera.2 Lambs with
inflated intrathoracic balloons deteriorated rapidly at delivery
despite maximal resuscitation and died of severe respiratory
failure. At autopsy, the lungs were severely hypoplastic. To

determine if pulmonary hypoplasia was reversible, the balloon
was deflated at 120 days gestation (simulated correction).3 All
lambs with simulated correction of CDH were easily resusci-
tated and had normal pulmonary function. Simulated correc-
tion produced increased lung weight, air capacity, compliance,
and area of the pulmonary vascular bed (Fig. 56-1). Because
the fetal lung maintains remarkable plasticity even late in ges-
tation, in utero repair may allow the hypoplastic lung in fetuses
with CDH to grow and develop.

While the sheep model demonstrated that in utero correc-
tion of CDH allowed the lung to grow and develop enough to
ensure survival at birth, it differed from human CDH in several
respects. The human diaphragmatic defect is present much ear-
lier in gestation (the first trimester), although the viscera may
not herniate until later. Also, although the high mortality of in-
fants with CDH has been attributed to respiratory insufficiency
from pulmonary parenchymal hypoplasia, other major physio-
logic abnormalities are pulmonary hypertension and persistent
fetal circulation. These abnormalities lead to muscularized pul-
monary arterioles which present a high resistance to the flow
of fetal blood.

To address these physiologic differences, CDH was created
in fetal lambs early in gestation (60 days; term = 145 days)
and morphometric analysis of the pulmonary vascular bed was
subsequently performed.4 The CDH was repaired in experi-
mental lambs at 100 days gestation and an unrepaired group
served as controls. The CDH group demonstrated decreased
cross-sectional area of the pulmonary vascular bed, decreased
number of vessels per unit area of the lung, and increased
muscularization of the arterial tree. In utero repair of CDH at
100 days ameliorated this abnormal pulmonary arteriolar mus-
cle hyperplasia, allowed impressive restoration of lung volume,
and restored the pulmonary arterial tree almost to normal.4

TECHNIQUE OF IN UTERO
SURGICAL CORRECTION

After the experimental rationale for in utero treatment of CDH
was established, surgical techniques for in utero repair were
developed in a fetal lamb model. The diaphragmatic defect
was created in the fetal lamb by making a hole in the left di-
aphragm at 100 days gestation allowing herniation of abdom-
inal viscera and reliably producing pulmonary hypoplasia. At
a second operation on day 120, the diaphragmatic hernia was
repaired.5 Initial attempts at repair were unsuccessful because
reduction of viscera increased intraabdominal pressure causing
decreased umbilical blood flow and subsequent fetal demise. A
silastic abdominal silo overcame this problem. In addition, in-
trathoracic volume displacement also affected umbilical flow,
by shifting the mediastinum and impeding venous return. To
stabilize the mediastinum and to minimize pressure-volume
changes in the chest, the air in the partially empty left side
of the chest was replaced with warm Ringer’s lactate solution
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618 SECTION VI � Fetal Therapy

FIGURE 56-1 Fetal lambs with simulated CDH died despite maximal resuscitation and had severely
hypoplastic lungs. Lambs “corrected” by balloon deflation in the middle of the last trimester had
sufficient lung growth and development to permit survival at birth. Lung weight and air capacity
were greater than for lambs with CDH but less than controls. (From Harrison MR, Bressack MA,
Churg AM, et al. Correction of congenital diaphragmatic hernia in utero II. Simulated correction
permits fetal lung growth with survival at birth. Surgery. 1980;88:264; with permission.)

before the diaphragm was closed. When these techniques were
used for repair of the diaphragmatic hernia, 6 of 10 lambs were
viable after term delivery. At autopsy, the lungs were well ex-
panded, histologically mature, and much larger than those of
the controls. These studies showed that correction of diaphrag-
matic hernia is technically feasible when an appropriate pro-
cedure is used. This observation has been confirmed by several
investigators in a fetal lamb model.6

PRENATAL DIAGNOSIS AND PROGNOSIS

Prior to considering in utero intervention in human fetuses, the
accuracy of prenatal diagnosis had to be assured. As a result
of advances in prenatal sonography, CDH is frequently diag-
nosed before birth.7−9 Fortunately, in our experience, false-
positive diagnoses of CDH by ultrasound are rare. However, it
is possible that CDH could be misdiagnosed in cases of cystic
lung disease (ie, congenital lobar emphysema, cystic adenoma-
toid malformation) or with mediastinal cystic processes (i.e.,
neurenteric cysts, bronchogenic cysts, thymic cysts). Although
a fluid-filled structure may be present within the chest and may
even cause a mediastinal shift, the upper abdominal anatomy
should be normal in these fetuses. It is particularly important to
exclude large cystic adenomatoid malformations, which may

decrease in size and disappear with time. In cases for which
doubt exists, computed tomography or radiography following
instillation of contrast material into the amniotic cavity should
clarify the anatomy.

Given accurate prenatal diagnosis of CDH, families are
faced with difficult choices: termination of pregnancy, stan-
dard postnatal therapy, or in utero intervention. Despite our
ability to make a prenatal diagnosis and provide intensive
care postnatally, the neonatal mortality rate associated with
CDH remains high. Retrospective estimates of mortality for
CDH vary widely and are flawed by a “hidden mortality”
of unknown magnitude because the most severely affected
babies never make it to the tertiary center. In a prospec-
tive study of 83 fetuses with isolated CDH diagnosed before
25 weeks gestation, 58% died despite optimal postnatal care
at an (ECMO) center (Fig. 56-2).1

Since the optimal fetal surgery candidate is one who is
less likely to survive with standard postnatal care, accurate
prognostic indicators would be ideal. Because there is a broad
spectrum of severity, some assessment of the degree of pul-
monary hypoplasia would be helpful in selecting management.
Unfortunately, there is no way to evaluate the functional ca-
pacity of the fetal lung because, unlike the fetal kidney which
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functions before birth, the crucial gas-exchange
function of the lung does not become necessary
until birth. The degree of pulmonary hypopla-
sia appears to be affected by the timing and vol-
ume of visceral herniation into the chest.10 Ba-
bies who herniate late in gestation or after birth
have essentially normal lungs and are guaran-
teed to live. Babies who herniate very early
in gestation have severe pulmonary hypoplasia
and are likely to die. Polyhydramnios,8 detec-
tion of CDH before 25 weeks,9 presence of an
intrathoracic stomach,11−13 small lung-thorax
transverse area ratio,14 and underdevelopment
of the left heart region15,16 have all been asso-
ciated with poor prognosis, but none of these
parameters has been universally accepted or
applied.

A new and promising sonographic param-
eter measures the right lung size compared
to head circumference (to correct for gesta-
tional age) in order to estimate the degree of
pulmonary hypoplasia. The right lung was as-
sessed because the left lung frequently cannot
be distinguished sonographically from bowel
or liver in fetuses with CDH. The ratio of the
right lung area (2-dimensional area at the level
of the atria) to head circumference LHR (Lung
to Head Ratio) appeared to predict outcome in
some cases.17 In a series of 55 cases, very small
right lung size (LHR <0.6) uniformly pre-
dicted mortality (5 cases) while large right lung
size (LHR >1.35) appeared to ensure survival (14 cases) inde-
pendent of liver position or gestational age at time of diagnosis.
Unfortunately, the majority of cases fell between 0.6 and 1.35.
Our results suggest that cases diagnosed before 25 weeks with
a small LHR and liver herniation into the chest have the poorest
prognosis. This is now confirmed by a large multi-institutional
study that defines candidate for treatment before birth: liver
herniation and LHR less than 1.0.18

In addition to the importance of accurate diagnosis and
prognosis of CDH, the presence of multiple associated mor-
phologic and chromosomal abnormalities will influence thera-
peutic decisions. Studies of prenatally diagnosed CDH suggest
that associated anomalies in severe cases of CDH occur in ap-
proximately 37% of cases.9 Current prenatal diagnostic tech-
niques can detect almost all of these defects. Consequently, a
thorough sonographic examination of the fetus with CDH is
essential to detect the presence of other structural anomalies.
Amniocentesis for karyotype analysis is indicated to rule out
chromosomal anomalies.

MATERNAL AND FETAL CONSIDERATIONS

Ethical Concerns

Fetal therapy raises a number of complex ethical, personal,
and societal issues.19 For the fetus, the risk of surgery must be

FIGURE 56-2 A cumulative survival plot for 52 fetuses with isolated CDH diag-
nosed before 25 weeks gestation. Ten fetuses died in utero or from prematurity,
and 9 died immediately after birth; most of these would not be recognized as hav-
ing CDH unless an autopsy was performed. These deaths represent a significant
“hidden mortality” that is not perceived when only babies seen at tertiary neonatal
referral centers are considered (exploded inset). (From Harrison MR, Adzick NS,
Estes JM, et al. A prospective study of the outcome for fetuses with diaphragmatic
hernia. JAMA. 1994;271(5):383; with permission.)

weighed against the risk of a potentially debilitating or fatal de-
fect. With appropriate selection, benefit to the fetus should dra-
matically outweigh the risk. Since fetal CDH does not threaten
the mother, she must weigh the risk of major surgery against the
potential benefits of salvaging her unborn child or alleviating
her own burden raising a child with a severe malformation.
We believe that for fetal surgery, the rights and safety of
the mother must always be placed above those of the fetus.
Therefore, any fetal procedure that presented significant risk
to the life, function, or future fertility of the mother would
be unacceptable. We first demonstrated that hysterotomy and
fetal surgery did not adversely affect the mother or her abil-
ity to carry subsequent normal pregnancies in the nonhuman
primate20−22 and in our first 17 patients.23,24 We have had no
maternal deaths and few serious maternal complications, but
our patients have experienced considerable morbidity, related
primarily to preterm labor and its treatment. The choice to
proceed with fetal surgery remains highly personal and each
mother must weigh these risks and benefits for herself and her
family.

Fetal Surgical Procedures

Clinical fetal surgical principles have been derived from more
than 1,600 operations in fetal lambs and 400 operations in fetal
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620 SECTION VI � Fetal Therapy

FIGURE 56-3 Fetal surgery techniques. (A) The uterus is exposed through a low, transverse
abdominal incision. Ultrasound localizes the placenta; (B) Maternal positioning includes a
leftward tilt to avoid compression of the inferior vena cava by the gravid uterus. The hysterotomy
is made away from the placenta using staples that provide hemostasis and seal the membranes.
Warm saline is continuously infused around the fetus and the pertinent fetal anatomy exposed.
Maternal anesthesia, tocolysis, and monitoring are shown; (C) After fetal repair the uterine
incision is closed with absorbable sutures and fibrin glue. Amniotic fluid is restored with warm
Ringer’s lactate; (D) (Adapted from Longaker MT, Golbus MS, Filly RA, et al. Maternal
outcome after open fetal surgery: A review of the first 17 human cases. JAMA. 1991;265:737–
741; with permission.)

rhesus monkeys over the past 15 years.25 For a fetal surgical
operation, the mother is supine, with her right side slightly
elevated to prevent aortocaval compression by the gravid
uterus. The uterus is exposed through a low transverse inci-
sion. Sterile ultrasound is used to determine fetal and placental
position. Hysterotomy is made at least 6 cm from the placen-
tal edge. A specially devised Lactomer uterine stapling device
(U.S. Surgical Corp., Norwalk, CT) that fixes the membranes to
the myometrium is used for the hysterotomy.26 Warm saline is

infused constantly into the open uterus.
Only the part of the fetus to be op-
erated upon is exposed. Fetal moni-
toring is achieved with a miniaturized
pulse oximeter wrapped around the fe-
tal hand. Periodic sonography monitors
heart rate and contractility. During the
operation, a radiotelemeter is implanted
under the chest wall which transmits
continuous electrocardiogram and in-
trauterine pressure (Fig. 56-3).27

After the procedure, the uterine cav-
ity is filled with warm saline and antibi-
otics. The staples in the hysterotomy
edge are excised to permit muscle-to-
muscle approximation during closure.
The uterus is closed in 2 layers, with
an inner running layer for the mem-
branes and myometrium, and an interr-
upted layer of full-thickness absorbable
monofilament sutures. Fibrin glue is
placed between the layers to help seal
the membranes.

Maternal Perioperative Care

Intraoperatively, mothers are monitored
with a central venous pressure catheter
and a radial arterial line. For tocoly-
sis, the mother receives preoperative
indomethacin and inhalational halo-
genated anesthesia. Additionally, she
may receive intravenous magnesium
sulfate, terbutaline, and/or nitroglyc-
erin during the operation. Postopera-
tive tocolysis consists principally of
indomethacin, magnesium sulfate, and
terbutaline. By 48 hours, she usually
requires only subcutaneous terbutaline
via a portable pump that continues af-
ter hospital discharge. Obstetric ultra-
sound and fetal echocardiography sub-
stitute for the fetal physical exam, and
are performed daily in the early postop-
erative period. On average, the mother
is discharged 8 days post-surgery.

In our experience, fetuses who
have undergone in utero surgery almost

always deliver preterm. The fetus is delivered by cesarean sec-
tion at a tertiary center when either the membranes rupture or
labor cannot be controlled. Because the hysterotomy is per-
formed in the upper segment of the uterine corpus, and thus is
comparable to a classic cesarean section, all future deliveries
must be accomplished by cesarean section.

The most glaring deficiency in management is our in-
ability to manage the preterm labor induced by hysterotomy
and fetal surgery. To date, we have relied on the regimen
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used (often ineffectively) for spontaneous preterm labor, in-
cluding external monitoring with a tocodynemometer, bed
rest, intravenous magnesium sulfate, IV or subcutaneous be-
tamimetics, and oral prostaglandin synthetase inhibitors. Our
experience suggests that the entire regimen is inadequate for
fetal surgery. While experimental work with other agents such
as IV nitroglycerin looks promising,28 intractable preterm
labor remains the bane of fetal surgery.

COMPLETE IN UTERO CDH REPAIR

For fetuses with no liver herniated into the chest, prenatal re-
pair using a “2-step” technique to reduce the viscera, close
the diaphragm, and enlarge the abdomen permits compen-
satory fetal lung growth and survival after birth.23,29,30 The
traditional subcostal incision used to repair CDH postnatally
provided inadequate exposure in the fetus. The solution was a
“2-step” approach using both a thoracotomy and a subcostal in-
cision, allowing reduction of viscera using a “push-pull” tech-
nique, reconstruction of the diaphragm with a Gore-Tex patch,
and enlargement of the abdominal cavity with a Gore-Tex silo
(Fig. 56-4).

We recently studied the safety and efficacy of in utero re-
pair of “liver down” CDH in an NIH-sponsored prospective
trial. Although in utero repair appeared to improve pulmonary
function, as evidenced by fewer days of mechanical ventilation

FIGURE 56-4 The CDH “two-step.” The viscera (stomach, bowel,
spleen) are reduced through the defect and out onto the abdominal
patch by gently pushing from the thoracic incision and pulling from
the abdominal incision. (From Harrison MR, Adzick NS, Flake AW,
et al. The CDH Two-Step: A Dance of Necessity. J Pediatr Surg.
1993;28(6):814; with permission.)

FIGURE 56-5 Attempts to reduce the herniated fetal liver (arrows)
cause fetal deterioration and demise; autopsy and angiogram stud-
ies have documented kinking of the umbilical vein with compro-
mise of venous return. (From Harrison MR, Langer JC, Adzick NS,
et al. Correction of congenital diaphragmatic hernia in utero V. Initial
clinical experience. J Pediatr Surg. 1990;25:50; with permission.)

and less need for ECMO, fetal surgery did not improve sur-
vival in these infants. Overall mortality was extremely low in
both the fetal surgery group (25%) and the comparison group
(12%), suggesting that liver down CDH may have a more be-
nign postnatal course regardless of treatment.31

Diaphragmatic hernias in which a major portion of the liver
is incarcerated in the chest (“liver up” CDH) are impossible to
repair in utero because reducing the liver back into the abdomen
results in acute obstruction of umbilical venous return and fetal
death (Fig. 56-5).23,32 Diagnostic techniques using color flow
Doppler imaging of the umbilical and portal vessels now al-
low accurate detection of liver herniation.33 Fetuses with liver
herniation have never been successfully repaired completely in
utero despite extensive efforts using a variety of techniques.23

PLUG: PLUG THE LUNG UNTIL IT GROWS

In utero treatment of these “liver up” CDH fetuses has re-
quired a fundamentally different approach. In the course of
exploring the pathophysiology of CDH, experimental work
has shown that fetal tracheal obstruction can correct the pul-
monary hypoplasia associated with CDH.34−39 Throughout
gestation, the fetal lung produces lung fluid that exits
through the trachea into the amniotic fluid. External drainage
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FETAL SURGERY—OPEN: CONGENITAL
CYSTIC ADENOMATOID MALFORMATION

Darrell L. Cass / N. Scott Adzick

INTRODUCTION

Prenatal ultrasound and improved fetal diagnosis has provided
new insight into the pathophysiology and natural history of
congenital cystic adenomatoid malformation (CCAM). Using
this technology, we have developed new management strate-
gies aimed at improving the outcome of fetuses with this po-
tentially fatal disease.

Congenital cystic adenomatoid malformation is a rare, con-
genital lung tumor for which the actual incidence remains un-
known. The lesion was first described as a distinct pathologic
entity by Ch’in and Tang1 in 1949. Prior to that time CCAM
was grouped under the general diagnosis of congenital cys-
tic lung disease, along with bronchopulmonary sequestration,
congenital lobar emphysema, bronchogenic cyst, and congen-
ital cystic bronchiectasis.

A careful morphological description of CCAM was pub-
lished by Stocker2 in 1977. Grossly cystic adenomatoid mal-
formation is a discrete, intrapulmonary mass that contains
cysts ranging in diameter from less than 1 mm to over 10 cm.
Microscopically, these malformations are characterized by an
“adenomatoid” increase in terminal respiratory structures that
form various sizes, intercommunicating cysts. Histologically,
CCAM is distinguished from other lesions and normal lung
by: (1) polypoid projections of the mucosa, (2) an increase
in smooth muscle and elastic tissue within cyst walls, (3) an
absence of cartilage (except that found in “entrapped,” nor-
mal bronchi), (4) the presence of mucous secreting cells, and
(5) the absence of inflammation. Although the tissue within
these malformations does not function in normal gas exchange,
there usually are connections with the tracheobronchial tree as
evidenced by air trapping that frequently develops during post-
natal resuscitative efforts.

Congenital cystic adenomatoid malformation occurs
slightly more often in the left lung.4,5 The lesion usually in-
volves an entire pulmonary lobe, although as many as 17% are
multilobar.4 Rarely these lesions are bilateral, in which case
they are uniformly fatal.2−6

There have been several attempts to classify CCAM based
on histologic and clinicopathologic criteria. Stocker classi-
fied CCAM into 3 types based primarily on cyst size.2 Type
I CCAM consist of single or multiple large, thick-walled
cysts, generally greater than 2 cm in diameter. Microscopi-
cally, these cysts have a noticeable increase in elastic tissue and
smooth muscle, and are lined by mature ciliated, pseudostrati-
fied columnar epithelium. Type II lesions consist of numerous,
smaller, evenly spaced cysts, usually less than 1 cm in diame-
ter. These cysts are thinner-walled and lined by cuboidal to tall,
columnar ciliated epithelium. In Stocker’s classic description,
Type II CCAM had a high association with other congenital
defects. Type III lesions are bulky, firm, homogeneous masses

that contain only microscopic cystic spaces (generally, less
than 5 mm in diameter). Histologically, these lesions consist of
abundant bronchiolar-like airspaces lined by ciliated cuboidal
epithelium. Type III CCAM are the only truly “adenomatoid”
malformations.

Adzick and colleagues have classified prenatally diagnosed
CCAM into 2 categories based on gross anatomy and ultra-
sound findings.7 Macrocystic CCAM contain single or multi-
ple cysts that are 5 mm in diameter or larger and appear cys-
tic on prenatal sonogram. Microcystic lesions are more solid,
containing cysts smaller than 5 mm in diameter, and appear
echogenic on prenatal ultrasound.

Since Stocker’s initial series, other authors have reported
an 11–21% incidence of associated congenital lesions in pa-
tients with CCAM.4,5 The most common anomalies are re-
nal, cardiac, gastrointestinal and craniofacial, and include: re-
nal agenesis and Potter syndrome, tetralogy of Fallot, truncus
arteriosus, VSD, congenital diaphragmatic hernia, intestinal
atresias, and macrocephaly.

EMBRYOLOGY

The embryologic origin of CCAM remains speculative. Be-
cause of the segmental location of these lesions, the lack of
cartilage, and the spectrum of associated congenital malfor-
mations, it is thought that these tumors arise between the
24th and 49th day of development.2 These hypotheses re-
main unproven, however, as CCAM has never been diagnosed
prior to the 16th week gestation by either autopsy or prenatal
sonography.

Most pathologists consider CCAM a hamartoma, a devel-
opmental abnormality with excess of 1 or several tissue compo-
nents. It is speculated that these lesions result from a localized
arrest of the developing tracheobronchial bud.2,8,9 Despite the
resulting abnormal bronchial development, mesenchymal tis-
sues proliferate leading to an overgrowth of bronchiolar-like
air spaces and a paucity of normal alveoli.

Unlike bronchopulmonary sequestration (BPS), which is
thought to arise as an aberrant outpouching from the devel-
oping foregut with systemic vascular supply, CCAM derives
blood supply from the pulmonary circulation.10 Because the
natural history of sequestration appears to be different from
that of CCAM,6 it is important to use color flow Doppler when
evaluating fetal lung masses in an effort to demonstrate sys-
temic arterial blood supply to these lesions. Demonstration of
a pulmonary tumor with a feeding vessel from the aorta is
pathognomonic of bronchopulmonary sequestration.

NATURAL HISTORY

The natural history and clinical spectrum of fetuses with
CCAM is quite variable and appears to depend on the size and
secondary physiologic derangements caused by these tumors.
As with all congenital, intrathoracic, space-occupying lesions,
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628 SECTION VI � Fetal Therapy

CCAM produces a mass effect that can lead to both ipsilateral
and contralateral pulmonary hypoplasia. Large malformations
can produce mediastinal deviation or “shift,” polyhydramnios
and hydrops fetalis. Fetal hydrops is nearly always a predictor
of fetal death.11,12

Polyhydramnios, seen with 50–70% of fetuses with
CCAM, likely results from esophageal compression by the tho-
racic mass and decreased fetal swallowing of amniotic fluid.5,7

This concept is supported by the frequent absence of fluid in
the stomach of fetuses with large thoracic tumors and marked
mediastinal shift, and the reappearance of stomach fluid and the
resolution of polyhydramnios after effective fetal treatment.12

Polyhydramnios is a marker for large thoracic tumors and of-
ten leads to prenatal ultrasound in the evaluation of maternal
size to dates discordance.

Hydrops fetalis, seen in nearly 50% of fetuses with CCAM,
refers to a pathologic increase of fluid in serous cavities or soft
tissues of the fetus.5,6 It is characterized sonographically by the
presence of diffuse skin and scalp edema, or by the collection
of fluid in more than 1 serous cavity (pleural, pericardial, or ab-
dominal). Although CCAM is only a rare cause of nonimmune
fetal hydrops (2% in 1 series), it is the most common intra-
thoracic lesion that can cause this derangement.13 As we have
demonstrated experimentally in a sheep model, fetal hydrops
likely results from the mass lesion causing extreme mediasti-
nal shift with vena cava and cardiac compression.14 In some
cases, hydrops may be exacerbated by loss of protein from
the CCAM into the amniotic fluid leading to hypoproteinemia
and decreased fetal oncotic pressure.15 The presence of fetal
hydrops may be the most important influence on fetal outcome.

CCAM can present as a fatal lesion in a fetus or neonate
or as a relatively mild lesion that causes recurrent infections or
minimal respiratory difficulty in an infant or child. Approxi-
mately 60–70% of patients with congenital cystic adenomatoid
malformation will present at birth with respiratory distress that
can result from air trapping, mediastinal compression, and pul-
monary hypoplasia.2,4,6 These patients usually require ventila-
tory support. In severe cases with large tumors and significant
pulmonary hypoplasia, extracorporeal membrane oxygenation
may be required. Once stabilized, these patients require resec-
tion of the tumor and relief of the mass effect.

Ten to 24% of patients with cystic adenomatoid mal-
formation will be asymptomatic at birth.2,4,6 These patients
will present months to years later with repeated pneumonia
or spontaneous pneumothorax that leads to further evalua-
tion of the thorax. Rarely, CCAM is diagnosed as late as
the teenage or adult years.4,16,17 CCAM and other congen-
ital lung lesions can rarely degenerate to malignancy. Em-
bryonal rhabdomyosarcoma,18 bronchioalveolar carcinoma,19

myxosarcoma20 and squamous cell carcinoma21 have all been
described to arise in association with congenital cystic lung
lesions and CCAM. Although primary lung tumors are rare
in the first 2 decades of life, 4% of these are associated with
CCAM and other congenital cystic lung lesions.19

In early observations, 14–24% of CCAM were noted at
stillbirth.2,4 This observation suggested that there may be

a different natural history for this disease when diagnosed
antenatally.

ANTENATAL DIAGNOSIS OF CCAM

Most patients with CCAM are now diagnosed by obstetrical
sonogram, either serendipitously or during the investigation
of suspected maternal polyhydramnios or preterm labor. The
diagnosis has been made sonographically as early as 16 weeks
gestation;22 however, most fetuses are diagnosed between
21 and 24 menstrual weeks.5,11 Since the first report of prena-
tal diagnosis of CCAM by Garrett22 in 1975, there have been
over 210 cases reported in the world’s literature.5,23−35

The classification and sonographic appearance of CCAM
influences the differential diagnosis.6 Macrocystic lesions can
be difficult to distinguish from congenital diaphragmatic her-
nia (CDH). Demonstration of an intact diaphragm and the
absence of intrathoracic peristalsis in herniated intestine or
stomach help to exclude this diagnosis. Amniography with in-
trapartum single-section CT scan has occasionally been used to
differentiate between CDH and CCAM. Prenatal sonography
has been used to successfully diagnose CCAM in the pres-
ence of CDH.23 New imaging modalities such as echoplanar
magnetic resonance imaging and half Fourier single-shot turbo
spin echo, or HASTE, may be useful prenatal imaging modal-
ities in the future.36 Microcystic CCAM are highly echogenic,
which helps to distinguish these lesions from other solid tu-
mors such as neuroblastoma. Bronchogenic or unilocular cysts
are usually found next to major bronchi. Bronchopulmonary
sequestration, particularly intralobar BPS, can be difficult to
distinguish from CCAM. Demonstration of vascular supply
from the thoracic or abdominal aorta by color flow Doppler is
diagnostic for sequestration. Newer color Doppler modalities,
such as enhanced or power Doppler, may be useful in distin-
guishing BPS from CCAM, and we have also found ultra-fast
fetal MRI to be helpful.

Thorpe-Beeston and Nicolaides have recently reviewed
132 cases of prenatally diagnosed, pathologically proven or
suspected CCAM.5 Review of this series demonstrates the clin-
ical features and natural history of fetuses with this malforma-
tion. The mean gestational age at diagnosis was 24.5 weeks
(range 17–39 weeks). Fifty-nine percent of the lesions were
macrocystic, 41% were microcystic. Eighty-six percent of the
lesions were unilateral with a slight left-sided predominance
(left—51% vs. right—35%), while 14% of the cases had bilat-
eral involvement. Overall, 11% of the patients had associated
malformations; however, the incidence was higher if the le-
sions were bilateral (28% vs. 10%), or microcystic (18% vs.
8%). Polyhydramnios was seen in 46% of the cases, and fe-
tal hydrops was seen in 43%. In this cohort of 132 patients,
44 families elected to undergo pregnancy termination and
61 patients survived (representing 69% of those cases not un-
dergoing termination, 46% of all cases). Thorpe-Beeston found
that the likelihood of survival was slightly higher for macro-
cystic than for microcystic lesions (74% vs. 58%).

We have recently reviewed our own experience with 132
fetuses with CCAM, of which 55 (44%) had large lesions with
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associated hydrops. In this hydropic group, 12 fetuses were
aborted, 24 died perinatally, and 19 underwent fetal therapy
since hydrops is a predictor of perinatal demise. Of the 77
CCAM cases without hydrops, 70 have been successfully re-
sected after birth. Many of these patients required ventilatory
support, and 5 required ECMO. Seven patients with “shrink-
ing” lesions have been followed without surgery.

ACCURACY OF PRENATAL DIAGNOSIS

Accurate intrauterine diagnosis of CCAM is based on a va-
riety of factors including: (1) sonographic appearance of the
mass (density, consistency, shadowing, vascularity), (2) mass
location (left vs. right, anterior vs. posterior, unilateral vs. bi-
lateral), and (3) associated findings (displacement of other vis-
cera, other anomalies, fetal hydrops, polyhydramnios, systemic
arterial supply). Although sonographic prenatal diagnosis is
becoming increasingly sophisticated, diagnostic errors are still
possible.

There have been few studies that have tried to evaluate the
accuracy of prenatal sonography for diagnosing CCAM and
other echogenic chest masses. McCullagh and colleagues at
the Children’s Hospital of Lewisham, London compared the
postnatal diagnosis in 13 consecutive patients with a prena-
tal ultrasound diagnosis of CCAM (mean age at diagnosis =
22 weeks).31 In this cohort the prenatal diagnosis has been
confirmed pathologically in only 5 patients (38%). In 2 pa-
tients postnatal studies suggest CCAM, however the patients
have yet to undergo resection. In 4 cases pathologic examina-
tion found bronchopulmonary sequestration (n = 2), bronchial
atresia (n = 1), and lobar hyperplasia (n = 1). In 2 of 13 cases
(15%), the abnormality was seen to regress spontaneously in
utero. Postnatally, these patients remain asymptomatic without
radiologic abnormalities.

King and colleagues at the Liverpool Maternity Hospital in
the United Kingdom reviewed 17 consecutive patients that had
echogenic chest masses on prenatal sonogram.37 They com-
pared prenatal diagnosis to postnatal or pathologic diagnosis.
In this series, congenital diaphragmatic hernia was correctly
diagnosed in 8 of 10 (80%) fetuses, bronchopulmonary se-
questration in 4 of 5 (80%) fetuses, and tracheal atresia in 1 of
2 (50%) fetuses. In 1 fetus with hydrops and bilateral echogenic
lungs, a diagnosis of CCAM was incorrectly made. Following
termination the pathologic diagnosis of tracheal atresia was
made. Additionally, there were 3 fetuses in which the diag-
nosis was inconclusive between CCAM and CDH. Two of
3 of these patients had CDH. One of these 3 patients had a sus-
pected diagnosis of BPS by postnatal CT scan. Of the 5 patients
with suspected BPS, 3 (60%) showed spontaneous regression
on serial sonogram.

These studies suggest that it is important for fetuses with
suspected CCAM and other anatomic malformations to be
evaluated by experienced sonographers at centers that special-
ize in prenatal diagnosis and therapy. The accuracy of prenatal
diagnosis will likely be greater in those centers that evaluate
the largest number of patients. Clinicians who counsel fami-

lies with these fetuses must be familiar with inaccuracies in
prenatal diagnosis, as well as all possible treatment options.

DISAPPEARING LUNG LESIONS

Although the antenatal diagnosis of a large CCAM is over-
all an ominous finding, the natural history of these lesions is
variable. A small percentage of these tumors can decrease in
size and even disappear before birth. There have been 8 cases
of pathologically proven, spontaneously regressing cystic ade-
nomatoid malformation.38,39 Interestingly, in 6 of 8 of these
patients the lesion was located on the right side. There have
been at least 23 more patients reported that have had prena-
tal sonographic findings suggestive of regressing CCAM, but
the diagnosis has not been confirmed by pathology.32,34,40−44

The percentage of cases that undergo spontaneous regression
is not known for certain. Based on our experience at the Uni-
versity of California San Francisco and the Children’s Hospi-
tal of Philadelphia as many as 15% of cases may decrease in
size on serial ultrasound exam. Other authors have reported
regression in from 13–17% of suspected cases of prenatally
diagnosed CCAM.5,45

The reason for regression of congenital cystic adenomatoid
malformation is not clear. Decompression of cystic lung fluid
into the tracheobronchial tree or involution from outgrowing
the blood supply are possible explanations. It is also possi-
ble that fetuses with disappearing cystic lung lesions have an
erroneous diagnosis of CCAM. These patients may have bron-
chopulmonary sequestration, or another lung lesion that has
a higher likelihood of decompression or involution. Seques-
trations appear to undergo antenatal regression in as many as
66% of fetuses.37,38,45 Recently, an echogenic lung mass was
seen to resolve after relief of an obstructing mucous plug by
postnatal bronchoscopy.46 Thus far, we have no biochemical
or sonographic marker that allows us to predict which CCAM
will regress and which fetuses will develop hydrops and sub-
sequent in utero demise. As a result, fetuses with CCAM must
be followed closely with serial sonograms and families must
be counseled appropriately. Fetal hydrops, however remains
an accurate predictor of perinatal demise and is an indication
for prenatal therapy in selected patients.

FETAL THERAPY

From insight into the antenatal natural history of CCAM we
now know that as many as 50% of fetuses will develop hy-
drops and die perinatally.6,7,11 Recent technological advances
in obstetrical ultrasound has enabled the development of fe-
tal therapy and new management strategies that are directed
at altering this poor prognosis. Macrocystic CCAM may theo-
retically benefit from cyst decompression in order to decrease
tumor size and to reverse or prevent mediastinal shift, poly-
hydramnios, and hydrops. There have been many reports in
which thoracentesis was used in an effort to decompress large,
macrocystic CCAM.24,47−49 From these reports and from our
own experience, it appears that cyst aspiration usually of-
fers only short term decompression of dominant cysts. Fetal
thoracentesis is limited by the rapid reaccumulation of cyst
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fluid and does not appear to alter the long-term outcome of
these fetuses.

Thoracoamniotic shunts offer a theoretical advantage by
providing continued drainage of the accumulating fluid in these
lesions. The first successful thoracoamniotic shunts for CCAM
were reported in 1987.50,51 Nicolaides reported the placement
of a “Rocket” double pigtail catheter into a large cystic lesion at
24 weeks gestation.50 The shunt decompressed the lesion until
spontaneous delivery occurred at 38 weeks. Clark reported
successful percutaneous thoracoamniotic shunt placement and
decompression of a macrocystic CCAM in a hydropic 20-week
fetus.51 Decompression of the lesion lead to resolution of medi-
astinal shift and hydrops, and the delivery of a 37-week infant
who underwent uneventful resection of the CCAM. Despite
these reports of early successes, the overall experience with
thoracoamniotic shunts has been less favorable.

There have been another 22 cases of CCAM in the litera-
ture for which prenatal thoracoamniotic shunt placement was
attempted.5,25,52 Many of these shunts dislodged or clogged
after relatively short periods of time. Moreover, catheters do not
provide adequate drainage of multilobed cysts. Although the
placement of catheters is less invasive than open fetal surgery,
thoracoamniotic shunts appear to have limited usefulness for
long-term therapy. In fetuses in whom nonimmune hydrops
fetalis develops early, fetal surgery may provide the best op-
tion for ultimate survival. Additionally, when catheters do not
adequately drain multicystic masses or when the sonographic
appearance of the cyst is microcystic, surgery may be the only
remaining option for fetal salvage.

FETAL SURGERY

The most worrisome prenatal presentation of CCAM is a
large microcystic or multicystic tumor with hydrops that is
not amenable to catheter decompression. In this subset of pa-
tients, fetal surgical resection may provide the only opportunity
for survival. We have now performed fetal surgery on 13 such
infants between 21 and 29 weeks’ gestation with CCAM and
hydrops.11,53,54 Our results have been encouraging. In the 8
fetal patients who survived, CCAM resection led to resolution
of hydrops, impressive in utero lung growth, and normal post-
natal development. Following resection fetal hydrops resolved
over a period of 1–2 weeks, and the mediastinum returned to
the midline within 3 weeks.

We have learned valuable lessons from the 5 fetal patients
who died. In the first case, resection was too late as preopera-
tive labor and maternal preeclampsia persisted postoperatively,
leading to premature delivery of a nonviable infant. From this
experience we learned that the maternal hyperdynamic state re-
ferred to as the “mirror syndrome” cannot be reversed solely by
treatment of the underlying fetal condition. This preeclamptic
state is also seen with molar pregnancies and other fetal con-
ditions that are associated with placentomegaly, and may be
caused by a factor released by poorly perfused placental tissue
that leads to endothelial cell injury.55,56 Until the pathophysi-
ology of the maternal mirror syndrome is understood, earlier
intervention before the onset of placentomegaly and the re-

lated maternal preeclamptic state may be the only approach to
salvage these doomed fetuses.

In another case, fetal resection of the right middle and
lower lobes was a technical success at 21 weeks’ gestation,
but the fetus died in utero 8 hours postoperatively. Autopsy
failed to reveal the cause of death. This case demonstrates the
need for better postoperative fetal monitoring and treatment.
In a third case, uncontrolled intraoperative uterine contractions
led to fetal death, highlighting the need for better manage-
ment of preterm labor. The remaining 2 unsuccessful cases
were grossly hydropic fetuses at 21 weeks gestation who died
after induction of maternal anesthesia or immediately after
fetal thoracotomy.

This series demonstrates that in highly selected cases fetal
CCAM resection is reasonably safe, technically feasible, re-
verses hydrops, and allows sufficient lung growth to permit
survival. The clinical focus must now shift from the technical
details of the fetal surgical procedure to the crucial need for
better postoperative maternal-fetal monitoring and effective
detection and treatment of preterm labor.

PRENATAL MANAGEMENT STRATEGY

The initial evaluation begins with an ultrasound to confirm
the diagnosis, amniocentesis or percutaneous blood sampling
to exclude chromosomal anomalies, and a fetal echocardio-
gram to rule out congenital heart disease. If an associated life-
threatening anomaly is present or if the mother is sick with the
mirror syndrome, then the family is counseled. For isolated
fetal thoracic masses, the fetus undergoes a prognostic evalu-
ation. If the fetus is not hydropic, then the mother is followed
closely by serial ultrasonography. Fetuses with CCAM who do
not have hydrops have a good chance for survival in the setting
of maternal transport, planned delivery, and immediate resus-
citation and surgery at a tertiary center with ECMO capability.
Occasionally some of these lesions will shrink in size. At birth,
babies that are asymptomatic and have evidence of a regressing
CCAM should still be considered for surgical resection due to
the long-term risks of infection, pneumothorax, and malignant
degeneration.

If the fetus is hydropic at presentation or if hydrops de-
velops during serial follow-up, then management depends on
the gestational age and the degree of lung maturity. For those
fetuses older than 32–34 weeks’ gestation, betamethasone ad-
ministration and early delivery should be considered so that
the lesion can be resected ex utero. For those fetuses younger
than 32 weeks’ gestation, fetal surgical intervention should be
entertained.

POSTNATAL MANAGEMENT

The fetus with CCAM should be referred to an institution that
has appropriate staff and intensive care facilities to manage a
critically ill neonate. At birth the newborn should be evaluated
to confirm the diagnosis and to exclude associated anomalies.
The pulmonary status should be monitored closely because of
the risk of acute deterioration from air trapping, as well as pul-
monary hypoplasia. Complete resection of the CCAM, usually
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by lobectomy, is the treatment of choice because of the risks
of infection or malignant degeneration.3,16,57,58 Incomplete
resection of the tumor often leads to air leak at the surgical
margin and usually requires reoperation.16,57,58

CONCLUSIONS

Overall, our experience with CCAM has been encouraging.
Using recent advancements in prenatal ultrasound and fetal
diagnosis we have gained new appreciation for the natural his-
tory of these lesions and new understanding for predictors of
perinatal demise. This insight together with technologic ad-
vancements has allowed the development of fetal therapies
that appear to improve the outcome of patients with this mal-
formation. The evolution in the treatment of CCAM clearly
demonstrates the integral role that ultrasound plays in provid-
ing accurate and timely prenatal diagnosis and therapy.
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FETAL PHARMACOLOGIC THERAPY FOR
MENDELIAN DISORDERS

Roderick F. Hume, Jr.

INTRODUCTION

Fetal therapy is now possible for several classical Mendelian
disorders of metabolism. The history of metabolic disease be-
gan in 1908 when Garrod presented the concept that certain
diseases of lifelong duration arise because an enzyme govern-
ing a single metabolic step is reduced in activity, or missing
altogether.1 LaDu verified this hypothesis through biochem-
ical studies reported on the nature of the defect of tyrosine
metabolism in alkaptonuria in 1958.2 McKusick’s catalog of
inherited diseases is now staggering both in the number of dis-
orders, and the rapidity with which the molecular basis of these
disorders are being characterized.3 The molecular and bio-
chemical understanding of these inborn errors of metabolism
now allows better care for patients with these individually rare
diseases.4 The improved quality of life finds more affected fam-
ilies choosing to face the risks of reproduction, challenging us
in the field of prenatal diagnosis and fetal therapy.5,6

Fetal pharmacologic therapy of metabolic disorders occurs
in several distinct clinical scenarios. The fetus may be consid-
ered the passive victim of a maternal metabolic derrangement
such as maternal phenylketonuria (PKU).7 The primary goal
of maternal therapy is to optimize the fetal environment to
minimize the risk for fetal damage of an otherwise unaffected
fetus. Rarely the maternal adaptation to pregnancy may pre-
cipitate a clinical disease state in a previously asymptomatic
individual; such as the manifesting ornithine transcarbamolase
deficiency (OTC) heterozygote,8,9 or Acute Intermittent Por-
phyria (AIP).10 The fetus may even share the inherited defect
with its mother, as described for PKU.7 Optimal maternal care
is then required for the well-being of both the mother and her
fetus. Finally, the fetus may have the primary metabolic disor-
der, such as congenital adrenal hyperplasia (CAH), in which
case the in utero therapy may have maternal risks as a sec-
ondary problem.11

Whether the metabolic defect is primarily maternal or fe-
tal, there are only two basic modes of fetal therapy: indirect
(transplacental or maternal), and direct (invasive or fetal). Fetal
therapy may include nutritional management, pharmacologi-
cal agents (drugs, vitamins, or hormones), transfusion of blood
products, or transplantation of human stem cells. The latter rep-
resents the first real attempts at curative, genetic therapy.12,13

However, the most common form of fetal therapy remains ma-
ternal transplacental therapy and will be the focus of this chap-
ter. The goals of such fetal therapy include (1) to normalize the
fetal compartment (PKU), (2) to optimize embryonic develop-
ment (MMA or Wilson), or (3) to achieve drug levels within the
fetus to treat a specific disorder (fetal arrythmia), or accelerate
fetal lung maturation. Direct, invasive, fetal therapy is the only
known mode of fetal therapy for certain conditions such as
fetal transfusion for severe anemias, isoimmunization, or par-

vovirus infection. Intra-amniotic instillation of medications for
hormonal replacement in hypothyroidism, antibiosis for some
TORCH agents, and fetal arrythmia have been reported. In-
tramuscular fetal injections of perioperative medications such
as curare have been useful in fetal therapeusis. Intravascular
access for direct drug infusion, transfusion, or HSCT offer the
most promising method to assure the control of fetal doses de-
livery. This may allow a better fetal therapeutic response with
a decreased maternal risk. Classical mendelian disorders, or
inherited errors of metabolism, in which fetal pharmacology
therapy has been reported will be the primary focus of this
review.

FETAL METABOLIC DISORDERS

The in utero fetal therapies currently employed for inborn
errors of metabolism evolved from successful ex utero ther-
apies for which some irreversible sequelae or fetal maldevel-
opment remained after the institution of neonatal therapy. The
success of the neonatal screening programs for PKU and con-
genital hypothyroidism have been monumental. The preven-
tion of mental retardation through early recognition and the
application of rather simple nutritional therapy or hormonal
replacement has proven that inherited errors of metabolism
could be corrected. However, irreversible fetal damage could
not be addressed by neonatal therapy for some individuals.14

FETAL GOITER/CONGENITAL
HYPOTHYROIDISM

Neonatal goiter has been recognized since antiquity. Advanced
sonographic evaluation and biochemical analysis of the am-
niotic fluid allows in utero diagnosis and therapy of fetal
goiter.15−18 The thyrotoxic effects of maternal therapy upon the
fetal thyroid have also been recognized and optimal maternal
therapeutic schemas reported.19 Appoximately 20% of con-
genital hypothyroidism is due to inborn errors of metabolism,
or single gene defects.20 These disorders include autosomal
recessive familial congenital nongoitrous hypothyroidism,21

autosomal dominant peripheral insensitivity to T4,22 and
X-linked pseudohypoparathyroidism la.23 Fetal therapy may
be required in these conditions to avoid irreversible damage
already present at birth.

CONGENITAL ADRENAL HYPERPLASIA

Congenital Adrenal Hyperplasia offers the first example of an
inborn error of metabolism inherited by the fetus to be treated
in utero with prevention of fetal malformation as the primary
goal. The history of CAH is quite unique. Line 32 of the Clay
Tablet K2007 in the Nineveh Royal Library from circa 2,000
British Columbian states, “when a woman gives birth to an
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infant that has no penis, the master of the house will be enriched
by the harvest of his field.”24 This is probably the earliest writ-
ten reference to CAH virilization of the female fetus. Males
may also inherit the AR disorder of steroid metabolism, most
commonly 21-hydroxylase deficiency. The clinical spectrum
of disease associated with CAH ranges from a critically ill salt-
wasting variety, to mild virilization precociously in males, or
ambiguously in females. Prominent clitiromegaly with labial
fusion can resemble the male genitalia so much as to lead to
the misclassification of newborn sex identity. This disorder
can be life threatening if the salt-wasting variety of adrenal
insufficiency is present. When recognized at birth steroid re-
placement therapy is initiated which decreases the androgen
excess. Since CAH is inherited as an AR, and only the females
will be affected by the anomaly, the birth defect risk is 1 in 8.
However virilization of the female fetus may already have oc-
curred during weeks 10–16 of gestation. Therefore, prenatal in
utero therapy aimed at the prevention of virilization may begin
prior to the determination of gender or disease status.11,25−27

The fetal adrenal gland can be pharmacologically suppressed
by maternal replacement doses of dexamethasone.11 The
21-hydroxylase enzyme defect impairs the metabolism of
cholesterol to cortisol, creating excessive 17-hydroxy proges-
terone, which can be used for prenatal diagnosis. Alternate
pathway metabolism shifts this precursor to androstenedione
and other androgens. Consequently, genetic females are ex-
posed to high levels of androgens and can become masculin-
ized. The abnormal differentiation can vary from mild clitoral
hypertrophy to complete formation of a phallus and appar-
ent scrotum. In the first attempt to prevent this birth defect,
Evans and colleagues administered dexamethasone, a fluo-
rinated steroid, to an at-risk mother beginning in the tenth
week of gestation. Maternal estriol and cortisol values indi-
cated rapid and sustained fetal and maternal adrenal gland
suppression.11 Forest and David using the same protocol of
0.25 mg of dexamethasone qid, but beginning at 9 weeks
reported the successful prevention of external genitalia mas-
culinization in several pregnancies at risk for the severe form of
21 hydroxylase deficiency CAH.25,27

This disorder was linked to chromosome 6 using HLA hap-
lotypes as the informative marker. Subsequent gene mapping
identified the 21 hydroxylase gene locus to be within the HLA
gene cluster. Molecular heterogeneity is the rule with most
CAH individuals being compound heterozygotes at the molec-
ular level. The clinical phenotype does show a correlation with
the molecular genotypic abnormality.28 Utilization of CVS and
molecular markers for the diagnosis of CAH can now assign
disease status and gender sooner allowing maternal steroid
therapy to be avoided in males or unaffected females. Due to
a few reported cases of masculinization following the 9 weeks
initiation protocol, we now begin steroid suppressive therapy at
7 weeks, and continue therapy until delivery, or confirmation of
an unaffected fetus, due to the recognised risks associated with
maternal dexamethasone therapy. The fundamental principles
addressed by these treatment efforts can be extended to other
medical fetal therapies. The concepts of a thorough informed

consent procedure, thorough documentation of progress, and
high-risk obstetric management have generally been followed
by investigators in these fields.

METHYLMALONIC ACIDEMIA, MMA

Methylmalonic acidemia is related to a functional vitamin
B12 deficiency. Coenzymatically active B12 is required for
the conversion of methylmalonyl-coenzyme A to succinyl-
coenzyme A. Genetically determined etiologies for methyl-
malonic acidemia include defects in methylmalonyl-coenzyme
A mutase or in the metabolism of vitamin B12 to the coen-
zymatically active form, adenosylcobalamin, by the convert-
ing enzyme. Some patients respond to large dose B12 ther-
apy which can enhance the amount of the active holoen-
zyme (mutase apoenzyme plus adenosylcobalamin). Ampola
and colleagues were the first to attempt prenatal diagnosis
and treatment of a B12-responsive variant of methylmalonic
acidemia.29 The diagnosis of MMA was made posthumously
by chemical analysis of blood and urine of the proband who
died of severe acidosis and dehydration at 3 months of age.
At 19 weeks gestation an amniocentesis was performed to
make the prenatal diagnosis in the subsequent pregnancy. Ele-
vation of methylmalonic acid content was documented in the
cell-free amniotic fluid. Cultured amniocytes had defective
propionate oxidation, undetectable levels of adenosylcobal-
amin, and normal succinate oxidation and methylmalonyl-
coenzyme A mutase activity in the presence of added adenosyl-
cobalamin. These studies established the diagnosis of MMA
due to deficient synthesis of adenosylcobalamin. Maternal
methylmalonyl aciduria was confirmed at 23 weeks gestation,
which confirmed this diagnosis. The maternal methylmalonic
aciduria is known to be associated with fetal MMA, and not to
be present in maternal heterozygotes carrying a normal fetus.
The maternal urine values offer an excellent monitoring tool
for fetal therapy.

Cyanocobalamin (10 mg/day) was administered orally to
the mother in divided doses. A slight reduction in maternal
urinary methylmalonic acid excretion was achieved, and only
a marginal increase in maternal serum B12 levels. Therefore,
at 34 weeks gestation, 5 mg of cyanocobalamin per day as
an intramuscular injection was initiated. The maternal serum
B12 level rose sixfold above normal, and the maternal urinary
excretion of methylmalonic acid progressively decreased to
slightly above normal by delivery. Amniotic fluid MMA levels
were 3–4 times the normal mean level despite prenatal treat-
ment. Postnatally the diagnosis of MMA was confirmed. The
neonate suffered no acute neonatal complications, and had an
extremely high serum level of B12. In this case the prenatal
therapy certainly improved the fetal and secondarily the ma-
ternal biochemistry. Whether there was any significant clinical
benefit to this fetus cannot be sufficiently addressed. Nyhan has
suggested that an increased frequency of minor anomalies may
be associated with untreated fetal MMA.30 Thus, very early or
perhaps even prophylactic treatment with vitamin B12 prior to
prenatal diagnosis for the at-risk fetus may be indicated for the
optimal therapy of B12-responsive MMA. It seems likely that
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reduction of the fetal burden of MMA should have develop-
mental benefit, and could reduce the neonatal risk. However,
this remains speculative.

The report of Ampola and colleagues was the first exam-
ple of the treatment of a vitamin-responsive inborn error of
metabolism in utero. Further studies are needed to establish
the risk-to-benefit ratio of this therapeutic approach.

MULTIPLE CARBOXYLASE DEFICIENCY

Biotin-responsive multiple carboxylase deficiency is an in-
born error of metabolism in which the mitochondrial
biotin-dependent enzymes, pyruvate carboxylase, propionyl-
coenzyme A carboxylase, and beta-methylcrotonyl-coenzyme
A carboxylase have diminished activity. Metabolism in patients
and in vitro cultured cells can be restored toward normal levels
by biotin supplementation. Such therapy has been utilized for
fetuses affected with this severe disorder of metabolism. Roth
and colleagues treated a fetus without the benefit of prenatal
diagnosis in a case in which two siblings had died of MCA.31

The first sibling died at 3 days of age, and in the second sibling
the diagnosis was made posthumously in the neonatal period.
Because of the severe neonatal manifestations and the relative
harmlessness of biotin, oral administration of this compound
was given to the mother at a dose of 10 mg/day. No unto-
ward effects were noted, and the maternal urinary biotin ex-
cretion increased by a 100-fold as measured in the urine. Dizy-
gotic twins were subsequently delivered at term. Cord blood
and urinary organic acid profiles were normal. Cord blood
biotin concentrations were 4- and 7-fold greater than normal.
Both neonatal courses were unremarkable. Cultured fibroblasts
of twin B had virtually complete deficiency of all three car-
boxylase activities, while twin A was normal.

Packman and colleagues have also reported the successful
prenatal therapy for a fetus at risk for MCD.32 These reports
provide compelling evidence that biotin administration effec-
tively prevents neonatal complications in certain patients with
biotin-responsive multiple carboxylase deficiency. No toxicity
has been observed. Further experience with vitamin responsive
disorders will be useful in the determination of the optimal
mode and dose interval for fetal therapy.

MENKES

Hurley and colleagues have investigated possible deleterious
effects of prenatal copper administration on mice with the re-
cessive mutant “crinkled” gene.33 This is speculated to be the
mouse homologue of Menkes disease in the human. Dietary
supplementation of copper sulfate partially ameliorated the ef-
fects of the crinkled gene in the offspring. Copper nitrilotrac-
etate appeared to be superior to copper sulfate in increasing
postnatal survival and body copper content of the mutant off-
spring of heterozygotes. Postnatal supplementation was not
effective.

These studies may lead to insights relevant to prenatal treat-
ment of Menkes syndrome, a sex-linked disorder characterized
by progressive degeneration of neurologic function in infants.
Howell believes that Menkes can be reliably diagnosed in utero

by demonstrating abnormally increased copper uptake in cul-
tured amniocytes incubated in a high copper medium. Menkes,
like the mouse homologue, has proven refractory to postnatal
copper therapy; it is conceivable that prenatal therapy may be
of benefit.

MATERNAL METABOLIC DISORDERS

PKU

Classic phenylketonuria (PKU) is a molecularly heterogeneous
metabolic disorder caused by deficient activity of the enzyme
phenylalanine hydroxylase (PAH). The phenylalanine hydrox-
ylase gene has been localized to chromosome 12q22–q24. De-
tailed molecular analysis suggests that genotype can predict
phenotype.34,35 PAH is a hepatic enzyme that catalyzes hy-
droxylation of phenylalanine (phe) to tyrosine (tyr).36,37 This
block in phe metabolism results in the accumulation of phe
and its metabolites which then lead to progressive, severe,
irreversible mental retardation. Pregnancies in untreated fe-
males with high levels of phe may spontaneously abort or
show intrauterine growth retardation.38 Elevated phe levels
found in untreated maternal PKU are teratogenic. Children of
PKU women may have mental retardation, dysmorphic facies,
microcephaly and congenital heart disease. There appears to
be a dose-response relationship between the severity of these
manifestations and the mother’s plasma level of phenylalanine
during pregnancy.39−42

There are >1600 known women with PKU in the United
States and Canada who are of childbearing age. In the pre-
liminary report of an ongoing prospective, longitudinal study
involving 213 pregnant women with PKU the outcomes of 134
pregnancies found optimal fetal outcomes with phenylalanine
levels <600 umol/L (<10 mg/dl) during the first trimester. Not
surprisingly, treatment initiated in the third trimester showed
little benefit. Infants with congenital heart disease were born to
mothers with phenylalanine levels greater than 10 mg/dl.43,44

A case report of 2 children, one with PKU and one without
PKU were born from untreated pregnancies in a mother with
PKU. Both were microcephalic at birth, and both had congen-
ital anomalies. Both children are mentally retarded (lQ < 50),
have hypoplasia of the corpus callosum and enlarged cerebral
ventricles. However, only the PKU infant showed intrauterine
growth retardation.7 This case highlights the need for maternal
biochemical control. Despite screening programs for almost
3 decades, undiagnosed maternal PKU represents an ongoing
public health challenge.45,46

GALACTOSEMIA

Galactosemia is a disorder of galactose metabolism gener-
ally diagnosed during the neonatal period, with an incidence
of approximately one in 50,000. Classic galactosemia is in-
herited as an autosomal recessive trait. Deficiency of the en-
zyme galactose-1-phosphate uridyltransferase (GALT) results
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in the inability to metabolize galactose, and leads to accumu-
lation of galactose-1-phosphate.47 The GALT locus associated
with classic galactosemia has been localized to chromosome
9p13.

Pregnant women who are asymptomatic carriers can be de-
tected by testing the activity of galactose-1-phosphate uridyl-
transferase in their red blood cells. Galactosemia can be di-
agnosed in infants at birth by determination of the enzyme
activity level in red blood cells. Prenatal diagnosis has been
reported using enzymatic assays in amniotic fluid cells and in
chorionic villi tissue. An assay has been reported measuring
the level of galactitol in amniotic fluid.

Pregnancies in women with galactosemia have been
reported.48,49 These cases demonstrate that dietary control does
slightly lower the amount of galactitol in the amniotic fluid,
but the amount of galactitol remaining is still high enough that
fetal diagnosis can be made. Dietary restriction did not ad-
versely affect the outcome of these neonates. Presently, the
only treatment is dietary restriction after birth to maximize
chances of normal growth and mental development. The as-
sertion that the institution of a maternal galactose restricted
diet for the fetus with this disorder may alter the severity of
the neonatal symptoms remains speculative at this time.

GAUCHER DISEASE

Gaucher disease is a lysosomal storage disorder character-
ized by glucocerebroside accumulation principally in the retic-
uloendothelial system. It is the most common lysosomal
storage disorder. The disease is inherited in an autosomal
recessive manner, as a variable defect in the enzyme acid beta-
glucosidase. The incidence in Ashkenazi Jews is 1 in 2500,
with carrier frequency based upon molecular studies about
1 in 10 to 1 in 8 in this population. Three types of the dis-
order have been described.50

The type of disease is consistent within a sibship, al-
though the extent of morbidity may vary between siblings;
modifier genes or other epigenetic factors may be present.
The correlation between any specific mutation and outcome
is variable, making counseling difficult.51−54 The basis for
phenotype/genotype correlations in Gaucher Disease Type I
have been proposed within the Ashkenazi population in whom
4 mutant alleles account for >90% of the mutations: N370S,
84GG, L444P, and IVS 2+1.55 The N370S/N370S individ-
ual has the milder disease with median onset at 31 years.
In contrast the L444P homozygous genotype is associated
with the neuronopathic type 2 or 3. Compound heterozy-
gotes have phenotypes which fall between these extremes.
The prediction of severity of phenotype may allow presymp-
tomatic, or early symptomatic therapy, which is currently
reserved for the severely affected individual. Enzyme ther-
apy and bone marrow transplantation have been suc-
cessful in the treatment of this disorder. Clinical trials
of enzyme replacement therapy in type 1 disease using
Ceredase r©, a modified form of acid beta-glucosidase derived
from human placenta, have been conducted in nonpregnant

individuals and found to be effective.56,57 Gaucher disease
(type 1) in pregnancy has been described for a series of 47 preg-
nancies in 17 women.58 Gene therapy may hold great promise
for selected Gaucher families.

CYSTINOSIS

Cystinosis, a disorder of lysosomal cystine transport, is charac-
terized by the intralysosomal accumulation of cystine.59 Cys-
tine is the dimer of the amino acid cysteine. Cystinosis is
inherited in an autosomal recessive manner; the incidence is
∼1 in 200,000. There are three forms of the disease. Prior
to the era of renal transplantation, many patients did not sur-
vive past adolescence, secondary to renal failure. Recent re-
ports have described successful pregnancy in patients with
cystinosis and renal allografts. The placenta in one pregnancy
showed cystine crystals on the maternal side but not on the
fetal side.60 With early diagnosis and the use of cysteamine to
bind cystine crystals, renal function may be preserved and renal
transplantation may be avoided. However, the fetal effects of
cysteamine are unknown. The need for fetal therapy has not
been established.

ORNITHINE
TRANSCARBAMYLASE DEFICIENCY

Ornithine transcarbamylase (OTC) deficiency is an X-linked
disorder caused by a defect an enzyme required for urea syn-
thesis from ammonia. This enzyme defect results in elevation
of ammonia levels throughout the body tissues. The gene for
this urea cycle enzyme, which is 1 of 6 enzymes involved in
urea synthesis, maps to chromosome Xp21. Approximately
one third of cases result from a new mutation.

Some women who are carriers may not experience hyper-
ammonemia until pregnancy or delivery, in which postpartum
coma may be the presenting symptom.8,9 Intravenous sodium
benzoate, sodium phenylacetate and arginine hydrochloride
have been used to treat hyperammonemia by forming com-
pounds with ammonia that are readily excreted in the urine.
The orphan drug benzoate/phenyacetate (Ucephan r©) has been
approved for patients with urea cycle disorders.61

ACUTE INTERMITTENT PORPHYRIA

Acute intermittent porphyria is an acute-onset hepatic por-
phyria, inherited as an autosomal dominant trait. The enzy-
matic defect results in a 50% reduction in the activity of PBG
deaminase. The gene has been localized to chromosome 11q24.
However, only 10% of patients with the enzyme defect are
clinically affected. Because of this urine must be examined
for PBG and d-ALA during an acute attack. Normal results
virtually exclude AIP. Erythrocytes can also be examined for
activity of PBG deaminase.62

In pregnancy, older surveys reported exacerbation of AIP
in 95% of patients, with maternal death rates of 30–40%. More
recent surveys suggest a lower attack rate (25%) and mortal-
ity (0–2%). The periods of disease exacerbation appear to be
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during early pregnancy or the puerperium. Not surprisingly,
diagnosis before pregnancy improves outcome.10,63,64

WILSON DISEASE

Wilson disease is an autosomal recessive, multisystem disor-
der characterized by abnormal accumulations of tissue cop-
per. The putative gene for Wilson disease has been mapped to
13q14. Prior to the introduction of chelation therapy in 1956
by Walshe, Wilson disease was a progressively debilitating
and fatal disease. Since the introduction of D-penicillamine,
a cupriuretic chelating agent, several pregnancies have been
described.65−69 Recurrent abortion is not uncommon in un-
treated Wilson disease, perhaps on the basis of direct embry-
otoxicity from elevated tissue copper; successful zinc therapy
has been reported.70

However, chelating agents may be teratogenic.71,72 Lysyl
oxidase is copper-dependent and is involved in cross-linking
collagen and elastin. Penicillamine dose-related teratogene-
sis has been described in rats. Several infants exposed to this
drug, including 1 with Wilson disease, were found to have
transient cutis laxa. One had inguinal hernias, low-set ears,
and joint mobility. However, discontinuing therapy may be
catastrophic for the mother or have significant neonatal se-
quelae. In 1 case, a gravida with 2 prior successful pregnan-
cies and known Wilson disease deliberately stopped penicil-
lamine therapy, developed CNS findings, fulminant hepatic
failure, hemolytic crisis, and died post-partum.73 In a second
case, copper deposition was found on the maternal side of the
placenta, but not on the fetal side. Copper levels in umbili-
cal serum and amniotic fluid were remarkably elevated. The
neonate showed hepatomegaly.74 Thus, both fetal and mater-
nal risks must be weighed before modifications in therapy are
attempted.

SUMMARY

Over the course of the past decades, there have been tremen-
dous advances in our ability to diagnose and treat fetal disor-
ders. In addition to the disorders presented there have been a
growing number of reports of pregnancy in cases of maternal
metabolic disease.75−87 The diagnosis of Mendelian defects
have become considerably more sophisticated, and more com-
mon. Such prenatal diagnoses have led to the possibility for
fetal therapy which has clearly been shown to be of benefit in
congenital adrenal hyperplasia, the prevention of neural tube
defects, and can alter metabolism in several other disorders for
which there is still considerable question as to clinical efficacy.
Nevertheless, these disorders serve as a paradigm for continued
and enhanced treatment of the fetus as a patient, and one for
which therapies can be devised that are effective in producing
better outcomes.
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FOLIC ACID AND PREVENTION
OF NEURAL TUBE DEFECTS

Elisa Llurba / Ellen J. Lansberger / Mark I. Evans

INTRODUCTION

Neural tube defects (NTDs) used to be the second most preva-
lent prenatal anomaly in the United States, only less frequent
than cardiac malformations. Worldwide, there are 400,000
such defects.1 NTDs can be separated into 2 main categories,
abnormalities of the skull and brain, including anencephaly,
acrania, or encephalocele; and malformations of the spine, in-
cluding meningocele, meningomyelocele, or spina bifida.

Anencephaly is defined as a congenital absence of a major
portion of the brain, skull, and scalp. The cerebral hemispheres
develop without a cranial cover, and the exposure to amniotic
fluid damages the brain. Encephalocele refers to the herniation
of cranial contents through a defect in the skull. These condi-
tions are usually lethal within the first days of life. Meningocele
is a defect in the vertebrae through which the meningeal sac
protrudes. In 90% of cases, neural tissue also protrudes into
the meningeal sac, known as meningomyelocele. Spina bifida
refers to both meningocele and meningomyelocele. Approx-
imately 90% of these defects are not covered by skin (open
neural tube defect) and are associated with spinal nerve dam-
age below the level of the lesion. Disorders in motor, bowel,
and bladder function are of various severities depending on the
level of the lesion. Intelligence may be normal, but over 50%
of affected individuals have a learning disability. It has been
estimated that as many as 25% of patients may have an IQ be-
low 50.2 Hydrocephalus and the Arnold-Chiari malformation
(elongation and downward displacement of the hindbrain) are
often associated.3 “Closed” spina bifida is a subtle malfor-
mation of the caudal neural tube; these defects are difficult to
diagnose. They may not be recognized until adult life, basi-
cally in form of cutaneous defects or lipomas in lumbosacral
region.4

Neural tube defects result from failure of the neural tube to
fuse during early embryogenesis, between the third and fifth
week of gestation.5 At 18 days after fertilization, the primitive
neural plate forms 2 lateral neural folds with a central neural
groove. The lateral edges of these folds fuse in the mid-portion
of the embryo, forming the neural tube. The fusion of the neural
tube goes from the cranial to the caudal portion finishing by
26 days of development.

The etiology of NTD is not always clear. Mostly the dis-
order emerges as a multifactorial trait. Both genetic back-
ground and nutritional status influence the incidence. In more
than 97% of cases, there is no prior family history of NTD.6

It has been reported that 12% of cases have an identifiable
cause.7 These include chromosomal abnormalities (trisomy
18, triploidy), single gene mutations (Meckel-Gruber syn-
drome), maternal disease (diabetes mellitus, hyperthermia),
or maternal exposure to teratogens (alcohol, valproic acid)
(Table 59-1).

The most common risk factor is a previous affected fam-
ily member. The risk of recurrence varies depending on the
underlying population risk. Prospective studies have shown
a recurrence risk of 1.5–3% in the general United States
population.8−10 The risk in Britain is about 4.4%.11 In the
United States when there are 2 affected siblings, the risk of
recurrence of neural tube defects rises to 5.7%8,12 with an in-
crease as high as 12% in 1 British study.13

INCIDENCE

The incidence of NTD varies among different communities
around the world. These variations are functions of genetic
background, location, and nutritional status. Historically, be-
fore screening was implemented, the most affected population
in the world was in Northern Ireland where the incidence was
reported to be as high as 1 in 130 births.14,15 Americans of
Irish ancestry have a rate lower than in Ireland per se, but still
considerably higher than the incidence in whites in the United
States in general. The Japanese in Japan have among the lowest
incidence,16 about 0.23 per 1,000 live births, yet Japanese in
Hawaii have an incidence double that of Japan.

There has been a gradual decline overall of NTDs in the
United States ever since the depression in the 1930s when
there was a virtual epidemic. The general conclusion has been
that NTDs are partially precipitated by functional folic acid
deficiencies, which are particularly common in poor diets, es-
pecially those lacking in fruits and green vegetables.17 In 1973,
the Food and Drug Administration allowed an increase in the
amount in folic acid in multivitamin formulations.18 The rate
of NTD dropped from 2 per 1,000 live births reported for the
years 1968 through 1972 to 1.3 per 1,000 from 1974 through
1978. After prenatal diagnosis and screening with maternal
serum alpha-fetoprotein (MSAFP) was implemented across the
United States in the mid-1980s, the rate of live births affected
with NTDs decreased in the 1990s to less than 1 per 1,000.19

Several changes in the epidemiological characteristics of neu-
ral tube defects have been observed since the introduction of
screening programs. The detection is higher for anencephaly;
therefore the proportion of spina bifida and combined fetal
anomalies with NTD has increased. The incidence of NTDs
in the white population has decreased relative to that in other
races due to higher utilization of screening in white population.
However, recently a great impact lowering the rate of NTDs
has been achieved as a result of mandatory fortification of grain
and flour with folic acid since 1998. There has been a reported
decrease of 19% in the incidence of NTD in live births from
1996 to 2001 of livebirths (Fig. 59-1).20

The decline in NTD also has been observed in other coun-
tries, particularly those with historically high rates. In the
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EVALUATION OF THE FETAL
CARDIOVASCULAR SYSTEM

Jack Rychik

INTRODUCTION

Congenital heart disease is the most common form of con-
genital anomaly found in the human species. It occurs in
approximately 8 per 1000 live births and in approximately
10–12 per 1000 pregnancies. Congenital abnormalities of car-
diac structure usually exist without manifestation of symptoms
until separation from placental circulation at birth; hence, it can
be easily missed during fetal life, unless carefully searched for.
Recent advancements in ultrasound technology, improved op-
erator skill, and greater popular interest in fetal imaging, in
general, have led to an increased frequency, and improved
accuracy of diagnosis of congenital heart disease prior to
birth.

The ability to peer into the womb and observe the growing
fetus has furthered our understanding of human development
as well as significantly impacted our management strategies
for treatment of congenital heart disease. While conventional
diagnosis of congenital heart disease typically takes place in
infancy and childhood, this arbitrary point in time is now
changed as more and more patients are identified in the third
and second trimesters of gestation (Fig. 60-1). This change
has resulted in a substantial expansion of the field of fetal
cardiology—from both a diagnostic and a potential interven-
tional perspective—with a multidisciplinary interest abided by
maternal-fetal medicine specialists, ultrasonographers, radiol-
ogists, pediatric cardiologists and surgeons.

In this chapter, we review the physiology of the developing
fetal cardiovascular system and the basic tenets of the fetal
echocardiographic evaluation and discuss a variety of disease
processes that affect the fetal cardiovascular system.

UNIQUENESS OF THE FETAL
CARDIOVASCULAR SYSTEM

The fetal cardiovascular system differs from the mature adult
system in many ways. First, the structural elements of the fe-
tal myocardium are unique. Early fetal myocytes can undergo
replication with development of “hyperplasia” or an increase
in cell number, while mature adult myocytes undergo “hyper-
trophy” or increase in cell size. In fact, the myocardium is
limited in its ability to increase cell number much beyond the
early postnatal period. Second, the fetal heart is much stiffer
than the adult heart, with impaired relaxation relative to the
adult. Fetal myocardium is composed of approximately 60%
noncontractile elements, versus 30% in the adult heart.1 The
uptake of calcium via the sarcoplasmic reticulum differs in the
fetus from the adult, impairing relaxation properties during
diastole.2

Cardiac stroke volume in the fetus is limited in comparison
with that after birth because of extrinsic compression of the
heart. Cardiac output and blood flow are a factor of stroke
volume and heart rate; it may explain why the fetus is limited
in its ability to increase cardiac output to meet demands in
various disease states unless there is a substantial increase in
heart rate. In the fetus, the ventricles exist under a constraint
exerted by the chest wall, fluid-filled lungs, and pericardium,
resulting in a limited ability for the ventricle to expand and a
reduced ventricular preload.3 With the first few breaths of life,
the lungs expand and lung fluid is expelled or resorbed, thereby
freeing the ventricle from this constraint. In conjunction with
increased pulmonary venous return, left ventricular preload is
increased with resultant increase in stroke volume.

The fetal circulation is quite unique. Unlike those in the
postnatal circulation, in which the pulmonary and systemic
circulations are in series (deoxygenated blood is pumped by
the right side into the lungs, returns as oxygenated blood to
the left side, and is pumped out to the body), the fetal right
and left flows are in parallel, with oxygenation taking place
at a site external to the fetus, the placenta. Structures, such
as the ductus venosus, patent foramen ovale, and the ductus
arteriosus, provide unique blood flow pathways specific to the
fetus (Fig. 60-2).

The circulation prior to birth is designed in such a man-
ner that it appears to be quite adaptive to the fetal needs. The
placenta is a richly vascularized organ and of extremely low
vascular resistance. Two fetal iliac arteries originating from
the descending aorta give rise to 2 umbilical arteries that exit
the fetus and course toward the placenta. The umbilical arter-
ies carry an admixture of deoxygenated arterial blood toward
the oxygenating organ, the placenta. A single venous struc-
ture, the umbilical vein, carries richly oxygenated blood back
to the fetus through the umbilical cord. The umbilical vein
inserts into the ductus venosus, a structure that traverses the
liver and connects into the inferior vena cava just as it enters
the right atrium. The angle at which the ductus venosus inserts
into the inferior vena cava–right atrial junction, is such that the
stream of flow is directed toward the foramen ovale, into the left
atrium and left ventricle. In this manner, the most richly oxy-
genated blood returning from the placenta is directed toward
the developing organs most in need of oxygen delivery—the
myocardial and cerebral circulations—both of which are per-
fused by the left ventricle. Similarly, the most deoxygenated
blood in the fetus drains from the superior vena cava and is di-
rected toward the tricuspid valve. This column of blood is then
ejected by the right ventricle into the main pulmonary artery.
The pulmonary vasculature is of very high resistance during
prenatal life; hence, little flow enters the pulmonary circula-
tion, and the majority of flow is directed toward the ductus
arteriosus, descending aorta, and the umbilical arteries. The
fetal cardiovascular architecture is designed to maximize de-
livery of oxygenated blood to the organs in the greatest need,
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654 SECTION VI � Fetal Therapy

FIGURE 60-1 The timeline for detection and diagnosis of congenital
heart disease. Conventional timing is upon the manifestation of symp-
tomatology, at either birth, infancy, or childhood. Current trends are
leading toward greater detection of congenital heart disease prior to
birth either in the second or in the third trimester of gestation. Current
techniques for suspicion of heart disease are evolving for use during
the first trimester with the ultimate goal of determining who is at risk
at the time of conception.

and to deliver the most deoxygenated blood in the most direct
manner possible to the placenta.

FETAL ECHOCARDIOGRAPHY:
WHY PERFORM?

Fetal echocardiography utilizes the science of biological ultra-
sound to examine the developing fetal cardiovascular system.
The first ultrasonic images of the human fetal heart were gen-
erated more than 25 years ago.4 Since then, the modalities of
2-dimensional and Doppler imaging have added much to our
understanding of the fetal heart; however, skepticism existed
early on as to the role of fetal echocardiography in clinical
care.

Is ultrasound scanning of the fetus helpful in diagnosing
congenital heart disease? The answer depends on the way in
which the fetal echocardiographic evaluation is performed. In a
landmark study by Ewigman et al., more than 15,000 pregnant
women underwent routine prenatal ultrasound evaluation.5 The
investigators found very little impact on perinatal outcome and
concluded that routine ultrasound scanning was not helpful. Of
note, the cardiac examination consisted of only a “4-chamber
view.” In other words, if the operator could count the presence
of 4 chambers of the heart, the fetus was considered to have a
normal cardiovascular system. Buskens et al. reported on the
ultrasonic evaluation of nearly 7000 pregnant women perform-
ing the “4-chamber view” alone and compared the fetal exami-
nation findings with those from the postnatal echocardiogram.6

They reported only 4.5% sensitivity for detection of congen-

FIGURE 60-2 Schematic drawing of the fetal circulation. Ductus
venosus flow (highly oxygenated) is channeled right to left across
the foramen ovale and into the left atrium and left ventricle. This
blood is then delivered to the upper portion of the body. Superior
vena caval flow (highly deoxygenated) is directed toward the tricus-
pid valve and right ventricle and ejected across the ductus arteriosus
to the lower part of the body.

ital heart disease. Utilizing a different approach to imaging,
Stumpflen et al. reported on data from a single center in
which more than 3000 women were scanned.7 Operators were
trained to perform a detailed fetal examination consisting of
the “4-chamber view,” identification of the right and left out-
flow tracts, and application of pulse-wave Doppler and color
Doppler flow imaging. In their series, sensitivity and speci-
ficity for the detection of congenital heart disease were 86%
and 100%, respectively, a marked improvement over the pre-
vious reports. These studies highlight the fact that methodol-
ogy and technique used in performing fetal echocardiography
are essential in defining its utility. Proper technique, training,
equipment, and fund of knowledge all contribute to the very
effective diagnostic yield of fetal echocardiography as it cur-
rently exists today.

Let us assume that a skilled examination provides for a
complete and accurate prenatal diagnosis—does a correct fetal
diagnosis of congenital heart disease impact patient outcome?
Intuitively, one would predict that identification of congen-
ital heart disease prior to birth would provide some benefit
to the newborn. In the current era of rapid neonatal diagno-
sis, efficient interhospital transport, and excellent surgical re-
sults, differences in early operative outcome between prena-
tally and postnatally diagnosed infants have not been uniformly
seen.8 Some centers have begun to report differences in out-
come, in particular for complex lesions. Tworetzky et al., at
the University of California in San Francisco, found improved
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T A B L E

60-1
POTENTIAL BENEFITS OF PRENATAL
DIAGNOSIS OF CONGENITAL
HEART DISEASE

• Information/parental education
• Parental counseling/choice of termination
• Psychological/social preparation
• Choice of site for care
• Stable transition from pre- to postnatal life
• Reduction in acidosis
• Improved surgical survival
• Improved neurological outcome
• Long-term benefits
• Cost-effective

survival for first-stage palliation of hypoplastic left heart syn-
drome in prenatally diagnosed infants when compared with
infants diagnosed after birth.9 An important contributing fac-
tor to overall improvement may be the better physiological
state of prenatally diagnosed infants. Verheijen et al. reported
on a multicenter study in which comparison was made of the
metabolic state of infants with and without prenatal diagnosis
of congenital heart disease.10 They found that prenatal diagno-
sis improved infant blood pH and lactate levels to a significant
degree.

There are many potential benefits to the prenatal diagnosis
of congenital heart disease (Table 60-1). We live in an era in
which information is a critical commodity. Parents are strongly
desirous of any and all information concerning their unborn
child, as witnessed by the current interest in “fetal photogra-
phy” and the 3-dimensional rendering of facial images of the
fetus that are now commercially available. Knowledge of the
presence of a fetus with congenital heart disease allows the
family to prepare for the rigors of care necessary for an infant
with a birth defect. Parents have the opportunity to spend time
learning about the anomaly, the management, and lifelong ram-
ifications. They can meet with physicians and nurses to discuss
and develop a treatment strategy and can tour facilities such
as the delivery suites and the intensive care unit. Prior knowl-
edge of a congenital heart defect allows a family to investigate
and choose a site for delivery and care, one that is experi-
enced in the management of the lesion. Alternatively, some
families may choose to terminate a pregnancy after the iden-
tification of serious congenital heart disease. Knowledgeable,
compassionate, and nondirected counseling must accompany
the revelation of the diagnosis. Emotional support should be
available to families as they move through this decision pro-
cess. Physicians and nurses offering such counseling must be
fully aware of the latest strategies and outcomes for congenital
heart disease so that families can make educated and informed
decisions.

Of great promise is the possibility that prenatally diag-
nosed infants with congenital heart disease will do better in
the long term than those diagnosed after birth. Much investi-
gational focus is currently aimed at neurological outcome after
repair of congenital heart disease. Studies have demonstrated

impaired neurocognitive outcome and deficits in school per-
formance in some children after surgical repair of congenital
heart disease.11 Prenatal diagnosis may have a positive impact
on these long-term neurocognitive parameters, since the occur-
rence of hypotension, hemodynamic instability, and acidosis
in the early neonatal period should be minimized. In addition,
prenatal diagnosis may prove to be cost-effective in both the
short and long terms if hospital outcome is improved and late
complications are minimized.12

As a consequence of the increasing number of fetal
echocardiograms performed, standards of practice are shift-
ing. In a recent review of newborns with complex congenital
heart disease admitted to the Cardiac Intensive Care Unit at
The Children’s Hospital of Philadelphia, more than half were
diagnosed prenatally. The impact of this changing trend on
overall outcome is of great interest and will be the subject of
much study in the years to come.

FETAL ECHOCARDIOGRAPHY:
IN WHOM, WHEN, AND HOW?

Fetal echocardiography can provide detailed information about
the cardiovascular system, and precise and reliable diagno-
sis of complex congenital heart disease can be made prior to
birth. In addition, fetal echocardiography provides insight into
the pathophysiology of complex disease processes that can
affect the developing cardiovascular system. High-quality fe-
tal cardiovascular imaging is being performed with increas-
ing frequency. From 1998 to 2004, fetal echocardiograms
performed at The Children’s Hospital of Philadelphia have
more than tripled in number, with more than 1500 studies cur-
rently performed annually. While many pediatric cardiologists
have become interested in developing the skills necessary to

T A B L E

60-2
INDICATIONS FOR PERFORMANCE OF
THE FETAL ECHOCARDIOGRAM

Maternal indications
• Family history of coronary heart disease
• Heritable disorders (Marfan syndrome, etc.)
• Metabolic disorders (diabetes, phenylketonuria, etc.)
• Teratogen exposure (lithium, etc.)
• Rubella infection
• Maternal autoimmune disease (Lupus, Sjogren syndrome, etc.)
• In vitro fertilization
• Advanced maternal age >40 yrs

Fetal indications
• Aneuploidy
• Extracardiac abnormality
• Fetal heart beat irregularity
• Fetal hydrops
• Increased nuchal translucency (first trimester)
• Abnormal obstetrical ultrasound screen
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A

FIGURE 60-3 Tomographic views used for imaging of the fetal heart. Nine standardized views have
been established. (Reprinted with permission from American Society of Echocardiography, 2004.)

perform fetal echocardiography, maternal-fetal medicine spe-
cialists, perinatologists, and ultrasound radiologists have also
mastered these skills and may perform high-quality scanning.
Guidelines for performance of fetal echocardiography were
recently established by the American Society of Echocardi-
ography.13

Indications for performing a fetal echocardiogram can be
divided into those that are maternal or fetal (Table 60-2). A
family history of congenital heart disease is a common in-
dication for referral for fetal echocardiography. Maternal di-
abetes mellitus is a risk factor for congenital heart disease
and should prompt examination. Maternal diabetes can also
cause an increase in fetal ventricular wall thickness, result-
ing in a hypertrophic cardiomyopathy that can deleteriously

affect ventricular function after birth. Maternal exposure to
a teratogen or maternal infection with rubella may increase
the likelihood of fetal heart disease. Maternal autoimmune
disease such as lupus erythematosus or Sjogren disease can
lead to diseases of the fetal conduction system or development
of fetal cardiomyopathy.14 Oftentimes, identification of fetal
heart block may be the heralding sign of maternal autoimmune
disease in an otherwise healthy, asymptomatic mother. Sero-
logical assessment of the mother will reveal her to be positive
for SS-A or SS-B antibodies. Recent data confirm an increased
incidence of congenital anomalies in fetuses conceived via in
vitro fertilization techniques, in particular, through intracy-
toplasmic injection;15,16 hence, all such women should have
careful fetal echocardiography performed.
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development of cardiomyopathy in the recipient twin. The
process can be identified in the recipient twin by changes
in the cardiovascular system consisting of ventricular di-
lation, atrioventricular valve regurgitation, and ventricular
wall thickening. Various degrees of myocardial dysfunc-
tion can occur, first in the right ventricle and then in the
left ventricle. As the disease progresses to its most serious
form, reversal of flow in the ductus venosus can be seen
as well as pulsations in the umbilical vein, findings sug-
gestive of marked abnormality of ventricular compliance.
As the disease progresses, there is a high incidence of fetal
demise if the process is not abated.53

Curiously, some fetuses adapt to the volume load by de-
veloping progressive right ventricular hypertrophy with pul-
monary stenosis or pulmonary atresia.54 When these fetuses
are born, their heart can have an identical appearance to that
of pulmonary atresia with intact ventricular septum, a form
of congenital heart disease. This phenomenon of TTTS em-
phasizes the notion of fetal flow and volume parameters influ-
encing structural development of the heart, even late into the
second trimester of gestation. The pathophysiology of TTTS
may offer clues as to the development of other forms of con-
genital heart disease earlier in gestation.

DAWN OF A NEW ERA: THE FRONTIER
OF FETAL SURGERY

As it currently stands, the practice of fetal cardiology is pre-
dominantly limited to diagnostics. Pharmacological interven-
tion is available for fetal arrhythmias, but structural heart
disease is currently not easily amenable to in utero
repair. However, a number of centers are develop-
ing exciting new techniques that are altering the ap-
proach to cardiac lesions currently at high risk for
infant repair.

Pioneers in the field of fetal surgery have es-
tablished surgical techniques for safely accessing
the human fetus during midgestation.55,56 In prin-
ciple, these techniques are reserved for anoma-
lies in which the fetus is at risk for demise or in
which postnatal outcome is extremely poor with-
out intervention. Fetal surgery has been success-
fully performed with life-saving result in cases of
giant CCAM and early hydrops, giant SCT with
high output cardiac failure, and in some cases of
congenital diaphragmatic hernia. Currently, a Na-
tional Institutes of Health–sponsored randomized
trial is under way to compare the outcome for
fetal surgery for myelomeningocele with conven-
tional postnatal surgery.57 Of note, myelomeningo-
cele is not a life-threatening anomaly, and post-
natal management is highly successful; however,
the objective of fetal intervention in this case is
to alter and modify development in utero, in the

hopes of resulting in an improved outcome at birth and possible
avoidance of a lifetime of morbidity.

This model of fetal myelomeningocele repair is very simi-
lar to that seen in congenital heart disease, in which the cardiac
anomaly may not manifest itself clinically in utero, but only
after birth, and the treatment after birth may have a relatively
good survival outcome. As previously described, some cardiac
lesions start out as much simpler anomalies at 18–20 weeks’
gestation and progress into more severe forms over time.21

An example of such is the concept of potentially reliev-
ing outflow tract obstruction in fetal aortic stenosis via bal-
loon valvuloplasty. The objective is to promote forward flow
through the left ventricle and theoretically prevent the develop-
ment of hypoplastic left heart syndrome. Using a percutaneous
or maternal laparotomy approach, technical success with this
procedure has been achieved by the group in Boston;58 how-
ever, it is unclear whether the natural history of the lesion was
impacted. Clearly identifying candidates who will benefit the
most from fetal balloon valvuloplasty is difficult, as the fac-
tors that definitively predict development of left ventricular
hypoplasia in the fetus have yet to be reliably established. Ef-
forts are under way to more closely study this issue and map
the natural history and progression of congenital heart disease
in the fetus, in order to better identify specific factors that will
predict for the progression of simple lesions into more complex
ones.

Although fetal intervention and surgery for congenital
heart disease loom on the horizon, many obstacles must still
be overcome. Fetal cardiopulmonary bypass is difficult to
achieve with the potential for devastating effects on placen-
tal function.59 In addition, we have observed a number of
deleterious effects of noncardiac fetal surgery on the fetal
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FIGURE 60-19 Graph of serial measures of combined cardiac out-
put in ml/min per kg for fetuses undergoing surgery for repair of
myelomeningocele. X-axis numbers reflect various time intervals: #1, prior
to surgery; #2, after maternal anesthetic and maternal incision, but prior to
fetal incision; #3, at fetal incision; and #4, after fetal surgery. Note the decrease
in cardiac output at the time of fetal incision, which may be related to a number
of factors.
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cardiovascular system.52 We performed continuous echocar-
diographic monitoring of 83 fetuses undergoing fetal surgery,
51 of whom had surgery for fetal myelomeningocele, an
anomaly with no cardiovascular consequences. A number of
findings were observed including a decrease in combined car-
diac output (Fig. 60-19), constriction of the ductus arteriosus,
and development of new atrioventricular valve regurgitation
and diminished ventricular shortening during the surgery. In
the majority, these findings were short-lived and limited to the
surgical period, but in some they persisted up to 48 hours there-
after. Maternal anesthetic agents or other factors may be the
cause; however, these findings illustrate the need for cautious
study of these procedures as new and innovative interventions
continue to develop.

SUMMARY

Through advances in imaging, we are currently able to visual-
ize and understand many aspects of the developing fetal cardio-
vascular system, previously unknown. Fetal echocardiography
provides a “window to the womb,” which is changing the way
congenital heart anomalies are detected. Fetal echocardiogra-
phy will provide a way for prenatal interventional treatment to
safely, effectively, and reliably take place, which will dramat-
ically alter the way we treat many forms of congenital heart
disease.
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PRENATAL CARDIAC THERAPY

Charles S. Kleinman

In his classic text, Congenital Diseases of the Heart,
Dr. Abraham M. Rudolph introduced the concept that the
pathophysiology of congenital heart disease afflicting neonates
can best be understood if one considers that neonatal physi-
ology reflects many months of fetal adaptation to structural
anomalies that originate during embryogenesis.1 Once the
tubular embryonic heart has undergone looping (initiated at
4 weeks postfertilization), with subsequent migration of the
atrioventricular canal and truncus arteriosus, and intracardiac
septation (completed by 8–10 weeks of gestation), flow volume
subsequently determines the relative sizes of cardiac chambers
and blood vessels leading toward and from the heart. Ventric-
ular wall thickness directly reflects ventricular systolic blood
pressure.

Dr. Rudolph’s concepts, based on extensive physiologic
observations in chronically instrumented fetal lambs provide
the foundation upon which much of the clinical teaching of
trainees in the field of neonatal cardiology is based.

The initial observations of human fetal cardiac structure
and function that were made in our laboratory at Yale in 1977
provided some of the first evidence that the experimental ob-
servations in the lamb fetal heart, in large part, held for the
developing human, as well.

It was not until we were well underway with our physi-
ologic observations that we recognized the potential for the
use of fetal echocardiography to provide diagnostic informa-
tion that could be put to clinical use. Although the literature
in 1977 already contained isolated case reports of prenatally
diagnosed congenital heart malformations, our studies were
the first to attempt to define clinical indications for prenatal
screening for congenital heart disease, and the first to describe
a clinical screening program for congenital heart disease.2

A review of the bibliographies of the other reports in this
volume demonstrates the fact that reports of prenatal cardiac
diagnosis and treatment did not appear in the literature until
more than a decade after reports of fetal ultrasound diagnoses
of complex anomalies of many other organ systems. In addi-
tion, the literature was replete with descriptions of fetal treat-
ment for anomalies of other organ systems many years before
our first reports of fetal cardiac therapy.3

The relatively “late start” of the field of fetal cardiology
provided those of us who became involved with this field a
distinct advantage over those who preceded us in devising fetal
treatment protocols. For example, the great expectations that
accompanied the introduction of shunting techniques to de-
compress fetal hydrocephalus were soon dashed when it was
realized that the technique decreased mortality, but resulted
in the survival of infants with terrible neurodevelopmental
disabilities.4 Similar early disappointments that accompanied
procedures to palliate obstructive uropathy underscored the im-
portance of defining the degree of renal damage in candidates
for fetal therapy before undertaking invasive therapy.5

A desire to learn from the experience of our predeces-
sors, rather than risk repeating their disappointments, made us

circumspect in considering whether the ability to diagnose fe-
tal heart disease justifies moving directly to efforts at fetal
treatment, despite the potential glamour of such endeavors.

Having demonstrated the usefulness of fetal echocardiog-
raphy for the observation of fetal cardiac structural develop-
ment and cardiovascular physiology, we attempted to assem-
ble a fund of knowledge that provides an understanding of
the pathophysiology of heart disease in the human fetus, in
addition to a detailed understanding of the normal and abnor-
mal transitional circulation. Such information has allowed the
development of aggressive treatment protocols for the man-
agement of the transitional circulation of infants born with
complex forms of congenital heart disease, and has facilitated
the provision of such treatments for these infants. Recently, re-
ports have appeared documenting that such information and
treatments may allow these fetuses to avoid lactic acidosis
in the neonatal period, and demonstrating enhanced survival
prospects for infants born with certain specific forms of con-
genital heart disease (e.g., transposition of the great arteries,
hypoplastic left heart syndrome, coarctation of the aorta).6−10

It has been suggested by Harrison that the frustration of
encountering a neonate with a surgical condition who has al-
ready deteriorated into an unsalvageable state by the time of
birth should not lead directly to fetal surgery. In fact, such
frustration could be channeled to fuel efforts to understand
the pathophysiology of the condition, to define the natural his-
tory of the condition, and to define the expected frequency
with which the particular diagnosis will be encountered (usu-
ally serendipitously). Once such information is in hand a ra-
tional risk/benefit analysis, considering the feasibility of fetal
treatments, the potential risks of proposed surgical or medical
interventions versus the potential benefits to be derived, the
pharmacology and pharmacokinetics of potential drug thera-
pies, and consideration that such therapies are affecting both
the mother and fetus, must take place.11

Any discussion of in utero cardiac therapy for the human
fetus must, therefore, be predicated on a complete understand-
ing of normal and abnormal fetal cardiovascular physiology,
including the physiology of the transitional circulation, both
in health and disease.

FETAL CARDIOVASCULAR PHYSIOLOGY

Although similar in appearance to the postnatal heart and car-
diovascular system, the circulatory system of the fetus has
unique properties that allow the developing heart to adapt grad-
ually to anatomic and blood flow perturbations with little, if
any, detectable impact on overall fetal well-being.

The existence of fetal shunt pathways at the level of the
foramen ovale, ductus arteriosus, and ductus venosus allows
the 2 fetal ventricles to function in parallel with 1 another,
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FETAL GENETIC
THERAPY—SOMATIC

Yuval Yaron / Avi Orr-Urtreger

INTRODUCTION

Gene therapy refers to the correction of a disease state by in-
troduction of foreign nucleic acid sequences designed to target
the affected tissue. During the 1990s we have witnessed an
explosion of experimental studies and clinical trials applying
gene therapy to almost every discipline of medicine. Now, at
the dawn of the new millennium and with the completion of
the Human Genome Project, gene discoveries will lend them-
selves to the development of gene therapy for many disorders.
However, postnatal gene therapy may come too late in those
genetic disorders, which are already manifest in newborns with
irreversible organ damage.

Prenatal diagnosis of genetic conditions became available
almost 50 years ago with the introduction of amniocentesis
and chorionic villous sampling (CVS). Until recently how-
ever, there was little hope for prenatal therapy, and most fami-
lies whose fetus was diagnosed with a severe genetic condition
could opt only for the termination of pregnancy. For such dis-
orders, in utero gene therapy (IUGT) may offer a reasonable
solution.

The development of high resolution sonography and the
improvement of relatively safe procedures such as fetoscopy
have made minimally invasive administration of therapeutic
genes to the fetus in utero a real possibility. In addition to the
prevention of prenatal irreversible damage, IUGT also allows
targeting and expanding the stem cell population, which may be
inaccessible later in life, and may avoid the immune response
against the foreign therapeutic protein product.

However, there are considerable technical and ethical is-
sues regarding IUGT. Before this mode of therapy can be ap-
plied in clinical practice, it is mandatory that extensive research
be applied in appropriate animal models to test for efficiency
and safety of the therapies for both the fetus and the mother.1,2

Until these requirements are satisfied, human IUGT should be
considered a premature technique, despite the great promise it
holds for the future.3 This chapter will review the state of the
technology of IUGT and describe the studies that still need to
be performed before it would be appropriate to consider human
IUGT.4,5

THERAPEUTIC GENE DESIGN

Gene therapy may be applied to diseases that have a clear
genetic cause, such as inborn errors of metabolism. It may
also prove beneficial to conditions in which Genetics play an
important role in multifactorial disorders such as cancer, dia-
betes, and cardiovascular disease. Finally, gene therapy may
be a logical approach in combating viral disease, in which the

viral genome is a potential target for intervention. Various ap-
proaches to gene therapy have been developed and therapeutic
genes are designed accordingly.

GENE REPLACEMENT THERAPY

Loss-of-function mutations are responsible for a wide range
of human diseases. These mutations result in the absence, re-
duction, or faulty production of essential proteins such as en-
zyme, structural, or a membrane receptor proteins. Theoreti-
cally, restoring the lost function can be achieved by introducing
the normal or wild-type gene in a manner that would facilitate
production of the missing gene product in the affected tissues
at the appropriate time and quantity. This approach appears to
be the most likely to be used in IUGT.

GENE INDUCTION

In many biological systems there is a certain degree of redun-
dancy because certain functions can be achieved by more than
one protein. This may be taken advantage of in gene design for
IUGT. Certain genes that are expressed in early stages of fetal
development are normally suppressed at a later stage. They
are replaced by other genes that, under normal circumstances,
are sequentially “turned-on.” If, however, the latter genes are
mutated or defective, a disease state results. To overcome this,
the primordial genes may be induced to express their function
once again. An example may be found in the globin system:
fetal γ -globin is replaced by β-globin at a latter stage in devel-
opment. In cases of β-thalassemia, in which the β-globin genes
are mutated, γ -globin production may overcome some of the
serious prenatal complications associated with the disease.

VIRALLY DIRECTED ENZYME
PRODRUG THERAPY

Suicide Genes

Suicide genes encode nonmammalian enzymes that have the
ability to convert a relatively nontoxic prodrug into a highly
cytotoxic agent. Cells genetically transduced to express such
genes essentially commit metabolic suicide in the presence of
the appropriate prodrug. Such metabolic suicide genes may in-
clude viral enzymes like the varicella zoster or herpes simplex-
derived thymidine kinase (HSV-Tk1). Introduction of the HSV-
Tk1 gene confers sensitivity to the antiherpes drug ganciclovir.
Only cells transfected with these enzymes metabolize the pro-
drug thereby causing cell death.6,7 The enzyme phosphorylates
the nontoxic ganciclovir to a potent DNA synthesis inhibitor.8

The selective effect of such suicide genes can further be per-
fected by employment of a triggering mechanism. Such an
approach takes advantage of the unique production of embry-
onic and fetal molecules by some tumors. For example, the
alphafetoprotein (AFP) gene which is normally expressed in
fetal liver is transcriptionally inactive in the adult, but is re-
activated in hepatocellular carcinoma. Thus it can be utilized
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in creating a hepatocarcinoma-specific gene-targeting mecha-
nism. A hybrid gene can be constructed consisting of HSV-Tk1
gene under the control of the human AFP gene promoter. This
hybrid gene can then be introduced into AFP-producing hep-
atoma cells. Although the gene construct can transfect many
cell types, only AFP producing cells will express the HSV-Tk1
gene, thus rendering them increasingly sensitive to ganciclovir
treatment.9 This approach may be applied to the therapy of var-
ious forms of cancers and to viral infections.

Gene Suppression Therapy

Foreign genes may be employed to oppose the expression of,
what are usually, dominant genes that cause disease ranging
from cancer to viral infections. This approach may also be uti-
lized to oppose the expression of genes that are responsible
for genetic diseases caused by a mutated protein, which as-
sumes an altered function which is responsible for the disease
manifestations, such as the sickling of red blood cells (RBCs)
induced by hemoglobin S (HbS) in sickle-cell anemia.

Ribozymes and Antisense RNA

It is believed that RNA molecules were evolutionary the
first class of molecules that possessed enzymatic activity. Ri-
bozymes are a class of RNA molecules that can perform cat-
alytic activity in the absence of proteins. Specifically, they
hybridize to and cleave target mRNA molecules, thereby pre-
venting their translation into specific proteins. This approach
may have therapeutic application by targeting ribozymes to
specific mRNA of key proteins implicated in disease states
where a negative dominant effect predominates.10 In addition,
oligonucleotide sequences may be designed to target promoter
regions of certain genes, thus blocking the binding of regula-
tory molecules that activate the gene and rendering it inactive.11

GENE-DELIVERY TECHNIQUES

With the completion of the Human Genome Project an ever-
increasing number of disease-associated genes are now re-
vealed. This knowledge, coupled with advances in recombinant
DNA technology, have resulted in the fact that construction of
therapeutic-gene sequences is a relatively straightforward task.
In contrast, the rate-limiting step toward successful gene ther-
apy, and in particular IUGT, has remained in the development
of safe and efficient gene-delivery techniques. Such techniques
should bring the therapeutic gene into the target tissue where
it is to be expressed at the appropriate time and quantity, in a
manner that does not endanger the fetus or the mother. Most
gene-delivery techniques are based on various viral vectors,
however, nonviral vectors are also investigated as they may be
less risky.

VIRAL VECTORS

By far, the most widely employed techniques for gene deliv-
ery make use of viral vectors. Many protocols use an ex vivo
approach: cells are removed from the patient, genetically mod-
ified, and then re-implanted. This approach, however, is both
cumbersome and costly, requires high-tech facilities, and, most
importantly, is limited to cell types that can be obtained and
cultured readily such as blood cells. This approach cannot be
applied to solid tissues and nondividing cells such as muscle
cells or neurons. The in vivo approach for gene delivery by viral
vectors can greatly facilitate gene therapy protocols of the fu-
ture by enabling transfection into nondividing cells. However,
before in vivo gene therapy may safely be employed for IUGT,
some significant problems must be overcome. Ideally, thera-
peutic genes should be expressed exclusively in the relevant
cell type and be free of any untoward effects on healthy cells.
Several different types of viral vectors have been employed for
gene delivery.

Retroviruses

Retroviruses have 2 identical single-stranded RNA genomes
packaged into a viral particle, composed of a viral-encoded
envelope, or env protein, which is embedded in a lipid bilayer
derived from the host plasma membrane. The viral core con-
sists of virally encoded enzymes, such as reverse transcriptase
(RT) and integrase, that are essential for viral replication and
integration of the viral DNA into the host genome. Because the
retroviral genome is integrated into the host genome, the trans-
genic cells retain the new genetic information through subse-
quent cell divisions, the integration results in a relatively stable
transgene. However, vector titers however are low, require di-
viding cells for effective transfection to occur, and, thus, are
unsuitable for nondividing cells like neurons or muscle cells.

Adenoviruses

Adenoviral (AV) vectors usually do not incorporate their DNA
into the genome of the host cell and generally remain within
the host cell as episomes. This is of concern because it may
limit the longevity of the expressed transgene. However, unlike
retroviruses, they do not require actively dividing cell lines and
high titers can be generated. Such vectors, therefore, would
be more suitable for targeting nondividing cells. This is es-
pecially true for the treatment of muscle cells, in particular
myoblasts because myoblasts have an abundance of beta 3/beta
5-integrin, which is the main component of the internalization
receptor for AV. This could contribute, among other things, to
the relatively high susceptibility of myoblasts to AV infection
and AV-mediated gene transduction.12

Adeno-Associated Virus

The adeno-associated virus (AAV) is a nonpathogenic integra-
tion of DNA vectors in which all viral genes have been re-
moved and helper virus cotransfection is virtually eliminated.
These vectors tend to persist in infected cells for prolonged pe-
riods of time, with no significant untoward effect on the host.
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Like AV vectors, AAV vectors may also persist in an episomal
state. Although AAV vectors may exhibit a relative preference
for actively dividing cells, they do not require host cell prolif-
eration. AAV is unique among eukaryotic DNA viruses in its
ability to integrate at a specific site within the human chromo-
some (19q13.3–qter) and for this reason, as well as being it is
nonpathogenic, has become an increasingly attractive vector
for gene delivery.

NONVIRAL VECTORS

Unlike the risks associated with viral transfection, nonviral
gene delivery techniques appear to be as safe as conventional
pharmaceutical products. In contrast with the stable transfec-
tion of cells by some viral vectors, nonviral gene delivery
techniques induce only a transient gene expression, a concept
known as “gene therapeutics.” Currently, various nonviral vec-
tors are being assessed in a variety of experimental studies and
clinical trials of gene therapy for a number of disorders, includ-
ing cystic fibrosis, cancer, and peripheral vascular disease.13

One such technique is lipofection, in which DNA plasmids
carrying the therapeutic genes are entrapped in lipid vesicles
(liposomes). These liposomes act as vehicles that deliver the
gene to the target cells where they are only transiently ex-
pressed. This is due to the fact that they do not incorporate into
the host genome.14 This approach is particularly promising in
treatment of diseases that are manifested in epithelial lining
of various organs, making them accessible to surface delivery
methods. The treatments are usually well tolerated and no ad-
verse respiratory, cardiac, immunologic, or other organ toxicity
were detected.15

The physiological process of receptor-mediated endocy-
tosis (RME) can also be exploited to deliver genetic mate-
rial to specific cell types. This approach uses antibodies or
ligands with an affinity to a specific cell-membrane recep-
tor (e.g., transferrin), and are known to undergo endocytosis.
These are complexed with the therapeutic gene through a cova-
lently bound polycationic linker molecule (e.g., polylysine).16

The complexes in turn, bind to the cell surface receptor and
are endocytized into the endosomal compartment of the cell.
Certain steps must be taken to avoid degradation of the DNA
and to assist endosomal escape of the DNA into the cytosol
where it is to be expressed.16

GENE TARGETING

Once introduced into the target cells, the therapeutic gene may
be integrated into the host cell genome or remain as cytoplas-
mic episomes. Integration of novel DNA into the genome car-
ries the potential of durable gene expression and propagation
of the therapeutic gene into daughter cells. However, nonsite-
specific viral vectors integrate randomly into the host genome.
This has the potential risk of disrupting functional genes, and
is known as insertional mutagenesis. This could result in a loss

of gene function, defective regulation and gene expression, or
an altered gene product. To overcome this problem, therapeutic
genes may be designed in a manner that would ensure their inte-
gration into predetermined loci within the genome. This may
be achieved by homologous recombination where the thera-
peutic gene is flanked by DNA sequences homologous to the
genomic target locus. This approach takes advantage of the en-
dogenous recombinational machinery of the cell which favors
crossing-over between homologous sequences. This results in
insertion of the therapeutic gene (if 1 crossover occurs) or re-
placement of the genomic sequence with the therapeutic gene
(if 2 occur).17

SAFETY OF IN UTERO GENE THERAPY

The issue of safety is crucial one. Although gene therapy is
considered experimental in children and adults and detrimental
effects of viral vectors has been well documented, the fetal
response to gene transfer and the potential risk it carries are far
from understood. Several studies have approached this issue.

SAFETY OF THE MOTHER

The issue of safety should take into consideration both the
treated fetus and the mother. Given the fact that standard ob-
stetrical invasive procedures pose little risk to the mother, there
should be minimal risk by actual technique of gene transfer to
the fetus. However, one must take into consideration the effects
of the viral vector itself, e.g., the accidental transfer of the viral
vector into the maternal blood stream.

Studies in sheep have shown that the actual risk for this
is low.18 There is also some concern that once transfected, fe-
tal blood-borne viral vectors may infect the placental tissue
and thereby gain access to maternal circulation.19 Additional
animal studies are required to fully address this issue, espe-
cially in cases where multiple injections of high-titer vector are
performed.4 Further harm to the mother could occur if only par-
tial amelioration of a lethal fetal condition is partially treated.
In such a case, a fetus, which that would be aborted otherwise,
would succumb to the disease at a later stage in pregnancy, and
require second or even third trimester termination.

SAFETY OF THE FETUS

The fetus may obviously gain from IUGT, but may be at risk
from some of the complications associated with the proce-
dure. Technical advances in ultrasonographically directed nee-
dle procedures are considered to be relatively safe, and have
an approximate risk for the fetus of 1–3%. One of the most
obvious risks in IUGT is that the viral vector itself may induce
damage, either directly by its inherent pathogenic effects or
indirectly to an immune response mounted by the fetus caus-
ing tissue damage. Some recent experiments addressed this
issue. Prenatal exposure to an E1, E3-deleted AV vector in fe-
tal sheep was associated with a high degree of pathology and

ak
us

he
r-li

b.r
u



686 SECTION VI � Fetal Therapy

mortality not likely to be related to complications of the sur-
gical or anesthetic procedures. Particularly, inflammatory and
fibrotic responses were observed in the lungs.20 However, in
early gestation, AV delivery to sheep does not seem to elicit
an immune response.21 With IUGT there is also the risk of
insertional mutagenesis associated with random insertion of
the therapeutic gene possibly interrupting key genetic loci that
may lead to developmental disruption and even tumorigenesis.
Finally, there is the theoretical risk of germ-line alteration, yet
this has not been the case in several animal studies of mice and
sheep,22 but this issue needs further investigation to establish
the overall incidence of germ line transmission and whether
the degree of risk may be acceptable.4

ESTABLISHING THE APPROPRIATE
TIMING OF IUGT

It is obvious that if IUGT is to prevent prenatal irreversible
damage, early intervention is necessary. However, it is impor-
tant to establish the optimal window of opportunity for therapy
to be both beneficial and safe. It appears that administration
of IUGT at various gestational ages results in different pat-
terns of therapeutic gene expression in different tissues. For
example, following in utero intravascular administration of
replication-deficient AV in a murine model, the patterns of
gene expression were distinct for each stage of virus admin-
istration. Moreover, individual organ gene expression varied
with the timing of injection, with the largest number of or-
gans expressing the transgene when embryos were injected at
15 days post conception.23 Furthermore, it appears that early
IUGT may be advantageous because of a lack of immune re-
sponse and persistence of transgene expression. This suggests
that fetal exposure to the foreign transgene protein and to the
viral-vector antigens may induce tolerance when introduced
early in gestation.24 The optimal window of opportunity for
IUGT in humans is still to be established.

ANIMAL STUDIES AND CLINICAL TRIALS

CYSTIC FIBROSIS

Cystic fibrosis (CF) is an autosomal recessive disease caused
by a mutation of the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) gene. The CFTR protein is a chloride-
ion transporter that regulates transmembrane voltage. Reduced
or absent cyclic adenosine monophosphate (cAMP)-mediated
chloride transport in epithelial-lined organs is responsible for
the clinical manifestations. The disease is characterized mainly
by accumulation of mucus in the lung that predisposes to in-
flammation. Other affected organs include the gastrointestinal
tract and the reproductive system. Studies with experimental
animals demonstrate that the human CFTR cDNA could be

transferred to the airway epithelium using an adenoviral vec-
tor (Ad-CFTR), with expression of the human CFTR gene
lasting for at least 6 weeks.25 The first human trial of gene
therapy for CF was initiated in 1993 and included 4 patients
with CF who received the Ad-CFTR by instillation to their
nasal or bronchial epithelium.26 Both the CFTR protein and
mRNA, undetectable prior to treatment, were observed in about
14% of one patient’s epithelium cells, and mRNA alone in an-
other patient for 1 week. However after 10 days, no expression
was found.26 Liposome-mediated treatment has also been at-
tempted in CF patients. The restoration rate of CFTR activity
was only 20%, peaking 3 days post-treatment, and reverting to
pretreatment levels after a week.27 Present gene-delivery meth-
ods do not appear to induce permanent CFTR gene expression
in the respiratory system.

For gene therapy to be effective in CF repeated administra-
tions need to be performed. This would obviously limit the use
of AV vectors because of their potential to induce an immune
response. To overcome this problem it may be advantageous
to perform IUGT. To assess whether the IUGT could attain a
high level of organ-specific gene transfer to the fetal lung late
in gestation without the immunogenic response a recombinant
AV-mediated transfer of the beta-galactosidase marker gene
to the lung of late gestation fetal sheep was performed using a
fetoscopic technique.28 The study demonstrated that transgene
expression was greatest in the distal pulmonary parenchyma,
particularly in type II pneumocytes, and extended out to the
pleura. There was no evidence of acute toxicity or immune
response. This suggests that IUGT for CF may be feasible.
Additional modifications in the therapeutic gene design, e.g.,
the development of transgenes with tissue-specificity, may im-
prove efficiency. In the case of CF, tissue specific expression
cassettes have been developed for airway epithelia and may
prove useful in IUGT.29

INBORN ERRORS OF METABOLISM

Numerous experimental studies have addressed the feasibility
of gene therapy for a wide variety of metabolic disorders char-
acterized by lack or complete deficiency of essential enzymes.
Most of these studies are still in the early stages of animal
model and in vitro human cell-cultures studies.

Gaucher Disease

This common inherited metabolic disorder, is an excellent
candidate for targeted gene therapy using hematopoietic stem
cells (HSC). The feasibility of introducing the human gluco-
cerebrosidase (GC) gene into hematopoietic progenitors with
long-term expression using a variety of retroviral vectors has
been demonstrated in several animal models.30 Subsequently,
it was shown that GC enzyme expression can be detected in
peripheral blood lymphocytes more than 12 months after trans-
plantation, and has a transduction efficiency of up to 95% in
hematopoietic stem-cells (CD34+).31 This provides encour-
aging data for the future use of gene therapy for this disease.
IUGT may be reserved in the future for the most severe form,
acute neuronopathic type II Gaucher.
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Maple Syrup Urine Disease (MSUD)

Maple syrup urine disease (MSUD) is an autosomal reces-
sive disease caused by a deficiency of branched-chain keto
acid dehydrogenase, a mitochondrial multienzyme complex
responsible for the decarboxylation of leucine, isoleucine, and
valine. The complex consists of 3 subunits (E1, E2, and E3),
and mutations in any subunit result in MSUD. No satisfactory
treatment for MSUD is currently available.32 To assess the
feasibility of gene therapy for this disease, a retroviral vector
containing the human E2 cDNA was used to restore leucine
decarboxylation activity in fibroblasts derived from a MSUD
patient with a mutation in the E2 subunit. Decarboxylation ac-
tivity in transduced cells was restored to 93% of the wild-type
level. Correct targeting of the expressed wild-type E2 protein
to mitochondria was demonstrated by comparing the immuno-
fluorescent pattern of E2 and a mitochondrial marker protein.
Stable expression of enzyme activity has been achieved for at
least 7 weeks. These results demonstrate the capacity for phe-
notypic correction of a gene defect whose product is a part of
a multienzyme complex.32 Given the severity of some forms
of the disease, it may be a candidate for IUGT.

IMMUNOLOGICAL DISORDERS

Adenosine Deaminase Deficiency

Historically, the adenosine deaminase (ADA) gene was the
first to be used in a postnatal gene-therapy clinical trial aimed
at achieving an actual medical cure.33 Adenosine deaminase
deficiency is a severe and fatal immunodeficiency syndrome
with profound T-lymphocytopenia. Affected individuals have
variable defects of both T- and B-lymphocyte function and
greatly increased morbidity and mortality caused by fre-
quent viral and bacterial infection, which leads to death
in early childhood. Classical treatments include administra-
tion of the missing enzyme linked to PolyEthylen Glycol
(PEG-ADA), as well as bone marrow transplantation. De-
spite its severity, the disease is not complex from the genetic
point of view. Theoretically, restoration of a functional ADA
gene into the patient’s lymphocytes should result in clinical
improvement.

In 1990, a clinical trial was initiated using retroviral-
mediated transfer of the ADA gene into the T-cells of
2 ADA-deficient children who did not respond to conven-
tional PEG-ADA administrations.33 Peripheral blood lym-
phocytes were collected, cultured ex vivo, infected with a
retroviral vector expressing the ADA cDNA, and re-infused
into the patients. This procedure was repeated monthly for
2 years. Subsequently, both children have been reported to
have ADA-positive circulating lymphocytes. Gene treatment
ended after 2 years, but integrated vector and ADA gene ex-
pression in T-cells persisted.34,35 Several other teams have
tried similar approaches for treating ADA deficiency by gene
therapy with varying success.36−38 While IUGT for this dis-
order would probably be successful, there is no indication
that prenatal IUGT would be superior to postnatal gene
therapy.

Hematological Disorders

These disorders, which include hemoglobin synthesis and
coagulation defects, are, at least theoretically, more readily
amenable to gene therapy since circulating blood cells can
easily be reached for both ex vivo and in vivo gene therapy.
Several studies have addressed hematological disorders as can-
didates for gene therapy.

The Thalassemias

Mutations at the α-globin locus are a common class of muta-
tions in humans that result in various forms of α-thalassemia.
Deletion of all 4 adult α-globin genes results in the perina-
tal lethal condition manifested by hydrops fetalis. It has been
demonstrated that introduction of a human α-globin trans-
gene can ameliorate the severity of the disorder in a mouse
thalassemia-model, providing hope for human gene therapy of
this disorder.39 To be relevant to the human disease, however,
effective therapy requires IUGT to avoid the severe prenatal
complications.

The main pathophysiologic feature of β-thalassemia is the
accumulation of unpaired α-globin chains in erythrocytes that
alter membrane stability and result in early cell destruction.
One option for correcting the imbalance is through the induc-
tion of fetal hemoglobin (HbF) synthesis. It has been shown
that, in vitro, erythropoietin increases erythroid precursors
cells programmed to produce HbF in humans and β-minor
globin in mice. By introducing AAV-mediated erythropoietin
gene transfer into mouse muscle, it was possible to attain ro-
bust and sustained secretion of erythropoietin in β-thalassemic
mice. This resulted in a stable correction of anemia associated
with improved RBC morphology, increased β-minor globin
synthesis, and decreased amounts of α-globin chains bound to
erythrocyte membranes. If this were shown to be effective in
humans, then correction of the prenatal defect by IUGT may
bring the fetus to viability without the prenatal sequellae.40

Another option for treatment of β-thalassemia is increas-
ing γ -globin gene expression and reverting to an early fetal
condition where HbF predominates. The possibility of ac-
tivating the γ -globin gene expression by triplex-forming-
oligonucleotide (TFO) directed at targeted mutagenesis was
recently evaluated.41 Using a psoralen-conjugated TFO de-
signed to bind to a site overlapping with an Oct-1 binding site
at the -280 region of the γ -globin gene, targeted mutagenesis
of the Oct-1 binding site has been achieved by transfecting the
in vitro formed plasmid-oligo complex into human normal
fibroblast (NF) cells. These results suggest that targeted mu-
tagenesis at the Oct-1 binding site can lead to a condition
similar to hereditary persistence of fetal hemoglobin (HPFH).
This may provide a novel approach for gene therapy of
β-thalassemia and sickle cell disease by IUGT.41

Coagulation Disorders

Coagulation disorders are also potential candidates for gene
therapy and IUGT. Hemophilia B, a model of coagulation dis-
orders, is characterized by an X-linked deficiency of factor IX.
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It has previously been suggested that keratinocytes in the skin
might provide a suitable target cell for delivery of factor IX to
the systemic circulation in patients with hemophilia B. Exper-
iments in transgenic mice demonstrated that human factor IX
can be efficiently synthesized in the skin by keratinocytes and
secreted across the epidermal basement membrane to reach the
systemic circulation where significant levels can be attained.42

To evaluate the applicability of such an approach to IUGT,
an E1/E3-deleted AV vector carrying the human coagulation
factor IX gene was administered into the amniotic cavities of
mid- to late-gestation mouse fetuses. The transgenic protein
was found to be produced in the fetal skin, mucosae, and am-
niotic membranes and was shown to be present for several
days after birth of healthy pups. This approach for IUGT of
hemophilia B may prevent hemorrhagic complications during
delivery such as intracranial bleeding.43

NEUROMUSCULAR DISORDERS

Duchenne Muscular Dystrophy

Transfer of myoblasts, the stem-cell precursors of muscle
fibers, is yet another potential use of stem-cell therapy.
Duchenne muscular dystrophy (DMD) is a paradigm for such
disorders. It is a lethal X-linked disorder, caused by muta-
tions in the dystrophin gene which is an exceptionally large
gene (2.3 megabase, 79 exons) mapped to chromosome re-
gion Xp21. A lack of dystrophin results in muscle degener-
ation leading to progressive weakness and death by the sec-
ond decade of life. Theoretically, donor myoblasts injected
into muscles of affected patients may fuse with host muscle
fibers, thus contributing nuclei, which are capable potentially
of replacing the deficient dystrophin. Myoblast implantation
has had some success in animal models but little, if any, ef-
fect on DMD patients.44 There have been several attempts at
postnatal myoblast transfer therapy for DMD. Morandi et al.
performed myoblast transplantation in 3 DMD patients from
HLA-matched donors. However, 3 months later, biopsies from
the injected muscles failed to demonstrate dystrophin expres-
sion by immunocytochemistry and RT-PCR.45 Mendell et al.
injected donor myoblasts once a month for 6 months into the
biceps brachii muscles of 12 boys with DMD. Six months af-
ter the final myoblast transfer, the presence of dystrophin was
assessed with the use of specific antibodies. No significant im-
provement in muscle strength was noted although in 1 patient,
10% of muscle fibers expressed donor-derived dystrophin,
3 others had less than 1% donor dystrophin, and the remaining
8 had none.46 Miller et al. evaluated myoblast implantation in
10 boys (5–10 years old) with DMD. Using RT-PCR, evidence
of myoblast survival and dystrophin mRNA expression was
obtained in 3 patients after 1 month and in 1 patient after
6 months.47 The lack of success in treatment of DMD by
postnatal myoblast therapy underscore the value of in utero
myoblast cell therapy.

Duchenne muscular dystrophy demonstrates the problems
associated with somatic gene therapy due to the enormous
size of the gene and the large number of target cells that

need to be treated. Gene therapy, based on the introduction
of dystrophin gene constructs by retroviral or AV vectors,
has also been successful in animal models.48 Adenoviral vec-
tors may be a potentially effective delivery system for mus-
cle disease, provided immature muscle cells are abundant in
the muscle. This is because myoblasts have an abundance of
beta 3/beta 5-integrin, which is the main component of the
internalization receptor for adenoviruses.12 Unfortunately, the
level of beta 3/beta 5-integrin is about 3 times lower in mature
myotubes than in myoblast precursors. Another drawback of
adenoviruses is that the maximal size of a gene insert is only
about 7.5 kb. This is obviously not sufficient to accommodate
the whole dystrophin gene, but may be enough to accommo-
date a dystrophin minigene (6.3 kb) that may confer partial
dystrophin activity.49 Although the minigene encodes a trun-
cated protein, its expression has been shown in a mouse model
to protect muscle fibers against the degeneration process that
affects the dystrophin-deficient myofibers.6

Neurological Disorders

Treatment of central nervous system (CNS) diseases poses a
significant challenge because of complex functions of the ner-
vous system and the permanent damage caused by numerous
genetic disorders in utero. One of the modes of therapy that
is being investigated is the potential use of CNS-derived neu-
ral progenitor cells. These cells would be good candidates for
multiple cell-based therapies for neural diseases. Further iden-
tification of the molecules that direct the differentiation of adult
neural progenitors may allow their activation in vivo to induce
self-repair.50 Experiments have shown that clones of neural
stem cells (NSCs) isolated from human fetal telencephalon
have a self-renewing capacity and give rise to all fundamental
neural lineages in vitro. Following transplantation into germi-
nal zones of the newborn mouse brain they were found to par-
ticipate in all aspects of normal development, including normal
migration patterns, and dissemination into various regions of
the CNS, where they differentiate into developmentally and re-
gionally appropriate cell types. Indeed, these cells were shown
to correct a genetic metabolic defect in neurons and glia cells
in vitro. It may be envisioned that cells genetically engineered
to express therapeutic genes may facilitate IUGT for neurode-
generative disorders.51

ETHICAL IMPLICATIONS

At the present time, IUGT is still considered experimental and
ethical issues need to be considered before this technique be-
comes clinically available. It is clear that before IUGT is con-
sidered for human clinical trials, thorough evaluation of safety
and efficacy is to be developed in appropriate animal mod-
els. Although preliminary animal studies show great promise,
many more problems remain. There are still the potential risks
for the mother, such as infection or preterm labor, by the
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invasive procedure, and adverse effects of the viral vectors
and the immune response. Obviously, the fetus who stands to
gain from IUGT is also at risk for these complications. Such
issues are the concern of most scientists who are studying the
potential uses of IUGT. Those who oppose IUGT commonly
focus on a different set of moral concerns. Concern has been ex-
pressed about the possibility that IUGT may lead to the uptake
and expression of genetic material in cells not intended as the
targets of gene therapy. The greatest concern is the possibility
that genetic material may be incorporated into the germ-line of
subjects, and lead to permanent changes that will be passed on
to future generations.52 The possibility of germ-line transmis-
sion of the transgene may, in theory occur inadvertently or as
a deliberate action in a process termed germ-line gene therapy
(GLGT).

There has been a great deal of controversy concerning
both the technical feasibility and the ethical acceptability of
human germ-line modification for the prevention of serious
disease. It is argued by some that this technique constitutes a
slippery slope towards the Orwellian concept of “human ge-
netic engineering,” and that GLGT has a potential for misuse
in trait enhancement and “neo-eugenics.”53 Some proponents
of IUGT claim that its use in the form of GLGT for the pur-
pose of trait-enhancement is certainly deplorable, yet maintain
that potential future misuse should not be allowed to prevent
the legitimate development of a technology that can save lives
and relieve suffering. Furthermore, they suggest that the theo-
retical specter of germ-line transfer should not deter attempts
at IUGT, as most proposed protocols involve second-trimester
fetuses, by which time all organ systems have formed. More-
over, all published data to date indicate that germ-line gene
transfer is highly unlikely, or may not even be possible, us-
ing present techniques.54 A practical view is that most likely
candidates for IUGT are not likely to live to reproductive age,
and even if they do, inadvertent germ-line transmission would
produce an individual incapable of reproducing.52 Others do
not even eschew GLGT and view it as another form of IUGT
that is merely a step further.55 Some suggest that there is merit
in continuing the discussion about human germ-line interven-
tion in order to carefully compare with alternative strategies
for preventing genetic disease.56

Opponents of IUGT maintain that there are very few ex-
amples in which existing alternatives (gamete donation and
preimplantation genetic diagnosis [PGD]) would not allow
families affected by genetic disease to have genetically related
children.57 It has been claimed that the whole issue of IUGT is
becoming a hypothetical one because of the advent of PGD.58

Given the current state of postnatal gene therapy, some would
claim that it is premature to embark on a project that is more
complicated and poses a risk to both the fetus and mother. There
is currently a prohibition on human GLGT, and laws against
it have been established in many countries. The United King-
dom’s Gene Therapy Advisory Committee prohibited direct
injection of viral vectors into fetuses for the purpose of IUGT
on safety and ethical grounds. The United States National In-
stitutes of Health Recombinant DNA Advisory Committee is

establishing working groups that will discuss various aspects of
IUGT and review proposed clinical trials.59 As recently stated
by Caplan and Wilson:

The real moral challenge facing in utero gene therapy is to find ways to
insure that the review of protocols is adequate, that those undertaking
trials are competent to do so; that adequate financing exists to permit
fair access to clinical trials; and that careful procedures are worked
out for insuring informed consent, equity in subject selection and
adequate oversight and review for the earliest clinical studies, in which
the prospect of direct benefit to the fetus is tiny or non-existent. In our
view, that is where the efforts of researchers, policy makers, regulators
and ethicists ought to be directed.52
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FETAL GENETIC
THERAPY—STEM CELLS
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INTRODUCTION

Cellular transplantation offers the opportunity to treat a vari-
ety of genetic disorders by replacing absent or defective cells
with functionally normal cells. Bone marrow transplantation
(BMT), as a form of cellular transplantation, is at present the
only curative therapy for a number of congenital hematologic
diseases. The rationale behind BMT is that the successful en-
graftment and proliferation of even a single normal hematopoi-
etic stem cell (HSC) can repopulate a patient’s marrow and
provide normal hematopoiesis for life. Although BMT is an es-
tablished therapy in the treatment of many diseases,1−3 broad
application is limited by the requirement for an immunolog-
ically matched donor and need for ablation of the recipient’s
bone marrow with toxic chemotherapy or radiation. The more
mismatched the donor marrow the greater the chance of graft
rejection, graft-versus-host disease (GVHD), and a poor pa-
tient outcome.4

Recent advances in ultrasound technology and molecular
biology have made possible the prenatal diagnosis of an in-
creasing number of congenital diseases. As a result, prenatal
therapy can now be realistically entertained as a therapeutic
option in many of these disorders. The rationale for prenatal in-
tervention is most compelling in those cases where irreversible
damage has been done by the time of birth. Numerous cases of
successful prenatal therapy have already been reported in the
treatment of some lethal fetal diseases such as transfusion for
erythroblastosis fetalis5 as well as fetal surgical intervention for
anatomic malformations.6 Another compelling reason for fetal
intervention is there may be some biological advantages rela-
tive to postnatal therapy. The unique fetal environment might
allow the treatment of some diseases with decreased morbid-
ity and mortality, improved cost effectiveness, and improved
outcomes in comparison to those of postnatal therapy. In this
chapter, we will review the rationale and experimental support
for in utero cellular transplantation, particularly focusing on
HSC transplantation. The potential applications and limited
clinical experience with in utero HSC transplantation will also
be discussed.

BACKGROUND

The first observation that the in utero transfer of hematopoi-
etic cells could result in long-term hematopoietic chimerism
was made by Owen in 1945.7 Owen noted that dizygotic cattle
twins, which share a common placental circulation in utero,
were red blood cell chimeras after birth. Subsequent exper-
iments demonstrated tolerance to donor specific skin grafts
in some of these natural hematopoietic chimeras.8 Naturally

occurring hematopoietic chimerism has also been demon-
strated in primates9−11 and humans.12 The New World pri-
mate, Saguinus oedipus, has a high incidence of dizygotic twin-
ning with stable bone marrow and peripheral blood chimerism
with as high as 80% donor cells in some animals.13 In hu-
mans, chimerism has also been noted in some cases of mono-
chorionic, dizygotic twinning.14 These naturally occurring
examples of hematopoietic chimerism prove that the early fe-
tal transfer of allogeneic cells can engraft and provide stable
hematopoiesis in an otherwise normal host.

The classic studies in 1953 by Billingham, Brent, and
Medawar gave the first experimental support for the concept of
“actively acquired tolerance.”15 They demonstrated that prena-
tal or neonatal exposure to a foreign antigen in mice can result
in specific transplantation tolerance to that antigen later in life.
Although these early studies did not evaluate the presence of
hematopoietic chimerism, they remain a cornerstone in our
understanding of prenatal cellular transplantation.

Fleishman and Mintz provided the first evidence that in
utero transplantation of hematopoietic stem cells could cor-
rect a genetic defect.16 They showed that normal allogeneic
hematopoietic cells could successfully engraft in an anemic
mouse model following in utero transplantation. Furthermore,
engraftment of transplanted HSCs resulted in a progressive
expansion of the donor-cell pool and the rescue of mice that
otherwise would have died in the neonatal period. More re-
cently, Blazar et al. successfully engrafted severe combined
immunodeficiency (SCID) mice with normal HSCs after in
utero transplantation. These chimeric animals demonstrated
normal donor T and B cell function as adults.17

Successful engraftment of allogeneic HSCs has also been
achieved in hematopoietically normal fetal mice,18,19 sheep,20

goats,21 and monkeys.22 The best characterized of these sys-
tems is the allogeneic sheep model. Intraperitoneal trans-
plantation of allogeneic fetal liver derived from HSCs into
early-gestation fetal lambs results in long-term multilineage
hematopoietic chimerism without the need for myeloablation,
immunosuppression, or evidence of GVHD. Levels of donor
cell engraftment in this model are in the range of 10–20% fol-
lowing a single intraperitoneal injection. Follow-up of these
animals has demonstrated stable engraftment in the bone mar-
row and peripheral blood for over 5 years. This model has
provided some basic observations on the biology of in utero
cellular transplantation. The gestational age at the time of trans-
plantation affected the ability to successfully engraft a nor-
mal recipient; thus, confirming the concept of an immunologic
“window of opportunity.” Late-gestational transplantation re-
sulted in a failure of engraftment; the loss of ability to engraft
roughly corresponds to the gestational age at which fetal lambs
reject allogeneic skin grafts.23,24

In other experiments, the effects of cell dose were exam-
ined. Increasing doses of donor cells initially increased engraft-
ment, but engraftment rapidly reached a plateau suggesting a
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64
PSYCHOSOCIAL ISSUES IN
PRENATAL DIAGNOSIS

David W. Britt

There are several large-scale trends that are affecting the nature
of psychosocial phenomena in prenatal diagnosis throughout
the world. In the developed world, there is a growing aware-
ness of “shifting the focus away from short-term technocen-
tric medical advances to concentrate on the broader public
health issues . . . [to a] focus on the effectiveness of prenatal
care interventions on longer-term benefits for women and chil-
dren’s health.”1 These are encouraging reactions to technolog-
ical change because they are based, on at least implicitly, an
awareness of the fact that there are no purely technological
fixes to the quality of prenatal care is associated with prenatal
diagnosis.

There are other trends, however, about which we should
be less sanguine. In the developed world there is a progressive
concentration of wealth and income among a small minority
of (usually Caucasian, in the United States) individuals. This
inequality-of-wealth trend is coupled with trends that have
led Feagin, for example, to estimate that by the midpoint of
the 21st century Caucasians will be a minority in the United
States, and there will be greater segregation among Caucasians
and minorities than at present.2 Because of rapid technologi-
cal change in the United States, such shifts in wealth may be
somewhat more rapid than in other countries, but inequality
of wealth (and related trends) are phenomena that hardly are
limited to the United States. In short, in the U.S. at least, wealth
appears to becoming more and more concentrated in the hands
of a small number of Caucasians, whereas the country is be-
coming more multicultural and, thus, at risk of becoming more
segregated.

Against the historical backdrop, consider that we also live
in period of astonishing growth in genetic knowledge, which
has powerful implications for the future of prenatal diagno-
sis as well as many other aspects of healthcare.3,4 Addressing
questions is a continuing concern, e.g., technology raises such
questions as who should have access to such knowledge about
individuals and for what purpose, and what are the tradeoffs
between fostering universal health care and underwriting high-
tech breakthroughs.4,5,6 Such questions become more pressing
to ask, but more difficult to answer as access to resources be-
comes more concentrated by class. When only the wealthy or
well insured can gain access to effective prenatal diagnosis,
the bias may work in both blatant and subtle ways.

Nsiah-Jefferson has reviewed how class bias and racism has
promoted a fundamental shift in the birth-control movement in
the United States.7 What started out as a right for the privileged
became a duty for the poor. This same shift is suggested in
Lippman’s discussion of biomedical prevention:

Given that prevention is increasingly the goal of biomedicine, with
what speed will the disabilities and variations that can be prevented
because prenatal tests for them exist become those that should be pre-
vented, with testing thereby reshaping eugenics into a private process
of ‘selection by prevention.’8

As other prevention theorists have suggested, there is a
difference between prevention and control over one’s options.9

With regard to prenatal diagnosis, there is a difference between
preventing illness and promoting informed consent with re-
spect to options. One cannot understand the implications of
the tensions between prevention and control without appre-
ciating the power and cultural differences that exist between
counselor/physician and patient in developed countries.7 Nor
can one ignore the fact that such issues are writ large in devel-
oping countries, where some have estimated that 95% of the
world’s future children will be born.10

One may examine such issues as a community or nation-
wide on at least 3 levels: access, control and equity. Given
“what is so antiseptically called a ‘positive’ diagnosis,” these
issues, through the lens of the diagnostic counseling session
and the context surrounding the individual woman, may have a
variety of meanings depending on context.7,11 Nonetheless, she
and her family will decide, what tests to take serially, counsel-
ing to seek, actions to take. In this chapter, rather than seeking
to exhaustively review the many studies of these 3 levels, a
context-sensitive perspective is presented to help integrate dis-
cussions across the 3 levels. Tunis has called for a focus on
“individual-difference variables.”12 Although I agree that un-
derstanding the woman as a person extends us beyond a simple,
presumptively rational understanding of “what is going on,” I
believe the real leverage is at the cultural and contextual lev-
els. The same individual-difference variables may have a va-
riety of outcomes and meanings in different combinations of
context.

DESCRIBING CONTEXT

Contexts have usually been presented in the social sciences,
initiated by Bronfenbrenner in developmental psychology and
Strauss in grounded theory, as a tree-ring-like set of contexts
that implicate one another.13,14 Closer to the individual are
microcontexts and furthest away are macrocontexts. This ap-
proach has stimulated much thought amongst a generation of
scholars concerned with health issues, but it makes analysis
less realistic in at least 2 respects. First, it does not capture
the multiple ways that contexts may intersect with one an-
other to create combinations of contexts. And, second, it does
not suggest a useful tool for helping scholars and practition-
ers study the applied implications of combinations of contexts,
which are more clearly present in the work of Becker, Britt,
and Ragin.15−17

Contexts are composed of cultural, situational and bio-
graphical factors that intersect with one another in multiple
ways and form different configurations or combinations of
contexts. At its core there are elements of current and past
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65
ETHICS AND PRENATAL DIAGNOSIS:
CROSS-CULTURAL CONSIDERATIONS

John C. Fletcher

INTRODUCTION

This chapter concerns ethical issues in prenatal diagnosis with
attention to cross-cultural considerations. Two main sources of
international research and discussion inform its content. The
first source is the results of 2 international surveys of medi-
cal geneticists’ views on ethical problems in practice. These
surveys∗ were conducted in 1985 (19 nations) and in 1994
(37 nations) by Dorothy C. Wertz.1,2,3 The second source is a
consensus development process of the World Health Organi-
zation (WHO) since 1992 to develop proposed guidelines for
medical genetics and genetic services.4,5 The material in the
tables below stems from WHO deliberations. These guidelines
are proposed for policy makers and members of professional
societies in different nations to use as points of departure for
debate and shape their own guidelines for ethical issues in ge-
netic services.

RESOURCES IN MEDICAL ETHICS FOR
PROVIDERS OF PRENATAL DIAGNOSIS

In at least 4 ways, ethical concerns in medical genetics are dif-
ferent than those of Western medical ethics that focus largely
on duties of the physician-patient relationship. First, genetic
information may affect an entire family, rather than only the in-
dividual. Secondly, genetic discoveries may be predictive of fu-
ture adverse events in an individual or family member’s health.
Third, genetic information and the choices of the present may
affect future generations. Fourth, medical genetics has a tradi-
tion of nondirectiveness in counseling. Indeed, the term “pa-
tient” is not fitting for the role of many who seek genetic
services, including prenatal diagnosis. They are not sick or
physically suffering. The terms “counselee” or “pregnant
woman” will be used frequently below instead of “patient,”
in recognition of this important difference.

What are resources for ethical problems in providing pre-
natal diagnosis? Such providers may be specialists in medi-
cal genetics as well as in other medical fields, e.g., obstetrics
and gynecology, maternal-fetal medicine, pediatrics, internal
medicine, etc. They are socially and morally located within
the traditions and practice of medicine. For this reason, eth-
ical principles which provide a major ethical framework for
medicine are also relevant to ethical issues in prenatal diag-
nosis. Table 65-1 depicts 4 principles that are resources for
ethical guidance in medicine. The primary ethical concerns
of Western medical ethics are for the wellbeing of individual
patients, although 3 principles (beneficence, nonmaleficence,
and justice) are also relevant to the health and wellbeing of

∗At several places it will be noted that “most medical geneticists” support a
particular moral position. The data to support the statement were gathered in
the 1994 survey and discussed in an overview article by Dr. Wertz cited at
reference 3.

populations.6 The bearing of these principles on ethical issues
in providing prenatal diagnosis will be noted in subsequent ta-
bles. Other resources for ethics include the character traits of
committed health professionals, knowledge of the most ethi-
cally significant cases in the field, and knowledge of the moral
perspectives of those who criticize or oppose the one or more
uses of prenatal diagnosis in society.

The principle of respect for autonomy includes: a) respect-
ing the self-determination and choices of autonomous per-
sons, and b) protecting persons with diminished autonomy,
e.g., young children, mentally retarded persons, and those with
other mental impairments.

The principle of beneficence (L. “bene” = good) is the
source of Western physicians’ obligation to give highest loy-
alty to the welfare of individual patients. Beneficence also
bears upon concern for and improving the health of a whole
population.

Nonmaleficence (L. “male” = evil, harm) is the source of
the traditional medical norm of “do no harm,” prevent harm
altogether, or, if harm cannot be avoided to minimize harm to
patients.

Justice is the source of several moral norms. On the indi-
vidual level, the norm of fairness requires giving each person
what is due to him or her. The norm of distributive justice
underlies society’s obligation to allocate resources accord-
ing to need. The norm of equity guides the quest for
equal consideration and treatment of all peoples around the
world.

Justice and Genetic Services

Worldwide, at least 5,000 specialists practice medical
genetics.7 At present, the majority of them (about 3,330)
work in developed Western nations, which have an overall
approximate ratio of geneticist to population of 1:222,000,
as compared to 1 of 1:700,000 for Eastern European nations
and 1:3,700,000 for developing nations. As deaths from other
causes (e.g., infant infections and malnutrition) decline in de-
veloping nations, genetics will assume a larger role. Prevention
and care of genetic diseases and birth defects concern persons
in every nation. Genetic disabilities occur with similar frequen-
cies in developed and developing nations and irrespective of
the socioeconomic status of individuals. At all levels of society
children born with genetic disadvantages have higher risks to
get sick and to die of environmental causes such as infections
and malnutrition. For these reasons, if a right to health care
is to be meaningful, such a right must include access to ser-
vices for the diagnosis, treatment, and prevention of genetic
disorders.

Correction of dramatic variation between levels of genetic
services in developed and developing nations is an overrid-
ing ethical concern, considering claims of justice and equity.
In ethics, “ought” implies “can.” However, it is unfair to im-
pose an “ought” where the agent or group lacks the means
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66
AN ETHICAL FRAMEWORK FOR
FETAL THERAPY

Frank A. Chervenak / Laurence B. McCullough

INTRODUCTION

Research into new forms of fetal therapy raise a number of
scientific, clinical, and ethical challenges for physicians. At this
time, the most significant area, clinically and ethically, in which
fetal therapy is now being developed is fetal surgery. Therefore,
we make fetal therapy the major focus of this chapter.

Research in fetal surgery involves repair of a fetal anomaly
either through a hysterotomy or endoscopy. Such invasive pro-
cedures create risks of harm yet potential benefit to both the
pregnant woman and the fetal patient. The risks for pregnant
women include morbidity and (rarely) mortality associated
with major surgery and anesthesia, psychosocial risks of los-
ing a pregnancy or living with the burden of iatrogenic injury
to a future child, and risks to future pregnancies from uter-
ine rupture. Risks for the fetal patient include iatrogenic pre-
maturity and injury, and (rarely) death from anesthesia and
surgical procedures. Potential benefits of fetal surgery are re-
duction of mortality and/or improvement in functional status
for the fetal patient and future child; and, consequently, psy-
chosocial benefit to the pregnant woman and her family. Al-
though fetal surgery has been attempted to correct a variety
of fetal anomalies, including meningomycelocele, diaphrag-
matic hernia, cystic adenomatoid malformation of the lung,
and sacrocogygeal terratoma, at this time fetal surgery should
not be considered or offered to pregnant women as standard
fetal therapy. Indeed, investigation in this area is being con-
ducted under research protocols at a small number of centers of
excellence.1−6

Medical innovation, especially regarding surgical inter-
ventions, has frequently been unmanaged: interventions have
gone from innovation to standard of care without adequate
scientific and ethical evaluation.7 Mammary artery ligation
for the management of angina is a classic example of this
phenomenon. Poorly managed and evaluated surgical inno-
vation can impair scientific progress and put the health and
lives of patients at unnecessary risk. Fetal surgery, until re-
cently, has had a history of unmanaged innovation, but has im-
pacted far fewer patients. Recent innovations in fetal surgery
for spina bifida, a relatively common anomaly that is usu-
ally diagnosed in the second trimester, raise the possibility
of fetal surgery for a greater number of patients.1−5 These
developments challenge physicians to conduct ongoing inno-
vations in fetal surgery in an ethically responsible fashion,8

for which there is widespread support in the professional
community.9 This chapter provides a comprehensive ethical
framework for the responsible management of fetal therapy
research from innovation to standard of care, and applies this
framework to an analysis of research on fetal surgery for spina
bifida because it is an important, controversial area of such
research.

We base our 5-part framework on a central concept of ob-
stetric ethics—the concept of the fetus as a patient.10 We, first,
identify ethical criteria for preliminary investigation for new
fetal therapies; second, identify ethical criteria for initiation of
clinical trials and for assessment of the results of such trials,
ie, whether they establish a standard of care; third, describe
the informed consent process that should be followed for re-
search; fourth, consider whether selection criteria should in-
clude abortion preferences of the woman; and fifth, consider
whether practicing physicians have an obligation to offer re-
ferral to clinical trials of investigation of new fetal therapies.
We, then, apply this 5-part ethical framework to investigational
fetal surgery for spina bifida.

THE FETUS AS A PATIENT

To say that something has moral status means that we have
obligations to protect and promote its interests. The authors
have argued elsewhere that the concept of the fetus as a patient
should not be understood in terms of the independent moral
status of the fetus, ie, some feature(s) of the fetus that are in-
dependent of other entities—including the pregnant woman,
physician, and the state—generates obligations to it.10,11 We
believe that all such attempts to establish independent moral
status to the fetus end in failure because there are irreconcil-
able differences among the theological methods that have been
deployed over the centuries of debate about the independent
moral status of the fetus.10

Another, more clinically useful, line of argument is that
the moral status of the fetus depends on whether it is reliably
expected to achieve the relatively unambiguous moral status of
becoming a child and, still later, the unambiguous moral status
of becoming a person. When reliable links exist between a
fetus and its later achieving the moral status of a child and
then person, the fetus is a patient. There are 2 such links that
pertain: one to the viable and the other to the previable fetus.

The first link between a fetus and its later achieving moral
status as a child, and then person, is viability: the ability of the
fetus to exist ex utero. Viability requires levels of technolog-
ical intervention necessary to support immature or impaired
anatomy and physiology through delivery when childhood be-
gins, and into the second year of life, a time at which, it has
been argued, personhood exists.10 Viability is therefore not
an intrinsic characteristic of the fetus, but a function of both
biology and technology. In developed countries, fetal viabil-
ity occurs at approximately the 24th week of gestational age,
as determined by competent and reliable ultrasound dating.12

When the viable fetus and the pregnant woman are presented
to the physician, the viable fetus is a patient.

The second link between a fetus and its later achieving
moral status as a child, and then person, is the autonomous
decision of the pregnant woman to continue a previable preg-
nancy to viability and thus to term. This is because the only
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link between a previable fetus and its later achieving moral
status as a child, and later person, is the pregnant woman’s au-
tonomy, which is exercised in the decision not to terminate her
pregnancy, because technological factors do not exist that can
sustain the previable fetus ex utero. When the pregnant woman
decides not to terminate her pregnancy and when the previable
fetus and pregnant woman are presented to the physician, the
previable fetus becomes a patient.10

In summary, the viable fetus, when the pregnant woman
presents for medical care, is a patient. The previable fetus is
a patient as a function of the pregnant woman’s decision to
confer this status on the fetus and present herself for care.
We cannot overemphasize that the existence of a fetal research
project does not establish that the fetus is a patient, because, by
definition, research interventions have not been established as
clinically beneficial to the fetus. A pregnant woman’s decision
to enroll in scientific investigation of a new fetal therapy does
not mean that the previable fetus irrevocably has the status of
being a patient because before viability the pregnant woman
can withdraw the status of being a patient from her fetus even
after having earlier conferred that status.

Beneficence is an ethical principle that obligates the physi-
cian to seek a greater balance of clinical goods over clini-
cal harms in patient care.10 When the fetus is a patient, the
physician has beneficence-based obligations to protect its life
and health. These obligations must in all cases be considered
along with beneficence-based and autonomy-based obligations
to the pregnant woman.10,11 Therefore, ethical criteria to guide
innovation in fetal therapy must take account of beneficence-
based obligations to the fetal patient and beneficence-based
and autonomy-based obligations to the pregnant woman.6

Failure to consider all of these obligations results in an
inadequate ethical framework to guide innovations in fetal
therapy.

ETHICAL CRITERIA FOR A INITIATION AND
ASSESSMENT OF CLINICAL TRIALS OF
NEW FETAL THERAPIES

Innovation in fetal therapy should begin with animal models
that are carefully designed, sufficiently powered, and rigor-
ously evaluated. The next step is the design of an intervention
and its implementation in the form of a single case or limited
case series. In our view, this approach is necessary to determine
the feasibility, safety, and efficacy of new fetal therapies. Po-
tential subjects should be protected from potentially harmful
innovation.

We now identify 3 criteria, all of which must be satisfied,
in order to conduct preliminary investigations in an ethically
responsible fashion, ie, one that takes into account beneficence-
based obligations to the fetal patient and beneficence-based
and autonomy-based obligations to the pregnant woman. The
previable fetus is a patient in these cases because by virtue
of the woman’s decision to continue her pregnancy, in order
to have the opportunity to gain the potential benefits of the
innovation. She remains free to withdraw that status before

viability. The viable fetus is a patient in these cases by virtue
of viability.

1. The proposed fetal therapy is reliably expected, on the
basis of previous animal studies, either to be lifesaving
or to prevent serious and irreversible disease, injury, or
handicap for the fetus;

2. Among possible alternative designs, the proposed fetal
therapy is designed in such a way as to involve the least
risk of mortality and morbidity to the fetal patient (which is
required by beneficence and will satisfy the U.S. research
requirement of minimized risk to the fetus);13 and

3. On the basis of animal studies and analysis of theoretical
risks both for the current and future pregnancies of the
woman, the mortality risk to the pregnant woman is reli-
ably expected to be low and the risk of disease, injury, or
handicap to the pregnant woman is reliably expected to be
low or manageable.6

The first 2 criteria implement beneficence-based obliga-
tions to the fetal patient. Research on animal models should
reliably suggest that there would be therapeutic benefit without
disproportionate disease-related or iatrogenic fetal morbidity
or mortality. If animal studies result in high rates of mortality
or morbidity for the fetal subject, then therapeutic innovation
should not be introduced to human subjects until these rates
improve in subsequent animal studies.

The third criterion, although it does not directly involve
the fetus, is important because fetal therapy, especially fetal
surgery, is also invasive to the pregnant woman. This crite-
rion reminds investigators that the willingness of a subject, in
this case the pregnant woman, to consent to risk does not by
itself establish whether the risk to benefit ratio is favorable.
Instead, investigators have an independent beneficence-based
obligation to protect human subjects from unreasonably risky
research and should use beneficence-based, risk-benefit analy-
ses. The phrase “maternal-fetal surgery” is useful if it reminds
investigators of the need for such comprehensive clinical ethi-
cal analysis. If this phrase is used to systematically subordinate
fetal interests to maternal interest and rights, thus undermining
the concept of the fetus as a patient in favor of the concept that
the fetus is merely a part of the pregnant woman, we reject this
phrase.

Randomized clinical trials commence when clinical
equipoise emerges from the innovation. Clinical equipoise
means that there is “a remaining disagreement in the expert
clinical community, despite the available evidence, about the
merits of the intervention to be tested.”14 Brody notes that one
challenge here is identifying how much disagreement can re-
main for there still to be equipoise.14 Lilford has suggested
that if, reliably measured, two thirds of the expert community,
measured reliably, then no longer disagrees, equipoise is not
satisfied.15 When the experimental intervention is more harm-
ful than nonintervention, equipoise cannot be achieved.

We propose that the satisfaction of the previous 3 crite-
ria with slight modifications should count as equipoise in the
expert community.
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1. The initial case series indicates that the proposed fetal ther-
apy is reliably expected either to be lifesaving or to prevent
serious and irreversible disease, injury, or handicap;

2. Among possible alternative designs, the proposed fetal
therapy continues to involve the least risk of morbidity
and mortality to the fetus; and

3. The case series indicates that the mortality risk to the preg-
nant woman is reliably expected to be low and the risk of
disease, injury, or handicap to the pregnant woman, in-
cluding for future pregnancies, is reliably expected to be
low or manageable.6

One good test for the satisfaction of the first and third crite-
ria is significant trends in the data from the case series. When
equipoise has been achieved on the basis of these 3 criteria,
randomized clinical trials should commence. They should have
relevant and clearly defined primary and secondary endpoints
and a design adequately powered to measure these endpoints.

The above 3 criteria can be used in a straightforward man-
ner to define rules for terminating such a clinical trial. When the
data support a rigorous clinical judgement that the first or third
criterion is not satisfied, the trial should be stopped. When the
clinical trial is completed, its outcome can be assessed to deter-
mine whether the innovative fetal therapy should be regarded
as standard of care. The trial results should meet the following
3 criteria in order to establish the innovation as standard of
care:

1. The proposed fetal therapy has a significant probability
of being lifesaving or preventing serious or irreversible
disease, injury, or handicap for the fetus;

2. The proposed fetal therapy involves low mortality and low
or manageable risk of serious and irreversible disease, in-
jury, or handicap to the fetus; and

3. The mortality risk to the pregnant woman is low and the
risk of disease, injury or handicap is low or manageable,
including for future pregnancies.6

Brody has underscored the value of data safety and mon-
itoring boards to prevent investigator bias and to protect
subjects.14 Such boards should be used in research on fetal
therapies, especially to ensure adherence of the abovemen-
tioned ethical criteria as a basis for monitoring such research.

INFORMED CONSENT

The informed consent process should always be led by physi-
cians competent to explain the surgical and anesthetic interven-
tions, alternatives, benefits, and risks. Having a physician lead
the consent process who is not involved in the research project
is an acceptable alternative only if that physician possesses the
requisite competence.

Like all consent processes for human subject research,16

counseling the pregnant woman about initial innovation or clin-
ical trials should be rigorously nondirective, in that the physi-
cian should not recommend for or against participation. Inves-
tigators should emphasize the distinction between research and
treatment to prevent therapeutic misconception. This is the be-

lief of patients that research, like treatment, will be beneficial
and not involve disadvantages that do not occur in the therapeu-
tic setting, e.g., the beliefs that the purpose of a randomized
trial is to treat his or her condition or that his or her physi-
cian will select the best treatment for his or her condition.17

The words “treatment” or “therapy,” therefore, should not be
used by investigators to describe the intervention. The inves-
tigators should be explicit about the fact that the surgical and
anesthetic techniques are research or experimentation. Poten-
tial subjects in a case series should be told about the results of
animal studies and potential subjects in clinical trials should
be told about the results of the case series. The nature of the
surgical and anesthetic procedures should be described to the
pregnant woman in detail, including the risks to both her and
the fetus. The alternatives of termination of pregnancy and of
postpartum management must be presented, along with their
benefits and risks.

In the consent process, words such as “mother,” “father,”
and “baby” should not be used by investigators, because these
suggest moral relationships and moral statuses that do not
apply.18 Words such as “pregnant woman,” “potential father,”
“fetus,” and “fetal patient” should be used instead. The preg-
nant woman should be clearly informed that she is under no
obligation to the fetal patient to enroll it in a clinical research
project.

Clinical experience teaches that in fetal research there can
be considerable internal and external pressure on women to
enroll. Therefore the consent process should be altered to mit-
igate these effects. The woman should have time to reflect on
her decision, ask questions, and have her questions answered
to her satisfaction. To protect a woman from being coerced,
her husband or partner and other family members should be
reminded that while they may have strong views for or against
her participation, their role should be to support and respect
her decision-making process and its outcome. Their relation-
ship to her is primarily an obligation to respect and support
her decision. Family members do not have the right to make
decisions for her. Family members may be involved in the in-
formed consent process according to the woman’s preferences
in this matter.

Principal investigators should insure that everyone in-
volved in the consent process takes a strictly nondirective ap-
proach. While not currently required in federal consent reg-
ulations, prospective monitoring of the consent process, e.g.,
in random sampling, should be used to enforce a nondirective
approach.

Publicity about either a case series investigation or a clin-
ical trial should be nondirective because it is the first step in
the informed consent process. Press releases, media interviews,
patient education materials, Web sites, and other forms of pub-
licity should be strictly nondirective. The above restrictions
on word choice should be followed strictly. “Science by press
conference” should be avoided. The data and safety monitoring
board should assume oversight responsibilities in these areas.

Investigators may face an ethical challenge when a preg-
nant woman refuses to enter a randomized trial and insists on
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access to a proposal fetal therapy. Depending on the results of
the trial, the investigator should explain that the assumption
that the proposed intervention would benefit the fetal patient
has no scientific basis and that, on balance, the experimental
intervention could turn out to be harmful. Acquiescing to such
requests only encourages and potentially exploits false hopes.
The ethically justified response is to refuse all such requests, no
matter how insistent. Institutional review boards should refuse
requests for compassionate exceptions.

SELECTION CRITERIA BASED ON
ABORTION PREFERENCE

In general, it is an accepted feature of study design in general
that clinical trials should be conducted in such a way as to
control for the idiosyncratic effects of patients’ preferences on
results. This, for example, justifies such strategies as random-
ization and blinding.

For research on fetal therapies this general rule of study
design raises 2 significant ethical problems. First, from the
perspective of investigators, to get the cleanest results about
outcomes for fetuses and future children one would not want
any pregnancies in which fetal research occurred to result in
elective abortions. Second, from the perspective of pregnant
women who would accept elective termination, it might be
desirable to prevent, through abortion before viability, adverse
outcomes of fetal research.

To address the first problem, study design would exclude
women who indicated any willingness to consider elective
abortion. To address the second problem, study design would
exclude women who were opposed to abortion. These solu-
tions share a disabling ethical problem: such a study design
decides for the pregnant woman whether the previable fetus is
or is not a patient, an unjustifiable violation of her autonomy
in favor of research considerations.

To avoid this unacceptable ethical problem, there should
be no exclusion criteria in research on fetal therapies based on
willingness to countenance elective abortion. Study designs
would therefore have to include elective abortion and birth of
adversely affected infants as endpoints. In addition, investiga-
tors should understand that the decision of a pregnant woman
to enroll herself and her previable fetus in research does not
mean that she has irrevocably conferred the status of being a
patient on the previable fetus-subject. In the informed consent
process principal investigators should emphasize this point.

COOPERATION OF
PRACTICING PHYSICIANS WITH
CLINICAL INVESTIGATION

It is widely accepted that physicians are justified in informing
their patients about relevant clinical investigations, and with
the patients’ consent, referring them to the investigators. In
our view, there is also an ethical obligation to do so. The jus-
tification for this ethical obligation cannot appeal to benefit
the pregnant woman or fetal patient because, by definition,
the existence of clinical investigation does not establish clini-
cal benefit. However, there is an obligation to future patients,

pregnant women and fetuses alike, to establish whether in-
vestigative fetal intervention improves the current standard of
care or not. Physicians should take seriously their obligation to
future patients to assure that innovation has the opportunity to
be validated scientifically and ethically, rather than introduced
in an unmanaged fashion or simply ignored.

APPLICATION OF ETHICAL FRAMEWORK
TO INVESTIGATIONAL SURGERY FOR
SPINA BIFIDA

Research on the surgical management of spina bifida in fetuses
has been controversial and is currently being applied to this
common fetal anomaly. Animal investigation of fetal surgery
for spina bifida suggested that there would be therapeutic ben-
efit without disproportionate morbidity or mortality.2 The 3
criteria for investigation with human subjects of feasibility,
safety, and efficacy were therefore satisfied.

The results of the case series reported in the literature and
clinical experience meet the 3 criteria for equipoise. There has
been reduction in the Arnold-Chiari malformation and sub-
sequent reduction in the necessity for shunt placement with
the prevention of mortality and morbidity associated with this
malformation. Improvement in spinal cord function and over-
all functional status and quality of life have not been clearly
demonstrated. The intervention continues to have very low
rates of fetal mortality and maternal morbidity.3,4

Equipoise having been established, it is both ethically jus-
tified and warranted to undertake a well designed, randomized
clinical trial in the few centers qualified to perform the proce-
dure. Such a trial should have well defined endpoints. There are
2 main clinical concerns about spina bifida. First, it results in
loss of motor and sensory function of the lower extremities, as
well as bowel and bladder impairment. Second, the associated
Arnold-Chiari malformation results in hydrocephalus with its
resultant shunt dependency and complications. The primary
endpoints of the clinical trial should address these outcomes
as well as rates of fetal and maternal surgical complications
and iatrogenic prematurity.

Equipoise means that there is no established benefit for
the procedure and that it should be investigated according to
scientific standards. This means that the procedure should not
be offered outside the context of a clinical trial, even in response
to the most urgent requests of pregnant women or referral by
colleagues for the procedure. This restriction is a powerful
antidote to the problem of the technological imperative, i.e.,
the idea that if something can be done it should be done.

Rules for termination of the study should be established at
the beginning of the trial and their application should be based
on statistical evidence of clear net benefit or net harm. The data
and safety monitoring board should approve the study design
and endpoints, define the stopping rules, and set up a procedure
to closely monitor the trial, including recruitment of patients
and the informed consent process.

The informed consent process should be rigorously nondi-
rective, which will be challenging for physicians who have
participated in the innovation phase and have championed the
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procedure. Expressions of clinical judgment about the benefits
of the procedure or other forms of enthusiasm have no place in
the informed consent process for a randomized clinical trial.
Consent forms, as well as websites and other marketing ma-
terials, should take great care with word choice, as described
above. In particular, there should be no use of words such as
“treatment” or “therapy.” Instead, “research,” “experimental
intervention,” and the like should be used. The use of such
language in both oral and written communication is a power-
ful antidote to the problem of therapeutic misconception.17 It
should also be made abundantly clear to the pregnant woman
and her partner that she is under no obligation to place herself
or her fetus in the clinical trial because no benefit from the
procedure has been established and it might prove, on balance,
to be harmful.

Selection criteria should make no reference to the woman’s
willingness to terminate or continue pregnancy before or dur-
ing the trial. The consent process should make clear to her
that her preferences for the disposition of her pregnancy will
be respected, just as they would in a nonexperimental, clinical
setting.

Participating centers should report the results of the re-
search at professional meetings and in the scientific litera-
ture. Only after reports have appeared in the scientific liter-
ature should inquiries by the lay press be accommodated and
addressed.

Referring physicians should be clear that the procedure
remains experimental and is available in a clinical trial. They
should emphasize that this means that the benefits and risks of
the procedure have not been established and, therefore, there
is no obligation on the part of the pregnant woman or her fetus
to enroll in the trial. Her judgment about the importance of her
obligation to future pregnancies and fetal patients should be
explored nondirectively.

CONCLUSION

It has long been recognized that the development of new fetal
therapies raises significant ethical issues.19,20 In this chapter we
provided an ethical framework for responsibly managing the
transition from initial innovation of fetal therapies to clinical
trials, and then to offering the therapies to pregnant women as
a standard of care for the management of fetal anomalies. We
have shown that the informed consent process for innovation
and research should be strictly nondirective, and emphasized
that the pregnant woman has no ethical obligation to enroll the
fetal patient and herself in such investigations. We have also
shown that selection criteria based on abortion preference, pro
or con, have no place in the ethical design of fetal research.
We also argued that the practice community has an obligation
to offer referral to clinical investigation of new fetal therapies.

In our view, the ethical integrity of all forms of fetal research
is just as important as their scientific integrity. The current
controversy concerning clinical investigation of fetal surgery
for spina bifida, as well as still-to-be-developed fetal therapies,
can be reliably addressed using this ethical framework.
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67
LEGAL ISSUES IN GENETIC DIAGNOSIS
AND COUNSELING

Charles W. Fisher / Carol Tarnowsky / Pamela A. Boland

Scientific advances now make it possible to control concep-
tion, to discover fetal injury, to detect genetically transmitted
anomalies or defects prior to and after conception, and, in some
cases, to treat and cure certain in utero abnormalities. A woman
may choose to terminate a pregnancy by abortion when there
is fear that the fetus will be born with significant, incorrectible
defects or injuries.1 As a consequence of the United States
Supreme Court’s decision in Roe v. Wade, these extraordinary
advances in medical science are unfortunately accompanied by
new risk factors for medical legal liability. In today’s litigious
society, virtually every aspect of patient care is scrutinized for
potential liability with the ultimate goal of monetary recovery.
Heightened awareness of the potential for lawsuits arising out
of genetic counseling, diagnosis, and treatment will arm the
health care provider with greater protection in those particular
situations most likely to result in a potential lawsuit.

Some prenatal diagnostic issues present medical dilemmas
that will not, and cannot, be easily solved by legal rulings or ad-
vice. For instance, liability for prenatal diagnostic ultrasound
is one of the most common litigation scenarios in the area of
genetics, both in terms of the failure to perform an ultrasound
and the failure to identify anomalies. While first trimester ultra-
sound for gestational dating would limit potential legal expo-
sure for failing to diagnose an in utero abnormality, late second
trimester ultrasound provides more medical diagnostic infor-
mation but, especially in cases of office ultrasound, exposes
the physician to greater liability for abnormalities that might
remain undiagnosed (or allegedly be missed) while performing
ultrasounds at 16–22 weeks gestation.

This is merely one situation in which the question will
eternally be asked whether or not one should perform a test or
diagnostic procedure that may not be absolutely required since
it may extend one’s potential liability for failing to diagnose
an abnormality. Legally, although you may not have a duty to
perform a particular test or procedure,2 once you undertake the
duty you are required to perform it within the standard of care.3

It would be impossible to thoroughly discuss each and ev-
ery potential fact scenario, diagnostic procedure, and so on,
in the space provided for this chapter. Additionally, each state
may have its own particular legal application for liability, dam-
ages, remedies, and criteria for such things as the age at which
elective terminations can be performed. The object, therefore,
of this chapter, is to address legal liability from the standpoint
of those cases that are either commonly encountered, or that
could subject the health care provider to significant monetary
exposure.

We have therefore selected three areas for discussion:

1. Common legal claims in genetic testing and diagnosis;
2. Consent and informed consent for medical diagnosis and

treatment of minors;
3. The pros, cons, and the current state of knowledge of chori-

onic villus sampling (CVS).

The health care provider should be mindful that there are
certain professional witnesses or “experts” who are willing
to say nearly anything for a price. These witnesses are often
dishonest and outright fraudulent in their testimony. Although
their medical positions as to the standard of care should be
looked on with askance, they should not be ignored, as they
are the very persons who may create your legal liability. Knowl-
edge of their activities, as well as the lawsuit claims that they
are willing to support, may provide insight for the health care
provider as to procedural protections to safeguard his practice
of the standard of care (consent forms, documentation, instruc-
tions, etc).

COMMON LEGAL CLAIMS IN GENETIC
TESTING & DIAGNOSIS

The causes of actions that arise in the area of genetics gen-
erally target failure to perform appropriate testing or a failure
to appropriately interpret the results of such tests. The legal
claims made by a plaintiff, however, fall into category(ies) of
wrongful death, wrongful life, wrongful birth, and negligent
infliction of emotional distress, which are defined below. Most
of the cases in this field have arisen subsequent to the United
States Supreme Court’s partial legitimization of abortion in
Roe v. Wade (410 U.S. 113, 35 L.Ed. 2d 147, 93 S. Ct. 705
(1973)).4

Understanding specific legal claims that can be made, and
the types of damages that can be recovered, is quite helpful
to understanding what the lawsuit is about, how the physician
should document in order to make the best attempts, and what
the physician can expect if a lawsuit is filed.

WRONGFUL DEATH

In a wrongful death claim, plaintiff’s estate contends that a
death occurred that would have or could have been prevented
by appropriate medical treatment. In the area of genetics, a
wrongful death plaintiff alleges that appropriate testing or ap-
propriate interpretation of test results would have revealed an
abnormality that could have been treated in-utero or at deliv-
ery and that, had the same been done, death could have been
avoided. Damages for wrongful death generally include the
loss of companionship and mental anguish.

WRONGFUL BIRTH5

A parent’s claim for wrongful birth rests upon the injury to the
mother by virtue of the physician’s negligence resulting in the
deprivation of the right to make an informed choice to prevent
the child’s conception or to terminate the pregnancy via an
abortion. Courts considering wrongful birth claims have been
almost unanimous in recognizing a cause of action against
a physician where it is alleged that, but for the defendant’s
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negligence, the parent would have terminated the congenitally
or genetically defective fetus by abortion.6

In courts recognizing this cause of action,7 the parents must
establish that a breach of duty by the physician deprived them
of the opportunity to accept or reject the continuance of the
pregnancy. The clear majority of courts considering these types
of medical malpractice claims have concluded that there is a
legally cognizable injury proximately caused by a breach of
duty.8

The damages generally allowable are those that flow from
this breach of duty; that is, the parents are generally entitled to
the extraordinary expenses attendant in the care and treatment
of the afflicted child but are generally offset by the cost of
raising a normal child. That is, there are always costs associated
with raising any child, and the parents should not be entitled
to recover costs such as food, clothing, etc.

In cases of severe genetic defects but with an extended life
expectancy, medical costs could certainly range in the millions
of dollars. Because the legal liability of the parents to support
their child terminates, depending upon the state, between the
ages of 18–21, some courts also permit parents to recover the
extraordinary costs associated with the child’s affliction after
the child has reached the age of majority. These courts reason
that, under common law, where a child is incapable of sup-
porting himself because of physical or emotional disabilities,
the parents’ obligation to support continues beyond the child’s
age of majority.9

In contrast to damages permissible in a wrongful death
case, courts generally do not allow damages for loss of com-
panionship or parental pain and suffering in a wrongful birth
claim.10 Such damages for wrongful birth have always been a
difficult issue for the courts, for courts have found it philosoph-
ically impossible to determine the benefit/loss ratio between
the joy the child brings to the lives of his/her parents and the
disappointment in having a child afflicted with some genetic
defect.

WRONGFUL LIFE

The wrongful life claim is one brought by the child, with a
defect or anomaly, whose life would have been terminated
via abortion but for the negligence of the defendant in failing
to so inform the parent of the potentially anomalous child.11

This is the other side of the wrongful birth claim; here, the
child contends to have suffered harm or damage as a result
of medical malpractice thus entitling the child to recover the
extraordinary expenses associated with his/her disability.

Courts have systematically rejected wrongful life claims
on two related grounds.12 Initially, the courts have proven un-
willing to hold that a child can recover damages for achieving
life. The threshold problem has been the assertion by the infant
plaintiff not that she should have been born without defect but
that she should not have been born at all.

The essence of this claim is that the negligent conduct
deprived the child’s mother from obtaining an abortion, which
would have terminated the fetus’ existence. Resting on the
belief that all human life, no matter how burdened by disability,

is, as a matter of law, always preferable to nonlife, the courts
have declined to find that an infant afflicted by a genetic or
congenital impairment has suffered a legally cognizable injury.
Again, the courts have overwhelmingly determined that life
hindered by disability is preferable to no life at all.13

The second basis relied upon by those courts in declining
to recognize the wrongful life claim is the difficulty, if not im-
possibility, of measuring appropriate damages. The traditional
tort remedy is compensatory in nature. The basic rule of tort
compensation is to place the plaintiff in the position that s/he
would have occupied absent the defendant’s negligence.14

Applying this general rule, the damages recoverable on
behalf of a child for wrongful life are thus limited to those
necessary to restore the child to the position he would have
occupied were it not for the alleged malpractice of the physi-
cian or other health-care provider. In a wrongful life case,
there is no allegation that but for the defendant’s negligence
the child would have had a healthy, unimpaired life. Rather,
the claim is that without the defendant’s negligence, the child
would never have been born. Thus, the cause of action in-
volves of a calculation of damages dependent upon the rela-
tive benefits of an impaired life as opposed to no life at all, a
comparison that courts have deemed the law not equipped to
make.15

LACK OF INFORMED CONSENT

Where diagnostic tests are not offered to maternal patients, the
parents may subsequently file a cause of action alleging the
physician’s failure to obtain informed consent. Specifically,
plaintiffs maintain that a physician’s failure to inform a patient
about the benefits and risks of various types of treatments and
tests, such as the MSAFP or amniocentesis, render the patient’s
“decision” to forego them uninformed.

There is a division among the jurisdictions regarding what
constitutes informed consent in the area of prenatal testing. In a
recent Maryland case, Reed v. Campagnolo,16 the court found
that a patient’s informed consent must be to some treatment,
and where a physician never proposes prenatal testing, plaintiff
cannot establish this element. Whether the physician has a duty
to offer or recommend the tests is analyzed in relation to the
professional standard of care, and application of that standard
may or may not produce a result identical with the informed
consent criterion of what reasonable persons would want to
know.17

The leading Maryland case on the issue of informed con-
sent, Sard v. Hardy,18 discussed the doctrine only in the context
of treatment actually proposed by the physician. The Maryland
court noted that the doctrine “follows logically from the uni-
versally recognized rule that a physician, treating a mentally
competent adult under nonemergency circumstances, cannot
properly undertake to perform surgery or administer other ther-
apy without the prior consent of his or her patient. In order
for the patient’s consent to be effective, it must have been an
“informed” consent, one that is given after the patient has re-
ceived a fair and reasonable explanation of the contemplated
treatment or procedure.”19 The doctrine of informed consent
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thus imposes upon a physician, before subjecting a patient to
medical treatment, the duty to explain the procedure to the pa-
tient and to warn the patient of any material risks or dangers
inherent in the treatment to thereby enable the patient to make
an intelligent and informed choice about whether to undergo
treatment.20

The duty to make full disclosure to patients requires a
physician to reveal to the patient the nature of the patient’s ail-
ment, the nature of the proposed treatment, the probability of
the success of the contemplated treatment and its alternatives,
and the risks of unfortunate consequences associated with the
proposed treatment.21

The Reed court noted that New York courts have held that
a cause of action sounding in informed consent requires an
affirmative act by the physician. In Karlsons v. Guerinot,22 the
plaintiffs contended that the defendant physician’s failure to
inform the plaintiffs of the risks involved with the mother’s
pregnancy, including the risk that she would give birth to a
deformed child, gave rise to a cause of action for failing to
obtain an informed consent to continuation of the pregnancy
and to the delivery of the infant.23

In denying the cause of action, the court noted that ac-
tions based upon the doctrine of informed consent exist only
where the injury suffered arises from an affirmative violation
of the patient’s physical integrity and, where nondisclosure is
concerned, these risks are directly related to such affirmative
treatment. Where the resultant harm arises not out of any affir-
mative violation of the woman’s physical integrity and where
the alleged undiagnosed risks do not relate to any affirmative
treatment but to the condition of pregnancy itself, plaintiff has
alleged the basis of an action of medical malpractice but not
one of informed consent.24

The Reed court denied plaintiffs’ recovery on this theory,
noting that plaintiffs sought a rule that the appropriate tests for
predictive genetic counseling would be determined by what
reasonable persons similarly situated would want to know. The
court determined, however, that the rule cannot focus exclu-
sively on the plaintiff; rather, a fair rule would have to look at
all of the possible tests that might be given and evaluate the
reasons for excluding some and perhaps recommending one or
more other tests. This requires expert testimony.25

Reaching a contradictory result was the State of Michigan
in Blair v. Hutzel Hospital,26 wherein the court determined
that a physician’s failure to advise an obstetrical patient about
the availability of an MSAFP test subjected the physician to
liability by depriving her of a substantial opportunity to achieve
a better result.

As the Michigan Court of Appeals noted, a patient treats
with a physician in order to improve opportunities to avoid,
ameliorate, or reduce physical harm. An obstetrical patient
treats with a physician to obtain the best possible care during
pregnancy and to achieve the best possible outcome.27 Thus,
the court reasoned, the physician has a duty to ensure that a
woman makes informed decisions regarding her procreative
options, including the option of abortion. The failure to so
inform a pregnant patient of testing that would afford her in-

formation upon which to base such a decision, is a breach of
that duty.28

The court concluded that the element of causation is satis-
fied if a plaintiff can establish that the defendant’s negligence
in providing that information deprived her of a substantial op-
portunity to learn of the risks of bearing a child with birth
defects and that, had she been provided with such information,
she would have obtained an abortion.29

Again, whether a physician is required to offer to perform
a diagnostic procedure will be the subject of debate in a negli-
gence area. Where plaintiffs establish through expert testimony
that a physician was negligent in failing to advise a patient of
available testing and to offer the same to her, plaintiff may, in
some jurisdictions, successfully bring a lack of informed con-
sent claim in addition to the others discussed herein. Should
the physician undertake the duty to discuss prenatal diagnostic
testing, he or she undertakes the duty to thoroughly explain
the same to afford the patient with a sufficient knowledge base
upon which to base her informed consent.

NEGLIGENT INFLICTION OF
EMOTIONAL DISTRESS

In addition to seeking compensation for the extraordinary ex-
penses inherent in managing and treatment of a child with a
disability, parents often seek damages for their emotional dis-
tress, which they contend to be a natural and foreseeable con-
sequence of the injury sustained and thus should be compens-
able as well. There are various analyses applied throughout the
United States with some jurisdictions specifically prohibiting
recovery of emotional damages for prenatal or labor events,
some allowing recovery due to the close nexus between a
mother and her unborn child, and some allowing recovery only
where the emotional distress has manifest itself in physical in-
jury. The following is a brief overview of this negligence tort
along with an example of the varied approaches taken within
different jurisdictions.

Initially, the tort of negligent infliction of emotional distress
was almost exclusively confined to cases in which the plaintiff
sustained psychic injury as a direct result of witnessing the
traumatic infliction of injury on a close relative by defendant’s
negligent act. In order to recover under this cause of action,
a plaintiff was required to establish that he or she likewise
sustained “physical impact.” The evolutionary development of
this tort later allowed for recovery without physical impact
for a plaintiff who had witnessed harm come about to a close
relative so long as the plaintiff was within the “zone of danger”
of the negligent force of harm.

Under the “zone of danger rule,” a bystander who is in a
zone of physical danger and who, because of the defendant’s
negligence, has reasonable fear for his own safety is given a
right of action for physical injury or illness30 resulting from
emotional distress.

Parents of an unborn child are not ipso facto in the
zone of danger for negligence involving that child.31 Thus,
some jurisdictions have deemed parents to be outside of the
zone of danger and precluded from recovering damages when
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negligent genetic counselling results in the birth of a hemophil-
iac child,32 when hospital personnel allow a newborn to fall
off a delivery table,33 and when negligence is a factor in the
delivery of a stillborn child.34

Interestingly, at least one jurisdiction that permits no by-
stander recovery for emotional distress damages nevertheless
makes an exception for a mother during the birth of her child.35

Specifically, the State of Connecticut has held that a mother is
not a mere bystander at the birth of her own child,36 reasoning
that “to infer that a mother is a bystander at the birth of her
infant manifests a basic misunderstanding of the duty owed
a patient by a physician. In such circumstances, . . . the two
are within the zone of danger, and the doctor owes a duty to
each.”37 Connecticut courts thus determined that, contrary to
being a witness or bystander to the inflicted injury, a plaintiff-
mother is the very person to whom the obstetrician owes a
duty and the very person directly injured by the physican’s
breach of that duty.38 Under this analysis, when a child is in-
jured due to negligent obstetrical care, the mother and child are
joint victims of malpractice, not separate entities.39 “To sug-
gest that a mother engaging in the process of labor and delivery
is a bystander to the event, or to try to sever out concerns for
her own well-being versus concerns for the child within her,
defies logic and reason. A mother’s concerns during delivery
for her own welfare and that of her child are so interwoven as
to be legally inseparable. Where the child remains a part of
the mother’s physical being, concerns for the child’s welfare
during delivery procedures are concerns for the mother’s well
being.”40

The seminal case in the area of bystander recovery is
Dillon v. Legg, 68 Cal 2d 728, 69 Cal Rptr 72, 441 P2d 912
(1968), a decision that established a rule that a mother who
was in close proximity and was an eyewitness to the striking
of her child by an automobile could recover for physical injury
resulting from emotional shock caused to her, even though the
mother was not herself in the “zone of danger.” Dillon extended
liability to a bystander beyond the zone of danger and enun-
ciated a test of reasonable foreseeability. To determine if the
injury to the bystander was reasonably foreseeable, the court
formulated 3 guidelines: (1) whether plaintiff was located near
the scene of the accident as contrasted with one who was a
distance away from it; (2) whether the shock resulted from a
direct emotional impact upon plaintiff from the sensor and con-
temporaneous observance of the accident, as contrasted with
learning of the accident from others after its occurrence; and
(3) whether plaintiff and the victim were closely related, as
contrasted with an absence of any relationship or the presence
of only a distant relationship.41

The evolution of bystander recovery law in California after
Dillon provides a background against which to view recovery
by a parent for the negligent infliction of emotional distress
as a result of injury to the parent’s child. In Jansen v. Chil-
dren’s Hosp Medical Center of East Bay,42 the court rejected
a mother’s claim for damages for emotional trauma caused by
witnessing the progressive decline and ultimate death of her
daughter in the hospital. The mother alleged that the child’s

death resulted from malpractice by the hospital. The court
found that Dillon’s requirement of sensory and contemporane-
ous observance of the accident, as contrasted with learning of
the accident from others after its occurrence, contemplated a
sudden and brief event causing the child’s injury.

In Justus v. Atchison,43 the court denied the claims of fa-
thers who had witnessed the negligent delivery of their still-
born infants. The court found that the shock sustained by the
father occurred when they were informed of the deaths of their
infants later rather than at the time they observed the deaths
contemporaneously with the event. Thus, although Justus im-
plicitly approved Jansen’s sudden occurrence requirement, the
case essentially involved a situation where the fathers were un-
aware of the connection between the defendants’ conduct and
the injury to their children.

Ochoa v. Superior Court of Santa Clara County,44 found
the “sudden occurrence” of Jansen and Justus to be an un-
warranted restriction of the Dillon guidelines.45 In Ochoa, a
13-year-old boy became seriously ill while confined to juve-
nile hall. His parents, to no avail, strenuously objected to the
inadequate medical treatment their son was receiving. He died
the day after he was admitted to the infirmary. Ochoa con-
firmed that parents were permitted to recover, even though
the injury producing event was not sudden or accidental and
even though its negligent cause was not immediately apparent.
The court held that “when there is observation of the defen-
dant’s conduct and the child’s injury and also contemporane-
ous awareness that the defendant’s conduct or lack thereof is
causing harm to the child, recovery is permitted.”46 In Ochoa,
the mother’s observation of her son’s pain and suffering and
his deteriorating condition, at the same time the defendants
were failing to either properly care for him or to accede to
her entreaties that she be allowed to obtain treatment for him,
formed the basis of the emotional distress for which she sought
recovery.

The view enunciated in Ochoa was reaffirmed in Thing v.
LaChusa (48 Cal 3d 644, 257 Cal Rptr 865, 771 P2d 814
(1989)). The Thing court cautioned that the dictum in Ochoa
suggesting that the factors noted in the Dillon guidelines were
not essential in determining whether a plaintiff is a foresee-
able victim of the defendant’s negligence should not be relied
upon.47 In Thing, the court held that a mother who did not wit-
ness the accident in which an automobile struck and injured her
son could not recover damages from the driver for emotional
distress because “[s]he did not observe defendant’s conduct
and was not aware that her son was being injured.”48

The Thing court repudiated foreseeability in emotional dis-
tress cases and formulated the test that a plaintiff may recover
damages for emotional distress caused by observing the neg-
ligently inflicted injury of a third person only if the plaintiff
(1) is closely related to the injury victim, (2) is present at the
scene of the injury producing event at the time it occurs and
is then aware that it is causing injury to the victim, and (3) as
a result suffers serious emotional distress—a reaction beyond
that which would be anticipated in a disinterested witness and
which is not an abnormal response to the circumstances.49
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Cases from other jurisdictions have followed Dillon and its
progeny in requiring that the emotional impact to the immedi-
ate family member who is a bystander to medical malpractice
must result from the sensory and contemporaneous observance
of the tortuous conduct. For example, New Jersey disallowed
recovery for parents of a 10-month old whose death was caused
by medical misdiagnosis because there was no personal obser-
vation of a “shocking” event;50 Connecticut declined to follow
California cases and denied recovery for a daughter whose
mother died as a result of medical malpractice that the daugh-
ter “may have observed;51 Michigan recognized a cause of
action for parents of a viable infant who was stillborn after
medical providers failed to heed the parents’ requests for eval-
uation and wherein the parents witnessed efforts to resuscitate
the child;52 Pennsylvania dismissed a complaint of the husband
and daughter of decedent where neither alleged to have per-
sonally observed medical malpractice against the decedent;53

New Jersey denied recovery by parents of a child who died
3 days after birth as a result of a condition that the physicians
failed to diagnose and treat because the misdiagnosis was not
an event observed by the parents.54

As the examples referenced illustrate, courts in the various
jurisdictions approach actions for negligent infliction of emo-
tional distress on a case-by-case basis. Further, although it is
foreseeable that persons other than the injured party will suffer
psychological trauma at witnessing an injury to a loved one,
foreseeability of injury alone does not justify imposing liabil-
ity for negligently caused emotional distress. Policy consider-
ations dictate that courts establish restrictions on recovery for
emotional distress, notwithstanding the sometimes arbitrary
results.

TYPICAL MEDICAL/LEGAL SCENARIOS

Medical/legal claims in genetics arise generally as to issues of
testing, interpretation, and follow-up. Subjects of dispute are
usually the following:

(a) Failure to offer an alphafetoprotein (AFP) test;
(b) Failure to offer a double or a triple prenatal screen;
(c) Failure to offer an amniocentesis;
(d) Failure to act on abnormal results of either an AFP or an

amniocentesis and the legal consequences thereof (proxi-
mate cause);

(e) Failure to perform an amniocentesis on a patient when the
requesting patient will be younger than 35 years of age at
delivery;

(f) Failure to diagnose an abnormality on ultrasound that is
either treatable or could lead to early termination and po-
tential damage recovery;

(g) Late diagnosis of chromosomal abnormality (after
24 weeks) and the failure to refer patient; and

(h) Damages for failure to terminate a normal baby and an
abnormal baby.

These subjects are best illustrated by the case examples
below. Both a legal theory for the action and the collectable
damages are discussed.

CASE 1—FAILURE TO OFFER AFP

During prenatal care, the patient’s obstetrician fails to offer
her the option of an AFP test. Subsequently, the patient deliv-
ers an infant afflicted with Down syndrome. Karyotype testing
reveals that the child indeed has a genetic abnormality. There-
after, the mother sues the obstetrician for failing to offer an
AFP test to diagnose the genetic abnormality.

Two separate causes of action will likely be contemplated:
wrongful birth and wrongful life. Almost every court in the
United States has allowed an action for wrongful birth in this
circumstance, reasoning that the parent would have terminated
the child, and the family would have avoided the delivery of a
genetically defective infant. The courts have overwhelmingly
disallowed wrongful life claims, reasoning that it is better to
be born alive with a genetic defect rather than to have no life
as a result of the pregnancy termination.

In contesting a cause of action based upon the failure to
offer an AFP test, it should be remembered that the alphafeto-
protein test is only about 25 percent accurate in screening for
genetic defects. Therefore, more likely than not, an alphafe-
toprotein test will not raise the risk factor for genetic defect.
Several states have addressed whether such a cause of action
can be maintained in the absence of the usual “preponderance
of the evidence” requirement. States are divided on this issue,
some disallowing the cause of action because it is impossible
to prove this element by a preponderance of evidence while
others allow the action to proceed while limiting damages to
the extent of the percentage of likelihood that the genetic de-
fect would have been determined (24% times the dollar amount
of damages). Those courts that have allowed such a cause of
action to continue have actually changed the historical tort
preponderance of the evidence requirement.

CASE 2—FAILURE TO OFFER DOUBLE
OR TRIPLE SCREENING

A patient treating with her physician is not offered triple screen-
ing or double screening tests for genetic defects. Subsequently
the child is born with an abnormal karyotype. The patient sues
the physician contending that the patient would have termi-
nated had she known a genetic defect existed. An alphafeto-
protein test was performed but did not reveal an abnormality.

One of the significant questions in this particular case
is whether or not the standard of care required double or
triple screening. Currently, authors are divided on this is-
sue, some recommending double screening while others rec-
ommend triple screening. However, it would appear that the
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above and beyond the background rate when CVS was per-
formed. Prior to March 30, 1991, certainly no one should
ever be blamed for not informing a patient of a potential or
possible risk of transverse limb anomalies associated with
CVS.

The major question, however, is when the standard of care
changed to require informed consent to include a discussion
of the potential risk for transverse limb anomalies. Obviously,
one letter, such as that of Dr. Firth, would not have an imme-
diate impact and would not alter the standard of care even if a
physician were to have read the Lancet article. Just as impor-
tant as Dr. Firth’s findings in his own grouping is the portion
of his article that discusses the prior American and Canadian
studies that found no such increased risk of abnormalities in
CVSs performed primarily at 10 weeks or greater rather than
6 to 8 weeks. (As a matter of fact, it is very difficult to find
reliable data showing that there is a true risk of statistical sig-
nificance after 10–11 weeks.) Virtually every study that claims
to have made such a finding has arguable accuracy.

It is plausible that the standard of care did not change un-
til the publication of Dr. Barbara Burton’s article in May of
1992. Her study was the first American investigation to specif-
ically explore the CVS performed after 10 weeks gestation;
Dr. Burton concluded that an increased risk of limb anomalies
following CVS procedures indeed existed.

Although Dr. Burton’s article has been criticized by some
(especially since her fetal loss rate was higher than that of
other institutions), the following statement published for the
first time in an American study, probably changed the actual
standard of care:

Further data are needed to confirm this association and to quantify the
risks. Until such data are available, patients should be counselled that
there appears to be an increased risk of limb malformations associated
with CVS (See page 730).

Most institutions had probably already changed their coun-
selling procedures, but until this article surfaced, one can-
not say with certainty that the standard of care had actually
changed. The publication of Dr. Burton’s study and conclu-
sions in an American medical journal thus became the most
identifiable point at which one could view the standard of care
as having changed, regardless of the accuracy of Dr. Burton’s
analysis. In fact, in close proximity to the publication of
Dr. Burton’s findings, newspapers began publishing articles
supported by statements of prominent U.S. physicians indicat-
ing that this issue certainly raised the possibility of transverse
limb anomalies and that the patient should be advised of the
same.

From an historical perspective, one can come to the fol-
lowing conclusions:

1. Up until March of 1991, no one should be held responsible
for a failure of informed consent regarding CVS and its
potential association with transverse limb anomalies.

2. Between March of 1991 (Firth) and May of 1992 (Burton),
probably one should not be held responsible for an alleged
failure of informed consent since there clearly was a differ-

ence between the gestational ages studied by Dr. Firth and
the gestational ages in the American and Canadian CVS
groups.

3. After May of 1992, there appears to have been a duty to
inform patients of a potential association between trans-
verse limb anomalies and CVS procedures. Furthermore,
it probably was better to perform the procedure after
10 weeks than before depending upon the patient’s
request.

Today, it is difficult to determine exactly what a patient
should be told during a genetic counselling session, since the
data is not clear. There are those experts who will testify regard-
less of what was said to the patient, that had the patient really
“known” of the potential “real” risk, the patient would have
refused the procedure. In fact, one of the current experts com-
monly used by plaintiffs in these cases has made the statement
that certain institutions are generically violating the standard
of care as too many of the patients at those institutions un-
dergo CVS procedures. Therefore, an expert can determine,
by the number of patients alone who consent to such a pro-
cedure, that an institution is per se violating the standard of
care.

At a minimum, the following information needs to be con-
veyed to a patient:

1. CVS carries an increased risk of miscarriage above and
beyond amniocentesis.

2. CVS has been reported by some authors to carry an in-
creased risk of transverse limb anomalies above and be-
yond the background rate at specific gestational ages.

3. The patient should be given statistics from the local
institution regarding CVS and reported transverse limb
anomalies.

4. Upon request, the patient can be given references with
some statistics on both sides of the issue.

5. When one views the actual, small risk factors quoted per
10,000, one can understand why item #4 above is an im-
portant feature to have available for discussion with the
patient.

The World Health Organization now has upwards of
150,000 to 200,000 reported cases and yet has not shown any
risk of transverse limb anomaly above and beyond the back-
ground rate, whereas the published CDC study looked at es-
sentially a very small number of patients to arrive at the conclu-
sions that an increased risk existed at specific gestational ages.
Even in studies revealing an increased rate, however, trans-
verse limb anomalies are reported in the range of 1.5–2.3 per
10,000 for the background rate, whereas CVS exposed rates
are reported in the range of 1.4–7.4 per 10,000 (See the CDC
study).

When a patient begins to understand that the risk may only
be going from 2 per 10,000 to 7 per 10,000, the statistical
chances are so diminished, that the risk factor may not dis-
suade a patient who is interested in first trimester diagnosis
for psychological reasons. Quoting the actual rate per 10,000
is probably a better way to present it to a patient than simply
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saying that there may be a double, triple, or even 5- or 6-fold
increase in the rate of transverse limb anomalies.

The so-called increased risk found by certain investigators
has an apparently more dramatic impact on the investigators
and their papers than does the information so obtained have
on patients who are being counselled. Investigators who are
finding a doubling or a tripling of the risk of CVS and its
relationship to limb anomalies seem to lose focus on the fact
that they are nevertheless dealing with very tiny numbers out of
groupings of 10,000. An often overlooked portion of the CDC
findings concludes that those patients who were provided with
statistical data to assist them in the decision making process
chose to undergo CVS despite the increased risk:

. . . One study demonstrated that perspective patients who were pro-
vided with formal genetic counselling including information about
limb deficiencies and other risks and benefits, chose CVS at a rate
similar to a group of perspective patients who were counselled before
published reports of CVS-associated limb deficiencies (Cutillo DM
et al. from Prenatal Diagnosis 1994;14:327–332).

Whatever increased risk that might exist is apparently not
as substantial a factor to those patients who, for psychological
and/or physical reasons, desire to have a CVS early on rather
than wait until the second trimester for their diagnostic proce-
dures. To these patients, the maternal concerns and social pres-
sures apparently are of a greater impact than the small increased
statistical risk described in some academic research papers.

In conclusion, it can be stated that there are no doubt going
to be those “soapbox” experts who will testify rather regularly
regarding informed consent, the standard of care, and cause and
effect relationship between CVS and transverse limb anoma-
lies at any gestational age. It is highly likely that the cause
and effect relationship at specific gestational ages will even-
tually be attacked with a Daubert motion as to scientific reli-
ability, especially in those cases when the CVS was done at
10–11 weeks.

In the meantime, the best defense is to provide the patient
some information regarding the possible risk factors with CVS
and to document the same with a written consent form. Most
patients remember very little from informed consent discus-
sions, especially as time passes. There are even those patients
who, 6 months subsequent to having undergone surgery, can-
not accurately recall the type of surgery performed or the rea-
sons therefor. It is highly unlikely that a patient will recall the
specifics regarding an informed consent discussion relative to
CVS and its potential for causing transverse limb anomalies
many months or years after its occurrence; additionally, it is
common practice for a patient, now a plaintiff, to deny that such
a discussion ever took place during a deposition or at trial.
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68
POLITICS AND GENETIC
REPRODUCTIVE RISKS

Ruth S. Hanft

Rapid advances in genetic research as well as the ability to
identify potential life threatening and disabling illnesses in
utero have raised numerous economic, social, and ethical is-
sues. Politics has always been part of the scientific discussion
of research resource allocation, particularly the allocation of
federal dollars. The role of interest groups, such as academic
institutions and disease-specific organizations, that influence
resource policy, has been recognized for a long time.1 In recent
years, the clash of values between “right to life” and “choice”
groups have affected research and health-service delivery
policy.

Since the late 1970s, the rapid rise of healthcare costs,
concerns about the safety, efficacy, and cost effectiveness of
new technologies have become major political issues, particu-
larly as they relate to health insurance coverage under public
and private programs. For example, insurers’ policies on the
payment for genetic screening and counseling vary widely be-
cause most insurance does not cover preventive or screening
procedures. However, some states that regulate private health
insurance have mandated such coverage.

In many states, to assure access to care for treatable heredi-
tary diseases, public health departments and/or hospitals screen
newborns for various hereditary diseases, yet coverage for spe-
cific diseases varies widely. Tandem mass spectrometry is be-
ginning to spread. However, to some extent, politics determines
which diseases are screened on the basis of the number of pro-
ponents for that disorder within the state. Some states provide
the screening without charge, others charge fees. The end result
is that access to screening varies widely by state and disease.2

Access to screening of parents and fetuses also varies widely
depending on the availability of the services and the ability of
the individuals to pay.

Politics has dominated the dialogue on human reproduc-
tion and reproductive genetics and has gone beyond resolving
disputes over shares of the resources to interfering with scien-
tific independence and patient-physician relationship. At the
federal level, numerous efforts have been made to restrain sci-
entific research in the fields of reproduction and reproductive
genetics and limit the transfer of new technologies to the whole
population or specific subgroups. In addition, attempts by
the government have been made to constrain the private di-
alogue between patient and provider concerning personal
healthcare issues.

For the last 20 years, there has been substantial federal leg-
islative decisions related to scientific research and care largely
based on the right of reproductive choice and the status of em-
bryos and fetuses. Overlapping these issues are issues of the
right to die. Regarding the issue of abortion, the limits of abor-
tion and challenges to Roe v. Wade3 are the issues mainly
argued by the public. The issue of abortion has affected ba-
sic research advances, for instance, the U.S. production and
distribution of RU 486, research of embryos and fetal tis-
sue and the availability of diagnostic procedures that predict

death and disability as well as prevent and treat diseases such
as Parkinsonism, cancer, diabetes, and HIV. Current issues
include:

1. Limits on abortion. Some states have legislation that re-
quires parental notification of adolescent decisions to
abort. Also, the existence of waiting periods for abortions
after counseling and offering of alternatives to abortion.

2. The distribution of RU 486. Although the Food and Drug
Administration has granted approval of RU 486, there were
threats to boycott products of potential manufacturers as
well as delays in the distribution of the product. Recently,
the Food and Drug Administration refused to change reg-
ulations to permit the sale of over the counter postcortal
pregnancy prevention drugs to adolescents.

3. Withholding of research resources on political grounds.
There is a congressionally mandated ban against fed-
eral funding of fetal tissue research.4 Stem cell re-
search is controversial; opponents call it “lethal human
experimentation.”5

4. Restriction of access to technologies. Medical payment
programs, particularly Medicaid, attempt to restrict access
to health care programs for certain federal beneficiaries
such as the military and federal employees.

THE FEDERAL POLITICAL DYNAMIC

ELECTION TIME

During the last 8 years of the twentieth century, the executive
branch of government had been in the hands of the Demo-
cratic Party, which supported reproductive choice and fetal
tissue and stem cell research. Despite the pro-choice stance
of the administration, Congress, in both the House and Sen-
ate, was dominated by pro-life Republicans, who dominated
and still dominate key authorizing and appropriation commit-
tees. Continual attempts have been made by the majority in
Congress to restrict abortion, through legislation and riders to
unrelated legislation, which have been, by and large, vetoed by
President Clinton. In the Bush administration, the climate has
changed dramatically. Both houses of Congress are dominated
by Republicans.

Although stances on reproductive-genetic policies do not
correspond to particular political parties, the power and sup-
port of the pro-life and/or religious right interest groups are
stronger within the Republican Party. Some Republicans are
pro-choice, yet the views of the Republican majority range
from pro-life under any circumstance to abortion under spe-
cial conditions, e.g., rape, incest, danger to the mother’s life,
or, in some cases, the genetic diagnoses of diseases such as
Tay Sachs. By contrast, the issue of fetal tissue and brainstem
research divides normally pro-life Republicans.
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A
Abdomen (fetal)

abdominal tumors, 336
abdominal wall defects, 248–252, 333–335, 599–600

gastroschisis, 251–252
omphalocele, 249–250

astomia, 240
calcifications, 248
congenital agastria, 243
congenital duplication of the stomach, 242
congenital esophageal duplication, 241
congenital isolated esophageal atresia, 240–241
embryology, 239
esophageal atresia associated with tracheoesophageal

fistula, 241
esophageal stenosis, 241
esophagus, 240
expectation of ultrasound examination, 239
gallbladder, 247–248
gastrointestinal abnormalities, 239–40
large intestine, 245–246
larnyx and pharnyx, 240
laryngeal atresia, 240
laryngeal palsy, 240
liver, 246–247, 249t
microgastria, 243
nonvisualization of fetal stomach, causes of, 242t
normal and abnormal findings, 44
normal ultrasound appearance of upper GI tract, 241
overview, 239–240
pyloric atresia, 243
small intestine, 243, 243–245
spleen, 247, 249t
stomach, 241–242
stomach pseudomass, 242
teratoma, 240

Abdominal dystocia, 261
Abetalipoproteinemia, 12t
Abnormalities. See also specific abnormality

incidence of in multifetal gestation, 572t
percent incidence of in twins/singletons, 572t

Abnormal reconstitution, 46
Abortion, 537–546. See also First trimester termination;

Second trimester termination; Selective termination;
Spontaneous abortion

of anomalous fetus in multiple gestations (second trimester),
543–545

counseling, 715–716
difficulty of choices after prenatal diagnosis, 716t
ethical issues, 716–717
first trimester, 537–538

illegal, 704
laws, 284, 571, 741
minor’s right to consent to, 735–736
percentage of reported legal abortions, 539t
political issues, 741
presented as option for fetal anomalies, 581
privacy rights, 284
psychological aspects of, 524, 545–546
respecting different cultural perspectives on, 716–717
second trimester, 538–543
third trimester, 717

Abruptio placenta, 674
Acatalasia, 12t
Accessory lobe of the liver, 247
Accutane, 119
ACE inhibitors, 84t
Acentric chromosomes, 47
Acetylcholinesterase, 455, 476
Achalasia, 241
Achondrogenesis, 263, 265, 266
Achondroplasia, 10, 12t, 53, 263, 266–267
Acne medications, 119–120
Acrania, 641
Acrocallosal syndrome, 214
Acrocentric chromosomes, 46
Actinomyces israelli, 152
Acute intermittent porphyria, 636–637
Acute lymphoblastic leukemia, 647
Adenine phosphoribosyltransferase deficiency, 488
Adeno-associated virus, 684–685
Adenosine deaminase deficiency, 687
Adenoviruses, 684
Adult polycystic kidney disease (APDK), 501, 502
Advanced maternal age

genetic counseling and, 72
as indication for amniocentesis, 415
as indication for biochemical screening, 277, 283–285

African-descended population, single gene disorders
and, 12t

Age determination. See Fetal age determination
Agency for Health Care Policy and Research (AHCPR), 705
Agenesis, 211, 257

of the corpus callosum (ACC), 214–215, 377
of the liver, 247

Aging
Down syndrome and maternal age, 20–22, 21t, 315–316
Down syndrome and paternal age, 21
folic acid intake and, 647
as indication for CVS, 433
risk of abnormalities with, 571
somatic mtDNA mutations and, 33–34
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Aicardi’s syndrome, 215
Air embolization, 572–573
Alcohol abuse, during pregnancy, 123–128

diagnosing, 127
effects of alcohol, 125–126

low birth weight, 125
neural development, 126
neurobehavioral and neural abnormality, 125–126
spontaneous abortion/stillbirths, 125

paternal drinking, 125
prevention, 127
research issues, 126–127

Alcohol-related birth defects (ARBDs), 123
Alcohol-related neurodevelopmental disorders (ARNDs), 123
Allele drop out (ADO), 508
Alleles, 10
Allele-specific oligonucleotide hybridization, 497
Alloimmune thrombocytopenia (ATP), 444, 454
Alloimmunization, 443, 453
Alobar holoprosencephaly, 192, 212–213, 213
Alpha-fetoprotein, 279–280, 417, 419

failure of offer AFP test, 731
α-iduronidase, 487
α-l-antitrypsin deficiency, 499
α-thalassemia, 12t, 687
Alzheimer’s disease, 647
American Collaborative Report, 435
American College of Medical Genetics, 475, 481
American College of Obstetricians and Gynecologists Ethics Committee,

577
Amino acid disorders, 489–490

alcohol abuse and, 125
Aminophyllines, 143t
Aminopterin, 83t, 84
Amniocentesis, 415–419, 417, 423, 449, 475–476. See also Early

amniocentesis
chromosome aberrations found in, 5
fetal CMV infection and, 156
indications for prenatal diagnosis by, 415–416, 416t
interpretation of results, 417–418
legal issues, 732, 733
multiple gestations and, 418
safety and complications of, 419
special conditions for, 418
technical aspects of, 416–417
tetraploidy diagnosis from, 6

Amniodrainage, 462, 463–464
Amnioinfusion, 608
Amniomax, 475
Amniotic band syndrome (ABSd), 468, 642t
Amniotic fluid

embolism, 469
leakage, 419
physiology of, 410
ultrasound evaluation of, 410–411

Amputation, 468, 597
Analgesics, 142t
Anal rectal atresia, 246
Analyte-specific reagents, 481
Anasarca, 674, 675
Androgens, 84, 84t
Anemia, 345, 445
Anencephaly, 15, 178, 188, 209–210, 210, 331, 332, 575, 641, 643
Anesthetics, 143t
Aneuploidies, 5, 6, 19–30, 44, 475. See also Cytogenetics; Molecular

cytogenetics; Trisomy 21 (Down syndrome)
diagnosis using fetal cells from maternal blood, 507

Edwards syndrome, 19, 29
high-resistance umbilical artery Doppler study, 343
Patau syndrome, 19, 29
second semester sonographic markers for

Down syndrome, 309–317
Edward syndrome, 317, 317–321, 318, 319
Patau syndrome, 321, 321–322, 322
triploidy, 322–324, 323
Turner syndrome, 324, 324–325, 325

sex chromosome aneuploidy, 29–30
smaller-than-expected fetus and, 433

Aneurism of the vein of galen, 331, 380, 381
Angelman syndrome, 35, 36, 48, 439, 480, 481t, 486
Angiotensin-converting enzyme (ACE) inhibitors, 84t
Anhydramnios, 261, 606
Anomalies

obstetrical management of (See Obstetrical management of anomalies)
ultrasound diagnosis of, 187–194

Antiacne medications, 144t
Antiarrhythmic therapy

fetal, 676–677
maternal, 676

Antibiotics, 84t, 141, 142t
Anticipation phenomenon, 14, 37
Anticoagulants, 120, 144t
Anticonvulsant drugs, 83, 143t

Carbamazepine (Tegeretol), 115
Phenytoin, 114–115
Trimethadione, 118
Valproic acid, 115, 118

Antidepressant drugs, 118–119, 143t
Fluoxetine, 118–119
Lithium, 119

Antiemetics, 142t, 143t
Antihistamines, 142t
Antihypertensives, 85t
Antimalarials, 144t
Antimetabolites, 538
Antiprogestins, 538, 538t
Antipyretic drugs, 141, 142t
Antithyroid medications, 143t
Anti-tuberculosis therapy, 85t, 90, 142t
Aortic arch hypoplasia, 661
Aortic balloon valvuloplasty, 678–679
Aortic stenosis, 678
Arachnoid cysts, 219, 220, 378, 379
Arachnoid granulations, congenital absence of, 217
ARBDs. See Alcohol-related birth defects (ARBDs)
ARNDs. See Alcohol-related neurodevelopmental disorders (ARNDs)
Arnold-Chiari malformation, 189, 212, 217, 218, 601, 641
Arrhythmia (fetal), 193, 345, 585
Arterio-venous anastomosis, 461
Arteriovenous malformations, 666
Arthrogryposis, 193
Ascertainment bias, 113
Ascites, 193, 259
Ashkenazi Jewish population

autosomal recessive disorders and, 12t, 501
disease carrier frequencies, 74t
single gene disorders and, 12t, 485

Asians, autosomal recessive disorders in, 12t, 501
Aspartylglucoseaminuria, 12t
Aspirin intake, maternal, 85t, 673
Assisted reproductive technologies (ARTs), 433, 561, 566t

Down syndrome risk, 23–24
Astomia, 240
Ataxia telangiectasia, 7
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Atherosclerotic disease, 647
Atrial flutter, 665–666, 676
Atrial septal defect (ASD), 15t
Atrioventricular valves, 662
Autoimmune disorders, persisting fetal cells in maternal blood and,

510
Autopsy. See Fetal autopsy
Autosomal aneuploidies, 44–46
Autosomal dominant disorders, 10–11, 12t
Autosomal dominant pedigree, 11f
Autosomal recessive inheritance, 11–13

autosomal recessive pedigree, 13
characteristics, 12
X-linked pedigree, 13

Autosomal trisomies, 6
Avery, Oswald, 71

B
Bacteremia, post CVS, 434
Bacterial infections, and pregnancy, 149–152

Group A beta-hemolytic streptococcus, 150–153
Group B beta-hemolytic streptococci (GBS), 149–150

Bacteroidaceae, 152
Balanced rearrangements, 46–47
Balanced translocations, 478
Balloon atrial septoplasty, 679
Balloon valvuloplasty, 667
Banana sign, 189, 192, 212
Basal ganglia, 33–34
Bayesian analysis, 452
BDIS, 598
Beckwith-Wiedemann Syndrome (BWS), 35–36,

599
Behavioral development, alcohol abuse and, 125
Bell syndrome, 498
Beneficence, 707, 722
Benzoate/phenyacetate (Ucephan®), 636
Benzodiazepines, 85t, 90
ß-globin genotype, 509
Beta hCG levels, 438
Beta human chorionic gonadotrophin, 279
ß-thalassemia, 10, 12t, 499, 509, 687
Bilateral club feet, 358
Bilateral renal agenesis (BRA), 257, 501
Biochemical genetics, 485–490

assay conditions, 488–489
controls and blanks, 489
enzyme preparations, 488
fetal samples, 487–488
genetic heterogeneity, 486–487
mode of inheritance/family studies, 485–486
nonenzymatic defects, 490
separation and detection methods, 489–490
substrates and cofactors, 489

Biochemical screening, 277–285, 415
“advanced maternal age” and, 283–285
for chromosome abnormalities, 279–282
fundamental principles, 277–278
integrated testing

algorithmic questions, 282–283
first trimester, 282
Trisomy 18, 282

for neural tube defects, 279
public policy and ethical issues, 283
screening vs. diagnostic tests, 278t
two-step approach to fetal cell analysis, 281

Bioinformatics, 514–515

Biomed 2 Programme, 459
Biopsies, tissue. See Tissue biopsies
Bipolar coagulation, 467
Birth control movement, in U.S., 701
Birth defects, 3. See also Fetal anomalies and birth defects

environmental/occupatational exposure and, 140–141
psychological reaction to, 523

Birth weight, effect of alcohol abuse on, 125
Blacks, autosomal recessive disorders in, 12t
Bladder (fetal), 257. See also Genitourinary tract abnormalities

bladder outlet obstruction, 477
enlarged, demonstrating keyhole sign, 258

Blair v. Hutzel Hospital, 729
Bleeding, after CVS, 437
Blighted ovum, 6
Blood transfusion, fetal, 459
Bloom’s syndrome, 7, 12t
Body stalk anomaly, 300
Body wall defects, 642t
Bone marrow donors, 502
Bone marrow transplantation, 691
Boston Children’s Hospital, 679
Brachycephaly, 44
Bradyarrhythmia (fetal), 585–586
Bradycardia (fetal), 445, 674, 675, 677
Brain imaging. See also Neurosonography

corpus callosum and midbrain structures, 369
multiplanar display of midline structures, 360
posterior fossa, 369–371, 370
transvaginal fetal neuroscan, 365–369

Brain tumors (fetal), 221–222
Breast cancer, 501, 502, 647

chemotherapy during pregancy, 178–179
Bronchial cyst, 610, 612t
Bronchioalveolar carcinoma, 628
Bronchogenic cysts, 628
Bronchopulmonary sequestration, 346
Brushfield spots, 44
Bulky disease, 180
Burton, Barbara, 737
BWS. See Beckwith-Wiedemann Syndrome (BWS)

C
Caffeine, 86t, 90–91, 665
Calcium flux, 673
Calymmatobacterium granulomatis, 152
Campomelic dysplasia, 268–269
Canadian Collaborative CVS-Amniocentesis Clinical Trial, 433
Canavan, 12t
Cancer. See also Chemotherapy, in pregnancy; specific type of cancer

chemotherapeutic drugs, 144t
folic acid intake and, 646
radiation exposure and, 171, 173–174

Cannon waves, 675
Cannulas, 459–460
Capillary hemangiomata, 45
Carbamazepine (Tegeretol), 86t, 91–92, 115
Carbamyl phosphate synthetase deficiency, 451
Cardiac abnormalities, obstetric management of, 584

diaphragmatic hernia, 586–587
extrasystole, 585
fetal arrhythmia, 585
structural cardiac anomalies, 584–585
sustained bradyarrhythmia, 585–586
sustained tachyarrhythmia, 585
ventral wall defects, 587–588

Cardiac function, 229
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Cardiac imaging techniques, 227–229
Cardiac malformations, isotretinoin ingestion and, 120
Cardiac tamponade, 573, 573
Cardiac therapy, 671–680

aortic balloon valvuloplasty, 678–679
clinical implications, 673–775

calcium flux, 673
nonimmune hydrops fetalis, 674
preload and afterload reserve, 673–674

evolution of fetal congenital heart disease, 675
fetal antiarrhythmic therapy

bradycardia and, 677
tachycardia and, 676–677

fetal cardiovascular physiology, 671–672
fetal congestive heart failure and, 677–678
fetal myocardial performance, 672–673
future directions in, 679
interventional cardiac catheterization of fetus, 678–679
pulmonary balloon valvuloplasty, 679
in utero, 675–676

Cardiovascular diseases
folic acid and, 646, 647
future of surgery for, 667–668

Cardiovascular system, evaluation of, 653–668. See also Heart and vascular
malformations

blood flow distribution, 663–665
cardiac area/thoracic area ratio measurement, 659
cardiac structure, 659–661
Doppler echocardiography, 662–663
echocardiography

essential components of, 659t
indications for, 655–659, 655t
purpose of, 654–655

fetal circulation, 654
noncongenital heart disease, 666–667
normal view of heart, 660
rhythm disturbances in the fetus, 665–666
tomographic views used for imaging of fetal heart, 656–658
transposition of the great arteries, 661
uniqueness of fetal system, 653–654

Carrier detection, 501–502
C-banding, 41
CDH. See Congenital diaphragmatic hernia (CDH)
Cebocephaly, 45
Cell differentiation, 63–66
Cell membrane dysfunction, 10
Cell memory, 66
Central nervous system

diagnosed with 3-D ultrasound, 359
fetal genetic therapy and, 688
fetopsy of tissue, 553–554
obstetric management of anomalies, 582
tumors, 346

Centromeric probes, 482
Cephalic pole malformations, 331
Cephaloceles, 211
Cephalocentesis, 195
Cerebellar hypoplasia, 380
Cerebral parenchyma, progressive degeneration of, 331
Ceredase®, 636
Chain termination mutations, 10
Chang, 475
CHARGE association, 61
Charge flow separation, 506
CHD7, 61
Chelation therapy, 637
Chemical cleavage of mismatch (CCM), 499

Chemical matrix, 513
Chemotherapy, in pregnancy, 141, 144t, 177–182

breast cancer, 178–179
chemotherapeutic agents, classification of, 177–182
colon cancer, 182
leukemia, 179
lymphoma, 179–181
melanoma, 181–182
ovarian cancer, 181

Chickenpox (varicella), 160
Chinese

alpha thalassemia and, 12t
autosomal recessive disorders and, 12t

Chlamydia trachomatis, 150–151
Chondroectodermal dysplasia, 269
Chorangioma, 409
Chorioamnionitis, 419, 608
Chorionicity, 349, 350t, 409
Chorionic villus sampling (CVS), 7, 423, 433–440, 449, 476–477, 487

accuracy of, 438
complications, 437–439
confined placental mosaicism and, 439
fetal virus infections and, 156
indications, 433
informed consent/legal risks, 736–738
lab methodology, 476–477
long-term infant development after, 438
multiple gestations and, 433
posterior early, 436
procedure, 433–435
risk of fetal abnormalities following, 436–437
safety of, 433, 435–436
transcervical, 434, 476
trisomy rescue and, 36

Chorionic villous sampling (CVS), 92
Choroid plexus, 205, 331
Choroid plexus cysts (CPC), 192, 219, 220, 319–321, 334, 378

and chromosomal aneuploidy, 378t
Choroid plexus papillomas, 221
Christmas disease, 487
Chromatin-DNA, 65
Chromosomal aberrations, 41, 43–48

autosomal aneuploidies, 44–46
balanced rearrangements, 46–47
diagnosis of indirect signs of, 337–339
DiGeorge syndrome, 48
frequency of, 43
inversions, 47
microdeletion syndromes, 48
Miller-Dieker syndrome, 48
numerical, 43–44
Prader-Willi and Angelman syndromes, 48
structural abnormalities, 46
subtelomeric rearrangements, 48
unbalanced rearrangements, 47–48
velocardiofacial (VCF) syndrome, 48
Williams syndrome, 48

Chromosomal anomalies, 5–8
detected in amniocentesis, 415
frequency of, 5t
numerical, 5–7
obstetric management of, 591
structural, 7–8

Chromosomal breakage, 46
Chromosomal mosaicism, 7
Chromosome analysis requirements/guidelines, 475–476
Chromosome 15, 439, 482
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Chromosomes, 3–5, 41. See also Chromosomal anomalies
Cimetidine, 119
Class bias, 701
Cleft lip and/or palate, 14, 15t, 45, 358
Cleidocranial dysplasia, 271
Clinical equipoise, 722
Cloaca, developmental abnormalities of, 607
Cloacal anomalies, 259
Cloning, 36
“Closed” spina bifida, 641
Clostridia, 152
Clubfoot, 193, 194, 358
CNS-derived neural progenitor cells, 688
Coagulation disorders, 687–688
Cocaine, 86t, 100–101
College of American Pathologists (CAP), 475, 481
Colobomata, 45
Colon atresia, 246
Colon cancer, 182, 646–647
Colon duplication, 246
Color blindness, 14t
Colorectal cancer. See Colon cancer
Complete congenital heart block, 585
Computer and ultrasound, 383–385
Conception, and intercourse frequency, 135, 136t
Confidentiality, 744
Confined placental mosaicism, 439
Congenital adrenal hyperplasia, 633–634
Congenital agastria, 243
Congenital amputation, 597
Congenital anomalies, assessment and management of, 595–602

abdominal wall defects, 599–600
congenital cystic adenomatoid malformation, 599
congenital diaphragmatic hernia, 599
congenital heart disease, 597t
ethical considerations, 601
hydrops fetalis, 598–599, 598t, 599t
interpretation of diagnostic studies, 595
myelomeningocele, 601
physical assessment, 596
postnatal diagnostic studies, 597–598
renal anomalies, 600–601
resuscitation, 595–596

Congenital bullous epidermolysis, 449
Congenital cystic adenomatoid malformation (CCAM), 599, 627–631,

666
accuracy of prenatal diagnosis, 629
antenatal diagnosis of, 628–629
disappearing lung lesions, 629
embryology, 627
fetal surgery, 630
fetal therapy, 629–630
natural history, 627–628
postnatal management, 630–631
prenatal management strategy, 630

Congenital cystic adenomatoid malformation (CCAM) shunt therapy,
610–613

differential diagnosis in CCAM, 612t
MRIs, 611, 612
prenatal evaluation, 610–611
sonographic images, 611–613
technique, 611–612

Congenital diaphragmatic hernia (CDH), 191, 599, 617–624, 628, 666
algorithm for management of affected fetus, 623
experimental correction of simulated, 618
“liver up” and “liver down,” 621
maternal and fetal considerations, 619–621

mortality rate, 618, 619
prenatal diagnosis and prognosis, 618–619
rationale for in utero intervention, 617
sonography, 618
in utero surgical correction, 617–621

complete CDH repair, 621
EXIT procedure, 622, 622–623
fetoscopic tracheal ternal laparotomy, 623
future directions in, 624
maternal perioperative care, 620–621
PLUG, 621–624
tracheal occlusion, 622
“two-step” technique, 621

Congenital dislocation of hip (CDH), 15t
Congenital esophageal atresia, 240–241
Congenital esophageal duplication, 241
Congenital heart disease, 14, 15t, 584–585, 597, 653. See also Cardiac therapy

conditions associated with, 597t
heart block, 677
omphaloceles and, 599
timeline for detection/diagnosis of, 654

Congenital hypophosphatasia (perinatal lethal type), 270–271
Congenital hypothyroidism, 501, 633
Congenital ichthyosiform ertheraderma, 449
Congenital infection, 444, 454
Congenital mesoblastic nephroma, 261
Congenital nephrosis, 12t
Conjoined twins, 351–353, 355
Conotruncal malformations, 232
Consanguinity, 12, 74
Contiguous gene syndromes, 47
Contraceptives

barrier, 135
oral, 113, 135

Cord
cord occlusion, 466–468

bipolar coagulation, 467
fetoscopic cord ligation, 467
laser coagulation, 466–467
monopolar coagulation, 467

entanglement, 350
fetoscopic ligation, 467, 575
fetoscopic surgery on, 461

Cordocentesis, 7, 443–446, 449, 453–448, 607
complications/risk factors for, 445–446, 445t
indications and applications for, 444–445, 444t, 454–447
methods, 443–444, 453–454

Coronal planes, 203, 203–204
Corpus callosum, 190

absence of, 126
agenesis of, 214, 214–215
neuroscan of, 370, 375

Cortical cysts, 606
Coumadin derivatives, 92–93
Coumarin derivatives, 86t, 120
Counseling, 703. See also Genetic counseling

for abnormalities, 529–535
facilitation of waiting period, 530–532
indication for prenatal diagnosis, 529
prenatal diagnostic techniques and, 529–530

abortion counseling, 715–716
of both parents, 715
content of, 713
decision-making process

continuing the pregnancy, 534
termination of pregnancy, 532–533

followup, 534–535

ak
us

he
r-li

b.r
u



INDEX 767

cephlocentesis, 195
diagnosis of fetal anomalies, 187–194
dilatation behind an obstruction, 188–189
herniation through structural defects, 189
management of pregnancy complicated by an anomaly, 194–196
nonaggressive management of pregnancy, 195
presence of additional structure, 190–192
and subsequent termination of pregnancy, 195

Ultrasound-guided biopsies, 449–451
Umbilical artery imaging, 338, 662, 664
Umbilical artery resistance index, 445
Umbilical cord

Doppler imaging of, 338, 339
pseudocysts of, 338

Umbilical placental flow velocity waveforms, 343–345, 344t
Umbilical vein imaging, 663, 664
Umbilical vein puncture, 445
Umbilical venous pressure (UVP), elevated, 444–445, 454–447
Unbalanced rearrangements, 47–48
Unbalanced translocations, 478
Unconjugated estriol (uE3), 279–280
Unilateral renal agenesis, 257
Unilocular cysts, 628
Uniparental disomy (UPD), 36, 475, 480

confined placental mosaicism and, 439
Universal health insurance coverage, 744
Ureteral pelvic junction obstruction, 258
Ureterovesicojunction abnormalities, 258
Urinary tract

dilatation or obstruction, 258
infections (UTI), 151
obstruction, 552 (See also Obstructive uropathies)

Urine, fetal, 477
Uterine duplication or atresias, 259
Uterine vascular disruption, 437

V
VACTERL, 61
Vaginal duplication or atresias, 259
Valproic acid, 115, 118
Valvuloplasty, 667
“Vanishing twin,” 433
Variable number of tandem repeats (VNTRs), 439
Variant chromosomes, 478
Varicella-zoster virus (VZV), 160–161
Vascular anastomoses, 574
Vascular dementia, 647
Vascular embolization, 575
Vascular malformations. See Heart and vascular malformations
Vascular systems, blood flow distribution of, 663–665
Vas defferens, congenital absence of, 501
Vasodilators, 143t
VATER, 61
VCFS syndrome. See Velocardiofacial syndrome (VCFS)
Velocardiofacial syndrome (VCFS), 42, 48, 481t, 482
Ventral wall defects, 587–588
Ventricular spetal defect (VSD), 15t

Ventriculomegaly, 215, 217–219
neonatal outcome of, 219t
neuroscan of, 374–375
obstetric management of, 583–584

Vesicoamniotic shunt procedure, 607–610
complications, 609–610
fetal urine parameters, 607t
follow-up, 610
patient selection, 608
prenatal evaluation, 606–608
technique, 608–609

Vesicocentesis, 259, 607
Vesico-ureteric reflux, 260
“Viking helmet,” 214
Viral agents, and reproductive risks, 155–164

cytomegalovirus, 157–159
diagnostic approach, 155–56
enteroviruses, 162
Epstein-Barr virus, 160
fetal effects of intrauterine infections, 156t
hepatitus C, 161
herpes simplex virus, 159
HIV, 162–164
influenza, 162
mumps, 162
parvovirus, 161
rubella, 156–157
varicella-zoster virus, 160

Virally directed enzyme prodrug therapy, 683–684
Viral vectors, 684–685
Voiding cystourethrogram (VCUG), 597, 600, 601
Volume measurements, with 3-D ultrasound, 361
Von Gierke’s disease, 451
Vulvulous, 245

W
Walker-Warburg syndrome, 215, 642t
Warfarin, 92–93, 120
Watson, James, 71
Wayne State University Teratogen Rating System, 113,

116–117t
Wertz, Dorothy C., 707
Wharton’s jelly, 338
Williams syndrome, 48, 481t
Wilms’s tumor, 36
Wilson disease, 637
Wolf-Hirschhorn syndrome (4p deletion syndrome), 48, 481t

X
X chromosome-derived markers, 482
X-linked dominant syndromes, 215
X-linked hydrocephalus, 214
X-linked inheritance, 13–14t, 53–54
X-linked spastic paraplegia, 214

Z
Zygocity, 349, 350tak
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