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COLOR PLATE |
A transverse view of lower fetal abdomen on ultrasound at 16 weeks,
showing a dilated bladder with a keyhole sign (see Fig. 13-3).

COLOR PLATE 3

Fetal cystoscopic view of a fetal bladder and the proximal urethra (*)
(see Fig. 13-6).
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COLOR PLATE 4

Flow in ductus venosus of a fetus with reentrant supraventricular
tachycardia. Normal flow is unidirectional in contrast with
bidirectional flow shown here (see Fig. 16-3).

COLOR PLATE 2
Color Doppler/power Doppler showing renal arteries in a normal fetus
(A) but absent from a fetus with renal agenesis (B) (see Fig. 13-5).

COLOR PLATE 5

B, Same section with power Doppler superimposed showing the arch
with its three branches: innominate artery (1), left carotid artery (C )
and subclavian artery (S) (see Fig. 17-5).
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COLOR PLATE 7
Parasagittal view of the fetal trunk with the sample volume placed on
the inferior vena cava. Note the typical triphasic morphology with the
reverse flow (upper channel) during atrial contraction (A wave)

(see Fig. 17—12).

COLOR PLATE 6

Apical four-chamber view of the fetal heart showing the inlet of the

pulmonary veins (PV) in the left atrium in real time (A) and with the

help of color (B) and power (Q Doppler (see Fig. 17-11). COLOR PLATE 8
Transverse section of the upper fetal abdomen with the sample
volume placed on the ductus venosus. Note the typical biphasic
morphology (see Fig. 17-13).



COLOR PLATE 9
A, Apical flow chamber view of the fetal heart showing the normal filling of the two ventricles (red color). B, Pulsed Doppler tracing from tricuspid

valve. Note the typical morphology (E and A waves) and the absence of flow during systole (see Fig. 17-15).

COLOR PLATE 10

A, Short-axis view of the fetal heart with the color Doppler superimposed showing the outflow of the right ventricle (blue). B, Pulsed Doppler
tracing at the level of the pulmonary valve and the typical velocity waveform recorded. PV peak velocity, TPV time to peak velocitv

(see Fig. 17-16).

COLOR PLATE 11
Long-axis view of the fetal heart with the
color Doppler superimposed showing the
outflow of the left ventricle (blue). The
sample volume is placed at the level of the
aorta and the typical velocity waveform
recorded (see Fig. 17-17).
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COLOR PLATE 12

Three-vessel view with the color Doppler superimposed showing
pulmonary artery (PA) and ascending aorta (AO) with the same flow
direction (see Fig. 17—18).

COLOR PLATE 13

Three-vessel view in a fetus with pulmonary atresia. A, The
pulmonary artery is not evidenced (?) in real-time image. B, With the
color Doppler superimposed, a small caliber pulmonary artery is
identified with reversal flow (red) indicating retrograde perfusion from
the systemic circulation to pulmonary circulation (see Fig. 17-19).

COLOR PLATE 14

This small perimembranous septal defect is visualized with the help of
color Doppler. High-velocity jet from the left to the right ventricle is
due to the association of aortic stenosis (see Fig. 17-21).

COLOR PLATE 15

The color Doppler shows the normal filling of the right ventricle (red)
and the absent filling of the left ventricle (mitral atresia). LV, left
ventricle; RV, right ventricle (see Fig. 17-25B).



COLOR PLATE 16

Color Doppler shows the absent filling of the right ventricle (tricuspid COLOR PLATE 18

atresia). LV, left ventricle; RVJ right ventricle (see Fig. 17-26B). Color Doppler image with the pulsed Doppler sample placed on the
aortic valve showing high velocities (PV >220 cm/sec) suggestive of

aortic stenosis (see Fig. 17-28).

COLOR PLATE 17
Apical four-chamber view in the presence of a pulmonary atresia and intact septum. When the color Doppler is superimposed a high-velocity

retrograde jet is seen {blue) (fi) and a holosystolic high velocity (>2 m/sec) tricuspid regurgitation is measured by pulsed Doppler (Q. LA, left
atrium; RA, right atrium; LV, left ventricle; RV, right ventricle (see Fig. 17-21B,C).



COLOR PLATE 19

Short-axis view of the fetal heart in a fetus with pulmonary stenosis. A, Narrowing of the valve. B, Color Doppler superimposed showing high

\(/elocities in pu)lmonary artery (PA). Pulsed Doppler demonstrates high-velocity waveforms (180 cm/sec) consistent with pulmonary stenosis
see Fig. 17-30).



COLOR PLATE 20
Example of correct transposition of great artery with intact septum.
The heart is seen in long axis, and in contrast to normal, both great
arteries are seen in this projection. They arise in parallel orientation
with the aorta (AO) from the anterior right ventricle (RV) and the
pulmonary artery (PA) from the posterior left ventricle (LV) (see Fig.

COLOR PLATE 22
Tetralogy of Fallot. Color Doppler demonstrates the presence of the
ventricular septal defect (5) and pulsed Doppler placed at the level of
pulmonary valve demonstrates the presence of high velocities (>2
m/sec) consistent with pulmonary stenosis (C) (see Fig. 17-35B,C).

COLOR PLATE 21
Long-axis view of the fetal heart in a fetus with tetralogy of Fallot. A,
The aorta (AO) is overriding the left (LV) and right ventricles (RV) in
real time. B, The color Doppler shows the perfusion during systole
from the left (LV) and right (RV) ventricles into the overriding aorta
(AO) (Y sign) (see Fig. 17-34).



COLOR PLATE 25
Arch view in presence of a hypoplastic left ventricle. The arch is

COLOR PLATE 23 . perfused in the reverse direction (blue color is seen instead of red)
Double outlet right ventricle. Both great vessels originate from the suggesting that the brain and coronary circulation depend on the right
right ventricle (RV). Furthermore the PA is atretic and a retrograde ventricle. AO, aorta (see Fig. 17-39).

flow (blue) is evident, suggesting that the pulmonary circulation
depends on the aorta (B) (see Fig. 17-36B).

COLOR PLATE 26
Transverse section through fetal head using color Doppler
demonstrating blood flow in cystic structure, vein of Galen (see Fig.
18-15C).

COLOR PLATE 24

Truncus arteriosus. Color Doppler allows the visualization of the

origin of the right (RPA) and left (LPA) pulmonary arteries from the

truncus (TR) (see Fig. 17-37B).



COLOR PLATE 27

Three-dimensional reconstruction of a CT-angiogram ofa
monochorionic placenta at term, showing an equal distribution of the
placental mass and a large arterioarterial and venovenous superficial
anastomosis (arrows), (see Fig. 24—2). (In collaboration with M.
Cannie, UZ Leuven, Belgium.)
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COLOR PLATE 28

Doppler pattern of intermittent absent end-diastolic flow as typically
seen in the smaller twin of a monochorionic pair with discordant
growth (see Fig. 24—7).

COLOR PLATE 29
Characteristic bidirectional Doppler pattern in an arterioarterial
anastomosis, which confirms monochorionicity (see Fig. 24-8).

COLOR PLATE 30

Macroscopic image of large-diameter anastomoses and side-to-side
insertion of the umbilical cords as typically seen in a monoamniotic
twin pregnancy (see Fig. 24—9A).



COLOR PLATE 31

Cord entanglement and knotting at birth in a monoamniotic twin
pregnancy (see Fig. 24—12). (Courtesy of S. Dobbelaere, H. Hart
Hospital, Lier, Belgium.)

COLOR PLATE 32

Fetoscopic image during (A) and after (B) umbilical cord transsection by laser in a monoamniotic twin pregnancy with a severe discordant
anomaly (see Fig. 24—13).



COLOR PLATE 33
Doppler examination of the middle cerebral artery of the surviving
twin of a monochorionic pair at 20 weeks’ gestation, within 4 days
after SIUFD of the growth-retarded co-twin (see Fig. 24-15).

COLOR PLATE 34

Macroscopic image of an acardiac twin with absent head and partial

development of lower limbs and abdomen. This acardiac mass

weighed about 4 kg and was not diagnosed until the third trimester.

'1:'_he ftileGnt delivered at 37 weeks, and the pump twin survived (see
ig. 24-
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COLOR PLATE 35

Doppler examination demonstrating cardiac activity in the
rudimentary heart (70 bpm) of the acardiac twin, with flow in the
opposite direction in the aorta (140 bpm) (see Fig.24-17).

COLOR PLATE 36
Doppler examination at 15 weeks’ gestation, demonstrating the
typical, retrograde flow from the pump twin toward the acardiac twin
over an arterioarterial anastomosis (arrow) (see Fig. 24-185).

85dB  S1/+1/3/4
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COLOR PLATE 37
Ultrasound image of membrane folding in a monochorionic twin
pregnancy, which reflects discordant amniotic fluid in a
monochorionic twin pregnancy (see Fig. 24-23).

COLOR PLATE 38
Macroscopic image of a placenta at birth demonstrating
“bichorionization” and laser impact (arrows) on the monochorionic
placenta after laser coagulation for twin-to-twin transfusion svndrome
(see Fig. 24-24).



COLOR PLATE 39

A, Fetoscopic image of laser coagulation of an arteriovenous anastomosis for twin-to-twin transfusion syndrome. B, Fetoscopic image of the hands of
the donor twin, who is stuck behind the intertwin septum. C, Fetoscopic image of the face of the recipient, who moves freely in the hydramniotic sac
(see Fig. 24-26).



COLOR PLATE 43

Stretchmarks (striae gravidarum) on the lateral aspects of the
abdomen and hyperpigmentation of the linea alba, causing
development of the linea nigra (see Fig. 52-2).

COLOR PLATE 40
Fetoscopic image of laser cord coagulation (see Fig. 24—28).

COLOR PLATE 44
Telogen effluvium, which developed in the immediate postpartum
period, with typical temporal recession and thinning (see Fig. 52-3).

COLOR PLATE 41
Dermatologic features observed in obstetric cholestasis cases:
Dermatitis artefacta (see Fig. 48-1).

COLOR PLATE 45
Melasma of the entire central face (see Fig. 52-4).

COLOR PLATE 42
Spider angioma (telangiectasia) on the arm (see Fig. 52-1).



COLOR PLATE 46

Pseudoacanthosis nigricans may develop in skin of color during
pregnancy and manifests itself as hyperpigmented velvety plagques on
the axillae (as shown) and neck (see Fig. 52-5).

COLOR PLATE 47

Grayish-brown ill-defined patches of dermal melanocytosis may
develop in pregnancy and persist in the postpartum period (see Fig.
52-6).

COLOR PLATE 48

Extensive postinflammatory hyperpigmentation secondary to

pruritic urticarial papules and plaques of pregnancy in an Asian female
(see Fig. 52-7).

COLOR PLATE 49

A, Early impetigo herpetiformis: discrete group sterile papules at the
periphery of erythematous patch. B, Generalized advanced lesions of
impetigo herpetiformis show crusting or vegetations (see Fig. 52-8).
(Photographs courtesy of Aleksandr Itkin, MD.)

COLOR PLATE 50
Hyperpigmented minimally scaly patches on the chest in a pregnant
female with tinea versicolor (see Fig. 52-9).



COLOR PLATE 53

Pyogenic granuloma of pregnancy (granuloma gravidarum), typically
seen on the gingivae, can also develop on extramucosal sites (see Fig.
52-12).

COLOR PLATE 51

Malar erythema in a butterfly distribution in a pregnant woman with
systemic lupus erythematosus (see Fig. 52-10). (Photograph courtesy
of Cameron Thomas, Campbell Kennedy, and Phillipa Kyle from
second edition.)

COLOR PLATE 54
Keloid that developed during pregnancy without previous trauma (see
Fig. 52-13).
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COLOR PLATE 52
Melanocytic nevus that became darker and developed a mild border
irregularity during gestation (see Fig. 52-11).

COLOR PLATE 55
Minimal residual skin lesions of sarcoidosis on the knee in a pregnant
female who showed severe generalized skin sarcoidosis before
gestation (see Fig. 52-14).



COLOR PLATE 56

A, Pruritic abdominal urticarial lesions usually develop in the early
phase of herpes gestationis. B, Characteristic tense vesicles on an
erythematous base on the forearm in a patient with herpes gestationis,
(see Fig. 52-15). (Photographs courtesy ofleffrey Callen, MD.)

COLOR PLATE 57

A, Early PUPPP showing typical urticarial lesions in the abdominal
striae. B, Lesions with microvesiculated appearance on the forearm in
PUPPP. C, Widespread PUPPP may resemble a toxic erythema (see
Fig. 52-16). (Photograph courtesy of Helen Raynham, MD.)



COLOR PLATE 58
Prurigo gestationis: excoriated papules and nodules on the extensor
surfaces of the extremities (see Fig. 52-17). (Photograph courtesy of
Cda_mero)n Thomas, Campbell Kennedy, and Phillipa Kyle from second
edition.

Left fallopian Right fallopian
tube tube

COLOR PLATE 60
Posterior view of compression sutures (see Fig. 77-9). From Hayman
RG, Arulkumaran S, Steer PJ: Uterine compression sutures: Surgical
management of postpartum hemorrhage. Obstet Gynecol
2002;99:502-506.

COLOR PLATE 59

A, Pruritic folliculitis of pregnancy: typical follicular erythematous or
pigmented papules on the abdomen. B, Follicular acneform pustules
and papules on the upper back in pruritic folliculitis of premancv (see
Fig. 52-18). 5 *



EVIDENCE-BASED SUMMARY OF

MANGEMENT

One of the most popular features of the first two editions
of High Risk Pregnancy: Management Options was the
“Summary of Management Options” (SOMO) Box. The
SOMO Box was placed at the end of each chapter or sec-
tion within a chapter and presented the reader with an
aide memoire of the main points regarding the manage-
ment options for a specific condition discussed in detail
in the chapter.

In 2003, the SOMO Boxes were compiled into a sepa-
rate publication: Evidence Based Obstetrics. For that
book, however, the SOMO Boxes were expanded to
include an evidence-based scoring system. Each manage-
ment option was scored on the basis of the quality of evi-
dence that underpinned that strategy. The strength of
recommendation for a given management option would
inevitably result from the quality of evidence, with the
highest recommendation being linked with the best qual-
ity of evidence.

For the third edition of High Risk Pregnancy:
Management Options the editors have agreed to include
the same evidence-based approach in the SOMO Boxes.

The following is the evidence based scoring system
that is used in this book for the SOMO Boxes.

Scoring System for Summary of Management

Options Boxes

Quality (Level) of Evidence

la Evidence obtained from meta-analysis of ran-
domized controlled trials

OPTIONS

BOXES

Ib Evidence obtained from at least one randomized
controlled trial

Ha Evidence obtained from at least one well-
designed controlled study without randomization

Hb Evidence obtained from at least one other type
of well-designed quasi-experimental study

11 Evidence obtained from well-designed non-
experimental descriptive studies, such as compar-
ative studies, correlation studies, and case studies

v Evidence obtained from expert committee
reports or opinions and/or clinical experience of
respected authorities

Strength (Grade) of Recommendation

A At least one randomized controlled trial as part
ofa body of literature of overall good quality and
consistency addressing the specific recommen-
dation (Evidence Levels la or Ib)

B Well-controlled clinical studies available but no
randomized clinical trials on the topic of the rec-
ommendations (Evidence Levels Ha, lib, or I1I)

C Evidence obtained from expert committee

reports or opinions and/or clinical experiences

of respected authorities. Indicates an absence of
directly applicable clinical studies of good qual-

ity (Evidence Level IV)

Good Practice Point: recommended best prac-

tice based on the clinical experience of the chap-

ter authors and editors

GPP

Xvil



PREFACE TO THE

This new international textbook in obstetrics will, we
believe, be of major value to all practicing clinicians, be
they trainees or established in practice.

It aims to assist with the questions: How do | manage
this patient? or How do | perform this procedure?

It presents a wide range of reputable management
options. Unlike many traditional texts, based on a single
individual’s experience and view, all the contributors to
each section were asked to give their preferred manage-
ment in all areas of their section. Each resulting chapter
reflects that wide range of acceptable practice. This
means you will have a choice about which option or com-
bination of options suits you and your patient.

This book is designated to be practical. It addresses
those difficult questions which arise in practice, which

FIRST EDITION

often stem not only from the medical facts, but from the
constraints of time, facilities, finance, and patient accept-
ability. Moreover, we have standardized the presentation
of each topic as far as possible (while still allowing the
personality of the original authors to shine through!) to
enable the reader to become familiar with the format.

We have deliberately chosen a panel of contributors
who are both leaders in their field and who can represent
practice in the USA, Europe, and Australasia and this we
feel gives the text a unique universality.

Finally it is our intention that the book is comprehen-
sive. We hope that we will have something to say on all
the important problems you come across. Ifyou find any
exceptions, please let us know, with your comments, in
time for the next edition.

XiX



PREFACE TO THE THIRD

Welcome to the third edition of High Risk Pregnancy:
Management Options. We hope this edition will build on
the success of the first two. In particular, we seek its con-
tinued growth in reputation as a true International
Postgraduate Textbook. Although the majority of con-
tributors come from the United States, the author list
includes representatives from all over the world (UK,
Ireland, Netherlands, France, Italy, Germany, Belgium,
Israel, Iceland, South Africa, Hong Kong, Australia, and
New Zealand).

We have made the following significant improvements
to the third edition whilst maintaining the key character-
istic features of previous editions:

m a major overhaul and revision of the book’s appearance
to further enhance readability

m a clearer presentation of the text while keeping to the
original layout style of
m “Introduction”
m “Risks (Maternal and Fetal)”
m “Management Options (Prepregnancy, Prenatal,

Labor and Delivery, Postnatal)”

m “Summary of Management Options” Box

m The Summary of Management Options Box includes
evidence-based scoring for each management strategy
proposed. It illustrates how strong the evidence is for
your actions

m The majority of the 82 chapters are essentially new
contributions designed to address changes in the field:

EDITION

m The 14 new chapters are (Prepregnancy antecedents
[1], Midpregnancy problems [6], Screening for fetal
abnormality [7 and 8], Management of the abnormal
screening test [9], Invasive procedures for prenatal
diagnosis [10], Critical evaluation of prenatal fetal
assessment methods [11], Intrauterine infection,
preterm parturition, and the fetal inflammatory
response syndrome [27], Pregnancy following trans-
plantation [54], Psychiatric illness [56], Screening for
prelabor membrane rupture and preterm labor [61],
Shoulder dystocia [70], Perineal repair and pelvic
floor injury [73], and Domestic violence [81]]

m 29 chapters were rewritten by new authors to bring
a fresh view [4, 5, 12, 15, 16, 19, 28, 29, 30, 31, 33,
38, 39, 42, 43, 45, 46, 48, 50, 52, 58, 66, 68, 69, 75,
77, 78, 79, 80]

mThe 39 remaining chapters were all extensively
updated

As in prior editions, we have appreciated the comments
of readers and reviewers and sought to respond to them
wherever possible.

We hope you find the third edition of High Risk
Pregnancy: Management Options an even more valuable
but always practical reference manual for the manage-
ment of problem pregnancies.

David K. James
Philip J. Steer
Carl P. Weiner
Bernie Gonik
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CHAPTER |

Prepregnancy Antecedents of a
High Risk Pregnancy

Hajo I.J. Wildschut

WHAT IS A HIGH RISK PREGNANCY?

Definition

In general, pregnancy should be considered a unique,
physiologically normal episode in a woman’s life.
However, preexisting disease or unexpected illness of the
mother or fetus can complicate the pregnancy. Risk is
defined as the probability of an adverse outcome or a fac-
tor that increases this probability. A pregnancy is defined
as high risk when the probability of an adverse outcome
for the mother or child is increased over and above the
baseline risk of that outcome among the general preg-
nant population (or reference population) by the pres-
ence of one or more ascertainable risk factors, or
indicators. This classification does not take into consid-
eration the magnitude of risk or the importance of the
risk to the health outcome of the pregnant population at
large.

The Concept of Risk

Risk is a reflection of the incidence of an adverse
health outcome arising in a defined population during
a given period. The magnitude of risk is usually
expressed as a point estimate of probability (ranging
from 0 to 1) or odds (ranging from 0 to + °o [infinity])
[Table 1-1].

Thus, for example, a risk of 20% of the occurrence
of the target condition (e.g., incidence of a disease)
equates to a probability (P) of 0.20 (1 of 5) or odds of
0.25 (the likelihood of one individual having an
adverse outcome to four not having this outcome).
Probability can be computed from odds by the follow-
ing formula:

Odds (of the disease)

P (of the disease) =
1 +odds (of the disease)

Conversely, odds can be computed from probability by
the following formula:

P
Odds =------------
1-P

With lower values (<0.20), risk estimates based on prob-
abilities approximate those based on odds (see Table 1-1).

The terms relative risk (or risk ratio [RR]) and odds ratio
(OR) are alternative ways of expressing risk. RR is the
likelihood of the target condition occurring in people
exposed to a particular risk, compared with people who
are not exposed.l It indicates how many more times
likely exposed people are to have the target condition
than nonexposed people. RRs are usually derived from
prospective longitudinal studies. Case-control studies
allow an estimate of risk as a result of exposure by assess-
ing exposure among those who have been identified with
the target condition and their controls. The OR is given
by the ratio of the odds of exposure among those with
the target condition (cases) and the odds of exposure
among those without the target condition (controls).
Thus, case-control studies measure the prevalence, not
the incidence, of exposure among those with and without
the outcome of interest. RR is not synonymous with OR,
although for rare outcomes, these estimates approximate
one another.1An RR or OR of 1indicates no difference
in the occurrence of the condition of interest between
the two comparison groups (exposed and unexposed). An
RR or OR of greater than 1 suggests that exposure is
associated with increased risk of the target condition

3
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TABLE |I-1
The Relation between Probability and Odds

PROBABILITY ODDS
0.001 0.001
0.01 0.01
0.02 0.02
0.05 0.05
0.1 011
0.2 0.25
0.3 0.43
0.4 0.67
0.5 1
0.6 15
0.7 2.3
0.8 4
0.9 9
0.95 19
0.98 49
0.99 99
0.999 999

compared with nonexposure. Conversely, an RR or OR
of less than 1 suggests that exposure is associated with
decreased risk compared with nonexposure. In these
contexts, however, the actual point estimation of risk
should be considered together with the 95% confidence
intervals. In epidemiology, a statistically significant dif-
ference between two groups can be shown only if the
95% confidence intervals do not include 1 (do not cross
unity).

The importance of a specific risk factor for the inci-
dence of the outcome of interest in a population is usu-
ally expressed as the population-attributable risk (i.e., the
proportion of disease in a population that results from a
specific risk to health). It also gives an indication of the
proportion of incidence of disease that could be pre-
vented by total elimination of that risk factor in the pop-
ulation (Fig. I1-1).2

Risk as a Proxy for Care

Focusing on risks to health is the key to preventing dis-
ease and injury. Over recent decades, the ability to pre-
dict and avert adverse reproductive health events has
improved greatly. Women with high risk pregnancies can
potentially benefit from increased care. The initial
assessment of a woman’s reproductive health risks may
start well before pregnancy occurs (i.e., the preconcep-
tion period). Ongoing assessment of a woman’s health
and that of her unborn child is the foundation of modern
maternal and fetal care.

Preconception Health Care Model

Preconception care involves risk assessment, health pro-
motion, and intervention.? Risk assessment includes ques-
tions about the woman’s medical, obstetric, family, and

genetic history; nutritional habits; drug use; environmen-
tal exposures; lifestyle; and social issues. Similar informa-
tion is obtained about her partner.4 The Appendix shows
an example of a preconception questionnaire.

Primary care health professionals may be involved in
providing preconception care, as may be obstetricians,
midwives, nurses, clinical geneticists, and genetic coun-
selors. The most common reasons for referral for precon-
ception counseling include previous spontaneous abortion,
chronic maternal disease, and previous fetal abnormality.34

Some women do not seek or receive preconception
care. These include women with unplanned pregnancies
and those without health insurance. Physicians are not
always equipped to address the many time-intensive med-
ical and social problems encountered in couples seeking
preconception care.

Finally, few controlled trials show the effectiveness of
preconception care (e.g., folic acid to prevent neural tube
defects, normalization of blood glucose values in patients
with diabetes). More research is needed in this area.

GENETIC AND CONSTITUTIONAL FACTORS

Genetic Factors

The enormous technologic progress in medical genetics
in recent decades has enabled implementation of a novel
form of prevention based on reproductive choice. The
goal is to maximize the chances that individuals at
increased risk for having affected offspring will have chil-
dren free of the disorder. The prepregnancy manage-
ment options for individuals who are at risk for genetic
conditions are discussed in Chapter 2.

Ethnicity

Race and ethnicity are complex, controversial sociologic
issues that are difficult to measure accurately. Race and
ethnicity are often considered surrogate measures for
standard of living and lifestyle.5 However, both between
and within ethnic populations, marked variations occur
in cultural beliefs and practices, language, household
structure, sexual behavior, contraceptive patterns, gen-
eral health, perception of illness and disease, childbirth
and child-rearing practices, postnatal customs, dietary
habits, housing, education, employment, economic sta-
tus, level of assimilation, stress, and access to health care
services.6-9 Some of these attributes have little to do with
health or disease, whereas others may be important fac-
tors. In clinical research, the terms race and ethnicity are
often defined inadequately, if at all. Therefore, epidemi-
ologic associations with health problems should be inter-
preted cautiously. For example, for public health
considerations, information about race or ethnicity could
be relevant for the identification of specific health prob-
lems and medical needs.
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(Reproduced with permission.)

Risks

Ethnicity is one of the factors that is most strongly asso-
ciated with low birth weight.812 Low birth weight is
closely related to infant mortality and childhood morbid-
ity rates.13 In the United States, preterm birth rather
than growth restriction is implicated as the most impor-
tant cause of low birth weight in black women.1214 Given

the high rates of preterm delivery, crude survival rates for
black infants are less favorable than those for white
infants.121516 The biologic explanation for the high
preterm delivery rate among black women is unclear.
Apart from preterm delivery, newborns designated as
white and black may show different patterns of intrauter-
ine growth.1718 For example, at term, black infants are
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on average smaller than white infants.1819 Moreover, the
average duration of gestation in black women is slightly
shorter than in white women.18 It has been argued that
birth weight distribution is an intrinsic genetic feature of
ethnicity, just like the sex of the infant. Hence, for each
ethnic group, different norms for gestational age and
birth weight distributions should be applied.20 Others,
however, refute this assumption by claiming that ethnic
disparities in birth weight distribution are most likely the
result of disparities in maternal health, socioeconomic
status, and prenatal care.10151721

It has been suggested that birth weight-specific mor-
tality in preterm black infants is lower than that in
preterm white infants. Wilcox and Russell1920 postulated
that this finding is based on an artifact. They stated that
over the whole spectrum of adjusted birth weight, black
infants are less likely to survive the perinatal period than
white infants. The excess birth weight-specific mortality
in black infants may be compounded by a failure to seek
or receive optimal medical care.21

Many diseases and problems that occur during preg-
nancy have both ethnic and geographic distributions.
The risks are summarized in Table 1-2.

TABLE 1-2

Risks in Pregnancy Associated with Certain Ethnic Groups

ETHNIC GROUP RISKS

Mediterranean islands, parts of middle East,
Southeast Asia, and parts of the Indian

subcontinent parental iron

Beta-thalassemias:
Minor: Anemia in pregnancy, treated with oral iron and folate, but not

Female circumcision is still practiced in some parts of
Africa, in particular the Horn of Africa, and may affect
childbirth.2

Uterine fibroids occur more often in black women
than in white women.23 Nonengagement of the fetal
head late in pregnancy is not uncommon in black primi-
gravidae.24 The available data on ethnic differences in
the frequency of dysfunctional labor are inconclusive.
Differences in duration of labor may be attributed to a
wide range of confounding variables, including maternal
age, stature, birth weight of the infant, poor communica-
tion, and unfavorable sociocultural circumstances.23.2526

Management Options

Information, screening, and appropriate counseling serv-
ices should be made available for communities that are
considered at risk for specific diseases (see Table 1-2 and
other relevant chapters).

PRENATAL

Communication is often a problem because of language
barriers. Video displays and informative pamphlets or

Major: Rare to survive to reproductive age, but those who do often have

pelvic bony deformities and problems with labor and delivery; also

iron overload with subsequent hepatic, endocrinologic, and myocardial damage
Major/minor: Possible risk of inheriting the disease, a requiring prenatal
counseling and diagnosis

Alpha-thalassemias:

Minor: Usually asymptomatic

Major: Rare, but a spectrum of presentation: in adults, usually manifests

as a hemolytic anemia of variable severity

Major/minor: Possible risk of inheriting the disease, requiring prenatal counseling
and diagnosis; homozygous alpha-thalassemias in the fetus can manifest as hydrops
fetalis and associated severe preeclampsia in the mother

Afro-Caribbean, Mediterranean,
Middle East, India

Sickling disorders (especially HbSS, HbSC):
Maternal: Infection, sickling crises, preeclampsia, renal compromise, jaundice;

although HbSC tends to be a milder disease (Hb levels usually within normal
limits), it can cause massive sickling crises if the diagnosis has not been made; HbAS
(carrier state) mothers are rarely at risk for sickling crises with, for example, anoxia,
dehydration, or acidosis

Fetus: Possible risk of inheriting the disease, requiring prenatal counseling

and diagnosis; growth restriction is a risk with HbSS and HbSC

Mediterranean, American Blacks

Glucose-6-phosphate dehydrogenase deficiency:

Mother: Hemolytic anemia
Fetus: Risk of inheriting the disease, requiring prenatal counseling and diagnosis;

fetal hydrops
Hepatitis B (chronic carriers): Risk of transmission to the fetus or neonate and health

Far East
care workers
Africa, Caribbean, Hawaii

H1V infection: Risk to the mother of symptomatic infection; risk to the fetus

and health care workers of acquiring the infection

Africa (especially Horn of Africa)
Developing countries

HbSC, hemoglobin SC; HbSS, hemoglobin SS.

Female circumcision: Problems with vaginal delivery (dystocia, trauma, hemorrhage)
Varied effects of endemic infection on the mother or fetus
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brochures written in several languages should be made
available.2' Standard information should include
guidelines for lifestyle and nutrition as well as prepara-
tion for parturition and parenthood, preferably in
keeping with sociocultural features of the relevant eth-
nic communities.27 The use of interpreters, either in
person or by telephone, is advisable for dealing with
specific problems.27

Once prenatal care has been initiated, women at risk
for specific diseases, such as hemoglobinopathies, may be
selected for further testing or treatment.2829 In parous
women, it is important to obtain all necessary informa-
tion about the course and outcome of previous pregnan-
cies. Immunization status should be checked, and30 fetal
growth should be monitored.810-12

LABOR AND DELIVERY

The continuous presence of a supportive female com-
panion during labor and delivery benefits maternal well-
being by improving her emotional status, shortening
labor, and decreasing the need for medical interven-
tion.3l Psychosocial support may also improve
mother-infant bonding. It is unlikely that ethnicity in
itself affects the duration of labor and delivery.

POSTNATAL

Breastfeeding should be encouraged.® Contraceptive
advice should take into account individual sociocultural
norms and values.3334

CONCLUSIONS

Large variations occur in health care coverage and reproductive outcome among different racial and ethnic

groups.5

The reasons for differences in pregnancy outcome between ethnic groups are not clear, although social
environment, age, parity, and genetic and constitutional factors may play arole.34

Several diseases show clear ethnic differences among pregnant women. These include genetic defects, such

as the hereditary hemoglobinopathies; medical disorders, such as chronic hypertension; and specific conditions
acquired in endemic areas, such as malaria, AIDS, and tuberculosis.2829

Each disease or condition requires a separate approach in pregnant women (see Table 1-2 and the Summary

of Management Options).

SUMMARY OF MANAGEMENT OPTIONS
Pregnancy in Women from Different Ethnic Backgrounds

Management Options

Prepregnancy

Provide education, screening, and counseling for
communities at specific risk.

Prenatal

Overcome language and cultural barriers.

Offer screening and counseling where specific risk exists.
Offer prenatal diagnosis if appropriate.

Provide maternal and fetal surveillance for any specific risk.

Labor and Delivery

Offer the continuous presence of a supportive companion
during labor and delivery.

Postnatal

Encourage breast-feeding.

Offer contraceptive advice, taking account of individual
sociocultural norms and values.

Strength of
Quality of Evidence Recommendation References
Il B 28
v c 27
Il B 29
Il B 28
lla B 8,10-12
la A 31
v c 32
Il B 33,34
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ENVIRONMENTAL FACTORS

Prescribed Drugs

The risks and management options for women who take
prescribed drugs before pregnancy are discussed in
Chapter 35.

Drug Abuse, Cigarette Smoking, and Alcohol

The risks and management options for women who
abuse drugs, cigarettes, and alcohol before pregnancy are
discussed in Chapter 34.

Vaccines

The risks and management options for individuals who
receive vaccines are discussed later in this chapter (see
“Air Travel during Pregnancy”).

lonizing Radiation (See also Chapter 53)
Definition

lonizing radiation is any radiation capable of displacing
electrons from atoms or molecules, thereby producing

ions. Examples are a-, (3, y-, and x-rays. Sources of radi-
ation are given in Figure 1-2.3%

Risks

Two categories of biologic effects of ionizing radiation
are described, deterministic and stochastic.363 Deter-
ministic effects pertain to a decrease in or loss of organ
function as a result of cell damage or cell killing (apopto-
sis).37 Loss of organ function could lead to fetal malfor-
mation, mental retardation, or death. For these effects to
occur, threshold doses exist. Fetal exposures of less than
100 mGy (historically termed “10 rad”) do not increase
the incidence of fetal malformation at birth. Doses of

more than 100 mGy should be evaluated in the context of
the type of radiation and the time of exposure relative to
fetal development and may be associated with impaired
cognitive development (1Q).36 The risks of fetal growth
restriction and major structural malformation seem
small.36 The 1986 nuclear reactor accident at Chernobyl
did not result in a detectable change in the prevalence of
major congenital anomalies in neighboring European
countries, despite exposure to relatively high radiation
doses (200-700 mSv) in the first year after the disaster.3
Radiation doses greater than 500 mGy result in a signif-
icant risk of central nervous system damage, with severe
mental retardation, especially when the fetus is exposed 8
to 15 weeks after conception.

Stochastic effects are those that result from radiation
changes in cells that retain their ability to divide.36,3
These modified cells sometimes initiate malignant trans-
formation ofa cell that eventually leads to clinically overt
cancer. The period between initiation and manifestation
of the disease may extend from a few years (e.g., leukemia)
to several decades (e.g., colon and liver cancer). In addi-
tion, genetic effects may be initiated as a result of irradi-
ation of germ cells. For stochastic effects, no threshold
doses are assumed. The probability of their occurrence is
believed to be proportional to the dose. Therefore, the
probability of tumor induction should be reduced by
keeping the dose as low as possible. The estimated mor-
tality risk from radiation-induced cancer in childhood
(0-15 years) is 0.06% per 10 mGy.3

Because of the low level of radiation exposure, prenatal
exposure to ionizing radiation from diagnostic procedures
is not associated with an increased risk of adverse preg-
nancy outcome in terms of perinatal death, congenital
abnormalities, or mental retardation (see Table 1-3).40

The stochastic effects of radiodiagnostic examinations
are typically very limited. For this reason, termination of
pregnancy is not warranted when the mother is exposed
to diagnostic procedures involving ionizing radiation.40
Special attention should be given to nuclear examination

O Medical exposure

0O Food/water

g Others (all man-made
sources)

20%
43% o

Radon (natural

internal exposure)

H earth gamma
radiation (natural
external exposure)

0 Cosmic rays

15%

FIGURE 1-2

Sources and distribution of average radiation
exposure in the world population. (From
http://www.who.int/ionizing_radiation/en,
with permission.)
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TABLE 1-3

Fetal Radiation Exposure after Diagnostic Procedures

EXAMINATION

Conventional X-rays
Abdomen

Thorax

Intravenous urography
Lumbar spine

Pelvis

Skull

Thoracic spine
Barium meal

Barium enema

Computed Tomography

Abdomen
Thorax

Head
Lumbar spine
Pelvis

Nuclear Medicine
Pnrpc bone scan
PraTc lung perfusion
PmTc kidney scan

" mTc thyroid scan

" mTlc brain scan

FETAL EQUIVALENT DOSE (mSv)*

MEAN DOSE MAXIMUM DOSE
14 4.2
<0.01 <0.01
17 10
17 10
11 4
<0.01 <0.01
<0.01 <0.01
11 5.8
6.8 24
8.0 49
0.06 0.96
<0.005 <0.005
2.4 8.6
25 79
33 4.6
0.2 04
15 4.0
0.7 16
4.3 6.5

*The estimated exposure to background radiation in the general population is on average 2 millisieverts (mSv) per year.
The sievert is the unit for equivalent dose, which is the average absorbed dose in an organ or tissue multiplied by a
radiation weighting factor. The unit for absorbed dose is the gray (Gy) [100 rad]. For almost all radiation used in
medicine, the radiation weighting factor equals unity, making Sv and Gy numerically equal. 9mTc, radiopharmaceutical

labeled technetium-99m.

(From www.europa.eu.int/comm/environment/radprot)

with radiopharmaceuticals and radionuclides. In nuclear
medicine, unlike x-ray procedures, the woman may be a
source of radiation for some time after the examination.
For this reason, in certain circumstances, the woman
should be advised to avoid pregnancy for an appropriate
period after radionuclide administration.41 Prenatal radi-
ation exposure should be recorded to facilitate estimation
of the fetal dose.

In a therapeutic setting, however, high doses of radia-
tion during pregnancy (>100-200 mGy) are associated
with an increased risk of impaired cognitive development
(1Q).36 The fetus is particularly vulnerable to the stochas-
tic effects of high doses of ionizing radiation when
exposed 8 to 15 weeks after conception. During this
period, exposure to ionizing radiation at a dose of 1000
mGy (1 Gy) is associated with a 30-point decrease in
1Q.40

In young women who have been exposed to radia-
tion therapy below the diaphragm, reproductive prob-
lems include the risk of ovarian failure and
significantly impaired development of the uterus. The
magnitude of risk is related to the radiation field, total
dose, and fractionation schedule.42 Irradiation of
either parental gonad in the preconception period is
not associated with an increased risk of genetic defects,

congenital malformations, or childhood or adulthood
cancer.

Management Options

RADIODIAGNOSTIC EXAMINATIONS

» Every woman of childbearing potential who is under-
going a radiodiagnostic examination should be explic-
itly asked, orally or in writing, whether she might be
pregnant or have missed a period. If there is any uncer-
tainty about pregnancy, the planned examination
should be postponed or the woman should be treated
as if she were pregnant.’640

e There is no need to apply the 10-day rule (i.e., expo-
sure during the first 10 days after the onset of the last
menstrual period), unless the radiodiagnostic examina-
tion involves radionuclides or radiopharmaceuticals.40

 If the woman is pregnant, special attention should be
given to the justification and urgency of the radiodiag-
nostic examination.364144

* In pregnant women, alternative diagnostic methods,
such as ultrasound or magnetic resonance imaging
(MRI), should be considered.3640

* Reduction of the radiation dose to the fetus may
be achieved by lead-shielding the abdomen, where
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feasible.3640 Moreover, reduction of radiation to the
fetus can be achieved by adapting radiodiagnostic tech-
niques and taking fewer images.364044

Every woman who is undergoing a nuclear medicine
examination should be asked, orally or in writing,
whether she is breastfeeding.40

When a pregnant woman is undergoing a nuclear
medicine examination, the dose of radionuclide is kept
as low as possible without sacrificing radiographic
information. The commonly administered radiophar-
maceuticals used for lung, gallbladder, kidney, bone,
and bleeding scans are labeled with technetium-99m.
All deliver whole fetal doses of less than 5 mGy (see
Table 1-3).44

u
SUMMARY OF

Management Options

Prepregnancy

Postpone planned examination if pregnancy is unconfirmed.

Prenatal

If the patient is pregnant, explain the justification
for and urgency of radiodiagnostic examination.

In a pregnant patient, keep the dose of radionuclide
as low as possible without compromising the radiographic
examination.

Postnatal

MANAGEMENT

RADIATION THERAPY

» The presence of pregnancy should be evaluated when
radiation therapy is considered in women of reproduc-
tive age.40

» Appropriate lead shields should be used to protect the
gonads of patients undergoing radiation therapy.3640

* If the patient is pregnant, she must be involved in the
discussion and decision about radiation therapy.40

» Termination of pregnancy should be considered if the
radiation dose would lead to severe deterministic
effects or a high probability of stochastic effects.40

* Patients who have had radiation therapy should not be
discouraged from having children.40

OPT 10N S

Radiodiagnostic Examinations R
Strength of
Quality of Evidence Recommendation References
\% C 40
n B 36,41
Y Cc 40,44
\Y C 40

Ask every woman of reproductive age who is scheduled

for nuclear medicine examination whether she is breastfeeding.

Magnetic Resonance Imaging

Risks

MRI is a powerful imaging tool that does not expose
patients to ionizing radiation. MRI requires powerful
magnetic fields and a radiofrequency pulse to produce a
diagnostic image. Under most circumstances, these fields
do not appear to pose a health or safety risk.45 Although
generally considered safe, MRI has some maternal safety

SUMMARY OF

issues, including the effects of high magnetic fields on
metallic biomedical implants or other metallic foreign
bodies.46 Foreign metallic materials embedded within
patients can have ferromagnetic properties that present a
potential hazard in the strong fields associated with MRI,
precluding MRI examination in these patients. Other
hazards of MRI include the potential side effects of con-
trast agents, anxiety, claustrophobia, and temporary hear-
ing loss as a result of acoustic noise generated by MRI.

MANAGEMENT OPTIfijsdS

Magnetic Resonance Imaging

Management Options

Prepregnancy

Postpone a planned examination if pregnancy is unconfirmed.

Strength of

Quality of Evidence Recommendation References
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SUMMARY

OF MANAGEMENT

V 12

Magnetic Resonance Imaging (Continued)

Management Options

Prepregnancy

Evaluate each patient with a written questionnaire followed
by oral questioning before imaging to identify those with
ferromagnetic foreign bodies or implants anywhere in the

body that are electrically, magnetically, or mechanically activated.

Maintain a high state of vigilance to prevent iatrogenic burns
and injuries from ferromagnetic missiles.
Prenatal

Magnetic resonance imaging (MRI) is not recommended
during the first trimester.

The use of contrast material for MRI is not recommended
in pregnancy.

Ultrasonography is the initial imaging modality of choice

for the evaluation of obstetric patients. In limited cases, however,
when the results of ultrasonography are indistinct, MRI may be a

clinically useful adjuvant for diagnostic evaluation. Indications
for the complementary use of diagnostic MRI in pregnancy

include the evaluation of adnexal masses, hydroureteronephrosis,

placenta accreta, and fetal abnormalities, in particular those
involving the central nervous system.

Ultrasound
Risks

Ultrasound has become a widely accepted and valuable
diagnostic tool in standard clinical practice. Most ultra-
sound machines in obstetrics use phased-array real-time
technology with a brightness-mode (B-mode) display.
Although the potential biophysical effects of ultrasound,
such as tissue warming and cavitation, are well estab-
lished, diagnostic ultrasound in medicine is considered
safe.51,52 As to diagnostic ultrasound in pregnancy, there
have been no reports of potential harmful effects in the
offspring, other than a few studies showing a statistically
significant association of ultrasound and left-handedness
in male offspring.5354 It is unlikely that this association is
the result of brain damage because there is no association
between ultrasound exposure in pregnancy and other
indicators of brain damage (i.e., impaired motor or
speech development, impaired school performance,
visual disturbances, or hearing loss).5% In recent years,
there has been a trend to use new diagnostic ultrasound
techniques, such as color flow imaging, power Doppler,
and pulsed Doppler. These techniques require higher
acoustic exposures than those used in B- and M-modes,
with pulsed Doppler associated with the highest levels. In
pulsed Doppler ultrasound, the beam is focused onto a
small volume and kept stationary so that the same tissues
are insonated throughout the examination, thereby max-
imizing the heating effects. Data from animal studies

Strength of

Quality of Evidence Recommendation References
\Y C 46
\% Cc 46
v C 48
[\ C 48
i B 47-50

show that pulsed Doppler ultrasound can produce signif-
icant thermal effects, particularly near bone.52 To ensure
the continued safe use of diagnostic ultrasound in medi-
cine, modern obstetric ultrasound machines are subject
to output regulation only in the United States.5657
Ultrasound machines with on-screen displays of “ther-
mal index” and “mechanical index” encourage the ultra-
sonographer to protect the fetus or embryo from
potential harmful levels of acoustic exposure. The ther-
mal and mechanical output indicators, however, do not
take account extraneous factors, such as dwell time,
examination time, and patient temperature. Hence,
thermal index and mechanical index are not perfect
indicators of the risks of bioeffects to the fetus, but
should be accepted as the most practical and under-
standable methods of estimating the potential for such
risks.5l

Management Options

For the safe use of diagnostic ultrasound in medicine, the
following international recommendations and guidelines
are advocated.52-58

B- AND M-MODES

Based on scientific evidence of ultrasonically induced bio-
logic effects, there is no reason to withhold B- or M-mode
scanning for any clinical application, including the rou-
tine clinical scanning of every woman during pregnancy.
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DOPPLER FOR FETAL HEART MONITORING

Because low power levels are used for fetal heart rate
monitoring (cardiotocograph, CTG), the use of this
modality, even for extended periods, is not contraindi-
cated on safety grounds.

DOPPLER MODES (COLOR FLOW IMAGING, POWER DOPPLER, AND
PULSED DOPPLER)

Exposures used for Doppler modes are higher than those
used for B- and M-modes. There is considerable overlap
in the ranges of exposure that may be used for color flow
imaging, power Doppler, and pulsed Doppler tech-
niques. The clinical user should be aware that pulsed
Doppler at maximum machine outputs and color flow
imaging with small color boxes have the greatest poten-
tial for biologic effects.

USE OF DOPPLER STUDIES IN THE FIRST TRIMESTER

The embryonic period is particularly sensitive to external
influences. Until further data are available, studies using
pulsed or color Doppler ultrasound should be carried out
with careful control of output levels and exposure times.
With increasing mineralization of the fetal bone as the
fetus develops, the possibility of heating fetal bone
increases. The user should prudently limit exposure of
critical structures, such as the fetal skull and spine, dur-
ing Doppler studies.52-59

In general, the informed use of Doppler ultrasound is
not contraindicated. However, at the maximum machine
output settings, significant thermal effects at bone sur-
faces cannot be excluded. The user is advised to use the
exposure information provided by the manufacturer
(e.g., displayed safety indices) to determine the highest
output conditions and to act prudently to limit exposure
of critical structures, including bone, and regions,
including gas. If an online display is not available, care
should be taken to minimize exposure times.52-59

SUMMARY OF

Caution should be exercised in febrile patients.
Doppler ultrasound might present an additional embry-
onic and fetal risk.

Care should be taken to use the minimum output that
will obtain the required diagnostic information and to
minimize the duration of pulsed Doppler examinations in
pregnancy.5'

TRANSVAGINAL ULTRASONOGRAPHY

In the absence of long-term, large-scale, follow-up studies
after first-trimester transvaginal ultrasound exposure, care is
required in the application of transvaginal ultrasonography
in early pregnancy. It should be performed only for valid
medical reasons that benefit the mother or the embryo.53

NONMEDICAL USE IN PREGNANCY

The use of two-dimensional or three-dimensional ultra-
sound only to view the fetus, obtain a picture, or deter-
mine fetal sex, without a medical indication, is
inappropriate and contrary to responsible medical prac-
tice. Although there are no confirmed biologic effects
on patients caused by exposures from current diagnostic
ultrasound instruments, such biologic effects may be
identified in the future. Thus, ultrasound should be
used prudently to provide medical benefit to the
patient.59

NEW DEVELOPMENTS

Echo-contrast agents can be useful in diagnostic ultra-
sound, may decrease the threshold for cavitation. As a
consequence, the use of echo-contrast agents may change
the risk-to-benefit ratio substantially in various clinical
applications. Given the increased use of ultrasound, the
introduction of new techniques, and a broadening of the
medical indications for ultrasound examinations, contin-
uous vigilance is essential to ensure its continued safe
use.38

MANAGEMENT OPTIONS

Ultrasonography

Management Options

Prepregnancy

The use of echo-contrast agents may change the risk-to-benefit

ratio substantially in various clinical applications. Given the

introduction of new techniques and a broadening of the medical

indications for ultrasound examinations, continuous vigilance
is essential to ensure its continued safe use.

Prenatal

There is no reason to withhold B- or M-mode scanning for any

clinical application, including routine clinical scanning of every
woman during pregnancy.

Strength of

Quality of Evidence Recommendation References
\% C 52-58
la A 52-58
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SUMMARY OF MANAGEMENT OPTIONS
Ultrasonography (Continued)

Management Options

Prenatal

Use ultrasound prudently to provide medical benefit to the patient.

Transvaginal ultrasonography in early pregnancy should be
performed only for medical reasons to benefit the mother
or embryo.

Limit Doppler ultrasound exposure of critical structures, such
as the fetal skull or spine.

Use cautiously in febrile patients. Doppler ultrasound may
present an additional embryonic or fetal risk.

Use the minimum output to obtain the required diagnostic
information to minimize the duration of pulsed Doppler
examinations in pregnancy.

Fetal heart monitoring (cardiotocography, CTG) is not
contraindicated, on safety grounds, even when it is to be
used for extended periods.

Video Display Terminals

Several studies show that exposure to the magnetic fields
emitted by video display terminals does not constitute an
appreciable risk to the reproductive health of women or
a risk to their children.6061

Environmental Health Hazards

From the public health point of view, environmental
health hazards can be categorized into five distinct groups:
chemical, physical, biologic, mechanical, and psychosocial.
Their effects on pregnancy are discussed in other chapters
(e.g., infection, prescribed drugs, drugs of abuse).

It is difficult to ascertain the clinical importance of
each of these environmental influences on reproductive
health. The adverse effect on pregnancy outcome is
dependent on the prevalence of exposure and the dose
and timing during pregnancy. Information of this kind is
often lacking. Furthermore, confounding factors and the
interaction of more than one factor hamper the interpre-
tation of potentially adverse effects of a particular envi-
ronmental agent on reproductive health. For example,
increased genetic susceptibility of the individual and the
use of medication could mediate the adverse effects of
these agents. Moreover, the assessment of a cause-and-
effect relationship is hampered because of a considerable
time gap between exposure to the environmental risk fac-
tor and outcome in terms of disease, disability, or death.

Chemicals

Polychlorinated Biphenyls

Polychlorinated biphenyls (PCBs) have been produced
commercially since the late 1920s. They have been used

Strength of

Quality of Evidence Recommendation References
v Cc 59
v Cc 52-58
v Cc 52-58
v C 52-58
v C 52-58
I B 52-58

in pesticides, surface coatings, inks, adhesives, flame
retardants, and paints.& Because PCBs resist both acids
and alkali and are relatively heat-stable, they have been
used in dielectric fluids in transformers and capacitors.
Further environmental contamination may occur from
disposal of old electrical equipment containing PCBs.
Many countries have severely restricted or banned the
production of PCBs.

Highly chlorinated PCB congeners are generally per-
sistent in the environment. The general population is
exposed to PCBs in the air, drinking water, and food, par-
ticularly meat, fish, and poultry. They are rapidly absorbed
from the intestinal tract and distribute to and accumulate
in the liver. They also cross the placenta and are excreted
in breast milk. Detectable concentrations of PCBs have
been found in amniotic fluid, placenta, and fetal tissue
samples. Breast-fed infants can have blood levels greater
than those of their mothers. Formula is free of PCBs.
Much concern exists that PCBs transferred to the fetus
across the placenta may induce long-lasting neurologic
damage. Recent data from a Dutch cohort study among
418 infants showed that prenatal exposure to PCBs has
subtle negative effects on the neurologic and cognitive
development of the child up to 6 years of age. Half of the
infants were fully breast-fed for at least 6 weeks. Despite
higher PCB exposures from breast milk, breast-feeding
had a beneficial effect on cognitive development in this
cohort of infants.63 Hence, the beneficial effects of breast-
feeding outweigh the potentially adverse effects of PCB
exposure from breast milk. Epidemiologic studies suggest
that exposure to PCBs is associated with an increased risk
of cancers of the digestive system, notably the liver, and
malignant melanoma.& However, in many studies, the
limitation of exposure data, the inconsistency of results,
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and the presence of confounding factors preclude the
identification of a true causal relationship.

Dioxins

Dioxins are a heterogeneous mixture of chlorinated
dibenzo-p-dioxin and dibenzofuran congeners. The main
sources of dioxins are emissions of industrial and munic-
ipal incineration processes. Dioxins accumulate in the
food chain, and human exposure occurs mainly through
contaminated food.64 Few data are available on the
effects of dioxins on female reproductive health. In ani-
mal models, dioxin has an antiestrogenic effect.
Environmental chemicals have been implicated in the
temporal decline in the age of onset of puberty, the
development of polycystic ovarian syndrome, and short-
ened lactation. The prevalence of male reproductive dis-
orders, such as cryptorchisms and hypospadias, need
more careful study, particularly because they are linked to
testicular cancer and show temporal changes in many
countries. The effects of environmental chemicals on
sperm quality are inconsistent. Because of methodologic
shortcomings in epidemiologic studies, it is unknown
whether dioxins affect spontaneous abortion rates or fetal
growth restriction.

Pesticides

Pesticides, including fungicides, herbicides, insecticides,
and rodenticides, are a reproductive health concern in
many countries. They are often found in commercially
available food products. However, the almost universal
exposure to low concentrations of these compounds
makes it very difficult to determine the effect of pesti-
cides on the incidence of fetal abnormalities.
Occupational exposure to pesticides has been implicated
in increased birth defects rates.6566 Birth defects, how-
ever, are mostly multifactorial, meaning that other risk
factors may also play an important role.

SOCIOECONOMIC STATUS

The importance of maternal social factors on the health and
well-being of the offspring has been recognized for a long
time. For example, infant mortality is closely associated
with social inequality. Large differences in social conditions
still exist. Caution should be exercised in interpreting stud-
ies of the effect of social conditions on pregnancy outcome.
These include variations in definitions and practices associ-
ated with time and geographic area, availability of reliable
data, and interpretation of the findings67-69

The concept of social index is not simple. Various
measures of social status are used, some of which tend to
be crude and meaningless. In England and Wales, for
example, the maternal social class index is traditionally
derived from the Registrar General’s Classification,
which is based on the occupation of the father of the
child (Table 1-4).

TABLE 1-4

Social Class by Occupation of the Father

CATEGORY OCCUPATION

I Higher professionals

I Other professionals, including those
in managerial positions

Ilia Skilled workers, nonmanual

mb Skilled workers, manual

v Semiskilled workers

\% Unskilled workers

Although there is a strong association between social
class, thus defined, and infant mortality, this observation
does not explain why some infants die and others do not.
Other methods of categorization of socioeconomic status
include those based on ranking of educational attain-
ment, income, type of health care coverage, employment
profile, legitimacy, family affluence, and household char-
acteristics.69 Accurate information of this kind is usually
not readily available.

Social risk factors, however defined, are descriptive
rather than explanatory. Social disadvantage in itself is
unlikely to have a direct causal effect on the outcome of
pregnancy.70 Socioeconomic status should be considered
merely a risk indicator, identifying high risk groups within
the population.7L Social adversity probably represents a
wide range of behavioral, environmental, medical, and
psychological factors that are causally related to pregnancy
outcome, some of which are more amenable to interven-
tion than others.10,72-74 In this context, it is assumed that
women of higher socioeconomic status have better finan-
cial, educational, and medical resources than women of
lower socioeconomic status. Many social risk factors are
interrelated. In the absence of logically structured multi-
variate analyses, the independence of their effects cannot
be established.l' In scientific research, correlations with
socioeconomic status should be the impetus for further
investigation, rather than the endpoint of an analysis. /5

Risks

Lower socioeconomic status is associated with an increased
risk ofvarious adverse pregnancy outcomes, including peri-
natal mortality, preterm birth, and low birth weight.
Smoking has been suggested as the key factor underlying
socioeconomic differences in low birth weight and infant
mortality.6976-78 Differences in care along the social strata
may also account for some of the extra risks. The contribu-
tion of poor nutrition is discussed in the next section.

Management Options
Prenatal

Socially disadvantaged women are less likely to seek pre-
natal care and also have more pregnancy complications.
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Some claim that apart from recognizing the increased
risk associated with socioeconomic disadvantage, there is
little to do in terms of prevention. Social support, how-
ever, benefits women psychologically, although the effect
of social intervention on mean birth weight, low birth
weight, and preterm delivery is limited.3L From a public
health point of view, the greatest reduction in adverse
pregnancy outcome may be anticipated from prenatal
services directed at socially disadvantaged women.79.80 In
this respect, widespread health education and serious
antismoking measures are needed.8l

Labor and Delivery

Intrapartum management need not be substantially mod-
ified if no other risk factors are present.

Postnatal

Women of higher socioeconomic status tend to breast-
feed more often and longer than women of lower socio-
economic status. Breastfeeding should be encouraged
and social support provided, when indicated.8- Contra-
ception must be discussed when needed. 4

CONCLUSIONS

The maternal environment has a pronounced effect on birth weight and pregnancy outcome.

Knowledge of a pregnant woman’s socioeconomic status does not provide direct information about the
circumstances in which she lives. Differences in socioeconomic status may reflect differences in material
conditions in life and differences in behavior (e.g., smoking habits). Caution must be exercised in the
extrapolation of associations between socioeconomic status, however defined, and pregnancy outcome, because
the mechanisms underlying these associations are often unclear.

Clinically, it is difficult to alleviate the effects of social deprivation. Social support may improve the patient’s
emotional well-being, but there is no evidence that it has any effect on any other outcome variable.3L

SUMMARY OF

MANAGEMENT OPTIONS

Pregnancy in Women of Low Socioeconomic Background

Stage of Pregnancy Management Options

Prepregnancy
Recommend health education
measures specifically directed
at smoking cessation and family
planning.

Prenatal

Encourage patients to seek early
antenatal care.

Provide specific and directed
social support.

Look for clinical evidence of poor
fetal growth.
Labor and Delivery
No additional measures are needed
on the basis of adverse
socioeconomic factors alone.
Postnatal
Encourage breastfeeding.

Provide specific and directed
social support.

Discuss contraception.

Strength of

Quality of Evidence Recommendation References
Ib A 81
n B 39
la A 31
1]l B 76
Ib A 82
Ib A 80
n B 34
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NUTRITIONAL FACTORS

Risks
General

Nutritional conditions during key periods in early preg-
nancy are believed to be of major importance in deter-
mining health in later life.8384 The long-term effects on
adult health, such as type 2 diabetes, hypertension, and
coronary heart disease, are considered consequences of
fetal programming. This describes the phenomenon
whereby a stimulus or an injury at a critical period in
early fetal life can produce lasting changes in physiology
and metabolism.838 The central concept is that despite
current levels of nutrition in western countries,
intrauterine nutrition is suboptimal because the nutri-
ents available are unbalanced or their delivery is con-
strained by changes in the structure and function of the
placenta.8 Evidence suggests that after an intrauterine
lesion, regulatory mechanisms may maintain homeosta-
sis for many years, until further damage, caused by age,
obesity, or other effects, initiates a self-perpetuating
cycle of progressive functional 10ss.83 Follow-up studies
of the war-induced Dutch famine of 1944-1945 showed
a relative increase in placental weight in infants whose
mothers’ nutrition was compromised around concep-
tion or in the first trimester of pregnancy.8 The
increase in the placenta weight-to-birth weight ratio is
interpreted as a compensatory mechanism after reduced
caloric intake in early pregnancy.87,83 An increased ratio
is also seen with maternal anemia, tobacco use in preg-
nancy, and births at high altitude.87 Fetal cardiovascular
adaptations are a recognized feature of intrauterine
growth restriction and divert nutrient-rich, highly oxy-
genated blood to spare the growth of the brain and
other critical organs. Furthermore, reduced availability
of micronutrients may affect fetal body composition.
The relative amounts of fetal bone and lean and fat mass
influence the risk of adult obesity and type 2 diabetes.8
Placental size also has an important effect on fetal
endocrinology and metabolism, with lasting effects on
health in later life. When undernutrition during early
development is followed by improved nutrition, many
animals and plants have accelerated, or compensatory,
growth.8 Compensatory growth has costs, however; in
animals, these risks may include reduced life span.8 It
has been reported in humans that undernutrition and
small size at birth followed by rapid childhood growth
may lead to cardiovascular disease and type 2 diabetes in
later life.83

Caffeine

Caffeine has been a controversial topic in pregnancy
nutrition for more than a decade. A 1980 study by the
U.S. Food and Drug Administration (FDA) found that
caffeine, when fed to pregnant rats, caused birth defects

and delayed skeletal development in their offspring. At
that time, although the human implications were
unknown, the FDA advised pregnant women to eliminate
caffeine from their diets.89 Subsequent epidemiologic
studies showed inconsistent results. Some studies found
significant effects of caffeine on pregnancy outcomes,
whereas others did not. Risks associated with maternal
caffeine consumption during pregnancy and perinatal
outcomes have proved difficult to estimate. Caffeine con-
sumption is difficult to measure, and substantial misclas-
sification occurs when consumption does not account for
the actual cup size used. Moreover, cigarette smoking
may confound the association of caffeine consumption
with pregnancy outcomes.89

Vitamins

The current reference daily intakes (RDI) for vitamins
are summarized in Table 1-5.90 Pregnancy may increase
vitamin requirements. Mechanisms underlying vitamin
deficiency include inadequate dietary intake and abnor-
mal metabolism.

FOLATE

Most evidence of the relation between maternal nutri-
tional status and pregnancy outcome is derived from
studies of the association between folate and neural tube
defects. Folate is a water-soluble vitamin and is found
mainly in polyglutamated form. Folic acid (folacin) is the
synthetic form present as a monoglutamate in vitamin
tablets and fortified foods. Folate is important for the
biosynthesis of DNA and RNA. It also plays an impor-
tant role in the conversion of homocysteine to methio-
nine, an essential amino acid. An adequate level of folate
should be established before conception and maintained
during the first trimester to reduce the risk of neural tube
defects. Fruits, green vegetables, beans, nuts, and bread
are the primary sources of folate. Cooking may destroy
some forms of dietary folate. The RDI is 400 pg/L.90 In
pregnancy, folate requirements are usually increased.

TABLE 15

Current Reference Daily Intakes for Vitamins
VITAMIN DAILY VALUE
Vitamin A 1500 pg (50001V)
Vitamin C 60 mg

Vitamin D 10 n (400 1U)
Vitamin E 20 mg (30 1U)
Vitamin K 80 ng

Vitamin 2mg

Vitamin Bp

Folate 400 [ig

Thiamin 1.5 mg
Riboflavin 1.7 mg

Niacin 20 mg

(From Fairfield KM, Fletcher RH: Vitamins for chronic disease prevention
in adults: Scientific review. JAMA 2002;287:3116-3126.)
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A low folate plasma concentration could be caused by
inadequate dietary intake or the use of anticonvulsant
drugs, such as phenytoin, phenobarbital, and carba-
mazepine, which are known folate antagonists.
Moreover, folate deficiency could be the result of inher-
ited metabolic disorders, associated, for instance, with
methylenetetrahydrofolate reductase (MTHFR) gene
polymorphism. MTHFR is a key enzyme in homocys-
teine metabolism.9 The homocysteine plasma concen-
tration is considered a sensitive biomarker of the levels of
folate and vitamins B6 and Bp. In pregnancies compli-
cated by a fetal neural tube defect, maternal plasma
homocysteine levels are elevated and plasma folate
concentration is decreased, suggesting a defect in the
folate-dependent homocysteine metabolism. Hyper-
homocystinemia is also associated with various condi-
tions characterized by placental vasculopathy, such as
preeclampsia and abruption, and with recurrent preg-
nancy loss.®

OTHER VITAMINS

Vitamin A is the family of fat-soluble compounds called
retinoids that have vitamin A activity.9 The current RDI
is 1500 (ig/L (5000 1U).90 Isotretinoin, a derivative of
vitamin A, is a powerful prescription drug for the treat-
ment of severe recalcitrant nodular acne. High doses of
vitamin A can cause birth defects (e.g., heart defects,
craniofacial anomalies), beginning at doses of only three
times the daily allowance. Since its approval,
isotretinoin has been labeled as pregnancy category X,
meaning that it should not be used during pregnancy
Another derivative of vitamin A, etretinate, is a pre-
scription drug for the treatment of psoriasis. This drug
is also contraindicated in pregnant women and those
who are likely to become pregnant while taking it. In
adults, vitamin A toxicity results in hepatotoxicity and
visual changes.90 Xerophthalmia, night blindness, and
increased susceptibility to disease characterize vitamin
A deficiency.

Vitamin B6 (pyridoxine, pyridoxal, and pyridoxamine)
is water-soluble and is found in various plant and animal
products. The current RDI for vitamin B6 is 2 mg.90
Vitamin B6 is involved in many enzymatic reactions.
Deficiency is uncommon.

Vitamin B12 (cyanocobalamin) is water-soluble and
found in animal products only. The current RDI for
vitamin B12 is 6 jig.90 Cyanocobalamin has no known
physiologic role, but must be converted to a biologically
active form (i.e., methylcobalamin of adenosylcobal-
amin). Methylcobalamin is an essential cofactor in the
conversion of homocysteine to methionine.91 When this
reaction is impaired, hyperhomocysteinemia occurs and
folate metabolism is deranged. The cobalamins are
involved in fat and carbohydrate metabolism, protein
synthesis, and hematopoiesis. Deficiency can result from
poor intake, including strict veganism, malabsorption
from the absence of intrinsic factor, and rare enzyme

deficiencies. Vitamin Bp deficiency results in macro-
cytic anemia and neurologic abnormalities. There are no
consistent adverse effects of high intake.90

Vitamin C (ascorbic acid) is water-soluble and acts as a
cofactor in hydroxylation reactions, which are required for
collagen synthesis. It is also a strong antioxidant. The cur-
rent RDI for vitamin C is 60 mg.90 Vitamin C deficiency
leads to bruising and easy bleeding (scurvy). Large doses
(<2000 mg) of vitamin C are generally well tolerated.

Vitamin D (calciferol) is not a true vitamin because
humans can synthesize it with adequate sunlight expo-
sure. The current RDI for vitamin D (1,25-dihydroxyvi-
tamin D?) is 0.01 mg (400 1U).90 Vitamin D deficiency is
associated with rickets in children. In adults, vitamin D
deficiency leads to secondary hyperparathyroidism, with
subsequent bone loss and increased fracture risk. There
is evidence that genetic polymorphisms strongly affect
fracture risk.90 Inadequate vitamin D intake is more
common than previously believed, particularly among
housebound women of specific ethnic minority groups.0
There is no documented evidence of vitamin D defi-
ciency and adverse pregnancy outcome, apart from
neonatal hypocalcemia. Given the relatively high preva-
lence of vitamin D deficiency in certain communities,
vitamin D supplementation at a dosage of 0.01 mg (400
IU) is advocated. High intake of vitamin D (>0.05 mg or
2000 1U) results in hypercalcemia and soft tissue calcifi-
cation.90

Vitamin E is a family of eight related compounds, the
tocopherols and the tocotrienols. With the possible
exception of hemolytic anemia and retinopathy in
preterm infants, vitamin E deficiency as a result of
dietary limitations has not been seen in humans.
However, genetic deficiencies in apolipoprotein B or a-
tocopherol transfer protein lead to severe vitamin E defi-
ciency syndromes, with symptoms including hemolytic
anemia, muscle weakness, and brain dysfunction.9 The
current RDI for vitamin E is 20 mg (30 1U).9With doses
of 800 to 1200 mg/day, antiplatelet effects and bleeding
may occur.90 Because of its antioxidative properties, vita-
min E is believed to prevent diseases associated with
oxidative stress, such as cardiovascular diseases, cancer,
chronic inflammation, and neurologic disorders. It is
assumed, but not proven, that vitamin E requirements
increase during pregnancy Supplementation with vita-
mins C and E may help to prevent preeclampsia in
women at risk for the disease. There is, however, insuffi-
cient evidence to recommend this strategy (see also
Chapter 36).8

Vitamin K is fat-soluble and essential for normal clot-
ting, especially for the production of prothrombin and
factors VII, IX, and X, and protein C and S. Vitamin K
has two subtypes, vitamin Kj and K,. Vitamin Kj, or
phylloguinone, is found in most vegetables and dairy
products. Vitamin K7, or menaquinone, is synthesized by
the intestinal flora and absorbed only in small amounts.%
The current RDI for vitamin K is 80 u/L.90 Vitamin K
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deficiency occurs when dietary intake is inadequate or
intestinal bacteria, which synthesize vitamin K, are
altered. Newborn infants are at risk for vitamin K defi-
ciency because of poor placental transfer, lack of intes-
tinal bacteria, and low content in breast milk.94 The risk
of vitamin K deficiency is higher in the breast-fed infant
because breast milk contains lower amounts of vitamin K
than modern formula or cow’s milk.9%4 A single dose of
either oral or intramuscular vitamin K, 1 mg, to all
infants is advocated to prevent hemorrhagic disease of
the newborn in the first week after birth.94 Women using
antiepileptic drugs, including phenytoin, carbamazepine,
and phenobarbital, are particularly at risk for vitamin K
deficiency in their offspring. They are advised to use an
oral dose of vitamin K, 10 mg daily, from the 36th week
of gestation to prevent neonatal hemorrhagic disease.%

[ODINE AND ZINC

Trace minerals, such as iodine, are needed in greater
quantities during pregnancy. Deficiencies of trace miner-
als, such as iodine and zinc, are also implicated in low
birth weight, perinatal mortality, mental retardation,
childhood hearing and speech disorders, and birth
defects.%

[RON

In Europe, iron deficiency is an important nutritional
disorder, affecting large fractions of the population, par-
ticularly children, menstruating women, and pregnant

women. Factors that affect iron deficiency include the
type of contraception in women, blood donation, and
minor pathologic blood loss (e.g., hemorrhoids, gyneco-
logic bleeding). Moreover, women, especially vegetari-
ans, vegans, and patients with malabsorption, are at
increased risk for iron deficiency. A reduction in body
iron is associated with a decrease in the level of functional
compounds, such as hemoglobin (see also Chapter 39).

Management Options
General

From a recent overview of randomized controlled trials,
no firm conclusions could be drawn about the implica-
tions of nutritional advice to prevent or treat impaired
fetal growth.88 Most physicians agree that RDIs, except
those for iron and folic acid, can be obtained through a
proper diet. Pregnant teenagers, smokers, drug users,
alcohol drinkers, and strict vegetarians tend to be defi-
cient in various vitamins.97-99 Multivitamin supplements
can be of value.

To reduce the incidence of neural tube defects, most
countries advocate folic acid supplementation in a dosage
of 0.4 mg/day to all women from at least 4 weeks before
until 8 weeks after conception.89

Large quantities of caffeine consumption (>600 mg
daily) should be avoided. Caffeine is associated with
reductions in birth weight equivalent to those associated
with smoking 1to 10 cigarettes.89

SUMMARY OF MANAGEMENT OPTIONS
Nutritional Preparation for Pregnancy

Stage of Strength of
Pregnancy Management Options Quality of Evidence Recommendation References
Prepregnancy
Offer counseling to women at risk 11} B 100, 103
for nutritional deficiency.
Recommend folate supplements la A 101
(0.4 mg/day) for all women
contemplating pregnancy.
Offer continuing folate supplementation la A 101
(0.4 mg/day) to all women at increased risk
for neural tube defects in pregnancy.
Prenatal
The decision to recommend supplements la A 102
is based on individual requirements.
Routine iron supplementation is warranted la A 104

in populations in which iron deficiency
is common.
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SUMMARY OF MANAGEMENT OPTIONS "

Nutritional Preparation for Pregnancy (Continued) |

Stage of

Pregnancy Management Options

Prenatal

Avoid excess vitamin A (i.e.,, more than
the daily allowance).

Advise supplemental vitamin K (10 mg/day
from 36 weeks gestation) to women who
take antiepileptic drugs to prevent neonatal

hemorrhagic disease.

Advise women to avoid large amounts
of caffeine (>600 mg daily, which is

equivalent to six 10-ounce cups of coffee).

Labor and Delivery

Postnatal

Give a single dose (1 mg) of either
intramuscular or oral vitamin K to the
newborn to prevent classic hemorrhagic
disease.Vitamin K prophylaxis improves
biochemical indices of coagulation status
at 1to 7 days.

MATERNAL WEIGHT AND WEIGHT GAIN

Although routine weighing of pregnant women has
become an important feature of prenatal care, surpris-
ingly little is known about the effectiveness of weighing
as a screening procedure for predicting fetal demise or
about the clinical and practical implications of “abnor-
mal” weight changes in pregnancy. Epidemiologically,
prepregnancy weight may be considered a risk indicator,
identifying women who are at increased risk for preg-
nancy complications and poor reproductive outcome.
Prepregnancy weight is a crude reflection of nutritional
status, which is largely determined by maternal genotype
and environmental factors, including a woman’s lifelong
health status, beginning at her own conception. Weight
gain is arguably directly related to birth weight and the
subsequent health of the child.

Underweight Women
Definitions

Perhaps the best way to assess abnormalities of nutri-
tional status, namely undernutrition and obesity, is to
refer to standard height and weight tables, using infor-

Strength of

Quality of Evidence Recommendation References
1l B 90
lla A 95
n B 84
Ib A 94

mation on maternal height and prepregnancy weight.
Body mass index (BMI), also known as Quetelet’s index
(weight [kg]/height[m]2), is commonly used. Naeyel®b
classified pregnant women into four categories accord-
ing to arbitrary BMI values: “thin,” less than 20; “nor-
mal,” 20 to 24; “overweight,” 25 to 30; and “obese,”
greater than 30. In clinical practice, however, these stan-
dard definitions of BMI are difficult to apply because
information on prepregnancy weight is usually unavail-
able at the first prenatal visit. Therefore, many investi-
gators have limited the definitions for abnormal
nutritional status to information on body weight. In this
regard, subjective criteria for “initial” body weight have
been proposed. Values of 45 kg (99 Ib) or less are used to
describe “underweight” women and values of 85 kg (187
Ib) or greater are used to describe “overweight”
women.106 Alternatively, skinfold thickness measure-
ments are used to define maternal constitution in terms
of body fat content. Estimates of skinfold measurements,
however, are affected by alterations in maternal body
composition during pregnancy.107,108 Because it is
impossible to rely fully on the accuracy of these meas-
urements during pregnancy, the results should be inter-
preted carefully. Also, from a practical viewpoint, most
institutions do not routinely record this measurement.
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Nutritional deprivation may arise as a result of starva-
tion, dieting, or chronic eating disorders, such as
anorexia nervosa and bulimia. Eating disorders are a pub-
lic health concern in affluent societies.97

Anorexia nervosa is a syndrome characterized by
severe weight loss, a distorted body image, and an intense
fear of becoming obese.97109 Anorexia nervosa is not
synonymous with bulimia, although bulimic symptoms
may occur in women with anorexia nervosa.

Bulimia is characterized by recurrent episodes of
secretive binge eating followed by self-induced vomiting,
fasting, or the use of laxatives or diuretics.97 Depression
and alcohol and drug abuse are also prominent features
of this disorder.110 Patients show frequent weight fluctu-
ations, but are not likely to have significant weight loss,
as seen in women with anorexia nervosa. Both syn-
dromes, which primarily affect adolescents and young
adults from middle-class and upper middle-class families,
are often associated with oligomenorrhea and amenor-
rhea.9' Despite menstrual irregularities, women with
chronic eating disorders may become pregnant. Stewart
and colleagues reviewed the outcome of pregnancies in
women with anorexia and bulimia.100

Risks

Nutritional deprivation has a negative effect on birth
weight.86111 Underweight women are more likely than
women of normal weight to give birth to infants who are
small for gestational age.1()5112113 p0Or fetal growth may
result in birth asphyxia and complications, such as neona-
tal hypoglycemia and hypothermia.l14 Underweight
women my be more susceptible to anemia.76 In “thin”
women (Quetelet’s index <20), the perinatal mortality
rate is increased.1®b

The outcome of pregnancy in women with anorexia
and bulimia varies. If the eating disorder is in remission,
then an uneventful pregnancy and a favorable preg-
nancy outcome can be anticipated. However, expectant
women with active anorexia nervosa or bulimia at the
time of conception may have a number of severe health
problems, including electrolyte imbalances, dehydra-
tion, depression, social problems, and poor fetal
growth. Appropriate psychiatric treatment is war-
ranted.100109

Management Options
PREPREGNANCY

Women who have anorexia or bulimia and wish to
become pregnant are advised to wait until the eating
disorder is in remission.100 The treatment of under-
weight women with anovulatory infertility should be
focused on restoration of weight by an integrated mul-
tidisciplinary approach rather than on ovulation induc-
tion.97

PRENATAL

In view of the increased risk of low birth weight, prena-
tal care should focus on early detection of impaired fetal
growth.109 Careful dating of gestation is important.
Adequate weight gain should be ensured. However, the
beneficial effects of dietary advice, with or without spe-
cific food supplements, are controversial.8897,115

LABOR AND DELIVERY

If fetal growth restriction is suspected, the patient should
be admitted to a specialist unit. Continuous electronic
fetal heart rate monitoring is advised.113 Emergency
neonatal services should be readily available for resusci-
tation.

POSTNATAL

Approximately 40% ofwomen with eating disorders have
a history of affective disorders, which also puts them at
risk for postpartum depression.109 No additional specific
management strategies need to be considered. Treatment
with antidepressant drugs may be warranted.

Overweight Women
Definitions

According to the recommendations of the World Health
Organization, overweight is defined as a BMI of more
than 25.0 kg/m2 and obesity is defined as a BMI of
greater than 30 kg/m2.116 The degree of obesity is classi-
fied into three categories: grade 1 (BMI 30.0-34.9
kg/m2), grade 11 (BMI 35.0-39.9 kg/m2), and grade Il
(BMI >40 kg/nr).

Risks

Hypertensive disorders, including preexisting hyperten-
sion and pregnancy-induced hypertension, are more
common in women with excess weight, although preva-
lence rates in different reports vary widely (7%-46%).117
Gestational diabetes is also more frequent, affecting 7%
to 17% of obese women.117 Other problems associated
with obesity include gallstones, urinary tract infections,
postnatal hemorrhage, and possibly thrombophle-
bitis. 118-11Q0Obese women are more likely to give birth to
large-for-gestational-age infants. Poor fetal growth is not
usually seen in obese women.118 Despite the higher mean
birth weight of the infant, there is no clear evidence that
obese women without prenatal complications are at
increased risk for labor and delivery complications, such
as dysfunctional labor, shoulder dystocia, and birth
asphyxia.118120 Moreover, obese women without prena-
tal complications do not appear to be more prone to
either augmentation with oxytocin for poorly progress-
ing labor or cesarean section for dystocia when compared
with matched nonobese control subjects.118119
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There is conflicting evidence about the effect of obe-
sity on perinatal mortality. Based on the findings of the
Collaborative Perinatal Study in the United States,
Naeyel® concluded that perinatal mortality rates are
directly related to Quetelet index values, even when the
effects of demographic factors, smoking, and prenatal
complications were considered. He showed that nearly
half the increase in perinatal mortality among obese
women could be ascribed to preterm birth. The
increased rate of twin births may also partially explain
the relatively high rates of preterm birth and subsequent
increased perinatal mortality rates among obese
women.1® Other investigators could not confirm this
association between perinatal mortality and obesity.
Such a lack of association could be the effect of prenatal
care, through early recognition and appropriate man-
agement of prenatal complications in the obese
woman.117 Various studies suggested that the cesarean
section rate for obese women is slightly higher than that
for women of normal weight.119 In fact, the increased
need for abdominal delivery in obese women can be
attributed mainly to the relatively high rate of prenatal
complications and to factors such as advanced age and
high parity. When surgical delivery is required, obese
women are more prone to wound infection compared
with nonobese women.117,121

Management Options
PREPREGNANCY

If an obese woman wishes to reduce her weight, she
should be encouraged to lose weight before or after preg-
nancy. There are several potentially effective programs
for weight loss.12 It has been suggested that weight loss
programs should aim initially at a reduction of body
weight by 10% from baseline, at a rate of 1 or 2 pounds
(approximately 0.5-1 kg) per week, for 6 months.12 Diets
with a deficit of 500 to 1000 kcal/day produce weight loss
of 300 to 1000 g/wk, depending on the patient’s
weight.123 Starvation diets, with energy intake of less than
200 kcal/day, are no longer used. Dietary manipulation
should not be advocated during pregnancy. It is difficult
to achieve, offers no benefit to the mother, and may have
ill effects on fetal weight and the subsequent health of the
child.111,124 Apart from a balanced diet, daily exercise pro-
grams should be promoted 116122 (see “Physical Activity”).
If a woman insists on severe caloric restriction for weight
reduction, the problem of maintaining reduced weight for
prolonged periods should be addressed. The recurrence
rate of obesity after weight reduction is high.1%5 Massively
obese women who cannot achieve dietary control some-
times opt for surgical treatment of obesity. Pregnancies
that occur after intestinal bypass surgery are often com-
plicated by fetal growth restriction.125 In contrast, most
pregnancies that occur after gastric bypass surgery appear
to have a generally benign course; this procedure is sel-

dom associated with nutritional and metabolic abnormal-
ities.126 Pregnancy should be avoided if electrolyte imbal-
ance is present.

PRENATAL

Prepregnancy weight and maternal height should be doc-
umented routinely in the prenatal health records or med-
ical records. Weight is usually recorded at each prenatal
visit, using calibrated scales. Blood pressure should also
be monitored with an appropriately sized cuff. Obese
women may show artificially high readings when a stan-
dard cuffis used.12

In grossly obese women, it can be difficult to assess
fetal growth and well-being. Ultrasonic measurements of
fetal size may be untrustworthy if adipose tissue limits
proper visualization of the fetus. Ascertainment of fundal
height in overweight women by either palpation or meas-
urement could also present problems in terms of accurate
estimation of fetal size. There is no simple solution.
Moreover, in massively obese women, it may be difficult
to determine fetal presentation. Ultrasonography is par-
ticularly important in resolving problems of presenta-
tion. Before delivery, anesthesia consultation is needed if
medical problems arise, such as hypertension, diabetes
mellitus, or pulmonary dysfunction.

Obese women should be evaluated for gestational dia-
betes at the first prenatal visit. Testing should be repeated
in the second or third trimester if the previous findings
were normal.119 Women should be screened for asymp-
tomatic bacteriuria by culture and colony count of clean-
catch voided urine.128 Screening for asymptomatic
bacteriuria, with subsequent treatment, reduces the risk
of pyelonephritis and its consequences.128

LABOR AND DELIVERY

Fetal macrosomia is strongly associated with problems in
labor, including poor progress as a result of cephalopelvic
disproportion, shoulder dystocia, and birth asphyxia.120
Attempts to derive a prediction score to identify large-
for-gestational-age infants have been unsuccessful
because of unacceptably high false-positive rates.12

PROCEDURE

CESAREAN SECTION INTHE OBESE PATIENT

Preoperative Considerations

Anesthesia

In view of technologic advances, there should no longer be
a hesitancy to perform a cesarean section in morbidly
obese women. In nonemergent deliveries, epidural anesthe-
sia warrants serious consideration. Even in the massively
obese woman, epidural anesthesia is technically possible and
is preferred over general anesthesia, at least in experienced
hands.118,130
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Prophylactic Measures

The use of prophylactic antibiotics during both elective and
emergency cesarean section significantly reduces the risks
of maternal wound infection and febrile morbidity.13
Additionally, prophylactic administration of low-molecular-
weight heparin is recommended, beginning preoperatively
and continuing until the patient is fully ambulatory.13
Type of Incision

In obese women, the type of incision for abdominal deliv-
ery, midline vertical versus low-transverse (Pfannenstiel),
is often subject to debate. Gross133 reviewed the benefits
and risks of the two operative approaches in obese
women. He concluded that the favorable aspects of the
Pfannenstiel incision are: (I) less postoperative pain and
early ambulation, thus avoiding atelectasis and embolism;
(2) a more secure closure; and (3) less adipose tissue to
incise. Moreover, the Pfannenstiel incision gives a better
cosmetic result than the midline incision. The potential
adverse effects of the Pfannenstiel incision are: (1) greater
likelihood of infection because the incision is located in a
warm, moist area; (2) potentially restricted access to the
infant; and (3) more difficult exposure of the upper
abdomen.

In theory, prolongation of surgery increases the risk of
wound infection. The extent to which the type of incision
affects the duration of surgery in overweight women is
unknown. The total duration of the operation in obese
women appears to be only marginally affected by the type
of incision used.The interval from incision to delivery with

the Pfannenstiel techniqgue may be somewhat longer
because extraction of the infant may be more difficult, par-
ticularly when the infant is large. Incision closure may be
more difficult

Exteriorization of the uterus to facilitate repair of the uter-

when a midline incision is used.
ine incision is commonly practiced when exposure is par-
ticularly difficult. The value of this technique, however,
remains to be established.134 Use of a “full-thickness” or
“one-layer” closure technique (incorporating peritoneum
together with rectus sheath) with nonabsorbable suture
material could avoid the problem of wound dehiscence.
Placing surgical drains at the time of closure of the
abdomen in obese women is a matter of debate.There is no
conclusive evidence about how the skin should be closed

after cesarean section.1%

POSTNATAL

Specific complications after abdominal delivery in obese
women include wound infection, wound dehiscence,
atelectasis, and pulmonary emboli. Prophylactic adminis-
tration of anticoagulants should be continued until the
patient is fully mobilized. Early mobilization appears to
improve maternal outcome.

In newborn infants born to grossly obese women,
especially those that are large for gestational age, the
postnatal blood sugar level should be monitored during
the first hours of life.

CONCLUSIONS

Obese women are more likely to have prenatal complications, including hypertensive disorders, gestational
diabetes, urinary tract infection, cesarean section, large-for-gestational-age infants, and intrapartum and

postpartum complications.

Maintaining awareness of the specific medical and obstetric problems associated with obesity will enable the
clinician to maximize efforts to improve maternal health and fetal outcome.

Weight Gain in Pregnancy

The total weight gain ofa healthy nulliparous woman eat-
ing without restriction is approximately 125 kg (27.5
Ib).108 However, large variations in weight gain are seen in
women with normal outcomes.108136 In western societies,
average total weight gain ranges from 10 to 16 kg (22-35
Ib).13 This variation is a function of prepregnancy
weight, age, parity, and dietary habits during pregnancy.
In healthy, well-nourished women with uncomplicated
pregnancies, the proportional weight gain (i.e., total
weight gain at term expressed as a proportion of the
weight before pregnancy) is 17% to 20%.107 The increase
is mostly accounted for by an increase in total body water
(averaging approximately 7.5 kg [16.4 Ib] when no edema
is present) and body fat mass (approximately 2.2-3.5 kg
[5.0-7.7 1b]).108137138 The rest, approximating 0.9 kg (2

Ib), is caused by an increase in protein content, half of
which is fetal. Mean weight gain in pregnancy, from con-
ception to birth, does not show a linear trend. The nor-
mal, lean nulliparous woman, who eats to appetite, gains
only a little weight during the first trimester (0.65-1.1 kg
[1.4-2.4 Ib] by 10 weeks).10813 In the second trimester,
average weekly weight gain is approximately 0.45 kg (1
Ib); thereafter, it is approximately 0.36 kg (0.8 Ib).118
Weight loss or failure to gain weight over a 2-week inter-
val in the third trimester is not uncommon in both nulli-
parous and parous women. The average weight gain in
parous women may be slightly less than in nulliparous
women. The maximum rate of weight gain occurs
between 17 and 24 weeks of pregnancy.136 Subcutaneous
fatis laid down over the abdomen, back, and upper thighs,
mainly in the first and second trimesters.117
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A study from the Netherlands showed that in a highly
selective group of healthy women, postpartum weight
was 2.9 kg (6.4 Ib) greater than weight before preg-
nancy.138 After delivery, the most rapid weight loss
occurs between 4 and 10 days postpartum, mainly from
loss of fluid. In the following weeks, weight loss is much
more gradual, approximately 0.25 kg (0.55 Ib) per week,
consistent with a gradual mobilization of fat stores.139
Eventually, the average woman loses most of the weight
she gains during pregnancy, taking into account the
effects of age and weight gain over time.108 140 Pregnancy
does not have a lasting effect on body fat mass. Breast-
feeding for longer than 60 days has a favorable effect on
the rate of postpartum weight loss because it is assumed
that maternal caloric consumption is generally insuffi-
cient to meet the increased needs of lactation.141

Risks

There is a positive correlation between maternal weight
gain and birth weight, regardless of maternal age and par-
ity.136-141 Women who gain little weight in pregnancy are
at increased risk for having low-birth weight infants. The
magnitude of the association between inadequate mater-
nal weight gain and low birth weight depends on prepreg-
nancy weight: women of low prepregnancy weight who
have little weight gain during pregnancy are more likely
to give birth to a low-birth weight infant than overweight
women who have a similar net weight gain during preg-
nancy. Net weight gain in underweight women is strongly
related to birth weight. In overweight women, net weight
gain is only marginally related to birth weight.142 The
optimum weight gain in terms of minimum perinatal
mortality is 7.3 kg (16 Ib) for overweight women, 9.1 kg
(20 Ib) for women of normal weight, and 13.6 kg (30 Ib)
for underweight women.138 The possibility of an eating
disorder should be considered in women who do not gain
appropriate weight or who have intractable vomiting.100

Management options
PRENATAL

Dietary policies vary markedly from hospital to hospital,
but the rationale for dietary management of pregnant
women with “inappropriate” weight gain is unclear. Over
the last several decades, significant changes have been
made in the recommendations made to women about
weight gain during pregnancy. Until the 1970s, it was
common practice to advise women to restrict food intake.
These recommendations were aimed at curtailing weight
gain to approximately 6.8 kg (15 Ib) or 11.3 kg (25 Ib) at
most.14- The main objectives for dietary restriction were
threefold: (1) reduction of the incidence of preeclampsia,
(2) promotion of easier labor, and (3) preservation of the
woman’ figure after birth.142 Later, when the association
between low birth weight and inadequate weight gain was
recognized to be less strong than originally thought, and
in view of the fact that dietary restriction could not avert
preeclampsia, medical attitudes toward weight gain in
pregnancy were relaxed.14

Caloric restriction in women cannot be recommended
because there is no scientific evidence that such policy
has a beneficial effect on maternal and fetal health, in
terms of preventing preeclampsia, perinatal mortality,
preterm birth, or impaired fetal growth.88-102'124-143 By
increasing energy intake, however, the pregnant woman
can promote excessive fat accretion.137 A modest reduc-
tion in nutrient intake may reduce the likelihood of
retaining undesirable amounts of fat postpartum.137 If a
woman wishes to pursue this approach, a dietitian should
advise her about a healthy, well-balanced diet, taking into
account her background, assets, and lifestyle.

LABOR AND DELIVERY

Important considerations were discussed in the previous
section.

CONCLUSIONS

Mean infant birth weight is a function of maternal weight before pregnancy and weight gain during pregnancy.
Weight gain during pregnancy seems to have a far greater effect on the birth weight of infants born to"
underweight women than on those born to overweight women.

SUMMARY OF MANAGEMENT OPTIONS
Underweight Women

Strength of

Management Options Quality of Evidence Recommendation References
Prepregnancy

Advise women with eating disorders who wish to become n B 100
pregnant to wait until the eating disorder is in remission.

Use a multidisciplinary approach for eating disorders. n B 97

Continued
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SUMMARY OF MANAGEMENT OPTIONS

Underweight Women (Continued)

Management Options

Prenatal

Check for fetal growth restriction.

Provide multidisciplinary treatment for women with eating
disorders not yet in remission.

Labor and Delivery

Provide continuous electronic fetal heart rate monitoring
if the fetus is small.

Postnatal

Monitor signs of maternal depression, and provide treatment
if indicated.

Quality of Evidence

lla

Strength of

Recommendation

SUMMARY OF MANAGEMENT OPTIONS
Overweight Women

Management Options

Prepregnancy

Provide advice on intervention for weight reduction.

Explain the risks of hypertension, diabetes, urinary infections,
large fetal size, and postpartum hemorrhage.

Prenatal

Avoid attempts to manipulate the diet during pregnancy.
Screen for hypertension, diabetes, and bacteriuria.

Monitor the blood pressure of women with large arms
with an appropriately sized cuff.

Monitor for fetal growth with ultrasound.

Labor and Delivery
Look for cephalopelvic disproportion and shoulder dystocia.
Cesarean section:

Use regional rather than general anaesthesia.

Give prophylactic antibiotics.

Give prophylactic low-dose subcutaneous heparin.

There is no agreement over which incision is best.

Wound drains may be of value.

Postnatal

Give subcutaneous heparin until the patient is fully ambulatory.

Recommend early mobilization.

Continue with measures to lose weight.

Quality of Evidence

Strength of
Recommendation

w > O > w
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SUMMARY OF

MANAGEMENT OPTIONS

Abnormal Weight Gain

Management Options

Prenatal

Check for abnormal fetal growth.
Consider physical and organic causes.
Offer advice on improving diet.

Advice on reducing weight is not useful.

Labor and Delivery

See the recommendations for Overweight Women.

PHYSICAL ACTIVITY

Definition

Physical activity is of two types: (1) daily activities,
including household, occupational, and commuting-
related activities; and (2) leisure activities, such as sports
and exercise, including aerobics. Physical activity
accounts for 15% to 40% of total energy expenditure.
The magnitude of the physiologic response to physical
activity is determined by age, fitness, body weight, body
position, concurrent physical adaptations to pregnancy,
and psychological factors.14,1 Because physical activity has
many interrelated dimensions, its quantification is com-
plex. Indirect assessment of physical activity by question-
naire is the most practical and widely accepted approach
in epidemiologic studies.146

Risks
General Health

There are clear associations between physical activity and
health and between diet and health. These relationships
are often linked through obesity.116 Although obesity, an
unhealthy diet, and physical inactivity are independent
risk factors, they are often found together and are a com-
mon risk factor for type 2 diabetes, hypertension, cardio-
vascular disease, and stroke.116

Pregnancy

Research focused on physical activity in the workplace
shows that physically and emotionally demanding work

Strength of

Quality of Evidence Recommendation References
Ib A 124
lib B 143
la A 139,124,143

during pregnancy is associated with an increased risk of
hypertension, low birth weight, and preterm birth147
(see “Occupational Factors”). Research focused on
leisure time physical activity during pregnancy has not
identified similar associations.147 Research findings
indicate that the overall effect of regular recreational
exercise on pregnancy outcome is positive for both
mother and fetus, in terms of maternal cardiovascular
reserve, placental growth, and functional capac-
ity.147 149 This also holds true for vigorous exercise,
including aerobics and competitive sports.150,151
Activities with a high risk of abdominal trauma should
be avoided.148 Scuba diving should be discouraged
throughout pregnancy, because the fetus is not pro-
tected from decompression problems and is at risk for
malformation and gas embolism after decompression
disease.143152

Management Options

A woman’s overall health, including obstetric and med-
ical risks, should be evaluated before an exercise pro-
gram is prescribed.148 The American College of
Obstetricians and Gynecologists (ACOG) recommends
healthy pregnant women to engage in 30 minutes or
more of moderate exercise daily, provided there are
neither medical nor obstetric complications.148
Healthy pregnant women are allowed to exercise vigor-
ously or take part in competitive sports, provided that
there are no noticeable health hazards to themselves or
their infants.145148150,151
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SUMMARY OF MANAGEMENT OPTIONS
Exercise in Pregnancy

Management Options

Advise healthy pregnant women to engage in daily exercise

if there are no medical or obstetric complications.

Warn patients to avoid activities with a high risk of
abdominal trauma.

Discourage scuba diving in pregnancy.

Exercise is associated with higher self-esteem and confidence.

Regular exercise carries no demonstrable harm to the
mother or fetus.

OCCUPATIONAL FACTORS

Risks

The number of women in paid employment has
increased over the last decades in both developing and
developed countries.153 With increasing participation in
the workforce, many women have become vulnerable to
unsafe and unhealthy conditions, such as exposure to
toxic chemicals, radiation, and physically or mentally
demanding work.

Women’s occupations are multidimensional. They
may undertake paid work at home or may combine part-
time or full-time work with household activities and the
care of children. They are likely to move in and out of
the paid labor force during different life stages. For
these reasons, a simple occupational category is seldom
sufficient as a guide for establishing specific health
risks.69'154

Determining both exposure and outcome may be
problematic. Data on meaningful indicators of reproduc-
tive health hazards in the workplace are usually scarce,
and occupational morbidity is frequently unquantified
and largely invisible. The same is true for occupational
hazards associated with household work, for instance,
exposure to toxic chemicals, such as cleaning fluids,
bleach, detergents, insecticides, and pesticides.
Furthermore, little information is available on the physi-
cal effort and emotional strain associated with the daily
care ofyoung children, which may be demanding, espe-
cially when there is little support from the woman'’s part-
ner, friends, or family. Despite considerable progress in
integrating women into the labor force, many women are
still found in jobs where employment conditions are rel-
atively unfavorable. Many jobs often held by women
(e.g., salesperson, hairdresser, teller, cashier) require
static work, monotonous tasks, and repetitive movements

Quality of Evidence

Strength of

Recommendation References

1] B 145,148,150,151
v C 148
lib B 152
la A 151
la A 151

that may result in physical and mental health problems.
Migrant workers are of special concern because they are
often underpaid and work in exploitative conditions. The
adverse effects of poor working environment can be mag-
nified by problems of isolation, stress, tiredness, and
depression.

Physical violence is a major contributor to women’s
health risks, either in the home or in the formal work-
place. Unemployment and poverty have led many
women to work in the sex industry. Although the occu-
pational health risks of sex workers vary with the setting
and context, these workers are at increased risk for vio-
lence and sexually transmitted diseases (see Chapter 81).

The list of occupational exposures suspected to be
harmful to the fetus is long. For instance, occupational
exposures to anesthetic agents, laboratory chemicals,
organic solvents, and pesticides have been linked to
adverse pregnancy outcomes.15515 However, interpreta-
tion of the findings of studies in occupational settings is
often hampered by methodologic shortcomings. A recent
meta-analysis of working conditions and adverse preg-
nancy outcomes concluded that physically demanding
work is significantly associated with preterm birth (OR,
1.22; 95% CI, 1.16, 1.29), fetal growth restriction (OR,
1.37; 95% CI, 1.30, 1.44), and hypertension or
preeclampsia (OR, 1.60; 95% CI, 1.30, 1.96). Other
occupational exposures significantly associated with
preterm birth include prolonged standing (OR, 1.26;
95% CI, 1.13, 1.40) and shift and night work (OR,
1.24; 95% CI, 1.06, 1.46).157 No adverse outcomes are
seen in women with less strenuous jobs or in those who
can modify their work activity.158 These data suggest that
interventions to reduce physical exertion among preg-
nant women could improve birth outcomes. French
investigators developed a useful scale for identifying
strenuous working conditions. This “fatigue index” com-
prises five sources of potential occupational hazards:
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posture, type of work, physical exertion, mental stress,
and situational factors (e.g., exposure to noise and heat).
They showed a strong relationship between preterm
delivery and adverse working conditions, as reflected by
the fatigue index.159 Several studies noted an association
between stress and fatigue related to the work or home
environment and increased risk of adverse pregnancy
outcome (pooled OR, 1.63; 95% CI, 1.33, 1.98).15/ The
underlying mechanism of these adverse effects on preg-
nancy outcomes is unclear.

Legislation to protect women in the workplace has
been enacted in most countries. Such legislation is fre-
quently used to exclude women from specific industries,
either because the work is too physically demanding or
because it poses unwarranted risks to the outcome of
pregnancy. Implementation of these protective health
and safety measures is often problematic. For instance,
informal sector employment is generally excluded from
protective legislation, leaving women vulnerable to
workplace hazards.

SUMMARY OF

Management Options

A careful workplace history should be taken, including
level of activity, hazardous exposures, and ease of work-
place modification.158 Precautions should be taken to
protect women from specific occupational health risks,
such as exposure to toxic chemicals or radiation.1®3
Women whose work is physically or emotionally
demanding should be monitored carefully throughout
pregnancy for evidence of hypertension, intrauterine
growth restriction, and symptoms of preterm labor.157 It
is important for health care professionals, family mem-
bers, and employers to recognize the potential negative
effect of adverse working conditions on pregnancy out-
come.

The ultimate decision on continuation of employment
during pregnancy should be made by the pregnant
woman after careful counseling by her physician, involv-
ing the company medical officer and the employer, when
indicated.

MANAGEMENT OPTIONS

Work and Pregnancy

Management Options

Precautions should be taken to protect women against
specific occupational health risks, such as exposure
to toxic chemicals or radiation.

Warn patients to avoid long hours of standing and walking.
Tell patients to avoid excess lifting and exercise.

Recommend that patients continue to work if they wish to
work and are not unduly tired.

There is no evidence that video display units (VDUs) are associated n B

with adverse pregnancy outcome.

ADOLESCENT PREGNANCY

Definitions

The term adolescent is often used synonymously with
teenager. In this sense, adolescentpregnancy is pregnancy in
a girl orwoman aged 10 to 19 years.180Epidemiologically,
a distinction is often made between pregnancy (or birth)
rates among adolescents aged 15 to 19 years and those
among adolescents aged 10 to 14 years. Some investiga-
tors advocate the use of the terms reproductive age and
gynecologic age as measures of physiologic maturity.161-164
Reproductive age is the interval from the age of menarche
(i.e., onset of first menses) to the chronologic age at con-
ception, whereas gynecologic age is the time span from the

Strength of

Quality of Evidence Recommendation References
v C 153
la B 157
la B 157
la B 157,159
60,61

age of menarche to the chronologic age at delivery.
Conception or delivery within 2 years after the onset of
menarche represents the lower extreme of the distribu-
tion of reproductive or gynecologic ages, respectively

With the improvement of socioeconomic conditions,
the median age of menarche has shown a downward
trend. Currently, the median age of menarche among
girls in developed countries is approximately 12.5
years.160

Incidence

The incidence of teenage pregnancy shows marked vari-
ation between developed countries. The lowest teenage
pregnancy rates are found in the Netherlands (14/1000
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among 15- to 19-year-olds), whereas in Sweden and
England and Wales combined, they are considerably
higher. According to recent figures for England and
Wales, the teenage pregnancy rate (15-19 years) is
45/1000, the abortion rate is 19/1000, and the birth rate
is 26/1000.160 The highest pregnancy rates in developed
countries are found in the United States. In the mid-
1990s, among teenagers 15 to 19 years old, the preg-
nancy rate was 83.6, the abortion rate was 29.2, and the
birth rate was 54.4.165 In the United States, approxi-
mately 1in every 11 girls aged 15 to 19 years becomes
pregnant each year.

Risks

Teenage pregnancy is associated with both social and
medical problems, in particular, preterm birth.160,162166
Many teenage mothers originate from working-class
families and ethnic minorities. Many are themselves
the children of teenage or very young parents.167 Most
teenage pregnancies are unplanned and unwanted.
Consequently, in western societies, abortion rates
among adolescents are quite high, ranging from 30%
to 60% of all confirmed pregnancies in this age
group.168

Reports on complications of pregnancy in adolescents
are contradictory and difficult to interpret because of the
confounding effects of adverse social circumstances and
poor attendance for prenatal care. Typically, cigarette
smoking and illicit drug use are common among preg-
nant adolescents.1800 Medical complications associated
with adolescent pregnancy include preterm birth and low
birth weight, perinatal mortality, short interval to next
pregnancy, and sudden infant death syndrome.
Moreover, adolescents who become pregnant are at par-
ticular risk for nutritional deficiencies, anemia, HIV
infection, and other sexually transmitted diseases.160 The
increased incidence of pregnancy-induced hypertension
among pregnant adolescents is largely explained by nul-
liparity.160 It has been suggested that competition for
nutrients between the fetus and the mother could affect
pregnancy outcome in adolescents by interrupting the
normal growth process.169 However, contrary to com-
mon belief, biologic “immaturity” does not affect appre-
ciably the reproductive performance of teenagers in
terms of length of labor and route of delivery.160,162,169 In
facts, the likelihood of operative delivery is not
increased.160

Management Options
Prevention and Prepregnancy Management

Primary prevention focuses on preventing pregnancy
through sexual education in schools, with an emphasis on
the importance of family planning and related
issues.168170-172 Teenagers should be encouraged to dis-
cuss openly with their friends and classmates the realities

of pregnancy and parenthood.1'3 The media could play
an important role in this area. Education should also
include information about values, responsibilities, and
the right to say “no.” Secondary prevention is directed at
sexually active women through a flexible approach to the
use and provision of contraceptives for both males and
females.171 Some family planning clinics require parental
notification if a teenager attends the clinic for birth con-
trol. Such policy may have a positive effect of including
motivated parents in guiding their children’s sexual
behavior and contraceptive decision-making. However,
such policy may also discourage teenagers from attending
family planning clinics for fear of discovery and potential
repercussions, in particular when they are raised with the
idea that premarital sex is wrong. Motivation to use birth
control is rarely hampered by negative attitudes toward
contraception. In fact, positive ideas about “getting preg-
nant” and indifference toward “having a baby” are justi-
fications that are frequently mentioned by childbearing
teenagers for not having used contraceptives before con-
ception.172 Tertiary prevention involves adolescents who
become pregnant. They are encouraged to seek early
adequate prenatal care and to discuss options for the res-
olution of pregnancy.174-176

Prenatal

Compliance with prenatal care tends to be poor, espe-
cially among teenagers in their second pregnancy.
Obviously, the provision and use of health care services
is beneficial to both mother and child, although it is not
clear to what extent prenatal care per se exerts a positive
effect on pregnancy outcome. Routine ultrasonography
during early pregnancy is advisable to confirm gesta-
tional age. Furthermore, timely identification of risk
factors is important. Strategies for intervention should
be focused on individual medical and social risk factors,
in particular, poor nutritional status, adverse health
habits, and perceived isolation. It is often difficult to
determine the real needs of the pregnant teenager, her
partner, and her family. Nevertheless, pregnant adoles-
cents should be offered social support when feasible,
preferably in close cooperation with the family physi-
cian, an empathetic midwife, or a social worker.3L Also,
information on pregnancy, delivery, and child-rearing
should be made available.

Labor and Delivery

There are usually no specific programs for the intra-
partum management of teenage pregnancies. The well-
being of both the mother and the child must be
monitored effectively. If possible, continuous emotional
support during labor should be provided by a profes-
sional (e.g., nurse, midwife) or nonprofessional caregiver
(e.g., spouse, friend, relative).3L The patient may be hos-
pitalized in a regular maternity unit if she has no risk fac-
tors other than age. In exceptionally young adolescents,
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specialized care is advisable because of the increased like-
lihood of obstructive labor in patients with a small,
immature pelvis.177

Postnatal

Infant feeding practices, infant growth, and infant safety
should be reviewed. Symptoms of medical problems in
the infant must be considered. Social and financial con-

mmm

cerns should be discussed.176 Teenage girls should be
encouraged to continue secondary education.173
Effective contraception should be implemented. A large
percentage of teenagers who give birth before the age of
17 years have a repeat pregnancy before they are 19 years
0ld.178 1™ Home visitation programs by public health
nurses can have a positive effect on the health of the ado-
lescent mother and her child.178 19

CONCLUSIONS

Pregnancy has a tremendous effect on the adolescent and her family.

Detrimental effects of age can be explained largely by poor social circumstances.

Data indicate that most pregnant adolescents are biologically mature when they conceive.

Teenagers tend to delay seeking prenatal care and typically do not use prenatal care facilities appropriately.
Attention should be focused on individual risk factors.

SUMMARY OF

MAN AGEMENT OFTIONS

Pregnancy in Adolescence

Management Options

Prepregnancy

Education and advertising directed toward sexual behavior
and family planning.

Emphasize self-referral for care when pregnant.

Prenatal

Encourage early referral for routine prenatal care and regular
attendance.

Confirm gestation with early ultrasonography.

Provide advice about diet and adverse habits (e.g., smoking).
Mobilize social support.

Labor and Delivery

Ensure adequate psychological support.

Schedule delivery in a special unit if dystocia is anticipated.
Postnatal

Provide advice and support for maternal and child care.

Discuss contraception.

ADVANCED MATERNAL AGE

Incidence

In the late 1960s and early 1970s, there was a decrease
in the number of live births generally and a decrease in
the proportion of mothers aged 35 years and
older.180181 In the last three decades, there has been a

Strength of

Quality of Evidence Recommendation References
lla B 160,170,171
1] B 174-176
1] B 174,175
1] B 174
1]l B 178
1] B 176
la 31
n B 177
1] B 179
If B 171,172

trend toward deferred childbearing, especially among
healthy, well-educated women with career opportuni-
ties.182 184 The proportion of pregnant women aged 35
years and older varies from country to country. Both
socioeconomic circumstances and the nature of the
population of elderly women have changed with time.
Formerly, pregnant women aged 35 years and older
tended to have several unplanned children, whereas
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today, the proportion of first births to “elderly” preg-
nant woman is growing.

Risks

Advanced maternal age is a risk indicator for several preg-
nancy complications, including spontaneous miscarriage;
ectopic pregnancy; stillbirth; chromosomal abnormalities;
twins; uterine fibroids; hypertensive disorders; gestational
diabetes; prolonged labor; cephalopelvic disproportion
necessitating operative delivery; bleeding disorders,
including placenta previa; low birth weight; antepartum
and intrapartum fetal loss; and neonatal mortality.183-186
However, most reports of pregnancy outcome in elderly
primiparous women have not taken into account effects
other than age, such as details of general health, smoking
habits, and reproductive history (including a history of
miscarriage or infertility and its treatment).1®
Information about whether the first pregnancy was post-
poned deliberately is often lacking. In the early 1990s,
Berkowitz and colleagues184 reported that although preg-
nancy complications are more common in primiparous
women aged 35 years and older, the risk of poor neonatal
outcome is not appreciably increased. The women in their
study represented a highly selected group of private
patients who were predominandy white, married, college-
educated, and nonsmoking, and who were delivered of a
single infant in a tertiary care center. Hence, their study
population was not representative of the population at
large. The findings of this study should be interpreted
with caution because they may not be applicable to other
populations.

Maternal age at conception is highly correlated with
the risk of spontaneous miscarriage, regardless of parity
or the number of previous miscarriages (Fig. 1-3).186

It is assumed that the increased risk of spontaneous
miscarriage among older women is a function of the age-
related risk of chromosomal abnormalities. App-
roximately 40% to 60% of conceptions that abort are
chromosomally abnormal .18 The relative frequency of
chromosomally normal miscarriages also increases with
age, possibly resulting in a decline in uterine function
with age.1® Maternal age has no effect on the incidence
of birth defects of unknown etiology.187

The topic of maternal age and chromosomal abnor-
malities is addressed in Chapter 2.

Advanced paternal age has little or no independent
effect on the risk of autosomal trisomies when the effect
of maternal age is taken into account.138

Management Options
Preconception and Prenatal

In clinical practice, maternal age normally refers to the
age of the pregnant woman at the time she consults the
physician or midwife for the first prenatal visit. This

Maternal age at conception

FIGURE 1-3

Risk of spontaneous abortion according to maternal age at
conception, stratified according to calendar period, based on Danish
civil registry data from 1978-1992. During this period, a total of
634,272 women had 1,221,546 pregnancies, of which 126,673 ended
in fetal loss, 285,022 in an induced abortion, and 809,762 in a live
birth. (From Andersen A-MN, WohlfahrtJ, Christens P, et al:
Maternal age and fetal loss: Population-based register linkage study.
BMJ 2000;320:1708-1712, with permission.)

information is particularly important for genetic coun-
seling about the maternal age-specific risks of chromo-
somal abnormalities because these are typically based
on maternal age at the time of delivery. Moreover,
counseling should carefully distinguish the risk of a
chromosomal abnormality in a live birth from the risk
of a fetal chromosomal abnormality that is detectable
in early pregnancy or midpregnancy.189"191 This
notion is also important for the proper interpretation
of the risk estimates derived from first- and second-
trimester screening tests for fetal abnormalities (see
Chapters 7, 8, and 9). Fetal chromosomal abnormalities
can be diagnosed with chorionic villus sampling or
amniotic fluid sampling (amniocentesis) [see Chapter
10].The timing of chorionic villus sampling should take
into account the higher baseline rate of spontaneous
first-trimester miscarriages in women of advanced
maternal age.186,192

Although medical and obstetric complications tend to
be more common in women aged 35 years and older (dis-
cussed earlier), in practice, normal prenatal care usually is
not modified unless another risk factor or complication is
identified.

Labor and Delivery

Elderly women are usually advised to be delivered in a spe-
cialized unit because of the risk of dystocia during labor.
However, the impression is often gained that the woman’s
age in itself contributes strongly to the decision to inter-
vene.134 Close monitoring of fetal condition (intermittent
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monoaural auscultation or cardiotocography) and progress
in the second stage of labor are warranted. However, intra-
partum care is not modified substantially because of the
extremes of maternal age.

Postnatal

Discussion of long-term contraception is recom-

mended.193 14

CONCLUSION

It is widely held clinically that advanced maternal age is associated with poor reproductive outcome. Only the
increased risks of chromosomal abnormalities and spontaneous abortion are proven.

SUMMARY OF MANAGEMENT OPTIONS

Advanced Maternal Age

Management Options

Prepregnancy

Discuss risks with the goal of putting the risks into perspective.

The risk of spontaneous miscarriage increases with maternal age.

Management is not altered in the woman of advanced age, other

than discussion about prenatal diagnosis of chromosomal
abnormalities. The other risks are considered relatively
unimportant.

Advanced paternal age has little or no independent effect
on the risk of autosomal trisomies when the effect of
maternal age is taken into account.

The probability of multiple pregnancy increases with maternal age.

Prenatal

Discuss prenatal diagnosis of chromosomal abnormalities
and serum marker screening of chorionic villus sampling or
amniocentesis if requested.

Labor and Delivery

Delivery in a unit that can manage dystocia and other
complications.

Postnatal

Discuss long-term contraception.

MATERNAL PARITY

Incidence

In western societies, nulliparous women constitute
approximately half of all pregnant women.

. \ Strength of
Quality of Evidence

Recommendation References
1] B 183,184
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1] B 188,191
1] B 188
1] B 185
1] B 192
1] B 183
1] B 193,194

Definitions

Definitions of parity differ from country to country.
Parity is the number of times a woman has given birth to
an infant, dead or alive. However, the gestational thresh-
old may vary (e.g., 23 completed weeks’ gestation vs. 27
completed weeks’ gestation).
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Risks

Differences in mortality risk between the offspring of
primiparous and multiparous women are accounted for
by birth weight.1' Parity is closely correlated with
maternal age and with socioeconomic status to a certain
extent. It is often difficult to establish precisely how
these factors are implicated in the etiology of adverse
pregnancy outcome. On the whole, the risk of adverse
outcome with parity does not show a consistent pattern.
Mean birth weight for infants born to nulliparous
women is consistently lower than that for infants born to
multiparous women.166 Some investigators suggested
that differences in the mean birth weight of infants born
to women of different parity could be explained by dif-
ferences in maternal weight. It is well known that nulli-
parity is associated with an increased risk of
pregnancy-induced hypertension, which in itself is
strongly related to low birth weight. Further, in nulli-
parous women, there is an increased risk of perineal
trauma as a result of either episiotomy or spontaneous
tear, compared with multiparous women.

Women of high parity tend to receive inadequate
obstetric care. They often delay seeking care and show
poor attendance for prenatal care. Moreover, it is
assumed that women with a history of rapid or precipi-
tated childbirth have an increased risk of unattended out-
of-hospital delivery. High parity is associated with an
increased likelihood of abnormal fetal presentation and
obstetric hemorrhage.1% Parity, however, does not have
a significant effect on the incidence of Down syndrome
when the effect of maternal age is taken into account.1%

Management Options
Prenatal

Nulliparity is a nonspecific risk factor. In this respect, no
specific precautions need to be taken, provided the
course of pregnancy is uneventful. There is no need for
specialist care on the grounds of nulliparity alone.

In parous women, it is of fundamental importance to
obtain all clinically relevant details of previous pregnan-
cies. Reproductive history is a very informative predictor
of pregnancy outcome. Consequently, this information has
implications for the management of subsequent pregnan-
cies. To facilitate the provision of prenatal care to parous
women, it is useful to provide space and staffto accommo-
date the patients’ children, who may accompany her.

Labor and Delivery

Empirically, there is a difference in the normal labor pat-
terns of nulliparous and multiparous women. The median
duration of the second stage of labor (i.e., from full dila-
tion of the cervix to delivery) is approximately 45 minutes
in nulliparous women versus approximately 20 minutes in
multiparous women who have experienced a vaginal
delivery previously. Clinically, however, the duration of
the second stage of labor is highly variable. In both nulli-
parous and multiparous women, policies for imposing
limits on the length of the second stage of labor tend to
be subjective and are usually based on uncontrolled obser-
vational data. If the maternal and fetal condition is satis-
factory and progress is occurring, with descent of the
presenting part, obstetric intervention is not warranted.
Cephalopelvic disproportion, however, must be consid-
ered when progress in labor is slow. To assure proper
maternal and fetal surveillance during labor and prevent
unattended out-of-hospital delivery, all women should be
instructed to make the necessary arrangements for reach-
ing the hospital in time. For women with a history of
rapid or precipitated delivery, timely admission to the
hospital and elective induction of labor may be consid-
ered, although there is no evidence that this approach is
beneficial.

Postnatal

Discussion of long-term contraception is recom-

mended.1931%4

CONCLUSIONS

First births have a statistically increased risk over second births, although the pattern of risk varies with age

and in itself should not affect pregnancy care.

Parity, age, and socioeconomic status are interrelated, and they all have an effect on birth weight and

pregnancy outcome.

Overall, the relative importance of parity is limited where fetal outcome is concerned.

Nulliparity is associated with an increased risk of pregnancy-induced hypertension.

High parity (traditionally five or more) is associated with abnormal fetal presentation and obstetric hemorrhage.
Empirically, the duration of “normal” labor in multiparous women is shorter than that in nulliparous women.
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SUMMARY OF

MANAGEMENT OPTI gNs

Women at the Extremes of Parity

Management Options

Prepregnancy
Discuss the risks, with emphasis on the effects of parity alone
and nulliparity or high multiparity (>5).

Prenatal

Encourage regular attendance for care in those of high parity.

Look for pregnancy-induced hypertension in those of nulliparity.

Look for abnormal presentation from 36 weeks’ gestation
in those of high parity.

Labor and Delivery
No specific recommendations are needed on the grounds

of parity alone.

Postpartum hemorrhage is more likely with increasing parity.

Postnatal

Discuss long-term contraception.

AIR TRAVEL DURING PREGNANCY

General Considerations

With commercial air travel becoming more global,
health care providers are increasingly confronted with
questions from travelers and airline crew members about
the safety of long-distance flights. In this context, preg-
nant women and those contemplating pregnancy need
special consideration because of the specific nature of the
potential health risks of long-distance flights. These
include exposure to cosmic radiation (see Fig. 1-2),
reduced arterial oxygen pressure, immobilization, and
unforeseen medical and obstetric emergencies encoun-
tered during the flight.197 Little information has been
published on this topic, and the recommendations made
to airline crew members and travelers are typically based
on common sense rather than scientific evidence.197

Risks
Radiation Exposure

The annual exposure dose limit for a member of the
general public is 1 millisievert (mSv). The occupational
limit is 5 mSv.18 The exposure dose from cosmic radi-
ation at flight altitudes is usually not higher than 0.005
mSv/hr (see also Fig. 1-2).3 Rough estimates show that
it takes a minimum of 200 flight hours to approach the
annual dose limit for the general public. More radiation
shielding is provided by atmospheric air at lower alti-
tudes. The dose received from cosmic radiation is usu-

Strength of

Quality of Evidence  Recommendation References
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ally lower during short-haul flights than during long-
haul flights because longer flights are usually flown at
higher altitudes. The latitude of the flight route also
makes a difference in the level of cosmic radiation expo-
sure, with maximum exposures occurring near the equa-
tor. Airlines usually restrict commercial airline crew
memdbers from long-haul flights once pregnancy is diag-
nosed.

Fetal and Maternal Hypoxia

On long-distance commercial flights at an altitude of
32,000 feet, cabin pressure is set at the equivalent to an
altitude of 6000 feet.1%/ Acute ascent to 6000 feet pro-
duces transient cardiovascular and pulmonary adapta-
tions, including decreased heart rate, increased blood
pressure, and a significant decrease in aerobic capac-
ity 199,200 These changes are associated with a decrease in
partial oxygen pressure that should not affect women
with uneventful pregnancies. However, this decrease may
affect those with compromised pregnancies. Therefore,
pregnant women should be discouraged from air travel if
they have a medical or obstetric problem that is exacer-
bated by a hypoxic environment.197 If they must travel,
supplemental oxygen should be prescribed during air
travel.201

Venous Thrombosis

There is probably a link between long-distance air travel
and deep venous thrombosis. The increased risk ofvenous
thrombosis is ascribed to prolonged immobilization from
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cramped seats (“economy class syndrome”). The risk,
however, appears very small and is largely confined to
those with recognized risk factors, such as a history of
thrombosis, recent major surgery, hormone treatment,
and malignancy.202--06 However, the risk does not appear
to be confined to those traveling in economy class. There
are insufficient scientific data on which to base specific
recommendations for prevention, other than leg exercise
and the use of elastic compression stockings.203°206,207

Preterm Labor

There is no evidence that air travel itself increases the
risk of preterm labor. However, 5% to 8% of pregnancies
are complicated by preterm labor. Women with a history
of preterm birth and those with multiple pregnancies are
at increased risk for preterm birth. Recent recommenda-
tions from the ACOG suggest that pregnant women who
have evidence of preterm labor or are at increased risk for
preterm birth should avoid long-distance air travel. 201
Pregnant women who plan to travel should be aware that
appropriate medical facilities may not be available in the
country of destination.

Obstetric Emergencies

Obstetric emergencies, such as antepartum hemorrhage,
cord prolapse, and placental abruption, are rare. However,
the consequences are potentially fatal for the mother and
child. Pregnant women should be aware that there is no
guarantee that qualified medical personnel will be on
board the flight and that medical equipment is limited.19

TABLE 1-6
Vaccination in Pregnancy

VACCINE

Bacille Calmette-Guerin No
Cholera

Hepatitis A
Hepatitis B
Influenza

Japanese encephalitis
Measles No
Meningococcal disease
Mumps No
Poliomyelitis
Rubella No
Tetanus and diphtheria
Rabies

Typhoid

Varicella No
Yellow fever

USE IN PREGNANCY

Yes, administer if indicated
Yes, administer if indicated
Yes, administer if indicated
Yes, administer if indicated
Yes, administer if indicated

Yes, administer if indicated

Yes, administer if indicated

Seat Belts

Advice for airline seat belt use is the same as that for cars.
A recent study showed that the likelihood of adverse
pregnancy outcome among belted pregnant women who
were involved in a passenger car accident is comparable
to that of those who were not pregnant.208 Because air
turbulence cannot be predicted and this risk of trauma is
not trivial, pregnant women are advised to use their seat
belts continuously while seated.20L

Vaccines

Awoman who is contemplating pregnancy should receive
vaccines that are safe and will protect her health and that
of her child when she becomes pregnant. However, care
must be taken to avoid inappropriate administration of
certain vaccines that can be hazardous to an unborn
child. This is particularly true for live vaccines.
According to the recommendations of the World Health
Organization, active vaccination with live attenuated
measles, mumps, rubella, bacillus Calmette-Guerin, and
yellow fever virus vaccines should be avoided in preg-
nancy (Table 1-6).209210

The risks and benefits of vaccination should be exam-
ined in each case. For instance, women who are more
than 13 weeks’ pregnant are advised to be vaccinated
against influenza virus because they are at increased risk
for complications of influenza, including hospitalization
for cardiorespiratory conditions, compared with non-
pregnant women.211

COMMENTS

Avoid unless high risk
Safety not determined
Safety not determined
Consult a physician

Avoid unless high risk

Yes, administer if indicated

Normally avoided

Yes, administer if indicated
Yes, administer if indicated
Yes, administer if indicated

Avoid unless high risk

Avoid unless high risk

(From World Health Organization: International travel and health. Vaccine-preventable diseases.
www.who.int/ith/chapter 06_16.html; Thomas RE: Preparing patients to travel abroad safely: Part 2. Updating
vaccinations. Can Fam Physician 2000; 46: 646-652, 655-656.)
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Malaria Prophylaxis

Four parasitic protozoa of the genus Plasmodium
(Plasmodium ovale, Plasmodium vivax, Plasmodium malariae,
and Plasmodium falciparum) cause human malaria. Of the
four species, P.falciparum causes the most severe morbid-
ity and mortality. All four species are transmitted through
the bite of an infected female Anopheles species mosquito.
At risk for contraction of malaria are nonimmune persons
living in or traveling to areas of Central and South
America, Hispaniola, sub-Saharan Africa, the Indian sub-
continent, Southeast Asia, the Middle East, and Oceania.
Resistance of P.falciparum to chloroquine is now common
in nearly all malaria-endemic countries of Africa, espe-
cially in east Africa, thus posing increasing problems for
the provision of suitable treatment. The clinical features of
malaria in pregnancy depend to a large extent on the
immune status of the woman, which in turn is determined
by her previous exposure to malaria. In pregnant women
with little or no preexisting immunity, such as those from
nonendemic areas or travelers to endemic areas, infection
is associated with a high risk of severe maternal anemia and
low birth weight. These complications are more common
in primigravidae than in multigravidae.212 Preventive
strategies include chemoprophylaxis, intermittent preven-
tative treatment with antimalarials, and insecticide-treated
bed nets.212-215 These strategies reduce the risk of severe
maternal anemia and low birth weight, in particular
among women of low parity.212-215 Recommendations for
the most appropriate strategy depend on the country of
destination, the length of stay, and individual prefer-
ences.-16 In the absence of medical attention, travelers to
endemic areas are increasingly advised to carry emergency
medication for self-treatment.217

Chemoprophylaxis should be started at least 1 week
before the woman enters the endemic area, preferably 2
to 3 weeks before, so that side effects can be detected
before travel occurs. If necessary, prophylaxis can be

changed to an alternative drug. Chemoprophylaxis
should be continued with unfailing regularity throughout
the stay in the endemic area and for 4 weeks after the
woman leaves the endemic area. Chloroquine, sulfadox-
ine-pyrimethamine, and mefloquine are considered safe
for use in pregnancy. Normal precautions and con-
traindications should be observed.

Chemoprophylaxis is increasingly hampered by para-
site drug resistance and poor patient compliance.215
Moreover, chemoprophylaxis does not offer 100% pro-
tection, and health care professionals should be alert to
the clinical symptoms of malaria.218 Malaria, which can
be fatal, must be suspected if fever, with or without other
symptoms, develops at any time between 1week after the
first possible exposure and 2 months (or even later in rare
cases) after the last possible exposure.218

Other Precautions

The risk of travelers’ diarrhea is approximately 7% in
developed countries and 20% to 50% in the developing
world.219 Routine prophylaxis of travelers’ diarrhea,
especially with antibiotics, should be discouraged. Oral
rehydration is generally important in the treatment of
diarrhea, but travelers’ diarrhea is not usually dehydrat-
ing in adults.219 Less severe disease can be treated with
a variety of nonantibiotic agents, including bismuth
subsalicylate-containing compounds and loper-
amide. ’-20 These drugs are considered safe for use in
pregnancy.

MEDICAL FACTORS

The risks of specific medical conditions in pregnancy and
the prepregnancy management options are discussed in
the relevant chapters.

SUMMARY OF MANAGEMENT OPTIONS
Air Travel in Pregnancy

Management Options

In the absence of predictable obstetric or medical problems,
long-distance air travel is safe in pregnancy.

Long-distance flights are not recommended for women
up to 36 weeks’ gestation with singleton pregnancies
and 32 weeks' with multiple pregnancies.

Air travel is not recommended for infants younger than 7 days old

Update travelers on routine immunizations, including tetanus,
diphtheria, polio, measles, mumps, rubella, hepatitis A and B,

Strength of

Quality of Evidence Recommendation References
v c 197,201
v C 201
v c 197
v c 210

and influenza vaccines. Other immunizations are based on geographic risk.

Continued
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SUMMARY OF MANAGEMENT OPTIONS
Air Travel in Pregnancy (Continued)

Management Options

Travel is not recommended at any time during pregnancy for
women who have either medical or obstetric problems
that could result in emergencies.

Preventive measures (e.g., supportive stockings, periodic
movement of lower extremities) can be used during long

hours of air travel to minimize thromboembolic risk. Additional
prophylaxis is advised in those with increased thromboembolic
risk (see Chapter 43).

Travelers should be informed about how to protect themselves
against mosquito bites in malarial endemic areas.

Drugs given to prevent malaria in pregnancy significantly reduce
the likelihood of severe maternal anemia and low birth weight,
in particular among women of low parity.

Malaria should be suspected in all patients who have symptoms
after traveling to an area where malaria is endemic.These
patients should undergo blood microscopy.

Quality of Evidence

v

Strength of
Recommendation

C

References

201

201,207

214
215

218

CONCLUSIONS

The couple’s health status, lifestyle, and reproductive and family history before conception may have a major
effect on the likelihood of a successful pregnancy.

The initial assessment of a woman’ reproductive health risks may start well before pregnancy occurs (see
Appendix).

The developing fetus is most vulnerable to maternal conditions and environmental exposures in the first
trimester of pregnancy.838

Preconception health care may improve reproductive outcome.4221

The key elements of preconception services include the following:

Identification of women at increased risk for adverse pregnancy outcome, with subsequent counseling about
the necessary preventive measures to ensure an optimal outcome

Provision of health education to all women, regardless of their risk status, to increase the likelihood of optimal
reproductive outcome

Preconception health care services should include a discussion of contraception and timing of pregnancy,
nutritional information, and the patient’s infection and immunization history.4

A recent systematic review found evidence of the effectiveness of preconception care in the following three
areas221:

Screening women who are seeking family planning for high risk conditions

Folate supplementation in sexually active women of reproductive age

Women affected with certain metabolic conditions (e.g., diabetes and hyperphenylalaninemia)

When couples are systematically provided with information and skills to reduce health risks, they are more
likely to reduce substance use, stop using tobacco products, practice safe sex, eat healthy foods, and engage in
physical activity.22

Physicians who provide primary care to women should include prepregnancy care in their routine encounters
with women of reproductive age.221
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PRECONCEPTION SCREENING
AND COUNSELING CHECKLIST

NAME BIRTHPLACE

DATE: / /
N

IF YOUR ANSWER TO A QUESTION IS YES, PUT A CHECK MARK ON THE LINE IN FRONT OF THE QUESTION. FILL IN OTHER INFORMATION THAT Al

DIET & EXERCISE

What do you consider a healthy weight for you?
__ Doyou eatthree meals a day?
___Doyou follow a special diet (vegetarian, diabetic, other)?

___Which doyoudrink ( coffee tea cola milk water other soda/pop

other )?

___Doyou eat raw or undercooked food (meat, other)?

___Do you take folic acid?

___Doyoutake other vitamins daily (_multivitamin__vitamin A ___other)?
___Doyou take dietary supplements (_black cohosh_pennyroyal_____ other)?
___Doyou have current/past problems with eating disorders?

___Doyou exercise? Type/frequency:

Notes:

MEDICATION/DRUGS

___Areyou taking prescribed drugs (Accutane, valproic acid, blood thinners)? List

them
___Are you taking non-prescribed drugs?
Listthem:
___Areyou using birth control pills?
__Doyou get injectable contraceptives or shots for birth control?
___Doyou use any herbal remedies or alternative medicine?
List:
NOTES:

WOMEN’S HEALTH

___Doyou have any problems with your menstrual cycle?
___How many times have you been pregnant?

What was/were the outcomes(s)?.

___Did you have difficulty getting pregnant last time?

___Have you been treated for infertility?

___Have you had surgery on your uterus, cervix, ovaries or tubes?
___Did you mother take the hormone DES during pregnancy?
___Have you ever had HPV, genital warts or chlamydia?

Have you ever been treated for a sexually transmitted infection (genital herpes,

gonorrhea, syphilis, HIV/AIDS, other)? List:
NOTES:

HOME ENVIRONMENT

___Doyou feel emotionally supported at home?

___Doyou have help from relatives or friends if needed?
___Doyou feel you have serious money/financial worries?
___Areyou in a stable relationship?

___Doyou feel safe at home?

___Does anyone threaten or physically hurt you?

___Doyou have pets (cats, rodents, exotic animals)? List:______
___Doyou have any contact with soil, cat litter or sandboxes?
Baby preparation (if planning pregnancy):

___Doyou have a place for a baby to sleep?

___Doyou need any baby items?

NOTES:

Source: http://www.marchofdimes.com/files/preconception_tool_ed.pdf

AGE

ARE YOU PLANNING TO GET PREGNANT IN THE NEXT SIX MONTHS? _ Y

LIFESTYLE

___Doyou smoke cigarettes or use other tobacco products?

How many cigarettes/packs a day?

___Are you exposed to second-hand smoke?

___Doyou drink alcohol?

What kind?. How often?, How much?_

___Doyou use recreational drugs (cocaine, heroin, ecstasy, meth/ice, other?
List:

___Doyou see adentist regularly?

What kind of work do you do?
___Doyou work or live near possible hazards (chemicals, x-ray or other radiation,
lead)? List:
___Doyou use saunas or hot tubs?
NOTES:

MEDICAL/FAMILY HISTORY

Do you have or have you ever had:
___Epilepsy?

___Diabetes?

___Asthma?
___High blood pressure?
___Heartdisease?
___Anemia?

__Kidney or bladder disorders?
___Thyroid disease?
___Chickenpox?

___Hepatitis C?
__Digestive problems?
___Depression or other mental health problem?
___Surgeries?
__ Lupus?
__Scleroderma?
___ Other conditions?

Have you ever been vaccinated for:
___Measles, mumps, rubella?
___Hepatitis B?
___Chickenpox?

NOTES:

GENETICS

Does your family have a history of or
___Hemophilia?

___Other bleeding disorders?

__ Tay-Sachs disease?

___Blood diseases (sickle cell, thalassemia, other)?
___Muscular dystrophy?

___Down syndrome/Mental retardation?

___ Cystic fibrosis?

___Birth defects (spine/heart/kidney)?

Your ethnic background is:

Your partner’s ethnic background is:_
NOTES:

your partner’s family

OTHER

IS THERE ANYTHING ELSE YOU'D LIKE ME TO KNOW?

ARE THERE ANY QUESTIONS YOU'D LIKE TO ASK ME?

LIES TO YOU


http://www.marchofdimes.com/files/preconception_tool_ed.pdf

Genetics, Risks, and Genetic
Counseling

Peter A. Farndon /Mark D. Kilby

INTRODUCTION

An abnormal fetal phenotype can be caused by environ-
mental factors, chromosomal abnormalities, specific
genes, or more complex genetic mechanisms. For most
couples, the finding of fetal anomalies is unexpected, but
some have identifiable factors that suggest a high risk of
fetal anomaly. These include the following:

» A previous child affected with a single-gene disorder
» A family history of a single-gene disorder

» A parent with a chromosomal anomaly

« Structural anomalies found on ultrasound examination

Because families with single-gene disorders or parental
chromosomal anomalies are at increased risk, it is impor-
tant to identify couples from such families before they
undertake pregnancy. An assessment of an individual’s
risk can often be made by a combination of pedigree
analysis, precise clinical diagnosis, and genetic testing,
which is available for an increasing number of conditions.

Although the main effect of genetics on current obstet-
ric practice may be aiding the prediction and under-
standing of fetal anomaly, in the future, it is likely that
screening for maternal genetic susceptibility to condi-
tions such as eclampsia will be feasible.

DETERMINING THE GENETIC BASIS OF A
CONDITION

To give a family accurate genetic information, it is rec-
ommended that the following steps (which are discussed
in greater detail later) are undertaken:

» Examine the family tree to detect a pattern of inheri-
tance.

» Refine and confirm the diagnosis by clinical examina-
tion and testing.

e Perform karyotype analysis or DNA testing, as
appropriate.

* Assess the genetic risks to family members.

» Explain the genetic information to the family (“genetic
counseling”).

 Discuss the available options.

» Support the family while they make decisions appro-
priate to their situation.

IDENTIFICATION OF FAMILIES AT
INCREASED GENETIC RISK

The couple may have realized that the family tree sug-
gests a genetic disorder and volunteer this information.
In other cases, the high risk is appreciated only when a
formal history is taken.

The best and easiest way to record genetic information
is to draw a pedigree. The standard notation is shown in
Figure 2-1. Guidelines include the following:

» Create the tree from the “bottom,” starting with the
affected child and siblings: “Please give me the names
of your children and their dates of birth, in order of
age, starting with the oldest.”

» Choose one parent (usually the mother) and ask about
her siblings and their children, and then her parents,
moving from generation to generation.

» Add information about the paternal side of the family.

» Use clear symbols (e.g., circles for females, squares for
males). Fill in the symbol if the person is affected.

» Put a sloping line through the symbol (from the bot-
tom left to the top right corner) if the person has died.

* Record all names, dates of birth, and maiden names.

» Ask about miscarriages, stillbirths, or deaths in each
partnership: “How many children have you had? Have
you lost any children? Have you had any previous
partners?”

43
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PEDIGREE SYMBOLS

abortion abortion

* Note parental occupations, medical and drug history,
and pregnancy and birth history, especially when a
child has a dysmorphic syndrome.

» Record at least basic details for both sides of the fam-
ily, even when it appears that a disorder is segregating
on one side.

» Ask about consanguinity: “Are you and your partner
related? Are there any surnames in common in the
family?”

» Date and sign the pedigree.

When the mode of inheritance is certain from the
diagnosis (e.g., a known autosomal recessive condition),
it may not be necessary to record personal details about
all family members in as much detail as would be
required for an unknown disease.

It is recommended to seek the couple’s consent to
share their medical information and test results with
other family members.

Interpretation of the Pedigree

The precise pattern of affected members may suggest
dominant, recessive, or X-linked inheritance, as dis-
cussed later. Inherited chromosomal anomalies may
show a pattern of unaffected members having children
with multiple anomalies and/or several pregnancy losses
(Table 2-1).

figure 2-1
Symbols used in drawing a pedigree.

person whose
Sex is unknown

Consanguinity does not prove autosomal recessive inher-
itance, but makes it more likely An isolated case can still
have a genetic cause. lllegitimacy may explain discrepancies.

Confirmation of the Diagnosis

Accurate genetic information requires a precise diagnosis.
The diagnosis may need to be confirmed by referral to a
specialist, who may be able to identify clinical subtypes that
have different modes of inheritance. Confirmatory docu-
ments, such as specialists’ letters and laboratory or necropsy
results, may also be required. Apparently unaffected indi-
viduals may need to be assessed to exclude mild or early dis-
ease, especially in autosomal dominant disorders, such as
neurofibromatosis, tuberous sclerosis, myotonic dystrophy,
retinitis pigmentosa, and adult polycystic kidney disease.

Genetic Counseling

Genetic counseling is not solely giving a risk figure.
Harperldefined it as “the process by which patients or
relatives at risk of a disorder that may be hereditary are
given information about the consequences of the disor-
der, the probability of developing and transmitting it and
the ways in which it may be prevented or ameliorated.”

Providing Genetic Counseling

The provision of clinical genetic services varies between
countries. In the United Kingdom, trained clinical



TABLE 2-1
Establishing the Mode of Inheritance

Autosomal Dominant Inheritance

Males and females affected in equal proportions

Transmitted from one generation to next (“vertical
transmission”)

All forms of transmission are observed (i.e., male to male, female
to female, male to female, and female to male)

Autosomal Recessive Inheritance

Males and females affected in equal proportions
Individuals affected in a single sibship in one generation
Consanguinity in the parents provides further support

X-Linked Recessive Inheritance

Males affected almost exclusively

Transmitted through carrier females to their sons (“knight's
move” pattern)

Affected males cannot transmit the disorder to their sons

X-Linked Dominant Inheritance

Males and females are affected but affected females occur more
frequently than affected males

Females are usually less severely affected than males

Affected females can transmit the disorder to male and female
children, but affected males transmit the disorder only to
their daughters, all of whom are affected

Inherited Chromosomal Anomalies

May give a pattern of unaffected family members having
children with multiple abnormalities with growth and
developmental retardation

The hallmarks of chromosome anomalies are multiple organ
systems affected at different stages in embryogenesis

May give a pattern of multiple pregnancy losses

Mitochondrial Inheritance

If all the children of affected mothers are affected, but no
children of affected fathers, consider the possibility of
mitochondrial inheritance.

An Apparently Isolated Case

Could be caused by a:

« Phenocopy (caused solely by environmental factors)

* New dominant mutation

» More severe expression in a child of a dominant disorder in
a parent

« Recessive condition

¢ X-linked condition (if a male)

« Chromosome anomaly (either inherited or spontaneous)

» A combination of environmental influences on a genetic
predisposition

geneticists, usually supported by a team of genetic coun-
selors, are usually based in tertiary referral centers, but
most have clinics in district hospitals.

As part of clinical care, most obstetricians give genetic
information about common chromosomal trisomies
found at prenatal diagnosis, for instance, but seek advice
from a clinical geneticist for DNA diagnosis, familial
chromosomal disorders, single-gene disorders, and mal-
formation syndromes.

Giving Genetic Information

Genetic information should be given in a nondirective
manner, presenting facts, discussing options, and helping
couples and families to reach their own decisions. It may
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not be easy to be completely nondirective because the
professional’s views can affect the tone and manner of
presentation of the information. There is no “right” or
“wrong” decision; a couple must make a decision that
they believe is right for them. Whenever possible, the
partners should be seen together when discussing genetic
information or abnormalities found at prenatal diagnosis.

Timing

Couples who consider themselves to be at potentially
high risk for a genetic disorder and who have sought
genetic information before embarking on a pregnancy
have time to decide which option is the most appropriate.

The diagnosis of a serious genetic disorder or malfor-
mation syndrome during pregnancy may require diffi-
cult management decisions to be made relatively
quickly. The family may have little time to understand
the severity and consequences of the disorder, identify
the options (including available treatments), and dis-
cuss the genetic implications. Families want to know
whether the condition is lethal or severely disabling,
whether there is a high risk that a future pregnancy will
be affected, and whether specific prenatal diagnosis
would be available.

Genetic information may play an important role in the
consideration of options for future pregnancies and clinical
management of the current pregnancy. Options include
the following:

* Having no (more) children

» Accepting the risk

Undertaking prenatal diagnosis, if available
¢ Seeking adoption

» Having gamete donation

« Seeking preimplantation diagnosis

A couples choice will depend on social, economic,
moral, and practical factors, among others.

DETERMINING RISKS

The mathematical “risk of recurrence” can usually be
derived with certainty for a single-gene (mendelian) dis-
order. For other conditions, empirical figures must be
used (discussed later).

Explaining Risks (See also Chapter 1)

Although some people perceive risks only as “high” or
“low,” most wish to understand how a figure has been
reached, when a discussion about modes of inheritance
and mechanisms of genetic disease may be helpful.
Expressing a risk figure as a fraction (e.g., 11in 2, 1/2), as
odds (50:50), or as a percentage (50%) is less likely to
lead to confusion. The perception of what constitutes
“high” or “low” risk varies with the individual. Some



46  Section One /Pregnancy

families find it easier to understand risk figures presented
as odds, whereas others prefer to discuss these figures as
percentages. Most clinical geneticists use both odds and
percentages during a consultation, concentrating on the
one that the patients find easiest to understand.

The decision as to what constitutes an “acceptable” risk
varies with the disorder and the individual. However, pro-
viding some reference points (Table 2-2) may be helpful.

Genetic Risk: Burden and Probability

A “risk” figure has two components: the probability that the
condition will occur and the burden of the disease. Families
may view the same mathematical figure entirely differendy.
For example, for autosomal dominant conditions with a “1
in 27 risk, the family may view the effect of the disease as
mild (e.g., brachydactyly) or very severe (e.g., Huntington
disease). Their view may also be affected by whether screen-
ing and treatment are available (e.g., bilateral retinoblas-

TABLE 2-2

Examples of Approximate Reproductive Risks in
Developed Countries

RISK
REPRODUCTIVE OUTCOME OoDDS %
Infertility 1in 10 10.0
Pregnancy ending in a spontaneous 1in8 12.5
miscarriage
Perinatal death 1in 30 to 1.0
1in 100
Birth of a baby with a congenital 1in 30 3.3
abnormality (major and minor)
Birth of a baby with a serious physical 1in 50 2.0
or mental handicap
Death of a child in the first year after 1in 150 0.7

the first week

toma, adenomatous polyposis coli). Such issues may need to
be discussed during the genetic consultation.

SUMMARY OF MANAGEMENT OPTIONS
Genetics, Risks, and Genetic Counseling

Quality of Grade of
Management Options Evidence Recommendation  References
Popuation Genetic Soreening
Policies vary on the basis of: v C 2,3
* Financial constraints
* Prevalence and health burden of the conditions
« Political issues
If screening is implemented, patients should be given the following information: \% C 23
* Nature of the medical condition
¢ Mode of inheritance
* Reliability of the screening test
* Procedures for giving results
« Implications for their future, their existing children, and their
family members if the screening test result is positive
« Possibility that genetic screening may result in unexpected
information being revealed
Gererdl (Prepregrency, Prenetdl, and Fostretal)
Families with single-gene disorders and parental chromosomal anomalies have [\ C 1
the highest risks and may be detected by taking a family pedigree.
Adequate time should be made available in a quiet setting lla B 40
that is free from interruptions.
Both partners should be seen together whenever possible. lib B 41
Obtain accurate and comprehensive information to make lla B 40
a secure diagnosis, including taking a family pedigree.
Provide nondirective and supportive counseling. 1] B 42,43
Ensure that stated risks are accurate and up-to-date. lla B 40
W hat constitutes an “acceptable” risk to an individual varies with the disorder 1] B 43
because a risk figure has two components: The probability of occurrence
and the burden of disease.
Consider referring complex cases to a clinical geneticist. I} B 42



TYPES OF GENETIC DISORDERS:
MECHANISMS AND RISKS

Humans have approximately 23,000 genes arranged on
23 pairs of chromosomes that allow their physical trans-
mission from cell to cell and generation to generation.
Generally, gain or loss of gene function is the underlying
mechanism for single-gene and chromosomal disorders.
However, isolated congenital anomalies are often the
result of multifactorial inheritance. In multifactorial dis-
orders, the condition develops in individuals with a lia-
bility above a particular threshold. The liability is
composed of “environmental” components that act with
a genetic predisposition caused by the summation of the
effects of several genes.

CONDITIONS WITH MENDELIAN
INHERITANCE: SINGLE-GENE DISORDERS

General

Single-gene (mendelian) disorders behave as though they
are under the control of only one pair of genes. They
have high risks of recurrence. This mode of inheritance
is usually recognized by a combination of clinical diagno-
sis and pedigree pattern.

Risks can usually be determined from knowledge of the
mode of inheritance of a particular condition. However,
some conditions, such as retinitis pigmentosa, have dom-
inant, recessive, and X-linked forms, so care is needed.

For many mendelian conditions, DNA tests are avail-
able for presymptomatic diagnosis, carrier detection, and
prenatal diagnosis (Table 2-3). Up-to-date information
should be sought from a clinical genetics department
because advances are too rapid for published literature to
remain current. In addition, access to online databases is
helpful (Appendix). Prenatal diagnostic possibilities may
have changed by the time a couple is considering having
another child.

Autosomal Dominant Inheritance (Fig. 2-2)

A dominant trait manifests in a heterozygote (a person
with both the abnormal and the normal alleles) and is
usually transmitted from one generation to the next
(“vertical transmission”) [see Fig. 2-2], Each offspring of
a parent with an autosomal dominant trait has a 1in 2
chance of inheriting the disease gene. Autosomal domi-
nant traits can exhibit variable expressivity, reduced pen-
etrance, and sex limitation. The effects on a fetus from a
dominant disorder may be more difficult to predict than
suggested by the straightforward simple probability of 1
in 2 of inheriting the disease gene.

Some dominant conditions are so variable in their
expression that careful physical examination is needed to
detect the minute signs that a parent has the gene. For
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TABLE 2-3

Examples of Common Single-Gene Disorders*
Detected by DNA Diagnosis

Dominantly Inherited Disorders
Achondroplasia

Adult polycystic kidney disease
Breast cancer (some families)
Familial adenomatous polyposis coli
Familial hypercholesterolemia
Hereditary motor and sensory neuropathy
von Hippel-Lindau disease
Huntington’s disease

Marfan syndrome

Multiple endocrine neoplasia
Myotonic dystrophy
Neurofibromatosis

Tuberous sclerosis

Recessively Inherited Disorders
a-1 Antitrypsin

Congenital adrenal hyperplasia
Cystic fibrosis

Friedreich’s ataxia

Sickle cell disease

Spinal muscular atrophy
Tay-Sachs disease

Thalassaemia

X-Linked Disorders

Alport syndrome

Becker muscular dystrophy
Duchenne muscular dystrophy
Fragile X syndrome
Hemophilia A and B

*For gene tracking, DNA from the affected person and family studies are
required. Consult the Regional Clinical Genetics Service for the availability
of DNA diagnosis in other diseases; it is potentially possible for all diseases
in which the gene has been localized. Online databases that list DNA tests
provided by genetic laboratories are increasingly available. To ensure clinical
reliability and validity, it is important to confirm that laboratories that offer
testing are part of recognized quality control programs and to ask about the
experience of the laboratory with the particular test.

instance, freckles in the axilla may be the only sign of
neurofibromatosis. For some disorders, a fetus may be
considerably more affected than the affected parent. For
example, the increase in size during maternal transmis-
sion of a trinucleotide repeat associated with the gene
causing myotonic dystrophy can result in the congenital
form of myotonic dystrophy: The parent has minor signs
of the disease but the child is severely affected. However,
the phenotypes of other dominant conditions never vary
(e.g., achondroplasia).

Very rarely, a person who carries the gene for an auto-
somal dominant condition (with an affected parent and
an affected child) has no physical signs of the condition.
The gene is said to be “nonpenetrant”in the person who
has no signs of the disease.

Some autosomal dominant conditions appear to occur
sporadically. If there is no family history and both parents
are found to be unaffected after appropriate examinations
and investigations, then the child’s disease is likely to be
caused by a new mutation. The recurrence risk for par-
ents is low, but the child has a 50% risk of passing on the
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AUTOSOMAL DOMINANT INHERITANCE

AUTOSOMAL DOMINANT INHERITANCE

B

FIGURE 2-2

Single-gene disorders: examples of pedigrees and modes of inheritance.
A, Autosomal dominant inheritance. Three generations are affected,
and male-to-male transmission is shown. B, Autosomal dominant
inheritance. 1f one parent is affected by a dominant condition, each
offspring has a 50% (1 in 2) risk of inheriting the gene.

disease to offspring. There is a slight chance that a par-
ent of a child with an apparently new dominant mutation
has gonadal mosaicism. In this case, the germ line con-
tains two populations of cells: one with the mutation and
one with the normal gene. This situation explains the
rare cases in which unaffected parents have two children
with the same autosomal dominant condition.

Autosomal Recessive Conditions (Fig. 2-3)

Autosomal recessive disorders are manifest only in the
homozygous state: the affected person has two copies of
the abnormal gene. Heterozygotes (carriers) are normal.
When parents are heterozygous for the same autosomal
recessive condition, each offspring has a 1in 4 chance of
being affected. An unaffected sibling of an affected per-
son has a 2 in 3 chance of being a carrier (see Fig. 2-3).
If an affected person reproduces, the children will be at
risk only if the partner is a carrier for the same autosomal
recessive condition.

Carriers for some inborn errors of metabolism can be
identified by biochemical tests. Unfortunately, for many
disorders, the range of results for carriers overlaps with
the range of results for noncarriers, with test results gen-
erating a probability of being a carrier rather than giving
a definitive answer. DNA techniques allow diagnosis of
the carrier state for some autosomal recessive conditions
in some families. This “genetic testing” is offered when
other evidence (usually being closely related to an affected
person or a known carrier) suggests increased risk.

For some conditions, DNA diagnosis can be offered to
members of a general population with a high proportion
of carriers for a specific mutation. In this case, carrier risks
can be altered for couples who have no family history.
This “genetic screening” is discussed in more detail later.

AUTOSOMAL RECESSIVE INHERITANCE

AUTOSOMAL RECESSIVE INHERITANCE

B

FIGURE 2-3

Single-gene disorders: examples of pedigrees and modes of
inheritance. A, Autosomal recessive inheritance. Siblings in only one
generation are affected. In this family, the parents are first cousins. B,
Autosomal recessive inheritance. If both parents carry the same
abnormal gene for a recessive condition, their offspring have a 25%
(1 in 4) risk of inheriting the abnormal gene from both parents and
therefore being affected.



Unless the disorder is very common or unless consan-
guinity is present, the risks for half-siblings, children of
affected individuals, and especially children of unaffected
siblings are minimally increased over the risks in the gen-
eral population. The precise risk depends on the fre-
qguency of heterozygotes in the population and can be
calculated using mendelian principles.

Some couples request sterilization after the birth of a
child with an autosomal recessive condition. Very sensi-
tive handling of this request is needed. If the parents sep-
arate, either parent may form a new relationship with an
unrelated partner; in this case, it is likely that the risk of
recurrence would be low.

X-Linked Recessive Inheritance (Fig. 2-4)

Although males and females have similar sets of the 22
pairs of autosomes, the sex chromosome pair is different.
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Females have two X chromosomes, whereas males have
one X chromosome and a Y chromosome. Because sex-
linked recessive traits are determined by genes on the X
chromosome, they usually manifest only in males
because males have a single copy of the genes on the X
chromosome. Although females have two copies of the X
chromosome, one is inactivated at random early in gesta-
tion. In an individual female cell, the genes from either
the paternal or the maternal X chromosome are active
and most of the genes on the other X chromosome are
silenced. Therefore, a female who is heterozygous for an
X-linked condition will be a mosaic of normal and
affected cells. The proportions of each type in a given tis-
sue are related to the chance pattern of X inactivation. For
this reason, carrier detection in X-linked recessive disor-
ders may be difficult. For example, approximately 30% of
known carriers of Duchenne muscular dystrophy have
biochemical carrier test results within the normal range,

X-LINKED INHERITANCE

FIGURE 2-4

Single-gene disorders: examples of pedigrees and modes of inheritance. A, X-linked inheritance. In this family, the grandfather has a nonlethal X-
linked disorder (e.g., hemophilia). Males affected in several generations are linked through unaffected females. Daughters of affected men are
obligatory carriers. B, X-linked recessive inheritance in which a father is affected. 1f a father has an X-linked condition, all of his daughters will be
carriers, but none of his sons will be affected. (Sons inherit his Y chromosome; that is why they are male!) C, X-linked recessive inheritance in
which a mother is a carrier. 1f a woman carries a gene for a recessive condition on one of her X chromosomes, each of her sons has a 1in 2 risk of

being affected and each of her daughters has a 1in 2 risk of being a carrier.
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presumably because, by chance, relatively few muscle
cells express the abnormal gene in these women. Many
cases of the more serious X-linked diseases are caused by
new mutations, which makes counseling difficult unless
reliable techniques for carrier detection are available.
However, DNA techniques may be able to answer these
questions with high precision, either by direct detection
of a mutation or by gene tracking (discussed later).

A son of awoman who is heterozygous for an X-linked
recessive disorder has a 1in 2 chance of inheriting the
disease allele from his mother and of being affected (see
Fig. 27-C). A daughter also has a 1in 2 chance of inher-
iting the disease allele, but would be expected to be an
unaffected carrier. (Women who are carriers for the frag-
ile X mental retardation syndrome can have daughters
who are mentally handicapped; because of the complexi-
ties involved, patients should be referred for genetic
counseling.)

Daughters of affected males are obligate heterozygotes
(see Fig. 2"\B).

Rarely, females show signs of an X-linked recessive
trait or disease because they are homozygous for the
allele (e.g., color blindness), have a single X chromosome
(Turner syndrome), have a structural rearrangement of
an X chromosome, or are heterozygous with skewed or
nonrandom X inactivation.

If male-to-male transmission is shown, then X linkage
is excluded.

Unusual Patterns of Inheritance

Unusual inheritance patterns can be explained by phe-
nomena such as genetic heterogeneity, mosaicism, antic-
ipation, imprinting, UPD, and mitochondrial mutations.

GENETIC SCREENING

In genetic screening, members of a particular population
are offered a test for a condition or defect when there is
no prior evidence of its presence in an individual.

The potential benefits of genetic screening include
identifying treatable genetic disorders at an early stage
and allowing couples to make informed choices about
parenthood. Potential disadvantages of being discovered
to be at high risk through genetic screening include
whether or not to communicate the information to the
family, and when screening is performed in pregnancy,
the urgency of deciding about prenatal diagnosis and
considering the options available. In the fature, it may be
possible to identify people with genetic susceptibility to
common serious diseases. However, the advantages of
early identification will need to be weighed against pos-
sible adverse effects on employment prospects and the
ability to obtain insurance.

Guidelines for genetic screening programs have been
recommended by several organizations.2-5 These are

helpful in determining the aims, limitations, scope, and
ethical aspects of a genetic screening program as well as
considerations for the storage and registration of data or
material, the need for follow-up (including social conse-
quences), and the risk of side effects.

People undergoing genetic investigations are entitled
to receive sufficient information about what is proposed
and about substantial risks in a way they can understand.
They should be given time to decide whether or not to
agree to what is proposed. They must be free to withdraw
at any time.

Specifically, they should receive information about the
following:

* Nature of the medical condition

* Mode of inheritance

» Reliability of the screening test

» Procedures for giving results

» Implications for their future, their existing children,
and family members if the result is positive

» Possibility that genetic screening may result in unex-
pected information being revealed (e.g., non-pater-

nity)

The debate in the United Kingdom over population
screening for carriers for the autosomal recessive condi-
tion cystic fibrosis illustrates many of these points. The
disease is common, with 1in 25 of the white population
in the United Kingdom being a carrier. Routine DNA
tests can identify approximately 85% of carriers; these
people have the common mutations. A “negative” result
for commonly tested mutations does not exclude a mem-
ber of the population from being a carrier, but greatly
reduces the risk. In contrast, DNA testing for sickle cell
disease would be expected to detect virtually all carriers.

The current program for screening newborns for cys-
tic fibrosis covers approximately 18% of the population
of England and focuses on identifying affected individu-
als. The incorporation of direct gene analysis into
screening based on serum immunoreactive trypsinogen
measurement is highly effective.6 “Cascade testing” can
then be offered to the relatives of affected individuals.
Compared with other methods, offering testing to rela-
tives of an affected person produces a high ratio of posi-
tive test results. This method is up to ten times more
powerful than unfocused screening in detecting carriers.
Although this method effectively detects carriers in the
relatives of affected people, the majority of carriers in the
general population are not found by this method.

Indeed, making a CF carrier test available to anyone
interested in the general population has been shown to
result in a low uptake. In contrast, a high uptake (>70%)
followed an invitation during pregnancy to be screened
by an interested health professional. However, screening
during pregnancy may not allow people to be fully
informed or high-risk couples to have the choice of all
options.8 A “two-step” approach in pregnancy has been
studied,9 in which the woman was tested first and test-



ing was offered to men whose partner was found to be a
carrier. However, considerable anxiety may occur when
the woman is determined to be a carrier and the man is
not. An alternative procedure is to regard the couple as
the screened unit and to provide information on carrier
status only when both partners are carriers.10

When the mutations that cause cystic fibrosis in an
affected person have been identified, definitive carrier
testing is available for family members.

The term “genetic testing” is used when an individual
is tested for a condition or defect that other evidence sug-
gests may be present. This may be to confirm a diagnosis
or to test for carrier status within a family. Although the
same laboratory procedure may be used for both genetic
screening and genetic testing, there are important clinical
conceptual differences. Those undergoing genetic testing
are likely to have more knowledge about the genetic
implications because they were identified as being at high
risk because of their family history. This is unlikely to be
the case in a genetic screening program, where education
and information have been shown to be key factors in suc-
cessful programs (e.g., a carrier screening program for
thalassemia in Cyprus, screening for Tay-Sachs disease in
Montreal).

The optimal timing of the testing procedure changes
as a community becomes more informed. For example, a
screening program that is designed to detect newborns
affected with a recessive disorder so that treatment may
be instituted may encourage relatives to undergo carrier
testing. This can increase awareness of the benefits of
antenatal screening and may lead to an offer of testing to
couples or individuals in the general population4 before
pregnancy. Some communities encourage individuals
leaving school to be tested.5

It is widely accepted that predictive genetic testing of
children should be offered when the condition occurs in
childhood or when treatment can be offered, but chil-
dren should not be tested for adult-onset genetic disease
(unless specific preventive measures are available) nor
for carrier status until they are old enough to decide
whether to undergo testing.1l However, the U.K.
national neonatal screening program to identify people
with sickle cell disease will also detect carriers; clinical
practice in the United Kingdom for the carrier testing of
children in families with genetic disorders may need to
be reviewed.

DNA TECHNIQUES IN PRESYMPTOMATIC
DIAGNOSIS, CARRIER DETECTION, AND
PRENATAL DIAGNOSIS

DNA techniques can be used in single-gene disorders to
allow the following:

» Confirmation of the diagnosis, especially when the
clinical features can be equivocal
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e Confirmation that a family member has not inherited
the disease

e Carrier testing, especially when biochemical testing is
not available or the results are equivocal

» Presymptomatic diagnosis so that surveillance can be
instituted (e.g., familial adenomatous polyposis coli,
some types of breast cancer)

» Prenatal diagnosis, especially for conditions for which
biochemical or hematologic testing or ultrasound detec-
tion of associated structural anomalies were formerly
the only possibilities

Identification of Families for DNA Diagnosis

Families are often identified from the pattern of affected
members or when a precise diagnosis is made. Each fam-
ily must be assessed individually because some techniques
rely on the family structure and availability of the neces-
sary DNA samples. Therefore, DNA diagnosis may
require considerable time. Families are best referred to a
clinical genetics unit before pregnancy for completion of
the steps outlined in Table 2-4.

TABLE 2-4

Practice Points for Prenatal Diagnosis by DNA
Techniques for Single-Gene Disorders*

Identify families through:

* Previously affected child
« Carrier screening programs for autosomal recessive disease
« Family history

Do they wish to proceed to further testing?
Consider the techniques available for prenatal diagnosis:

» Biochemical assays
 Ultrasound
» DNA diagnosis

Is DNA diagnosis possible? Consult the regional Genetics
Services. Check before each pregnancy because of the rate of
advances.

« Is the clinical diagnosis secure?

« Has the gene been localized or cloned?

« Is the family structure suitable, and are samples available for
testing?

« Is sufficient time available for testing?

Explain procedures and the accuracy of results to family.
Collect appropriate samples.
Order laboratory testing:

« Gene tracking
« Direct mutation detection

Explain the results and options.
Proceed with diagnostic testing:

* Presymptomatic
* Prenatal

*A clinical genetics unit can advise and arrange for much of the above. The
genetics of some single-gene disorders may be complicated (e.g., retinitis
pigmentosa can be inherited as autosomal dominant and autosomal and X-
linked recessive).
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The Principles of Diagnosis: Gene Tracking
and Mutation Detection

Gene Tracking: The Use of Linked DNA Markers

Gene tracking can be used when the chromosomal local-
ization of the disease is known, but the gene has not been
isolated. The goal is to identify a DNA marker that is
inherited with the disease gene in a family.

The chromosomal region that contains the gene has
usually been identified through a linkage study in which
many DNA markers spread throughout the genome
have been analyzed in families with the disease. After
statistical analyses of results from all the families are
completed, the chromosomal region that is most likely
to contain the gene is identified. This information can
be used prospectively for diagnosis in individual families
by identifying a familial DNA pattern that is inherited
with the disease gene. DNA sequences that vary in
length naturally in the population (“polymorphisms”)
and are next to or within the disease gene are used to

Gene causing disease
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generate these “markers” in a family. A class of highly
variable CA repeat markers is usually used (Fig. 2-5).
The markers are detected by their different positions on
a gel after electrophoresis. Figure 2-6 shows an example
of an autosomal recessive disease. The fragment “track-
ing” with the disease gene can be identified by observing
which fragment pattern is common to affected family
members. An error is associated with the use of linked
markers because recombination may occur between the
DNA marker and the disease gene. To minimize the risk
of misdiagnosis, markers that show no more than 1%
recombination with the disease gene are used whenever
possible.

Diagnosis by Direct Detection of a Mutation

The definitive diagnostic test is to show a change in DNA
that is predicted to disrupt gene function, and this cause dis-
ease. When a mutation is predicted to cause truncation of
the protein product (usually through a frameshift mutation

FIGURE 2-5

Principles of gene tracking with CA
repeat markers. A variable DNA
sequence (consisting of two DNA bases,
CA repeated several times) is
fortuitously situated immediately in front
of a gene that is known to cause a
particular disorder. The length of the
CA™j sequence varies from individual to
individual and is usually of no
significance. Variation in its length is
used as a marker tracking the gene of
interest in a family. Members of this
family whose symbols are blocked in are
affected with an autosomal dominant
disorder. DNA is extracted from
lymphocytes, and the DNA segment
containing the CA repeat is amplified by
polymerase chain reaction (PCR) so that
there are sufficient copies to be
visualized. The different CA” lengths
are separated by electrophoresis. In this
family, the father has CA repeats of
lengths 9 and 2, and the mother affected
by the dominant disorder has repeats of
lengths 7 and 5. Because the CA repeat
sequence is acting as a marker of the
parental disease gene alleles, all affected
children have inherited the same
maternal CA” allele. This marker allele
could be usea for diagnosis in other
family members. In other families with
the same condition, however, the disease
will be associated with this CA marker
system, but the mutated allele that causes
the disease could be tracking with a
different length of CA repeat. When
using gene tracking, a study of each
family is needed to determine which
allele is associated with the disease gene.
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DNA diagnosis of an autosomal recessive condition by gene tracking.
In this family, both parents have two detectable fragments (7 and 2)
but their son, who is affected with spinal muscular atrophy (SMA),
shows only one (2). Therefore, the SMA gene must be located on the
parental chromosomes that give the fragment labeled 2. In the next
pregnancy, the fetus had two fragments, 1 and 2, and therefore is
predicted to be a carrier, but is not affected with SMA.

or the introduction of a stop codon), this is strong evidence
that a pathogenic mutation has been identified. Other
sequence changes may be more difficult to interpret, espe-
cially missense mutations that result in replacement of one
amino acid by another. Additional studies may be needed to
determine the likelihood of pathogenicity. These may
include testing members of the population to determine if
this is a polymorphism or performing a family study to
determine whether the DNA change is being inherited with
the disease in the case of a dominant disorder, for instance.

For some diseases, common mutations are known
(e.g., 8-FS08 mutation in cystic fibrosis, G380R mutation
in achondroplasia). For most diseases, however, the pre-
cise mutation causing the disease in the family must first
be identified. Identification may take months, depending
on the structure of the gene and the laboratory tech-
niques used. Many laboratories use an initial screening
test, but techniques such as single-strand conformation
polymorphism (SSCP) appear to detect only approxi-
mately 80% of mutations, depending on the gene. It has
been argued that direct DNA sequencing of a gene is the
“gold standard,” but although this method should detect
coding sequence variants, it does not detect deletions or
large rearrangements. After the mutation is identified,
other family members can be offered definitive diagnosis.
Even when the genetic code of a gene is known, gene
tracking may have to be used if technical constraints
make direct mutation testing impractical.

CHROMOSOMAL ABNORMALITIES

The Karyotype Report: Nomenclature

Karyotyping is labor-intensive because high-resolution
(extended) chromosome preparations reveal more than 850
bands. These bands are usually analyzed by light
microscopy, although computer imaging is beginning to
have a major effect. Occasionally, only limited analysis may
be possible because of poor elongation ofthe chromosomes.
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The human chromosome composition is reported in an
internationally agreed format that gives a precise descrip-
tion ofan abnormality. The format has three parts that are
separated by a comma: the total number of chromosomes
seen, the sex chromosome constitution, and the abnor-
malities or variants.

» The first figure gives the total number of chromo-
somes (e.qg., 46, 45, 47).

* The second part gives the sex chromosome comple-
ment (e.g., XX, XY, X, XXY).

e The third part describes abnormalities or variants
affecting the following:
¢ Whole chromosomes
* Arms of chromosomes

The short arm of a chromosome is designated “p” (for
petit), and the long arm is designated “q” (the next letter
in the alphabet). Each arm is farther subdivided into
bands and subbands.

Breakpoints involved in structural rearrangements are
described according to the arm involved, the region of
the arm, and then by band and subbands within that
region. For example, band Xq27.3 is found on the long
arm of the X chromosome, in region 2, band 7, and sub-
band 3. Further examples are given in Table 2-5.

Molecular Cytogenetic Techniques

Some syndromes are caused by submicroscopic deletions
of chromosomal material. Molecular techniques (usually
fluorescence in situ hybridization, FISH) can be used for
diagnosis when the loss or gain of material is beyond the
limit of light microscopy. This technique is also helpful
for determining the origin of chromosomal material.

This method can also be applied to interphase nuclei
to determine the numbers of copies of specific chromo-
somes, particularly as a rapid screening test for common
trisomies.

A Parent with a Chromosome Anomaly
Chromosomal Translocations

A translocation is formed when there has been transfer of
material between chromosomes, requiring breakage of
both chromosomes, with repair in an abnormal arrange-
ment. If the exchange results in no loss or gain of DNA,
the individual is clinically normal and is said to have a
“balanced translocation.” Such a translocation carrier is,
however, at risk of producing chromosomally unbalanced
gametes, which may result in a chromosomally abnormal
baby, miscarriages, still birth, or infertility depending on
the origin and amount of chromosome material involved.

When a translocation is found, other family members
should be offered testing for carrier status because of the
potentially high risks of having offspring with unbal-
anced forms of the translocation. Clinical genetics serv-
ices are used in contacting and dealing with such families.
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TABLE 2-5

Examples of Cytogenetic Nomenclature

Normal
46,XX Normal female

Sex Chromosome Aneuploidies
45,X Monosomy X (Turner syndrome)
47, XXY Klinefelter syndrome
45,X/46,XX Mosaic Turner syndrome

Autosomal Aneuploidies

47,XY, +21 Male with trisomy 21 (Down syndrome)
47,XX, +13 Female with trisomy 13 (Patau syndrome)

Polyploidy
69,XXY Triploidy

Deletions

46,XX,del(18)(q21) Deletion of part of the long arm of one
chromosome 18 from band g21 to the end of the long arm
(qter)

46,XX,del(17)(pl3) Female karyotype with a deletion of part of
the short arm of chromosome 17, from band pi 3 to the end
of the short arm (pter)

Translocations

46,XY,t(2;12)(pl4;pl3) Male with a balanced reciprocal
translocation between chromosomes 2 and 12, with
breakpoints on the short arms, at pl4 on chromosome 2 and
at p i3 on chromosome 12

46,XX,der(2)t(2;12)(pl4;pl3)mat Female with an unbalanced
complement, having received the derivative chromosome 2
from her mother, who carries a translocation between
chromosomes 2 and 12; this child would have too little
material from chromosome 2 (from p14 to pter) and an
additional copy of material from chromosome 12 (from pi 3
to pter), making her effectively monosomic for 2p and
trisomic for 12p

45,XY,rob(14;21)(q 10glO) Carrier of a Robertsonian
translocation between one chromosome 14 and one
chromosome 21

Other

46,XY,inv(5)(pl4;ql5) Pericentric inversion of one
chromosome 5

46,XX,r(15) Female with one normal and one ring
chromosome 15

46,XY ,ffa(X)(g27.3) Male with a fragile site in subband 27.3 on
the X long arm

46,XX,add(20)(p 13) Additional material of unknown origin
attached to band p i3 on one chromosome 20

Generally, the smaller the segment involved, the
greater the chance of viable offspring. The cytogenetic
literature may show whether the birth of a viable child
with the potential unbalanced products of the particular
translocation has been reported. It may be possible to
calculate a theoretical risk figure, so the clinical genetics
or cytogenetics services should be consulted. For most
couples, the precise risk figure is not the vital considera-
tion because fetal karyotyping in future pregnancies can
determine whether the fetus has inherited an abnormal
arrangement of chromosomal material.

There are two types of translocations:

RECIPROCAL TRANSLOCATION

In reciprocal translocations, chromosomal material distal
to (i.e., beyond) the breaks in two chromosomes is

exchanged. The long or short arms of any pair of chromo-
somes may be involved. Approximately 1in 500 people is
a reciprocal translocation carrier.

When a fetus has inherited an apparendy balanced
reciprocal translocation from a clinically normal parent,
there appears to be no increased incidence of phenotypic
abnormality in the child, especially if the translocation is
present without effect in several family members.

It appears that the risk of a child with the “balanced”
parental karyotype having phenotypic abnormalities due
to theoretical possibilities (such as the translocation hav-
ing a cryptic unbalanced component beyond the resolu-
tion of conventional cytogenetics, or uniparental disomy)
is remote in practice. A cryptic unbalanced complement
is more likely if the parental translocation is de novo.

ROBERTSONIAN TRANSLOCATION (CENTRIC FUSION)

A Robertsonian translocation is one in which effectively
all of one chromosome is joined end-to-end to another.
Robertsonian translocations involve the acrocentric
chromosomes (13, 14, 15, 21, and 22) and are among the
most common balanced structural rearrangements in the
general population, with a frequency in newborn surveys
of approximately 1in 1000.

Centric fusion may arise from breaks at or near the cen-
tromere in two acrocentric chromosomes, with the two
products fusing together. This usually results in the pro-
duction of a single chromosome and most frequendy
involves chromosomes 13 and 14. Next in frequency are
chromosomes 14 and 21. Clinically, the most important
fusions are those involving chromosome 21, which give
rise to familial Down syndrome.

For female carriers of a Robertsonian 14;21 transloca-
tion, the risk of having a liveborn infant with Down syn-
drome is approximately 10%. The risk is approximately
1% for a male carrier.

A Robertsonian translocation involving both copies of
chromosome 21 is rare, but all children of a carrier will
have Down syndrome.

Where a Robertsonian translocation involves chromo-
some 15 and a balanced translocation karyotype is
detected at prenatal diagnosis, it is appropriate to offer
testing for uniparental disomy (UPD). This is to exclude
Angelman syndrome or Prader-Willi syndrome in the fetus
caused by UPD for chromosome 15. This can occur by
postzygotic “correction” of trisomy 15 when one parental
chromosome 15 that is not involved in the Robertsonian
translocation is lost during mitosis.

Deletions and Duplications of Chromosomal Material

When a patient with partial autosomal monosomy or tri-
somy is sufficiently unaffected to have children, the risk
that the child will inherit the parental chromosomal
abnormality is theoretically 50%, as the child can inherit
either the normal homologue or the chromosome with
the deletion or duplication.



Inversions

An inversion (inv) affects just one chromosome, with a
segment between two breaks inverted and reinserted.
Inversions are found in fewer than 1in 100 individuals. A
pericentric inversion has one break in the short arm and
one in the long arm. A paracentric inversion has both
breaks in the same chromosome arm.

An inversion carrier is usually phenotypically normal,
but the inversion may cause chromosomally unbalanced
gametes. For the normal and inverted chromosomes to
pair at meiosis, they have to adopt an unusual physical
configuration. If a crossover occurs between the inverted
and the normal chromosomes, in the inverted segment
unbalanced products will result. In theory, the larger the
inverted segment, the greater the risk of recombination
and the greater the risk of having abnormal liveborn chil-
dren. In contrast, a viable recombinant product is unlikely
to come from a chromosome with an inverted segment
that is less than one third the length of the chromosome.

The overall risk of having an abnormal child is approx-
imately 1% when there is no family history of the recom-
binant form, but the individual risk depends on the precise
inversion. If the family is identified through the birth ofan
individual with a recombinant chromosome, then the risk
of having an abnormal liveborn child is 5% to 10%.

An otherwise normal carrier of an inversion that
involves one chromosome arm and not the centromere
(paracentric inversion) has virtually no increased risk of
having a chromosomally abnormal child. There are com-
mon inversion variants of chromosomes 1,9, 16, and Y
that do not imply an increased risk.

Parents with Trisomies

Few data are available on the risks associated with the
rare occurrence of an individual with trisomy 21 having a
child. Affected individuals rarely reproduce. From a liter-
ature review of approximately 30 pregnancies, an approx-
imate empiric risk of 1in 3 of having a child with trisomy
21 has been quoted for females, but the risk of a chro-
mosomally normal fetus having a birth defect or being
mentally handicapped could be as high as 30%.12

Fetal Chromosomal Anomaly Found on
Karyotyping during Pregnancy

Aneuploidies

Most structural chromosomal abnormalities are aneu-
ploidy, numerical abnormalities that involve the loss or
gain of one, two, or even whole chromosome sets.
These anomalies are most commonly caused by nondis-
junction, a process that is more common with increased
maternal age. Fraser and Mitchell1l3 noted a lack of
hereditary factors but an association with advanced
maternal age in cases of Down syndrome. Subsequently,
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in a study of 350 cases, Shuttleworth14 reported a con-
siderable proportion of affected infants born to women
approaching the climacteric. Bleyerl5 proposed an asso-
ciation with degeneration of the ovum. Antonarakis and
associates16 examined DNA polymorphisms in infants
with Down syndrome and showed that 95% of nondis-
junction trisomy 21 is maternal in origin.

In the late 1970s and early 1980s, when prenatal diag-
nosis was in its infancy, eight large studies were carried
out to assess the age-specific prevalence of trisomy 21 in
live births.17-24 Some of these studies had incomplete
ascertainment and little information about the distribu-
tion of maternal age and the effect of selective abortion
after prenatal diagnosis.

However, two studies1922 had nearly complete ascer-
tainment. Cuckle and colleagues? combined the data
from these eight surveys on a total of 3,289,114 births to
determine the prevalence of trisomy 21 at each maternal
age. Regression analysis was applied to smooth out fluc-
tuations in the observed data.

In the 1970s and 1980s, genetic amniocentesis at 16 to
20 weeks was offered to women 35 years of age or older.
This group was considered to be at increased risk for
aneuploidy. Similarly, these groups were targeted for
chorionic villus sampling between 9 and 14 weeks.

Data from these prenatal studies confirmed that the
prevalence of trisomy 21 increased with maternal age and
that the prevalence was higher during pregnancy than at
birth.

Combined data from two multicenter studies of
amniocentesis (one in the United States and one in
Europe) showed that the prevalence of trisomies 13, 18,
and 21 was approximately 30% higher at 16 to 20 weeks
than at birth.2627 Similarly, data from fetal karyotyping
by chorionic villus sampling showed that the prevalence
of these aneuploidies was approximately 50% higher
between 9 and 14 weeks than at birth (Fig. 2-7).28

Ultrasound studies have demonstrated that major
chromosomal defects are often associated with multiple
fetal abnormalities. Conversely, in a fetus with multiple
abnormalities, the frequency of chromosomal defects is
high and the relative risk increases with the number of
anomalies identified. However, prenatal karyotyping is
often performed because the prognosis for the baby
may be dictated not only by the combination of struc-
tural anomalies identified but also by marked neurode-
velopmental morbidity associated with aneuploidy. The
frequency of chromosomal defects, such as aneuploidy,
increases with maternal age. Traditionally, counseling
of patients about the risk of fetal chromosomal defects
depends on the provision of live birth indices of tri-
somy 21. However, with ultrasound screening, the
prevalence must be established for all chromosomal
defects that are associated with structural and biomet-
ric anomalies.

Chromosome anomalies differ in the rate of intrauter-
ine attrition, and it is important to establish maternal and
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Maternal age (y)

Maternal age (y)

Maternal age (y)

FIGURE 2-7

The prevalence of trisomy 21 (A), trisomy 18 (B), and trisomy 13 (C)
at 9 to 14 weeks’ gestation ( A) and the prevalence of these trisomies
at 16 to 20 weeks (J) compared with the prevalence of live births
affected with trisomy 21 (-) in women 35 to 42 years old. (From
Snijders RIM, Nicolaides KH: Assessment of risk in ultrasound
markers for fetal chromosome defects. In Nicolaides KH (ed):
Frontiers in Fetal Medicine. London, Parthenon, 1996.)

gestational age-specific risks for each of the common
aneuploidies. Data from a subgroup of women 35 to 42
years old have been used to examine the radiance of
regression lines that describe the relationship between
maternal age and the prevalence of aneuploidy. For tri-
somy 21 (see Fig. 2-7A), trisomy 18 (see Fig. 2-7B), and
trisomy 13 (see Fig. 2-7C), the increase in frequency is
nearly parallel, suggesting that there are no maternal
age-related differences in the rate of intrauterine loss. If
the prevalence of each of the common trisomies in live
births is considered to be 1, then the relative prevalence
of other gestational ages can be calculated and relative
prevalence curves calculated.

The identification of fetal structural abnormalities
leads to a stepwise increase in prevalence risk with each

additional abnormality. A detailed discussion is beyond
the scope of this chapter, but may be found elsewhere
(See Snijders and Nicolaides, listed in Further
Reading). In the last 10 years, the use of first-trimester
scanning to measure nuchal translucency (as related to
fetal crown-rump length), combined with maternal
serum free (3HCG and pregnancy-associated plasma
protein A, has been used to screen for aneuploidy (see
Chapter 7).

Triploidy

Survival to term of fetuses with triploidy is rare, and
those born alive die shortly after birth. Most have partial
hydatidiform mole, and the rest are nonmolar, with a
normal or hypoplastic trophoblast. It is reasonable to
offer prenatal karyotyping in future pregnancies. The
phenotypes of the fetus and placenta depend on whether
the additional set of chromosomes is paternally or
maternally derived. The overall recurrence risk is usu-
ally low, but diandric triploidy associated with partial
hydatidiform mole has a 1% to 1.5% risk of recurrence,
and some women appear to have a predisposition for
digynic triploidy.

Structurally Abnormal Chromosomes

When an unexpected structural chromosomal abnormal-
ity is found, the first step should be to examine the
parental chromosomes. If neither parent has the chro-
mosomal abnormality, gain or loss of chromosomal
material may have occurred during gamete formation,
with consequent severe clinical effects. If the structural
anomaly is present in one parent who is otherwise nor-
mal, it is unlikely that a similar anomaly in the child will
cause severe problems. Exceptions may occur when
chromosomes known to be imprinted are involved, prin-
cipally chromosome 15. Further cytogenetic advice
should be sought.

Structurally Abnormal Additional
Chromosomes (“Marker Chromosomes”)

If a structurally abnormal extra chromosome (marker,
supernumerary, accessory chromosome) or a ring chro-
mosome is discovered, parental karyotyping should be
performed urgently. Further advice should be sought in
counseling these patients because specialized cytogenetic
tests (e.g., painting with chromosome-specific fluores-
cent probes) may be able to determine whether the fetus
is at high or low risk by showing the chromosomal origin
and nature. These chromosomes are often found in
mosaic form with a normal cell line. The ratio of cell
lines in tissue used for prenatal diagnosis cannot be used
prognostically. There is no accurate information relating
to the residual risk of mental retardation when ultra-
sound examination shows no fetal anomalies.



Mosaicism

Mosaicism occurs when an individual’s tissues or organs
contain more than one genetic line of cells. The mutant
line of cells may contain a chromosomal anomaly or
sometimes a mutant single gene. This is a difficult situa-
tion because the phenotype lies somewhere between that
ofa full disorder and that of a normal individual, and fur-
ther testing is needed. Even so, the proportion of abnor-
mal cells in one tissue may not be the same as the
proportion elsewhere. Similarly, exact figures cannot be
given for the risk to offspring of individuals with chro-
mosome or single-gene mosaicism because of the very
nature of mosaicism. The risk depends on the numbers
and disposition of mutant cells in the gonads.

Placental mosaicism with a chromosomally normal
fetus is a well-recognized phenomenon (see Chapter 10).
Mosaicism for chromosomes 13, 18, and 21 often predicts
fetal abnormality. A high incidence of fetal abnormality is
associated with mosaic trisomy 9 and mosaic trisomy 22.
Mosaicism for a structurally abnormal additional chromo-
some appears to carry a greater risk than autosomal tri-
somy mosaicism. However, another concern when
autosomal trisomy mosaicism is found at prenatal diagno-
sis is that a trisomic fetus may have “lost” one of the three
copies of the chromosome in some cells to “correct” the
imbalance. If both remaining copies of the chromosome
originated from the same parent (UPD), this too could
give an abnormal phenotype (discussed later).

De Novo Apparently Balanced Structural Rearrangements

The concern is that there may be a submicroscopic
abnormality, either deletion, duplication, or gene disrup-

FIGURE 2-8
A flow chart to assist in determining risks and the appropriate type of
presymptomatic or prenatal diagnosis.
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tion, involving the breakpoints. Molecular techniques,
such as comparative genomic hybridization, may help to
determine whether there is cryptic gain or loss of mate-
rial in apparently de novo rearrangements found at pre-
natal diagnosis.

De Novo Apparently Balanced Reciprocal Translocation

In a very large study, Warburton29 found that serious
malformations were detected in 6.1% of pregnancies at
elective termination or in liveborn infants, which is
approximately 3% greater than the background risk of
malformation that applies to all pregnancies. No
prospective data on the risks of cognitive impairment or
mental retardation are available. A figure of 5% to 10%
is often used to include malformations and neurologic
and developmental deficiencies. Negative scan findings
may reduce the risks, but cannot predict cognitive out-
come. Congenital malformations found on ultrasound
indicate likely chromosomal imbalance.

De Novo Robertsonian Translocation

Because the formation of Robertsonian translocations
does not disrupt coding sequences, the risk of pheno-
typic abnormalities is low. When a Robertsonian translo-
cation involves chromosome 14 or 15, fetal UPD studies
may be indicated to exclude the small chance that the
fetus inherited both copies of chromosome 14 or 15
from the same parent, resulting in dysmorphic and
developmental features because of imprinting effects
(discussed later).

De Novo Apparently Balanced Inversions

The risk of phenotypic abnormality is increased if the
inversion is de novo. Empirically, the risk appears to be
approximately 9%. Figures for cognitive impairment are
not available.

Other Chromosomal Abnormalities

Duplication is the presence of two copies of a segment of
a chromosome. It may originate from unequal crossing-
over during meiosis, with the other product of that cell
division being a deletion. Duplications are more com-
mon than deletions and are generally less harmful.
Specific syndromes are associated with certain deletions,
but few phenotypes associated with duplications have
been given names.

Loss or duplication of part ofa chromosome can result
in congenital malformations and mental retardation. The
precise features depend on the amount of chromosomal
material involved and the chromosome from which it was
derived.

The clinical effects of the likely chromosomal imbal-
ance may be found from similar cases in the literature. The
recurrence risk for a de novo deletion is very low, but not
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zero. Rare recurrences are likely to be caused by parental
mosaicism, which is not usually detected by routine kary-
otyping. Although recurrence is extremely rare, many cou-
ples request prenatal diagnosis for reassurance. When the
deletion is caused by an unbalanced product from a famil-
ial translocation, the risk of recurrence can be high.

Hereditary fragile sites can occur on several chromo-
somes, giving the appearance of breakage at a specific
point. On autosomes, they appear to be harmless. However,
a fragile site near the end of the long arm of the X chromo-
some at Xq27.3 is a marker for fragile X syndrome, an X-
linked mental retardation syndrome. Because of the high
risks and complex genetics of this single-gene disorder,
families should be referred to the clinical genetics
department.

OTHER MECHANISMS OF GENETIC
ABNORMALITY: UNIPARENTAL DISOMY
AND GENOMIC IMPRINTING

Uniparental Disomy (UPD)

The genomic stimulus for fetal growth is affected by the
constant constraints of maternal size, placental function,
and nutritional sufficiency. However, the expression of cer-
tain genes in both the fetus and the placenta is probably
crucial to growth potential. It is probable that the placenta
can control not only its own size, but through a variety of
mechanisms, that of the fetus. Few studies of the genetic
control of fetal and placental growth have been done.
However, UPD may be a cause of abnormal fetal growth,
especially when it occurs without classic risk factors.

Abnormal growth in utero predisposes the fetus to
increased perinatal and neonatal morbidity and mortality.
In mammals, reproduction requires the fusion of two
haploid chromosome sets, one paternal and the other
maternal. The fertilized egg then contains two copies of
each chromosome. It is usual, and previously has been
assumed invariable, for one member of each chromo-
some pair to be derived from each parent. However, in
UPD, one homologous chromosome pair comes from
the same parent (in isodisomy, the chromosomes are
identical, but in heterodisomy, the two different maternal
or paternal chromosomes are inherited). Catanach and
Kirk in 1985 showed UPD in mice that resulted in spe-
cific abnormal phenotypes associated with growth distur-
bance.30 The progeny of mice with maternal disomy of
chromosome 11 were smaller than their normal litter
mates. Those with paternal disomy 11 were considerably
larger than their litter mates.

Recently, cases have been described in human preg-
nancies where UPD for specific chromosomes have
caused a clinical disorder. The first example was an indi-
vidual with maternal isodisomy 7 and homozygosity for
the cystic fibrosis gene.3L A similar case was subsequendy
described by Vosse et al, the progeny showing phenotyp-
ically short stature.®

Other conditions may be associated with UPD and
show the following characteristics:

» Occurrence that is usually sporadic
« No consistent cytogenetic abnormalities
¢ Abnormal growth patterns and rates of growth

Three separate mechanisms have been postulated for
UPD:

» Chromosomal duplication in a monosomic somatic cell
after postzygotic loss of a homologous chromosome
 Fertilization of a nullisomic gamete by a disomic
gamete

» Loss of a supernumerary chromosome from a trisomic
cell, leaving two homologues from the same gamete
(trisomic rescue)®

Supporting the evidence for this has been provided in
recent publications.3435 The paper by Purves-Smith
reported a confined placental mosaicism for trisomy 15,
but an apparently normal karyotype on amniotic fluid
cytogenetic and postnatal blood analysis.34 However, at
the age of 2 years, Prader-Willi syndrome was diagnosed
clinically and maternal disomy 15 confirmed on molecu-
lar studies. The second study reported confined placental
mosaicism for trisomy 16 in 4 fetuses with severe
intrauterine growth restriction.3 Subsequent skin kary-
otyping and molecular studies showed a normal karyotype
with maternal disomy of chromosome 16.

Alternatively, postzygotic mitotic recombination could
result in “mosaic” UPD. This phenomenon was recently
identified in four patients with Beckwith-Wiedemann
syndrome.

Further mechanisms for UPD include gamete comple-
mentation or monosomic zygote correction; the latter
has supporting evidence from some isodisomy cases of
Angelman syndrome when no evidence of recombination
between chromosome 15 was found.36 Whatever the
mechanism, UPD may play an important role in unre-
solved genetic syndromes that affect growth.

Similarly, we carried out pilot chromosomal studies of
11 babies born with idiopathic growth restriction. The
fetuses had prenatal diagnosis performed before 26 weeks’
gestation. In the 11 cases, we showed 5 instances of pla-
cental chromosomal mosaicism. The chromosomal abnor-
malities identified varied from trisomies for chromosomes 7
and 8 to structural abnormalities and deletions. In a far-
ther six pregnancies in which chromosomal mosaicism was
detected prenatally after first-trimester chorionic villus
sampling, three cases occurred involving chromosome 7,
one chromosome 8, and two chromosome 15 for utero-
placental disomy In one ofthese six cases, UPD was found
and this was for chromosome 15. Maternal heterodisomy
was detected and would have resulted in Prader-Willi
syndrome if the pregnancy continued.3/

Fewer than 100 well-documented pregnancies are
reported as having intrauterine growth restriction or fetal
death associated with confined placental mosaicism. To
date, only 12 chromosomes have been involved: 2, 3, 7, 8,



9, 13, 14, 15, 16, 18, 22, and X.3 Trisomy 16 is the most
common trisomy associated with pregnancy loss and con-
fined placental mosaicism in intrauterine growth restric-
tion. A prospective study investigated the incidence of
UPD associated with growth restriction in 35 infants
born between 25 and 40 weeks.38 However, only two
fetuses were born before 28 weeks, and both had chromo-
somal UPD of chromosome 16 plus confirmed placental
mosaicism. No other UPD was found for the 12 chro-
mosomes tested. It was concluded that UPD for the
chromosomes tested did not explain the etiology of most
cases of intrauterine growth restriction. However, many
of these cases occurred after 32 weeks, and a higher
detection rate is likely in fetuses with severe intrauterine
growth restriction before 28 weeks.

Genomic Imprinting

The concept that male and female genomes do not con-
tribute equally to mammalian development derives from
observations made in mice two decades ago.3 In these
experiments, the development of uniparental diploid
embryos was severely disrupted. Pathogenetic concep-
tuses developed embryos up to the 25-cell stage but
showed only very rudimentary extraembryonic tissues.
Androgenic conceptuses were characterized by relatively
well-developed extraembryonic membranes and severely
perturbed embryos. These reciprocal uniparental pheno-
types probably resulted from disruption of the normal
parental-specific expression patterns of a subset of
imprinted genes. A detailed discussion is outside the
scope of this chapter (See Further Reading, Georgiades
et al, 2001).

MALFORMATION SYNDROMES

General

The term “dysmorphology” has been applied to the study
of birth defects occurring in recognizable syndromic
combinations. The causes of these syndromes include
chromosomal abnormalities, genetic defects, and terato-
gens (e.g., drugs, infections, metabolic causes). The cel-
lular pathways involved in the pathogenesis of some
malformation syndromes are being delineated, often by
analyzing genes identified in other species as vital for
normal development. Confirming that mutations in these
genes cause specific human syndromes offers the possi-
bility of DNA diagnosis.

Structural Malformations Found at
Ultrasound Examination

A detailed screening fetal ultrasound examination may
show a pattern of major anomalies that suggests a specific
diagnosis (see Chapters 7 and 8). Recognizable patterns
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are most likely to be caused by chromosomal anomalies,
but rare single-gene or dysmorphic syndromes may be
diagnosed in utero in the absence of a history of the syn-
drome. In addition to major structural abnormalities, care-
ful evaluation of the fetus may show other dysmorphic
features that are not commonly sought in a routine
“screening” ultrasound examination. These abnormalities
include micrognathia, hypotelorism, and hypertelorism as
well as subtle abnormalities of the hands (e.g., clin-
odactyly) or feet (e.g., sandal gap of the toe). Careful eval-
uation of the fetal posture or attitude when the fetus is
stationary and moving may also give important diagnostic
information.

Evaluation of the features with a clinical geneticist or
perinatologist who has a special interest in fetal dysmor-
phology may aid in the prospective diagnosis of a dys-
morphic syndrome. The use of computer databases (see
Further Reading) may be helpful in obtaining a diagnosis.
It is important to look at photographs in original reports
because a description may sound identical but the
reported case may look entirely different from the patient.

As with all aspects of genetic counseling, accuracy of the
diagnosis is paramount. Information obtained prenatally
should be supplemented by information from postnatal
examination, or from a detailed examination by a perinatal
pathologist if the couple opts for termination or if the fetus
is stillborn. Photographs of the main features are helpful
when seeking the diagnostic advice of a clinical geneticist.

Syndromes

For many common disorders, empirical risk tables are
available (see Further Reading and Harper, P, 1998). If
the diagnosis is not clear or no accurate data on which to
base a recurrence risk are available, it is advisable to refer
the case to a clinical geneticist.

ISOLATED ORGAN AND SYSTEM
ANOMALIES

Many disorders that affect specific organ systems appear
to have a genetic or inherited component but show no
clear pattern of mendelian inheritance or identifiable
chromosomal abnormality. The term “multifactorial” has
been used to describe this group. In some cases (e.g.,
Hirschsprung disease, congenital heart disease), the dis-
order is not a single entity but a heterogeneous group of
indistinguishable disorders. Some of these may be inher-
ited in a mendelian fashion, others may result from inter-
play of an inherited component and environmental
factors, and others may be “acquired” in the sense that
environmental factors are largely influential. Empiric risk
data, obtained from observing recurrences in population
studies, are available for many of these conditions (see
Further Reading), but a clinical geneticist should be con-
sulted.
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SUMMARY OF MANAGEMENT OPTIOPTfS
Counseling Points for Common Conditions

Management Options

Menddien Inheritance
High recurrence risks

Establish an accurate diagnosis
and the mode of inheritance before counseling.

Seek the latest information about carrier detection tests.
Plan invasive procedures requiring DNA methods

in consultation with a laboratory.

Autosomal Dominant Conditions

50% risk to offspring of the affected parent

Potential pitfalls in conditions with variable expression

Autosomal Recessive Conditions

25% risk of an affected child when both parents are carriers
Prenatal diagnosis is possible for some

Donor gametes may be an acceptable therapeutic option
for some; much discussion is required.

X-Linked Recessive Conditions

Male-to-male transmission never occurs.

Daughters of an affected male are carriers.

Unaffected males never transmit the disease.

For female carriers, each son has a 1in 2 risk of being affected
and each daughter has a 1in 2 risk of being a carrier; affected
homozygous females are rare.

Chronosore Abnomvlities
Refer families with translocations to a clinical geneticist
so that family studies can be performed to identify the risk

of an unbalanced karyotype (which may lead to miscarriage
or a child with abnormalities).

W ith an unexpected structural chromosome abnormality,
examine the parents’ chromosomes.

Duplication or deletion of chromosomal material can result
in congenital malformation or mental retardation.

Predicting the clinical effects of mosaicism is difficult; it may
require karyotyping other cell lines.

De novo chromosomal disorders have a low risk of recurrence;
offer fetal karyotyping for reassurance.

Check karyotype reports with a laboratory if the meaning is in doubt.

Clarify whether risks relate to “at amniocentesis” or “at delivery".

Spedfic Sydrares
Ensure the accuracy of diagnosis and risks.

Empiric risk figures are available for some conditions
(see “Further Reading”).

Prenatal diagnosis is available for some with a biochemical basis, where a
gene has been found, or where a microdeletion or duplication is the cause.

Quality of
Evidence

Grade of
Recommendation

O O 0 0

References

N
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MANAGEMENT OPTIONS

Counseling Points for Common Conditions (Continued)

Quality of Grade of

Management Options Evidence Recommendation References

Spedfic Syndraes (Continued)
If the diagnosis or risks are in doubt, refer the patient to v C 1
a clinical geneticist.

Quen ad Sgem Abnomrelities
For many conditions, information should be obtained from a clinical v c |
geneticist.

v C |

Empiric risk figures for siblings and children are available
for some conditions (see “Further Reading”).

CONCLUSIONS

Fetal abnormality is not uncommon, affecting 1% to 2% of newborns.
Not all abnormalities have a genetic basis or a risk of recurrence in a future pregnancy.
Families with single-gene disorders and parental chromosomal anomalies have the highest risks and may be

detected by taking a family pedigree.

The more distant the pregnant woman s relationship from a blood relative with a gentic disorder, the lower

the risk of the condition.

For women who have had trisomies, the risk of recurrence applies only to further siblings.
Accurate and comprehensive information is needed to make a secure diagnosis, including taking a family

pedigree before undertaking counseling.
Close liaison with clinical geneticists is advisable.

FURTHER

Baraitser M, Winter RM: Multiple Congenital Anomalies: A
Diagnostic Compendium. London, Chapman and Hall, 1996.

Cassidy SB, Allanson JE: Management of Genetic Syndromes. New
York,John Wiley and Sons, 2001.

Donnai D, Winter RM: Congenital Malformation Syndromes.
London, Chapman and Hall, 1995.
Gardner RIM, Sutherland GR: Chromosome Abnormalities and Genetic
Counseling, 3rd ed. Oxford, Oxford University Press, 2004.
Georgiades P, Watkins M, Baxton GJ, Fergusson-Smith AC: Roles of
genomic imprinting and the zygotic genome in placental devel-
opment. Proc Natl Acad Sci, USA, 2001;98:4522-4527.

Harper PS: Practical Genetic Counselling, 5th ed.
Butterworth-Heinemann, 1998.

Jones KL: Smith’s Recognisable Patterns of Human Malformation, 5th
ed. Philadelphia, Saunders, 1997.

Scriver CR, Beaudet AL, Sly WS, Valle D: The Metabolic and
Molecular Basis of Inherited Disease, 8th ed. New York,
McGraw-Hill, 2002.

Oxford,

READING

Shashidhar Pai G, Lewandowski RC, Borgaonkar DS: Handbook of
Chromosomal Syndromes. New York, Wiley-Liss, 2002.
Snijders RIM, Nicolaides KH: Assessment of risk in ultrasound mark-
ers for fetal chromosome defects. In Nicolaides KH (ed):

Frontiers in Fetal Medicine. London, Parthenon, 1996.

Rimoin DL, Connor JM, Pyeritz RE, et al: Emery and Rimoin’s
Principles and Practice of Medical Genetics, 4th ed. London,
Churchill Livingstone, 2001.

Farndon P: Fetal anomalies—the geneticist’s approach. In Twinning P,
MeltugoJM, Pilling DW (eds.) Textbook of Fetal Abnormalities.
Churchill Livingstone, 2000.

Dysmorphology Databases:

The Winter-Baraitser Dysmorphology Database (www.Imdata-
bases.com)

POSSUM (Pictures of Standard Syndromes and Undiagnosed
Malformations)(www.possum.net.au)


http://www.possum.net.au

62

10.

11.

12.

13.

14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

Section One / Pregnancy

REFERENCES

Harper PS: Practical Genetic Counselling, 5th ed. Oxford,
Butterworth-Heinemann, 1998.

Godard B, Ten Kate L, Evers-Kiebooms G, Ayme S: Population
genetic screening programmes: Principles, techniques, practices,
and policies. EurJ Hum Gen 2003;1 I(suppl 2): S49-S87.
Hoedemaekers R, ten Have H, Chadwick R: Genetic screening:
A comparative analysis of three recent reports. J Med Ethics
1997;23:135-411.

Kaplan F: Tay-Sachs disease carrier screening: A model for pre-
vention of genetic disease. Genet Test 1998;2:271-292.

Mitchell JJ, Capua A, Clow C, Scriver CR: Twenty-year out-
come analysis of genetic screening programs for Tay-Sachs and
beta-thalassaemia disease carriers in high schools. AmJ Hum
Genet 1996;59:793-798.

Ranieri E, Lewis BD, Gerace RL, et al: Neonatal screening for
cystic fibrosis using immunoreactive trypsinogen indirect gene
analysis: Four years’ experience. BMJ 1994;308:1469-1472.
Super M, Schwarz MJ, Malone G, et al: Active cascade testing
for carriers of cystic fibrosis gene. BMJ 1994;308:1462-1457.
Raeburn JA: Screening for carriers of cystic fibrosis. BMJ
1994;308:1451-1452.

Mennie ME, Gilfillan A, Compton M, et al: Prenatal screening
for cystic fibrosis. Lancet 1992;340:214-216.

Livingstone J, Axton RA, Gilfillan A, et al: Antenatal screening
for cystic fibrosis: A trial of the couple method. BMJ
1994;308:1459-1462.

Clarke A, Fielding D, Kerzin-Storrar L, et al: The Genetic
Testing of Children: Report of the Working Party of the Clinical
Genetics Society (UK).J Med Genet 1994;31:785-797.

Rani AS, Jyothi A, Reddy PP, Reddy OS: Reproduction in
Down’s syndrome. IntJ Gynaecol Obstet 1990;31:81-86.
Fraser J, Mitchell A: Kalmuk idiocy: Report of a case with
autopsy.J Mental Sci 1876;98:169-179.

Shuttleworth GE: Mongoloid imbecility. BMJ 1909;2: 661-665.
Bleyer A: Indication that mongoloid imbecility is a gametogenic
mutation of disintegrating type. AmJ Dis Child 1934; 47:342.
Antonarakis SE, LewiJG, Adelsberger PA, et al: Parental origin
of the extra chromosome in trisomy 21 as indicated by analysis of
DNA polymorphisms. N EnglJ Med 1991;324:872-876.

Hook EB, Chambers GM: Estimates of rates of Down’ syn-
drome in live births by one year maternal age intervals for moth-
ers aged 20-49 in a New York state study. In Bergsma D, Lowry
RB, Trimble BK, Feingold M (eds): Numerical Taxonomy of
Birth Defects and Polygenic Disorders: Birth Defects. New
York, Allan R Liss, 1977.

Hook EB, FabiaJJ: Frequency of Down’s syndrome in live births
by single year maternal age interval: Rresults of the
Massachusetts study. Teratology 1978;17:223-228.

Hook EB, Lindsjo A: Down’s syndrome in live births by single
year maternal age intervals in a Swedish study: Comparison with
the results of the New York state study. Am J Hum Genet
1978;30:19-27.

Trimble BK, Baird PA: Maternal age and Down’ syndrome: Age
specific incidence rates by single year intervals. Am J Genet
1978;2:1-5.

Sunderland GR, Clisby SR, Bloor G: Down’s syndrome in South
Australia. MedJ Aust 1979;2:58-61.

Koulisher L, Gillerot Y: Down’s syndrome in Walionia (south
Belgium), 1971 to 1978: Cytogenetic in incidence. Hum Gene
1980;54:243-250.

Young D, Williams EM, Newcombe RG: Down’s syndrome and
maternal age in South Glamorgan.J Med Genet 1980;17:433-436.
Huether CA, Gummere GR, Hook EB: Down’s syndrome:
Percentage reporting of birth certificates and single year mater-

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

nal age risks for Ohio 1970-1979. Comparisons with up-state
New York data. AmJ Public Health 1981;71:1367-1372.

Cuckle HS, Ward NJ, Thompson SG: Estimating awoman’ risk
of having a pregnancy associated with Down’s syndrome using
her age and serum alphafetoprotein level. BrJ Obstet Gynaecol
1987;94:387-402.

Ferguson-Smith MA, Yates JRW: Maternal age specific rates for
chromosome aberrations and factors influencing them: Report of
a collaborative European study on 52,965 amniocenteses. Prenat
Diagn 1984;4:5-44.

Hook EB, Cross PK, Regal RR: The frequency of trisomies 21,
18 and 13 at the upper most extremities of maternal age: Results
on 56,094 fetuses studied prenatally and comparisons with data
on live births. Hum Genet 1984;68:211-220.

Snijders RIM, Sebre N, Nicolaides KH: Maternal age and gesta-
tional age-specific risk for chromosome defects. Fetal Diagn
Ther 1995;10:215-219.

Warburton D: De novo balanced chromosome rearrangements
and extra marker chromosomes identified at prenatal diagnosis:
Clinical significance and distribution of breakpoints. AmJ Hum
Genet 1991;49:995-1013.

Cattanach B, Kirk M: Differential activity of maternal and pater-
nally derived chromosome regions in mice. Nature 1985;315:
496—198.

Spence JE: Uniparental disomy as a mechanism for human
genetic disease. AmJ Hum Genet 1988;42:217-226.

Vosse R: Isodisomy of chromosome 7 in a patient with cystic
fibrosis: Could uniparental disomy be common in humans? Am
J Hum Genet 1989;45:373-380.

Clark AC: Genetic imprinting in clinical genetics. Development
1990;23:131-139.

Suani MAH, Barten SC, Norris ML: Development of reconsti-
tuted mouse eggs suggest imprinting during gametogenesis.
Nature 1984;308:548-550.

Purves-Smith SG: Uniparental disomy 15 resulting from correc-
tion of an initial trisomy 15. Am J Hum Genet 1992;50:
1348-1350.

Kalousek DK: Uniparental disomy of chromosome 16 in
humans. AmJ Hum Genet 1993;52:8-16.

Mutirangura A: Greenbeg F, Butter MG, et al Multiplex PCR of
3 dinucleotide repeats in Prader-Willi/Angelman critical region
(15qll-ql3): Molecular diagnosis and mechanisms of uni-
parental disomy. Human Molecular Genetics 1993;2:143-151.
Moore GE, Ali Z, Khan RU, et al: The incidence of uniparental
disomy associated with intrauterine growth restriction in a
cohort of 35 severely affected babies. Am J Obstet Gynecol
1997;176:294-299.

Barton S, Surani M, Norris M: Role of paternal and maternal
genomes in mouse development. Nature 1984;311;374—376.
Marteau TM, Kidd J, Michie S, et al: Anxiety, knowledge and
satisfaction in women receiving false positive results on routine
prenatal screening: A randomized controlled trial. J Psychosom
Obstet Gynecol 1993;14:185-196.

Hall S, Bobrow M, Marteau TM: Psychological consequences
for parents of false negative results on prenatal screening for
Down’s syndrome: Retrospective interview study. BMJ
2000;320:407-112.

Michie S, Bron F, Bobrow M, Marteau TM: Nondirectiveness in
genetic counseling: An empirical study. Am J Hum Genet
1997;60:40-47.

Marteau T, Drake H, Bobrow M: Counselling following diagno-
sis of a fetal abnormality: The differing approaches of obstetri-
cians, clinical geneticists, and genetic nurses. J Med Genet
1994;31:864-867.



Chapter 2 / Genetics, Risks, and Genetic Counseling 63

APPENDIX

Useful Genetics Web Links

Genetics knowledge, both clinical and scientific, is expand-
ing so rapidly that it is necessary to rely on international
databases to ensure that patients have the most up-to-date
information.This section lists a selection of useful websites,
and many more can be found on the websites of the
European and American Societies of Human Genetics.
(www.eshg.org; www.ashg.org)

OMIM (On-line Mendelian Inheritance in Man)

OMIM is a catalog of mendelian disorders in humans. It was
initiated by Victor McKusick at Johns Hopkins Hospital.
(http://www.ncbi.nlm.nih.gov/Omim/searchomim.html)

GeneClinics

GeneClinics is a clinical information resource that relates
genetic testing to the diagnosis, management, and genetic
counseling of individuals and families with specific inherited
disorders. There is also a listing of laboratories and the
tests that they provide, (http://www.geneclinics.org/)

EDDNAL (European Directory of DNA Diagnostic
Laboratories)

EDDNAL, which is supported mainly by funding from the
European Commission, provides standardized information
on molecular diagnostic services for heritable syndromes
and disorders offered by laboratories in 17 European coun-
tries. (http://www.eddnal.com/)

UK GTN (United Kingdom Genetic Testing
Network)

The UK GTN website lists the diseases and available molec-
ular tests in UK GTN laboratories, (http://www.ukgtn.org).

Public Health Genetics Unit

This site provides news and information about advances in
genetics and their effect on public health and the prevention
of disease. Its information database has reports, summaries,
literature references, and other information about the
genetic basis of disease, genetic testing and screening, policy
development for genetic services, and ethical
(http://www.phgu.org.uk/index.php)

issues.

AIDSTO LEARNING GENETICS AND GENETICS
INFORMATION

The Genetics Education Center at the University of Kansas
Medical Center has an excellent listing of resources and is
highly recommended, (http://www.kumc.edu/gec/)

DNA from the Beginning

DNA from the Beginning is an online learning text that is
organized around key concepts of classical genetics, mole-
cules of genetics, and genetic organization and control.The
science behind each concept is explained by animation,

images, video interviews, problems, biographies, and exter-
nal links, (http://vector.cshl.org/dnafib/)

Clinical Genetics: A Self-Study for Health Care
Providers

This self-study guide from the United States has two sec-
tions.The first consists of four lessons designed to increase
knowledge about genetics and assist in identifying families
for genetic referral. The second section includes reasons
for referral, a glossary, a list of resources, and educational
tools to use when working with patients and families.
(http://www.vh.org/Providers/Textbooks/ClinicaIGenetics/Contents.

ETHICAL ISSUES
Nuffield Council on Bioethics

The Nuffield Council on Bioethics offers published reports
on the ethics of research into genetics, genetics and human
behavior, and ethical issues associated with genetic screen-
ing. (http://www.nuffield.org/bioethics/index.html)

International: Centre for Public Law Research at
the University of Montreal

The HumGen site provides information on a wide range of
legislation, policy, guidelines, and recommendations of gov-
ernment and nongovernment organizations worldwide.
(http://www.humgen.umontreal.ca/intro.htm)

INFORMATION FOR PATIENTS

Contact-a-Family

Contact-a-Family is an umbrella group that lists many
patient support groups in the United Kingdom.
(http://www. cafamily.org.uk/)

NORD (National Organization for Rare Disorders)

NORD is afederation of voluntary health organizations that
is dedicated to helping people with rare “orphan” diseases
and assisting the organizations that serve them. NORD is
committed to the identification, treatment, and cure of rare
disorders through programs of education, advocacy,
research, and service. NORD has an index and a database of
rare diseases and information about support groups and
other sources of help, (http://www.rarediseases. orgl)

GIG (Genetics Interest Group)

GIG is an organization in the United Kingdom that represents
more than 120 charities that support children, families, and indi-
viduals affected by genetic disorders. Its primary goal isto pro-
mote awareness and understanding of genetic disorders. The
website has video clips of patients discussing their diagnoses,
discrimination and stigma, understanding and public awareness,
and the prospects for research, (http://www.gig. org.uk/)
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CHAPTER 3

Planning Prenatal Care and
Identification of Risk (Screening)

Marc Coppens /David K. James

INTRODUCTION

Definition of Risk

A pregnancy is defined as “high risk” when the likelihood of
an adverse outcome for the woman or infant is greater than
the incidence of that outcome in the general population.1

Aims of Prenatal Care

According to this definition, most pregnancies are not
high risk. The aims of care for women with normal “low-
risk” pregnancies are as follows2:

» To provide advice, reassurance, education, and support
for the woman and her family

* To treat minor symptoms associated with pregnancy

* To provide an on-going screening program (clinical
and laboratory-based) to confirm that the pregnancy
continues to be low risk

For the minority of women who are identified as high
risk before, during, or after pregnancy, these aims of pre-
natal care still apply. However, in addition, there is a
fourth aim2:

» To prevent, detect, and manage problems and factors
that adversely affect the health of the mother or infant

Is Prenatal Care Worthwhile?

Over the last 50 years, many studies of prenatal care,
including major national surveys, showed worse preg-
nancy outcome in women who receive no prenatal
care.3-6 The association between prenatal care and
improved pregnancy outcome has been suggested in sev-
eral European epidemiologic studies.78 Studies in devel-

oping countries have also indicated a causal relationship
between enhanced prenatal care and a decrease in peri-
natal and maternal mortality rates.6910

In light of these associations, some argue erroneously
that prenatal care must be beneficial. However, this
argument is flawed.11,12 Further, what constitutes “pre-
natal care” varies considerably in practice (discussed
later). The controversy over the real effect of prenatal
care on pregnancy outcome was reinforced by recent
studies. A critical review of studies conducted between
1966 and 1994 showed no conclusive proof of improved
pregnancy outcome as a result of prenatal care pro-
grams.13More recent data have not resolved this contro-
versy.14 A recent regional audit of perinatal deaths in the
Netherlands showed that many deaths were unrelated to
women’s use of prenatal care.15

A much stronger case for prenatal care can be made by
examining whether individual components of care have
proven benefit in achieving the four aims of prenatal
care.2,16-19 Each suggested strategy for prenatal care can
be critically examined and categorized as follows20:

» Measures of proven benefit

» Measures for which farther evidence is needed

» Measures for which the available evidence shows no
benefit or even harm; it is reasonable to argue that this
group of strategies should no longer be used in prena-
tal care

Space does not allow a detailed discussion of the evi-
dence for classifying management strategies into these
three groups; this information is available elsewhere. 21
Tables 3-1 through 3-4 show summaries of the evidence
of the value of certain management strategies for prena-
tal care. Evidence for and against specific management
options is discussed in greater detail in other chapters.

67
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TABLE 31

Evidence That Advice, Reassurance, Education, and Support in Preparation for Childbirth is Effective (Aim No. 1

of Prenatal Care)

Level of Grade of
Proven Strategy Evidence Recommendation Benefit
Improved social and psychological la A Better communication, satisfaction with care;
support from caregivers less anxiety, less postnatal illness, and
_ o ' fewer feeding problems
Antismoking interventions Ib A Reduced smoking and higher mean birthweight
Antenatal classes ]| Fewer intrapartum analgesia requirements
Routine ultrasonography with b B Positive feeling toward baby; lower post-term

positive feedback

Strategy Needing More Study
Modifications of work patterns

Carbohydrate supplements for
malnourished women
Antenatal classes

Iron, folate, multivitamin, and nutritional
supplementation for all women

Strategy of No Proven Benefit or Proven Harm

Failure to involve women in decision-making

Failure to provide continuity of care

Physicians involved in the care of all pregnant patients
Prescribing high-density protein supplements

Advising restriction of weight gain

Advising restriction of salt intake

Prescribing high doses of vitamin A (>4000 IE/day) or vitamin E

induction rate

Possible improvements in maternal and
perinatal morbidity
Possible higher mean birthweight

Possible increase in self-esteem and satisfaction
with pregnancy; less pelvic floor trauma
after delivery

Possible improvements in maternal and
perinatal morbidity; higher birthweight,
fewer neural tube defects, less preeclampsia

(From Cochrane Pregnancy and Childbirth Group: Abstracts of Cochrane Reviews. The Cochrane Library, issue 2. Oxford, UK, Update Software, 2003.)

CRITICAL REVIEW OF THE EVIDENCE TO
JUSTIFY THE OPTIONS AND VARIATIONS
IN THE PROVISION AND USE OF
PRENATAL CARE

Different measures are used to quantify the use of pre-
natal care (e.g., percentage of women receiving care,
timing of the first visit, percentage of women receiving
late or no care, frequency of visits, and indices of ade-
quacy of prenatal care).20 Data on the use of prenatal
care show distinct socioeconomic, ethnic, and geo-
graphic differences.202 These differences, also present
within western countries, such as the United Kingdom,
have led to important differences in perinatal and mater-
nal mortality. For example, it is estimated that the peri-
natal mortality rate in Pakistani-born mothers in the
United Kingdom is twice the national average.23 In both
developed and developing countries, there is great vari-
ation in the provision and content of prenatal care.
However, there is little evidence to justify the different
methods of providing prenatal care.

The Changing Childbirth report24 explicitly stated
that women should be the focus of maternity care. The
main goal is to enable women to make informed deci-
sions, based on their needs, after discussing the options
fully with the professionals involved.

Reviews ofwomen’s views on antenatal care suggest that
the aspects of care that women value most are respect,
competence, communication, support, and convenience.5

Providers

The respective roles of obstetricians, family physicians
(general practitioners), and midwives in the delivery of
prenatal care vary from one country to another.20 There is
no evidence that physicians need to be involved in the pre-
natal care of every patient.26-28 For specific problems,
especially social concerns, midwives, family physicians, or
other professionals may actually offer more benefit than
specialists.2729 Midwives and general practitioners are pri-
marily oriented to the care of women with normal preg-
nancies and, arguably, are more responsive to their needs
than specialist obstetricians, whose care is concentrated on
problems.3 Incorporating different medical professionals
into one shared antenatal care program can be effective in
providing appropriate care for women with low-risk preg-
nancies.3L32 Recent studies in Australia showed that con-
tinuity of midwifery care can realistically be achieved in a
tertiary obstetric referral center without an increase in
perinatal mortality and morbidity rates and with increased
patient satisfaction.28 The World Health Organization
(WHO) Antenatal Care Trial Research Group evaluated
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TABLE 3-2

Evidence That Minor Symptoms Can Be Relieved (Aim No. 2 of Prenatal Care)

Level of Grade of
Proven Strategy Evidence Recommendation Benefit
Antiemetics (e.g., antihistamines) la A Reduced nausea and vomiting
Antacids ' o Ib A Reduced heartburn
Increased dietary fiber intake lib B Reduced constipation
Bulking agents and stool softeners 11 B Reduced constipation

Strategy Needing More Study
Magnesium supplements

Dilute hydrochloric acid
Prostigmine

Sodium chloride

Calcium

Quinine

Vitamin D

Strategy of No Proven Benefit or Proven Harm
Saline cathartics or lubricant oils for constipation

Possible reduced leg cramps
Possible reduced heartburn
Possible reduced heartburn
Possible reduced leg cramps
Possible reduced leg cramps
Possible reduced leg cramps
Possible reduced leg cramps

(From Cochrane Pregnancy and Childbirth Group: Abstracts of Cochrane Reviews. The Cochrane Library, issue 2. Oxford, UK, Update Software, 2003.)

the effectiveness of different antenatal care programs for
women with low-risk pregnancies (reduced frequency of
prenatal visits, different prenatal care providers).2 The
data showed no differences in selected perinatal outcomes
for low-risk pregnant women, regardless of the different
prenatal care programs. However, there were differences
in satisfaction with the prenatal care provider. When care
provided by a midwife and a general practitioner was com-

TABLE 3-3

pared with care provided by an obstetrician and a gynecol-
ogist, women’s response regarding the continuity of care
favored midwife-led shared care.33 Financial constraints
on national medical budgets have reopened the discussion
of optimizing the cost-effectiveness of health care delivery.
A physician-based prenatal care model for low-risk preg-
nancies appears to be more expensive without actually
improving pregnancy outcome.2728343% From a health

Evidence That Antenatal Screening Identifies Women at Risk (Aim No. 3 of Prenatal Care)

Level of

Proven Strategy Evidence
Selective fetal ultrasonography or invasive procedure la
Maternal serum a-fetoprotein testing

or biochemical screening (first or second trimester) 1l
Fundal height in high-risk pregnancies Ib
Regular ultrasound measurements of fetal size la
Maternal kick charts Ib
Biophysical tests of fetal well-being 11
Doppler ultrasound of fetal circulation in high-risk la

pregnancy
Rhesus antibody screening HI
Selective use of ultrasonography la-11b
Regular blood pressure measurements and urinalysis 11
Screening for impaired glucose tolerance 1V
Screening for bacteriuria la
Screening for infectious diseases (syphilis,HIV, gonorrhea) 11
Screening for group B streptococcus carrier status near term v

Strategy Needing More Study

Fundal height in low-risk pregnancies

Doppler ultrasound of uteroplacental circulation

Routine screening for toxoplasmosis, cytomegalovirus, chlamydia

Regular herpes swabs in women with a history of herpes

Risk scoring, monitoring of uterine activity, screening for vaginal
sepsis, cervical assessment (digital, ultrasound)

Maternal and fetal screening

Maternal and fetal assessment in postdates pregnancy

Grade of
Recommendation Risk ldentified

A Fetal abnormality

Neural tube defects, Down syndrome
Pathologic fetal growth

Pathologic fetal growth

Fetal death

Fetal death

Fetal compromise

>W>>wWw

Rhesus hemolytic disease
Fetal viability, gestational age,
placental site, fetal presentation
Preeclampsia
Gestational diabetes
Asymptomatic bacteriuria
and sequelae
Maternal, fetal, or neonatal infection
Neonatal sepsis

>OW Ww

O m

Pathologic fetal growth

Fetal compromise, preeclampsia
Fetal or neonatal infection
Neonatal infection

Spontaneous preterm labor
Risk of placental abruption
Maternal and fetal risk

(From Cochrane Pregnancy and Childbirth Group: Abstracts of Cochrane Reviews. The Cochrane Library, issue 2. Oxford, UK, Update Software, 2003.)
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TABLE 3-4

Evidence That When a Specific Risk Is Identified, the Subsequent Intervention and Management Improves the

Outcome (Aim No. 4 of Prenatal Care)

Proven Strategy

Multivitamins and folate supplements in patients
with a previous fetus with a neural tube defect

Amniocentesis vs chorionic villus sampling

Anti-D for Rhesus-negative women after delivery
of a Rhesus-positive child
Intravascular fetal blood therapy for Rhesus hydrops
Routine ultrasound
Doppler ultrasound of fetal circulation
Antihypertensive therapy in women
with hypertension
Tight control of diabetes (rather than moderate)

Various antifungals

Metronidazole after the first trimester

Intrapartum antibiotics for patients with maternal
group B streptococcal vaginal infection

Rubella vaccination postpartum

Cervical cerclage with previous second-trimester
miscarriage

Intravenous tocolytics (p-mimetics or oxytocin
antagonists) in patients with preterm labor

Steroids before preterm delivery

Use of antibiotics with steroids after preterm
premature rupture of the membranes

Cesarean section for breech presentation at term
Antiviral therapy and cesarean section when mother
is HIV-positive

Strategy Needing More Study

Diagnosis of fetal abnormality by ultrasound,
biochemical methods, and invasive procedures

Identification of pathologic fetal growth
Maternal kick charts
Biophysical tests of fetal well-being
Plasmapheresis in severe Rhesus disease
Antiplatelet agents in women at risk

for preeclampsia and fetal growth deficiency

Plasma expansion for severe preeclampsia

Hospital admission for nonproteinuric hypertension

Strict bed rest for proteinuric hypertension

Treatment of mycoplasma colonization

Antiviral agents for patients with active
genital herpes

Cesarean section for patients with herpes with
no active disease

Cervical cerclage for patients with a history other
than previous second-trimester miscarriage

Level of
Evidence

lla
lib
la
la

la
la

Grade of
Recommendation

A

A

>

> >»>ww

wO >>>

> >

Benefit

Reduced incidence of neural tube

defects in subsequent pregnancy

Lower miscarriage rate with amniocentesis
in the second trimester vs chorionic villus
sampling in the first trimester

Reduced subsequent isoimmunization

Improved perinatal outcome

Reduced postdates induction

Reduced perinatal morbidity and mortality
Reduced severe hypertensive pregnancy

Reduced urinary infection, preterm delivery,
cesarean section, macrosomia, respiratory
distress, congenital anomaly, perinatal
mortality

Reduced persistent candidiasis

Reduced Trichomonas infestation

Reduced neonatal colonization and sepsis

Reduced rubella embryopathy subsequently

Reduced delivery before 33 weeks,
miscarriage, or perinatal death

Reduced delivery within 24 hr or 48 hr,
and before 37 weeks

Reduced respiratory distress syndrome,
periventricular hemorrhage, necrotizing
enterocolitis, early neonatal death

Reduced infectious morbidity (maternal
and fetal); delay delivery >7 days
after initiating antibiotic therapy

Reduced neonatal morbidity and mortality

Reduced fetal and neonatal infection

Possible reduced incidence of fetal
abnormality at birth and
reduced maternal morbidity

Possible reduced perinatal morbidity
and mortality

Possible reduced perinatal morbidity
and mortality

Possible reduced perinatal morbidity
and mortality

Possible reduced perinatal morbidity
and mortality

Possible reduced recurrence risk

Possible reduced severe hypertension
and renal failure

Possible reduced development of
proteinuria or severe hypertension,
and maternal and perinatal morbidity
and mortality

Possible reduced fulminating preeclampsia,
and maternal and perinatal morbidity
and mortality

Possible reduced maternal and perinatal
morbidity

Possible reduced persistent infection, and
neonatal infection

Possible reduced neonatal infection

Possible reduced preterm delivery and
perinatal mortality
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TABLE 3-4—(cont'd)

Evidence That When a Specific Risk Is Identified, the Subsequent Intervention and Management Improves the

Outcome (Aim No. 4 of Prenatal Care)

Level of

Proven Strategy Evidence
Strategy Needing More Study—cont’d
Tocolytics ((3-mimetics or oxytocin antagonists)
after preterm premature membrane rupture
Use of fibronectin swabs

Use of antibiotics in patients with toxoplasmosis
seroconversion
Oral p-mimetics after inhibition of preterm labor

Strategy of No Proven Benefit or Proven Harm
Prescribing ethanol for inhibition of preterm labor
Inducing labor routinely at less than 42 weeks
Biochemical tests of fetal well-being

Recommendation

Grade of
Benefit

Possible reduced maternal and perinatal

morbidity

Possible reduced recurrence of preterm
labor in subsequent pregnancy

Possible reduced severity of toxoplasmosis-
induced congenital abnormality

Possible reduced recurrence of preterm labor

(From Cochrane Pregnancy and Childbirth Group: Abstracts of Cochrane Reviews. The Cochrane Library, issue 2. Oxford, UK, Update Software, 2003.)

economics perspective, there is evidence of cost reduc-
tion if antenatal care is provided by staff other than
obstetrician-gynecologists, without an increase in perina-
tal and maternal risks.3335 However, in many countries,
the conceptual framework for prenatal care today is not
based on good economics or evidence-based practice.
Local and professional habits and traditions, political
motives, and cultural and ethical beliefs all contribute.
Within the European community, Denmark and the
Netherlands give a pivotal responsibility to midwives,
with family physicians playing a supportive role and
obstetricians being involved only in problem pregnancies
and labor and delivery. In contrast, most of the care is
provided by obstetricians in Belgium, Luxemburg, and
Germany. In France and the United Kingdom, the
sources of care are more diversified; however, in general,
family physicians and midwives share the responsibility
for prenatal care, with obstetricians involved marginally,
if at all, in normal pregnancies. This pattern of care is
also seen in Australia and New Zealand. In North
America, midwives are uncommon, although there are
several pilot studies examining an increasing role for
these professionals. Most prenatal care in the United
States and Canada is provided by family physicians or
obstetricians, and some care is provided by nurse practi-
tioners. Traditional birth attendants (TBAS) do not con-
tribute significantly to prenatal care in developed
countries. Involvement of TBAs in more than 5% of
pregnancies has been reported in Guatemala, Honduras,
and Mexico only.20 In contrast, in some developing coun-
tries, up to 70% of all pregnancy care, including delivery,
is provided by TBAs. Properly trained TBAS can serve as
an inexpensive additional, yet effective, provider of pre-
natal care in developing countries without profound eco-
nomic constraints.22’36 Apart from the economic
advantages of training TBASs, surveys in developing

countries show that, during pregnancy and childbirth,
many women prefer to receive care from a TBA rather
than from other medical professionals.3

Education and Use of Prenatal Care

There is great variation in the form, content, and
amount of education and advice that women receive
during pregnancy, both between and within countries.
Women receive much information about pregnancy not
from medical professionals but from relatives and
friends. One determinant of the quantity and quality of
such information may be the professional’s qualifica-
tions and experience.37 Communication skills training
for midwives and physicians appears to improve their
ability to inform patients about pregnancy.3 Trials in
which women were given extra information prenatally
in a variety of formats suggest that this information is
valued and may reduce anxiety.39 Providing knowledge
(both oral and written) to health care providers can
improve preventive measures in common practice (e.g.,
educating women about preterm labor and delivery).40
Women tend to absorb information that is provided
verbally by health care professionals better than infor-
mation provided by standard evidence-based leaflets.40

On the other hand, in developed countries, specific
barriers to free access to prenatal care persist and the
number of women who do not seek or receive antenatal
care is increasing 41 The relationship between socioeco-
nomic factors and poor use of prenatal care is well docu-
mented.2042" % Providing financial incentives alone does
not overcome these barriers to receiving prenatal
care.204647 Additional efforts are needed to facilitate
enrollment and enhanced social support services for
these specific categories of women.202948 Home visits by
prenatal care providers can be beneficial for women of
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low socioeconomic status, improving their medical
knowledge, health habits, support level, and satisfac-
tion.4849 Further research is needed to substantiate its
value on a large scale.

In developing countries, these barriers play an even
greater role in the low use of prenatal care. The major
barriers identified are economic, cultural, and those
related to women’s perception of their condition.50"3
Reduction of poverty and economic empowerment of
rural women are prerequisites for tangible improvement
in the use of antenatal and obstetric delivery services in
developing countries.®2 There may be an even greater
need to create awareness about obstetric complications
through targeted community-based health education
interventions to promote early recognition of obstetric
emergencies.®2 There is no sound evidence that remov-
ing user fees alone increases the use of prenatal care in
developing countries.53 Another major constraint expe-
rienced by women seeking health services is lack of sat-
isfaction with the quality of care (e.g., long waiting lists
in health centers, no combined maternal-child care,
inappropriate communication, lack of transportation).54

Frequency of Visits

There is no agreement about the ideal number of prena-
tal visits. For example, the American College of
Obstetricians and Gynecologists recommends a visit
every 4 weeks until 28 weeks, every 2 weeks until 36
weeks, and then weekly until delivery.5 This amounts to
13 visits if the first visit is at 8 weeks and the last is at 40
weeks. In contrast, a recent expert committee suggested
a reduction to eight visits for women with normal preg-
nancies.5% This is also the proposed number of antenatal
visits for women with uncomplicated pregnancies in the
United Kingdom.5 In European countries, the recom-
mended number of prenatal visits varies from 5 to 15.57
It is likely that the number of prenatal visits can be
reduced considerably in normal pregnancies.5861 The
large WHO Antenatal Care Randomised Trial and a crit-
ical review of recent randomized controlled trials of
reduced-visit programs in developed and developing
countries clearly show that a reduction in the use of
resources is possible without adversely affecting prenatal
care process variables, pregnancy outcome, or patient
satisfaction.60,6263 A reduction in the number of antena-
tal visits, with or without an increased emphasis on the
content of the visits, could be implemented without an
increase in adverse biologic maternal and perinatal out-
comes. Some dissatisfaction with care, especially among
women in western countries, has been reported when
women receive fewer visits. Women who had fewer visits
reported that their expectations were not fulfilled.33
However, an opposite trend was reflected when these
women were asked their preference for the type of care
for future pregnancies.

Clinical and Laboratory Screening
Programs

Despite much variation in other aspects of prenatal care,
the clinical and laboratory-based screening that occurs
during pregnancy is similar in most developed countries.
Variations are often determined by the prevalence of local
problems. Factors that are commonly checked during
pregnancy are summarized in Table 3-5. Worldwide, large
and unjustified variations in prenatal clinical and labora-
tory screening services have been observed.®4 This varia-
tion is due in part to the unavailability of certain services
in some prenatal care units. More important is the obser-
vation that in clinics in which screening tests are available,
few women are receiving these services. The variation and
heterogeneity of antenatal services cast doubts on the
rationale for routine antenatal care.@

CRITICAL REVIEW OF THE EVIDENCE
SUPPORTING DIFFERENT APPROACHES
TO RISK MANAGEMENT IN PREGNANCY

The third aim of prenatal care (discussed earlier) is to
provide an ongoing screeening program to confirm that
the pregnancy remains at low risk (and also to identify
women at risk). This identification is based on the
woman’s history and findings on examination or tests
performed before pregnancy, at the first prenatal visit, or
during subsequent visits. The fourth aim of prenatal care
is effective and appropriate management of women at
risk. The goal of management is prevention, ameliora-
tion, or treatment of the adverse outcome.

In practice, risk in pregnancy can be identified in two
ways:

» General risk scoring
* Specific risk scoring

General Risk Scoring

The main aim of a formal risk scoring system in preg-
nancy is to permit the classification of women into dif-
ferent categories for which different and appropriate
management strategies can be implemented. Other ben-
efits of general risk scoring include aiding teaching and
audit, defining populations for epidemiologic purposes,
and allocating resources. The main adverse outcome
measures for which risk scores have been developed and
evaluated to aid management care are as follows64,65:

¢ Perinatal death

« Small-for-gestational age or low-birth-weight fetus
» Preterm labor and delivery

* Perinatal asphyxia

* A combination of these



Chapter 3 /Planning Prenatal Care and Identification of Risk 73

TABLE 3-5

Risk Factors Commonly Documented in Prenatal
Screening

Demographic General Factors

Maternal age

Ethnicity

Socioeconomic status

Marital status

Paternal influences (age, habits, drugs, alcohol, ethnicity)
Nutritional history (vegetarian, anorexia, diet, vitamins)
Occupational and possible exposure dangers

Poor grasp of the English language

Obstetric History
Parity
Ectopic pregnancy or miscarriage
Mode of delivery
Baby pregnancy outcome, gestation, size, normality
Other complications of pregnancy
Postpartum depression

Medical History
Cigarette smoking
Alcohol abuse
Other drug abuse
Maternal medical disorders
Maternal prescribed medication
Previous surgery
Previous anesthetic problems
Previous blood transfusions

Gynecologic History
Subfertility
Contraception
Menstrual regularity
Specific problems
Infections (HIV, syphilis, human papilloma virus, gonorrhea,
hepatitis B and C, chlamydia)

Family History
Congenital anomalies
Diabetes
Hypertension
Renal disease
Thromboembolic disease

Physical Examination

Maternal weight

Maternal height

General examination

Pelvic examination (not performed by all obstetricians,
especially if there is no indication and routine pelvic
ultrasound is offered)

Pregnancy Factors

Multiple pregnancy

Vaginal bleeding

Reduced or abnormal fetal movements

Abnormal uterine size or amniotic fluid volume

Other problems (weight gain in pregnancy is not universally
recorded)

Tests

Urinalysis (glucose, protein, blood, ketones)

Complete blood count, blood typing, and antibody screen

Serologic screening for rubella, syphilis, and other
infections, depending on local prevalence (e.g., hepatis B
and C, HIV toxoplasmosis, cytomegalovirus)

Biochemical screening for congenital anomalies (Down
syndrome, neural tube defects)

Screening for thyroid function

Routine ultrasonography

Cervical smear (depending on local screening policy)

Blood pressure

Group B streptoccocal carrier status

The risk can be calculated in the following three
ways65,66:

» According to the number of risk factors present

» According to the sum of the mathematically weighted
risk for each individual factor

« By correcting the weighted risk by a further mathe-
matical process, such as Bayes' theorem®b

In primigravidae, the use ofweighted risk factors, with
or without Bayes’ theorem, was superior to the use of
unweighted factors. In multigravid women, the differ-
ence between the three approaches was marginal.67

Theoretically, formal risk scoring may be unsatisfac-
tory in practice. Applying Bayes’ theorem to risk assess-
ment in prenatal care has the following limitations68:

» Geographic variations and the treatment paradox
reduce the reliability of any assessment.
» Most obstetric variables are interdependent.

Formal risk scoring also leads to a simplistic and inflex-
ible view of pregnancy management. “Risking systems”
often include risk factors that have little predictive use-
fulness. The changing risk status during the prenatal
period, in labor, and at delivery poses problems for the
clinician who relies on risking systems to characterize the
likelihood of adverse events. Risk scoring systems are not
sufficiently robust for this task.69 Formal risk scoring car-
ries the inherent danger of ignoring low-risk women. It
also requires computerized calculation of scores. These
factors contribute to the limited use of risk scoring sys-
tems. However, another explanation for their limited use
is that, although many formal scoring systems predict the
likelihood of an adverse outcome, there is little evidence
that their use is associated with a reduction in adverse
pregnancy outcome.64 Further, when risk scoring is
applied in practice, there is a real danger that a potential,
yet imprecise, risk of an adverse outcome will be replaced
by increased surveillance and possible intervention and
treatments, many of which may be of unproven value and
carry their own risks. Examples include fetal monitoring
and measures reported to reduce the risk of preterm
labor and delivery.647071 However, the West Los
Angeles Preterm Birth Prevention Project showed a
significant reduction in preterm birth among women
with high-risk pregnancies who were enrolled in a formal
risk scoring program.72 Since the late 1960s, a formal risk
scoring program to evaluate the risk of preterm delivery
has been conducted in France, with promising results.?3
However, outside France, these results have not been
repeated. 747 The conflicting evidence of the efficacy of
primary preterm birth prevention programs emphasizes
the long-recognized difficulties in implementing and
assessing effective primary prevention strategies. Finally,
risk scores vary with different populations and for rea-
sons other than prevalence or specific adverse out-
comes.’> The limitations of performance and potential
disadvantages mean that formal risk scoring lacks many
characteristics of effective screening tests. Recent
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attempts to use risk scoring models at clinics in Africa did
not identify women at risk for pregnancy complica-
tions.76 Despite promising results from Australia, 77,78
formal risk scoring should not be introduced into routine
pregnancy care until results from a well-designed ran-
domized trial are available.

Recognition of Specific Risks

In practice, the most common way in which risk in preg-
nancy is identified is by the recognition of specific risk
factors. After a woman is identified as having a risk fac-
tor for a specific adverse outcome, she receives specific
additional management that may prevent, ameliorate, or
treat the specific outcome. This management is in addi-
tion to the routine prenatal care received by all women.
For example, awoman who weighs more than 85 kg is at
increased risk for hypertension and gestational diabetes
and, accordingly, the clinical and laboratory-based pre-
natal screening program must be amended to look
specifically for these complications. In practice, the main
problem with this approach is that although there may
be agreement about what constitutes a risk factor and
what the adverse outcome may be, there is less consen-
sus about the appropriate management strategy. For
many interventions, scientific proof of benefit is lacking,
as discussed earlier (see Tables 3-1 through 3-4). The
way in which additional care is provided on the basis of
identification of risk factors may be empirical or
schematic.

Empirical

After a specific risk factor is identified, the obstetrician
chooses additional management strategies. Thus, if the
patient weighs more than 85 kg, given the known risk of
hypertension and gestational diabetes, the obstetrician
may screen for hypertension in several ways, including
the following:

* No measures other than paying strict attention to rou-
tine blood pressure recordings at routine prenatal vis-
its and using a large sphygmomanometer cuff to obtain
the measurements

* Increased frequency of clinic attendance for blood
pressure readings

» Giving the woman a self-assessing sphygmomanome-
ter and guidelines for self-referral

Similarly, the obstetrician may screen for gestational
diabetes in the following ways:

» Performing random blood glucose testing on one or
more occasions

» Performing a fasting glucose test on one or more occa-
sions

» Performing a modified 50-g glucose tolerance test on
one or more occasions

» Performing a formal 75-g glucose tolerance test on
one or more occasions

Schematic

Every time a given risk factor is identified, the obste-
trician implements a specific preagreed management
strategy (Tables 3-6 through 3-11).2 No studies have
compared the outcomes of the schematic approach
with those of the empirical approach. However, the
schematic approach has several advantages, including
the following:

» It provides consistent management of specific risk
factors.

It allows comparison of the effectiveness of one man-
agement strategy with another.

An implicit requirement of the schematic approach is
that the underlying basic prenatal care program for all
pregnant women should be documented (Table 3-12).

Decision Analysis

In the future, some form of decision analysis may be
applied to the provision of prenatal care.71,79 This is
likely to occur in the following two ways:

» Providing counseling about management options

» Determining the benefits of alternative management
strategies on the basis of the literature, but without a
randomized trial

Providing Counseling About Management
Strategies

A simple example is a 40-year-old woman who seeks
advice at 11 weeks about prenatal diagnosis of Down syn-
drome. In this patient, the likelihood of delivering a baby
with the diagnosis is 1:100; the risk of miscarriage is
approximately 1:100 for amniocentesis at 16 weeks and
1:50 for chorionic villus sampling at 11 weeks. She is
asked to place a relative score, or weighting, on her view
of Down syndrome versus miscarriage.

* If she fears Down syndrome three times more than she
fears a miscarriage, then she can have either invasive
procedure.

¢ If she fears Down syndrome two times more than she
fears a miscarriage, than she should opt for amniocen-
tesis.

 If she fears a miscarriage more than she does Down
syndrome, then she should not have an invasive proce-
dure.
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TABLE 3-6

Schematic Management of Risk Factors: General Factors

RISK FACTOR TYPE OF RISK
Vegetarian Poor nutritional intake
Age <18yr Poor antenatal attendance,
education, and screening
Hypertensive disease, IUGR
Age >35yr Chromosomal abnormalities
Hypertensive disease, IUGR
Parity >4 IUGR
Anemia
Further pregnancies
Malpresentation
Postpartum hemorrhage
Non-white Hemoglobinopathy

HB-Ag carrier (Far East)

or HIV carrier (Africa)

Poor English, education,
and screening

Poor antenatal attendance,
education, and screening

IUGR

Single parent, financial and social

MANAGEMENT

Multivitamins, folate, iron, and other nutritional supplements
Social worker involvement, home visits
Vigilance for increased blood pressure, grade | fetal check

Early consideration for prenatal diagnosis

Vigilance for increased blood pressure, grade | fetal check

Grade | fetal check

Iron and folate supplementation

Discuss contraception

Check presentation at 36 wk

Vigilance for uterine atony and hemorrhage

Hb electrophoresis
If positive, then clear labeling of notes and implementation
of policy guidelines

Interpreter

Home visits if necessary, discussion of plans for labor and
delivery, social worker
Grade | fetal check

Grade | fetal check, careful check of fetal growth by fundal height measurements and questioning about fetal activity; Hb, hemoglobin; HB-Ag, hepatitis B

antigen; IUGR, intrauterine growth restriction.

(From James DK, SmoleniecJ: Identification and management of the at-risk obstetric patient. Hosp Update 1992; 18:885-890.)

Many argue that these decisions are being made intu-
itively by women and their partners when given the rel-
evant information in a nondirective way and without the
need to complicate the issue with mathematical models.
For more difficult decisions, there are good reasons to
believe that decision analysis rather than intuitive meth-
ods will result in decisions that match patient prefer-

TABLE 3-7

Schematic Management of Risk Factors: Obstetric History

RISK FACTOR TYPE OF RISK

Previous ectopic pregnancy
Previous still birth
or neonatal death
Baby weight <2 SD
Baby weight >2 SD

Recurrence, maternal anxiety
Risk depends on cause
(not all are recurrent)

Gestational diabetes
Further large fetus
Possible recurrence
Hemolytic disease
Recurrence

Congenital anomaly
Antibodies

Proteinuric preeclampsia
Preterm delivery Recurrence
Uterine scar

Intrauterine growth restriction

Uterine rupture, cesarean section

ences.7L Changing the age of the woman in this exam-
ple from 40 years to 37 years and incorporating the
results of recent developments in noninvasive antenatal
testing into the discussion (first-trimester ultrasound,
measurement of nasal bone length or nuchal translu-
cency, first-trimester or second-trimester biochemical
testing) will lead to a far more complex decision analy-

MANAGEMENT

Early ultrasound to confirm intrauterine pregnancy
Try to establish cause; early review and specific management

Grade Il fetal check

Random glucose testing at 28 and 32 wk

Grade 11 fetal check, vigilance in labor

Obtain details and diagnosis; possible prenatal diagnosis

Specific protocol

Assess renal function, grade Il fetal check, carefully check
blood pressure

Specific plan depending on cause

Review of mode of delivery at 36 wk

Specific management plan at 36 weeks

Specific plan at 36 wk

Short labor Recurrence and neonatal problems
(trauma, asphyxia, hypothermia)

Postpartum hemorrhage Recurrence

Other labor or delivery problems Recurrence

Problems with baby Recurrence, maternal anxiety

Specific plan at 36 wk
Obtain details and make a specific plan

<2SD, less than 2 standard deviations below mean for gestation; >2 SD, more than 2 standard deviations above mean for gestation; grade Il fetal check, careful
check of fetal growth by ultrasound every 2-4 wk and use of a fetal movement chart.
(From James DK, SmoleniecJ: Identification and management of the at-risk obstetric patient. Hosp Update 1992; 18:885-890.)
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TABLE 3-8

Schematic Management of Risk Factors: Medical, Surgical, Gynecologic, and Family History

RISK FACTOR TYPE OF RISK

Smoking
previa, solutio placentae)

Excess alcohol IUGR, fetal alcohol syndrome
Chronic disease

and prescribed drugs
Drug abuse HB-Ag, HC-Ag, HIV, IUGR,

neonatal withdrawal
Sickle or thalassemia trait:

risk of affected fetus

Sickle disease: crisis or IUGR
Recurrence

Gestational diabetes

Hemoglobinopathy

Anesthetic problems
Family history of diabetes
Family history of congenital
anomaly
Subfertility
or gestational diabetes with
polycystic ovaries
IW/ICSI pregnancy
abnormality, IUGR
Intrauterine contraceptive Miscarriage, preterm labor
device in situ

IUGR, placental problems (placenta

Possible adverse effects of disease
on pregnancy and pregnancy on disease

Possible recurrence, maternal anxiety

Anxiety, multiple pregnancy, hypertension,

Congenital anomalies, chromosomal

MANAGEMENT

Advice to reduce or stop smoking, grade | fetal check,
ultrasound check of placenta

Offer specific help, grade 1l fetal check, alert pediatricians

Obstetric and physician joint care with preagreed
specific protocols

Counseling and serologic testing, grade Il fetal check,
alert pediatrician

Test partner, offer prenatal diagnosis, encourage
hydration, check renal function, regular midstream
urine, grade |1 fetal check

Consultant anesthesist

Random glucose testing at 28 and 32 wk

Obtain details and diagnosis, consult obstetrician for
possible prenatal diagnosis

Reassure, vigilance for hypertension, random glucose
testing at 28 and 32 wk if polycystic ovaries

Consult obstetrician for possible prenatal diagnosis,
grade Il fetal check
Remove if threads visible; if not, check at delivery

Grade | fetal check, careful check of fetal growth by fundal height measurements and questioning about fetal activity; grade 11 fetal check, careful check of fetal
growth by ultrasound every 2-4 wk and fetal movement chart; HB-Ag, hepatitis B antigen; HC-Ag, hepatitis C antigen; IUGR, intrauterine growth restriction,

IVF/ICSI, in vitro fertilization/intracytoplasmic sperm injection.

sis for the woman and her partner. The decision will be
based on weighing the specificity and sensitivity of dif-
ferent noninvasive tests for Down syndrome and bal-
ancing these against procedure-related and age-specific
risks.

DECIDING BETWEEN ALTERNATIVE
MANAGEMENT STRATEGIES WITHOUT A
RANDOMIZED TRIAL

No management strategy should be implemented with-
out the benefit of a randomized trial. An example of how

TABLE 3-9

a randomized trial can affect clinical practice is provided
by the study of Hannah and colleagues8 on the mode of
delivery of infants with breech presentation at term.
Before this study, clinicians had to rely on circumstantial
evidence in the literature.8l The study by Hannah and
coworkers shows that the optimal mode of delivery is
planned cesarean section after the woman has been
offered external cephalic version.& A survey of obstetri-
cians showed that most now choose cesarean section as a
result of the study.8 However, attempts to resolve other
management options have not been successful. An exam-
ple is the management of compromised preterm fetuses.
Itis unlikely that a sufficiently large study could be con-

Schematic Management of Risk Factors: Factors from Examination

RISK FACTOR TYPE OF RISK

Weight >85 kg Hypertension,

gestational diabetes
Weight <45 kg Intrauterine growth
restriction

Primigravida and
height <1.52 m
Cardiac murmur

Cephalopelvic disproportion,
asymptomatic heart disease

Maternal clinically significant
heart disease, fetal
congenital heart disease

MANAGEMENT

Dietary advice, vigilance for increased
blood pressure, random glucose
testing at 28 and 32 wk

Grade | fetal check

Plan for labor if fetal head is
unengaged at 40 wk
Consider cardiologic opinion

Grade | fetal check, careful check of fetal growth by fundal height measurement and questioning about fetal activity.
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TABLE 3-10
Schematic Management of Risk Factors: Factors Arising in Pregnancy

RISK FACTOR TYPE OF RISK MANAGEMENT

Vaginal bleeding <20 wk: miscarriage
>19 wk: placenta previa,
placental abruption

Preeclampsia, IUGR

Acute referral to hospital, no long-term additional action

Acute referral to hospital, long-term grade 11 fetal check

Blood pressure >140/90 « Ifblood pressure >160/100 or proteinuria, refer for
hospital admission and care with preagreed protocol

* If blood pressure <160/100 and no proteinuria,
refer for day care with preagreed protocol

Iron and folate supplement, vigilance for increased blood
pressure, preterm uterine activity, grade 11 fetal check,
more frequent visits

Fetal assessment with preagreed protocol

Fetal assessment with preagreed protocol, random
glucose testing

Multiple pregnancy Anemia, hypertension,
IUGR, preterm delivery,
congenital anomalies

Fetus small for dates IUGR

Fetus large for dates Big baby and complications,
gestational diabetes, hydramnios,
multiple pregnancy

Big baby and complications,
abnormal fetus, diabetes

Delivery problems

Poor maternal perception,
fetal disease

Preterm labor, amnionitis

Polyhydramnios Fetal assessment with preagreed protocol,
random glucose testing
Look for cause, make plan for labor

Immediate nonstress tests, fetal assessment

Malpresentation after 35 wk
Reduced fetal movement

Preterm rupture
of membranes

Urinary tract infection

Group B streptococcus-positive
vaginal culture

Hospital admission, manage with preagreed protocol

Pyelonephritis, preterm labor
Neonatal sepsis

Treat (5 days), monthly midstream urine
Intrapartum intravenous antibiotics

Grade |1 fetal check, fetal growth by ultrasound every 2—4 wk and fetal movement chart; IUGR, intrauterine growth restriction.

TABLE 3-11

Schematic Management of Risk Factors: Factors from Studies

RISK FACTOR TYPE OF RISK MANAGEMENT

Proteinuria Infection, renal disease, preeclampsia Midstream urine, blood pressures studies if
. proteinuria persists

Glycosuria Decreased renal threshold, Random glucose testing at 28 and 32 wk
) gestational diabetes

Hematuria Infection, renal disease Midstream urine, renal hematuria studies if

o persists
No rubella antibodies

Rhesus-negative status

Antibodies
Increased a-fetoprotein level

Low Hb (<10 g/dL)

Increased random glucose
level (>7 mM)
Abnormal cervical smear
Group B streptococcus-positive
vaginal swab

Susceptible to rubella
Potential for sensitization

Fetal hemolytic disease

Fetal abnormality

If normal, intrauterine growth restriction,
placental bleeding, preeclampsia

Pathologic anemia

Gestational diabetes

Possible invasive carcinoma
Neonatal infection

Warn mother, offer puerperal vaccination

Check antibodies at first visit, 28, and 34 wk; give
anti-D at potential sensitization

Specific protocol of management

Careful ultrasound scan at 18 wk

Grade |1 fetal check, vigilance for increased blood
pressure

Investigate; treat cause with oral therapy; refer to
hematologist if uncertain cause, intolerance of
therapy, no response to therapy

Formal 75 g oral glucose tolerance test

Refer for colposcopy
Intrapartum intravenous antibiotics
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Schematic Approach to Prenatal Care: Basic Care (Suggested Minimum Program)

GESTATION (WK) AIMS AND ACTION TAKEN

8-14 (wk) Confirm pregnancy

Check medical, family, social, and
obstetric histories

General physical examination

Pelvic examination if indicated

Tests:

« Urinalysis (glucose/protein/blood)
« Midstream urine specimen
¢ Complete blood count
« ABO/Rhesus grouping and
antibody screen
« Serologic tests (rubella, syphilis,
toxoplasmosis, cytamegalovirus, HIV)
« Ultrasound: nuchal translucency;
confirm or correct estimated date
of delivery

Discuss pregnancy, including the offer of
screening for neural tube defect or
Down syndrome (first trimester or
second trimester) and ultrasound
scan at 18 wk
General advice on diet and hygienic
measures if toxoplasmosis or
cytomegalovirus-negative (if
performed), exercise, breast care,
infant feeding, parentcraft classes,
smoking, alcohol, family planning,
and maternity benefits
Complete case notes
16 Serum screening for neural tube defects
or Down syndrome (if not performed
in first trimester)
Check all test results
18 Detailed ultrasound scan

ducted in the near future to determine the optimum
mode and timing of delivery. An attempt to answer these
questions was started in 1996 (Growth Restriction
Intervention Trial).84 A 2003 update of the results did not
provide conclusive answers.8 Nevertheless, it has been
argued from decision analysis of the available literature

GESTATION (WK) AIMS AND ACTION TAKEN

Check results from 16-wk ultrasound
serum screening

Confirm or amend estimated date of
delivery (if not performed in first
trimester)

Routine check (history of symptoms,
especially vaginal bleeding, reduced or
absent fetal movements), measurement
of blood pressure, urinalysis, fundal
height with tape measure (charted)

28 Routine check (as before, but including
fetal heart rate and liquor volume),
especially blood pressure and fundal
height

Complete blood count, Rhesus antibody
screen if Rhesus-negative

32 Routine check (as before), especially of
blood pressure, fundal height, and the
of the 28-wk test

Discuss labor and parentcraft

Routine check (as before), especially of
blood pressure, growth, and possible
malpresentation

Check group B streptococcus-carrier status

Complete blood count, Rhesus antibody
screen if Rhesus-negative

Routine check (as before), especially of
blood pressure, growth, and possible
malpresentation

40 Routine check (as before), especially of
blood pressure, growth, and possible
malpresentation

Discuss labor
41 Review and discuss induction of labor
Routine check (as before)

22-24

35-37

38-39

that cesarean section without a trial of labor is indicated
when there is evidence of acidemia before delivery.
Otherwise, a careful trial of labor (including maternal
oxygen supply, use of the left lateral decubitus position,
and cervical ripening before the use of oxytocin) should
be considered.81

CONCLUSIONS

There is great variation in the provision and use of prenatal care both between and within countries in terms of
who sees pregnant women, when they are seen, and what testing is done. There seems to be more consistency

in terms of screening programs empolyed.

Of the four aims of prenatal care, arguably the most important is the prevention, detection, and management
of problems and factors that adversely affect the health of the mother, infant, or both.
In managing these problems, the obstetrician should know which strategies have proven benefit and which are

unproven.



Chapter 3 /Planning Prenatal Care and Identification of Risk

SUMMARY OF MANAGEMENT OPTIONS
Planning Prenatal Care

Quality of Strength of
Management Options Evidence Recommendation

Arrs of Prenatd Gae

For the Majority of Pregnancies (Normal to Low Risk)

Provide advice, reassurance, education,
and support (see Table 3-1)

Improved social and psychological support from caregivers la
Antismoking interventions b

Antenatal classes 1]

w w > >

Routine ultrasound with positive feedback lib
Treat minor symptoms (see Table 3-2)

Antiemetics (e.g., antihistamines) - GPP

Antacids Ib A

Increased dietary fiber intake lib B

Bulking agents and stool softeners n B

Implement an ongoing screening program (clinical - GPP
and laboratory) to ensure continuing low-risk status
(see Table 3-3)

Using risk scoring systems in pregnancy predicts v c
the likelihood of adverse outcomes, with little evidence
of a reduction in these outcomes

A schematic approach is arguably more scientific than — GPP
an empirical approach (see Tables 3-6 to 3-1 1for examples)

For the Minority of Pregnancies (High Risk)

Implement the above three aims in addition;
prevent, detect, and manage risk factors
(arguably the most important aim)

There is no proof that prenatal care per se improves
neonatal outcome n B

Specific interventions that are effective for specific risks
can reduce mortality and morbidity (see Table 3—4) 1] B

Rouine or Nomdl Prenatdl Gae

W hat constitutes routine or normal prenatal care for a given - GPP
population varies with the available resources:

* Personnel
¢ Buildings and accommodations (“plant”)
« Laboratory

Considerations (see Table 3-12 for example):

« Who will see the pregnant women
*« When they will be seen
« What will be done when they are seen

The relative role of obstetricians, family physicians (general 1] B
practitioners), and individuals in the delivery of prenatal care
varies between countries.

There is no evidence that doctors need to be the medical b A
professionals involved in the prenatal care of every
pregnant patient.

References
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29
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27,35,38,48

Continued
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SITMMAftY OF NANAGEMINT OPTIO >13
Planning Prenatal Care (Continued)

Management Options

For specific problems, especially social ones, midwives

or general practitioners may offer more benefit than
specialist obstetric care.

Incorporating different medical professionals into one
shared antenatal care program can be effective in providing
appropriate care.

A physicians based prenatal care model appears to be more
expensive without improving pregnancy outcome.

The frequency of prenatal visits can safely be reduced

in low-risk pregnancies.

Socioeconomic factors and poor use of prenatal

care are correlated.

Women report that midwife-led care provides better
continuity of care.

In developing countries, well-trained traditional birth
attendants can serve as an additional effective, yet
inexpensive provider of prenatal care.

There is great variation in the form, content, and amount

of education and advice that women receive during pregnancy.

Better communication skills by health care providers improve
their ability to inform patients.

Western women report dissatisfaction when they receive
fewer prenatal visits.

Clinical and laboratory-based prenatal screening is similar
in European countries.

Unjustified variation in clinical and laboratory-based prenatal
screening exists worldwide.

The main aim of a formal risk scoring system in pregnancy

is to permit the classification of women into different categories

for which different and appropriate management options
can be implemented.

Overall risk can be calculated by:

* Number of risk factors present

* Sum of weighted risk factors

« Correcting this weighted risk by mathematical processes,
such as Bayes’ theorem

Formal risk scoring leads to a simplistic and inflexible view
of pregnancy management.

When risk scoring is used in practice, there is a real danger
that a potential, yet imprecise risk of an adverse outcome
is replaced by the introduction of increased surveillance
and treatments of unproven value.

Formal risk scoring should not be introduced into routine
pregnancy care.

The most common way in which risk in pregnancy

is identified is by specific risk recognition; this can be done
on an empirical basis or on a schematic basis.

The schematic approach has advantages over
the empirical approach:

Quality of

Evidence

la

Strength of
Recommendation

A

GPP

GPP

GPP

References

27-29

31,32
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20,42
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64
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64
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SUMMARY OF

81

MANAGEMENT OPTIONS

Planning Prenatal Care (Continued)

Management Options

» It allows consistency of management for given risk factors.
» It allows comparison of the effectiveness of one
management strategy with another.

Decision analysis will be applicable in the future and is likely
to occur in two ways:

« Providing counseling about management options

» Determining the benefits of alternative management
strategies on the basis of published literature, but without
the benefits of a randomized trial

Quiality of Strength of
Evidence Recommendation References
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CHAPTER 4

Bleeding and Pain In Early
Pregnancy

DavidJ. Cahill /Peter G. Wardle

INTRODUCTION

Complications arise more frequently during the first
trimester than at any other stage of pregnancy. Most
patients have bleeding, pain, or both. Vaginal bleeding
occurs in approximately 20% of clinically diagnosed
pregnancies.l It causes considerable anxiety for the
woman and her partner. In most cases, no intervention
will alter the outcome. The main aim of clinical manage-
ment is a prompt, accurate diagnosis, with reassurance if
the pregnancy is appropriately developed and viable, or
appropriate intervention if not. The differential diagno-
sis is shown in Table 4—.

Most studies estimate that 15% to 20% of clinically
recognized pregnancies end in miscarriage.2 When
bleeding occurs in the first trimester, approximately 30%
of patients have a miscarriage, 10% to 15% have an
ectopic pregnancy, approximately 0.2% have a hydatidi-
form mole, and approximately 5% have termination of
the pregnancy. The remaining 50% of pregnancies con-
tinue beyond 20 weeks.3

Ectopic pregnancy is the most important cause of
maternal mortality in the first trimester of pregnancy in
the United Kingdom4 and other western countries5 and
is the single largest cause of death in pregnancy among
black American women. The most recent United
Kingdom Confidential Enquiry into Maternal Mortality
reported 13 deaths as a result of ectopic pregnancy (in
contrast to 7 women who died after spontaneous miscar-
riage and 5 who died of sepsis).

When family size was larger, the loss of a pregnancy,
particularly in the first trimester, was often accorded less
importance by society and the medical profession. Now,
with most couples having fewer children, the loss of an
individual pregnancy or child has assumed greater signif-
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icance. The understanding and appreciation of the psy-
chological effects of early pregnancy loss have lagged
behind that of perinatal bereavement.6 However, there is
now greater recognition of the psychological and psychi-
atric sequelae and the consequent need for support.'
These considerations should be taken into account in the
management of couples who experience early pregnancy
loss.

INITIAL MANAGEMENT

Resuscitation and Triage

Heavy bleeding in early pregnancy should never be
ignored and should be assessed urgently. The rate and
amount of blood loss should be assessed as accurately as
possible, including a speculum examination to estimate
additional concealed loss from intravaginal blood and
clotting. Most women with first-trimester bleeding are
young and fit and can maintain their blood pressure, even
after substantial blood loss. When the woman’s initial
blood pressure is low, it is important to visualize the
cervix carefully and remove any products of pregnancy,
which may be lying within the cervical canal. It is impor-
tant to differentiate between cervical shock (which
responds rapidly to this removal of retained products of
conception) and vascular decompensation, which is more
likely to be the result of catastrophic hemorrhage requir-
ing rapid resuscitation.

If the patient is in shock and there are no products of
conception in the cervical canal, she should be managed
as if a major blood loss has occurred, regardless of the
amount of bleeding seen.

When severe blood loss is evident or suspected, ade-
quate staff should be available for resuscitation. Pulse and



TABLE 4-1

Differential Diagnosis of First-Trimester Pain or
Bleeding

Pregnancy-Related

Miscarriage (threatened, inevitable, incomplete, complete,
missed, or septic)

Ectopic pregnancy

Hydatidiform mole

Coincidental to Pregnancy: Gynecologic

Ruptured corpus luteum of pregnancy
Ovarian cyst accident
Torsion or degeneration of a pedunculated fibroid

Coincidental to Pregnancy: Nongynecologic
Appendicitis

Renal colic

Intestinal obstruction

Cholecystitis

Not Related to Pregnancy, but Gynecologic

Pelvic inflammatory disease
Dysfunctional uterine bleeding
Endometriosis

blood pressure should be recorded frequently, and large-
bore intravenous access should be established. Blood
should be obtained for a complete blood count, clotting
screen, and type and crossmatch. A minimum of 4 units
of blood would be required for a patient who is in shock.
The woman should be assessed rapidly based on her clin-
ical history and examination while resuscitation is pro-
ceeding. If this assessment suggests a catastrophic
intraperitoneal hemorrhage from a ruptured ectopic
pregnancy, it is unlikely that resuscitation will make her
clinically stable. Under these circumstances, an emer-
gency laparotomy should be undertaken.

If the woman responds promptly to appropriate resus-
citation, or if she is not in shock (most patients), a care-
ful history and examination should be undertaken and
investigations arranged.

Diagnosis (See Table 4-1)
History

The date of the woman’s last menstrual period, the usual
length of her usual menstrual cycle and any variations,
and the date of her first positive urinary pregnancy test
should define the likely gestational age. The severity of
early pregnancy symptoms, particularly nausea and
breast discomfort, may be of diagnostic value. Nausea
and vomiting in the first trimester are more frequently
associated with a positive pregnancy outcome,8 even
among women with a threatened miscarriage.9 The loss
of early pregnancy symptoms around the time of vaginal
bleeding is a bad prognostic sign. Increased early preg-
nancy symptoms also may be associated with molar preg-
nancies and multiple pregnancies.
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The outcome of previous pregnancies should be noted
and is an important indicator of the risk of miscarriage,
ectopic pregnancy, or gestational trophoblastic disease
(GTD). Primigravidae and women with previous live
births have a lower risk of miscarriage. The risk of mis-
carriage increases cumulatively according to the number
of previous miscarriages.1011 Similarly, women with a
previous ectopic pregnancy are at substantially increased
risk of another ectopic pregnancy.12 There is approxi-
mately a tenfold increased risk of another hydatidiform
mole in women with a history of an affected pregnancy.13

The nature and distribution of associated pain can be
helpful. Unilateral pelvic pain is not necessarily related
to an ectopic pregnancy; it may simply be caused by
ovarian capsule distention from a corpus luteum of
pregnancy, particularly if the pain radiates to the ante-
rior thigh from irritation of the adjacent cutaneous
nerves. Shoulder tip pain suggests diaphragmatic irrita-
tion as a result of intra-abdominal bleeding. Although
it is more likely with an ectopic pregnancy, it can also
occur with retrograde bleeding from a miscarriage.
The extent of first-trimester vaginal bleeding provides
a useful prognostic guide. Pregnancy is rarely successful
if the loss is equivalent to or greater than a woman’s
normal menstrual blood l0ss.14 A common exception is
the loss of one of a twin pregnancy, although sponta-
neous reduction to a single pregnancy often is not
accompanied by bleeding (the “vanishing twin” phe-
nomenon).15

Examination

The aims of examination should be to differentiate
between an early pregnancy complication and a coinci-
dental abdominal pathology and to identify women who
need prompt surgical intervention. Pulse and blood pres-
sure should be monitored frequently to identify develop-
ing clinical shock early. The abdomen may be distended
because of intraperitoneal bleeding or bowel dilation.
Rarely, Cullen’s sign (bluish tinge of the periumbilical
skin or an umbilical “black eye”) may be present in cases
of ruptured ectopic pregnancy Generalized lower
abdominal guarding or rebound tenderness on abdomi-
nal palpation suggest intraperitoneal bleeding. Localized
unilateral iliac fossa tenderness may be present with an
unruptured ectopic pregnancy but can also be caused by
a physiologic corpus luteum cyst of pregnancy

Vaginal examination with a Cusco speculum should
identify any local cause of bleeding due to trauma or cer-
vical bleeding as a result of a polyp or physiologic ectro-
pion (where bleeding can frequently be related to coitus).
An open cervical os suggests either incomplete or
inevitable miscarriage. Blood loss through the cervical os
should be noted, including whether it is fresh or “old.” If
products of conception are extruding through the cervix,
these can be removed with sponge forceps, which may
relieve pain and correct reflex shock as a result of cervical
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distention. If indicated, removed products of conception
should be sent for histologic assessment.

Bimanual examination should be done to assess cervi-
cal dilation and identify cervical excitation tenderness as
a clinical sign of an ectopic pregnancy. The size and
shape of the uterus should be assessed. Ifit is larger than
expected based on menstrual dates, the patient may have
a multiple pregnancy, a hydatidiform mole, or coinci-
dental uterine pathology, most frequently fibroids.
Adnexal palpation may identify a tender mass that may
be either an ectopic pregnancy or a normal corpus
luteum cyst.

Special Investigations

A urinary (3hCG pregnancy test should always be done
if not checked previously. Commercial tests are now
very sensitive and specific and can be expected to yield
a positive result even 2 or 3 days before a missed period.
If the result is positive, the critical and complementary
diagnostic tests are a transvaginal pelvic ultrasound
scan (TV USS) and quantitative serum phCG measure-
ments.

Ultrasound and fihCG Level

TV USS usually gives more immediate information, but
is generally unhelpful in women who are less than 7 days
past their missed period (a missed period is convention-
ally taken to be 4 weeks after the last period). Rapid
changes in appearance occur between 4 and 7 weeks of
amenorrhea (Table 4-2). Five weeks after the woman’s
last menstrual period (assuming a regular 28-day cycle), a
gestation sac 2 to 5 mm in diameter should be visible (see
Table 4-2). However, this sac can be difficult to differen-
tiate from a pseudogestational sac associated with an
ectopic pregnancy (where there is simply a small collec-
tion of fluid secretions within the uterine cavity) or a
decidual cast (when the pregnancy has failed and decid-
ual separation from the basal endometrium has

TABLE 4-2

occurred). A genuine intrauterine gestation sac has two
recognizable concentric decidual rings surrounding it,
whereas a decidual cast or pseudogestation sac has only
one ring. Even in practitioners with considerable ultra-
sound scanning experience, these subtle differences are
easily missed.

Confirmation of an intrauterine sac can be made when
the yolk sac or fetus becomes visible. The yolk sac is the
first structure that becomes identifiable within the gesta-
tion sac, usually by 5Aweeks (Fig. 4-1). It usually meas-
ures 2 to 5mm in diameter. Initially, up to about 6 weeks,
it is larger than the fetus. However, an excessively large
yolk sac (>5.6 mm in diameter) is often an early sign of
impending miscarriage.16 Other early indicators of
almost certain miscarriage are a gestational sac whose
diameter exceeds 20 mm without a visible yolk sac and a
sac that exceeds 25 mm without a visible fetus.

When an intrauterine pregnancy is clearly visible, a
useful formula to calculate approximate gestational age
(in days from the last menstrual period) is as follows:

[Gestational age (days) =Mean sac diameter (mm) +
30],17

This formula is valid up to 9 weeks’ gestation. A second,
more accurate, but more complex, formula that is valid to
at least 12 weeks gestation is as follows:

[Mean sac diameter (mm) =0.986 (days after ovula-
tion/conception) - 17.1].18

The presence of an ongoing intrauterine pregnancy
with a live fetus is a good prognostic finding. When a live
embryo or fetus is seen on ultrasound, the overwhelming
evidence is that the pregnancy is likely to continue (>95%
of cases).1920 In addition to ultrasound structures, fetal cir-
culation becomes evident at SAweeks and is visible in all
viable pregnancies by 6 weeks.18 Initially, the fetal heart
rate is slower than normal, but it increases over time, from
85 to 90 beats/min at 6 weeks to up to 180 beats/min at

Ultrasound Findings and (3nCG Concentrations for a Singleton Intrauterine Pregnancy at Particular Gestational

WEEKS (DAYS) FROM THE
LAST MENSTRUAL PERIOD

(ASSUMING A 28-30 DAY CYCLE) ENDOMETRIAL THICKNESS

4 weeks (28 days) 10-15 mm
5 weeks (35 days) 15-20 mm
5 1/2 weeks (38-39 days) 20 mm
6 weeks (42 days)

20 mm
6 1/2 weeks (45-46 days) -
7 weeks (49 days)

TRANSVAGINAL ULTRASOUND FINDINGS

GESTATIONAL SAC
(AFTER HOLLANDER, 197226
AND MILLS, 199218

YOLK SAC
(AFTER MILLS, 19921)

3 mm 2 mm

7-8 mm 3 mm
10-12 mm 4 mm
14-15 mm 45 mm
17-18 mm 5mm

For optimal interpretation, data are presented for half weeks where possible and from more than one source, leading to a range of values in some cells and no data

in other cells.



FIGURE 4-1
Pregnancy with a yolk sac (ys) at 8 weeks’ gestation.

9 weeks.2l Rates persistently slower than 100 beats/min
are more likely to be associated with a poorer outcome.2l
Serum (3hCG concentrations complement the informa-
tion available from TV USS in assessing early pregnancy
problems. In this chapter, all references to values and
ranges of (3hCG levels relate to the Third International
Standard Preparation (WHO Preparation 75/735).
Absolute levels may be helpful in recognizing when a
woman with a normal intrauterine pregnancy should be
evaluated with TV USS. Levels of phCG greater than
1500 to 2000 IU/L (depending on local laboratory varia-
tions) are almost always associated with the finding of a
gestation sac in the uterus if the pregnancy is intrauter-
ine.22 If it cannot be seen in the uterus, then it should be
assumed that there is a pregnancy elsewhere (Fig. 4-2).
This maxim is not universally accepted and is the sub-
ject of debate. Caution should be exercised when women

Age Points in Early Fetal Life

CROWN RUMP LENGTH
(AFTER HOLLANDER,
197226 AND MILLS, 199218

FETAL HEART (RATE)

3N mm
4 mm
7 mm
10 mm 125

85-100

(AFTER MERCHIERS, 199121
AND ROBINSON, 197 327)
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FIGURE 4-2
Uterus with an ectopic pregnancy (crown-ramp length, 19 mm)
showing fetal heart activity at 9 weeks’ gestation.

have had assisted conception treatment (by in vitro fertil-
ization or ovulation induction). In these situations, more
than one embryo might be present; therefore, an
intrauterine and an extrauterine pregnancy might coexist
(i.e., heterotopic pregnancy) or two intrauterine preg-
nancies might exist, giving rise to higher phCG levels
without a visible pregnancy on TV USS. Excessively high
serum (3hCG levels are also found with GTD (>20 times
normal values), and levels up to twice the normal values
can be found in pregnancies affected by Down syndrome.
Generally, (3nCG levels are lower at any given gestational
age with ectopic pregnancies than with normal intrauter-
ine pregnancies. However, the overlap in values between
the two clinical conditions is too great for this difference
to be a diagnostic criterion.

Changes in phCG levels are more useful clinically.
Usually phCG values are best tested at intervals of 48
hours or longer. A decreasing (3hCG concentration in the
first few weeks identifies a pregnancy as abnormal. If the

SERUM PhCG (IU/L) (MEDIAN VALUES FOR
|3nCG ASSAY) (FROM THE THIRD INTERNATIONAL
STANDARD PREPARATION)

<100
600

5200

26,700
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|3hCG level decreases by more than one half within 48
hours, it suggests that residual trophoblastic activity has
ceased and that the pregnancy is likely to resolve without
intervention. With a viable intrauterine pregnancy,
(3hCG values should increase by at least 66% in 48

SUMMARY OF

hours.2” If the rate of increase is less than 66% or if the
phCG doubling time is more than 2.7 days, there should
be a strong suspicion of an ectopic pregnancy. A (3hCG
doubling time of more than 7 days is never found in a
normal pregnancy.23

MANAGEMENT OPTIONS

Bleeding in Early Pregnancy—Initial and General Management

Management Options

Identify the cause of bleeding by a combination

of history, examination, fihCG assay, and transvaginal
ultrasound.

Assess the amount and rate of blood loss.

Obtain regular recordings of pulse and blood pressure.

Provide intravenous access if there is actual or risk

of hemodynamic instability.

FBC for all. Perform a clotting screening if coagulopathy
is suspected or excess blood loss occurs. Crossmatch
blood if excessive blood loss occurs.

FBC, full blood count.

SPONTANEOUS ABORTION
OR MISCARRIAGE

Definition

Now used synonymously, the terms spontaneous abortion
and miscamage imply the natural loss of a pregnancy
before viability. Until recently, the term abortion was gen-
erally used in professional communication and miscar-
riage was used in discussion with patients. However,
because the term abortion (which many patients find
offensive) has pejorative connotations of “elective termi-
nation of pregnancy,” there has been an overall shift away
from using abortion to describe the spontaneous loss of a
pregnancy.28 Viability implies the ability of the fetus to
survive extrauterine life. This is generally considered to
occur at approximately 24 weeks' gestation. Rarely,
fetuses born before that gestation survive for a short time
or at least show some signs of life. The cutoff point for
the use of the term miscaniage might lie at 22 weeks’ ges-
tation (154 days), as recommended by the World Health
Organization (WHO).22The WHO also includes in this
definition the fetuss weight (<500 g). In the United
Kingdom, the legal definition changed in 1992 to 24
weeks’ gestation (168 days), whereas in North America,
the gestational age limit for a miscarriage is 20 weeks.30

In addition to these changes in terminology, there has
been a marked alteration in the way in which early-

Quality of Evidence

Strength of

Recommendation References

I B 9,11-14,18-21,23-27
1 B 14

GPP

GPP

GPP

pregnancy bleeding and pain are managed. Many of these
changes are attributable to the following:

 Availability of rapid access to serum phCG measure-
ments

» High-resolution TV USS

 Introduction of fast-track referrals to early pregnancy
assessment units or clinics (EPU/EPC)

In EPCs, access to integrated evaluation by ultra-
sonography, serum sampling for phCG, and the presence
of experienced medical and nursing staff has permitted
women to be managed as outpatients or in the office,
providing a more streamlined service.

Table 4-3 provides a summary of requirements for an
EPC service. EPCs have improved the quality of care and
produced considerable savings in financial and staff
resources. However, as a tool in patient management,
EPC services have not been fully evaluated.3l
Management of women through an EPC service is not
without its drawbacks. Inappropriate delays in diagnosis
of true ectopic pregnancies and overmanagement by
laparoscopy of suspected ectopic pregnancies both occur,
despite rigid adherence to protocols.

A pregnancy loss may be clinically evident after a
patient has bleeding or pain or may be clinically silent
and identified on a routine ultrasound scan. The intro-
duction of nearly routine scanning to confirm gesta-
tional dates has had a dramatic effect on the



TABLE 4-3

Requirements for an Early Pregnancy Assessment

Clinic

Appropriate resources for rostering of ultrasonographic,
medical, and nursing staff (Exact calculation of time required
is not evidence-based; experience suggests that for a hospital
with 5000 deliveries/yr, 3 hours of patient contact time daily
for all disciplines and 1 hour of telephone contact time later
in the day is reasonable.)

Dedicated clinic space, with rooms for ultrasonography, clinical
assessment and investigation, counseling, and a waiting area

Good-quality ultrasound machines with transvaginal capability

Availability of same-day PhCG estimation

A senior member of the clinical staff who is responsible for the
development of guidelines and the resolution of diagnostic
conflicts and problems

management of early pregnancy loss. Bleeding occurs in
one fifth of recognized pregnancies before the 20th
week of gestation. However, it is likely that far more
pregnancies are lost before they are suspected, recog-
nized, or confirmed (giving rise to the term pregnancy
loss iceberg32:33; Fig. 4-3).

In one study, 12% of pregnancies in which bleeding
occurred ended in miscarriage.34 Other studies reported
higher rates (>16%),3 but these studies did not include
women who did not know they were pregnant (>22%)3%
or those who did not seek medical advice about their
bleeding, knowing that they were pregnant (approxi-
mately 12%).3%4

Risks

The maternal risks are blood loss, infection, and the psy-
chological effects of pregnancy loss.

Presentation and Diagnosis

Most women seek care at a hospital, family physician’s
office, or EPC with one of the following concerns:

* Bleeding without pain

» Bleeding with pain, with possible passage of pregnancy
tissue vaginally

* Bleeding with pain, with symptoms and signs of blood
loss

» Absence of bleeding, with decreased symptoms of
pregnancy

The amount of bleeding can vary from very slight to sig-
nificant and has some prognostic value. Bleeding without
pain is more likely to be associated with a threatened mis-
carriage. Patients seen at an EPC service often have pain-
less bleeding. Once ongoing pregnancy is confirmed by
ultrasound, the practitioner can provide reassurance. In
most of these cases, bleeding has a local cause, such as phys-
iologic changes in the cervix. The additional presence of
pain is often associated with cervical opening or distention
asaresult of the passage oftissue or a blood clot, which may
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PROPORTION OF UNRECOGNIZED PREGNANCIES
LOST TO RECOGNIZED MISCARRIAGES AND
LIVE BIRTHS (AFTER CHARD, 1991)

FIGURE 4-3

Proportion of unrecognized pregnancies lost to recognized
miscarriages and live births. (From Chard T: Frequency of
implantation and early pregnancy loss in natural cycles. Baillieres Clin
Obstet Gynaecol 1991;5:179-189.)

be painful. Blood loss can give rise to symptoms in itself,
and the passage of tissue through the cervical os can pro-
mote a vagal response that causes shock, which is rapidly
relieved if the products are removed from the os.

Management Options

Threatened miscarriages are managed expectantly. If
bleeding is slight and is not associated with pain, then the
woman can be reassured that the pregnancy is likely to
continue. Of all pregnancies in which bleeding occurs,
more than 50% continue.3 If bleeding occurs at 10
weeks' gestation, more than 90% continue; at 13 weeks,
99% continue.3 If the menstrual or gestational age is
greater than 6 weeks, then ultrasound may show a
healthy, ongoing pregnancy. In such cases, the likelihood
of pregnancy loss is less than 3%.20 Ultrasonography
before 6 weeks is less likely to be helpful. If a patient
needs the reassurance of an ongoing pregnancy by ultra-
sound scan, then this evaluation should be undertaken
after 6 weeks.

The management options for the loss of an early
intrauterine pregnancy are

» Expectant
e Medical
« Surgical

Spontaneous complete miscarriage can be managed
expectantly. Most difficulty in the management of bleed-
ing in early pregnancy involves missed or incomplete
miscarriage.

In most western countries, the surgical approach
(evacuation of retained products of conception [ERPC])
historically has been the most common emergency gyne-
cologic procedure. The procedure was traditionally car-
ried out with ovum forceps and curettage and evolved to
vacuum aspiration. Vacuum aspiration is associated with



90 Section Two /Early Prenatal Care

less blood loss and pain and is a shorter procedure than
surgical curettage.3/

Expectant management avoids a surgical procedure
and allows the woman to continue her normal daily
routine. It is more acceptable to women and causes
fewer effects on the quality of life.38 Primary care physi-
cians in the Netherlands and elsewhere strongly favor
the use of expectant management, and it is likely that
many miscarriages are managed expectantly in primary
care.3 However, expectant management is associated
with more prolonged bleeding than either surgical40 or
medical management.4l Reports from secondary care
settings are less encouraging about expectant manage-
ment; in one report, the incidence of prolonged bleed-
ing and the success rate of expectant management were
so low that its use was considered unjustified in clinical
practice.4l

Medical management has been advocated as an inter-
mediate approach. The treatment regimens used have
included misoprostol (often in combination with
mifepristone),4243 sulprostone,44 and gemeprost.45
Women who have medical treatment have greater anal-
gesic needs and more vaginal bleeding compared with
those who have surgical management.4546 The treat-
ment did not achieve success (ERPC was still required)
in 50% to 80% of women in most studies,4547,43
although in one uncontrolled study, a success rate of
100% was reported.44 The authors concluded that
although medical treatment reduced the need for surgi-
cal evacuation, a significant proportion of patients who
underwent medical treatment still needed ERPC. This
approach hardly seems an effective treatment or an
appropriate use of resources. When medical manage-
ment is compared with expectant management, no dif-
ferences are found in the number of days of bleeding,
pain scores, blood loss, or complications. Women having
medical treatment had a longer convalescence than
those treated by expectant management.4&2 Medical
treatment is not innocuous; 45% of women in one study
had gastrointestinal upset.49

In the absence of an adequately powered randomized
controlled trial evaluating surgical, medical, and expectant
management, how should incomplete miscarriages be
managed? Can we rationalize the evidence from the
assorted studies already undertaken? Gradation of the
quality of evidence supporting the choices is provided in
the Summary of Management Options. Expectant man-
agement should be used for women in the first instance,
providing that they are stable. Given a choice, most
women favor this approach.’0 1t appears difficult to predict
for which women expectant management will be effec-
tive.5l Patients must understand that they may bleed for
slightly longer,5 and they must have ready access to hos-
pital services should they require them. Women who
choose medical management appear to have better mental
health scores subsequently.38 Perhaps if there is no clear
option on clinical grounds, then medical management

should be the treatment of choice. Future fertility does not
appear to be compromised by adopting this route.53

For those who do not want medical or expectant man-
agement, surgical management remains an option.
Vacuum aspiration is preferred over surgical curettage; it
is quicker, safer, and less painful.37 Whether any women
should electively have surgical treatment rather than any
other is not clear, although in terminations, women of
high parity (more than para 3) are more likely to have a
complete abortion after surgical management.54 Should
tissue be sent from all miscarriages for histologic exami-
nation? Obvious practical problems arise with medical
and expectant management, but it certainly should be
requested for patients who undergo surgical curettage.
Suspicious findings on ultrasound should direct manage-
ment to surgery.

Some have suggested that the management option can
be determined on the basis of ultrasound and biochemi-
cal evaluation. The volume of tissue remaining in the
uterine cavity on ultrasound may be a useful guide in
management. No intervention is required if there is no
tissue or if the products of conception have a mean diam-
eter of less than 15 mm. Medical or expectant manage-
ment may be considered if the tissue mass is between 15
and 50 mm, and ERPC is probably required if the tissue
diameter exceeds 50 mm 42 More complications (37% vs.
3%) occurred when women with significant intrauterine
tissue (intrauterine sac >10 mm in diameter) were man-
aged expectantly compared with surgically.5 Evidence to
recommend the routine use of serum phCG levels5556 or
progesterone6 to determine the need for surgical inter-
vention is insufficient. When color Doppler imaging of
uterine blood flow and the intervillous space was exam-
ined in missed miscarriages,5' uterine blood flow could
not differentiate between women whose miscarriage
resolved spontaneously and those who required ERPC.
Intervillous space blood flow was associated with an 80%
chance of spontaneous resolution compared with 23% in
those for whom flow was absent.-1 Although this tech-
nique shows promise, it requires validation. These adju-
vant techniques are of little value in determining which
women should be managed expectantly or otherwise.
Should women undergoing surgical evacuation of the
uterus have Chlamydia screening in line with other inva-
sive interventions in the uterine cavity? One inadequately
powered randomized trial showed no benefit, but
because Chlamydia screening and selective antibiotic
treatment reduces infection in induced abortion, this
practice is worth continuing until evidence suggests oth-
erwise.58

Thus, much of the management of bleeding in early
pregnancy may be in the hands of general practitioners3
or midwives,1but accurate diagnosis of ectopic pregnan-
ciesb and molar pregnancies5l remains of particular con-
cern. Rapid access to ultrasound and PhCG assays should
remain a fundamental part of the management of bleed-
ing in early pregnancy.
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SUMMARY OF MANAGEMENT OPTIONS
Spontaneous Miscarriage

Management Options

Expectant management
Medical evacuation
Surgical evacuation

An adequately resourced early pregnancy clinic is key
to the management of early pregnancy problems.

Many cases do not need hospital admission.
Expectant management is the first choice.
Expectant management does not affect future fertility.

Medical management should be undertaken before surgical
management.

Vacuum aspiration is provided to surgical evacuation.

Couples require equal psychological support after medical
or surgical management of miscarriage.

ECTOPIC PREGNANCY

The management of ectopic pregnancy has changed
over the last 20 years. The changes that have led to
these improvements in management are summarized in
Table 4-4.

In line with this shift in practice, there has been a
fourfold decrease in the mortality rate associated with
ectopic pregnancy over the last 25 years, although the
incidence of ectopic pregnancies has increased twofold.4
The current rate of ectopic pregnancy (ectopic preg-
nancies per 1000 pregnancies) in the United Kingdom
is 11.1 (approximately 1%), and in the United States, it
is 20.66 The mortality rate as a result of ectopic preg-
nancies in the United Kingdom is 4 per 10,000 (esti-
mated) ectopic pregnancies.4 In the United States, the
rate is 3.4 per 10,000.65 Complacency would be inap-
propriate, however, because ectopic pregnancy remains
the leading cause of maternal death in early pregnancy.4
Factors that predispose to ectopic pregnancy are listed
in Table 4-5.

TABLE 4-4

Changes Leading to Improved Management of
Ectopic Pregnancy

Recognition of high-risk individuals (see Table 4-5)

Increased sensitivity of home pregnancy tests

Early referral to dedicated (early pregnancy) clinics in hospitals

Development and refinement of high-resolution transvaginal
ultrasound

Accurate and rapid estimation of serum phCG)

Laboratory techniques allowing 24-hour access to automated
sample processing

Strength of

Quality of Evidence Recommendation References
la A 42,59
Ib A 42,47,59-61
la A 47,59
1]l B 31
la A 39
la A 42,59
Ib A 62
Ib A 47,63
la A 37
Ib A 64
Definition

An ectopic pregnancy is one that occurs outside the uter-
ine cavity, usually at an adjacent site, generally, the fal-
lopian tube. In more than 98% of ectopic pregnancies,
the primary site is in the fallopian tube. The rest occur in
the abdominal cavity, on the ovary, or in the cervix. In the
fallopian tube, approximately 80% of pregnancies occur
in the ampullary region.

Risks

Risks are blood loss and its consequences, implications
for future reproductive performance, and the psycholog-
ical effects of the loss of the pregnancy.

Diagnosis
Symptoms

Diagnosis of an ectopic pregnancy can be difficult. Some,
all, or none of the following symptoms may be elicited in
awoman with an ectopic pregnancy:

TABLE 4-5

Specific Risk Factors Predisposing to Ectopic
Pregnancy

Peak age-specific incidence 25-34 years
Infertility (fourfold increased risk)

Sexually transmitted disease, especially chlamydia
Increased Chlamydia antibody titer

Tubal sterilization and reconstruction
Intrauterine contraceptive device

Endometriosis
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* Amenorrhea
Abdominal pain
Vaginal bleeding
e Fainting
Shoulder tip pain

Signs

At presentation to an EPC, many women with an ectopic
pregnancy have few or no signs on examination.
Unilateral iliac fossa pain is in keeping with ectopic preg-
nancy, but bilateral pain is not uncommon. Guarding,
rigidity, and signs of peritonism may be elicited on
abdominal palpation. Guarding may be reduced if the
knees are drawn up to relax the abdominal muscles.

On vaginal examination, it may be possible to elicit
pain on the affected adnexal side by manipulating the
cervix laterally. Because the uterus moves in the opposite
direction as a result of rotation around the fulcrum of the
transverse cervical ligaments, there is increased tension
on the side of the ectopic pregnancy. This is described as
the pain of cervical excitation.

The uterus may be softer and even enlarged slightly in
the presence of an ectopic pregnancy as a result of the
softening effect of increased levels of progesterone on the
endometrium and myometrium.

Itis now rare in the United Kingdom for women to be
admitted with an ectopic pregnancy presenting with
hypovolemic shock or severe pain.

Investigations

Ectopic pregnancy must be differentiated from other
causes of lower abdominal pain in a woman of reproduc-
tive age (see Table 4-1).

Critical to the diagnosis of ectopic pregnancy are TV
USS and serum phCG and, to a lesser extent, serum
progesterone. Confirmation of the diagnosis by
laparoscopy is not always necessary. Laparoscopy is not
even the absolute answer because it has a false-negative
rate of 3% to 4% (if done too early) and a false-positive
rate of 5% (because of retrograde uterine bleeding).66

The complementary roles of TV USS and PhCG
measurements were discussed earlier. Serum proges-
terone is also considered to have a role in the differenti-
ation of an ectopic pregnancy. Its use is not as widespread
as phCG and TV USS. Serum progesterone concentra-
tions well into the normal range for early pregnancy (>80
nmol/L) are associated with a high probability of the
pregnancy being normal and intrauterine in site.2%5
Conversely, values less than 15 nmol/L are highly likely
(98%) to be associated with a nonviable pregnancy.67
Most ectopic pregnancies have progesterone concentra-
tions between these values that make the test of little
value for routine clinical practice. Algorithms have been
devised with and without the use of serum progesterone
and can be referred to and integrated into local practice

guidelines if considered appropriate.2268 Figure 4-4
shows an example of a practical algorithm.

The patient who has obvious intra-abdominal bleeding
can be diagnosed without difficulty The less acute clini-
cal scenario, in which a woman has little or no pain,
vague symptoms, slowly increasing phCG levels, and
nonspecific findings on ultrasound, is more challenging.

Management Options

Management of the acutely ill woman differs from the
more common presentation of awoman who is clinically
stable.

The acute presentation that includes hypotension,
tachycardia, pain, and other signs of shock, usually, but
not always, associated with amenorrhea, is generally
treated with laparotomy. The acute symptoms are usually
caused by fallopian tube rupture or significant intraperi-
toneal bleeding. Surgical treatment usually requires par-
tial or total salpingectomy, securing hemostasis, and
removing blood and products of conception from the
abdominal cavity.

In the less acute situation, there are several treatment
options, which include surgical (conservative and radi-
cal), medical, and expectant management. The gradation
of the quality of evidence is shown in the Summary of
Management Options. The algorithm in Figure 44
shows the critical criteria that affect management; the
trend in serum phCG and the findings on TV USS.
A serum phCG level that increases above a critical
threshold in the absence of an intrauterine gestation sac
is usually an indication for surgical intervention. The
choice of laparoscopy or laparotomy depends on the
patient’s surgical history, the findings on TV USS, and
the absolute level of phCG and its rate of increase.

Expectant Management

As shown in Figure 4—4, this management is most appro-
priate when the woman is hemodynamically stable, with
no symptoms of pain. Some authors have suggested
exclusion criteria, such as gestation sac size (>4 cm) or the
presence of a fetal heartbeat on TV USS.69 Expectant
management is more likely to be effective if the initial
serum phCG concentration is less than 1000 IU/L and
decreases thereafter and if a gestation sac is not seen on
TV USS.69 The serum phCG level (both the initial level
and the trend) is generally the most important predictor
of successful expectant management.69 Recent publica-
tions suggest that of vaginal bleeding, endometrial thick-
ness, serum phCG, and serum progesterone, the most
useful modality to predict spontaneous resolution was
serum progesterone, with a cutoff level of less than 20
nmol/L.70

Practically, expectant management involves establish-
ing a reliable diagnosis of early extrauterine pregnancy
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ALGORITHM FOR THE MANAGEMENT OF A POSSIBLE EXTRA-UTERINE PREGNANCY,
IN THE ABSENCE OF SUFFICIENT SYMPTOMS TO WARRANT SURGERY

FIGURE 4-4

Algorithm for the management of a possible extrauterine pregnancy in the absence of sufficient symptoms to warrant surgery. FH, fetal heart

beat; TV USS, transvaginal pelvic ultrasound scan.

failure, informing the patient of other treatment options,
and obtaining consent that this method of management
is acceptable. Serum (3hCG levels should be monitored
every 3 to 4 days until they decrease to less than 10 to 15
IU/L.67

Success rates for this approach range from 70% to
75% for phCG levels of less than 1000 I1U/L,6970
decreasing to 25% if levels are greater than 2000
IU/L.7L

Medical Treatment

Current methods of medical management focus on the
use of methotrexate, generally as a single dose. Multiple-
dose regimens are less commonly used. Methotrexate is a

folic acid antagonist. As a chemotherapeutic agent, it is
active against rapidly dividing tissues, such as those in the
placental trophoblast. Methotrexate can produce side
effects through its actions on other tissues, such as the
gastrointestinal tract and the hematologic system.
Adverse symptoms include stomatitis, gastritis, diarrhea,
transient liver enzyme disorders, and rarely, bone mar-
row suppressive disorders. Single-dose use rarely gives
rise to symptoms; daily or alternate-day multiple doses
do so more commonly. Folinic acid is given to counteract
this effect. Folinic acid is not required when doses are
given at greater than weekly intervals.72 Medical man-
agement is particularly appropriate when surgical inter-
vention would be difficult (e.g., cervical and interstitial
pregnancies).
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Medical treatment has been available for more than 20
years,73 but has not been adopted extensively. This is
lamentable because studies involving large series of
women show success rates of approximately 90%.74
Predictors of success of medical treatment include sac
size, fetal cardiac activity, and serum phCG concentra-
tion; phCG concentration is the most important of
these.74 For values of 2000 to 5000 1U/L, the likelihood
of success is 92% (86%-97%; 95% confidence interval
[CI]) and higher when values are less than 1000
IU/L (98%, 96-100%; 95% CI).74 Compared with con-
servative laparoscopic surgery, methotrexate is associated
with a shorter hospital stay but a longer return to normal
PhCG levels. 5 In the United Kingdom, most women
might be expected to attend an outpatient EPC for diag-
nosis, so this is not a particular advantage. However,
future reproductive expectations are better with
methotrexate, with higher intrauterine pregnancy rates
and lower ectopic rates subsequently.

The dose of methotrexate used in clinical practice
varies. Given systemically, and usually intramuscularly,
the dose is either 1 mg/kg or 50 mg/m2. These doses
seem to be equally effective, and most favor the easier
dose calculation of the former, with a minimum total
dose of 50 mg.76

Surgical Treatment

Salpingectomy has long been considered the gold stan-
dard treatment for ectopic pregnancy. In emergency
treatment of rupture of the fallopian tube, this may still
be unavoidable. However, recently, considerable empha-
sis has been placed on conservation of the fallopian tubes
when possible, and debate now hinges on the following
questions:

* When is it appropriate to conserve a fallopian tube?
» Does fallopian tube conservation significantly affect
subsequent fertility rates?

CONSERVATION OF THE FALLOPIAN TUBE

The Royal College of Obstetricians and Gynaecologists
recommends that surgical treatment by laparoscopic
salpingectomy is the preferred method of treatment for
an ectopic pregnancy when the fallopian tube on the
other side is normal.77 However, until recently, most
women in the United Kingdom were having open sur-
gery, not laparoscopy, for the management of ectopic
pregnancy.'8 Laparotomy may be the more appropriate
route. A meta-analysis, based on the combined results of
three studies involving women with unruptured tubal
pregnancies, suggests that laparoscopic conservative sur-
gery had more failures than an open surgical approach,
when failure was defined as persistence of trophoblastic
tissue and increased PhCG levels (relative risk [RR], 0.90;
95% ClI, 0.83-0.97).7M

There is not sufficient evidence from randomized con-
trolled trials to answer the questions raised in the salp-

ingectomy-salpingotomy debate. Opinions vary on this
matter. In the management of an ectopic pregnancy,
removal of the fallopian tube (salpingectomy) is consid-
ered the safest,80 most clinically effective,8l and most
cost-effective technique.8& A meta-analysis of nine well-
designed comparative studies showed similar intrauterine
pregnancy rates whether salpingectomy (49%) or salpin-
gotomy (53%) was used.76 That report and a separate
meta-analysis showed higher subsequent ectopic preg-
nancy rates after salpingotomy (15% vs. 10%)./68 There
is general agreement that salpingectomy would be appro-
priate if a women desired no further children, if a second
ectopic pregnancy occurred in the same fallopian tube, if
bleeding could not be controlled, or if the tube was
severely damaged by the ectopic pregnancy. If salpingo-
tomy is undertaken, further quantitative phCG monitor-
ing is required to confirm successful treatment because
ectopic pregnancy persists in 8% to 19% of cases.7684

In women who had one fallopian tube and underwent
a salpingostomy, 54% achieved a subsequent intrauterine
pregnancy, but 21% had a further ectopic pregnancy.76

The details of surgical techniques are beyond the scope
of this chapter. Salpingectomy may be undertaken laparo-
scopically or by open surgery. Open surgery is more
likely to be undertaken if the woman is in shock or is
otherwise showing signs of hemodynamically instability.
Laparoscopic salpingectomy techniques include resection
with diathermy and scissors, loop ligatures, or single-use
proprietary stapling instruments. Conservative surgery
generally involves a linear incision along the antimesen-
teric border of the fallopian tube, over the site of the
ectopic pregnancy. The pregnancy is removed by flushing
with high-pressure hydrodissection, and hemostasis is
achieved by (bipolar) diathermy. In two small studies,
prophylactic local infiltration of dilute vasopressin was
used in 40 hemodynamically stable women with a small
unruptured ectopic pregnancy,8& and diluted oxytocin was
used in 25 similar women.8 These interventions reduced
the need for electrocoagulation for hemostasis (RR, 0.36;
95% CI, 0.14-0.95) without side effects, resulting in a sig-
nificantly shorter operation time, reduced intraoperative
and postoperative blood loss, and easier removal of the
tubal pregnancy without side effects. However, neither
study showed any benefit in reducing the likelihood of
persistent trophoblastic disease.

FERTILITY AFTER SURGERY

After salpingectomy, in a woman who has a normal fal-
lopian tube on the contralateral side, the likelihood of
any pregnancy being intrauterine is still greater than
50%.87 After salpingotomy, the likelihood of an
intrauterine pregnancy is approximately 65%.76,88

Any study of fertility after radical or conservative treat-
ment must consider the fact that there is a higher chance
of salpingectomy if the initial ectopic pregnancy rup-
tured. In studies that considered this important factor, no
appreciable difference was found in the subsequent



intrauterine pregnancy rates.89 The factors that altered
the likelihood of conception included the woman’s age,
previous tubal damage, and infertility.89 This holds true
even if the previous ectopic pregnancy ruptured.9 The
reported likelihood of a future ectopic pregnancy after 3
years of follow-up varies. It is 18% to 23% after conser-
vative treatment and 28% after radical treatment.8991

On economic and fertility outcome grounds, there are
no clear indicators as to whether salpingectomy or sal-
pingostomy is more appropriate for women who have
both fallopian tubes.

Future Advice and Appropriate Treatment

After an ectopic pregnancy, many women are concerned
about their future and the likelihood of recurrence.
Regardless of the initial form of treatment, the likelihood
of a further ectopic pregnancy varies little. Previous tubal
rupture does not appear to have a detrimental effect on

SUMMARY

OF MANAGEMENT OPTIONS
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future fertility. Smoking is an independent risk factor for
fertility, and the likelihood of a future intrauterine preg-
nancy appears to be increased by stopping smoking.89
Future fertility also decreases if the woman is older (>35
years) or has had previous tubal damage or infertility.89
For these women, assisted conception may offer a better
chance ofan intrauterine pregnancy. The risk of a further
ectopic pregnancy is strongly increased (three to four
times) if the woman was previously nulliparous, if this
was not her first ectopic pregnancy, if she has had previ-
ous tubal surgery,9 or if there are adhesions around
either fallopian tube.8

If a woman has had a previous ectopic pregnancy, any
subsequent pregnancy is more likely to be ectopic. Under
these circumstances, early review by high-resolution TV
USS in a special EPC is advisable so that evaluation can
be made of the site and viability of the pregnancy as soon
as possible. This will either provide reassurance or allow
timely intervention.

ill %

Ectopic Pregnancy

Management Options

Diagnosis
Accurate and rapid phCG level estimation and

high-resolution transvaginal ultrasound are key
to the management.

Expectant
Suitable for some ectopic pregnancies if (3hCG
levels are low and falling (<1000 IU/L)

Medical

Valid option with no fetal heartbeat and (JhCG
<5000 IU/L, if patient is asymptomatic
and willing to have serial (3hCG estimations

Methotrexate local
Methotrexate systemic
Hyperosmolar glucose

Prostaglandins and methotrexate

Surgery: General
Laparotomy has higher success rates.

Salpingectomy is marginally better than salpingotomy;
subsequent fertility rates are no different.

Use agents intraoperatively to reduce bleeding.

Surgery: Laparoscopy/Laparotomy

Salpingotomy or salpingectomy

Strength of

Quality of Evidence Recommendation References

1]l B 22

Ib A 79,92,93
1] B 74

b A 79
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b A 85,86
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GESTATIONAL TROPHOBLASTIC DISEASE

GTD is an uncommon cause of vaginal bleeding in the
first half of pregnancy. The disease encompasses a wide
range of conditions that vary in their clinical presenta-
tion, their propensity for spontaneous resolution, local
invasion and metastasis, and their overall prognosis.
These conditions include complete or partial hydatidi-
form mole, invasive mole, choriocarcinoma, and placen-
tal site trophoblastic tumors.95-97 The worldwide
incidence of GTD is approximately 0.6 to 2.3 per 1000
pregnancies. Most cases are complete or partial hydatid-
iform moles.98-100 The most invasive form of GTD,
choriocarcinoma, has an incidence of 0.2 to 2.0 per
10,000 pregnancies.

The incidence of all types of GTD is reported to be up
to twice as high in the Far East, particularly in Korea and
Japan.99101 The woman’s age is a consistently demon-
strated risk factor for hydatidiform mole. Compared with
women aged 25 to 30 years, there is approximately a 6-
fold excess risk in women who become pregnant before
15 years ofage and approximately a 300-fold excess risk in
women who become pregnant after 45 years of age. 98102
This age association is much greater for complete, rather
than partial, hydatidiform mole. However, because
women at these extremes of reproductive age represent
such a small proportion of all pregnancies, more than
90% ofmolar pregnancies still occur in women aged 18 to
40 years. A history of a previous molar pregnancy is also a
risk factor. Women with a history of one hydatidiform
mole have at least a 10-fold greater risk of a repeat molar
pregnancy, usually the same type of mole as in the pre-
ceding pregnancy, which equates to an incidence of
approximately 18 per 1000 pregnancies.103104

A complete hydatidiform mole is usually diploid and
entirely androgenetic in origin. Most have a 46,XX kary-
otype; a few have a 46,XY karyotype. A complete molar
pregnancy consists of diffuse hydropic chorionic villi
with trophoblastic hyperplasia, forming a mass of multi-
ple vesicles. There is usually no evidence of a fetus and
minimal embryonal development.

A partial hydatidiform mole is usually triploid, with
one maternal and two paternal haploid sets, either from
dispermic fertilization or from fertilization with an
unreduced diploid sperm. There is usually a fetus and a
large placenta. The hydropic villi show a less florid
appearance than is seen with a complete hydatidiform
mole and are interspersed with normal chorionic villi.
The fetus usually dies within a few weeks of conception,
and a recent review did not identify any case in which a
fetus of paternal (diandric) origin survived to term.106
Very rarely, a partial molar pregnancy develops with two
maternal and one paternal haploid set (digynic). In these
cases, the placenta is small, the villi show minimal
hydropic changes, and the fetus is growth-restricted.
Some of these pregnancies have been reported to result

in live births, with subsequent early neonatal death.106
One study suggested that diandric partial molar pregnan-
cies have a greater malignant potential than digynic par-
tial molar pregnancies. Of 3000 women with partial
hydatidiform moles, 0.1% had a choriocarcinoma. All
were genetically diandric.107

Persistent trophoblastic disease or malignant compli-
cations are much more common with a complete molar
pregnancy than with a partial hydatidiform mole. The
incidence of these complications is approximately 8%
and 0.5%, respectively, compared with a risk of approxi-
mately 1:50,000 after a full-term pregnancy.

Diagnosis
Presentation and Clinical Features

Abnormal vaginal bleeding in early pregnancy, usually
between 8 and 16 weeks’ gestation, is the most common
presentation. The diagnosis of a molar pregnancy might
be suspected based on a number of clinical features
(Table 4-6). These features are usually more prominent
and develop at an earlier gestational age in women with a
complete hydatidiform mole. The mean gestational age
at diagnosis 40 years ago was 16 weeks, and this is still the
case in many developing countries. In developed coun-
tries, most molar pregnancies are now diagnosed before
12 weeks, probably because of the increased use of high-
resolution TV USS. With a complete mole, previously,
ultrasound scan findings were reported characteristically
as a “snowstorm” appearance of mixed echogenicity, rep-
resenting hydropic villi and intrauterine hemorrhage
(Fig. 4-5). This appearance is apparent only in later
ultrasound scans when there has been some intrauterine
hemorrhage. With increasing resolution and earlier use
ofultrasound, a mole often shows a fine vesicular or hon-
eycomb appearance rather than the classic description.
The ovaries often contain multiple large theca-lutein
cysts as a result ofincreased ovarian stimulation by exces-
sive phCG. Ultrasound diagnosis of a partial mole is
more difficult. The fetus may still be viable, but may
show signs consistent with triploidy, such as unusually

TABLE 4-6

Symptoms and Signs Suggestive of Gestational
Trophoblastic Disease and Their Approximate
Frequency

Irregular first-trimester vaginal bleeding (>90%)
Uterus large for dates (25%)
Pain from large benign theca-lutein cysts (20%)
Vaginal passage of grapelike vesicles (10%)
Exaggerated pregnancy symptoms:

Hyperemesis (10%)

Hyperthyroidism (5%)

Early preeclampsia (5%)



FIGURE 4-5

Ultrasound image of a hydatidiform mole in the first trimester
showing a mixed echogenic appearance in the uterine cavity that is
characteristically reported as a “snowstorm” appearance of mixed
echogenicity, representing hydropic villi and intrauterine hemorrhage.

early growth restriction or developmental abnormalities.
There may be only scattered cystic spaces within the pla-
centa, and ovarian cystic changes are usually much less
pronounced. When there is diagnostic doubt, the scan
should be repeated in 1to 2 weeks.

The quantitative serum phCG level is higher than
expected in women with a complete mole, often exceed-
ing 100,000 1U/L. This is much less likely in women with
a partial mole; in these women, the level is often within
the wide range associated with normal pregnancy. Partly
as a result of the less elevated PhCG levels, the symptoms
and signs of a partial mole are often delayed and mild
enough to be missed. These women more often have a
missed miscarriage or a spontaneous miscarriage, with
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the passage of a recognized fetus. The diagnosis of a par-
tial mole is often missed clinically and is frequently made
from subsequent histologic assessment of the products of
conception. The clinical and pathologic differences
between complete and partial hydatidiform moles are
summarized in Table 4-7.

Investigations

Investigations directed at disease assessment include a
complete blood count, measurement of creatinine and
electrolytes, liver function tests, thyroid function tests,
and a baseline quantitative PhCG measurement. A care-
ful pelvic and abdominal ultrasound scan should be done
to look for evidence of an invasive mole, exclude a coex-
isting pregnancy, and look for possible metastatic disease.
Computed tomography or magnetic resonance imaging
of the abdomen and pelvis may provide supplementary
information. Chest radiography or computed tomogra-
phy should be considered if there are symptoms that sug-
gest pulmonary metastases. Computed tomography or
magnetic resonance imaging of the brain should also be
considered. If cerebrospinal metastases are suspected
despite normal findings on imaging, a lumbar puncture
may be done to measure phCG levels in the cere-
brospinal fluid. A plasma-to-cerebrospinal fluid ratio for
PhCG of greater than 1:60 is strongly suggestive of
occult cerebral metastases.108'109

Studies that relate to the prognosis include the ABO
and Rhesus blood type of the woman and her partner, the
ethnic origin of both partners, and a careful history of
previous pregnancies and the duration of sex-steroid use
by the woman.

Clinical and Pathologic Differences between Complete and Partial Hydatidiform

TABLE 4-7
Moles

COMPLETE MOLE
Clinical
Symptoms Often severe and early
Diagnosis Usually suspected from clinical

and ultrasound features

Persistent 8% of cases

trophoblastic
disease or tumor

Pathologic

Macroscopic Grapelike vesicles often recognized,;
appearance no fetal tissues

Microscopic Diffuse hydropic villi; trophoblastic
appearance proliferation

Karyotype Usually diploid; paternal

chromosomes only

PARTIAL MOLE

Often mild, similar to miscarriage

Often missed clinically and
diagnosed histologically from
conception products

0.5% of cases

Often normal or suspected
hydropic miscarriage; fetal tissue
may be seen

Focal hydropic villi; variable
mild trophoblastic proliferation;
often focal; microscopic
diagnosis sometimes difficult

Usually triploid; diploid paternal
and haploid maternal
contribution
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Risks

Risks include hemorrhage, persistent trophoblastic dis-
ease, malignant changes, psychological problems related
to the loss of pregnancy, and the risks and need for fol-
low-up of persistent or malignant disease.

Management Options

An algorithm for the management of GTD is shown in
Figure 4-6.

Evacuation of Molar Pregnancy

Complete and partial molar pregnancies are managed
differently.

Suction curettage is the method of choice for uterine
evacuation of complete molar pregnancies. A suction
catheter of up to 12 mm in diameter is usually sufficient
because of the absence of fetal parts. It is best to avoid
prior cervical preparation, the routine use of patient
oxytocic drugs and sharp curettage, or medical evac-
uation with a complete mole, to minimize the risk of

ALGORITHM FOR THE MANAGEMENT OF GESTATIONAL TROPHOBLASTIC DISEASE

y

FIGURE 4-6

Follow-up phCG 6 weeks after any subsequent pregnancy

Algorithm for the management of
gestational trophoblastic disease.



dissemination of tissue leading to metastatic dis-
ease.110'111 Oxytocic agents and prostaglandin analogues
are best used only after uterine evacuation when there is
significant hemorrhage.

In partial molar pregnancies that are recognized before
uterine evacuation, suction curettage is the method of
choice. However, when pregnancy is more advanced and
the size of any fetal parts may reduce the chance of
complete suction evacuation, medical termination can be
used.

Total abdominal hysterectomy, with the molar preg-
nancy in situ, can be considered for older women whose
families are complete. This approach reduces the risk of
persistent trophoblastic disease by up to 50%.112

Follow-up After Uterine Evacuation

The aims of follow-up are to confirm successful treat-
ment and to identify women with persistent or malignant
GTD who may require adjuvant chemotherapy or sur-
gery at an early stage. Persistent clinical symptoms, par-
ticularly vaginal bleeding, and continuing elevation of
serum (3hCG levels are the main indicators of residual
disease. The approach to follow-up and the criteria for
initiating chemotherapy vary around the world. The
most effective systems are based on regional or national
registries that involve experienced specialist oncologists.

Clinical follow-up and phCG surveillance after uterine
evacuation of a molar pregnancy vary in different coun-
tries and according to the different prognosis for persist-
ent or malignant GTD between complete and partial
hydatidiform moles. The clinical course for women who
have had a partial hydatidiform mole is almost always
benign after uterine evacuation. Persistent disease occurs
in 1.2% to 4% of cases. Metastatic disease occurs in only
0.1% of cases.113114 In complete moles, these risks are
approximately five times greater after treatment with
uterine evacuation and two to three times greater after
treatment with hysterectomy.112'115 The risk of persistent
or recurrent GTD s greatest in the first 12 months after
evacuation, with most cases evident within 6 months.

In North America, current recommendations for sur-
veillance after uterine evacuation of a molar pregnancy
are for phCG monitoring 48 hours after surgery and then
weekly until three normal levels (<5 1U/L) have been
obtained. Levels of phCG are monitored at 2-week inter-
vals for 3 months and monthly for 6 to 12 months for
partial and complete molar pregnancies, respectively.

In the United Kingdom, there is a central registry for
patients with molar pregnancies. Monitoring is super-
vised by a small number of screening centers. Monitoring
of phCG levels usually begins 2 weeks after uterine evac-
uation. The frequency and duration of monitoring is
dependent on serum or urinary [3hCG levels. With suc-
cessful treatment by uterine evacuation alone, the serum
PhCG level decreases to normal (<5 IU/L) after 8 weeks.
Subsequent follow-up is usually by monthly serum or
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urinary phCG monitoring for 6 months (for partial hyda-
tidiform mole) or 12 months (for complete hydatidiform
mole). If phCG levels remain normal for 6 months, the
risk of malignant GTD is very small, approximately
1:300, and the woman can consider a farther pregnancy
from that stage.116

Use of a combined oral contraceptive is best avoided
until after the PhCG levels have returned to normal.
Limited data suggest that this slows the rate of decrease
of the phCG level and may increase the risk of persistent
GTD. However, the risk associated with an unplanned
early pregnancy is greater, and the use of oral contracep-
tion is considered acceptable by some North American
clinicians. 114115

Adjuvant chemotherapy may be required in approxi-
mately 10% ofwomen after uterine evacuation. The indica-
tions for chemotherapy are shown in Table 4-8. The WHO
scoring system uses a point score for different prognostic
indicators, such as the womans age, the hCG level, the
ABO blood group of both partners, and the number and site
of metastases. This allows the differentiation ofwomen with
low risk disease (who are usually treated with single-agent
methotrexate and folinic acid rescue) from women with
high risk disease (who require multiagent chemotherapy
with etoposide, methotrexate, and actinomycin D [EMA],
alternating with cyclophosphamide and vincristine [CO]).

After the completion of chemotherapy, serial phCG
measurements are usually assessed monthly for 1 year
and then every 2 months for a second year. Cure rates are
high, sometimes with additional salvage surgery, and
more than 80% ofwomen who wish to conceive are suc-
cessful in achieving a pregnancy.117 Monitoring of phCG
is advisable after any subsequent pregnancy, regardless of
gestational age or outcome, to exclude recurrent GTD.

Women who have had a previous molar pregnancy
should expect to have a normal chance of conception
subsequently, even after chemotherapy. There is no evi-
dence of an increase in the risk of fetal abnormalities,
miscarriage, ectopic pregnancy, premature delivery, or
stillbirth, compared with the normal population.118-120

In a subsequent pregnancy after chemotherapy for
GTD, an ultrasound scan should be performed at 8
weeks’ and 14 weeks’ gestation. The risk of further GTD
is 1.4% to 2.4%.120 Monitoring of phCG levels should
be performed 6 weeks and 3 months after delivery.

TABLE 4-8

Indications for Adjuvant Chemotherapy in
Gestational Trophoblastic Disease

Serum phCG levels >20,000 IU/L more than 4 weeks after
uterine evacuation

Static or rising |3hCG levels at any time after uterine
evacuation

Increased phCG level 6 months after uterine evacuation

Metastases in liver, lung, brain, or gastrointestinal tract

Histologic diagnosis of choriocarcinoma
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SUMMARY OF MANAGEMENT OPTIONS
Gestational Trophoblastic Disease A

Management Options

Presentation

Complete moles cause more exaggerated symptoms
and signs than partial moles.

Partial moles are often missed clinically and by

ultrasound scan and are often diagnosed histologically
after uterine evacuation of an incomplete miscarriage.

Surgical Evacuation

Primary treatment of choice for all moles
Suction curettage for uterine evacuation is safer
than sharp curettage, particularly for evacuation
of complete moles.

Oxytocics, cervical preparation, and medical

termination are better avoided, particularly
for evacuation of complete moles.

Medical (for partial moles)
Methotrexate
Actinomycin-D

Combination therapy

Follow-up

If (3hCG levels remain normal 8 weeks to 6 months
after evacuation, a woman can be considered cured
and further pregnancy allowed.

|3hCG should be measured 6 weeks after any
subsequent pregnancy because of the risk

of further trophoblastic disease.

RHESUS PROPHYLAXIS

Guidelines from the Royal College of Obstetricians and
Gynaecologists and the British Blood Transfusion
Society128 recommend that women who have a miscar-
riage after 12 weeks’ gestation should be given anti-D.
Between 12 and 20 weeks’ gestation, a Kleihauer test to
quantify fetomaternal hemorrhage is not required; treat-
ment with 250 1U anti-D immunoglobulin is adequate.

For miscarriages and ectopic pregnancies earlier than
12 weeks’ gestation, the evidence for decision-making is
poor. There is general consensus that complete sponta-
neous miscarriages without surgical intervention do not
require anti-D prophylaxis.128 When surgical evacuation
of the uterus is required, even before 12 weeks’ gestation,
it is associated with a higher chance of transfer of fetal
cells to the maternal circulation.129 Under these circum-
stances, 250 1U anti-D immunoglobulin should be given
to all Rhesus-negative women.130
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With a threatened miscarriage before 12 weeks’ gesta-
tion, anti-D is generally not required. However, Rhesus
prophylaxis may be prudent if the patient has very heavy
bleeding or considerable abdominal pain. If a threatened
miscarriage occurs later than 12 weeks, anti-D (>250 IU)
should be given. If bleeding is persistent, this may be
repeated at intervals of no more than 6 weeks. The half-
life of anti-D is 2 weeks. Prophylaxis may be needed at
2-week intervals if bleeding is heavy or if it is indicated by
the results of a Kleihauer test.128

Most religious groups who have concerns about the
use of blood products do not object to the use of anti-D
prophylaxis.

If it is indicated, anti-D prophylaxis should be given
within 72 hours of the sensitizing episode.13 A 250-1U
dose is sufficient for fetomaternal hemorrhage before 12
weeks’ gestation. The use of anti-D immunoglobulin in
Rhesus-negative women in later pregnancy is addressed
in Chapter 14.
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Rhesus Prophylaxis

Bleeding associated with threatened miscarriage
before 12 weeks gestation does not require anti-D.

An
wh

10.

11

ti-D is required for an incomplete miscarriage only
en surgical evacuation is required.

Quality of Evidence

v

MANAGEMENT OPTIONS 1— B
Strength of
Recommendation References
C 128
B 130

CONCLUSIONS

Complications, usually vaginal bleeding and pain, are more common in the first trimester than at any other

stage of pregnancy.

These symptoms may be dramatic, and quick assessment, accurate diagnosis, and prompt management are
necessary to minimize maternal morbidity and mortality.
When the symptoms are less acute, careful assessment with high-resolution ultrasound and serum (3hCG

measurements is critical.

TV USS and phCG together usually allow the differentiation of a normal, viable intrauterine pregnancy
from the complications of miscarriage, ectopic pregnancy, and hydatidiform mole.

Management considers the woman’ future reproductive expectations. In the case of hydatidiform mole, other
specialists may need to be involved and longer-term follow-up may be required.
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CHAPTER 5

Recurrent Miscarriage

May Backos / Lesley Regan

INTRODUCTION

Miscarriage is the most common complication of preg-
nancy. Approximately 50% of all conceptionsland 15%
of all recognized pregnancies2 result in miscarriage. The
World Health Organization3 defined miscarriage as the
“expulsion or extraction from its mother of an embryo or
fetus weighing 500 g or less.” The more accepted defini-
tion of miscarriage is “spontaneous expulsion of the con-
ceptus before viability has been achieved.”

Recurrent miscarriage, which is defined as the loss of
three or more consecutive pregnancies, affects 1% of
couples who are trying to achieve a successful preg-
nancy.4 Because the incidence of recurrent miscarriage is
higher than that expected by chance alone (0.34%),56 a
proportion of couples with recurrent miscarriage have a
persistent underlying cause for their pregnancy losses.
Careful studies are needed to identify potentially treat-
able factors. Most clinicians agree that there is sufficient
justification to initiate diagnostic evaluation of couples
after three miscarriages. However, some argue that even
two miscarriages warrant investigation because the possi-
bility of finding an underlying causal factor is similar
after two or three miscarriages (approximately 50%).7 A
further argument is that couples with two miscarriages
should not be subjected to the trauma of another miscar-
riage before undergoing testing. The contrary argument
is that most (80%) of these couples achieve a successful
pregnancy outcome without undergoing stressful and
expensive investigations.

RISK FACTORS FOR RECURRENT
MISCARRIAGE

Recurrent miscarriage is a heterogeneous condition, and
more than one factor may underlie recurrent pregnancy
loss.

Epidemiologic Factors
Maternal Age

The risk of miscarriage increases with advancing mater-
nal age, regardless of reproductive history, as a result of
an age-related increase in chromosomally abnormal con-
ceptions or a decline in uterine and ovarian function. A
large prospective register linkage study8reported the fol-
lowing age-related risks of miscarriage in recognized
pregnancies:

e 13.3% at 12 to 19 years

e 11.1% at 20 to 24 years

e 11.9% at 25 to 29 years

* 15% at 30 to 34 years

* 24.6% at 35 to 39 years

* 51% at 40 to 44 years

* 93.4% at 45 years or older

More recently, advanced paternal age was identified as
a risk factor for miscarriage. A large multicenter
European study9 reported that the risk of miscarriage is
highest for couples in which the woman is 35 years or
older and the man is 40 years of age or older.

Reproductive History

Reproductive history is an independent predictor of
future pregnancy outcome. The risk of a further miscar-
riage increases after each successive pregnancy loss,
reaching approximately 40% after three consecutive
pregnancy losses. A prospective study2 concluded that a
woman’s risk of miscarriage can be quantified by her
obstetric history. The single most important predictor is
a previous miscarriage. For example, primigravidae and
women with a history of live births have a 5% chance of
miscarriage in their next pregnancy, a significantly lower
risk than that in women whose last pregnancy ended in
miscarriage (19%). Similarly, a large Danish study10in
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an unselected population reported a 10% risk of miscar-
riage in primigravidae. The risk increased to 15%, 24%,
43%, and 54% after one to four previous consecutive
miscarriages, respectively. These observations may be
partly explained by reproductive compensation. Women
whose pregnancy ends in miscarriage tend to embark on
more pregnancies at progressively later ages, until they
achieve the desired family size. Data from populations
with recurrent miscarriage suggest that a previous live
birth does not preclude subsequent recurrent miscar-
riage.11,12

Genetic Factors

Chromosomal abnormalities of the embryo account for
at least 50% of first-trimester sporadic miscarriages13
and 29% to 57% of further miscarriages in couples with
recurrent miscarriage.1415 However, most published
studies used conventional cytogenetic analysis, which
identifies only gross chromosomal aberrations.
Conventional cytogenetic analysis depends on tissue cul-
ture before karyotyping and is limited by external con-
tamination, culture failure, and selective growth of
maternal cells.16 More recently, analysis of miscarriage
tissue by comparative genomic hybridization (a tech-
nique that detects chromosomal abnormalities without
the need for culture) showed that conventional cytoge-
netic analysis underestimates the incidence of chromoso-
mal anomalies and that the contribution of chromosomal
abnormalities to first-trimester miscarriage is nearly
70%.17

Parental Chromosomal Rearrangement

In approximately 3% to 5% of couples with recurrent
miscarriage, one partner carries a balanced structural
chromosomal abnormality.1819 Women are more likely
than men to carry most types of chromosomal
rearrangements.18 The most common types of parental
chromosomal abnormalities are balanced transloca-
tions, either reciprocal or Robertsonian (Fig. 5-1). In

Reciprocal translocation
between chromosomes N and M

dad

d d

der(N)

Two A Robertsonian
translocation

acrocentric
chromosomes

reciprocal translocations, segments distal to breaks in
two chromosomes are exchanged. In Robertsonian
translocations, two acrocentric chromosomes fuse at the
centromeric region, with loss of the short arms.
Although carriers of a balanced translocation are usually
phenotypically normal, their pregnancies are at
increased risk for miscarriage and may result in a live
birth of a child with multiple congenital malformations
or mental handicaps because of an unbalanced chromo-
somal arrangement. The risk of miscarriage is affected
by the size and genetic content of the rearranged chro-
mosomal segments.

A less common chromosomal abnormality that may
cause recurrent miscarriage is a chromosome inversion.
This has been reported in 0.2% of couples with recurrent
miscarriage.18

Embryonic Aneuploidy and Polyploidy

Aneuploidy is caused by nondisjunction during meiosis
that leads to the production of an extra chromosome (tri-
somy) or the deletion of a chromosome (monosomy).
Triploidy occurs when there is a complete set of extra
chromosomes. This usually arises from fertilization of
the oocyte by two spermatozoa or from failure of one of
the maturation divisions of either the oocyte or the sper-
matozoon. Tetraploidy (four times the haploid number)
is usually caused by failure to complete the first zygotic
division. In couples with recurrent miscarriage, conven-
tional cytogenetic analysis reports the incidence of tri-
somy, polyploidy, and monosomy X in miscarriage tissue
as 30%, 9%, and 4%, respectively.15 Most trisomies are
the result of meiotic error as a result of advanced mater-
nal age20; however, gonadal mosaicism and sperm aneu-
ploidies also increase the risk of trisomic conceptions.
The risk of sex chromosome monosomy and polyploidy
conceptions do not increase with maternal age.21

Some couples with a history of recurrent miscarriage
are at risk for recurrent aneuploidy. The embryonic kary-
otype in a previous pregnancy may help to predict the
future miscarriage rate. Women with a previous normal

The short
arms (lost)

FIGURE 5-1

Parental chromosomal reciprocal and Robertsonian
translocations. (Courtesy of Dr. Jonathan Wolfe,
Department of Biology, Galton Laboratory, University
College, London, UK.)



embryonic karyotype miscarry more frequently than
those with an abnormal embryonic karyotype,1422 sug-
gesting that mechanisms other than fetal chromosomal
abnormalities may account for some cases of recurrent
miscarriage.

Molecular Mechanisms

Recent advances in molecular genetic technology high-
lighted the importance of certain mechanisms, such as
single-gene mutations and skewed X chromosome inacti-
vation, in the etiology of pregnancy loss. The role of sin-
gle-gene mutations, which cause abnormalities in
embryonic, placental, or cardiac development, is the sub-
ject of current research.3

Skewed X chromosome inactivation (preferential
expression of either the maternal or paternal X chromo-
some in most maternal cells) is significantly more com-
mon in women with recurrent miscarriage compared
with control subjects.24 These findings suggest that
women with skewed X chromosome inactivation may
carry an X-linked recessive fetal-lethal trait that makes
them susceptible to recurrent miscarriage. Future
research may identify the specific X-linked and autoso-
mal genes that are linked to pregnancy loss.
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Anatomic Disorders
Congenital Uterine Malformations

Congenital uterine malformations (Fig. 5-2) are the result
of disturbances in miillerian duct development, fusion,
canalization, and septal reabsorption. The contribution of
congenital uterine anomalies to recurrent pregnancy loss
is unclear because the true prevalence and reproductive
implications of uterine anomalies in the general popula-
tion are unknown. In patients with recurrent miscarriage,
the reported frequency of uterine anomalies varies widely,
from 1.8% to 37.6%.25 This variability may reflect differ-
ences in the criteria and techniques used for diagnosis and
the fact that available studies included women with two,
three, or more miscarriages at both early and late stages of
pregnancy. The prevalence ofuterine anomalies is highest
in women with a history of late miscarriages, which prob-
ably reflects the greater prevalence of cervical incompe-
tence in women with uterine malformation.26

Using three-dimensional ultrasound as a diagnostic
tool, a recent large prospective study27 reported that the
frequency of uterine anomalies was 23.8% in women
with recurrent first-trimester miscarriage (three or more
consecutive pregnancy losses) compared with a fre-
quency of 5.3% in low-risk women who were referred
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n n
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* Uterus may be normal or take a variety of abnormal forms.
* May have two distinct cervices.

FIGURE 5-2

The American Society for Reproductive Medicine classification of miillerian anomalies. (From The American Fertility Society: The American
Fertility Society Classification of adrenal adhesions, distal tubal occlusion, tubal occlusion secondary to tubal ligation, tubal pregnancies,
miillerian anomalies and intauterine adhesions. Fertil Steril 1988;49:944-955. Reprinted by permission of the American Society for Reproductive

Medicine.)
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for ultrasound for a variety of reasons unrelated to
reproductive outcome. Further, distortion of uterine
anatomy was more severe in women with recurrent mis-
carriage. These findings suggest that congenital uterine
anomalies may contribute to pregnancy loss in a small
proportion of women with recurrent miscarriage.

A retrospective review2 of reproductive performance
in patients with untreated uterine anomalies suggested
that these women have high rates of miscarriage and
preterm delivery and a term delivery rate of only 50%.
However, retrospective studies are biased by patient
selection. Until well-controlled prospective data become
available, the role of uterine anomalies in recurrent mis-
carriage will be debatable.

Cervical Incompetence

Cervical incompetence is a well-recognized cause of recur-
rent midtrimester miscarriage. It is defined as the inability
to support a term pregnancy because of a functional or
structural defect of the cervix. Cervical incompetence
occurs along a spectrum of severity. Severe incompetence
leads to midtrimester miscarriage, and lesser degrees
underlie some cases of preterm delivery.28 The true inci-
dence of cervical incompetence is unknown, because the
diagnosis is essentially clinical and there are no agreed
objective criteria for the diagnosis. Crude estimates from
epidemiologic studies suggest an approximate incidence of
0.5% in the general obstetric population29 and 8% in
women with previous midtrimester miscarriages.3

Although some cases involve mechanical incompe-
tence, such as congenital hypoplastic cervix, previous cer-
vical surgery, and extensive trauma, most women with a
clinical diagnosis of cervical incompetence have normal
cervical anatomy When considered as a continuum, pre-
mature cervical ripening may represent a final common
pathway of a variety of pathophysiologic processes, such
as infection, colonization, inflammation, and hormonal
or genetic predisposition.3L The cervix is the main
mechanical barrier separating the pregnancy from the
vaginal bacterial flora. Many patients who have asympto-
matic midtrimester cervical dilation have evidence of
subclinical intrauterine infection.2 It is unclear whether
this high rate of microbial invasion is the result or the
cause of premature cervical dilation. When premature
cervical ripening occurs, the mechanical barrier is dis-
rupted, which may further stimulate processes (e.g., col-
onization of the upper genital tract) that culminate in
spontaneous preterm birth. When cervical incompetence
is associated with mechanical weakness, supportive meas-
ures such as cerclage may prevent ascending infection
and hence may prolong pregnancy. In contrast, if cervical
changes result from nonmechanical processes, then cer-
clage would be less effective, and even harmful in some
cases, because of possible inflammatory and infectious
complications.

Fibroids

Uterine fibroids have long been associated with a variety
of reproductive problems, including pregnancy loss. The
extent of the association is affected by the size and loca-
tion of the fibroids. Although the exact mechanisms are
unclear, the presumed theories of pathophysiology
include mechanical distortion of the uterine cavity,
abnormal vascularization, abnormal endometrial devel-
opment, endometrial inflammation, abnormal endocrine
milieu, and structural and contractile myometrial abnor-
malities.33 Evidence of the association between uterine
fibroids and recurrent miscarriage is retrospective3 and
insufficient to determine differences in pregnancy out-
come or assess the effect of the size and location of the
fibroids. Recent data from patients with infertility sug-
gest that only fibroids with a submucosal or an intracav-
itary component are associated with a reduced
implantation rate and an increased rate of miscarriage.3"
Subserous fibroids have no deleterious effect, and the
role of intramural fibroids that do not distort the cavity is
controversial.35-37

Intrauterine Adhesions

Intrauterine adhesions (Asherman’s syndrome, an acquired
uterine defect of varying severity) result from intrauterine
trauma after vigorous endometrial curettage or evacuation
of retained products of conception. Intrauterine adhesions
are associated with recurrent miscarriage. The presumed
mechanisms are decreased uterine cavity volume and
fibrosis and inflammation of the endometrium that predis-
pose the patient to abnormal placentation and pregnancy
loss. However, evidence of the association is mostly retro-
spective3839 and conflicting,40 and no robust prospective
evidence confirms a causal relationship.

Endocrine Factors
Luteal Phase Defect and Progesterone Deficiency

Luteal phase defect is an entity in which the corpus luteum
is defective, with insufficient progesterone production
resulting in retarded endometrial development. Because
progesterone is necessary for successful implantation and
the maintenance of early pregnancy, progesterone defi-
ciency during the luteal phase is associated with recurrent
miscarriage. However, standard diagnostic criteria
required to assess the true incidence and effect of luteal
phase defect as a cause of recurrent miscarriage are lack-
ing. Diurnal variations and pulsatile secretion make serum
progesterone measurements unreliable, and the interpre-
tation of the results of endometrial biopsy is susceptible to
sampling and interobserver variation.4l Additionally,
serum progesterone levels are not predictive of pregnancy
outcome; low progesterone levels in early pregnancy
appear to reflect a pregnancy that has already failed.



Moreover, no convincing studies show that treatment of
luteal phase defect improves pregnancy outcome in
women with recurrent miscarriage.4243

Polycystic Ovary Syndrome, Hypersecretion of Luteinizing
Hormone, and Hyperandrogenemia

Polycystic ovary syndrome (PCOS) is linked to infertility
and miscarriage. Polycystic ovaries, a high luteinizing
hormone (LH) level, and hyperandrogenemia are classic
features of PCOS and have been reported as risk factors
for recurrent miscarriage. Although polycystic ovaries
are found significantly more often among women with
recurrent miscarriage than among parous control sub-
jects, polycystic ovaries themselves do not appear to pre-
dict future pregnancy outcome in ovulatory women with
recurrent miscarriage.44 A high level of LH or testos-
terone does not correlate with pregnancy outcome in
ovulatory women with recurrent miscarriage 45 Further,
a prospective randomized placebo-controlled trial46
reported that prepregnancy suppression of high LH does
not improve the live birth rate, and the outcome of preg-
nancy in women in the placebo group was similar to that
in women with a normal LH level.

More recently, the association between PCOS and
insulin resistance leading to compensatory hyperinsu-
linemia has come under scrutiny as a risk factor for recur-
rent miscarriage. Insulin resistance is associated with a
higher rate of miscarriage among women with PCOS
undergoing ovulation induction compared with those
who are not insulin resistant.47 Preliminary reports4349
suggest that metformin treatment (which increases sensi-
tivity to insulin) in women with PCOS during induction
of ovulation and early pregnancy may improve endome-
trial receptivity and implantation and reduce the risk of
future miscarriage. However, the role of insulin resist-
ance and the effectiveness and safety of metformin in
women with polycystic ovaries and recurrent miscarriage
remain to be established in prospective controlled trials.

Systemic Endocrine Factors

Diabetes mellitus and thyroid disease are associated with
miscarriage, but there is no direct evidence that they con-
tribute to recurrent miscarriage. Women with diabetes
who have high hemoglobin A,c levels in the first
trimester are at risk for miscarriage and fetal malforma-
tion.”0 In contrast, well-controlled diabetes mellitus is
not a risk factor for recurrent miscarriage, nor is treated
thyroid dysfunction.5152 The prevalence of diabetes mel-
litus and thyroid dysfunction in women with recurrent
miscarriage is similar to that expected in the general pop-
ulation.1953%4

Thyroid autoantibodies are not associated with recur-
rent miscarriage. Women with recurrent miscarriage are
no more likely than fertile control subjects to have circu-
lating thyroid antibodies.55 The presence of thyroid anti-
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bodies in euthyroid women with a history of recurrent
miscarriage does not affect future pregnancy outcome.5%

Coagulation and Immunologic Factors
Thrombophilia

The hemostatic system plays an important role in the
establishment and maintenance of pregnancy. A throm-
bophilic defect is an abnormality in the coagulation sys-
tem that predisposes an individual to thrombosis. During
the last few years, the role of antiphospholipid syndrome
(APS), an acquired thrombophilic defect, has become an
established and treatable cause of recurrent miscarriage
and the potential role of other thrombophilic defects
(acquired or inherited) has been explored. The presumed
hypothesis is that some cases of recurrent miscarriage
and later pregnancy complications are caused by an exag-
gerated hemostatic response during pregnancy, leading
to thrombosis of the uteroplacental vasculature and sub-
sequent fetal demise.

Antiphospholipid Antibodies

Antiphospholipid antibodies (aPLs) are a family of het-
erogeneous autoantibodies that react with epitopes on
proteins that are complexed with negatively charged
phospholipids. In the etiology of recurrent pregnancy
loss, the two most clinically important aPLs are lupus
anticoagulant and anticardiolipin antibodies.

APS is the association between aPLs and pregnancy
morbidity or vascular thrombosis.57 Pregnancy morbidity
includes recurrent first-trimester miscarriage, one or
more morphologically normal fetal deaths after the 10th
week of gestation, and one or more preterm births before
the 34th week of gestation as a result of severe preeclamp-
sia, eclampsia, or placental insufficiency. APS in patients
with chronic inflammatory diseases, such as systemic
lupus erythematosus, is referred to as “secondary APS.” In
contrast, “primary APS” affects patients with no identifi-
able underlying systemic connective tissue disease.

A major characteristic of APS is recurrent miscarriage.
In 15% of women with recurrent miscarriage, aPLs
(lupus anticoagulant and anticardiolipin 1gG or IgM
antibodies) are present.53 In comparison, the prevalence
ofaPLs in women with a low-risk obstetric history is less
than 2%.59 In untreated pregnancies, the chance of suc-
cessful pregnancy outcome in women with aPLs is
exceedingly poor and the live birth rate may be as low as
10%.60 The mechanisms by which aPLs cause adverse
pregnancy outcome are varied, reflecting in part their
heterogeneity. Historically, the pathogenesis of aPL-
related pregnancy loss focused on placental thrombo-
sis.6162 However, thrombosis is neither specific nor
universal, and recent research provides new insights into
the mechanisms of aPL-related pregnancy failure.
Defective decidualization of the endometrium and
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abnormal early trophoblastic function and differentiation
may be the primary pathologic mechanisms.63-66

Inherited Thrombophilic Defects

Inherited thrombophilic defects are established causes of
systemic thrombosis. These defects include activated pro-
tein C resistance (most commonly caused by the factor V
Leiden [FVL] gene mutation); protein C, protein S, and
antithrombin 111 deficiencies; hyperhomocysteinemia; and
prothrombin gene mutation. Recently, these defects were
reported to be associated with fetal loss and late pregnancy
complications. Evidence of this association is largely ret-
rospective, and prospective data are inadequate to prove a
causal relationship. A recent meta-analysis6/ of pooled
data from 31 retrospective studies suggested that the mag-
nitude of the association between inherited thrombophilia
and fetal loss varies according to the type of fetal loss and
the type of thrombophilic disorder. In that meta-analysis,
FVL mutation, an inherited activated protein C resistance,
was associated with a history of both early and late recur-
rent fetal loss and late nonrecurrent fetal loss. Acquired
activated protein C resistance was associated with early
recurrent fetal loss, and the prothrombin gene mutation
was associated with early recurrent and late nonrecurrent
fetal loss. Protein S deficiency was associated with late
nonrecurrent fetal loss. Methylenetetrahydrofolate muta-
tion, protein C, and antithrombin 111 deficiencies were not
significantly associated with fetal loss. However, because
protein C and antithrombin 11l deficiencies are rare, the
number of women available for study was too small to
show a difference in pregnancy outcome.

Only one small prospective study68 showed that
women with recurrent miscarriage who carry the FVL
mutation are at significantly increased risk for miscar-
riage compared with those with a normal factor V geno-
type. However, carrying the FVL mutation did not
preclude an uncomplicated pregnancy delivered at term.
No test can reliably discriminate between women with
recurrent miscarriage and FVL mutation who are des-
tined to miscarry and those who are destined to have a
successful pregnancy.

Disorders of Maternofetal Alloimmune Relationships

The hypothesis that successful pregnancy depends on
maternal immunologic tolerance of the fetus and that
some cases of recurrent miscarriage result from failure of
maternal alloimmune recognition of the pregnancy has
not been substantiated. No alloimmune mechanisms
have been shown unequivocally to cause recurrent mis-
carriage in humans. No clear evidence supports the
hypothesis that HLA incompatibility between couples,
the absence of maternal leukocytotoxic antibodies, or the
absence of maternal blocking antibodies is related to
recurrent miscarriage. These tests should no longer be
offered routinely to women with recurrent miscarriage.
The role of endometrial immunity in recurrent early

pregnancy loss is under investigation. Immune effector
cell dysfunction and defects in immunosuppressive fac-
tors, cytokines, and growth factors at the local mater-
nofetal interface may be implicated in the pathogenesis
of implantation failure and recurrent early pregnancy
l0ss.69,70 However, further studies are needed.

A Cochrane systematic review7l found that various
forms of immunotherapy, including paternal cell immu-
nization, third-party donor leukocytes, trophoblast mem-
branes, and intravenous immune globulin (IVIG), are ofno
benefit in women with unexplained recurrent miscarriage.
Further, immunotherapy is expensive and has potentially
serious side effects, including transfusion reaction, anaphy-
lactic shock, and hepatitis, and it should no longer be
offered to women with unexplained recurrent miscarriage
outside the context of approved clinical research projects.'2

Other Factors
Infections

The role of infection in recurrent miscarriage is weak.
Any severe infection that leads to bacteremia or viremia
can cause sporadic miscarriage. However, for an infective
agent to be implicated in the etiology of repeated preg-
nancy loss, it must persist in the genital tract and avoid
detection or cause insufficient symptoms to disturb the
woman. Toxoplasmosis, rubella, cytomegalovirus, herpes,
and Listeria infections do not fulfill these criteria.'3
Although bacterial vaginosis in the first trimester has
been reported as a risk factor for second-trimester mis-
carriage and preterm delivery,74 evidence of an associa-
tion with first-trimester miscarriage is inconsistent.'5,76
In women with a history of midtrimester miscarriage or
preterm birth, detection and treatment of bacterial vagi-
nosis early in pregnancy may reduce the risk of preterm,
prelabor rupture of the membranes and low birth weight,
butit did not reduce the risk of preterm birth.7" Whether
this treatment improves neonatal outcome is unclear.

Environmental Factors

Most data on environmental risk factors concentrated on
sporadic rather than recurrent miscarriage. The results
have been conflicting and undoubtedly biased by difficul-
ties in controlling for confounding factors, the inaccuracy
of exposure data, and the measurement of toxin dose.
Most studies78 agree that maternal cigarette smoking is
associated with a dose-dependent increased risk of sponta-
neous miscarriage. Interestingly, however, a recent study
challenged these findings.79 Heavy alcohol consumption is
toxic to the embryo and the fetus. Even moderate con-
sumption of five or more units* per week may increase the
risk of sporadic miscarriage.80 Caffeine consumption is
associated with a dose-dependent increased risk of miscar-

*1 unit of alcohol is equal to approximately 8g of absolute alcohol, or
one small glass of wine.



riage. The risk becomes significant when caffeine intake
exceeds 300 mg (3 cups of coffee) daily.7981'& Working
with or using video display terminals does not increase the
risk of miscarriage.8 Evidence on the effect of anesthetic
gases among theater workers is contradictory. Earlier stud-
ies suggested an increase in the risk of spontaneous mis-
carriage, but more recent studies have reported that
exposure to waste anesthetic gases did not increase the risk
of miscarriage among theater workers.848

Psychological Factors

Miscarriage is a stressful life event, and recurrent miscar-
riage may affect the patients mental health. A recent
study& indicated that 33% ofwomen with recurrent mis-
carriage were clinically depressed, and 21 % had levels of
anxiety that were equal to or higher than those in typical
psychiatric outpatient populations. Animal data87 indi-
cate that stress may induce miscarriage. A recent small
prospective study83 indicated that among 14 psychologi-
cal parameters studied, only a high depression scale
affected the miscarriage rate in women with a history of
two previous miscarriages. Larger prospective studies are
needed to address the scope of psychological disorders
and their contribution to recurrent miscarriage.

MANAGEMENT OPTIONS

“Prepregnancy” When the Third

Miscarriage Occurs

A detailed history of the previous miscarriages is impor-
tant to identify the underlying etiology. When the third

miscarriage occurs, it is important to consider the fol-
lowing factors:

TABLE 65-1
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The underlying causes of first-trimester miscarriage
are different from those responsible for midtrimester
loss. Therefore, it is important to determine the accu-
rate gestational age, confirmed by ultrasound wherever
possible, when the miscarriage occurred.

If a first-trimester miscarriage occurred, determine
whether the loss was biochemical, anembryonic
(blighted ovum), embryonic (6-8 weeks), or fetal (>8
weeks). Different pathologic factors affect the various
stages of early pregnancy. For example, biochemical
and anembryonic losses are more likely to be associ-
ated with chromosomally abnormal embryos.

Note whether fetal heart activity was detected before
the miscarriage. Most first-trimester miscarriages
associated with APS occur after the establishment of
fetal heart activity.

When surgical evacuation of the products of concep-
tion is performed, it is important to document sus-
pected uterine abnormalities, such as a bicornuate or
subseptate uterus or fibroids. Tissue should be col-
lected and sent for both histologic examination (to
confirm the diagnosis and exclude trophoblastic dis-
ease) and fetal karyotype (Table 5-1).

If a second-trimester miscarriage occurred, note
whether the pregnancy loss was preceded by intrauter-
ine fetal death, spontaneous rupture of the mem-
branes, vaginal bleeding, painful uterine contractions,
or painless cervical dilation. This information is par-
ticularly useful in identifying or excluding a presumed
diagnosis of cervical incompetence. The couple should
be encouraged to consent to a full fetal postmortem
examination, fetal karyotyping, and placental histo-
logic examination.

Ensure that a follow-up appointment is scheduled for
the couple.

Chromosome Analysis of the Products of Conception: Tissue Collection

General It is a good practice, and in some countries a legal requirement, to obtain patient consent before
tissue collection for diagnostic testing. Ensure aseptic technique in tissue handling.

Collection: first-trimester
miscarriage

Collection: second-trimester
miscarriage

Collect all fetal tissue and placental villi.

Obtain a small sample of full-thickness fetal skin with subepidermal layers. It is important,
particularly in cases of intrauterine fetal death and macerated fetus, that in addition to a fetal

sample, a placental biopsy is also sent, because culturing of the fetal sample is often unsuccessful.
The placental biopsy specimen should be a wedge from the cord insertion site and should include

membranes.
Container

Use a sterile universal container containing sterile saline or transport media provided by the

cytogenetic laboratory. Do not add formalin. The transport media should be regularly renewed.

Labeling

Record patient details, including name, date of birth, and hospital number on the sample container

label. Include a completed referral form. The laboratory should be informed that the sample will

be sent.
Transport and storage

Send samples to the laboratory immediately after collection. Transport them at room temperature.

Sample can be refrigerated at 4"C if they are not sent until the next day. Do not freeze samples.

Causes for rejection
Limitations

Samples may be rejected because of gross contamination, necrotic tissue, or the use of fixative.
Some products of conception may contain only maternal tissue. Trophoblasts may contain

mosaicisms or aneuploidy not present in the fetus.
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Prepregnancy Assessment and Counseling
after the Third Miscarriage

The loss of a pregnancy at any stage is a tragic event, and
sensitivity is required in assessing and counseling couples
with recurrent miscarriage. A dedicated recurrent mis-
carriage clinic is often a better environment in which to
provide this care rather than a busy postnatal or general
gynecologic clinic. ldeally, the couple should be seen
together and given accurate information to facilitate
decision-making about future pregnancies (see “Risk
Factors for Recurrent Miscarriage”). When possible, the
couple should be given written information to take
home.

History

A comprehensive history should be obtained from both
partners, noting their age and obstetric, gynecologic,
medical, surgical, social, psychological, and family histo-
ries. Seeking the cooperation of the patients family
physician and other physicians may be necessary to
obtain relevant information.

Physical Examination

The physical examination should include height, weight,
blood pressure, and a general assessment of signs of
endocrine disease. Pelvic examination should assess signs
of previous cervical trauma or surgery, genital tract
anomalies, and uterine size.

Investigation of Recurrent Miscarriage (Table 5-2)

Testing should include the following:

» Parental karyotyping of both partners is performed to
determine abnormal chromosome rearrangements,
translocations, or inversions.

e Two-dimensional pelvic ultrasound is performed to
identify polycystic ovaries and assess the uterine
anatomy. Suspected uterine anomalies may require
further studies with hysterosalpingography, hys-
teroscopy, laparoscopy, or three-dimensional pelvic
ultrasound.

« Early follicular phase (days 2-4 of cycle) LH, follicle-
stimulating hormone, and testosterone levels are
measured for evidence of LH hypersecretion, hyper-
androgenemia, and possible high levels of follicle-
stimulating hormone.

* All women with recurrent miscarriage should be
screened for aPLs before pregnancy. The diagnosis of
APS requires at least two positive test results 6 weeks
apart of either lupus anticoagulant or anticardiolipin
IgG or IgM antibodies in medium or high titers.
Women with one positive test result and a second neg-
ative test result should have a third aPL test to confirm

TABLE 5-2

Investigation of Recurrent Miscarriage
All patients Karyotype
Parental
Miscarried tissues (see Table 5-1)
Pelvic ultrasound
Early follicular phase luteinizing
hormone, follicle-stimulating
hormone, and testosterone
Antiphospholipid antibodies
Lupus anticoagulant and 1gG and IgM
anticardiolipin antibodies
Activated protein C resistance
Factor V Leiden gene mutation
Serology for rubella
Blood group and Rhesus type
HSG, hysteroscopy, and laparoscopy
Three-dimensional pelvic ultrasound
Full thrombophilia screening
(in addition to tests performed on all
patients): protein C, protein S,
antithrombin 111, activated protein C
resistance, prothrombin gene
mutation, MTHFR
Glucose tolerance test
Thyroid function tests
Cervical screening in pregnancy
Vaginal swab culture for bacterial
vaginosis

Selected patients

HSG, hysterosalpingography; MTHFR, methyleretetrahydrofolate
reductase.

or refute the APS diagnosis. The detection of aPLs is
subject to considerable interlaboratory variation
because of temporal fluctuation of aPL titers in indi-
vidual patients, transient positivity as a result of infec-
tion, suboptimal methods of sample collection and
preparation, and lack of standardization of laboratory
tests for their detection.8 Therefore, laboratory assays
should be performed according to international guide-
lines.57 Because maternal aPLs may be down-regulated
during pregnancy,90 tests are best performed precon-
ceptually. Testing for aPLs other than lupus anticoagu-
lant or anticardiolipin antibodies is uninformative.5'
Although no single test detects all lupus anticoagulant,
the dilute Russell viper venom time test, together with
platelet neutralization, is more sensitive and specific
than either the activated partial thromboplastin time or
the kaolin clotting time test.58 Anticardiolipin antibod-
ies are detected with a standardized enzyme-linked
immunosorbent assay.

» Screening for APC resistance should include coagula-
tion tests for both unmodified and modified APC
resistance and factor V genotyping with polymerase
chain reaction.

Other studies are determined by positive findings on
history, examination, and laboratory tests. Table 5-2
shows a complete list of possible tests. It is unlikely that
a cause will be found in more than half of the cases of
recurrent miscarriage.'



Prepregnancy Treatment Options
General Approach

Couples should be treated sensitively and sympatheti-
cally. It is important to avoid recommending unproven
treatments.

Epidemiologic Factors

Advanced maternal age and the number of previous mis-
carriages are two important independent risk factors for
further miscarriage that should be considered.

Genetic Factors

When a parent carries a balanced chromosome
rearrangement, the risk of producing chromosomally
unbalanced offspring depends on the specific chromo-
somes involved, the size of the segments involved in the
rearrangement, and the sex of the transmitting parent.
The risk of miscarriage in couples with reciprocal
translocation is approximately 50%. With robertsonian
translocation, the risk is approximately 25%.9192 Most
couples with balanced chromosome rearrangements have
healthy children; however, homologous robertsonian
translocations always result in fetal aneuploidy.

The finding of an abnormal parental karyotype war-
rants genetic counseling. Genetic counseling offers the
couple a prognosis for future pregnancies, prenatal diag-
nostic options, and the opportunity to perform familial
chromosomal studies, if desired. If a subsequent miscar-
riage occurs, karyotyping of the products of conception is
essential, regardless of the parental karyotype. Table 5-1
summarizes the procedure for collecting the products of
conception for chromosome analysis.

Traditionally, reproductive options in couples with
chromosomal abnormality have included proceeding to a
further natural pregnancy, with or without prenatal diag-
nostic tests, chorionic villus sampling, or amniocentesis;
gamete donation93; and adoption. More recently, preim-
plantation genetic diagnosis has been explored as a treat-
ment option for translocation carriers%9l and couples
with unexplained recurrent miscarriage.% Preim-
plantation genetic diagnosis is a technically demanding
procedure, and clinical experience is limited. The tech-
nique requires the couple to undergo in vitro fertilization
to produce embryos. Therefore, couples with proven fer-
tility must be made aware of the high financial cost and
low implantation and live birth rates per cycle after in vitro
fertilization. Further, the couple should be informed that
they have a 40% to 50% chance of a healthy live birth in
future untreated pregnancies after natural conception.®

Anatomic Factors

As a screening test for uterine anomalies, noninvasive
two-dimensional pelvic ultrasound assessment of the
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uterine cavity, with or without sonohysterography,1997
when performed by skilled and experienced staff, is as
informative as invasive hysterosalpingography. Because
three-dimensional ultrasound offers diagnosis and classi-
fication of uterine malformations, 9899 its use may obviate
the need for hysteroscopy and laparoscopy

A minor defect does not warrant surgical correction. In
the past, abdominal metroplasty was advocated for a
uterine septum; however, open uterine surgery has not
been assessed in prospective trials, is associated with
postoperative infertility, and carries a significant risk of
scar rupture during pregnancy.100 These complications
are less likely to occur after transcervical hysteroscopic
resection of uterine septa, and experience from case
series appears promising.10l However, before a clear
judgment can be made, the procedure must be evaluated
in a prospective controlled trial. These procedures must
be performed by clinicians with appropriate training and
experience in hysteroscopic surgery. Metroplasty has
been traditionally advocated for bicornuate uterus and
uterus didelphys, even though it is of unproven benefit
and carries a significant risk of morbidity. Unicornuate
uterus is rare and has limited treatment options. Cervical
cerclage has been proposed, but is of uncertain value.1?
Uterine anomalies resulting from in utero diethylstil-
bestrol exposure are rarely amenable to surgical correc-
tion, but prophylactic cervical cerclage has been
advocated.103

Intrauterine adhesions can be corrected by hystero-
scopic lysis, placement of an intrauterine device, and
administration of estrogen after surgery.

Occasionally, abdominal or hysteroscopic myomec-
tomy is warranted for recurrent miscarriage associated
with significant submucous fibroids that distort the
uterine cavity or occupy a large subendometrial area.
A 3-month course of a gonadotropin-releasing hor-
mone analog preoperatively facilitates surgery by
reducing the size and vascularity of the fibroids. More
recently, percutaneous thermal ablation of uterine
fibroids under real-time magnetic resonance control
was studied and appears to be a promising alternative
treatment.14

Traditionally, the diagnosis of cervical incompetence
has been clinical because it relies on a history of late mis-
carriage preceded by spontaneous rupture of the mem-
branes or painless cervical dilation. The clinical diagnosis
has not been evaluated in terms of it its ability to predict
future pregnancy outcome. Although hysterosalpingog-
raphy (HSG) and painless passage of an 8 Hegar dilator
have been used to confirm the diagnosis before preg-
nancy, neither procedure has been studied prospectively.
There is no satisfactory objective test to identify
nonpregnant women with cervical incompetence.
Prepregnancy cervical cerclage is advocated in some
cases of assumed cervical incompetence, although its
benefit is unproven.
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Endocrine Factors

There is no value in performing glucose tolerance tests in
women with recurrent miscarriage who have no history
suggestive of diabetes mellitus. In women with estab-
lished diabetes, poor glycemic control increases the risk
of pregnancy loss. Consequently, these women require
prepregnancy counseling with the aim of obtaining opti-
mal periconceptual glycemic control.106

The contribution of luteal phase defect to recurrent
miscarriage is controversial, and a review of pregnancy
rates after hormonal treatments for luteal phase defi-
ciency concluded that the benefits are uncertain.43
One meta-analysis42 reported that progesterone sup-
port for pregnancy in women with recurrent miscar-
riage may have a beneficial effect, but this meta-analysis
was based on three small studies. A multicenter
placebo-controlled study of hCG supplementation in
early pregnancy showed no benefit in pregnancy out-
come.106 Subsequently, a small placebo-controlled
study cited that the benefit of hCG is confined to a
small subgroup of patients with recurrent miscarriage
and oligomenorrhea.10' Prepregnancy suppression of
high LH levels with an LH-releasing hormone analog
followed by low-dose ovulation induction in ovulatory
women with recurrent miscarriage does not improve
pregnancy outcome. Further, the live birth rate without
pituitary suppression is excellent.

The role of insulin resistance and the safety and effec-
tiveness of metformin treatment in women with recur-
rent miscarriage and polycystic ovaries require further
study. Metformin should be used only in the context of
prospective controlled trials.

Infections

All women with recurrent miscarriage should be
screened routinely for rubella antibody status to deter-
mine and afford immunization before the next preg-
nancy. The empirical use of antimicrobial drugs in the
treatment of women with recurrent pregnancy loss can-
not be justified.

Antiphospholipid Antibodies

Antiphospholipid antibodies are associated with a wide
spectrum of pregnancy complications, including recur-
rent miscarriage, late fetal loss, fetal growth restriction,
preeclampsia, placental abruption, preterm birth, and
maternal thromboembolic disease.108-110 Several treat-
ment modalities have been used to improve the preg-
nancy outcome of these women. The use of steroids
during pregnancy leads to significant rates of maternal
and fetal morbidity and does not improve pregnancy out-
come compared with other treatment modalities.111'112
The combination of low-dose aspirin and low-dose
heparin significantly reduces pregnancy loss by 54%
compared with aspirin alone.113 Further, a recent ran-

domized trial found that aspirin plus heparin is superior
to IVIG14in the treatment of women with aPL-related
pregnancy loss.

The use of low-dose aspirin during pregnancy is con-
sidered safe.11” Because heparin does not cross the pla-
cental barrier, it is not teratogenic and does not cause
fetal hemorrhage. However, heparin can be associated
with maternal complications, including bleeding, hyper-
sensitivity reactions, heparin-induced thrombocytopenia,
and when used long term, osteopenia and vertebral bone
fractures. However, two prospective studiesl116117
showed that the loss in bone mineral density at the lum-
bar spine associated with long-term, low-dose heparin
therapy is similar to the loss that occurs physiologically
during normal pregnancy. Risk-benefit assessment of
aspirin plus heparin treatment appears to support its use
in women with APS.

After the diagnosis of APS is made, women should be
advised to start aspirin and heparin treatment after
confirmation of their next pregnancy (at 45 weeks). No
evidence suggests that preconceptual treatment of APS
improves pregnancy outcome.

Hereditary Thrombophilia

The pregnancy outcome for women with a history of
recurrent miscarriage associated with FVL mutation is
poor when no pharmacological treatment is offered dur-
ing pregnancy. The efficacy of thromboprophylaxis
during pregnancy in women with recurrent miscarriage
and inherited thrombophilic defects, who are otherwise
asymptomatic, has not been assessed in prospective ran-
domized controlled trials. Uncontrolled studies118119
suggest that heparin therapy may improve the live birth
rate in these women. Until further evidence becomes
available, the poor pregnancy outcome associated with
FVL mutation, coupled with the maternal risks during
pregnancy, probably justifies routine screening for FVL
and antenatal thromboprophylaxis for those with the
FVL mutation or evidence of placental thrombosis. Full
anticoagulation may be required throughout pregnancy
and puerperium in some patients with a personal or fam-
ily history of thromboembolism (see Chapter 43).

Disorders of Maternofetal Alloimmune Relationships

No alloimmune theory has been substantiated, and no
immunologic tests have been identified to predict preg-
nancy outcome. Further, immunotherapy is of no proven
benefit and may actually cause harm. Immunotherapy
should only be offered to women with recurrent miscar-
riage in the context of prospective controlled trials.

Unexplained Recurrent Miscarriage

Despite extensive testing, in approximately 50% of cou-
ples with recurrent miscarriage, no cause is identified.7
Although the mechanism is unclear, several nonrandom-



Ized studies11'12 suggest the benefit of supportive care
and attendance at a dedicated early pregnancy clinic. The
prognosis for a successful future pregnancy in women
with unexplained recurrent miscarriage who receive sup-
portive care alone is approximately 75%; it is worse with
increasing maternal age and increasing number of previ-
ous miscarriages. These data suggest that empirical treat-
ment in women with unexplained recurrent miscarriage
is unnecessary and should be avoided.

General advice about stopping smoking, avoiding
excessive alcohol and caffeine intake, losing weight (in
obese women), and dietary balance is important. Folic
acid (400 ug/day) for at least 2 months before attempting
conception is indicated to prevent neural tube defects.

Management during Subsequent
Pregnancy, Delivery, and Puerperium

Strategies for management during subsequent pregnancy
differ according to the underlying cause of miscarriage.
The risk of repeated miscarriage increases with each suc-
cessive pregnancy loss and with advanced maternal age.
Even when the pregnancy progresses beyond 24 weeks’
gestation, evidence suggests that women with recurrent
miscarriage are at risk for late pregnancy complications
(e.g., preeclampsia, intrauterine fetal growth restriction,
preterm delivery, perinatal loss, and operative deliv-
ery!08,110,120) Q ose antenatal surveillance and planned
delivery in a unit with specialized obstetric and neonatal
intensive care facilities are indicated.

First Trimester

Couples with recurrent miscarriage are understandably
anxious and need support and reassurance throughout
the first trimester. Ultrasound is important in the man-
agement of early pregnancy by confirming or predicting
viability and, when fetal heart activity is detected, pro-
viding maternal reassurance. Transvaginal ultrasound
shows a gestation sac at 5 weeks, a yolk sac at approxi-
mately 5.5 weeks, and fetal heart activity in embryos less
than 4 to 5 mm at 6 weeks. Thereafter, a scan to show
fetal heart activity may be obtained every week or every
2 weeks, until the end of the first trimester. These scans,
together with the finding of normal fetal growth and
activity, may be reassuring to some couples.

Women with APS should be offered aspirin and heparin
treatment. Low-dose aspirin (75 mg/day) should be initi-
ated as soon as the patient has a positive urinary pregnancy
test result. Subcutaneous low-dose heparin therapy in the
form of low-molecular-weight heparin (enoxaparin
[Clexane] [Lovenox] 20 mg/day or dalteparin [Fragmin]
[Fragmin] 2500 units/day) or unfractionated heparin
([Calciparine] 5000 IU twice daily) should be initiated
when intrauterine pregnancy is confirmed by ultrasound
scan (the finding of a gestational sac and a yolk sac within
the uterine cavity). Although unfractionated heparin and
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low-molecular-weight heparin preparations are equally
beneficial, low-molecular-weight heparin can be adminis-
tered once daily because of its longer half-life and
increased bioavailability. Women should have a weekly
platelet count during the first 3 weeks of heparin treat-
ment to detect heparin-induced thrombocytopenia, which
is rare.

Despite significant improvement in live birth rates,
pregnant women who have aPLs and are treated with
aspirin plus heparin until 34 completed weeks of gesta-
tion are at risk for late complications. These complica-
tions include pre-eclampsia, intrauterine growth
restriction, placental abruption, and preterm delivery.110
Whether continuation of treatment until delivery effec-
tively reduces the risk of these late pregnancy complica-
tions is the subject of current research.

Second Trimester

When cervical incompetence is suspected in pregnancy,
transvaginal ultrasonic assessment of the cervix is a non-
invasive and objective means of assessing cervical length
and shape and predicted preterm birth in high-risk pop-
ulations.121-123 The three ultrasound signs that suggest
cervical incompetence are shortening of the endocervi-
cal canal, funneling of the internal os, and sacculation
or prolapse of the membranes into the cervix, either
spontaneously or as a result of fundal pressure
(Fig. 5-3). A short cervix (<25 mm) is the best inde-
pendent predictor of spontaneous preterm birth before
34 weeks’ gestation.

Cervical cerclage is a recognized treatment for cervi-
cal incompetence. However, a meta-analysis124 of four
randomized controlled trials found no conclusive evi-
dence that prophylactic cervical cerclage reduces the
risk of pregnancy loss and preterm delivery in women at
risk for preterm birth or midtrimester loss because of

FIGURE 5-3
Transvaginal ultrasound scan of a cervix showing cervical shortening
and funneling. A, Total cervical length; B, length of the distal cervical
segment; C, depth of the cervical funnel.
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cervical factors. Further, the procedure was associated
with an increased risk of minor morbidity, but no seri-
ous morbidity. A small decrease in the number of deliv-
eries before 33 weeks’ gestation was noted in the largest
trial.15 The benefit was greatest in women with three
or more second-trimester miscarriages or preterm
births. There was no significant improvement in neona-
tal survival.

The same meta-analysis124 assessed the role of thera-
peutic cerclage in women with a short cervix seen on
ultrasound. The pooled results from two small random-
ized controlled trials126127 showed no reduction in
midtrimester pregnancy loss and preterm delivery before
28 and 34 weeks in women assigned to undergo ultra-
sound-indicated cerclage. However, the numbers of
women randomized were too small to allow firm conclu-
sions to be drawn.

Based on the available evidence, it would seem rea-
sonable to divide women with a history of midtrimester
miscarriage that suggests cervical incompetence into
two groups, with the therapeutic approach tailored
accordingly. The first group includes women at
increased risk for second-trimester miscarriage, includ-
ing those with two or more second-trimester miscar-
riages without bleeding or clear signs of labor
preceding the miscarriage. These women may benefit
from prophylactic cervical cerclage at 13 to 16 weeks,
with removal at 37 to 38 weeks. Several adjuvant short-
term measures may be considered to minimize the risk
of infection or other complications. These measures
may include a short course of antibiotics and bed rest
for 48 hours. Before prophylactic cerclage, these
women should be offered ultrasound examination
to assess fetal viability and exclude apparent fetal
anomalies.

The second group, considered at medium risk,
includes women with a history of one second-trimester
miscarriage and those with evidence of other causes of
preterm delivery (e.g., infection). These women can be
offered serial transvaginal cervical ultrasound scanning
beginning at 12 weeks and performed weekly or every 2
weeks until 23 weeks to measure cervical length and
exclude funneling of the upper cervical canal.
Therapeutic cervical cerclage may be offered to women
with ultrasound signs of cervical shortening (<25 mm) or
with progressive funneling in the absence of uterine
activity or evidence of chorioamnionitis. Techniques for
cervical cerclage are described in Chapter 6.

Uterine artery Doppler ultrasonography at 22 to 24
weeks may be useful in predicting preeclampsia and
intrauterine growth restriction in women with APS and
circulating lupus anticoagulant who are at increased risk
for these complications.128

A glucose tolerance test at 28 weeks may be prudent
for women with PCOS because of the increased risk of
gestational diabetes. However, no evidence shows that

the current management of gestational diabetes leads to
improved outcomes for the mother and fetus.129

Third Trimester

During the third trimester, serial fetal growth scans and
umbilical artery Doppler recordings are advisable. The
risk of intrauterine growth restriction is increased in
women with a history of recurrent miscarriage, particu-
larly those with APS or inherited thrombophilia (see
Chapters 42, 43, and 44).

Delivery and Puerperium

If pregnancy is progressing well, a history of recurrent
miscarriage is not an indication for increased interven-
tion. However, many women with a history of recurrent
miscarriage request delivery by elective cesarean section.
The obstetrician may consider that this approach or elec-
tive induction of labor at term is appropriate for psycho-
logical reasons.

In women receiving heparin, it is important to plan
regional anesthesia to minimize the risk of epidural
hematoma, and coordination with the anesthetist is
required. Current guidelines130131 recommend that
regional techniques should not be used until at least 12
hours after the previous prophylactic dose of low-
molecular-weight heparin and 6 hours after a dose of
unfractionated heparin. Heparin should not be given
for at least 4 hours after the epidural catheter is
removed.

There are no prospective data on the risk of systemic
thrombosis to determine the optimal management of
asymptomatic women with inherited thrombophilia.
Current guidelines based on expert opinion recommend
that postnatal thromboprophylaxis may be indicated in
some women with known inherited thrombophilias,
depending on the specific type of thrombophilia and the
presence of other thrombotic risk factors.130 Similarly, in
women with APS and no symptoms other than recurrent
miscarriage, there is no evidence to justify routine post-
natal thromboprophylaxis. In women with APS without
additional thrombotic risk factors, postnatal thrombo-
prophylaxis is not recommended.

SUMMARY

The management of recurrent miscarriage requires a
combination of sensitivity and a systematic approach to
care. The goal is to identify a cause and implement
appropriate treatment whenever possible. Of the many
risk factors, parental karyotype abnormalities, APS,
activated protein C resistance, and cervical incompe-
tence are the only established causes of recurrent mis-
carriage. Of the many treatment options for couples
with recurrent miscarriage, only aspirin plus heparin



treatment in women with APS has proven benefit.
Despite detailed studies, in approximately 50% of cou-
ples with recurrent miscarriage, no cause is found.
However, even without pharmacologic treatment, the
prognosis is good and supportive care appears to play an
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important role. Empirical treatments for women with
recurrent miscarriage should be avoided, and new treat-
ments should be introduced only after their benefit has
been assured through properly designed prospective
controlled trials.

CONCLUSIONS

Recurrent miscarriage, defined as the loss of three or more consecutive pregnancies, is a distressing problem

that affects 1% of couples.

Systematic screening of couples with three consecutive miscarriages identifies a probable cause in 50% of
cases. The remaining 50% of cases may result from recurrent, but sporadic, chromosomal abnormalities that

occur by chance.

The chance of successful pregnancy outcome after three consecutive miscarriages is high, depending on
maternal age, reproductive history, and the underlying cause of miscarriage.

Parental karyotype abnormalities, cervical incompetence, antiphospholipid syndrome, and activated protein C
resistance are established causes of recurrent miscarriage.

In couples with chromosomal translocations, options include natural conception with or without prenatal
diagnosis tests, gamete donation, and preimplantation genetic diagnosis with in vitro fertilization.

Elective cervical cerclage may confer benefits in women with two or more midtrimester losses as a result of
cervical incompetence. Cervical ultrasound screening during pregnancy may be useful in reducing the rate of

cervical cerclage when the history is equivocal.

Low-dose aspirin and heparin treatment is the first-line therapy in women with antiphospholipid syndrome

because it results in a live birth rate of 70%.

Low-dose heparin may confer benefits in women with recurrent miscarriage associated with activated protein

C resistance and evidence of placental thrombosis.

Supportive care in couples with unexplained recurrent miscarriage is associated with an excellent prognosis;

empirical treatments should be avoided.

SUMMARY OF MANAGEMENT OPTIONS
Recurrent Miscarriage—Prepregnancy Assessment

Management Options

ATTHE TIME OF THE THIRD MISCARRIAGE

Document the pattern and trimester of the pregnancy loss
and whether a live embryo or fetus was present.

Carefully document a suspected uterine abnormality

at surgical evacuation.

Send the products of conception for histologic testing

or autopsy and karyotype with consent of the patient,

as appropriate (see Table 5-1).

A general approach is important (e.g., see the couple together,
express sympathy, show sensitivity).

Offer follow-up assessment and counseling.

Strength of
Quality of Evidence Recommendation References

GPP

GPP -

GPP

— GPP

v C 6
Continued
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SUMMARY OF MANAGEMENT OPTIONS
Recurrent Miscarriage— Prepregnancy Assessment (continued)

Strength of
Management Options Quiality of Evidence Recommendation References

PREPREGNANCY ASSESSMENT AND COUNSELING AFTERTHE THIRD MISCARRIAGE

Hstory and Bxanrination for Causative and Assodated Fedas

Obtain an obstetric history to confirm the diagnosis of “recurrent - GPP

miscarriage” (e.g., pattern of losses, gestations of former losses,

previous confirmation of pregnancy: biochemical, ultrasonographic

or histologic).

Obtain a general medical history - GPP -
» Features associated with autoimmune disease (e.g., joint pain, rash)

* Features related to antiphospholipid syndrome (e.g., migraine,
epilepsy, vascular thrombosis)

« Thrombophilia-related features (e.g., personal or family history
of vascular thrombosis)

« Exposure to environmental toxins or drugs
Obtain a surgical history (cervix, uterus, ovary). = GPP -

Obtain a family history (recurrent miscarriage, polycystic ovarian - GPP
syndrome, genetic disease, hereditary thrombophilia)

Perform a physical examination: to identify signs of endocrine - GPP
or gynecologic disease, including opportunistic screening

(blood pressure, cervical cytology, breast palpation) and checking

special risk factors identified by the history.

Rouine Tests in Al Patierts (sse Tde 5-2)

Karyotype
« Both partners 1l B 18,19
* Miscarried tissue (with consent, as appropriate) 1] B 14,15,17
Pelvic ultrasound 1] B 97-99
Anticardiolipin antibodies (IgG and IgM) 1] B 58
Lupus anticoagulant 1] B 58
Early follicular phase luteinizing hormone, follicle-stimulating hormone, 1] B 53,54
and testosterone
Thrombophilia screening: lla B 68
» Activated protein C resistance and FactorV Leiden mutation testing 1l B 67
is indicated in all cases. (Antithrombin Ill, factor XllI, protein C, protein S
prothrombin gene mutation and MTHFR are reserved for patients
with a high risk of thrombophilia.)
Prepregnancy opportunistic screening: - GPP
« Serology for rubella status
* Blood group and Rhesus type
Other tests are determined by positive findings on the history - GPP

or examination (see Table 5-2).
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SUMMARY OF MANAGEMENT OPTIONS

Recurrent Miscarriage—Prepregnancy Assessment (Continued)

Strength of
Management Options Quality of Evidence  Recommendation

Goursdling with the Following Key Prindples ad Quiddlines

See the couple together, preferably at a dedicated miscarriage GPP

clinic. Take a sympathetic approach.

The true rate of recurrent miscarriage is affected by a v c
reproductive compensation effect.

After three consecutive losses, intensive testing identifies a Ml B
probable cause in approximately 50% of couples.

The remaining 50% probably result from repeated, but sporadic 1 B
chromosome abnormalities that occur consecutively by chance.

Advanced maternal and paternal age and previous reproductive n B
history are important risk factors for a further miscarriage.

Anatomic defects of the uterine fundus and cervix, parental n B
chromosomal rearrangements, gene mutations, phospholipid
antibodies, and activated protein C resistance also play a role.

Progesterone deficiency, hypersecretion of luteinizing hormone, la A
infective agents, and immune rejection are not considered causes

of recurrent miscarriage. Empirical treatment with progesterone,

high luteinizing hormone suppression, or immunotherapy

is of no proven benefit.

Subclinical thyroid disorders and diabetes mellitus are rare. n
Psychological stress is probably not relevant. v

Even after three miscarriages, the chance of a successful pregnancy n
without treatment is approximately 60%, apart from women with lla
antiphospholipid syndrome and those with activated protein

C resistance. In these women, success rates are lower.

mwm O w

MTHFR, methylene tetrahydrofolate reductase.

SUMMARY OF MANAGEMENT OPTIONS
Recurrent Miscarriage—Prepregnancy Treatment

Strength of
Management Options Quality of Evidence Recommendation

Do not advocate unproven treatments. - GPP
Parental translocations
« Genetic counseling for the couple and relatives v C

* Proceeding to afurther pregnancy, with or without 1]
prenatal diagnosis (amniocentesis or chorionic

villus biopsy)
* Gamete donation - GPP
« Artificial insemination with donor sperm - GPP
¢ Invitro fertilization with a donor egg - GPP
* Preimplantation genetic diagnosis with in vitro

fertilization - GPP
* Adoption _ Gpp

References

14,15

2,8-10

18,19,25,26,
58,60,67,68,
121,122,123

42-46,71,73

19,53,54
6

2,10
60,68

References

91-95

Continued
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SUMMARY OF

MANAGEMENT OPTIONS

Recurrent Miscarriage—Prepregnancy Treatment (Continued)

Management Options

Uterine abnormalities

Uterine septum

GnRH analog
Hysteroscopic septal incision
Temporary intrauterine device

Intrauterine adhesions

Quality of
Evidence

Hysteroscopic division and temporary intrauterine device
Postoperative temporary cyclic estrogen and progesterone

therapy

Fibroids (Significant submucous fibroid or intramural

with a significant intracavity component)

Gonadotropin-releasing hormone analog
Myomectomy

Strength of

Recommendation

SUMMARY OF MANAGEMENT OPTIONS
Management during Subsequent Pregnancy, Delivery, and Puerperium

Management Options

Provide psychological support and reassurance.

Do not advocate unproven treatments.

There is no evidence that any immunologic
therapy is of benefit.

Offer low-dose aspirin and heparin to women with
antiphospholipid syndrome

Offer low-dose heparin to women with activated
protein C resistance or other thrombophilia.

Maintain good metabolic control in patients with
diabetes mellitus.

First trimester

« Transvaginal ultrasound scan to confirm fetal viability

Serial scans for reassurance

Second trimester

.

Suspected cervical incompetence options:
Serial cervical ultrasonography with insertion of a

Quality of Evidence

lib

lib

cervical suture if there is evidence of shortening/funneling or

primary cervical cerclage
Serial vaginal swabs for pathogens
Uterine artery Doppler studies in selected patients

Prophylactic maternal steroids at 28 weeks in
selected patients

Formal GTT at 28 weeks in selected patients

Strength of
Recommendation

B
GPP

GPP
GPP

GPP

GPP

GPP

References

25,100,101

39

34

References

11,12

71

311,109,114

911118

105

126

125

128
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MANAGEMENT OPTIONS

Management during Subsequent Pregnancy, Delivery, and Puerperium (Continued)

Third trimester:
Vigilance for fetal growth restriction,
preeclampsia, and preterm labor in selected patients

Labor and delivery: Consider elective LSCS/IOL at term
in some patients

Puerperium: Consider postnatal thromboprophylaxis
in selected patients

Il B 102,108,1 10
Il B 110
GPP

GTT, glucose tolerance test; IOL, induction of labor; LSCS, lower segment cesarean section.
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Midpregnancy Problems

Reynir Tomas Geirsson

INTRODUCTION

“Midpregnancy”is most accurately defined in theoretical
terms as corresponding to the second trimester, from 12
to 28 weeks after the first day of the last menstrual
period. However, in practical terms, it is usually consid-
ered to be the time between 15 to 16 weeks and 26 to 28
weeks, a period that encompasses the second phase of
trophoblast invasionl and the most rapid phase of pla-
cental growth.2 For most women, it is the easiest part of
pregnancy, a time when the mother has passed the initial
adaptive changes to the pregnant state and feels generally
well. She experiences a slow increase in the physiologic
and psychological changes associated with pregnancy, the
growth and reactivity of the uterus as a living muscle
compartment, and the awakening of new life within her.
During this time, the development of the fetus is focused
on organ maturation rather than physical growth.

Midpregnancy has an “air of healthiness” about it, and
it is sometimes referred to as the “quiet stage” of preg-
nancy. Most mothers need little maternity care in mid-
pregnancy, and antenatal care systems do not emphasize
frequent visits during this time. Most problems and ques-
tions that arise are minor and require only understanding
and adequate explanation based on physiologic knowl-
edge. When a disorder or disease develops, in most cases,
the mother becomes symptomatic. This should alert the
physician or midwife, allowing diagnosis as well as
appropriate and timely treatment.

In some cases, problems in midpregnancy are a con-
siderable threat to the pregnancy, and sometimes a pre-
mature end to pregnancy cannot be averted. However,
the experience may be used to prevent recurrence of the
problem in a subsequent pregnancy. Some women
belong to well-defined risk groups for problems in mid-
pregnancy. In this case, advance planning and risk man-
agement is needed in asymptomatic women. In the
absence of symptoms, both women and caregivers should
not look for trouble where it is not expected. Testing is

not needed if there are no symptoms. Within a modern
screening environment, early data-gathering on maternal
health, physical examination, and ultrasound and bio-
chemical screening provide a basis for the completed
planning of antenatal care by the early second trimester.
Midpregnancy is typically quiet. In the third trimester,
more adverse events may be anticipated and routine sur-
veillance is increased.

PHYSIOLOGIC CHANGES OF
MIDPREGNANCY

Knowledge of the maternal physiologic adaptations of
midpregnancy is essential for the recognition of pathol-
ogy during midpregnancy (Table 6-1). Fetal develop-
ment comprises organ growth and maturation in a
maternal environment dominated by physiologic adapta-
tion favoring the needs of the fetus. Developments in the
mother’s body occur in advance of the main fetal growth
spurt, reaching their maximum either early or late in
midpregnancy. At this time, the maternal-placental sup-
ply line far exceeds immediate fetal needs. Changes in
cardiac output and plasma volume approach their maxi-
mum velocity at approximately 20 weeks, and the red
blood cell mass grows at a slower, steadier pace through-
out midpregnancy. The result is a decrease in diastolic
and systolic blood pressure and hemodilution. Increasing
vascular permeability contributes to this as well as the
developing low-resistance placental bed. Gastrointestinal
motility and absorption, renal perfusion, and excretory
changes in the mother begin even before the start of
midpregnancy. Pelvic girdle distention and lumbar liga-
ment softening gradually become more evident.
Metabolic, hormonal, immunologic, and mental changes
in the mother are less evident, but occur and are part of
the adaptive process.

Uterine volume grows linearly during pregnancy, but
the rate of placental growth is greatest between 20 and 30
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TABLE 6-1

The Main Physiologic Adaptations in Normal
Midpregnancy

General Changes

Increased cardiac stroke volume or output (inotropic,
chronotropic)

Increased peripheral blood flow, decreased vascular resistance,
venous dilation

Decreased midpregnancy blood pressure

Extracellular fluid accumulation, sodium retention

Blood and plasma volume expansion, hypervolemia,
hemodilution

Increased erythrocyte production, count, increased plasma
globulins and fibrinogen

Increased neutrophil count, reactivity, lymphocyte production

Increased platelet count, increased platelet adhesion,
coagulation activation

Increased serum lipid level, metabolic and hormonal changes

Decreased pulmonary vascular resistance, increased tidal
volume

Increased oxygen consumption, hyperventilation

Decreased gastrointestional motility, increased absorption

Increased renal blood flow, increased renal plasma filtration

Increased renin-angiotensin-aldosterone levels, angiotensin Il
resistance

Immunosuppression, altered B- and T-cell and complement
function

Changes in connective and elastic tissue, change in
thermoregulation

Uteroplacental Changes

Placental hormone production

Increased uterine size, contour and position changes

Increased uterine volume, amniotic fluid volume expansion

Increased intrauterine pressure

Increased myometrial mass and contractility

Increased energy production, action potential change, change
in ion flow

Increased uterine blood flow

Second-phase invasion of spiral artery

Development of subplacental low-resistance flow compartment

Fastest placental growth rate

Cytotrophoblast shedding, aponecrotic change

weeks’ gestation. Placental growth reaches its main
velocity and bulk before fetal weight gain begins.2 This
basic physiologic adaptation ensures an adequate nutri-
tion supply for the fetus and allows for third-trimester
fetal volume growth. By the end of midpregnancy, the
placenta can be thought of as “middle-aged” and well
matured, whereas at term, it is reaching “old age.” The
physiologic adaptation process protects the mother from
adverse events in pregnancy and contributes to fetal and
maternal well-being.

MISCELLANEOUS SYMPTOMS AND
PROBLEMS

Many problems in later pregnancy, including intrauter-
ine growth disturbance, preeclampsia, and gestational
diabetes may become evident in midpregnancy, but are
discussed in the relevant chapters, as are the problems of

multiple pregnancy, Rhesus isoimmunization, and other
specific maternal and fetal diseases.

In midpregnancy, the signs and symptoms that indicate
a risk of fetal death, late miscarriage, or early preterm
delivery are abdominal pain and inappropriate uterine
contractility (labor pains), vaginal bleeding and dis-
charge, inappropriate uterine size, and infection. In addi-
tion, a vague feeling of “unwellness” should not be
ignored.

Abdominal Pain (See Chapters 57 and 58)

Abdominal pain may originate from the pregnancy itself,
the uterine muscle, or the ovaries. It may also stem from
other intra-abdominal organs. Some pain is related to def-
inite disease states, whereas other pain is functional. Most
sources of pain do not pose a significant risk to the preg-
nancy, such as fiboromyoma in the uterine muscle, ovarian
cysts, urinary tract infections, pelvic girdle pain, irritable
bowel syndrome, and pain caused by spontaneous uterine
muscle contractility and tension from the round liga-
ments. Other sources of pain may have serious conse-
quences because of the associated risk of reflex uterine
contractility, intrauterine infection, and preterm labor.
Potentially serious causes of abdominal pain include
appendicitis, cholecystitis, severe pyelonephritis and
urolithiasis, and twisted or ruptured hemorrhagic ovarian
cysts. Any intra-abdominal organ may be responsible, and
all must be considered in the differential diagnosis.

Appendicitis occurs in approximately 1 in 800 preg-
nancies.3 By midpregnancy, the upward and lateral dis-
placement of the ascending part of the large bowel by the
growing uterus or the position of a pelvic appendix
behind the uterus may mask the diagnosis. A moderate
fever, an increased white blood cell count, and an
increased C-reactive protein level occur with diffuse and
uncharacteristic pain accompanied by nausea and some-
times vomiting. A low threshold of clinical suspicion
must be maintained. When appendicitis occurs in mid-
pregnancy, approximately 1in 7 women deliver prema-
turely.3 Early surgery with appendectomy is preferable,
but with a ruptured appendix and appendiceal abscess,
conservative treatment with appropriate antibiotics may
be the first option. Some obstetricians prefer to treat
appendicitis themselves, whereas others seek surgical
assistance. The primary responsibility for care remains
with the obstetric team, because maintenance of the
pregnancy with tocolysis and prophylactic administration
of steroids is an important goal of management (see
Chapter 57).

The management of cholecystitis is conservative, and
cholecystectomy is rarely needed. Complications of ovar-
ian cysts are best treated with surgical removal, and
pyelonephritis, renal calculi, and related problems are
managed by appropriate measures to detect underlying
pathology in consultation with a urology team (see
Chapters 57 and 58).



Inappropriate Uterine Activity (See also
Chapter 62)

Differentiating between normal uterine activity and the
start of preterm labor in women with very different
thresholds of pain is difficult in midpregnancy.
Discomfort as a result of tension and muscle activity in
the round ligaments and an increased perception of uter-
ine contractility are common in midpregnancy, but usu-
ally harmless. Preterm labor entails both uterine
contractions and cervical dilation. Not all women who
have contractions are laboring; equally, women may
approach delivery without a perception of uterine con-
tractions.4 Vague abdominal discomfort that is easily
ascribed to another abdominal condition (e.g., gastroen-
teritis, irritable bowel syndrome) may be the only symp-
tom of impending late miscarriage or very preterm
delivery. Conversely, in a woman with a noncompliant,
collagenous cervix, uterine contractions do not necessar-
ily indicate labor or a risk of preterm delivery.

A thorough history and examination, patience, and
careful observation are required. Emphasis must be
placed on reaching a diagnosis by cervical assessment
with a speculum (occasionally with careful digital palpa-
tion) and supplementing this examination with transvagi-
nal ultrasound. Direct inspection of the cervix should be
performed to detect dilation, fluid leakage, and cervical
insufficiency as well as mucopurulent discharge indica-
tive of intrauterine infection and chorioamnionitis.
Endocervical bacterial culture is necessary unless the cer-
vical mucus is clear. Tests for fibronectin, which indicates
preterm premature rupture of the membranes, may be
required. Ultrasound is done to determine cervical
length, identify cervical funneling, and assess amniotic
fluid volume, fetal size, and viability in the early stages of
midpregnancy. Before 24 weeks, external tocography has
limited use, both for practical reasons and because viabil-
ity is unlikely. To assess pain, the use of palpation and
observation is better than attempting to record uterine
contractility with an external monitor. Chorioamnionitis
is not reflected in uterine tenderness or pain until it
reaches an advanced stage, but uterine tenderness can be
an early sign of placental abruption.

Treatment must be cause-oriented, but most options
are not based on clear evidence. If delivery seems likely
or inevitable, the viability of the infant and likelihood of
survival without major disability must be considered. In a
large study of infants delivered between 24 and 28 weeks’
gestation, after adjustment for various confounding fac-
tors, no difference was seen between those delivered
abdominally and those delivered vaginally.6 The chance
of survival improves with increasing gestational age,
absence of maternal hypertension, singleton pregnancy,
and antenatal steroid therapy. The rate of cerebral palsy
in this study was 11.1%, but 63.1% of the infants were
healthy at 2 years of age, regardless of the mode of deliv-
ery in these infants of borderline viability. Shennan and
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associates7 found that of 383 liveborn infants between 26
and 30 weeks’ gestation, before the advent of high-fre-
quency ventilation techniques, 39, or approximately 1in
10, did not survive. Further, 34, or another 1in 10, had a
significant disability at 1-year follow-up. When infants
who died or were disabled were paired with gestational-
age-matched infants from the total group, no difference
was seen between the groups in the rates of prenatal
complications, including prolonged rupture of the mem-
branes and antepartum hemorrhage. However, their con-
dition during labor or at birth was worse among infants
who died or were disabled. Therefore, prelabor charac-
teristics do not appear to have major prognostic signifi-
cance for the pregnancy and are not a useful guide to
management. Newer techniques for neonatal support
have increased survival rates for infants born between 24
and 28 weeks’ gestation, whereas disability rates remains
the same, at approximately 14% to 17%.8-¥ However,
the outlook for infants born before 25 to 26 weeks is still
poor.

Vaginal Discharge (See Chapter 32)

Vaginal discharge can be physiologic or may be a sign of
bacterial vaginosis, vaginitis caused by Trichomonas or
Candida albicans infection, a foreign body reaction, or
chlamydial or gonorrheal infection of the cervix. In mid-
pregnancy, the risk associated with vaginal discharge is
ascending intrauterine infection and chorioamnionitis,
with resulting preterm labor and delivery.

Changes in Uterine Size (See Chapters
12 and 13)

Early growth restriction affects not only fetal growth but
also placental and amniotic fluid volume. This possibility
should be borne in mind when the fundal height is less
than expected in midpregnancy. Measuring fundal height
is not a sensitive way to detect growth restriction, but it is
an inexpensive routine measure that detects approxi-
mately 30% of cases. A symphysis-fundus chart must be
appropriately constructed and relevant to the population.
The fundal height should be approximately equal in cen-
timeters to the gestational age in weeks. After maternal
size is considered, a difference of more than 3 cmis area-
son for further ultrasound assessment.12 Growth restric-
tion in midpregnancy is usually caused by an underlying
medical disease affecting the peripheral or renal blood
vessels. It tends to be serious and affects the fetus and pla-
centa in a symmetrical way If poor growth is confirmed
by ultrasound measurement, Doppler studies of flow in
the uterine arteries and fetal umbilical artery, aorta, and
cerebral arteries are indicated. Cytogenetic studies and a
thorough repeat evaluation of the fetal anatomy may be
necessary.

Uterine expansion caused by polyhydramnios may
occur as a result of fetal infection (Parvovirus infection or
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toxoplasmosis), congenital anomalies that affect the fetal
gut, twin-twin transfusion syndrome, or poorly con-
trolled diabetes.

General Malaise, Tiredness, and Fainting

Although these symptoms are common in normal preg-
nancy, they can be a clue to a new infectious or medical

condition or the exacerbation of a preexisting problem.
Many medical disorders are associated with an increased
risk of loss in midpregnancy (e.g., cardiac or renal disease,
ulcerative colitis, Crohn’s disease, sarcoidosis, occult
malignancy). Anemia caused by deficiency of iron, folic
acid, and B12 as well as sickle cell anemia and thalassemia
must be considered, along with toxoplasmosis and other
zoonotic, bacterial, or viral infections.

SUMMARY OF MANAGEMENT OPTIONS
Miscellaneous Symptoms and Problems in Midpregnancy

Condition

Abdominal pain

Inappropriate uterine activity

Vaginal discharge

Uterine size changes or discrepancies
General malaise, tiredness, and fainting
Consider:

» Pregnancy

* Medical disorders (especially cardiac, renal, inflammatory bowel)

¢ Anemia

* Infection

PREVIOUS MIDPREGNANCY LOSS (See
also Chapter 62)

Definition

Previous midpregnancy loss is any previous loss of a
pregnancy between 12 and 28 weeks’ gestation. A diag-
nosis of failed pregnancy, such as missed miscarriage or
fetal death between 12 and 16 weeks, can be considered a
prolongation of events originating in the first trimester.
These occurrences are handled in a similar manner, usu-
ally by evacuation with suction or treatment with
prostaglandins and mifepristone, when this drug is avail-
able. Problems that occur in the second trimester (e.g.,
fetal loss or very preterm delivery as a result of cervical
insufficiency, intrauterine death as a result of fetal anom-
aly, ascending or systemic infection, or idiopathic or sec-
ondary placental insufficiency) have another cause and
require different management.

Risks

Few women miscarry or deliver during midpregnancy.
When this occurs, the cause may be fetal or maternal.
Fetal causes are related to congenital and chromosomal
anomalies as well as intrauterine growth restriction, and

Management Options

See Chapters 57 and 58
See Chapter 62
See Chapter 32
See Chapters 12 and 13

See relevant chapters

the usual outcome is intrauterine fetal death. Maternal
causes may be related to uterocervical anomalies, vascular
disorders, or infection, and the fetus is usually born
alive.13The incidence of preterm labor varies from 4% in
developed countries with high living standards to 12% to
20% in developing countries, depending on risk factors,
such as maternal age, race, poverty, smoking, alcohol and
drug use, low prepregnancy weight, poor maternal educa-
tion, strenuous work, short interpregnancy interval,
abnormal bacterial colonization in the vagina, multifetal
pregnancy, and uterine malformations. The miscarriage
rate of live fetuses between 14 to 22 weeks is approxi-
mately 1.3% of all deliveries,13 but the rate of preterm
delivery between 22 and 28 weeks is less than 0.5% of all
deliveries and approximately 7% of preterm deliveries
before 37 weeks13-15 The same risk factors apply as a con-
tinuum for the period from 14 to 28 weeks.13 A greater
risk is seen with advanced maternal age, lower socioeco-
nomic status, an adverse obstetric history, previous thera-
peutic termination of pregnancy, and heavy smoking. The
spontaneous loss rate in twin pregnancies (3%-7% in the
second trimester) is caused by the same factors, but at a
higher rate than for singletons. In monozygotic twins,
velamentous cord insertion and twin-twin transfusion are
additional causes.16 Although the World Health
Organization recommends that birth be recorded from



22 weeks onward, viability is generally accepted from
approximately 23 to 24 weeks’ gestation.1718 The major
risk factors for midpregnancy loss are previous loss in the
second or early third trimester (up to five times more
likely13), multiple pregnancy, and bleeding from the uter-
ine cavity in the first trimester and early second trimester.
Idiopathic preterm delivery and multiple pregnancy are
discussed in Chapters 62 and 60, respectively Pregnancy-
specific conditions and preexisting medical conditions
that are exacerbated by pregnancy are rarer causes that are
not discussed here. The one remaining cause is increased
and premature cervical compliance occurring with normal
or increased myometrial activity, leading to early cervical
opening (i.e., cervical insufficiency).

Cervical Insufficiency

Premature dilation of the uterine cervix is a major reason
for loss or delivery in midpregnancy. Traditionally, the
diagnosis of cervical insufficiency has been retrospective,
based on a history of midpregnancy or early third-
trimester loss associated with cervical dilation that occurs
without a maternal sensation of uterine contractions.1920
The typical situation is “silent” or “painless” dilation in a
patient with the finding of bulging fetal membranes
extruding onto or through the external opening of the
cervix. Slight vaginal bleeding and discharge, with per-
ineal pressure and a varying sensation of pain, indicative
of concomitant chorioamnionitis, often indicates early
cervical dilation. This makes diagnosis and treatment
difficult. Knowledge of the risks, pathophysiology, and
treatment of cervical insufficiency is incomplete and is
based on case reports, small observational or case-control
studies of limited value, and inconclusive evidence from a
few randomized studies.2lL However, transvaginal ultra-
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sound is improving the understanding of the antecedent
pathophysiology of the condition and has increased the
management possibilities.2

The varying incidence of preterm labor affects esti-
mates of how often preterm delivery is caused by cervical
insufficiency, particularly in midpregnancy. Older data
suggest that, on average, clinicians performed cervical
cerclage in 0.5% of women,21'23 suggesting the approxi-
mate frequency of the condition and its diagnosis. If 10%
of preterm deliveries occur before 28 weeks’ gestation,
approximately one in three deliveries between 22 and 28
weeks is because of cervical insufficiency Among twins,
the rate of cervical insufficiency is higher.16

Pathophyisology

The pathophysiology of cervical insufficiency is not well
understood. Deficiency of collagen, elastin, or the inter-
connective glycosaminoglycan structures of collagen fi-
brils may affect the ability of the cervical sphincter
mechanism to resist the steady expansion of the uterine
cavity and gravitational pressure on the internal 0s.14
The higher incidence in multiple pregnancies points to
the importance of uterine cavity distention. Recent ultra-
sound studies showed that the cervix opens by funneling
and herniation of the membranes into the cervical canal
as it shortens and effaces (Fig. 6-1). The cervix is not a
static organ, but living tissue that is constantly adapting
to different pressures.24 Compliance and molding may
vary among women, possibly on a genetic basis and is in
addition affected by events such as subclinical infection
ascending through the cervix and bleeding from the
decidua or placental edge.21'24 Several factors are proba-
bly required to initiate the process of cervical softening
and effacement. For this reason, it is difficult to treat
developing cervical insufficiency. Optimal therapy is by
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preventive measures, either prophylactic, based on previ-
ous midpregnancy loss, or after a diagnosis is reached in
an affected pregnancy. Several measures may be initiated,
including cervical cerclage suture, antibacterial prophy-
laxis, tocolytic drugs, rest, and cessation of smoking,
although none is adequately researched or proven.

Diagnosis

Diagnosis of cervical insufficiency is challenging. Typic-
ally, there is a history of midpregnancy painless dilation
and effacement to 2 to 4 cm, accompanied by a feeling of
pressure down onto the perineum and mucoid discharge.
To this can be added a history of cervical lacerations from
previous deliveries (although these often remain undiag-
nosed), cone biopsies, and excessive dilation (>9-12 mm)
during earlier termination. After conization, only 2% to
3% of women deliver before 28 weeks' gestation,
although the overall preterm delivery rate is increased two
to five times.25 However, the risk of early delivery varies
with the type and extent of conization and may be higher
than 3% after extensive or repeated procedures.

Routine digital examination of the cervix does not help
and may be counterproductive. Digital examination
increases prostaglandin production and may introduce
infection. In a population at low risk for preterm delivery,
repeated digital examination doubles the incidence of
preterm delivery.26 Attempts to produce risk scores lacked
the necessary predictive value.2627 It is now necessary to
add ultrasound evidence of funneling and prolapse of the
membranes to a measured shortening of the cervical canal.
The accepted median length of the normal cervical canal
is 3.5 to 3.8 cm. The 10th percentile value is 2.5 cm.2428
With effacement, the internal os and cervical canal gradu-
ally change from a T to a Y shape and finally assume a
V-shaped appearance (Fig. 6-2). This change is accompa-
nied by progressive shortening of the cervical canal below
the 2.5-cm mark. The predictive value of these changes for
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preterm delivery is high, and in the absence of major uter-
ine myometrial activity, a diagnosis of cervical insuffi-
ciency is likely if the cervix is less than 2.5 cm long.2429-31
There is debate as to whether a lowest critical value exists,
but a cervical length of 1.5 cm has been suggested.2 This
value may be realistic in view of a recent randomized trial
that showed no benefit of cerclage at 2.5 cm.’3

Although the risk of delivery increases with a shorter
cervical length, there is no known value at which the pre-
diction is absolute. Manual transfundal pressure may
make the diagnosis clearer.303L In a large prospective
study assessing cervical length between 24 and 28 weeks
in 2800 asymptomatic women, decreasing cervical length
was positively associated with a risk of earlier delivery.29
Incorporation of cervical assessment into the 18- to 20-
week routine ultrasound examination may be useful
because this is also the average time for an ultrasound
diagnosis of cervical insufficiency, but this would need
follow-up for at-risk women at approximately 24 weeks
and awaits confirmation from randomized studies.222930
This approach may be acceptable to most women, even if
it involves additional or repeated vaginal ultrasound.28
Serial examinations of the cervix by transvaginal ultra-
sound do not appear to increase the risk of preterm deliv-
ery.34 At an earlier gestational age (<14 weeks), however,
there appears to be no appreciable difference in cervical
length between women who deliver preterm and those
who deliver at term.2 This suggests that screening at 14
weeks or earlier has little value. This is to be expected
because pressure on the internal cervical os does not
increase until well into midpregnancy.

Management Options
PREPREGNANCY

For women with a history of previous midpregnancy loss,
management of suspected cervical insuffiency first
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involves the repair of cervical lacerations that extend
along the vaginal portion of the cervix and possibly above
the cervical fornices. This repair should be done before
pregnancy, with adequate time allowed for inflammation
to resolve before the woman becomes pregnant again.

PRENATAL

Before or shortly after the woman becomes pregnant
again, a decision must be made whether to insert a cervi-
cal purse-string (cerclage) suture. This procedure is usu-
ally done at 12 to 15 weeks’ gestation, after fetal viability
is established. Before cerclage is performed, screening at
11 to 13 weeks to ensure that the fetal anatomy is normal
and that there is a low likelihood of chromosomal anom-
aly may be appropriate for most prospective parents.
Although only one randomized trial has shown a benefit
from prophylactic cerclage, and then only after at least
two previous midpregnancy losses,43 clinicians are under
considerable pressure to take action.
Three options are currently available:

» Perform observation only, with or without clinical tests
to detect and treat abnormal bacterial colonization in
the vagina or inside the uterine cavity.

e Perform observation, with regular transvaginal ultra-
sound to detect cervical shortening and funneling. If
necessary, perform a “rescue” cerclage suture proce-
dure.

« Perform a prophylactic cerclage suture operation,
either transvaginally or transabdominally. The trans-
abdominal approach is indicated when the vaginal por-
tion of the cervix (portio vaginalis) is very scarred,
defective, short, or nonexistent, as may be the case
after one or more conizations followed by one or more
midpregnancy losses, or after an unsuccessful trans-
vaginal cerclage procedure.

The technique for the abdominal approach was
described by Mahran.35 Series of these procedures have
been reviewed, and the results in terms of a successful
pregnancy outcome appear good.36-38 These sutures
have the advantage of being placed high on the cervix,
near the internal os, in a bacteria-free environment.
With a conventional or modified Shirodkar3940 or
McDonald procedure,4l the suture is placed transvagi-
nally. Despite the potential for operative morbidity, the
abdominal operative method is not difficult, but it
requires laparotomy and subsequent cesarean section.
Recently, laparoscopic suture insertion before preg-
nancy (interval suture) was described 4 The suture may
be left in place for a future pregnancy. Successful
removal of the suture by culdotomy has been described
with subsequent vaginal delivery but may not prove easy
near term.

The transvaginal approach is a short, relatively simple
procedure in which the suture is placed as high as pos-
sible on the vaginal portion of the cervix. Bladder dis-
section and upward displacement is no longer widely
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practiced, although the original Shirodkar procedure
has a better success rate than a repeat McDonald suture
when a previous suture did not prevent midtrimester
loss. If the cervix is very deficient, bladder dissection
and upward displacement may be unavoidable. Suture
removal is usually performed at approximately 35 to 37
weeks or when labor starts and vaginal delivery is the
goal. In addition to the mechanical compression effect
of the suture, there may be more effective formation of
a mucous barrier to bacterial invasion in the cervical
canal.26 Most clinicians prefer either Mersilene tape
(two to three stitches required) or a braided double silk
suture (five to seven stitches), inserted in a similar man-
ner, with a knot in the anterior fornix.

There is still no consensus as to whether transvaginal
cerlage suturing prolongs pregnancy and enhances
neonatal survival.2L Evidence seems to point to an over-
all benefit in prolonging pregnancy past 34 weeks’ gesta-
tion for women with a cervix less than 2.5 cm long and
for other high-risk groups.3L The largest trial done for
prophylactic historical reasons, before the advent of
transvaginal ultrasound assessment,43 showed a benefit
with transvaginal cerclage after two preterm losses and
no benefit after cervical conization. Although the com-
plication rate after elective preventive cerclage suture is
low (chorioamnionitis develops in 1%-7% of patients),
an increased risk of infection after the procedure must be
considered and discussed with the patient before a deci-
sion is made.

If the option of observing the cervix by transvaginal
ultrasound is chosen, it is important for the clinician and
the patient to understand that by the time funneling and
effacement of the cervix are detected sonographically, a
complicated pathophysiologic process may have begun
and may be impossible to stop. Evidence is conflicting as
to whether screening and placement of a rescue suture is
effective. In arecent study of 2702 women evaluated at 23
weeks by transvaginal ultrasound, 43 (1.6%) had a cervi-
cal length of less than 1.5 cm. Half of the women were
treated expectantly by their clinicians, and of those, 11 of
22 delivered before 32 weeks. The other half had a trans-
vaginal cervical rescue suture inserted; only 1 of 21 deliv-
ered before 32 weeks. Although the two groups were
comparable and a benefit of suturing was indicated, the
study was not randomized.44 Two small randomized stud-
ies and some observational studies suggested a benefit
from serial transvaginal ultrasound and suture insertion
when the cervical length is less than 2.5 cm,30:3145
although one randomized study showed no clear effect of
cerclage suture.33 Moreover, considerable morbidity
occurred in the entire group studied and was attributed to
prexisting subclinical infection, placental abruption, and
preterm labor. The value of this approach and consequent
late or emergency (rescue) cerclage is uncertain. Each
case requires thorough evaluation of the options because
there are no objective guidelines from well-constructed
prospective studies.~13L When dilation and delivery in a
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previous pregnancy was accompanied by bleeding and
pain indicative of concomitant chorioamniotic infection,
transvaginal ultrasound surveillance may be a better
option than prophylactic transvaginal cerclage.

In twin or other multiple pregnancy, routine prophy-
lactic cervical cerclage offers no benefit. Serial ultra-
sound cervical assessments with timely selective cerclage
in women with evidence of cervical shortening and fun-
neling may improve outcome, although this hypothesis is
unproven.1621,31

When very preterm delivery may be imminent because
of advancing cervical shortening or dilation, rescue cer-
clage suture insertion can be considered. For this to meet
with any degree of success, cervical dilation must not be
more than approximately 2 cm and the membranes must
not protrude out of the external cervical os. When the
membranes are visible, the prognosis worsens apprecia-
bly.2 It is then necessary to exclude infection by specu-
lum examination and bacterial culture from the cervix

SUMMARY OF

and to evaluate cervical length and appearance by trans-
vaginal ultrasound. If the woman has no fever and a
normal white blood cell count and serum C-reactive pro-
tein level, chorioamnionitis is less likely. A negative find-
ing on cervicovaginal fibronectin assay (a marker of
choriodecidual disruption) may also be useful.1Harger2L
suggested a management protocol to exclude infection
and identify women who may benefit from late or emer-
gency cervical cerclage suturing. Despite the risk associ-
ated with rescue suture, additional time is sometimes
gained. Extra time is particularly useful from 24 to 26
weeks’ gestation. Complication rates with rupture of the
membranes and chorioamnionitis are high, between
20% and 50%. The value of prophylactic measures to
maintain a normal vaginal bacterial environment (i.e.,
low pH, no bacterial vaginosis) is controversial,4647
although treatment of established bacterial vaginosis
is likely to reduce the risk of preterm birth and is
recommended.47,48

MANAGEMENT OPTIONS

Suspected Cervical Insufficiency

Management Options

Prepregrency

Repair cervical lacerations and allow time for inflammation
to resolve.

Provide counseling about the recurrence risks and options
for pregnancy management.

Prenata

Confirm fetal normality at the end of the first trimester
(NT and transvaginal ultrasound).

Cervical cerclage:
Option 1 Elective cerclage at 12-15 wks:
« McDonald or Shirodkar

« Transabdominal (especially with previous failed
transvaginal approach)

Option 2: Serial cervical ultrasound and “rescue” cerclage
with evidence of change (shortening or funneling)

Prophylactic use of antibiotics is controversial.

Labor and Delivery

Vaginal sutures are usually removed at ~36 wk.

Abdominal sutures require cesarean section; removal at
the same time depends on the patient’s intentions
for future pregnancies.

NT, nuchal translucency.

Quality of Strength of
Evidence Recommendation References
GPP -
- GPP -
- GPP -
b A 43
1] B 31
la A 38
lla B 44
1] B 30,31,45
b A 46
1] B 21
1] B 35,37



MIDTRIMESTER BLEEDING (See also
Chapter 59)

Definition

Midtrimester bleeding is any bleeding that occurs during
midpregnancy. It has the same causes as bleeding that
occurs during the third trimester. It may originate from
the vulva, the vagina and the vaginal portion of the
cervix, from a low-lying placenta or placenta previa, and
from marginal and (rarely) total placental separation.

Risks

Most midtrimester bleeding is not serious,49 but is asso-
ciated with a considerably increased risk of repeated
bleeding and preterm delivery.4950 Repeated first-
trimester bleeding, with or without evidence of
hematoma on ultrasound, is common and is not associ-
ated with a poor prognosis if it resolves before 14 weeks.
However, bleeding in the second trimester is likely to be
related to abnormality of the placental site, and the risk
of an adverse pregnancy outcome is increased twofold
to fivefold.51-53 Among women with painless bleeding
in the second and early third trimesters, one third
deliver preterm. In women with uterine contractility,
two thirds deliver preterm and half of these do so within
1 week.49 After bleeding in the second trimester, the
relative risk of placental abruption increases between 5-
fold and 30-fold.51'53 This bleeding is related to
intrauterine growth restriction and fetal distress.53
Abruption is not common in midpregnancy, probably
because of the normal decrease in blood pressure that
occurs at this time, but if it occurs, the risk of fetal
demise is doubled.”0 Placenta previa also leads to a con-
siderable risk of bleeding in the second trimester.54 An
increased risk of bleeding is also associated with severe
early-onset hypertensive disorder, rare cases of women
who are carriers of a bleeding diathesis, and medication
with anticoagulant drugs.

Management Options

Any bleeding, however slight, with or without pain or
uterine contractions, must be investigated. The same
considerations for diagnosis and treatment apply as in
the third trimester. Cervical or postcoital bleeding may
be related to vaginal or cervical infection, a frail ectro-
pion or cervical polyps, the early stages of cervical insuf-
ficiency, 