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Introduction

Welcome to the third edition of our evidence-based books on obstetrics and maternal-
fetal medicine! I am indebted for your support! I can’t believe how much praise we
have gotten for these companion volumes. Your words of encouragement have kept
me and all the collaborators past and present going now for well over a decade (we
are indebted to contributors to previous editions of this text for their work). It has
been extremely worthwhile, and fulfilling. You are making me happy! In return, I
hope we are helping you and your patients toward ever better evidence-based care of
pregnant women and their babies, and therefore better outcomes. Indeed, maternal
and perinatal morbidities and mortalities throughout the world are improving.

To me, pregnancy has always been the most fascinating and exciting area
of interest, as care involves not one, but at least two persons—the mother and the
fetus—and leads to the miracle of a new life. I was a third-year medical student
when, during a lecture, a resident said: “I went into obstetrics because this is the easi-
est medical field. Pregnancy is a physiologic process, and there isn't much to know. It
is simple.” I knew from my “classical” background that “obstetrics” means to “stand
by, stay near,” and that indeed pregnancy used to receive no medical support at all.
After more than 25 years of practicing obstetrics, I now know that although physi-
ologic and at times simple, obstetrics and maternal-fetal medicine can be the most
complex of the medical fields: pregnancy is based on a different physiology than for
nonpregnant women, can include any medical disease, require surgery, etc. It is not
so simple. In fact, ignorance can kill, in this case with the health of the woman and
her baby both at risk. Too often, I have gone to a lecture, journal club, rounds, or other
didactic event to hear presented only one or a few articles regarding the subject,
without the presenter reviewing the pertinent best review of the total literature and
data. It is increasingly difficult to read and acquire knowledge of all that is published,
even just in obstetrics, with about 3,000 scientific manuscripts published monthly on
this subject. Some residents or even authorities would state at times that “there is no
evidence” on a topic. We indeed used to be the field with the worst use of random-
ized trials [1]. As the best way to find something is to look for it, my coauthors and
I searched for the best evidence. On careful investigation, indeed there are data on
almost everything we do in obstetrics, especially on our interventions. Indeed, our
field is now the pioneer for numbers of meta-analysis and extension of work for evi-
dence-based reviews [2]. Obstetricians are now blessed with lots of data, and should
make the best use of it.

The goals of this book are to summarize the best evidence available in the
obstetrics and maternal-fetal medicine literature, and make the results of random-
ized controlled trials (RCTs) and meta-analyses of RCTs easily accessible to guide
clinical care. The intent is to bridge the gap between knowledge (the evidence) and its
easy application. To reach these goals, we reviewed all trials on effectiveness of inter-
ventions in obstetrics. Millions of pregnant women have participated in thousands
of properly conducted RCTs. The efforts and sacrifice of mothers and their fetuses for
science should be recognized at least by the physicians’ awareness and understand-
ing of these studies. Some of the trials have been summarized in over 600 Cochrane
reviews, with hundreds of other meta-analyses also published in obstetrical topics
(Table 1). All of the Cochrane reviews, as well as other meta-analyses and trials in
obstetrics and maternal-fetal medicine, were reviewed and referenced. The material
presented in single trials or meta-analyses is too detailed to be readily translated
to advice for the busy clinician who needs to make dozens of clinical decisions a
day. Even the Cochrane Library, the undisputed leader for evidence-based medicine
efforts, has been criticized for its lack of flexibility and relevance in failing to be more
easily understandable and clinically readily usable [3]. It is the gap between research
and clinicians that needed to be filled, making sure that proven interventions are
clearly highlighted, and are included in today’s care. Just as all pilots fly planes
under similar rules to maximize safety, all obstetricians should manage all aspects
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Table 1 Obstetrical Evidence

Over 600 current Cochrane reviews
Hundreds of other current meta-analyses
More than 1000 RCTs

Millions of pregnant women randomized

of pregnancy with similar, evidenced-based rules. Indeed, only interventions that
have been proven to provide benefit should be used routinely. On the other hand,
primum non nocere: interventions that have clearly been shown to be not helpful or
indeed harmful to mother and/or baby should be avoided. Another aim of the book
is to make sure the pregnant woman and her unborn child are not marginalized
by the medical community. In most circumstances, medical disorders of pregnant
women can be treated as in nonpregnant adults. Moreover, there are several effective
interventions for preventing or treating specific pregnancy disorders.

Evidence-based medicine is the concept of treating patients according to the best
available evidence. While George Bernard Shaw said: “I have my own opinion, do
not confuse me with the facts,” this can be a deadly approach, especially in medicine,
and compromise two or more lives at the same time in obstetrics and maternal-fetal
medicine. What should be the basis for our interventions in medicine? Meta-analyses
provide a comprehensive summary of the best research data available. As such, they
provide the best guidance for “effective” clinical care [4]. It is unscientific and unethi-
cal to practice medicine, teach, or conduct research without first knowing all that
has already been proven [4]. In the absence of trials or meta-analyses, lower level
evidence is reviewed. This book aims at providing a current systematic review of all
the best evidence, so that current practice and education, as well as future research
can be based on the full story from the best-conducted research, not just the latest
data or someone’s opinion (Table 2).

These evidence-based guidelines cannot be used as a “cookbook,” or a docu-
ment dictating the best care. The knowledge from the best evidence presented in the
guidelines needs to be integrated with other knowledge gained from clinical judg-
ment, individual patient circumstances, and patient preferences, to lead to best medi-
cal practice. These are guidelines, not rules. Even the best scientific studies are not
always perfectly related to any given individual, and clinical judgment must still be
applied to allow the best “particularization” of the best knowledge for the individual,
unique patient. Evidence-based medicine informs clinical judgment, but does not
substitute it. It is important to understand though that greater clinical experience by
the physician actually correlates with inferior quality of care if not integrated with
knowledge of the best evidence [5]. The appropriate treatment is given in only 50%
of visits to general physicians [5]. At times, limitations in resources may also limit
the applicability of the guidelines, but should not limit the physician’s knowledge.
Guidelines and clinical pathways based on evidence not only point to the right man-
agement, but also can decrease medicolegal risk [6]. We aimed for brevity and clarity.
Suggested management of the healthy or sick mother and child is stated as straight-
forwardly as possible, for everyone to easily understand and implement (Table 3). If
you find the Cochrane reviews, scientific manuscripts, and other publications dif-
ficult to “translate” into care of your patients, this book is for you. We wanted to
prevent information overload.

Table 2 Goals of This Book

* Improve the health of women and their children

* “Make it easy to do it right”

* Implement the best clinical care based on science (evidence), not opinion
e Education

e Develop lectures

¢ Decrease disease, use of detrimental interventions, and therefore costs

* Reduce medicolegal risks




Table 3 This Book Is For

* Obstetricians

e Midwives

* Family medicine and others (practicing obstetrics)
* Residents

* Nurses

* Medical students

* Maternal-fetal medicine attendings

¢ Maternal-fetal medicine fellows

e Other consultants on pregnancy

* Lay persons who want to know “the evidence”
¢ Politicians responsible for health care

On the other hand, “everything should be made as simple as possible, but not
simpler” (A. Einstein). Key management points are highlighted at the beginning of
each guideline, and in bold in the text. The chapters are divided in two volumes,
one on obstetrics and one on maternal-fetal medicine; cross-references to chapters in
Maternal-Fetal Evidence Based Guidelines have been noted in the text where applicable.
Please contact us (vincenzo.berghella@jefferson.edu) for any comments, criticisms,
corrections, missing evidence, etc.

I have the most fun discovering the best ways to alleviate discomfort and dis-
ease. The search for the best evidence for these guidelines has been a wonderful,
stimulating journey. Keeping up with evidence-based medicine is exciting. The most
rewarding part, as a teacher, is the dissemination of knowledge. I hope, truly, that
this effort will be helpful to you, too.
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How to “Read” This Book

The knowledge from randomized controlled trials (RCTs) and meta-analyses of
RCTs is summarized and easily available for clinical implementation. Key manage-
ment points are highlighted at the beginning of each guideline, and in bold in the
text. Relative risks and 95% confidence intervals from studies are quoted sparingly.
Instead, the straight recommendation for care is made if one intervention is superior
to the other, with the percent improvement often quoted to assess degree of benefit.
If there is insufficient evidence to compare to interventions or managements, this is
clearly stated.

References: Cochrane reviews with 0 RCT are not referenced, and, instead of
referencing a meta-analysis with only one RCT, the actual RCT is usually referenced.
RCTs that are already included in meta-analyses are not referenced, for brevity and
because they can be easily accessed by reviewing the meta-analysis. If new RCTs
are not included in meta-analysis, they are obviously referenced. Each reference was
reviewed and evaluated for quality according to a modified method as outlined by
the U.S. Preventive Services Task Force (http://www.ahrq.gov):

I Evidence obtained from at least one properly designed
randomized controlled trial.

111 Evidence obtained from well-designed controlled trials without
randomization.

112 Evidence obtained from well-designed cohort or case-control

analytic studies, preferably from more than one center or
research group.

1I-3 Evidence obtained from multiple time series with or without the
intervention. Dramatic results in uncontrolled experiments
could also be regarded as this type of evidence.

III (Review)  Opinions of respected authorities, based on clinical experience,

descriptive studies, or reports of expert committees.

These levels are quoted after each reference. For RCTs and meta-analyses, the
number of subjects studied is stated and, sometimes, more details are provided to aid
the reader to understand the study better.
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List of Abbreviations

Ab
AC
ACA
ACOG

ACS
ADR
AF
AFI
AFP
AFV

AIDS

ALT
ANA
aPT
APS
aPTT
AROM
ART
ARV
ASA
ASD
AST
AT III
AZT
bid
BPD
BPD
BPP
BMI

CAP
CBC
CCB
CDC
CF
CHD
CL
CMV
CNS
COX
CRL
CSE
CSF

CVS
DES
DIC

DM
DNA
DRVVT

antibody

abdominal circumference
anticardiolipin antibody
American College of Obstetricians
and Gynecologists

acute chest syndrome
autosomic dysreflexia
amniotic fluid

amniotic fluid index
alpha-fetoprotein

amniotic fluid volume
antigen

acquired immune defi-
ciency syndrome

alanine aminotransferase
antinuclear antibodies
activated prothrombin time
antiphospholipid syndrome

activated partial thromboplastin time

artificial rupture of membranes
assisted reproductive technologies
antiretroviral therapy

aspirin

atrial septal defect

aspartate aminotransferase
antithrombin IIT

ziduvudine

“bis in die,” i.e., twice per day
biparietal diameter
bronchopulmonary dysplasia
biophysical profile

body mass index

blood pressure
community-acquired pneumonia
complete blood count

calcium channel blocker
Centers for Disease Control
cystic fibrosis

congenital heart defect

cervical length
cytomegalovirus

central nervous system
cyclooxygenase

crown-rump length

combined spinal epidural
cerebrospinal fluid
computerized tomography
chorionic villus sampling
diethylstilbestrol

disseminated intravas-

cular coagulation

diabetes mellitus
deoxyribonucleic acid

dilute Russell’s viper venom time

DV

DvP
DVT
ECV
EDC
EDD

EKG
FBS
FDA
FEN
FGR
FHR
FISH
FLM
FOB
FPR
FTS
FVL

GBS
GDM
GI
HAART
HAV
HBV
HBsAg
HCG
Hct
HCV

Hgb
HIE
HIV

HSV
HTN
ICU
IUGR

I\Y%
IVH
L&D
LA
Lab
LFT
LMP
LBW
LMW
LMWH
LR
MAS
MCA

ductus venosus

deepest vertical pocket

deep vein thrombosis

external cephalic version
estimated date of confinement
estimated date of deliv-

ery (synonym of EDC)
electrocardiogram

fetal blood sampling

Food and Drug Administration
fetal fibronectin

fetal growth restriction

fetal heart rate

fluorescent in situ hybridization
fetal lung maturity

father of baby

false positive rate

first-trimester screening

factor V Leiden

grams

gestational age

group B streptococcus
gestational diabetes
gastrointestinal

highly active antiretroviral therapy
hepatitis A virus

hepatitis B virus

hepatitis B surface antigen
human chorionic gonadotroponin
hematocrit

hepatitis C virus

hyperemesis gravidarum
hemoglobin

hypoxic-ischemic encephalopathy
human immunodeficiency virus
heart rate

herpes simplex virus
hypertension

intensive care unit

intrauterine growth restric-
tion (synonym of FGR)
intravenous

intraventricular hemorrhage
labor and delivery floor

lupus anticoagulant

laboratory

liver function tests

last menstrual period

low birth weight (infants)

low molecular weight
low-molecular-weight heparin
likelihood ratio

meconium aspiration syndrome
middle cerebral artery
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MCV
MOM
MRI
MTHFR
MVP
NA
NAIT

NEC
NIH
NIH
NRFS
NRFHR
NRFHT
NSAIDS

NT
NTD
NST
n/v
OR
ORA
PC
PCR
PE
PFT
PGM
PID
PL
PNC
po
PPH
PRCD
PS
PT
PTB
PTT
PPROM

pRBC
PROM
pPSv
PTL
PTU

LIST OF ABBREVIATIONS

mean corpuscular volume
multiple of the median
magnetic resonance imaging

methylenetetrahydrofolate reductase

maximum vertical pocket
not available

neonatal alloimmune
thrombocytopenia
necrotizing enterocolitis
National Institutes of Health
nonimmune hydrops
nonreassuring fetal status
nonreassuring fetal heart rate
nonreassuring fetal heart testing
nonsteroidal anti-inflam-
matory drugs

nuchal translucency

neural tube defects

nonstress test

nausea and/or vomiting
operating room

oxytocin receptor agonist
protein C

polymerase chain reaction
pulmonary embolus
pulmonary function tests
prothrombin gene mutation
pelvic inflammatory disease
pregnancy loss

prenatal care

“per os,” i.e,, by mouth
postpartum hemorrhage
planned repeat cesarean delivery
protein S

prothrombin time

preterm birth

partial thromboplastin time
preterm premature rup-

ture of membranes

packed red blood cells
preterm rupture of membranes
peak systolic velocity
preterm labor
propylthiouracil

PUBS

PVH
qd
qid
ghs
Qs
RBC
RCT
RDS
RNA
ROM
RPR
RR
Rx
SAB
sC
SCI
SDP
SIDS
SLE
SPTB
STD

STI
STS
TB
TG
tid
TOL
TRAP
TRH
TSH
TSI

TTTS

TVU

UA

UFH

U/S (or u/s)
VBAC
VDRL

VSD

VTE

WHO

percutaneous umbili-

cal blood sampling
periventricular hemorrhage
once a day

four times per day

before bedtime

quadruple screen

red blood cell

randomized controlled study
respiratory distress syndrome
ribonucleic acid

rupture of membranes

rapid plasma reagin
respiratory rate

treatment

spontaneous abortion
subcutaneous

spinal cord injury

single deepest pocket

sudden infant death syndrome
systemic lupus erythematosus
spontaneous preterm birth
sexually transmitted dis-
eases (synonym of STI)
sexually transmitted infections
second-trimester screening
tuberculosis

Toxoplasma gondii

three times per day

trial of labor

twin reversal arterial perfusion
thyrotropin-releasing hormone
thyroid-stimulating hormone
thyroid-stimulating

immune globulins

twin-twin transfusion syndrome
transvaginal ultrasound
umbilical artery
unfractionated heparin
ultrasound

vaginal birth after cesarean

venereal disease research laboratory

ventricular septal defect
venous thromboembolism
World Health Organization
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Preconception care

Johanna Quist-Nelson

KEY POINTS

Preconception care is a set of interventions that aim to
identify and modify biomedical, behavioral, and social
risks to a woman's health or pregnancy outcome through
prevention and management. The foundation of precon-
ception care is prevention.

® Preconception care should occur any time if any health-
care provider sees a reproductive-age woman (e.g., 15-44
years old).

e Personal and family history, physical exam, laboratory
screening, reproductive plan, nutrition, supplements,
weight, exercise, vaccinations, and injury prevention
should be reviewed in all reproductive-age women.

e Folic acid 400 pg/day, as well as proper diet and exercise,
should be encouraged.

* Regarding vaccinations, women should receive the influ-
enza vaccine if planning pregnancy during flu season;
the rubella and varicella vaccines if there is no evidence
of immunity to these viruses; and tetanus/diphtheria/
pertussis if lacking adult vaccination.

® Specific interventions to reduce morbidity and mortal-
ity for both the woman and her baby should be offered to
those identified with chronic diseases or exposed to terato-
gens or illicit substances.

HISTORY

Preconception care has ancient origins. Plutarch (46-120 cE)
wrote that the ancient Spartans “[..] ordered the maidens to
exercise [..], to the end that the fruit they conceived might [...]
take firmer root and find better growth” [1].

DEFINITION

Preconception care is a set of interventions that aim to iden-
tify and modify biomedical, behavioral, and social risks to
a woman's health or pregnancy outcome through prevention
and management [2,3]. This care has also been called prepreg-
nancy, interpregnancy care, or periconceptional medicine [4].

AIM AND EFFECTIVENESS

The foundation of preconception care is prevention.
Prevention of disease is the most effective form of medicine,
and health care should shift from the delivery of procedure-
based acute care to the provision of counseling-based preven-
tive care [5,6]. For example, the two leading causes of death
in the first year of life—birth defects and disorders caused
by preterm birth (PTB)—can both be significantly reduced by
preconception care. Randomized controlled trials have cor-
roborated that women are likely to incorporate change in
modifiable health behaviors in response to preconception
counseling [7]. General practitioner-initiated preconception

counseling not only decreases adverse pregnancy outcomes
but also reduces anxiety in reproductive-age women [8].

TIMING AND TARGET POPULATION

The time that people should start caring for a pregnancy is
not after, but before, conception. Preconception care should
occur any time any health-care provider sees a reproductive-
age woman. A reproductive-age woman is usually defined as
between 15 and 44 years of age, but occasionally even younger
or older women contemplate, or at least are at risk of, preg-
nancy. The first prenatal visit is “months too late!” [9]. It often
happens after first-trimester exposure to a potential teratogen
has already occurred. There are about 1 billion reproductive-
age women worldwide. In the United States, as an example,
only about half of pregnancies are planned. As women get
pregnant later in life, disease prevalence and medication expo-
sures increase. Approximately 80% of reproductive-age U.S.
women have dental disease, 66% are obese or overweight, 55%
drink alcohol, 11% continue to smoke during pregnancy, 9%
have diabetes, 6% asthma, 3% hypertension, and 3% cardiac
disease [2]. The incidences of many of these conditions, even
among pregnant women, are on the rise.

While some beneficial interventions could be started as
soon as a pregnancy is diagnosed, this is unrealistic. Many of the
preventive measures take time, often months, such as quitting
smoking, losing weight, folic acid supplementation, and stabili-
zation of medical conditions with effective and safe medications.

OPPORTUNITIES FOR PRECONCEPTION CARE

By age 25, about 50% of U.S. women have had at least one birth.
The highest fertility rate occurs in 25- to 30-year-old women.
By age 44, >85% have given birth at least once. About 84% of
reproductive-age women, when asked, answer that they had a
health-care visit within the prior year [6]. Therefore, universal
preconception care can be achieved if health-care providers
make it a priority and plan for it at every opportunity (Table
1.1). The approach should be “every reproductive-age woman,
every time” [6]. Every reproductive-age woman should be
asked at every health-care encounter: “Are you considering
pregnancy?” and “Could you possibly become pregnant?”
Increased awareness of preconception care can be accomplished
through improving health resources, public outreach, and adver-
tising. Despite its great effectiveness, not all health-care plans
cover preconception care. A preconception visit (or often more
than one) should be standard primary care, as stated by the
Center for Disease Control [2]. It should be as routine, if not more
so, as prenatal care, as should the screening and interventions
associated with it. A clear political will to drive the funding and
insurance coverage for preconception care is required.
Therefore, providers of all specialties should be aware
of the evidence-based recommendations (Tables 1.1-1.8).
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Table 1.1 Visits That Are Opportunities for Preconception Care

Adolescent (first gynecological exam)

Any visit to a doctor during reproductive years (15—44 years old)
College—graduate school health

Family planning, contraception prescribing, and counseling
Annual ob-gyn

Postpartum

Pregnancy test (especially if negative)

Health maintenance

Medical work

Emergency visit

Fertility

(Pre)marriage

Table 1.2 Topics to Be Reviewed in Preconception Care

Screening for risk assessment

¢ Personal and family history, physical exam, and laboratory
screening

Preventive health

* Reproductive plan

¢ Nutrition, supplements, weight, and exercise

¢ Vaccinations

¢ Injury prevention

Specific individual issues/“exposures”

¢ Chronic diseases

¢ Medications (teratogens)

e Substance abuse/environmental hazards and toxins

Organizations representing family and internal medicine,
obstetrics and gynecology, nurse midwifery, nursing, public
health, diabetes, neurology, cardiology, and many other asso-
ciations have supported recommendations for preconception
care. Unfortunately, practitioners seldom implement them [10],
even though it is an opportunity to optimize the health of the
woman independent of whether she is planning pregnancy
[6]. Only one out of six obstetrician-gynecologists (ob-gyns) or
family physicians provides preconception care to the majority
of women for whom they provide prenatal care [11].

Preconception care may often need to be multidisci-
plinary care. Prior to pregnancy, a woman can have numerous
different medical problems affecting different specialties, and
her care should occur in close collaboration among the differ-
ent fields involved. Maternal physiology is different than
nonpregnant adult physiology. An entire field, maternal-fetal
medicine, is dedicated to the care of pregnancies with mater-
nal or fetal problems, and these specialists are particularly
adept at directing best practices for preconception counsel-
ing. Preconception care occurs best if all practitioners, includ-
ing primary and specialty care, either directly implement or
appropriately refer for implementation of effective precon-
ception screening and intervention. The worse scenario is the
belief that a positive pregnancy test is a good reason to “stop
all medicines” thereby stopping disease treatment. Prevent
panic: get women ready for a healthy pregnancy before contra-
ception is stopped.

CONTENT OF PRECONCEPTION CARE

Topics pertinent to optimizing preconception health and there-
fore future maternal and perinatal outcome should be dis-
cussed. Topics to be discussed in preconception care are listed
in Table 1.2 [2,12]. Further research is needed to determine the
best content of preconception care and the most effective way
to implement it [13,14].

UNIVERSAL SCREENING AND

RELATED INTERVENTIONS

History, Exam, and Laboratory Screen

Suggested preconception screening assessment is shown in
Table 1.3 [12,15]. A questionnaire should be completed ahead
of time, either on paper or online, to review this extensive list.
A standardized form improves the completeness of preconcep-
tion screening, which necessitates time and commitment [16].
This standardized preconception form should be integrated
into the permanent record of all reproductive-age woman. In a
randomized trial, women assigned to be screened with a pre-
conception risk survey were found to have an average of nine

Sources: Modified from Johnson K et al., MMWR Morb Mortal Wkly
Rep, 55(RR-6), 1-23, 2006; Henderson JT et al., Women Health Issue,
12, 138—-149, 2002.

risk factors, supporting the facts that even low-risk women
may benefit from preconception screening [13].

History should be detailed, especially when pertinent
positives are detected. Prior inpatient and outpatient medical
records should be reviewed. Women should be empowered
with easy access to their records (best if electronic), to facili-
tate multispecialty care coordination. Personal prenatal medi-
cal record access has been associated with increased maternal
control, satisfaction during pregnancy, and increased avail-
ability of antenatal records during hospital attendance [17].

Prior obstetrical and gynecological history, including
prior pregnancy complications, should be reviewed. Other
reproductive issues should also be assessed: fertility, includ-
ing the possibility of assisted reproductive technology needs,
sexuality (in particular high-risk behaviors), contraception,
partner selection, and sexual function. Several social issues
need to be reviewed as well (Table 1.3).

All couples should have a basic screen for family history
of heritable genetic disorders, with a pedigree to at least the
second prior generation. Women belonging to an ethnic group
at increased risk for a recessive condition (Table 1.4) should
be offered appropriate screening. All couples should be made
aware of the option for cystic fibrosis (CF) screening, espe-
cially those who have a family history of CF, are in a high-risk
group, or are reproductive partners of individuals with CF [18].
Women with a specific indication for genetic testing should be
referred for formal genetic counseling (see Chapters 5 and 6).

Physical exam details are shown in Table 1.3. Pelvic
exam may include cytologic and sexually transmitted infec-
tion screening for women with certain risk factors. Laboratory
tests are done routinely (Table 1.3) and depend on risk factors
(Table 1.4) [12].

Reproductive Health Plan

Asking a reproductive-age woman, and therefore inducing
her to think about, her reproductive health plan should be a
priority of any medical visit [19]. Such a plan should address
the desire (or not) for children; the optimal number, spacing,
and timing of pregnancies; contraception to achieve this plan;
opportunities to improve her health and therefore a success-
ful reproductive life; and age-related changes in fertility [19].
Having a reproductive health plan reduces unintended preg-
nancies, age-related infertility, and fetal exposure to terato-
gens [2]. Very few women know that a short interpregnancy
interval (i.e., <6 months from the end of last pregnancy to



the next conception) is associated with increased incidence
of both small-for-gestational-age and low-birth-weight neo-
nates [20]. Folic acid depletion may be the etiology for these
increased risks [21]. Education and contraception advice are
necessary to aim for the wished reproductive plan, avoiding
unplanned pregnancies, and optimizing the 18- to 24-month
interpregnancy interval goal. In a nonrandomized study, pre-
conception care decreased the number of unintended preg-
nancies [22].

Table 1.3 Preconception Screening Assessment for all
Reproductive-Age Women (15—-44 Years Old)

History
Reason for visit
Health status: obstetrical, gynecological, medical, surgical,
and family history
Use of prescription, over-the-counter, complementary, and
alternative medicines
Allergies (to medications or other)
Tobacco, alcohol, other drug use
Work-related exposures
Dietary/nutrition assessment
Physical activity
Urinary and fecal incontinence
Physical examination
Height, weight, body mass index (BMI)
Blood pressure
Head
Neck: adenopathy and thyroid
Breasts
Heart, lungs
Abdomen
Pelvic examination
Skin
Laboratory testing
Rubella titera
Varicella titer2
Human immunodeficiency virus (HIV) testing®
Cervical cytology®
Chlamydia testing (if aged 25 years or younger and sexually active)
Evaluation and counseling
Sexuality and reproductive planning
High-risk behaviors
Discussion of a reproductive health plan
Contraceptive options for prevention of unwanted
pregnancy, including emergency contraception
Genetic counseling
Sexually transmitted diseases
Partner selection
Barrier protection
Sexual function
Fitness and nutrition
Dietary/Nutrition assessment
Exercise program
Folic acid supplementation (0.4 mg/day)
Calcium intake
Psychosocial evaluation
Abuse/neglect/violence (physical, sexual, and emotional)
Sexual practices
Lifestyle/stress
Sleep disorders
Home and work (including satisfaction, and environmental
hazards)
Interpersonal/family relationships; social support
Depression (suicide)
Criminality
Education
Language and culture
Health insurance status; coverage; access; public programs
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Table 1.3 Preconception Screening Assessment for all
Reproductive-Age Women (15—44 Years Old) (Continued)

Cardiovascular risk factors
Family history
Hypertension
Dyslipidemia
Obesity
Diabetes mellitus
Health/risk behaviors
Hygiene (including dental)
Injury prevention
Safety belts and helmets
Occupational hazards
Recreational hazards
Firearms
Hearing
Exercise and sports involvement
Breast self-examination
Vaccinations
See Table 1.5

Sources: Modified from Henderson JT et al., Women Health Issue, 12,
138—149, 2002; Jack BW et al., Am J Obstet Gynecol, 199(6B), S266—
S279, 2008.

aUnless documented immunity.

PHIV screening should be offered as routine to all women of reproduc-
tive age, under an “opt-out” policy. Physicians should be aware of and
follow their states’/countries’ HIV screening requirements.

°Cervical cytology guidelines indicate that testing should begin at the
age of 21, unless the patient is infected with HIV.

All women should be counseled that 2%-3% of babies
are born with minor (usually) or major anomalies. Screening
and diagnostic options to detect aneuploidy and birth defects
should be reviewed so that women may consider their options
in relation to their personal values.

Nutrition, Weight, and Exercise

Lifelong habits of healthy diet and regular exercise should
be established preconceptionally [23]. Proper diet and exer-
cise can prevent several complications of pregnancy, includ-
ing gestational diabetes and hypertensive complications [24].
Some studies suggest a correlation between a diet high in
fruits, vegetables, nuts, and legumes, less than two servings
of meat weekly and at least two servings of fish weekly (the
“Mediterranean Diet”) with decreased rates of infertility and
PTB [25-27].

In addition to following a healthy diet, issues of food
safety are important to review. All meat, seafood, and shell-
fish should be thoroughly cooked. Eating at least 12 oz. of fish
weekly is associated with several benefits, including a lower
rate of PTB (see Chapter 17), but women must avoid >2 serving/
week of shark, swordfish, king mackerel, some tuna, or tilefish,
all of which may contain high concentrations of methyl mer-
cury. Albacore (white) tuna has more mercury than canned,
light tuna [28]. Other recommendations include eating only
pasteurized eggs and dairy products and washing raw fruits
and vegetables before eating. Women should try to obtain a
minimum daily iodine intake of 150 mg/day. Education about
proper hand, food, and cooking utensil hygiene is important,
especially in developing countries.

Body mass index (BMI) should be calculated at least
annually for reproductive-age women [29]. For women with a
BMI that falls outside the normal range [28-34], preconception
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Table 1.4 Preconception Laboratory Screening Depending on Risk Factors

Personal history:
Age:

>35: fasting glucose

Race:

African-American: fasting glucose; hemoglobin electrophoresis (for sickle cell disease)

Hispanic, Native American, Pacific Islander: fasting glucose

Mediterranean: mean corpuscular volume (MCV) screening (for thalassemia)

Ethnic testing: Ashkenazi—familial dysautonomia; Tay-Sachs; Canavan; Fanconi anemia type C; Niemann-Pick disease type A;
Bloom’s syndrome; Gaucher disease; glycogen storage 1a; maple syrup urine disease; mucolipidosis type IV

Prior obstetrical history:

Prior birth of a newborn weighting more than 9 Ib or >4500 g (macrosomia): fasting glucose

History of gestational diabetes mellitus: fasting glucose

Prior unexplained fetal death: check autopsy and karyotype of fetal death; antiphospholipid antibody testing; fasting glucose
Prior infant with congenital anomaly (if not screened in that pregnancy): fasting glucose

Prior recurrent unexplained early pregnancy loss: antiphospholipid antibody testing; study of uterine anatomy; parental karyotype

Prior medical history:

Metabolic syndrome/obesity; family history of lipid or coronary disorders: cholesterol/lipid profile
Diabetes: lipid profile; hemoglobin A1ic; cardiac and renal baseline function assessment; ophthalmologic exam
Hypertension: fasting glucose; baseline cardiac, renal, and liver functions

Multiple coronary heart disease risk factors (e.g., tobacco use, hypertension): lipid profile
High-density lipoprotein cholesterol level <35 mL/dL: fasting glucose

Triglyceride level =250 mg/dL: fasting glucose

History of impaired glucose tolerance or impaired fasting glucose: fasting glucose

Chronic use of steroids: fasting glucose

Polycystic ovary syndrome: fasting glucose

History of vascular disease: fasting glucose

Marfan syndrome: echocardiogram for assessment of aortic root; eye exam for lens

History of STD, drug abuse, etc.: HIV, Hep C

Recipients of blood from donors who later tested positive for HCV infection: Hep C

Recipients of blood or blood-component transfusion or organ transplant before July 1992: Hep C
Recipients of clotting factor concentrates before 1987: Hep C

Chronic (long-term) hemodialysis: Hep C

History of transfusion from 1978 to 1985: HIV

Invasive cervical cancer: HIV

HIV infection: STD screening; PPD

Medical risk factors known to increase risk of TB if infected: PPD

Not sure whether patient had varicella infection or vaccination in past: varicella titer

Social history:

HIV or TB contact, IV drug use, etc.: TB testing

History of injecting illegal drugs: Hep C; HIV; STD screening (chlamydia, gonorrhea, syphilis, etc.); PPD
Occupational percutaneous or mucosal exposure to HCV-positive blood: Hep C

More than one sexual partner since most recent HIV test or a sex partner with more than one sexual partner since most recent
HIV test: HIV

Seeking treatment for STDs: HIV

History of prostitution: STD screening; HIV

Past or present sexual partner who is HIV positive or bisexual or injects drugs: HIV

Long-term residence or birth in an area with high prevalence of HIV infection: HIV

Adolescents who are or ever have been sexually active: HIV

Adolescents entering detention facilities: HIV; STD screening

Offer to women seeking preconception evaluation: HIV (all women should be screened)

History of multiple sexual partners or a sexual partner with multiple contacts: STD screening

Sexual contact with individuals with culture-proven STD: STD screening

History of repeated episodes of STDs: STD screening

Attendance at clinics for STDs: STD screening

All sexually active women aged 25 years or younger: chlamydia

All sexually active adolescents: gonorrhea

Close contact with individuals known or suspected to have TB: PPD

Born in country with high TB prevalence: PPD

Medically underserved: PPD

Low income: PPD

Alcoholism: PPD

Resident of long-term care facility (e.g., correctional institutions, mental institutions, and nursing homes and facilities): PPD
Health professional working in high-risk health-care facilities: PPD

Family history:

Family history of diabetes mellitus: fasting glucose
Family history of diabetes; history of gestational diabetes, overweight/obese, hypertension, high-risk ethnic group (African-
American, Hispanic, Native American): fasting glucose every 3 years
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Table 1.4 Preconception Laboratory Screening Depending on Risk Factors (Continued)

* Family history suggestive of familial hyperlipidemia: lipid profile

* Family history of premature (age < 50 years for men, age < 60 years for women) cardiovascular disease: lipid profile

¢ Colorectal cancer or adenomatous polyps in first-degree relative younger than 60 years or in two or more first-degree relatives of
any ages; family history of familial adenomatous polyposis or hereditary nonpolyposis colon cancer: colonoscopy

» First-degree relative (i.e., mother, sister, or daughter) or multiple other relatives who have a history of premenopausal breast or

breast or ovarian cancer: mammography

¢ Family history of Marfan syndrome: echocardiogram for assessment of aortic root; eye exam for lens

e Family history of breast cancer: mammography

¢ Family history of thyroid disease: TSH

Physical examination:

¢ Overweight (BMI = 25): fasting glucose

e Hypertension: fasting glucose

Laboratory screening:

¢ Persistently abnormal alanine aminotransferase levels: Hep C
¢ Glycosuria: fasting glucose

Source: Modified from Henderson JT et al., Women Health Issue, 12, 138—-149, 2002.
Abbreviations: STDs, sexually transmitted diseases; HIV, human immunodeficiency virus; Hep C, hepatitis C; HCV, hepatitis C virus; PPD, purified
protein derivative; TB, tuberculosis; IV, intravenous; TSH, thyroid-stimulating hormone; BMI, body mass index.

counseling regarding the woman’s increased risk of complica-
tions in pregnancy is extremely important. Formal nutritional
counseling should be offered and goals set to avoid preg-
nancy until optimal weight is achieved. Women with low
BMI should be screened for eating disorders. In overweight
and obese women, calorie and portion-size control may be the
most effective methods of sustained preconception weight loss.
Unfortunately, there are no current evidence-based guidelines
as to the most effective method of weight loss in the preconcep-
tion period for obese and overweight patients [34]. Postpartum
individual counseling on diet and physical activity increased
the proportion of women returning to prepregnancy weight
from 30% to 50% in one randomized trial [30].

An exercise routine that can be started preconception-
ally and safely continued in pregnancy may include yoga; brisk
walking (including hiking and backpacking); jogging; swim-
ming; biking; cross-country skiing; and using fitness equip-
ment such as an elliptical trainer, treadmill, or stationary bike.
Women should be given standard advice for engaging in regular
physical activity for 30-60 min/day for 5 or more days per week.

Supplements
The preconception intervention with the most evidence-based
data to support its efficacy is folic acid supplementation. Folic
acid supplementation is recommended, with a minimum of
400 pg/day for all women (93% decrease in neural tube defects
[NTDs]), and 4 mg/day for women with prior children with
NTDs (69% decrease in recurrent NTDs) [32].
Supplementation should start at least 1 month before con-
ception and continue until at least 28 days after conception (time
of neural tube closure). Given the unpredictability of planned
conception, all reproductive-age women should be on folic acid
supplementation from menarche to menopause. Women taking
antiseizure medications, other drugs that might interfere with
folic acid metabolism, those with homozygous methylenetet-
rahydrofolate reductase (MTHFR) enzyme mutations, or those
who are obese may need higher doses of folic acid supplemen-
tation. As increases in baseline serum folate level are directly
proportional with a decrease in the incidence of NTD, some
experts have advocated 5 mg of folic acid per day as optimal
universal supplementation [33]. Folic acid supplementation has
also been associated with a decrease in the risk of congenital
anomalies other than NTDs (e.g., cardiac, facial clefts) [34,35].

The overall benefits or risks of fortifying basic foods
such as grains with added folate have been associated with a
140-200 pg/day increase in supplementation and a 20%-50%
decrease in incidence of NTD [33,36]. Education with provi-
sion of printed material [32,37], computerized counseling [38],
and learner-centered nutrition education [39] all increase the
awareness of the folate/NTDs association and the use of the
folate supplements. These interventions may be effective in
increasing the prophylactic use of additional preconception
care activities.

There is insufficient evidence to justify the routine
use of other supplements in reproductive-age women, espe-
cially in the developed world, unless a nutritional deficiency
has been identified. It is important to obtain a minimum
daily iodine intake of 150 mg/day and 10,000 IU daily of
vitamin A (as beta-carotene) if deficiencies in these nutri-
ents are identified. The use of certain supplements may be
detrimental, especially if excessive amounts of lipid-soluble
vitamins such as vitamin A (>10,000 IU/day) are taken, since
they can be teratogenic. All supplements, including alterna-
tive and complementary medicines, should be reviewed (see
also Chapter 2) [40,41].

Vaccines
Preconception vaccination for the prevention of fetal and
maternal disease is an important preconception intervention
(Table 1.5) (see also Chapter 38 in Maternal-Fetal Evidence Based
Guidelines). Maternal immunity to infections such as rubella
and varicella should be assessed for potential vaccination of
nonimmune women, thus eliminating their risk for congenital
syndromes associated with these viruses. Vaccination with live
attenuated viruses should occur at least 4 weeks prior to con-
ception due to theoretical risk of live virus affecting the fetus.
Annual influenza vaccination for women and their
partners contemplating pregnancy will reduce the chance
of maternal prenatal infection, a time during which higher
morbidity has been documented. Influenza vaccination
for new mothers and other close contacts of the newborn
will reduce risk of infection for the child who is unable to
receive vaccination until 6 months of age. Through this pro-
cess of “cocooning,” the newborn is protected from the high
morbidity and mortality rates associated with influenza in
the first year of life [42].
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Table 1.5 Recommended Preconception Vaccinations

All reproductive-age women

e During flu season: Influenza

* No evidence of immunity to rubella: MMR

* No evidence of immunity to varicella: Varicella

¢ No adult Td vaccination in last 2 years: Tetanus/Diphtheria/Pertussis (Tdap)

* Hepatitis B nonimmune: Hepatitis B vaccine

Age

e All girls and women 9-26 years old: HPV

* All persons 18 years old and younger without immunity to hepatitis B infection: Hepatitis B

Occupational

* Health-care workers: Hepatitis B, Influenza, MMR, Varicella

* Public safety workers who have exposure to blood in the workplace: Hepatitis B

* Students in schools of medicine, dentistry, nursing, laboratory technology, and other allied health professions: Hepatitis B

¢ Staff of institutions for the developmentally disabled: Hepatitis B

¢ Individuals who work with HAV-infected nonhuman primates or with HAV in a research laboratory setting: Hepatitis A

* Military recruits: Meningococcus

* Microbiologists routinely exposed to Neisseria meningitidis isolates: Meningococcus

Social history/living situation

¢ Individuals with more than one sexual partner in the previous 6 months: Hepatitis B

* Household contacts and sexual partners of individuals with chronic hepatitis B infection: Hepatitis B

¢ Inmates of correctional facilities: Hepatitis B

* Clients of institutions for the developmentally disabled: Hepatitis B

¢ lllegal injected drug users: Hepatitis B

* lllegal drug users (injected and noninjected): Hepatitis A

* Exposure to environment where pneumococcal outbreaks have occurred: Pneumococcus

* Native Alaskan/Native American: Pneumococcus

¢ Alcohol abuse: Pneumococcus

* Tobacco smoking: Pneumococcus

* Residents of long-term care facilities: Influenza, Pneumococcus

* First-year college students living in dormitories: Meningococcus

Travel/immigration

¢ Individuals traveling to or working in countries that have high or intermediate endemicity of hepatitis A: Hepatitis A

* International travelers who will be in countries with high or intermediate prevalence of chronic hepatitis B infection for more than
6 months: Hepatitis B

* Travel to areas hyperendemic or epidemic for Neisseria meningitides: Meningococcus

Pulmonary conditions

¢ Chronic pulmonary disorders, including asthma: Pneumococcus

Cardiac conditions

* Chronic cardiovascular disorders (e.g., CHF, cardiomyopathies): Influenza, Pneumococcus

Renal conditions

* Chronic metabolic diseases, including renal dysfunction: Influenza, Pneumococcus

* Nephrotic syndrome: Pneumococcus

* End-stage renal disease including those on dialysis: Hepatitis B

Endocrine conditions

¢ Diabetes mellitus: Influenza, Pneumococcus

Hematologic/lImmunologic conditions

¢ Prior transfusions: Hepatitis A, Hepatitis B

* Patients with clotting factor disorders (those who receive clotting factor concentrates): Hepatitis A

¢ Chronic illness, such as functional asplenia (e.g., sickle cell disease) or splenectomy: Pneumococcus

* Immunocompromised patients (e.g., HIV infection, hematologic or solid malignancies, chemotherapy, steroid therapy): Pneumococcus

e Adults with anatomic or functional asplenia: Pneumococcus, Meningococcus

¢ Terminal complement component deficiencies: Meningococcus

Infectious conditions

¢ Individuals with a recently acquired or recent evaluation for STI: Hepatitis B

e Allclients in STD clinics: Hepatitis B

e HIV: Hepatitis B, Influenza, Pneumococcus, consider Meningococcus

¢ Individuals with Hepatitis C: Hepatitis A, Hepatitis B

Gl/Hepatic conditions

e Chronic liver disease: Hepatitis A, Hepatitis B, Pneumococcus

Neurologic conditions

¢ Cerebrospinal fluid leaks: Pneumococcus

Source: Modified from Henderson JT et al., Women Health Issue, 12, 138—149, 2002 (see also Chapter 38 in Maternal-Fetal Evidence Based Guidelines).
Abbreviations: MMR, measles, mumps, and rubella; HPV, human papillomavirus; HAV, hepatitis A virus; CHF, congestive heart failure; HIV, human
immunodeficiency virus; ST, sexually transmitted infection; STD, sexually transmitted disease; Td, tetanus diphteria.



Hepatitis B vaccination should be offered to all
susceptible women of reproductive age in regions with interme-
diate and high rates of endemicity (where 22% of the population
is hepatitis B surface antigen [HBsAg] positive). Perinatal trans-
mission of hepatitis B results in 90% chance of chronic infection
in the newborn, which places the child at risk for future cirrho-
sis and hepatocellular carcinoma. In regions of low prevalence,
vaccination should be targeted to high-risk groups (Table 1.5).

Tetanus vaccination should remain up-to-date in repro-
ductive-age women, particularly in regions of the world where
maternal and neonatal tetanus is prevalent [43]. This has been
shown to markedly reduce the incidence of tetanus related to
parturition. Due to increasing prevalence and the high mor-
bidity and mortality rates of neonatal pertussis, vaccination (in
combination with tetanus and diphtheria) is recommended for
all women and their partners of reproductive age who have not
been immunized in their adult lives (since age 11 years) [44]. It is
well documented that 75% of cases of neonatal pertussis have a
family member as the index case [45]. Again, through the concept
of cocooning, the incidence of neonatal pertussis can be reduced.

Other vaccination recommendations based on medical,
occupational, or social risks are described in Table 1.5.

Injury Prevention

The second leading cause of death in reproductive-age women
is accidents. Use of seat belts and helmets should be reviewed
and strongly encouraged where appropriate. Inquiry should
be made regarding occupational and recreational hazards.
Possession and use of firearms should be evaluated. Possession
and use of firearms should be evaluated, especially in individ-
uals with a history of significant mental health diagnoses.

Universal Recommendations

Preconception recommendations for all women are listed in
Table 1.6. Reproductive-age women should be aware of these
evidence-based recommendations, both through their doc-
tors and through public awareness campaigns. Several online
resources are available [46-49]. Women and their partners
should take more responsibility for their care and the future
health of their offspring, and implement the health and life-
style changes recommended.

SPECIFIC INDIVIDUAL ISSUES

History of PTB

There are currently no preconception recommendations for a
woman with a history of PTB outside of the general recommen-
dations for women trying to conceive. Randomized controlled
trials examining preconception initiation of low-dose aspirin
did not demonstrate an increased live birth rate or decrease

Table 1.6 Preconception Interventions for All Women

Intervention
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in PTB [50,51]. Interval antibiotic treatment with azithromycin
and metronidazole between pregnancies in women with a
prior spontaneous PTB <34 weeks has not been associated
with decreased risk of preterm delivery [52,53].

Advanced Maternal Age

In recent years, there has been a trend to delay childbearing.
This trend is especially prevalent in developed countries, for
example, in the United States where the birth rate in women
age 40-44 has increased from 5.2 births per 1000 in 1990 to 10.4
births per 1000 women in 2013 [54]. It is well established that
women of advanced maternal age (AMA) are at increased risks
of poor obstetric outcomes, stillbirth, and fetal death [55-57].
Women of extreme AMA (>45 years old) have been found to
increase the prevalence of preexisting chronic disease [58].
Although no Level I evidence exists for preconception testing
in this population, it is reasonable to screen patients of extreme
AMA for chronic hypertension, diabetes, hyperlipidemia, or
heart disease with a cardiac echocardiogram.

Chronic Diseases

The incidences of several medical disorders such as obesity,
diabetes mellitus, and hypertension are high and on the rise
in reproductive-age women. There is literature for evidence-
based recommendations on each disease or condition that can
involve the reproductive-age woman and affect her reproduc-
tive health [3,4,15]. Full review of each is behind the scope of
this chapter (see individual chapters in Maternal-Fetal Evidence
Based Guidelines). Some common conditions are discussed for
brief preconception management review (Table 1.7).

Diabetes

Diabetes (see Chapters 4 and 5 in Maternal-Fetal Evidence Based
Guidelines) is associated with an increased risk of congenital
anomalies, in particular cardiac defects and NTDs, if poorly
controlled in the first weeks of pregnancy. The risk of congeni-
tal anomalies is related to long-term diabetic control, reflected
in the level of glycosylated hemoglobin (HgB Alc): <7% = no
increased risk (2%—-3% baseline); 7%—9% = 15%; 9%-11% = 23%;
>11% = 25% [32]. It has been estimated that euglycemia (with
normal HgB Alc) during the first trimester, which can only
be achieved through attentive preconception counseling,
could prevent >100,000 U.S. pregnancy losses or birth defects
per year [2]. Another cost analysis reported that universal pre-
conception care could lead to averted lifetime costs for the
affected cohort of children as high as $4.3 billion [59,60]. The
benefits of preconception diabetes care have been previously
demonstrated [61,62], even in teenagers [63]. Preconception
care is also essential for counseling of the woman with condi-
tions severe enough to make a successful pregnancy extremely

Prevention of

Folic acid 400 pg/day?

Vaccinations

Proper diet and exercise

Injury prevention (e.g., seat belts, helmets)
Screen for specific risk factors

NTDs, and also probably cardiac defects, facial clefts
Maternal/perinatal infection® (Table 1.5)

Obesity, diabetes, hypertensive diseases, and their consequences
Physical trauma

See Table 1.7

aConsider higher dose, especially for women taking antiseizure medications, other drugs that might interfere with folic acid metabolism, those with

homozygous MTHFR enzyme mutations, or those who are obese.

By decreasing perinatal transmission, also decrease congenital defects caused by infection.
Abbreviations: NTDs, neural tube defects; STD, sexually transmitted disease; MTHFR, methylenetetrahydrofolate reductase.



8 OBSTETRIC EVIDENCE BASED GUIDELINES

Table 1.7 Preconception Care for Specific Maternal Medical Disorders

Disorder

Chapter in MFM  Brief preconception recommendations
Evidence-Based
Guidelines

Prevention of

Hypertensive disorders

Cardiac disease

Obesity

Pregestational diabetes

Hypothyroidism

Hyperthyroidism

Prolactinoma

History of hyperemesis
gravidarum

Inflammatory bowel
disease

Liver transplantation

Anemia

Sickle cell disease

von Willebrand disease

1 - Discontinue ACE inhibitors and ARB; transition to
another antihypertensive
- Investigation into other etiologies
- Baseline creatinine
2 - Any necessary or possible cardiac interventions
undergone prior to pregnancy
Patients with group Il lesions or dilated
cardiomyopathy are advised not to conceive
3 - Counseling, diet and exercise to return to normal BMI
- Evaluation of fasting lipids, fasting blood sugar
- Screening for thyroid disease, OSA, HTN
- If coexisting HTN or DM, obtain EKG and ECHO
- Education about poor perinatal outcomes in obese
patients
- Motivational interviewing
4 - Optimize glycemic control with goal HgbA1c <7%
- Screen for asymptomatic bacteriuria

6 - Monitor TSH and FT4 to assure euthyroid state

7 - If radioiodine is required, should be completed
6—12 months before attempting conception
- Emphasize minimum of 150 pg iodine daily
(recommendation for all preconception women)

8 - Treat with dopamine agonist until decreasing size
of adenoma to at least <1 cm, and normal prolactin

9 - Start prenatal vitamins at 3 month prior to
conception

1 - Plan conception when disease is in remission >6
months

- Discontinue MTX 3-6 months prior to conception
- Screen for B12, vitamin D and iron deficiency
13 - Plan pregnancy when stable on
immunosuppressive regimen >1 year
- Assess baseline kidney/liver function, 24-hour
urine
- If patient is on mycophenolic acid products, assess
fetal risks and consider switching to alternative
immunosuppressant
14 - Evaluation of etiology, assessment for iron, B12,
and folate deficiency
- In patients of African ancestry, hemoglobin
electrophoresis
- Genetic consult for patients with hereditable
disorder
15 - Start on 4 mg folic acid daily to optimize
hemoglobin status
- Vaccinate with pneumococcal and influenza
- Discontinue teratogenic medications (ACE
inhibitors, iron chelators)
16 - Consult hematology, genetics; administer
Hepatitis B vaccine
- Baseline labs (von Willebrand factor antigen,
ristocetin cofactor activity, factor VIII, low-dose
ristocetin-induced platelet aggregation, multimer
assay)

Congenital anomalies, HTN
complications, CD, IUGR,
placental abruption, PTB,
perinatal death

Worsening maternal cardiac
condition, PTB, HTN

Infertility, fetal NTDs, PTB, CD,
HTN disorders, diabetes, VTE

Congenital anomalies, length of
NICU admission, perinatal
mortality and long-term health
consequences in infant;
miscarriage; maternal
hospitalizations, maternal renal
disease

Infertility, maternal HTN,
miscarriage, preeclampsia,
abruption, anemia, PTB, LBW,
fetal death, possibly neurological
problems in infant

Spontaneous pregnancy loss, PTB,
preeclampsia, fetal death, FGR,
maternal congestive heart failure,
and thyroid storm; neonatal
Graves’ disease

Risk of increasing size of maternal
prolactinoma, possibly causing
optic nerve impairment

Decreases risk of recurrence of
hyperemesis

Birth defects

PTB, HTN, preeclampsia, IUGR,
GDM, graft rejection

SGA, PTB, maternal CV
compromise, need for transfusion

Birth defects, crises

Postpartum hemorrhage



Table 1.7 Preconception Care for Specific Maternal Medical Disorders (Continued)

Disorder

Chapter in MFM  Brief preconception recommendations
Evidence-Based
Guidelines
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Prevention of

Renal disease/
transplant

Seizures

Spinal cord injury

Mood disorders

Smoking

Drug abuse

Asthma

Tuberculosis

Lupus

Venous
thromboembolism
and mechanical
heart valves

Hepatitis A

Hepatitis B

Hepatitis C

HIV

17 - Assess baseline creatinine, 24-hour proteinuria,

intravenous pyelogram

Plan pregnancy when stable on

immunosuppressive regimen, with drug therapies

at maintenance levels if possible

Post transplant, await >1 year before conception

Recommend deferring conception until seizure-

free on minimal medication, preferably

monotherapy

Consult neurology to consider weaning medication

if >2 years seizure-free

Start on folic acid 2—4 mg daily

If cause is congenital, start on folic acid 4 mg daily

and genetic counseling

Counsel on the risks of discontinuing

antidepressants in pregnancy

Stabilize mood on lowest effective dose prior to

pregnancy

Avoid Paroxetine given risks of cardiac

malformations

Counsel regarding preventable pregnancy

outcomes in patient who smoke

Encourage cessation with behavioral and

educational interventions

Encourage patients to postpone conception until

after completing detox

Control of asthma with appropriate regimen

through multidisciplinary care, set expectations to

continue management throughout pregnancy

Screen high risk patients (hx of incarceration, TB

exposure, international travel or immigration) with

PPD or interferon gamma-release assay and treat

accordingly

Recommend conception when disease is in

remission for >6 months

Screen for HTN, renal, heart, lung, or brain

disease as well as antiphospholipid and SSA/SSB

antibodies

Decrease meds to lowest possible effective dose

Replace mycophenolate mofetil and with other

medications

Screen all patients with history of VTE for

thrombophilia

Perform any necessary valve replacements before

pregnancy

If mechanical heart valve, consider continuing

warfarin after full counseling of risks of warfarin

embryopathy and under direction of cardiologist

Vaccinate patients who travel abroad, are at risk

for contracting the disease, or who are infected

with chronic hepatitis B or C prior to pregnancy;

vaccine also safe in pregnancy

Administer HBV vaccine to any woman who is

susceptible before pregnancy

If chronically infected, screen for Hepatitis A and

vaccinate prior to pregnancy

Screen high risk populations prior to pregnancy

Vaccinate against hepatitis A and B if non-immune

Consider treatment preconception

Initiate or modify antiretroviral therapy avoiding

teratogenic agents (e.g., efavirenz)

CD4 count and indicated prophylaxis based on level

Screen for STls

- Advise how to optimize conception, yet minimizing
risk of transmission

19

20

21

22

23

24

24

25

28

29

30

31

32

Preeclampsia

Congenital anomalies

Congenital anomalies

Cardiac malformations

PTB, LBW

PTB, IUGR, neonatal withdrawal, etc.
(Effect depends on drug of abuse)

PTB, LBW, preeclampsia, perinatal
mortality

Active TB

HTN, preeclampsia, PTB, fetal

death, IUGR, neonatal lupus

Recurrence of venous
thromboembolism

Perinatal HBV transmission

Cirrhosis, HCC, HCV infant
transmission

Perinatal HIV infection

(Continued)
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Table 1.7 Preconception Care for Specific Maternal Medical Disorders (Continued)

Disorder Chapter in MFM  Brief preconception recommendations Prevention of
Evidence-Based
Guidelines
STl testing 33, 34, 35, 36 - Screen and treat for gonorrhea, chlamydia, syphilis  Ectopic pregnancy
and trichomonas in high risk patients (e.g., <25,
prior STI, multiple sexual partners, inconsistent
condom use, sex work, or drug use)
PKU - Low-phenylalanine diet PKU-related mental retardation
Social issues (e.g., - Counseling; Referral to appropriate agency Physical and emotional trauma and
abuse) their consequences
Alcohol - Avoid all alcohol intake Congenital anomalies, mental
retardation
Supplements and - Review and counsel: Avoid excess of Congenital anomalies

over-the-counter

medications Chapter 2)

recommended daily allowance (RDA) (see also

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; HTN, hypertension; IUGR, intrauterine growth restriction;
CD, cesarean delivery; PTB, preterm birth; LBW, low birth weight; NICU, neonatal intensive care unit; BMI, body mass index; DM, diabetes mellitus,
EKG, electrocardiogram; ECHO, echocardiogram; OSA, obstructive sleep apnea; NTD, neural tube defects; VTE, venous thromboembolism; FGR,
fetal growth restriction; TSH, thyroid-stimulating hormone; FT4, free thyroxine; CV, cardiovascular; MTX, methotrexate; TB, tuberculosis; PPD, purified
protein derivative; SSA/SSB, Sjogren syndrome related antigen A and B; HIV, human immunodeficiency virus; STI, sexually transmitted infections;

PKU, phenylketonuria.

unlikely. The diabetic woman with either ischemic heart dis-
ease, untreated proliferative retinopathy, creatinine clearance
<50 mL/min, proteinuria >2 g/24 hours, creatinine >2 mg/dL,
uncontrolled hypertension, or gastropathy should be told not
to get pregnant before the above conditions can be improved,
and counseled regarding adoption if the conditions cannot
be improved [64]. The frequency of fetal/infant and maternal
morbidity and mortality is reduced in diabetic women seeking
consultation in preparation for pregnancy, but unfortunately
only about one-third of these women receive such consulta-
tion [65]. The preconception consultation affords the opportu-
nity to screen for vascular consequences of the diabetes, with
ophthalmologic, electrocardiogram (EKG), and renal evalu-
ation via a 24-hour urine collection for total protein and cre-
atinine clearance, and determine ancillary pregnancy risks.
Proliferative retinopathy should be treated with laser before
pregnancy. A thyroid-stimulating hormone (TSH) level should be
checked, as 40% of young women with type 1 diabetes have
hypothyroidism. Of note, there is insufficient evidence to treat
subclinical hypothyroidism [66].

Diabetes evaluation should emphasize the importance
of tight glycemic control, with normalization of the HgB Alc to
at least <7%. To achieve euglycemia, diet, glucose monitoring,
and exercise are always stressed. If euglycemia is not achieved
with these means, oral hypoglycemic agents or insulins are
utilized, and their regimens should be optimized preconcep-
tionally. Of the oral hypoglycemic agents, glyburide and gluco-
phage can be used, and probably continued during pregnancy.
The original safety data available for glyburide showed that it
did not cross the placenta in appreciable amounts [67], but recent
data have shown a 70% level in umbilical blood compared with
maternal blood [68]. The other oral hypoglycemic agents should
not be used for preconception glycemic control, as there is no
sufficient evidence for their safety and efficacy in pregnancy.
A common insulin regimen currently used by diabetologists
is long-acting (e.g., glargine) and short-acting (e.g., lispro). This
is a safe and effective regimen in pregnancy, too. Women compli-
ant with insulin pumps should continue this regimen.

If a woman has a history of gestational diabetes, appro-
priate postpartum diabetes screening should be performed.

Interconception counseling and lifestyle modifications may be
beneficial for future pregnancies [69].

Hypertension

Hypertension (see Chapter 1 in Maternal-Fetal Evidence Based
Guidelines) is associated with several maternal [worsening
hypertension; superimposed preeclampsia; severe preeclamp-
sia; eclampsia; hemolysis, elevated liver enzyme levels, and a
low platelet count (HELLP) syndrome; cesarean delivery] and
fetal (growth restriction; oligohydramnios; placental abrup-
tion; PTB; perinatal death) risks in pregnancy. Serum creati-
nine, 24-hour urine for total protein and creatinine clearance,
EKG, and ophthalmologic exam are suggested, especially in
women with long-standing or severe hypertension. It is impor-
tant to identify cardiovascular risk factors and any reversible
cause of hypertension, as well as assess for target organ dam-
age or cardiovascular disease. If hypertension is newly diag-
nosed and has not been evaluated previously, a medical consult
may be indicated to assess for any of these factors. Secondary
hypertension, target organ damage (left ventricular dysfunc-
tion, retinopathy, dyslipidemia, microvascular disease, and
prior stroke), maternal age >40, previous pregnancy loss, sys-
tolic blood pressure >180 mmHg, or diastolic blood pressure
2110 mmHg are associated with higher risks in pregnancy.
Abnormalities should be addressed and managed appropri-
ately. If, for example, serum creatinine is >1.4 mg/dL, the woman
should be aware of increased risks in pregnancy (pregnancy
loss, reduced birth weight, PTB, and accelerated deterioration
of maternal renal disease). Even mild renal disease (creatinine
11-14 mg/dL) with uncontrolled hypertension is associated
with tenfold higher risk of fetal loss. Preconception prevention
can be enormously effective. Thirty minutes of exercise five
times per week in all women with hypertension and weight
reduction if overweight are recommended. Restriction of
sodium intake to the same <2.4 g sodium daily intake recom-
mended for essential hypertension is beneficial in nonpregnant
adults. If antihypertensive medical therapy is necessary, angio-
tensin-converting enzyme (ACE) inhibitors and angioten-
sin II (AII) receptor antagonists should be discontinued as
they are associated with birth defects, fetal growth restriction,



oligohydramnios, neonatal renal failure, and neonatal death in
pregnancy. All other antihypertensive agents should be used
at the lowest effective dose and are probably safe if started pre-
conceptionally and continued in pregnancy.

Seizure Disorders

Conception should be deferred until seizures are well controlled
on the minimum effective dose of medication (see Chapter 19 in
Maternal-Fetal Evidence Based Guidelines). Monotherapy is prefer-
able. Lamotrigine has been reported to be the first-line therapy
for nonpregnant adults for partial seizures [70-72] and is asso-
ciated with a low incidence of major malformations ([73], but
not in all studies [74]. The best choice is the antiepileptic drug
(AED) that best controls the seizures. The AEDs are usually U.S.
Food and Drug Administration (FDA) category C (human risk
unknown, but none proven yet) except for the following AEDs
that are known potential teratogens: carbamazepine, primidone,
phenytoin, and valproate (Table 1.8). These four AEDs should
therefore be avoided if possible, by using a different therapy
beginning in the preconception period. Women who have been
seizure-free for >2 years with a normal electroencephalogram
(EEG) may be eligible to stop anticonvulsant therapy after
consulting with a neurologist [75].

Medications/Teratogens
Detailed discussion regarding prescribed and over-the-
counter medications should occur at the preconception

Table 1.8 Teratogens

Prescribed drugs

* Androgens and testosterone derivatives (e.g., danazol)

* Angiotensin-converting enzyme (ACE) inhibitors (e.g.,
enalapril, captopril) and angiotensin Il receptor blockers
Coumadin derivatives (e.g., warfarin)

Carbamazepine

Diethylstilbestrol

Folic acid antagonists (methotrexate and aminopterin)
HMG-CoA reductase inhibitors (statins)

Lithium

Phenytoin

Primidone

Streptomycin and kanamycin

Tetracycline

Thalidomide and leflunomide

Trimethadione and paramethadione

Valproic acid

Vitamin A above RDA, and its derivatives (e.g., isotretinoin,
etretinate, and retinoids)

Chemicals

* Lead

e Mercury

Drugs of abuse

e Alcohol

* Cocaine

Infections

e Cytomegalovirus
* Rubella

e Syphilis

Toxoplasmosis
Varicella
Radiation

Sources: Modified from Fretts RC etal., N.Engl.J.Med., 333(15), 953-957,
1995; Reddy UM et al., Am J Obstet Gynecol, 195(3):764—770, 2006.
Abbreviations: HMG-CoA, 3-hydroxy-3-methyl-glutaryl-CoA reductase;
RDA, recommended daily allowance.
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visit. The indication, safety, effectiveness, and necessity of
each drug need to be reviewed. Often, women and their
doctors stop efficacious and necessary medications as soon
as the woman finds out she is pregnant, compromising the
health of both the woman and her baby. The vast majority
of prescribed medications are safe in pregnancy, even in
the first trimester. Only a few drugs, chemicals, infec-
tions, or radiation are proven teratogens (Table 1.8) [76,77].
These should be avoided, except in rare circumstances (e.g.,
the woman with mechanical cardiac valves who accepts the
teratogenic risk of warfarin). This medication counseling is
often a crucial part of preconception care and can save and
ameliorate significantly the health of a future offspring.
Great resources exist on the Web for up-to-date teratologic
information [78-80].

Substance Abuse/Environmental
Hazards/Toxins

Tobacco smoking during pregnancy is associated with
increased risks of several complications (see Chapter 22 in
Maternal-Fetal Evidence Based Guidelines). The benefits of smok-
ing cessation are tremendous: prevention of 10% of perinatal
deaths, 35% of low-birth weight births, and 15% of preterm
deliveries [81]. Smoking only one to five cigarettes per day is
associated with a 55% higher incidence of low birth weight
compared with nonsmokers. Reproductive-age women should
be informed of other smoking-related diseases, such as isch-
emic heart disease, cancer, lung diseases, pneumonia, stroke,
and congestive heart failure. Women at greatest risk for smok-
ing are those <25 years old with less than a high school edu-
cation. Smoking makes a major contribution to disparities in
mortality [82]. Smoking cessation programs are associated
with a 6% increase in smoking cessation, and decreases in
incidences of low birth weight (by 19%) and PTB (by 16%) [83].
Support and reward techniques to help quit smoking are one
of the best form of evidence-based medicine, supported by
over 20 high-quality randomized trials. The “5 As” for screen-
ing and interventions to prevent smoking in pregnancy are
Ask, Advise, Assess, Assist, and Arrange [67]. Counseling
with behavioral and educational interventions is associated
with highest cessation rates. If necessary, most pharmaco-
therapies are effective preconception, but contraindicated or
with uncertain safety and efficacy during pregnancy. Nicotine
replacement therapy (e.g., patch, gum, and bupropion) is safe
and effective in reproductive-age women, but there is insuf-
ficient evidence for recommending them in pregnant smok-
ers. Nicotine replacement therapy is associated with known
adverse fetal effects, and nicotine is detected in breast milk.
Possibly the best prevention of the adverse effects of smoking
on pregnancy is achieved by avoiding sale of tobacco to young
people, prohibition of smoking in public places, increase in
tobacco taxation, workplace smoking cessation programs,
and banning of tobacco sponsorship of sporting and cultural
events.

Numerous recreational drug exposures have adverse
pregnancy effects (see Chapter 23 in Maternal-Fetal Evidence
Based Guidelines). This list is extensive and includes, but not
limited to, common recreational drugs such as alcohol, canna-
binoids, cocaine, heroin, and methamphetamines. Working to
ensure that women with substance abuse issues engage in safe
sex practices and family planning is a constant challenge, and
these women are disproportionately overrepresented among
women with unplanned pregnancies.
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Prenatal care

Gabriele Saccone and Kerri Sendek

Y POINTS

Prenatal care is of benefit to pregnant women, especially
those with modifiable risk factors.

Most low-risk women can be offered midwife-led mod-
els of care, and women should be encouraged to ask for
this option. Continuity of care by midwives has been asso-
ciated with improved patient satisfaction. Caution should
be exercised in applying this advice to women with sub-
stantial medical or obstetric complications.

Group prenatal care should be promoted as it has been
associated reduction in preterm birth (PTB), greater satis-
faction with care, and higher breastfeeding initiation. In
the developing world, participatory intervention with
women's groups is associated with decreased maternal
and neonatal mortality.

Women should be allowed to carry their record.
Prenatal care usually consists of 7-12 visits per preg-
nancy, with a first prenatal visit soon after the preg-
nancy test is positive, and in time to establish location
and number of embryo(s), usually at around 6-8 weeks,
then at 11-14 weeks for aneuploidy screening, followed
by visits about every 4 weeks approximately at 16, 20,
24, and 28 weeks; about every 2 weeks from 34 to 36
weeks, then weekly until delivery. In settings with
limited resources where the number of visits is already
low, reduced visits programs of antenatal care (<5) are
associated with an increase in perinatal mortality com-
pared with standard care.

See Table 2.1 for screening and interventions at different
times in pregnancy.

Early ultrasonography should be used to determine the
estimated date of confinement (EDC) if there is any uncer-
tainty regarding last menstrual period (LMP).

Content issues that should be included in prenatal care are
lifestyle, nutrition, supplements, vaccinations, drugs, envi-
ronment, prenatal education, and others.

Regular aerobic exercise for 35-90 minutes 3—4 times per
week during pregnancy is beneficial to overall maternal
fitness and sense of well-being, as well as associated with
prevention of excessive weight gain and higher chance of
vaginal delivery.

Most studies report that sexual activity is associated with
better pregnancy outcomes, probably because women
who are sexually active are healthier to begin with com-
pared with women with less sexual activity.

Balanced nutrition and protein supplementation is asso-
ciated with modest increases in maternal weight gain and
in mean birth weight, and reduction in risk of small-for-
gestational-age (SGA), stillbirth, and neonatal death.
High-protein and isocaloric protein supplementation
should be avoided as they are associated with increased
risk of SGA.

Suggested weight gain in pregnancy is shown in Table 2.4.
Women who are underweight are at increased risk for
low birth weight (LBW) and PTB and have better out-
comes with a higher total weight gain. Excessive weight
gain in women with normal body mass index (BMI) can
be prevented with dietary and lifestyle counseling.
Folic acid supplementation is recommended for neural
tube defect (NTD) prevention, with 400 pg/day for all
women, and 4 mg/day for women with prior children with
NTD. All reproductive-age women should be on folic acid
(FA) supplementation.

Immunity to rubella, varicella, hepatitis B, influenza,
tetanus, and pertussis should be assessed at the first pre-
natal visit. Ideally needed vaccinations should be pro-
vided preconception. Influenza vaccine is recommended
for pregnant women during flu season. Tetanus, diphthe-
ria, and acellular pertussis vaccine, also known as TDAP
vaccine, is recommended for all pregnant women after 28
weeks. Partners and family members should be encour-
aged to be vaccinated as well.

Prenatal education directed at specific objectives has been
demonstrated to be effective.

Implementation of community-based interventional
care packages is associated with a trend for reduction in
maternal mortality, and with significant reductions in
maternal morbidity, neonatal mortality, stillbirths, and
perinatal mortality.

Perineal massage with sweet almond oil for 5-10 minutes
daily from 34 weeks until delivery is associated with a sig-
nificantly higher chance of intact perineum in nulliparous
women.

Antenatal classes with training to prepare for labor and
delivery are associated with arriving to labor and deliv-
ery (L & D) ward more often in active labor, and less use
of epidural analgesia.

Identifying mothers at risk for postpartum depression
assists in prevention compared with intervening on the
general population.

Breastfeeding is the best feeding method for most
infants and should be strongly encouraged. Continued
counseling and education facilitate breastfeeding success.
Unsensitized RhD-negative women should be offered
anti-D immunoglobulin prophylaxis.

Sweeping or “stripping” of membranes during cervical
exam at >38 weeks reduces the rate of postterm delivery.
Magnesium lactate or citrate chewable tablets 5 mmol in
the morning and 10 mmol in the evening for 3 weeks for
women with leg cramps are associated with significant
improvement in persistent leg cramps.

Water gymnastics for 1 hour weekly starting at <19 weeks
reduces back pain in pregnancy and allows more
women to continue to work, with no adverse effects. Both
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Table 2.1 Suggested Prenatal Care Counseling, Screening, and Intervention
Initial visit <14 weeks Visits at: 14—24 weeks  24-28 weeks 28-34 weeks 34-41 weeks
Assessments/procedures
¢ Complete history and risk * Fetal heart tones * Fetal heart tones * Fetal heart tones ¢ Fetal heart tones
identification * Fundal height * Fundal height ¢ Fundal height ¢ Fundal height/
e Assessment of EDB by LMP and ¢ Fetal movement * Fetal movement * Fetal movement EFW
sizing; ultrasound if indicated e BP e BP * BP ¢ Fetal movement
* Baseline BP screening * Weight * Weight * Weight * Fetal presentation
¢ Weight and BMI e Screening ¢ Rh immunoglobulin * BP
* Screening for domestic abuse ultrasound for if indicated ¢ Weight
* Vaccines according to risk status anatomy e Screening for ¢ Sweeping of
and season domestic abuses membranes
* Referral for specialist care starting at =38
according to history weeks
* Offer 11-13 6/7 weeks
aneuploidy screening ultrasound
Laboratory tests
* Multiple-marker aneuploidy e Multiple-marker e Gestational ¢ Urine dipstick for ¢ Group B Strep
screen aneuploidy screen diabetes screen; protein e Urine dipstick for
¢ CBC; blood type, Rh, antibody e Urine dipstick for repeat CBC and protein
screen; Rubella IgG; RPR; protein if indicated antibody screen e HIV
HBsAg; HIV * Antibody screen if
e Urine dipstick for protein and indicated
glucose e Urine dipstick for
¢ Urinalysis and urine culture protein
¢ Gonorrhea/chlamydia2
e Pap?
e Additional testing as directed by
history and PE?
Education/counseling
* Cessation of harmful substances ¢ Review and * Preterm labor s/sx * Preterm labor s/sx e Labor symptoms/
* Exercise/activity discuss results of * Preeclampsia s/sx when to call
e Nutrition testing ¢ Preeclampsia s/sx
* Weight gain * Post-dates
e Supplements management
* Food safety * Breastfeeding
* Breastfeeding
Education/counseling not limited to specific weeks gestation
* Danger signs
¢ Dental care
¢ Family planning
e Labor preparation, options, s/sx to report
e Travel
e TOLAC
Assessments/procedures
e Complete history and risk * Fetal heart tones * Fetal heart tones * Fetal heart tones ¢ Fetal heart tones
identification * Fundal height ¢ Fundal height ¢ Fundal height ¢ Fundal height/
e Assessment of EDB by LMP and ¢ Fetal movement * Fetal movement * Fetal movement EFW
sizing; ultrasound if indicated e BP e BP * BP * Fetal movement
* Baseline BP screening *  Weight *  Weight * Weight * Fetal presentation
¢ Weight and BMI * Screening e Rh immunoglobulin e BP
* Screening for domestic abuse ultrasound for if indicated * Weight
e Vaccines according to risk status anatomy e Screening for * Sweeping of
and season domestic abuses membranes
* Referral for specialist care starting at 38
according to history weeks

Offer 11-13 6/7 weeks
aneuploidy screening ultrasound

Sources: Adapted from a review of current prenatal care guidelines from four major groups: U.S. Veterans Health Administration, Department of
Veteran Affairs, and Health Affairs, Department of Defense; Institute for Clinical Systems Improvement; the American Academy of Pediatrics and the
American College of Obstetricians and Gynecologists; and the American Academy of Family Physicians; Hanson L et al., J Midwifery Women’s
Health, 54(6), 458-468, 2009.

aSee text, only in certain circumstances.

Abbreviations: EDB, expected date of birth; LMP, last menstrual period; BP, blood pressure; BMI, body mass index; EFW, estimation of fetal weight;
RPR, rapid plasma regain; HIV, human immunodeficiency virus; CBC, complete blood count; PE, physical exam; TOLAC, trial of labor after cesarean;
s/sx, signs and symptoms.



physiotherapy and acupuncture starting <32 weeks for 10
sessions might reduce back and pelvic pain.

e Exercise, increase in water intake, dietary counseling,
and certain foods (e.g., prunes) have shown relief in con-
stipation. If these self-help measures are inadequate, the
pregnant woman should then try daily bran or wheat
fiber supplements. Docusate sodium is an effective stim-
ulant laxative.

DEFINITION

Prenatal care is the care provided to pregnant women with
the aim to prevent complications and decrease the incidence
of perinatal and maternal morbidity and mortality [1]. This
care consists of health promotion, risk assessment, and inter-
vention linked to the risks and conditions uncovered. These
activities require the cooperative and coordinated efforts
of the woman, her family, her prenatal care providers, and
other specialized providers. Prenatal care begins when con-
ception is first considered and continues until labor begins.
The objectives of prenatal care for the mother, infant, and
family relate to outcomes through the first year following
birth [1].

PURPOSE

Prenatal care developed, historically, to reduce the incidence
of LBW and preterm infants [2]. It has evolved to encompass
a broader purpose; to identify pregnancies with maternal
or fetal conditions associated with morbidity/mortality, to
provide interventions to prevent or treat such complications,
and to provide education support and health promotion that
can have lasting effects on the health of an entire family [3].
Care should be systematic, evidence based, and should result
in informed shared decision making between the patient
and the provider.

EFFECTIVENESS

Prenatal care is of benefit to pregnant women. Nonetheless,
the value of prenatal care is controversial, as there is no defi-
nite evidence that prenatal care improves birth outcomes.
There are no randomized control trials (RCTs) of prena-
tal care versus no prenatal care. Most studies are observa-
tional. Selection bias (women who self-select to prenatal care
usually are more inclined to have better outcomes) leads to
confounding bias (e.g., risk factors associated with LBW and
neonatal death are also risk factors for inadequate prenatal
care).

There are several RCTs on the number of prenatal care
visits, which indirectly demonstrate the beneficial effects of
prenatal care. There is a higher incidence of perinatal mor-
tality (relative risk [RR] 1.14, 95% confidence interval [CI]
1.00-1.31) in programs with significantly less (<5) numbers
of prenatal visits, compared with the usual 8-12. This is
particularly significant for low- and middle-income countries
[4]. Also, studies demonstrate a reduction in poor outcomes
in high-risk pregnancies with enhanced prenatal care at no
added cost [4] (see Section “Number and Timing of Visits”).
In addition, women are dissatisfied with a reduced schedule
of prenatal visits indicating a perceived benefit by women [4].
Specific interventions for specific risks may reduce morbid-
ity and mortality. Prenatal care is probably of most benefit to
medically high-risk women [2].
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ORGANIZATIONAL ISSUES

Health-Care Provider

There is no evidence that physicians need to be involved in
the prenatal care of every woman experiencing an uncom-
plicated pregnancy. The effect of midwife-led care compared
with physician-led care or to other provider-led care has been
evaluated mostly for the whole pregnancy, including together
both antepartum care and care during labor and delivery (see
also Chapter 7). Therefore it is difficult to assess the effect of
midwife-led care just on antepartum care. From the evidence
from both antepartum and L and D care, most women can be
offered midwife-led models of care and women should be
encouraged to ask for this option. Caution should be exer-
cised in applying this advice to women with substantial med-
ical or obstetric complications. In a meta-analysis, women, the
vast majority low risk, who had midwife-led models of care,
were less likely to experience antenatal hospitalization, and
less likely to experience fetal loss before 24 weeks’ gestation
(RR 0.79, 95% CI 0.65-0.97), although there were no statistically
significant differences in fetal loss/neonatal death of at least
24 weeks (RR 1.01, 95% CI 0.67-1.53) or in fetal/neonatal death
overall (RR 0.83, 95% CI 0.70-1.00) [5] (see also Chapter 7). It is
not clear whether these associations are due to greater conti-
nuity of care or to midwifery care [5].

Group Prenatal Care

In a meta-analysis, educational interventions were the focus
of group prenatal care, and no consistent results were found.
Sample sizes were very small to moderate. No data were
reported concerning anxiety, breastfeeding success, or general
social support. Knowledge acquisition, sense of control, factors
related to infant-care competencies, and some labor and birth
outcomes were measured. The largest of the included studies
(n = 1275) examined an educational and social support inter-
vention to increase vaginal birth after cesarean delivery. This
high-quality study showed similar rates of vaginal birth after
cesarean delivery in “verbal” and “document” groups (RR 1.08,
95% CI 0.97-1.21) [6]. One large RCT demonstrated significant
reduction in PTB, greater satisfaction with care, and higher
breastfeeding initiation at no added cost for group prenatal
care over standard care in a group of medically low-risk (but
socially at-risk) women in an urban clinic [7]. In this study,
group care included, among other interventions, continuity
of care from a single provider, patient keeping copies of their
records, no waiting time at visits, about 20 hours of provider/
patient time, with 8-10 women in each group session. In the
developing world, participatory intervention with women'’s
groups is associated with decreased maternal and neonatal
mortality in several large cluster-randomized trials [8-10]. In
one of these studies, participatory care involved a female facili-
tator convening nine women’s group meetings every month.
The facilitator supported groups through an action-learning
cycle in which they identified local perinatal problems and
formulated strategies to address them [8]. This strategy holds
great promise in decreasing maternal and perinatal deaths
among the most vulnerable in our world.

Group prenatal care may even be utilized in a higher risk
population. In a non-RCT study, group prenatal care for women
with gestational diabetes (GDM) is associated with decreased
progression to A2 gestational diabetes and improved postpar-
tum follow-up for appropriate diabetes screening without sig-
nificantly affecting obstetrical or neonatal outcomes [11].
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Group prenatal care should be promoted and further
studied among more diverse populations.

Prenatal Record

A formal, structured record should be used for documenting
care during the pregnancy. Structured records with reminder
aids help ensure that providers incorporate evidence-based
guidelines into clinical practice. There is no trial comparing
different records. Women should be allowed to carry their
record. A meta-analysis of three trials showed that carrying
the record is associated with increased maternal control
and satisfaction during pregnancy, increased availability of
antenatal records during hospital attendance, but also with
more operative deliveries. Importantly, all of the three trials
included in the meta-analysis report that more women in the
case notes group would prefer to hold their antenatal records
in another pregnancy [12].

Number and Timing of Visits

There is insufficient evidence to recommend an ideal schedule
of prenatal visits for all pregnant women. The most important
visit to optimize pregnancy outcomes is the preconception
visit (see Chapter 1). A visit early, soon after the pregnancy
test is positive, and in time to establish location and number of
embryo(s), usually around 6—8 weeks, is also desirable. At this
early visit, each woman should be assessed for risk factors (see
Tables 1.3 and 1.4 in Chapter 1). The frequency of subsequent
visits can be determined based on risk factors.

In developed countries, prenatal care usually consists
of 7-12 visits per pregnancy, with a prenatal visit ideally at
10-14 weeks for aneuploidy screening (see Chapters 5 and 6),
followed by visits about every 4 weeks approximately at 16,
20,24, and 28 weeks; about every 2 weeks from 32 to 36 weeks,
then weekly until delivery (Table 2.1) [13]. Uncomplicated
multiparous women may need fewer visits than uncompli-
cated nulliparous ones. Individual patient needs and risk fac-
tors should be assessed at the first prenatal visit and reassessed
at each appointment thereafter.

A small reduction in the traditional number of prenatal
visits in both developed and developing countries has not been
associated with adverse biological maternal or perinatal out-
comes, but women may feel less satisfied with fewer visits [4].
But, in settings with limited resources where the number of
visits is already low, reduced antenatal visits (<5) are associ-
ated with an increase in perinatal mortality compared with
standard care, although admission to neonatal intensive care
may be reduced [4]. Women prefer the standard visits sched-
ule. Where the standard number of visits is low, visits should
not be reduced without close monitoring of fetal and neona-
tal outcome [4]. In addition, women in high-resource settings
were more often dissatisfied with a reduced schedule of visits
(defined as eight). The schedule of visits should be determined
by the purpose of the appointment. A minimum of four pre-
natal care visits is recommended even for low-risk women [4].

STRUCTURE

Initial Visit

Ideally, this visit should occur prior to 12 weeks of gestation.
Women should receive written information regarding their
pregnancy care services, the proposed schedule of visits,
screening tests that will be offered, and lifestyle issues, such
as nutrition and exercise. Major parts of the visit include
history, risk identification, physical examination, laboratory

testing, education for health promotion, and a detailed
plan of care for any risks identified (see Table 2.1) (see also
Chapter 1, Tables 1.2-1.5).

History

A comprehensive history should be performed, preferably
using standardized record forms (e.g., www.acog.org). Risk
assessment should be performed with detailed review of sys-
tems. In particular, the woman who may require additional
care or referral should be identified. Early ultrasonography
should be used to determine the EDC if there is any uncer-
tainty regarding LMP [14]. Accuracy of EDC is critical for
timing of screening tests and appropriate interventions, man-
aging complications, and consideration of delivery timing. It
also provides early identification and chorionicity of multiple
pregnancies (see Section “Ultrasonography” and Chapter 4).
Content issues such as lifestyle, nutrition, supplements, drugs,
environment, vaccinations, prenatal education, and others
should be discussed (see Section “Content of Prenatal Care”).
Prenatal diagnosis and screening for aneuploidy (Chapter 5)
and genetic screening (Chapter 6) should be reviewed.

Physical Exam
The physical exam should be both general (Table 2.1) and
directed by any risks identified in the history (see Chapter 1).

Weight and height should be determined at the ini-
tial prenatal visit in order to determine BMI (BMI = weight
(kg)/height squared [m?]). BMI should be based on weight at
time of conception or the earliest known weight in pregnancy.
Categories of BMI are in Table 2.2. Women with obesity are
at increased risk for diabetes, shoulder dystocia, cesarean sec-
tion, and other complications, and have better outcomes with a
lower (or no) total weight gain. Women who are underweight
(<50 kg or <120 1b.) also are at increased risk for LBW and PTB,
and have better outcomes with a higher total weight gain
(see Section “Nutrition”).

Blood pressure is recommended at each prenatal visit.
Initial blood pressure evaluation may help to identify women
with chronic hypertension, while subsequent blood pressure
readings aid in preeclampsia screening. A diastolic blood
pressure of >80 at booking is associated with later risks of pre-
eclampsia [15]. There are significant risks associated with both
hypertension and preeclampsia in pregnancy. This simple,
inexpensive, and widely accepted screening tool may help to
identify abnormal trends in blood pressure over time. Blood
pressure should be taken in the sitting position using an
appropriately sized cuff and correct technique (see Chapter 1
in Maternal-Fetal Evidence Based Guidelines).

Pelvic Examination

Routine pelvic examination early in pregnancy is not as accu-
rate for assessment of gestational age compared with ultra-
sound (see Chapter 4) and not a reliable predictive test of PTB

Table 2.2 Body Mass Index (BMI) Categories

Weight category BMI
Underweight <18.5
Normal weight 18.5-24.9
Overweight 25—-29.9
Obesity (class 1) 30-34.9
Obesity (class Il) 35-39.9
Extreme obesity (class IlI) >40
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or cephalopelvic disproportion later in pregnancy (see also
Chapters 7 and 17), and so it is not recommended for these
assessments. Abdominal and pelvic examination to detect gyne-
cologic pathology can be included in the initial examination,
with no level 1 evidence for effectiveness of this screening test.

Laboratory Screening

Recommended initial universal laboratory screening is listed
in Table 2.1. Other lab testing may be ordered if other risks/
conditions are present.

ABO/RHR (D) type and antibody screen. Testing for blood
group, Rh status, and atypical red cell antibodies at the ini-
tial visit is recommended. Unsensitized RhD-negative women
should be offered anti-D immunoglobulin at 28 weeks (see
Chapter 53 in Maternal-Fetal Evidence Based Guidelines). Anti-D
immunoglobulin should also be offered for any invasive pro-
cedure (e.g., amniocentesis, chorionic villus sampling (CVS),
percutaneous umbilical blood sampling [PUBS]), second- or
third-trimester bleeding, partial molar pregnancies, sponta-
neous abortion, elective termination, and any condition that
might be associated with fetal-maternal hemorrhage, such
as abdominal trauma, external cephalic version, or placental
abruption. It may also be offered for any first-trimester threat-
ened abortion and ectopic pregnancy, although the evidence is
not as strong, and it is probably not cost-effective or necessary
unless the bleeding is significant. For the RhD-negative woman
with a known RhD-negative father of the pregnancy, anti-D
immunoglobulin can be deferred. Du-positive women do not
need anti-D immunoglobulin (see Chapter 53 in Maternal-Fetal
Evidence Based Guidelines).

Complete blood count. Recommended at the first prena-
tal visit to identify anemia (hemoglobin and hematocrit) and
to screen for thalassemia (mean corpuscular volume [MCV]).
Pregnant women identified with anemia (Hgb < 11.0 g/dL
in first trimester) should be treated as per Chapter 14 in
Maternal-Fetal Evidence Based Guidelines. Initial determination
of platelet count (optimally also before pregnancy) may help
identify chronic thrombocytopenias and aid in diagnosis of
gestational thrombocytopenia or HEELP (hemolysis, elevated
liver enzyme levels, and a low platelet count) syndrome later
in pregnancy.

Rubella antibody. Screen all women at first encounter.
Nonimmune pregnant women should be counseled to avoid
exposure and seek immunization postpartum (see Chapter 38
in Maternal-Fetal Evidence Based Guidelines).

Syphilis screening. All pregnant women should be
screened with a serologic test for syphilis at the first prenatal
visit. Women who are at high risk, live in areas of high syphilis
morbidity, or are previously untested should be screened at 28
weeks and again at delivery (see Chapter 35 in Maternal-Fetal
Evidence Based Guidelines).

HBsAg. Screen at initial encounter, and rescreen high-
risk populations in third trimester. Postnatal intervention is
recommended in all HBsAg-positive women to reduce the risk
of viral transmission to the neonate. Pregnancy and breastfeed-
ing are not contraindications to immunization in women who
are at risk for acquisition of the hepatitis B virus (see Chapter
30 in Maternal-Fetal Evidence Based Guidelines).

HIV serology. Screening is recommended for all pregnant
women. The “opt-out” approach is recommended. It should be
emphasized that testing not only provides the opportunity to
maintain maternal health, but interventions can be offered to
dramatically reduce the risk of viral transmission to the fetus
(see Chapter 32 in Maternal-Fetal Evidence Based Guidelines).
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Urine dipstick for protein. Screening for proteinuria should
occur at the initial visit and routinely after 20 weeks in women
at risk for preeclampsia. Urine dipsticks for protein do not
reliably detect the variable elevations in albumin that may
occur in preeclampsia and may not be indicated at each visit
in low-risk women [16]. In women at high risk for preeclamp-
sia, the 24-hour collection is a reasonable screen for protein-
uria as a baseline at the first prenatal visit, and when other
signs/symptoms of preeclampsia are present. The proteinuria/
creatinine (P/C) ratio may be used as a screening test as a good
predictor for remarkable proteinuria since it seems to be highly
predictive for diagnosis to detect proteinuria over one gram
but inadequate in detecting lower levels [17] (see Chapter 1 in
Maternal-Fetal Evidence Based Guidelines).

Urine dipstick for glucose. Glycosuria 2250 mg/dL (equiv-
alent to 1+) on urine dipstick in the first or second trimester
is associated with abnormal GDM screening later in preg-
nancy. Presence of significant glycosuria before 24-28 weeks
is an indicator for earlier gestational glucose screening (see
Chapters 4 and 5 in Maternal-Fetal Evidence Based Guidelines).

Urine culture for asymptomatic bacteriuria. Screening for
bacteriuria is recommended at the first prenatal visit for all
women. Pregnant women with asymptomatic bacteriuria are
atincreased risk for symptomatic infection and pyelonephritis.
There is also as a positive relationship between untreated bac-
teriuria and LBW/PTB. Treatment of asymptomatic bacteriuria
prevents these complications (see Chapter 17 in Maternal-Fetal
Evidence Based Guidelines).

Cervical cancer screening. Cervical cancer screening
should be obtained if not current according to guidelines.
Pap smear screening should be initiated at age 21, regardless
of onset of sexual activity. Routine screening intervals have
also been extended to every 3 years for women in their 20s
without human papillomavirus (HPV) co-testing and every
5 years in women over 30 with the addition of HPV co-testing.
Colposcopy can be performed during pregnancy and a plan
can be made for treatment postpartum (see Chapter 31).

Selective (Only Women with Risk Factors) Laboratory Screening
Hepatitis C serology. A test for hepatitis C antibodies should
be performed in pregnant women at increased risk for expo-
sure, such as those with a history of IV drug abuse, exposure
to blood products or transfusion, organ transplants, kidney
dialysis, etc. (see Chapter 31 in Maternal-Fetal Evidence Based
Guidelines).

Chlamydia screening. All women of age <25 years (stron-
gest risk factor), multiple sex partners, new partner within past
3 months, single marital status, inconsistent use of barrier con-
traception, previous or concurrent sexually transmitted infec-
tion (STI), vaginal discharge, mucopurulent cervicitis, friable
cervix, or signs of cervicitis on physical examination should be
screened. Some agencies advocate universal chlamydia screen-
ing. Rescreen in the third trimester if at increased risk for
infection. Screening using polymerase chain reaction (PCR)
technology is most accurate (see Chapter 34 in Maternal-Fetal
Evidence-Based Guidelines).

Gonorrhea screening. All women of age <25 years, prior
STI, multiple sexual partners, having a partner with a past
history of any sexually transmitted disease (STD), sex work,
drug use, and inconsistent condom use should be screened
for gonorrhea. Some agencies advocate universal gonorrhea
screening. Rescreen in the third trimester if at increased risk
for infection. Screening using PCR technology is most accurate
(see Chapter 33 in Maternal-Fetal Evidence Based Guidelines).
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Bacterial vaginosis. There is no benefit to routine screen-
ing and treatment for asymptomatic bacterial vaginosis.
Consideration can be given to screening and treating women
with a prior PTB, but given the inconclusive evidence we do not
recommended it as routine. However, those women who are
symptomatic should be screened (see Chapter 17 in Maternal-
Fetal Evidence Based Guidelines).

Genital herpes. Routine serologic or other screening for
herpes simplex virus (HSV) in asymptomatic pregnant women
is not recommended. In the absence of lesions during the third
trimester, routine serial cultures are not indicated for women
with a history of recurrent genital herpes (see Chapter 50 in
Maternal-Fetal Evidence Based Guidelines).

Varicella. Screening is indicated if a woman has had
neither past infection nor vaccination. Varicella vaccine (live
attenuated) is not recommended during pregnancy, but sero-
negative women should be advised to take appropriate precau-
tions (see Chapters 38 and 51 in Maternal-Fetal Evidence Based
Guidelines).

Tuberculosis. Quantiferon gold or purified protein
derivative (PPD) can be offered to high-risk women at any
gestational age in pregnancy to screen for tuberculosis, and
follow-up chest x-ray is recommended for recent converters.
High-risk factors include human immunodeficiency virus
(HIV) disease, homeless or impoverished women, prisoners,
recent immigrants from areas where tuberculosis is preva-
lent, and others (see Chapter 24 in Maternal-Fetal Evidence
Based Guidelines).

Cytomegalovirus (CMV). Routine testing is not recom-
mended. Good hand washing and practicing universal pre-
cautions are recommended to prevent transmission [18] (see
Chapter 47 in Maternal-Fetal Evidence Based Guidelines).

Parvovirus. Routine screening is not recommended, but
can be considered for high-risk groups (see Chapter 48 in
Maternal-Fetal Evidence Based Guidelines).

Toxoplasmosis. Universal screening is not recom-
mended. Education regarding prevention of disease should be
addressed (Table 2.3) (see Chapter 49 in Maternal-Fetal Evidence
Based Guidelines).

Follow-Up Visits

Follow-up visits should provide for the following;:

e Follow-up physical exam, laboratory screening, and test-
ing as indicated

* Ongoing assessment of risk factors and plan for interven-
tion as indicated

Table 2.3 Prevention of Food-Borne llinesses

Food-borne illnessto  Preventive strategy

avoid

Listeriosis Cook meat thoroughly including luncheon
meats; avoid raw or smoked meats or
fish, pates, unpasteurized cheese, and
raw milk.

Toxoplasmosis Cook meat and wash fruits and

vegetables thoroughly; avoid cat litter;
wear gloves when gardening outdoors.
Escherichia coli and Follow food-handling guidelines above.
Salmonella
Methylmercury Avoid consumption of large, mercury-

containing fish.

* Education and health promotion directed to individual
plan of care
¢ Opportunity for discussion and questions

FoIIow -Up Physical Exam
Weight: Usually done at each visit, as optimal weight gain
(Table 2.4) is associated with better outcomes. Excessive
fast weight gain can be a sign of preeclampsia.

* Blood pressure: Should be performed and recorded at
each visit.

e Fetal heart tones: Should be performed and recorded at
each visit after the first trimester.

¢ Symphyseal-fundal height measurement: Can be per-
formed at each visit from the 24th through 41st weeks.
Fundal height measurement may help to detect fetal
growth restriction (FGR) and macrosomia, but there is
poor intra- and interuser reliability. There is probably some
value in evaluating trends and although it will not impact
on the underlying condition, it may affect decision mak-
ing on fetal surveillance. There is insufficient evidence
to show whether this measurement has any impact, ben-
eficial or not, on pregnancy outcomes, with no effect in
the only one trial [19] (see also Chapter 45 in Maternal-Fetal
Evidence Based Guidelines).

* Cervical examination: Routine digital examination of the
cervix is not recommended as a screening measure for pre-
vention of PTB (see Chapter 17 in Maternal-Fetal Evidence
Based Guidelines).

* Sweeping or “stripping” of membranes during cervi-
cal exam at > 38 weeks reduces the rate of late-term
delivery (see Chapter 21). Cervical examination may
assist in the identification of abnormal presentation,
and therefore the opportunity to offer appropriate
intervention (i.e., version).

¢ Fetal movement: There is no evidence that formalized kick
counts reduce the incidence of fetal death in the healthy
singleton [20] (see Chapter 56 in Maternal-Fetal Evidence
Based Guidelines). Nonetheless, women may be instructed
to be aware of daily fetal movements from at or around
28 weeks.

¢ Leopold’s maneuvers: Perform at each visit from 34 weeks
to estimate fetal weight and determine presentation.
Ultrasound can be used to confirm findings, and interven-
tions may be offered [21,22].

¢ Clinical pelvimetry: Measurement of the bony birth canal
is of limited, unproven value in predicting dystocia during
delivery (see Chapters 7 and 8).

* Routine evaluation for edema: Edema has traditionally
been a part of the evaluation for preeclampsia, but by itself,
it is neither specific nor sensitive.

Table 2.4 Institute of Medicine Recommended Total Weight
Gain in Pregnancy by Prepregnancy BMI (kg [Ib.])

BMI Singleton Twin

<18.5 12.5-18 (27-40) Insufficient information
18.5-24.9 11.5-16 (25-35) 17-25 (37-55)
25.0-29.9 7-11.5 (15-25) 14-23 (31-51)
=302 5-9 (11-20) 11-19 (24-41)

Source: Modified from Rasmussen KM and Yaktine AL, eds., JAMA,
302, 241-242, 2009.
aSee Table 2.7 for our recommendations.



Follow-Up Laboratory Screening

* 10 6/7-13 6/7 weeks: Serum aneuploidy screening, with
nuchal translucency screening by ultrasound (see below),
should be offered to every pregnant woman. Consider cell-
free DNA aneuploidy testing (also called noninvasive pre-
natal testing, NIPT) in high-risk women (see Chapter 5)
(Table 2.1).

e 14-21 weeks: The second part of serum aneuploidy screen-
ing (best at 16-18 weeks) should be offered to all pregnant
women interested in prenatal diagnosis of aneuploidy (see
Chapter 5). Counseling regarding the variety of screen-
ing options and the limitations of testing should be made
available to all pregnant women.

e 24-28 weeks: Women with risk factors for GDM should
be screened with either one-step or two-step tests, since
intervention (diet, exercise, glucose monitoring, and, as
necessary, medical therapy) prevents maternal and peri-
natal morbidities (see Chapter 5 in Maternal-Fetal Evidence
Based Guidelines). Universal glucose challenge screening
for GDM is the most sensitive approach, but the following
women are at low risk and less likely to benefit from test-
ing (must meet all of the following criteria): age <25 years;
ethnic origin of low-risk (not Hispanic, African, Native
American, South or East Asian, or Pacific Islander); BMI
<25; no previous personal or family history of impaired
glucose tolerance; and no previous history of adverse
obstetric outcomes associated with GDM. Antibody screen-
ing and hemoglobin and hematocrit are also repeated.
Repeat screening of rapid plasma reagin (RPR) (or venereal
disease research laboratory [VDRL]) and HIV in the early
third trimester and at delivery can be considered for high-
risk populations (see Chapters 32 and 35 in Maternal-Fetal
Evidence Based Guidelines).

® 35-37 weeks: Group B Streptococcus (GBS) is a sig-
nificant cause of morbidity and mortality in neonates.
Approximately 10%-30% of pregnant women are asymp-
tomatically colonized with GBS in the vagina or rectum.
Vertical transmission of this organism from mother to
fetus occurs most commonly after onset of labor or rup-
ture of membranes. All women should be screened for
GBS colonization by rectovaginal culture at 35-37 weeks
of gestation. Colonized women should be treated with IV
antibiotics (penicillin is first choice if not allergic) in labor
or with rupture of membranes (see Chapter 37 in Maternal-
Fetal Evidence Based Guidelines).

Ultrasonography
Ultrasound has not been proven harmful to mother or fetus
(see Chapter 4).

e First-trimester “fetal dating” ultrasonography (before 14
weeks): First-trimester ultrasound is more accurate than
LMP to determine gestational age. First-trimester ultra-
sound also allows earlier detection of multiple pregnan-
cies, aneuploidy screening with nuchal translucency, and
diagnosis of nonviable pregnancies.

¢ Second-trimester “fetal anatomy” ultrasound: Generally,
women are offered an ultrasound at 18-22 weeks to screen
for structural anomalies. Routine use of ultrasound
reduces the incidence of postterm pregnancies and rates
of induction of labor for postterm pregnancy, increases
early detection of multiple pregnancies, increases earlier
detection of major fetal anomalies when termination of
pregnancy is possible, increases detection rates of fetal

PRENATAL CARE 21

malformations, and decreases admission to special care
nursery [23,24]. Given the benefits mentioned, all pregnant
women should be offered a second-trimester ultrasound.
No significant differences are detected for substantive
clinical outcomes such as perinatal mortality, possibly
because of insufficient data. Transvaginal ultrasound
(TVU) cervical length (CL) screening of all singletons ges-
tations, even those without a prior spontaneous PTB, can
be offered (ACOG 2012, SMFM 2012), and is recommended
by experts [25] (see also Chapter 17).

e Third-trimester “fetal growth” ultrasound: In low-risk
or unselected populations, routine third-trimester ultra-
sound has not been associated with improvements in
perinatal mortality [26]. Selective ultrasound in later
pregnancy is of benefit in specific situations, such
as calculation of interval growth for suspected FGR,
assessment of amniotic fluid index for suspect oligohy-
dramnios or hydramnios, and assessment of malpresen-
tation (see Chapter 4). A large prospective cohort study
showed that screening of nulliparous women with uni-
versal third-trimester fetal biometry roughly tripled the
detection of SGA infants and that the combined analysis
of fetal biometry and fetal growth velocity identified a
subset of SGA fetuses that were at increased risk of neo-
natal morbidity [27].

* Routine umbilical artery or other Doppler ultrasound in
low-risk or unselected patients has not been shown to be
of benefit.

CONTENT OF PRENATAL CARE

The content of prenatal care is extensive and reviewed in detail
not only in this chapter but also in most other chapters in this
book, as well as its companion, Maternal-Fetal Evidence Based
Guidelines. In Chapter 1, see Table 1.2 for topics to be reviewed,
Table 1.3 for screening, Table 1.4 for laboratory tests, Table 1.5
for vaccinations, Table 1.6 for interventions for all women,
and Table 1.7 for interventions for women with risk factors.
Prenatal care usually incorporates, among other things, the
following:

* DPrenatal education and reassurance (regarding drugs,
environment, lifestyle, nutrition, supplements, vaccina-
tions, preventive measures, preparation for labor and
delivery, depression, breastfeeding, etc.)

* Provision of evidence-based screening tests at appropriate
intervals (Table 2.1)

e Risk assessment

e Problem-oriented visits as needed

¢ Condition-specific care for high-risk patients

Content issues that should be included in prenatal care
such as drugs and environment, lifestyle, nutrition, supple-
ments, vaccinations, prenatal education, and others are
described below.

Drugs and Environment

Substance Abuse

Screening for use and counseling for cessation of tobacco,
alcohol, and recreational or illicit drug use is recommended
(see Chapters 22 and 23 in Maternal-Fetal Evidence Based
Guidelines). Maternal smoking as well as exposure to sec-
ondhand smoke is dangerous to both the woman and her
fetus. Provider support and educational material tailored to
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pregnancy are shown to increase smoking cessation by 70%
and reduce LBW and PTB [28-30] as well as the number of
women who continue to smoke in late pregnancy [30].

Alcohol use at any level in pregnancy cannot be sup-
ported although deleterious effects at low-moderate levels are
difficult to quantify [31]. The evidence from the limited num-
ber of studies suggests that psychological and educational
interventions may result in increased abstinence from alco-
hol, and a reduction in alcohol consumption among preg-
nant women. However, results were not consistent, and the
paucity of studies, the number of total participants, the high
risk of bias of some of the studies, and the complexity of inter-
ventions limit our ability to determine the type of intervention
that would be most effective in increasing abstinence from, or
reducing the consumption of, alcohol among pregnant women
[32]. Counseling may be effective in reducing substance abuse
in pregnancy, although women with addictions will need
specialized interventions. Screening and brief intervention
(SBI) for unhealthy alcohol use has demonstrated efficacy in
some trials. There is some evidence regarding the acceptabil-
ity and efficacy of computer-delivered SBI plus tailored mail-
ings in women who screened positive for alcohol risk [33].
There is insufficient evidence to recommend the routine use
of home visits for women with a drug or alcohol problem [34].
However, a cluster randomized controlled trial among urban
South African mothers showed that a home-visiting interven-
tion improved the emotional health of low-income mothers
and that relative to standard care, intervention mothers were
significantly less likely to report depressive symptoms and
alcohol abuse [35].

Over-the-Counter, Alternative/Complementary,

and Prescription Medications

Because of the possibility of adverse fetal effects, medication
use, including alternative remedies, should be limited to cir-
cumstances where benefit outweighs risk. Beneficial medica-
tions should be continued in pregnancy when safe for both
mother and fetus (see specific disease guidelines in Maternal-
Fetal Evidence Based Guidelines).

Environmental/Occupational Risks and Exposures

In general, working is not associated with poor pregnancy
outcome. Some workplace exposures, such as toxic chemicals,
radiation (>5 rad), heavy repeated lifting, prolonged (>8 hours)
standing, excessive (>80/week) work hours, and high fatigue
score may be associated with pregnancy complications, but
there is insufficient evidence on the effect of avoidance of these
risks (see also Chapter 17). There is insufficient safety data for
paint, solvents, hair dyes, fumes, anesthetic drugs, etc., with
no absolute evidence of harm. Hot tubs, saunas should avoid
temperatures >102°F to avoid risk of dehydration, especially in
the first trimester.

Domestic Violence

Domestic violence against pregnant women is associated with
an increased risk of PTB, LBW, second-and third-trimester
bleeding, and fetal injury. Domestic violence may escalate
during pregnancy. As such, providers need to be alert to signs
and symptoms of abuse and provide opportunities for private
disclosure. However, so far, there is insufficient evidence to
assess the effectiveness of interventions for domestic violence
on pregnancy outcome [36].

Lifestyle

Work

There is insufficient evidence to recommend exact work
hours and when to take off from work before delivery (if at
all). Work accommodations are often necessary and helpful
to allow a pregnant woman to continue working and earn-
ing an income. Pregnant women should not be discriminated
against by their employers just because they are pregnant.
The website www.pregnantatwork.org provides online
tools that health-care professionals can use to prepare notes
drafted using language that increases the likelihood that a
patient will receive the accommodations she needs to con-
tinue doing her job safely. Occupational lifting guidelines
have been published [37].

Exercise

Regular exercise during low-risk pregnancies is beneficial
as it increases overall maternal fitness and sense of well-
being. Exercise is an effective tool in maternal weight gain
control in pregnancy [38-40].

Aerobic exercise for 35-90 minutes 3-4 times per week
can be safely performed by normal-weight women with sin-
gleton, uncomplicated gestations because this is not associated
with an increased risk of PTB or with a reduction in mean ges-
tational age at delivery [39], and was associated with a signifi-
cantly higher incidence of vaginal delivery and a significantly
lower incidence of cesarean delivery [39,40], with a significantly
lower incidence of gestational diabetes mellitus and hyperten-
sive disorders and therefore should be encouraged [39].

Structured physical exercise programs appear also to
be safe for the neonate [41] and reduce the risk of having
a large newborn without a change in the risk of having a
small newborn [42]. Furthermore, there is some evidence
that exercise may be effective in treating depression during
pregnancy [43]. Diet or exercise, or both, during pregnancy
can reduce the risks of: excessive gestational weight gain
(GWG), cesarean section, maternal hypertension, macro-
somia, and neonatal respiratory morbidity, particularly for
high-risk women receiving combined diet and exercise inter-
ventions [39]. However, most of the studies included in the
meta-analysis were carried out in developed countries and
therefore it is not clear if these findings are widely appli-
cable [44]. In another meta-analysis, exercise was associated
with a lower (by 600 g) GWG [45]. Possible maternal benefits
include improved cardiovascular function, limited preg-
nancy weight gain, decreased musculoskeletal discomfort,
reduced incidence of muscle cramps and lower limb edema,
mood stability, and attenuation of GDM and gestational
hypertension. Fetal benefits include decreased fat mass,
improved stress tolerance, and advanced neurobehavioral
maturation [46]. For most pregnant women, at least 30 min-
utes of moderate exercise is recommended on most days all
of the week. There is no target heart rate that is right for
every pregnancy woman. Walking, swimming, and other
sports with low chance of loss of balance are recommended
(Table 2.5) [47]. Avoid contact sports and sports with high
chance of loss of balance. Special considerations may be made
for professional athletes at the patient and provider’s discre-
tion. Avoid hypoglycemia and dehydration. It is important to
advise women to be careful while stretching, as the hormone
relaxin can leave joints vulnerable to overstretching and
injury [47]. It is important for clinicians to keep emphasizing
that exercise is medicine [48].
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Table 2.5 Examples of Safe and Unsafe Physical Activities
During Pregnancy

The following activities are safe to initiate or continue:?

Walking

Swimming

Stationary cycling

Low-impact aerobics

Yoga, modified®

Pilates, modified

Running or jogging®

Racquet sportsed

Strength training®

The following activities should be avoided:

¢ Contact sports (e.g., ice hockey, boxing, soccer, and
basketball)

* Activities with a high risk of falling (e.g., downhill snow skiing,
water skiing, surfing, off-road cycling, gymnastics, and
horseback riding)

¢ Scuba diving

e Sky diving

* “Hot yoga” or “hot pilates”

Source: Adapted from Committee Opinion No. 650, Obstet Gynecols,
126, 135-142, 2015. [Guideline]

aln women with uncomplicated pregnancies in consultation with an
obstetric care provider.

bYoga positions that result in decreased venous return and hypotension
should be avoided as much as possible.

°In consultation with an obstetric care provider, running or jogging, rac-
quet sports, and strength training may be safe for pregnant women who
participated in these activities regularly before pregnancy.

dRacquet sports wherein a pregnant woman’s changing balance may
affect rapid movements and increase the risk of falling should be
avoided as much as possible.

Yoga

Yoga in pregnancy is associated with lower pain and discomfort,
as well as lower perceived stress and improved quality of life
in physical domains in the three RCTs evaluating its effects [49].

Travel

Counseling should include the proper use of passenger
restraint systems in automobiles with the lap belt below the
abdomen, reduction of risk of venous thromboembolism dur-
ing long-distance air travel by walking and exercise, and pro-
vision of care and prevention of illness during travel abroad.

Sex and Sexuality

Intercourse has not been associated with adverse outcomes in
pregnancy. Some women have a progressive decrease in sex-
ual desire during the pregnancy, most markedly in the third
trimester. Couples are often concerned that intercourse may
harm the pregnancy. This is associated with progressively
decreasing frequency of sexual intercourse in pregnancy
[50]. Most women desire more communication regarding sex

Table 2.6 Food Safety in Pregnancy
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in pregnancy by their care providers. Health-care provider
counseling should be reassuring, in the absence of pregnancy
complications. Semen is a source of prostaglandin, pyospermia
is associated with preterm premature rupture of membranes
(PPROM), and orgasms and nipple stimulation do increase
contractions [51]. Therefore, sexual intercourse may be detri-
mental in women with cervical dilatation and/or shortening
but this is not well studied. PTB and other complications of
pregnancy do not seem increased in most studies of sex in
pregnancy. Most studies report that sexual activity is asso-
ciated with better pregnancy outcomes, probably because
women who are sexually active are healthier to begin with
compared with women with less sexual activity [52].

Nutrition

Energy (Calorie)/Protein Supplementation

A meta-analysis of 17 RCTs provided evidence that antenatal
nutritional education with the goal of increasing energy and
protein intake in pregnant women appears to be effective in
reducing the risk of PTB and of LBW and effective in increas-
ing the head circumference at birth and the birth weight
among undernourished women [53]. Balanced energy and
protein supplementation seems to improve fetal growth,
and may reduce the risk of stillbirth and infants born SGA.
However, high-protein supplementation does not seem to be
beneficial and may be harmful to the fetus increasing the risk
of SGA. Balanced-protein supplementation alone has no sig-
nificant effects on perinatal outcomes [53].

Cholesterol-Lowering Diet

A cholesterol-lowering diet with omega-3 fatty acids and
dietary counseling does not affect cord or neonatal lipids but
is associated with a 90% reduction in PTB <37 weeks in one
trial [54] (see also Chapter 17). More evidence is needed for a
recommendation.

Low-Glycemic Index Diet

A low-glycemic index diet appears to be beneficial to both
mother and child in reducing the incidence of abnormal glu-
cose tolerance tests, large-for-gestational-age (LGA) infants,
and ponderal indices. The numbers of studies and subjects
are small, however, and therefore considered inconclusive
[55]. Studies evaluating the effects of different types of dietary
advice for women with gestational diabetes mellitus did not
find any significant benefits for the diets investigated [56].

Antigen Avoidance Diet

Prescription of an antigen avoidance diet (e.g., avoiding choco-
late or nuts) to a pregnant woman is unlikely to reduce her
child’s risk of atopic disease and such a diet may adversely
affect maternal or fetal nutrition [57].

Probiotics
A probiotic capsule intervention among women with abnor-
mal glucose tolerance had no impact on glycemic control [58].

Clean: Wash hands thoroughly with soap and water, before and after handling food, using the bathroom, changing diapers, or handling pets.
Wash cutting boards, dishes, utensils, and countertops with soap and water. Rinse raw fruits and vegetables well, under running water.
Separate: Separate raw meats and seafood from fresh or prepared foods. Use a separate cutting board for raw meats and seafood.

Place prepared food on a clean plate.

Cook: Cook foods thoroughly. Avoid allowing foods to sit at temperatures between 40°F and 140°F (4°C and 60°C). Discard foods left
out at room temperature for more than 2 hours. Avoid foods made with raw eggs.
Chill: Maintain refrigerator temperature at 40°F (4°C) or below and the freezer at 0°F (—18°C).
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Food Safety
Food safety and prevention of food-borne illness and infection
are suggested in Tables 2.3 and 2.6.

BMI and Weight Gain
BMI is utilized in counseling a woman on optimal weight gain
in pregnancy (Table 2.2) [59-71].

Suggested weight gain in pregnancy is shown in
Table 2.4 [59]. Women who are underweight are at increased
risk for LBW and PTB and have better outcomes with a
higher total weight gain [67]. Excessive weight gain in
women with normal BMI can be prevented with dietary
and lifestyle counseling [62-69]. For example, a program of
education on recommended GWG, application of personalized
weight graph, formalized prescription of exercise, and regular
monitoring of GWG at every antenatal visit is associated with
a significant reduction in GWG [70]. Obesity is associated with
cardiovascular disease, diabetes, hypertension, stroke, osteo-
arthritis, gallstones, endometrial, breast, and colon cancers,
cardiomyopathy, fatty liver, obstructive sleep apnea, urinary
tract infections, other complications, and most importantly, mor-
tality. Prepregnancy obesity and excessive gestational weight
gain are associated with increased risk of childhood obesity for
the fetus. Obese pregnant women are specifically at increased
risk for miscarriage, congenital malformations, GDM, hyperten-
sion, preeclampsia, stillbirth, cesarean birth, labor abnormali-
ties, macrosomia, anesthesia complications, wound infection,
and thromboembolism. These women have better maternal
outcomes with lower (or no) total weight gain [60,61,67,68,71]
(Table 2.7) (see also Chapter 3 in Maternal-Fetal Evidence Based
Guidelines). Even if some studies have reported some small
increased risk of SGA with weight loss in obese women, this is
really NOT an increase. What happens is that obese women who
gain weight have larger babies (incidence of SGA <5%), while
those who lose weight have a normal incidence of SGA (i.e., <10%)
[72]. Moreover, all other neonatal outcomes are the same or bet-
ter with no weight gain or some moderate weight loss in obese
pregnant women (Table 2.7) [61,72].

Caffeine
Moderate caffeine consumption (<200 mg/ day) does not
appear to be a major contributing factor in miscarriage or PTB.
Reducing the caffeine intake of regular coffee drink-
ers (3+ cups/day) during the second and third trimester
by an average of 182 mg/day did not affect birth weight or
length of gestation in one RCT [73]. A meta-analysis from two
RCTs concluded that there is insufficient evidence to con-
firm or refute the effectiveness of caffeine avoidance on birth
weight or other pregnancy outcomes; moreover, they found
that reducing the caffeine intake of regular coffee drinkers
(3+ cups/day) during the second and third trimester did not
affect PTB or SGA rate [74].

Supplements

Multivitamin

There is insufficient evidence to suggest replacement of iron
and folate supplementation with a multiple-micronutrient sup-
plement. A reduction in the number of LBW and SGA babies
and maternal anemia has been found with a multiple-micronu-
trient supplement compared with supplementation with two or
less micronutrients or none or a placebo, but analyses revealed
no added benefit of multiple-micronutrient supplements com-
pared with iron and FA supplementation [75,76]. These results
are limited by the small number of studies available. There is
also insufficient evidence to identify which micronutrients are
more effective, to assess adverse effects, and to say that excess
multiple-micronutrient supplementation during pregnancy
is harmful to the mother or the fetus [75,76]. Therefore, there
is insufficient evidence to recommend routine multivitamin
supplementation for all women, or even only for women who
are underweight, have poor diets, smokers, substance abusers,
vegetarians, multiple gestations, or others. Excess (>1) prena-
tal vitamin intake per day should be avoided. No prenatal
multivitamin supplement has been shown to be superior
to another. Use of multivitamin supplement not specific for
pregnancy should be discouraged, as often excess doses can
pose risks to the pregnancy. Each supplement, including each
vitamin supplement, should be studied for safety and efficacy
individually.

Folic Acid

Folic acid supplementation is recommended, with mini-
mum 400 pg/day for all women (93% decrease in NTDs), and
5 mg/day for women with prior children with NTD (69%
decrease in NTD) [7778]. Supplementation should start at
least 1 month before conception and continue until at least
28 days after conception (time of neural tube closure). Given
the unpredictability of conception and that 50% of pregnan-
cies are unplanned, all reproductive-age women should be on
FA supplementation. Because in several countries the baseline
serum folate level is only 5 ng/mL, and increases in this level
are directly proportional with a decrease in the incidence of
NTD, some experts have advocated 5 mg of FA per day as
optimal supplementation [79]. No increase in ectopic preg-
nancy, miscarriage, or stillbirth has been associated with folate
supplementation, but it might increase (nonsignificant trend)
the incidence of multiple gestations by 40% [77-82]. However,
a multicenter prospective cohort study showed that children
whose mothers used FA supplement dosages higher than 5
mg/mL had a lower mean psychomotor scale score than chil-
dren whose mothers used a recommended FA supplements
dosages (i.e., 400 pg/day) [82]. Folic acid supplementation has
been associated (one non-RCT study) with decrease in severe
language delay at 3 years of age [81]. Fortifying basic foods
such as grains with added folate is associated with an increase
in supplementation of only 140-200 pg/day, and with only a

Table 2.7 Weight Gain Suggestions for Overweight and Obese Women

Prepregnancy weight category

Our suggested total weight gain range (Ib.)

I0OM recommendations (Ib.)

Overweight (BMI 25—-29.9 kg/m?)
Class | obesity (BMI 30-34.9 kg/m?)
Class Il obesity (BMI 35—-39.9 kg/m?)
Class Ill obesity (BMI >40 kg/m?)

6-20 (2.7-9.0 kg)
5-15 (2.3-6.8 kg)

—9-9 (-4.0-4.0 kg)
~15-0 (-6.8-0 kg)

15-25 (6.8—11.4 kg)
1120 (5-9.1 kg)
11-20 (5-9.1 kg)
1120 (5-9.1 kg)

Source: Rasmussen KM and Yaktine AL, eds., JAMA, 302, 241-242, 2009.

Abbreviation: I0M, Institute of Medicine.



20%-50% decrease in incidence of NTD, with the potential for
large-scale prevention [80]. Women taking antiseizure medi-
cations, other drugs that might interfere with FA metabolism,
those with homozygous methylenetetrahydrofolate reductase
(MTHFR) enzyme mutations, or those who are obese may
need higher doses of folate supplementation. Women with
first-trimester diabetes mellitus or exposure to valproic acid or
high temperatures might not experience the decrease in NTD
risk with folate supplementation due to these risks (see also
Chapter 1).

Vitamin A

In pregnancy, some extra vitamin A is required for growth and
tissue maintenance in the fetus, for providing fetal reserves,
and for maternal metabolism. However, vitamin A in its syn-
thetic form as well as in large doses as retinol (preformed
vitamin A found in cod liver oil and chicken or beef liver) is
teratogenic. It is recommended that pregnant women ingest
vitamin A as B-carotene and limit the ingestion of retinol dur-
ing pregnancy. In vitamin A-deficient populations (where
night blindness is present), and in HIV-positive women, vita-
min A supplementation reduces maternal night blindness and
anemia. Excess vitamin A intake can cause birth defects and
miscarriages at doses >25,000 IU/day. Vitamin A supple-
ments should be avoided, with maximum daily intake prior
to and during pregnancy probably 5000 IU and certainly
<10,000 IU, respectively. Vitamin A supplementation may be
beneficial in women with vitamin A deficiency, especially
in prevention of night blindness, in developing countries.
Optimal duration of supplement use cannot be evaluated. One
large population-based trial in Nepal shows a possible ben-
eficial effect on maternal mortality after weekly vitamin A
supplements. Night blindness, associated with vitamin A defi-
ciency, was assessed in a nested case—control study within this
trial and found to be reduced but not eliminated [83]. There is
insufficient evidence to support vitamin A supplementation as
an intervention for anemia [83,84].

Vitamin B6 (Pyridoxine)

There is insufficient evidence to evaluate pyridoxine sup-
plementation during pregnancy [85]. There are few trials,
reporting few clinical outcomes and mostly with unclear trial
methodology and inadequate follow-up. There is not enough
evidence to detect clinical benefits of vitamin B6 supplementa-
tion in pregnancy and/or labor other than one trial suggesting
protection against dental decay [86]. For the aim of decreas-
ing dental decay or missing/filled teeth, pyridoxine supple-
mentation 20 mg/day (lozenges or capsules) is associated with
decreased incidence of these outcomes in pregnant women [86].
Pyridoxine has been used in the management of nausea and
vomiting in pregnancy. It is now considered Category A in
combination with doxylamine as “Diclegis” which is the only
U.S. Food and Drug Administration (FDA) approved treatment
for nausea and vomiting of pregnancy. Studies done for FDA
approval of the drug showed no adverse outcomes and demon-
strated safety and good tolerance by women when used in the
recommended dose of up to 4 pills (10 mg/10 mg) per day (see
Chapter 9 in Maternal-Fetal Evidence Based Guidelines).

Vitamin C

The data are insufficient to assess if vitamin C supplementa-
tion either alone or in combination with other supplements
is beneficial during pregnancy for either low-or high-risk
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women. There may be an associated increased risk of PTB
with vitamin C supplementation (RR 1.38, 95% CI 1.04-1.82,
3 trials, 583 women) [87]. No other difference in outcome is
noted between vitamin C supplementation and no treatment
or placebo. There are very limited trials available to assess
whether vitamin C supplementation may be useful for all
pregnant women. Usually the women involved in the trials
were either at high risk of preeclampsia or PTB or the women
had established severe early-onset preeclampsia (see also
Chapter 1 in Maternal-Fetal Evidence Based Guidelines). No dif-
ference is seen between women supplemented with vitamin C
alone and those supplemented with vitamin C in combination
with other supplements compared with placebo for the risk of
stillbirth, neonatal death, LBW, or intrauterine growth restric-
tion (IUGR) [87].

Vitamin D

There is insufficient evidence to evaluate the effects of
vitamin D supplementation during pregnancy [88-92]. Vitamin D
1000 IU/day in the third trimester is associated with no consis-
tent effect on incidence of LBW [88]. Neonatal hypocalcemia is
less common with vitamin D supplementation compared with
placebo [88]. Vitamin D supplementation during pregnancy
is associated with increase circulating 25(OH)D levels, birth
weight and birth length but with no effects on maternal-fetal
outcomes [89]. There are limited data to assess any benefit of
vitamin D supplements for complete vegetarians and women
with extremely limited exposure to sunlight. Vitamin D sup-
plementation of vitamin D deficient pregnant women prevents
neonatal vitamin D deficiency [90]. Vitamin D plus calcium
have no effect on duration of pregnancy, type of delivery, and
infant anthropometric indicators [91]. However, low maternal
vitamin D levels in pregnancy <50 nmol/L may be associated
with an increased risk of preeclampsia, gestational diabetes,
PTB, and SGA [92].

Vitamin E

There is insufficient evidence to assess if vitamin E supple-
mentation either alone or in combination with other supple-
ments is beneficial during pregnancy [93]. All evidence tested
women at high risk of preeclampsia or with established pre-
eclampsia and assessed vitamin E in combination with other
supplements (usually vitamin C) (see Chapter 1 in Maternal-
Fetal Evidence Based Guidelines). There is no convincing evi-
dence that vitamin E supplementation alone or in combination
with other supplements results in other important benefits or
harms [93].

Magnesium

Numerous studies demonstrate an association between mag-
nesium supplementation and decreased incidences of LBW,
SGA, antenatal hospitalization, and antenatal hemorrhage.
The majority of RCTs are of poor quality, except one judged
to be of high quality which did not support these associa-
tions. There is insufficient high-quality evidence to show
that dietary magnesium supplementation during pregnancy
is beneficial [94]. Including high- and low-quality trials, oral
magnesium treatment from before the 25th week of gesta-
tion is associated with a lower frequency of PTB, a lower
frequency of LBW, and fewer SGA infants compared with pla-
cebo [87]. In addition, magnesium-treated women have less
hospitalization during pregnancy and fewer cases of ante-
partum hemorrhage than placebo-treated women. Incidences
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of preeclampsia and all other outcomes are similar. In the
analysis of one high-quality trial, no differences between
magnesium and placebo groups are seen. Poor-quality tri-
als are likely to have resulted in a bias favoring magnesium
supplementation.

Calcium

Calcium supplementation is associated with a reduction of
the incidence of preeclampsia in pregnancy in all women,
particularly for women at high risk of hypertension and in
women with low dietary calcium intake (e.g., <600 mg/day)
[95]. The minimum dose in the Cochrane review was 1 g/day.
Further research is needed to determine whether dietary
sources of calcium confer the same benefit and at what
amount. There is insufficient evidence to determine opti-
mum dosage and the effect on other important maternal
and fetal outcomes. There is no overall reduction in PTB,
although there is reduction in PTB among women at high
risk of developing hypertension. Benefits are considered to
outweigh an anomalous increase in the risk of HELLP syn-
drome, which was small in absolute numbers. There is no
evidence of any effect of calcium supplementation on still-
birth or death before discharge from hospital. In women
at high risk of hypertension, calcium supplementation is
associated with fewer babies with birth weight <2500 g. In
one study, childhood systolic blood pressure >95th percen-
tile was reduced [95] (see also Chapter 1 in Maternal-Fetal
Evidence Based Guidelines).

Iron

There is no evidence to advice against a policy of routine iron
and folate supplementation in pregnancy. Iron supplemen-
tation is associated with prevention of low hemoglobin at
birth or at 6 weeks postpartum [96]. Iron supplementation,
however, has no detectable effect on any substantive mea-
sures of either maternal or fetal outcome. One trial, with the
largest number of participants of selective versus routine
supplementation, shows an increased likelihood of cesar-
ean section and postpartum blood transfusion, but a lower
perinatal mortality rate (up to 7 days after birth). There are
few data derived from communities where iron deficiency
is common and anemia is a serious health problem. There is
limited evidence for daily versus intermittent supplementa-
tion. High-dose supplementation (80 mg daily) has no clini-
cal advantage over low-dose supplementation (20 mg daily)
and is associated with more gastrointestinal (GI) side effects.
One RCT suggests adverse effects of hemoconcentration
from iron supplementation in nonanemic women. For iron
supplementation for women with anemia, see chapter 14 in
Maternal-Fetal Evidence Based Guidelines.

Zinc

There is insufficient evidence to evaluate fully the effect of zinc
supplementation during pregnancy [97]. Zinc supplementation
is associated with significant reduction in PTB (RR 0.86, 95%
CI 0.76-0.98; 13 RCTs; 6854 women). These studies were pri-
marily from a low social-economic population and may reflect
overall poor nutrition. Reductions in induction of labor and
cesarean delivery are from small studies, with no other dif-
ferences detected between groups of women who had zinc
supplementation and those who had either placebo or no zinc
during pregnancy. There is insufficient evidence to assess the
best dose, gestational age and duration, and population for
zinc supplementation in pregnancy [97].

lodine

Iodine is essential for normal fetal thyroid and brain devel-
opment. Iodine supplementation in populations with low
iodine intake and high levels of endemic cretinism results in
an important reduction in the incidence of the condition with
no apparent adverse effects. Iodine supplementation is asso-
ciated with a reduction in deaths during infancy and early
childhood, with decreased endemic cretinism at the age of 4
years and better psychomotor development scores between
4 and 25 months of age [98]. There is little data, however, on
the safety of routine iodine supplementation in populations
with normal or low normal iodine levels. Some data suggest
an increased risk of fetal and maternal hypothyroidism from
iodine supplementation. The upper levels of safety have not
been established [98,99].

Omega-3

Pregnancy is a time of increased risk for omega-3 deficiency
as omega-3 is used for the developing fetus. Thirty-four RCTs
have been performed to assess whether omega-3 supplemen-
tation during pregnancy affects maternal-fetal outcomes.
Pooled results from the 34 studies [100] show lack of evidence
to support the routine use of omega-3 supplementation during
pregnancy, as omega-3 supplementation did not affect PTB,
preeclampsia, IUGR, gestational diabetes, SGA, post-partum
depression, children development or other maternal or fetal
outcomes. Meta-analyses also found that omega-3 supple-
mentation during pregnancy did not prevent PTB in low-risk
women [101], or in women with prior PTB [102], and did not
prevent recurrent IUGR [103].

Oral Health Care

Oral health care is an important component of general health
and therefore should be maintained during pregnancy and
through a woman’s lifespan. However, although some studies
have shown a possible association between periodontal infec-
tion and pregnancy outcome such as PTB and preeclampsia,
the evidence shows no improvement in obstetric or perinatal
outcomes after dental treatment during pregnancy. A meta-
analysis from 13 RCTs showed that providing periodontal
treatment to pregnant women was not associated with reduc-
tion in PTB, or perinatal mortality, except for a significant
reduction in PTB and LBW in populations with high occur-
rence (>20%) of PTB and LBW [104].

Vaccinations

Immunity to rubella, varicella, hepatitis B, influenza, teta-
nus, and pertussis should be assessed at the first prenatal
visit. Ideally, needed vaccinations would be provided pre-
conception. There is no vaccine that is more dangerous to a
pregnant woman or her fetus than the disease it is designed
to prevent. Recombinant, inactivated, and subunit vaccines,
as well as toxoids, and immunoglobulins pose no threat to
a developing fetus. Inactivated influenza vaccine should be
given (by injection, as killed virus) to all pregnant women
during the influenza season. The live attenuated form of the
vaccine (intranasal spray) should not be given during preg-
nancy. Hepatitis B vaccine can be safely given in pregnancy.
TDAP or “whooping cough” vaccine is recommended for all
pregnant women after 28 weeks (see Table 1.5 in Chapter 1,
and Chapter 38 in Maternal-Fetal Evidence Based Guidelines).



Abdominal Decompression

Abdominal decompression consists of a rigid dome placed
about the abdomen and covered with an airtight suit, with
the space around the abdomen decompressed to —50 to —100
mmHg for 15-30 seconds out of each minute for 30 minutes
once to thrice daily, or with uterine contractions during labor.
This is thought to “pump” blood through the intervillous
space. There is no evidence to support the use of abdominal
decompression in normal pregnancies. There is no difference
between the abdominal decompression groups and the control
groups for LBW, admission for preeclampsia, low Apgar score,
perinatal mortality, and childhood development [105].

Prevention of Complications

Please see specific diseases in each chapter of this book, and its
companion, Maternal-Fetal Evidence Based Guidelines. Here are
reported only some general, nonspecific interventions.

Antibiotic prophylaxis of pregnant women with no spe-
cific risk factor or infection is associated with similar incidence
of PPROM, PTB, and postpartum endometritis [106,107] (see
also Chapter 17).

Programs offering additional social support (caring
family members, friends, and health professionals) for at-
risk (e.g., for PTB and LBW) pregnant women are not asso-
ciated with improvements in any perinatal outcomes, but
there is a reduction in the likelihood of antenatal hospital
admission (RR 0.79, 95% CI 0.68-0.92) and cesarean birth
(RR 0.87, 95% CI 0.78-0.97) [108].

For issues such as mild hypertension or preeclampsia,
small studies suggest that there are no major differences in
clinical outcomes for mothers or babies between antenatal
day units and hospital admission, but women may prefer day
care [109] (see also Chapter 1 in Maternal-Fetal Evidence Based
Guidelines).

Prenatal Education

There is insufficient evidence to assess the effectiveness of
formal prenatal education programs. Prenatal education
directed at specific objectives (e.g., promoting breastfeeding
and avoiding planned induction of labor) has been demon-
strated to be effective [110-113]. Individualized prenatal edu-
cation directed toward avoidance of a cesarean delivery does
not increase the rate of vaginal birth after cesarean section.
As a part of prenatal care, women should be provided with
information and instruction regarding their health, including
risk avoidance, breastfeeding, what to expect during labor and
birth (see Section “Preparation for Labor and Delivery”), how
to obtain care when labor begins, and the value of a support
person during the labor process (see Chapters 7 and 8).

Community Interventions

There is encouraging evidence of the value of integrating
maternal and newborn care in community settings through
a range of interventions that can be packaged effectively
for delivery through a range of community health workers
and health promotion groups. Such evidence-based avail-
able interventions as immunization to mothers, clean and
skilled care at delivery, newborn resuscitation, exclusive
breastfeeding, clean umbilical cord care, and management of
infections in newborns require facility-based and outreach
services. Implementation of community-based interven-
tional care packages is associated with a trend for reduction
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in maternal mortality (RR 0.77, 95% CI 0.59-1.02) and with
significant reductions in maternal morbidity (RR 0.75, 95%
CI 0.61-0.92), neonatal mortality (RR 0.76; 95% CI 0.68-0.84),
stillbirths (RR 0.84, 95% CI 0.74-0.97), and perinatal mortal-
ity (RR 0.80; 95% CI 0.71-0.91). It also increases the referrals to
health facility for pregnancy-related complication by 40% and
improves the rates of early breastfeeding by 94% [113].

Preparation for Labor and Delivery

Perineal massage with sweet almond oil for 5-10 minutes
daily from 34 weeks until delivery is associated with a sig-
nificantly higher chance of intact perineum compared with
no massage in nulliparous, but probably not multiparous
women [114-116]. The type of the oil used during the second
stage of labor for prevention of perineal tears has no effect
on the integrity of the perineum; accordingly it seems that
there is no perfect oil [117]. For perineal massage in labor, see
Chapter 8.

Women should be provided with written information and
instruction regarding what to expect during labor and delivery,
how to obtain care when labor begins, and the value of a sup-
port person during the labor process (see Chapters 7 and 8).

Labor and delivery classes should be encouraged.
Compared with no such training, 9 hours of antenatal classes
with training to prepare for labor and delivery are associ-
ated with arriving to L and D ward more often in active labor
(RR 1.45, 95% CI 1.26-1.65) and using less epidural analgesia
(RR 0.84, 95% CI 0.73-0.97) [118].

Compared with standard antenatal education, antena-
tal education focusing on natural childbirth preparation with
training in breathing and relaxation techniques is not associated
with any effects on maternal or perinatal outcomes, including
similar incidences of epidural analgesia, childbirth, or parental
stress, in nulliparous women and their partners [119].

Compared with conventional therapy, intensive counsel-
ing therapy for fear of childbirth does not affect the incidence
of cesarean but is associated with reduced pregnancy-and
birth-related anxiety and concerns, and shorter labors in one
RCT [120].

In a small RCT, a specific antenatal education program
is associated with a reduction in the mean number of visits
to the labor suite before the onset of labor [4]. It is unclear
whether this results in fewer women being sent home because
they are not in labor [120] (see also Chapter 7). One trial
study, comparing the use of an educational technique based
on patient participation with routine instructions to prepare
patients to recognize the onset of active labor, showed that,
without any increase in time, nurses can prepare patients to
make judgments about the need for hospitalization [121].

Depression in Pregnancy and

the Postpartum Period

Between 14% and 23% of pregnant women will experience a
depressive mood disorder while pregnant [122-129]. Maternal
anxiety, life stress, history of depression, lack of social support,
unintended pregnancy, public insurance, domestic violence,
lower income, lower education, smoking, single status, and
poor relationship quality were associated with a greater likeli-
hood of antepartum depressive symptoms in bivariate analy-
ses. Life stress, lack of social support, and domestic violence
continued to demonstrate a significant association in mul-
tivariate analyses [123,124]. Identification of risk factors and
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screening for depression will facilitate referral for treatment
(see Chapter 21 in Maternal-Fetal Evidence Based Guidelines).

Between 5% and 7% of women will experience post-
partum depression. Risk factors include antenatal depressive
symptoms, a history of major depressive disorder, or previous
postpartum major depression [123]. If left untreated, postpar-
tum major depression can lead to poor mother—infant bonding,
delays in infant growth and development, and an increased
risk of anxiety or depressive symptoms in the infant later in
life. Identifying mothers at-risk assists the prevention of
postpartum depression compared with intervening on the
general population. The provision of Intensive postpartum
support provided by public health nurses or midwives is
associated with 32% less postpartum depression. Interventions
with only a postnatal component appeared to be more ben-
eficial than interventions that also incorporated an antenatal
component. Individual-based interventions may be more
effective than those that are group based. Women who received
multiple-contact intervention are just as likely to experience
postpartum depression as those who received a single-contact
intervention [125]. There is insufficient evidence to assess the
effectiveness of antidepressants given immediately post-
partum in preventing postnatal depression in all women
or just in high-risk women [126]. Norethisterone enanthate,
a synthetic progestogen, 200 mg intramuscularly (IM) admin-
istered once within 48 hours of delivery to unselected women
is associated with a significantly higher risk of developing
postpartum depression at 6 weeks [127]. A pilot randomized
controlled trial showed that prenatal yoga may be of benefit
in prevention of postpartum depression in low-risk women
[128]. Moreover, prenatal yoga was also found to be a feasible
and acceptable intervention and was associated with reduc-
tions in symptoms in women with symptoms of anxiety and
depression [129] (see Chapter 21 in Maternal-Fetal Evidence
Based Guidelines).

Breastfeeding

Breastfeeding is the best feeding method for most infants
and should be strongly encouraged (see Chapter 30).
Counseling and education during pregnancy have been
shown to facilitate breastfeeding success [130]. Breastfeeding
education and/or support increased exclusive breastfeeding
rates and decreased no breastfeeding rates at birth and at 1-5
months. Combined individual and group counseling appeared
to be superior to either individual counseling alone or group
counseling alone. Attitudes of the health-care provider are
highly associated with breastfeeding success. Antigen avoid-
ance diet during lactation by high-risk women may reduce
the child’s risk of developing atopic eczema, and may reduce
atopic eczema in children already with atopic eczema during
the first 12-18 months, although more trials are needed.

INTERVENTIONS FOR COMMON

PREGNANCY COMPLAINTS

ltching

The differential diagnosis of itching in late pregnancy (>32
weeks) is presented in Chapter 10 in Maternal-Fetal Evidence
Based Guidelines. If the itching is not due to liver disease, and
if there is no rash, aspirin (600 mg qid) has been reported to
decrease itching [124], but because of potential detrimental
fetal effects (closure of ductus arteriosus and oligohydram-
nios) should not be used. If there are both itching and a rash,

chlorpheniramine 4 mg tid decreased itching in a small trial
[131]. However, aspirin 600 mg four times a day appears to be
more effective than chlorpheniramine 5 mg three times a day
for relief of itching when no rash is present in a small cross-
over trial [132].

Stretch Marks

Some stretch marks (striae gravidarum) develop in about 50%
of women by the end of pregnancy. There is no-high qual-
ity evidence to support the use of any topical preparation in
the prevention of stretch marks during pregnancy [133,134].
There is also no proven treatment for stretch marks once they
have developed [134]. Olive oil is not effective in preventing
the occurrence of striae gravidarum or affecting its sever-
ity [134]. There is no available product that has been defini-
tively shown to prevent the formation of SG. Massage with
either Trofolastin cream or Verum ointment is associated in
small RCTs with a decrease in the development of SG [134].
A small randomized trial showed that a specific anti-stretch
mark cream (emollient and moisturizer containing hydroxy-
prolisilane C, rosehip oil, Centella asiatica, triterpenes, and
vitamin E) had a small effect in reducing severity (but not the
incidence) of striae during pregnancy [135] (see Chapter 43 in
Maternal-Fetal Evidence Based Guidelines).

Leg Cramps
Leg cramps are reported to occur in a reported 34% of pregnant
women in the midtrimester [136,137]. Magnesium lactate or
citrate chewable tablets 5 mmol in the morning and 10 mmol
in the evening for 3 weeks are associated with one-third of
women not having persistent leg cramps compared with 94%
of placebo controls having persistent cramps. Multivitamin
with mineral supplement might decrease leg cramps, but it
is unclear which one of the 12 ingredients (or combination) is
beneficial. Sodium chloride is associated with a slight reduc-
tion although consideration must be given to potential effect
on blood pressure. Calcium supplements do not decrease
leg cramps compared with placebo. However, it is unclear
whether any of the interventions studied (i.e, oral magne-
sium, oral calcium, oral vitamin B or oral vitamin C) provide
an effective treatment for leg cramps due to poor study design
and trials being too small to address the question satisfactorily.
Calf stretching prior to bedtime does not decrease noc-
turnal leg cramps in nonpregnant patients [137].

Back and Pelvic Pain

Back pain is common in pregnancy, given weight gain and its
uneven distribution as well as the softening effects of preg-
nancy hormones on the musculature.

There is evidence that exercise (any exercise on land or in
water) may reduce pregnancy-related low-back pain, improve
functional disability and reduce sick leave. Water gymnastics
for 1 hour weekly starting at <19 weeks reduces back pain
in pregnancy and allows more women to continue to work,
with no adverse effects [138].

Pregnancy-specific exercises, physiotherapy, and
acupuncture starting <32 weeks for 10 sessions appear to
reduce back and pelvic pain; individual acupuncture ses-
sions are more beneficial than group physiotherapy sessions.
Education, other exercises, massage, heat therapy, support
belts, analgesic therapy, etc. have not been studied in a trial in
pregnancy for back pain relief.



Constipation

Constipation is common in pregnancy, probably because of
decreased bowel peristalsis (possibly related to increased
progesterone). It is reported by nearly 70% of women in the
midtrimester. In nonpregnant adults, exercise, increase in
water intake, dietary counseling, and certain foods (e.g.,
prunes) have been shown to relieve constipation. If these self-
help measures are inadequate, the pregnant woman should
then try daily bran or wheat fiber supplements. There is
insufficient evidence to comprehensively assess the effective-
ness and safety of interventions (pharmacological and non-
pharmacological) for treating constipation in pregnancy, due
to limited data (few studies with small sample size and no
meta-analyses). Compared with bulk-forming laxatives, stim-
ulant laxatives (e.g., Senna 14 mg, or dioctyl sodium succi-
nate 120 mg and dihydroxyanthroquinone 100 mg—Normax)
appear to be more effective in improvement of constipation
(moderate quality evidence), but are accompanied by an
increase in diarrhea and abdominal discomfort. Docusate
sodium is a similar stimulant laxative, and it is widely avail-
able. Additionally, dietary fiber supplements (e.g., 10 mg/day
of either corn-based biscuits—“Fibermed”—or 23 g wheat
bran) increase the frequency of defecation and are associated
with softer stools [139]. These findings in pregnant women
are consistent with nonpregnant evidence.

Varicosities and Leg Edema

A small RCT (1 = 69) shows that rutoside capsules improve leg
edema symptoms; however, there are insufficient data to con-
firm rutoside safety in pregnancy. Another small RCT (n = 43)
demonstrates a reduction in leg edema with reflexology.
Compression stockings are not effective compared with simple
resting, but studies do not compare compression stockings to
no compression stockings. Leg elevation, compression hosiery,
and swimming have not been studied for leg edema/varicosi-
ties relief in pregnancy [140].

Hemorrhoids

Hemorrhoids are common during pregnancy with 13%
of women complaining of them in the midtrimester. Oral
hydroxyethylrutosides decrease symptoms compared with
placebo group in women with hemorrhoids and reduce the
signs identified by the health-care provider [141]. Rutosides
are associated with mild side effects such as GI discom-
fort, and their safety data in pregnancy are still insufficient.
Constipation is a predisposing factor for hemorrhoids and
should be treated. Sitz baths, ice, or ointments have been insuf-
ficiently studied for treatment of hemorrhoids in pregnancy.
A small RCT showed that Hai’s Perianal Support toilet seat
device reduced the symptoms of hemorrhoids in pregnancy
and improved the well-being of pregnant women [142].

Heartburn

Heartburn is common during pregnancy with 53% of women
complaining of it in the midtrimester. There is no large-scale
RCT to assess heartburn relief in pregnancy [143].

A consensus document has recommended that life-
style and dietary modifications should remain the first-line
treatment for heartburn in pregnancy. The measures include
reducing and avoiding intake of reflux-inducing foods (e.g.,
greasy and spicy foods, tomatoes, highly acidic citrus prod-
ucts, and carbonated drinks) and substances such as caffeine.
Nonsteroidal anti-inflammatory drugs (NSAIDs) should also
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be avoided. Other lifestyle changes to reduce the risk of reflux,
such as avoiding lying down within 3 hours after eating, are
advised. However, if heartburn is severe enough to warrant
this action, medication should begin after consultation with
a health-care professional. Antacids, H, blockers, and pro-
ton pump inhibitors all have acceptable safety profiles for the
pregnant woman [143-145].

REFERENCES

1. Rosen MG, Merkatz IR, Hill JG. Caring for our future: A report
by the expert panel on the content of prenatal care. Obstet
Gynecol. 1991,77(5):782-787. [Review] [III]

2. Alexander GR, Kotelchuck M. Assessing the role and effective-
ness of prenatal care: History, challenges, and directions for
future research. Public Health Rep. 2001;116(4):306-316. [1I-3]

3. Novick G. Centering pregnancy and the current state of prena-
tal care. | Midwifery Women’s Health. 2004; 49(5):405—411. [III]

4. Dowswell T, Carroli G, Duley L, et al. Alternative versus
standard packages of antenatal care for low-risk pregnancy.
Cochrane Database Syst Rev. 2015;16:CD:000934. [Meta-analysis;
7 RCTs, n = >60,000]

5. Ickovics JR, Kershaw TS, Westdahl C, et al. Group prenatal care
and perinatal outcomes: A randomized controlled trial. Obstet
Gynecol. 2007;110(2 pt 1):330-339. [RCT, n = 1047]. []

6. Hatem M, Sandall J, Devane D, et al. Midwife-led versus other
models of care for childbearing women. Cochrane Database Syst
Rev. 2008;1: CD004667. [Meta-analysis; 11 RCTs, n = 12,276]

7. Gagnon A], Sandall J. Individual or group antenatal education
for childbirth or parenthood, or both. Cochrane Database Syst
Rev. 2007;18:CD002869. [Meta-analysis; 9 RCTs, n = 2,284]

8. Manandhar DS, Osrin D, Shrestha BP, et al. Effect of par-
ticipatory intervention with women’s groups on birth out-
comes in Nepal: Cluster-randomized controlled trial. Lancet.
2004;364:970-979. [RCT, n = 6212] [I]

9. Mushi D, Mpembeni R, Jahn A. Effectiveness of community
based safe motherhood promoters in improving the utilization
of obstetric care. The case of Mtwara Rural District in Tanzania.
BMC Pregnancy Childbirth. 2010;10:14. [1I-1] [II-A]

10. Bhutta ZA, Lassi ZS. Empowering communities for mater-
nal and newborn health. Lancet. 2010;375(9721):1142-1144.
[Review] [III]

11. Mazzoni SE, Hill PK, Webster KW et al. Group prenatal care for
women with gestational diabetes. | Matern Fetal Neonatal Med.
2015 Nov 23:1-5. [11-2]

12. Brown HC, Smith HJ. Giving women their own case notes
to carry during pregnancy. Cochrane Database Syst Rev.
2004;2:CD002856. [Meta-analysis; 3 RCTs, n = 675]

13. Hanson L, VandeVusse L, Roberts ], et al. A critical appraisal
of guidelines for antenatal care: Components of care and pri-
orities in prenatal education. | Midwifery Women’s Health.
2009;54(6):458-468. [Review]

14. The American College of Obstetricians and Gynecologists.
Committee opinion no 611: Method for estimating due date.
Obstet Gynecol. 2014;124:863-866

15. Duckitt K, Harrington D. Risk factors for pre-eclampsia at ante-
natal booking: Systematic review of controlled studies. BM]J.
2005;330(7491):565. [11-2]

16. Alto WA. No need for glycosuria/proteinuria screen in preg-
nant women. | Fam Pract. 2005;54(11):978-983. [11-2]

17. Sanchez-Ramos L, Gillen G, Zamora ], et al. The protein-to-
creatinine ratio for the prediction of significant proteinuria in
patients at risk for preeclampsia: A meta-analysis. Ann Clin Lab
Sci. 2013 Spring;43(2):211-220. [Meta-analysis]

18. Yinon'Y, Farine D, Yudin MH, et al. Cytomegalovirus infection in
pregnancy. | Obstet Gynaecol Can. 2010;32(4):348-354. [Review]

19. Lindhard A, Nielsen PV, Mouritsen LA, et al. The implications
of introducing the symphyseal-fundal height measurement.



30

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

OBSTETRIC EVIDENCE BASED GUIDELINES

A prospective randomized controlled trial. BJOG. 1990;97:
675-680. [RCT, n = 1,639] [I]

Kamysheva BA, Wertheim EH, Skouteris H, et al. Frequency,
severity, and effect on life of physical symptoms experi-
enced during pregnancy. | Midwifery Women'’s Health. 2009;54:
43-49. [11-2]

Nahum GG. Predicting fetal weight. Are Leopold’s maneu-
vers still worth teaching to medical students and house staff?
J Reprod Med. 2002;47(4):271-278. [11-3]

McFarlin BL, Engstrom JL, Sampson MB, et al. Concurrent
validity of Leopold’s maneuvers in determining fetal presenta-
tion and position. ] Nurse Midwifery. 1985;30(5):280-284. [1I-3]
Whitworth M, Bricker L, Neilson JP, et al. Ultrasound for fetal
assessment in early pregnancy. Cochrane Database Syst Rev.
2010;(4):CD007058. [Meta-analysis; 11 RCTs, n = 37,505]

Neilson JP. Ultrasound for fetal assessment in early pregnancy.
Cochrane Database Syst Rev. 2010;(4):CD000182. [Meta-analysis;
9 RCTs]

Khalifeh A, Berghella V. Ten reasons why universal cervi-
cal length screening should be recommended. AJOG. 2016 (in
press). [1II]

Bricker L, Neilson JP, Dowswell T. Routine ultrasound in late
pregnancy (after 24 weeks’ gestation). Cochrane Database Syst
Rev. 2015;6:CD001451. [Meta-analysis; 13 RCTs, 1 = 34,980]
Savio U, White IR, Dacey A, et al. Screening for fetal growth
restriction with universal third trimester ultrasonogra-
phy in nulliparous women in the Pregnancy Outcome
Prediction (POP) study: A prospective cohort study. Lancet.
2015 Sep 8. [1I-2]

Mullen PD. Maternal smoking during pregnancy and evidence-
based intervention to promote cessation. Prim Care. 1999;26
(3):577-589. [Review]

Naughton F, Prevost AT, Sutton S. Self-help smoking cessation
interventions in pregnancy: A systematic review and meta-
analysis. Addiction. 2008;103(4):566-579. [Meta-analysis; 11
RCTs, nn = 6,208]

Lumley J, Chamberlain C, Dowswell T, et al. Interventions
for promoting smoking cessation during pregnancy. Cochrane
Database Syst Rev. 2009;(3):CD001055. [Meta-analysis; 72 RCTs,
n =>20,000]

Henderson ], Gray R, Brocklehurst P. Systematic review of
effects of low-moderate prenatal alcohol exposure on preg-
nancy outcome. BJOG. 2007;114(3):243-252. [1I-1]

Stade BC, Bailey C, Dzendoletas D, et al. Psychological and/or
educational interventions for reducing alcohol consumption in
pregnant women and women planning pregnancy. Cochrane
Database Syst Rev. 2009;(2):CD004228. [Meta-analysis; 4 RCTs,
n =715]

Ondersma SJ, Beatty JR, Svikis DS et al. Computer-delivered
screening and brief intervention for alcohol use in pregnancy:
A pilot randomized trial. Alcohol Clin Exp Res. 2015;39:1219—
1226. [RCT, n = 48]

Doggett C, Burrett SL, Osborn DA. Home visits during preg-
nancy and after birth for women with an alcohol or drug
problem. Cochrane Database Syst Rev. 2005;(4):CD004456. [Meta-
analysis; 6 RCTs, n = 709]

Rotheram-Borus M]J, Tomlinson M, Roux IL, Stein JA. Alcohol
use, partner violence and depression: A cluster randomized
controlled trial among urban South African mothers over 3
years. Am | Prev Med. 2015 Jul 28. [RCT, n = 1,238]

Jahanfar S, Howard LM, Medley N. Interventions for prevent-
ing or reducing domestic violence against pregnant women.
Cochrane Database Syst Rev. 2014;11:CD009414. [Meta-analysis; 10
RCTs, n = 3,417]

MacDonald LA, Waters TR, Napolitano PG et al. Clinical guide-
lines for occupational lifting in pregnancy: Evidence sum-
mary and provisional recommendations. Am ] Obstet Gynecol
2013;209:80-88. [Review]

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Lamina S, Agbanusi E. Effect of aerobic exercise training on
maternal weight gain in pregnancy: A meta-analysis of ran-
domized controlled trials. Ethiop | Health Sci. 2013;23:59-64.
[Meta-analysis; 11 RCTs, n = 1,177]

Di Mascio D, Magro-Malosso ER, Saccone G, Marhefka GD,
Berghella V. Exercise during pregnancy in normal-weight
women and risk of preterm birth: A systematic review and
meta-analysis of randomized controlled trials. Am ] Obstet
Gynecol. 2016 Jun 16;pii: S0002-9378(16)30344-1 [Epub ahead of
print]. [Meta-analysis; 9 RCTs, n= 2,059]

Poyatos-Leon R, Garcia-Hermoso A, Poyatos-Leon R, et al.
Effects of exercise during pregnancy on mode of delivery: A
meta-analysis. Acta Obstet Gynecol Scand. 2015;94:1039-1047.
[Meta-analysis; 13 RCTs, n = 2,873]

Sanabria-Martinez G, Garcia-Hermoso A, Poyatos-Leon R
et al. Effects of exercise-based interventions on neonatal
outcomes: A meta-analysis. Am | Health Promot. 2015 May 14,
06;3:CD000180. [Meta-analysis; 13 RCTs, n = 2,873]

Wiebe HW, Boule NG, Chari R, Davenport MH. The effect of super-
vised prenatal exercise on fetal growth: A meta-analysis. Obstet
Guynecol. 2015;125:1185-1194. [Meta-analysis; 13 RCTs, n = 2,873]
Daley AJ, Foster L, Long G, et al. The effectiveness of exer-
cise for the prevention and treatment of antenatal depression:
Systematic review with meta-analysis. BJOG. 2015;122:57-62.
[Meta-analysis 6 RCTs, n = 406]

Muktabhant B, Lawrie TA, Lumbiganon P, et al. Diet or exercise,
or both, for preventing excessive weight gain in pregnancy.
Cochrane Database Syst Rev. 2015;6:CD007145. [Meta-analysis, 49
RCTs, n = 11,444]

Streuling I, Beyerlein A, Rosenfeld E, et al. Physical activity and
gestational weight gain: A meta-analysis of intervention trials.
BJOG. 2010;118(3):278-284. [Meta-analysis; 12 RCTs]

Melzer K, Schutz Y, Boulvain M, et al. Physical activity and
pregnancy: Cardiovascular adaptations, recommendations and
pregnancy outcomes. Sports Med. 2010;40(6):493-507. [Review]
ACOG. Committee Opinion No.650: Physical activity and
exercise during pregnancy and the postpartum period. Obstet
Gynecol. 2015;126:135-142. [Guideline]

Eijsvolgels TM, Thompson PD. Exercise is medicine: At any
dose? JAMA. 2015;10:314:1915-1916. [Review]

Babbar S, Parks-Savage AC, Chauhan SP. Yoga during preg-
nancy: A review. Am | Perinatol. 2012;29:459-464. [Meta-analysis;
3 RCTs, n = 298]

Serati M, Salvatore S, Siesto G, et al. Female sexual function dur-
ing pregnancy and after childbirth. ] Sex Med. 2010,7(8):2782—
2790. [Review]

Kavanagh J, Kelly AJ, Thomas ]. Sexual intercourse for cervical
ripening and induction of labour. Cochrane Database Syst Rev.
2001;(2):CD003093. [Meta-analysis; 1 RCT, n = 28]

Berghella V, Klebanoff M, McPherson C, et al. Sexual inter-
course association with asymptomatic bacterial vaginosis and
trichomonas vaginalis treatment in relationship to preterm
birth. Am ] Obstet Gynecol. 2002;187:1277-1282. [11-2]

Ota E, Hori H, Mori R, et al. Antenatal dietary education
and supplementation to increase energy and protein intake.
Cochrane Database Syst Rev. 2015;6:CD0000032. [Meta-analysis;
17 RCTs, n = 9,030]

Khoury ], Henriksen T, Christophersen B, et al. Effect of a
cholesterol-lowering diet on maternal, cord, and neonatal lip-
ids, and pregnancy outcome: A randomized clinical trial. Am |
Obstet Gynecol. 2005;193:1292-1301. [RCT, n = 290] [I]
Meta-analysis, RCTBain E, Crane M, et al. Diet and exercise
interventions for preventing gestational diabetes mellitus.
Cochrane Database Syst Rev. 2015;4:CD010443. [Meta-analysis; 13
RCTs, n = 4,983]

Han S, Crowther CA, Middleton P, et al. Different types of
dietary advice for women with gestational diabetes mellitus.
Cochrane Database Syst Rev. 2013;CD009275. [Meta-analysis;
9 RCTs, n = 429]



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Kramer MS, Kakuma R. Maternal dietary antigen avoidance
during pregnancy or lactation, or both, for preventing or treat-
ing atopic disease in the child. Cochrane Database Syst Rev.
2012;9:CD000133. [Meta-analysis; 5 RCTs, nn = 952)

Lindsay KL, Brennan L, Kennelly MA, et al. Impact of probiot-
ics in women with gestational diabetes mellitus on metabolic
health: A randomized controlled trial. Am | Obstet Gynecol.
2015;212:496e1-496€11. [RCT, n = 149)

Rasmussen KM, Yaktine AL, eds. Committee to reexamine IOM
pregnancy weight guidelines. Weight gain during pregnancy:
Reexamining the guidelines. Institute of Medicine; National
Research Council. JAMA. 2009;302:241-242. [Guideline]

Kiel DW, Dodson EA, Artal R, et al. Gestational weight gain and
pregnancy outcomes in obese women. How much is enough?
Obstet Gynecol. 2007;110:752-758. [11-2]

Davies GA, Maxwell C, McLeod L, et al. Obesity in pregnancy.
J Obstet Gynaecol Can. 2010;32(2):165-173. [Review]

Asbee SM, Jenkins TR, Butler JR, et al. Preventing excessive
weight gain during pregnancy through dietary and lifestyle
counseling-A randomized controlled trial. Obstet Gynecol.
2009;113:305-312. [RCT, n = 100] [1]

Polley BA, Wing RR, Sims CJ. Randomized controlled trial
to prevent excessive weight gain in pregnant women. Intern |
Obesity. 2002;26:1494-1502. [RCT, n = 120] [I]

Siega-Riz AM, Viswanathan M, Moos M-K, et al. A system-
atic review of outcomes of maternal weight gain according to
the Institute of Medicine recommendations: Birthweight, fetal
growth, and postpartum weight retention. Am | Obstet Gynecol.
2009;201:339.e1-339.e14. [Systematic review of 35 studies from
1990 to 2007]

Committee to Reexamine IOM Pregnancy Weight Guidelines,
Food and Nutrition Board, and Board on Children, Youth,
and Families. Weight Gain During Pregnancy: Reexamining
the Guidelines. Washington, DC: Institute of Medicine, 2009.
[Consensus report]

Oken E, Kleinman KP, Belfort MB, et al. Association of gestational
weight gain with short-and longer-term maternal and child
health outcomes. Am | Epidemiol. 2009;170:173-180. [II-2: project
viva, Massachusetts 1999-2002 U.S. observational study, n = 2012]
Cedergren MIL. Optimal gestational weight gain for body
mass index categories. Obstet Gymnecol. 2007;110(4):759-764.
[II-2: Swedish Medical Birth Register, population-based cohort
study, n = 298,648]

Nohr EA, Vaeth M, Baker JL, et al. Pregnancy outcomes related
to gestational weight gain in women defined by their body
mass index, parity, height, and smoking status. Am | Clin Nutr.
2009;90:1288-1294. [II-2: Danish population-based observa-
tional study, n = 59,147]

Dietz PM, Callaghan WM, Smith R, et al. Low pregnancy
weight gain and small for gestational age: A comparison of the
association using 3 different measures of small for gestational
age. Am | Obstet Gynecol. 2009;201:53.e.1-53.e.7. [II-2: retrospec-
tive cohort study, Pregnancy Risk Assessment Monitoring
System (PRAMS), n = 104,980]

Ronnberg AK, Ostlund I, Fadl H, et al. Intervention during
pregnancy to reduce excessive gestational weight gain—A ran-
domised controlled trial. BJOG. 2015;122:537-544. [RCT, n = 445]
Bianco AT, Smilen SW, Davis Y, et al. Pregnancy outcome and
weight gain recommendations for the morbidly obese woman.
Obstet Gynecol. 1998;91:97-102. [II-2, U.S. retrospective cohort
study, n = 11,926]

Catalano PM, Mele L, Landon MB, et al. Eunice Kennedy Shriver
National Institute of Child Health and Human development
Materna-Fetal Medicine Units Network. Inadequate weight gain
in overweight and obese pregnant women: What is the effect on
fetal growth? Am | Obstet Gynecol. 2014;211:137.e1-7. [11-2]

Bech BH, Obel C, Henriksen TB, et al. Effect of reducing caffeine
intake on birth weight and length of gestation: Randomised
controlled trial. BMJ. 2007;334:409. [RCT, n = 1198] [I]

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

PRENATAL CARE 31

Jahanfar S, Jaafar SH. Effects of restricted caffeine intake by
mother on fetal, neonatal and pregnancy outcomes. Cochrane
Database Syst Rev. 2015;6:CD006965. [Meta-analysis; 2 RCTs,
n=1,197]

Shah PS, Ohlsson A. Effects of prenatal multimicronutrient
supplementation on pregnancy outcomes: A meta-analysis.
CMA]J. 2009;180(12):1188-1189. [Meta-analysis]

Haider BA, Bhutta ZA. Multiple-micronutrient supplementa-
tion for women during pregnancy. Cochrane Database Syst Rev.
2006;(4):CD004905. [Meta-analysis; 9 RCTs, nn = 15,378]

Lumley L, Watson L, Watson M, et al. Periconceptional supple-
mentation with folate and/or multivitamins for preventing
neural tube defects. Cochrane Database Syst Rev. 2005;(3). [Meta-
analysis; 4 RCTs, 6425 women]

De-Regil LM, Ferndndez-Gaxiola AC, Dowswell T, et al
Effects and safety of periconceptional folate supplementa-
tion for preventing birth defects. Cochrane Database Syst Rev.
2010;(10):CD007950. [Meta-analysis; 5 RCTs, nn = 6105]

Wald NJ. Folic acid and the prevention of neural-tube defects. N
Engl | Med. 2004;350:101-103. [Editorial] [III]

Honein MA, Paulozzi L], Mathews TJ, et al. Impact of folic acid
fortification of the US food supply on the occurrence of neural
tube defects. JAMA. 2001;285:2981-2986. [Observational] [11-2]
Valera-Gran D, Garcia de la Hera M, Navarrete-Munoz EM,
et al. Folic acid supplements during pregnancy and child psy-
chomotor development after the first year of life. JAMA Pediatr.
2014;168:€142611. [11-1]

Roth C, Magnus P, Schjolberg S, et al. Folic acid supplements
in pregnancy and severe language delay in children. JAMA.
2011;306:1566-1573. [11-1]

van den Broek N, Dou L, Othman M, et al. Vitamin A sup-
plementation during pregnancy for maternal and newborn
outcomes. Cochrane Database Syst Rev. 2010;(11):CD008666.
[Meta-analysis]

Barger MK. Maternal nutrition and perinatal outcomes.
J Midwifery Women'’s Health. 2010;55(6):502-511. [1I-3]

Thaver D, Saeed MA, Bhutta ZA. Pyridoxine (vitamin B6)
supplementation in pregnancy. Cochrane Database Syst Rev.
2006;(2):CD000179. [Meta-analysis; 5 RCTS, n = 1646]

Hillman RW, Cabaud PG, Schenone RA. The effects of pyridox-
ine supplements on the dental caries experience of pregnant
women. Am | Clin Nutr. 1962;10:512-515. [1 RCT, n = 371]
Rumbold A, Ota E, Nagata C, et al. Vitamin C supplementation
in pregnancy. Cochrane Database Syst Rev. 2015;9:CD004072.
Mahomed K, Gulmezoglu AM. Vitamin D supplementation in
pregnancy. Cochrane Database Syst Rev. 2011;2:CD000228. [Meta-
analysis; 2 RCTs, n = 232]

Perez-Lopez FR, Pasupuleti V, Mezones-Holguin E et al. Effect
of vitamin D supplementation during pregnancy on maternal
and neonatal outcomes: A systematic review and meta-analysis
of randomized controlled trials. Fertil Steril 2015;103:1278-1288.
[Meta-analysis; 13 RCTs, n = 2,299]

Rodda CP, Benson JE, Vincent AK, Whitehead CL, Polykov A,
Vollenhoven B. Maternal vitamin D supplementation during
pregnancy prevents vitamin D deficiency in the newborn: An
open-label randomized controlled trial. Clin Endocrinol (Oxf).
2015;83:363-368. [RCT, n = 78] [I]
Mohammad-Alizadeh-Charandabi S, Mirghafourvand M,
Mansouri A, et al. The effect of vitamin D and calcium plus
vitamin D during pregnancy on pregnancy and birth out-
comes: A randomized controlled trial. | Caring Sci. 2015;4:35-44.
[RCT, n = 126] [1]

Wei SQ, Qi HP, Luo ZC, et al. Maternal vitamin D status and
adverse pregnancy outcomes: A systematic review and meta-
analysis. | Matern Fetal Neonatal Med. 2013;26:889-899. [Meta-
analysis of 24 cohort studies]

Rumbold A, Ota E, Hori H, et al. Vitamin E supplementation in
pregnancy. Cochrane Database Syst Rev. 2015;9:CD004069. [Meta-
analysis; 21 RCTs, n = 22,129]



32

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

OBSTETRIC EVIDENCE BASED GUIDELINES

Makrides M, Crosby DD, Brain E, et al. Magnesium supplemen-
tationin pregnancy. Cochrane Database Syst Rev. 2014;4:CD000937.
[Meta-analysis, 10 RCTs, n = 9,090]

Hofmeyr JG, Lawrie TA, Atallah AN, et al. Calcium supple-
mentation during pregnancy for preventing hypertensive
disorders and related problems. Cochrane Database Syst Rev.
2010;(8):CD001059. [Meta-analysis; 13 RCTs, n = 15,730]
Pena-Rosas JP, Viteri FE. Effects and safety of preventive oral
iron or iron+folic acid supplementation for women during
pregnancy. Cochrane Database Syst Rev. 2015;7:CD004736. [Meta-
analysis, 49 RCTs, n = 23,200]

Mahomed K, Bhutta ZA, Middleton P. Zinc supplementa-
tion for improving pregnancy and infant outcome. Cochrane
Database Syst Rev. 2007;(2):CD000230. [Meta-analysis; 17 RCTs,
n =>9000]

Rebagliato M, Murcia M, Espada M, et al. lodine intake and
maternal thyroid function during pregnancy. Epidemiology.
2010;21(1):62-69. [11-2]

Pearce EN. What do we know about iodine supplementation
in pregnancy? | Clin Endocrinol Metab. 2009;94(9):3188-3190.
[Review]

Saccone G, Saccone I, Berghella V. Omega-3 long chain poly-
unsaturated fatty acids and fish oil supplementation during
pregnancy: Which evidence? | Matern Fetal Neonatal Med. 2015.
[Meta-analysis; 34 RCTs, nn = 16,684]

Saccone G, Berghella V. Omega-3 long chain polyunsaturated
fatty acids to prevent preterm birth: A systematic review and
meta-analysis. Obstet Gynecol. 2015;3:663—672. [Meta-analysis; 9
RCTs, n = 3,854]

Saccone G, Berghella V. Omega-3 supplementation to prevent
recurrent preterm birth: A systematic review and meta-analysis.
Am | Obstet Gynecol. 2015 Mar 7. doi: 10.1016/j.aj0og.2015.03.013.
[Meta-analysis; 2 RCTs, n = 1,080]

Saccone G, Berghella V, Maruotti GM, et al. Omega-3 supple-
mentation during pregnancy to prevent recurrent intrauterine
growth restriction: A systematic review and meta-analysis of
randomized controlled trials. Ultrasound Obstet Gynecol. 2015
May 29. doi: 10.1002/u0g.14910. [Meta-analysis; 3 RCTs, n = 575]
Schwendicke F, Karimbux N, Allareddy V, et al. Periodontal
treatment for preventing adverse pregnancy outcomes: A meta-
and trial sequential analysis. PLOS Omne. 2015;10:e0129060.
[Meta-analysis; 13 RCTs, n = 6,283]

Hofmeyr JG, Kulier R. Abdominal decompression in normal
pregnancy. Cochrane Database Syst Rev. 2012; 6:CD001062. [Meta-
analysis; 3 RCTs, n = 951]

Thinkhamrop ], Hofmeyr GJ, Adetoro O, et al. Prophylactic
antibiotic administration in pregnancy to prevent infec-
tious morbidity and mortality. Cochrane Database Syst Rev.
2002;(4):CD002250. [Meta-analysis; 6 RCTs, n = 2189, both low-
and high-risk women]

McGregor JA, French JI, Richter R, et al. Cervicovaginal micro-
flora and pregnancy outcome: Results of a double-blind,
placebo-controlled trial of erythromycin treatment. Am | Obstet
Gynecol. 1990;163:1580-1591. [RCT, n = 229]

Hodnett ED, Fredericks S, Weston J. Support during pregnancy
for women at increased risk of low birthweight babies. Cochrane
Database Syst Rev. 2010;(6):CD000198. [Meta-analysis; 17 RCTs,
n =12,264]

Dowswell T, Middleton P, Weeks A. Antenatal day care units
versus hospital admission for women with complicated
pregnancy. Cochrane Database Syst Rev. 2009;(4):CD001803.
[Metaanalysis; 3 RCTs, n = 504]

Dyson L, McCormick F, Renfrew M]J. Interventions for promot-
ing the initiation of breastfeeding. Cochrane Database Syst Rev.
2005;(2):CD001688. [Meta-analysis; 7 RCTs, n = 1,388]

Palda VA, Guise JM, Wathen CN. Interventions to promote
breast-feeding: Applying the evidence in clinical. CMAJ.
2004;170(6):976-978. [11-2]

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Gagnon AJ]. Individual or group antenatal education for
childbirth/parenthood. Cochrane Database Syst Rev. 2005;(3).
[Meta-analysis; 6 RCTs, 1443 women]

Lassi ZS, Haider BA, Bhutta ZA. Community-based inter-
vention packages for reducing maternal and neonatal mor-
bidity and mortality and improving neonatal outcomes.
Cochrane Database Syst Rev. 2010;(11):CD007754. [Meta-analysis;
18 cluster-randomized studies]

Labrecque M, Marcoux S, Pinault J], et al. Prevention of perineal
trauma by perineal massage during pregnancy: A pilot study.
Birth. 1994;21:20-25. [RCT, n = 46] [I]

Labrecque M, Eason E, Marcoux S, et al. Randomized controlled
trial of prevention of perineal trauma by perineal massage dur-
ing pregnancy. AJOG. 1999;180:593-600. [RCT, n = 1,527] [I]
Shipman MK, Boniface DR, Tefft ME, et al. Antenatal perineal
massage and subsequent perineal outcomes: A randomized
controlled trial. BJOG. 1997;104:787-791. [RCT, n = 861] [I]
Harlev A, Parient G, Kessous R et al. Can we find the perfect
oil to protect the perineum? A randomized-controlled double-
blind trial. ] Matern Fetal Neonatal Med. 2013;26:1328-1331. [RCT,
n=164] [1]

Maimburg RD, Vaeth M, Durr J, et al. Randomized trial of
structured antenatal training sessions to improve the birth pro-
cess. BJOG. 2010;117:921-928. [RCT, n = 1193] [I]

Bergstrom M, Kieler H, Waldenstrom U. Effects of natural
childbirth preparation versus standard antenatal education
on epidural rates, experience of childbirth and parental stress
in mothers and fathers: A randomized controlled trial. BJOG.
2009;116:1167-1176. [RCT, n = 1087] [I]

Saisto T, Salmela-Aro K, Nurmi J-E, et al. A randomized con-
trolled trial of intervention in fear of childbirth. Obstet Gynecol.
2001;98:820-826. [RCT, n = 176] [I]

Bonovich L. Recognizing the onset of labour. | Obstet Gynecol
Neonatal Nurs. 1990;19(2):141-145. [RCT, n = 245; 208 analyzed] [I]
Yonkers KA, Wisner KL, Stewart DE, et al. The manage-
ment of depression during pregnancy: A report from
the American Psychiatric Association and the American
College of Obstetricians and Gynecologists. Obstet Gynecol.
2009;114(3):703-713. [Review]

Lancaster CA, Gold KJ, Flynn HA, et al. Risk factors for depres-
sive symptoms during pregnancy: A systematic review. Am |
Obstet Gynecol. 2010;202(1):5-14. [Systematic review]

Hirst KP, Moutier CY. Postpartum major depression. Am Fam
Physician. 2010;82(8):926-933. [Review]

Dennis CL, Creedy D. Psychosocial and psychological interven-
tions for preventing postpartum depression. Cochrane Database
Syst Rev. 2013;2:CD001134. [Meta-analysis; 28 RCTs, n = 17,000]
Howard LM, Hoffbrand S, Henshaw C, et al. Antidepressant
prevention of postnatal depression. Cochrane Database Syst Rev.
2005;(2):CD004363. [Meta-analysis; 2 RCTs, n = 73]

Lawrie TA, Hofmeyr GJ, de Jager M, et al. A double-blind
randomised placebo controlled trial of postnatal norethister-
one enanthate: The effect on postnatal depression and serum
hormones. Br ] Obstet Gynaecol. 1998;105:1082-1090. [RCT,
n =180] [I]

Uebelacker LA, Battle CL, Sutton KA, et al. A pilot randomized
controlled trial comparing prenatal yoga to perinatal health
education for antenatal depression. Arch Womens Ment Health.
2015 Sep 18. [RCT, n = 46] [I]

Davis K, Goodman SH, Leiferman J, et al. A randomized con-
trolled trial of yoga for pregnant women with symptoms of
depression and anxiety. Complement Ther Clin Pract. 2015;21:166—
172. [RCT, n = 46] [I]

Haroon S, Das JK, Salam RA, et al. Breastfeeding promotion
interventions and breastfeeding practices: A systematic review.
BMC Public Health. 2013;13:520.

Read MD. A new hypothesis of itching in pregnancy. Practitioner.
1977;218:845-847. [RCT, n = 36] [I]



132.

133.

134.

135.

136.

137.

138.

Young G, Jewell D. Antihistamines versus aspirin for itching in
late pregnancy. Cochrane Database Syst Rev. 2010;11:CD0000027.
[Meta-analysis, 1 RCT, n = 38]

Brennan M, Young G, Devane D. Topical preparations for
preventing stretch marks in pregnancy. Database Syst Rev.
2012;11:CD000066. [Meta-analysis, 6 RCTs, n = 800]

Soltanipour F, Delaram M, Taavoni S, et al. The effect of olive
oil and the Saj cream in prevention of striae gravidarum: A
randomized controlled clinical trial. Complement Ther Med.
2014;22:220-225. [1]

Garcia Hernandez JA, Madera Gonzalez D, Padilla Castillo
M, et al. Use of a specific anti-stretch mark cream for pre-
venting or reducing the severity of striae gravidarum.
Randomized double-blind controlled trial. Int | Cosmet Sci.
2013;35:233-237. [1]

Zhou K, West HM, Zhang ], et al. Intervention for leg cramps in
pregnancy. Cochrane Database Syst Rev. 2015;8:CD010655. [Meta-
analysis, 6RCTs, nn = 390]

Coppin R], Wicke DM, Little PS. Managing nocturnal leg
cramps-calf-stretching exercises and cessation of quinine treat-
ment: A factorial randomized controlled trial. Br | Gen Pract.
2005;55:186-199. [RCT, n = 191 women] [I]

Liddle SD, Pennick V. Interventions for preventing and treating
low-back and pelvic pain during pregnancy. Cochrane Database
Syst Rev. 2015;9:CD001139. [Meta-analysis, 34 RCTs, nn = 5,121]

139.

140.

141.

142.

143.

144.

145.

PRENATAL CARE 33

Rungsiprakarn P, Laopaiboon M, Sangkomkamhand US, et al.
Interventions for treating constipation in pregnancy. Cochrane
Database Syst Rev. 2015;9:CD011448. [Meta-analysis; 2 RCTs,
n =180]

Bamigboye AA, Smyth RMD. Interventions for varicose veins
and leg oedema in pregnancy. Cochrane Database Syst Rev.
2007;(1):CD001066. [Meta-analysis; 3 RCTs, n = 159]

Quijano CE, Abalos E. Conservative management of symp-
tomatic and/or complicated haemorrhoids in pregnancy and
the puerperium. Cochrane Database Syst Rev. 2005;(3):CD004077.
[Meta-analysis, 2 RCTs, n = 150]

Lim SS, Yu CW, Aw LD. Comparing topical hydrocortisone
cream with Hai’s perianal support in managing symptom-
atic hemorrhoids in pregnancy: A preliminary trial. | Obstet
Gynaecol Res. 2015;42:238-247. [RCT, n = 23] 1]

Phupong V, Hanprasertopong T. Interventions for heartburn in
pregnancy. Cochrane Database Syst Rev. 2015;9:CD011379. [Meta-
analysis, 4 RCTs, n = 358]

Gill SK, O’Brien L, Einarson TR, et al. The safety of proton
pump inhibitors (PPIs) in pregnancy: A meta-analysis. Am
J Gastroenterol. 2009;104:1541-1545. [Meta-analysis]

Gill SK, O'Brien L, Koren G. The safety of histamine
2 (H2) blockers in pregnancy: A meta-analysis. Dig Dis Sci.
2009;54(9):1835-1838. [1I-1]



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://taylorandfrancis.com

Physiologic changes

Jason Baxter and Colleen Horan

KEY POINTS

The normal physiologic changes of pregnancy are
several and listed in part in Table 3.1.

e Normal laboratory values for pregnant women are
presented in Table 3.2.

¢ Failure to understand these physiologic changes of preg-
nancy may result in both undue alarm and costly evalua-
tion of normal symptoms of pregnancy or in the neglect
of pathologic conditions due to which the presentation is
dismissed as another “discomfort of pregnancy.”

® The physician should carefully address the pregnant
patient keeping in mind the question “how is this pre-
sentation affected by the physiology of pregnancy?”

BACKGROUND

Over the course of human pregnancy, the significance of physi-
ologic changes that occur is such that it often becomes no lon-
ger appropriate for the physician to evaluate her according
to standards that have been set through the observation and
study of men and nonpregnant women. Some of these physi-
ologic changes are advantageous to the growth and survival
of the fetus. Others enhance the ability of the maternal system
to compensate for demands of pregnancy, prepare for stress of
delivery, and recover from delivery.

Understanding physiologic changes in pregnancy is
important in evaluating common symptoms associated with
pregnancy, interpreting laboratory values in the parturient, and
understanding pathologic conditions to which pregnant women
are susceptible. Failure to understand the normal physiologic
changes of pregnancy may result in both undue alarm and
costly evaluation of normal symptoms of pregnancy or in the
neglect of pathologic conditions due to which the presentation
is dismissed as another discomfort of pregnancy. The patient
will most likely be better served by the physician who carefully
addresses her symptoms while keeping in mind the questions
“how is this presentation affected by the physiology of preg-
nancy?” and “what pathologic conditions may be represented by
this scenario?” than by the physician who uncritically memorizes
laboratory values and makes a diagnosis without considering the
interplay between pregnancy and underlying pathophysiology.

Two summary tables are provided. Table 3.1 summarizes
the commonly accepted pregnancy-related changes in various
physiologic parameters and their importance in the evaluation
and management during pregnancy [1]. Table 3.2 provides a
summary of laboratory values in each trimester of pregnancy
versus in the nonpregnant state based on a recent systematic
review [2]. The reader will note that some values show signifi-
cant overlap between pregnant and nonpregnant states. Some
show little change between pregnant and nonpregnant states.
Others show trends that clearly increase or decrease with

pregnancy. In most cases, it is not possible to consider the effect
of pregnancy on laboratory values in a simplistic or formulaic
way. Rather, it is the understanding of the underlying physiol-
ogy that these laboratory values reflect that is the most impor-
tant in their evaluation during pregnancy.

CARDIOVASCULAR/HEMODYNAMIC

An understanding of pregnancy-related hemodynamic
changes is crucial in the management of both benign and life-
threatening complications of pregnancy ranging from near-
syncopal episodes experienced by many pregnant women
to hypotension from obstetric hemorrhage and gestational
hypertension, both of which are leading causes of maternal
intensive care unit admissions and mortality [3]. Even the
ultimate clinical emergency of cardiac arrest is complicated
by hemodynamic changes which are unique to pregnancy.

Hemodynamic changes in pregnancy that have been
well established include an increase in cardiac output and
a decrease in both systemic and pulmonary vascular resis-
tance. There is an overall increase in the heart rate and a
decrease in the blood pressure. Blood volume, plasma vol-
ume, and erythrocyte volume increase, with a greater rela-
tive increase in the plasma volume resulting in a dilution
lowering of hematocrit and other blood indices. There is also
a redistribution of cardiac output with an increase in flow to
the uterus, kidneys, skin, and breasts [1]. The increase in stroke
volume and cardiac output creates a more audible physiologic
flow murmur and splitting of the S2 sound during pregnancy,
which may be striking upon physical examination.

One longitudinal study followed maternal hemodynam-
ics as measured by thoracic electrical bioimpedance monitor-
ing in 50 healthy pregnant women [4]. The results showed an
increase in the mean heart rate from 87 + 2 beats per minute
(bpm) at 10-18 weeks to 92 + 1 bpm at 34-42 weeks. Mean arte-
rial pressure (MAP) decreased significantly after 14 weeks and
increased after 29 weeks. Systemic vascular resistance (SVR)
increased during the last trimester. This study also found a sig-
nificantly higher mean cardiac output in nulliparous women
compared with multiparous women. Mean cardiac output and
stroke volume, which show an overall increase during preg-
nancy, were found to decrease in the third trimester in this
study [4]. However, the change in cardiac output during the
third trimester showed significant individual variation and has
not been consistent in other longitudinal studies, demonstrat-
ing the need for further research for a more conclusive under-
standing of how this parameter changes across gestation [5].

Another longitudinal study performed serial echocar-
diography studies on 35 healthy pregnant women from the
early second trimester to 6-12 weeks postpartum [6]. This study
showed a significant increase in the cardiac output that peaked
in the early third trimester and was maintained until term.
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Table 3.1 Summary of Physiologic Adaptations during Pregnancy

Parameter

Expected change

Comments

Cardiovascular system
Heart size

Murmurs

EKG

Cardiac output

Rhythm
Heart rate
Stroke volume

Mean arterial pressure

Pulse pressure

Venous pressure

Systemic vascular resistance
Pulmonary BP

Blood flow to uterus

Blood flow to kidneys
Blood flow to skin
Blood flow to breasts

Respiratory system
Anatomy

Tidal volume

Expiratory reserve volume
Inspiratory capacity
Functional residual volume
Minute volume

Maximum breathing capacity
Forced expiratory volume
Peak expiratory flow rate
Pulmonary diffusing capacity
Oxygen requirement

Carbon dioxide output
Carbon dioxide pressure
Oxygen pressure

pH

PCO,

PO,

Renal system and homeostasis

GFR

Glucose excretion
Protein excretion
Renin, angiotensins | and Il

Anatomic changes
Potassium

Sodium
Urine output

Increases 12%

Physiologic systolic

Positional heart shifts result in changes that
resemble ischemia

Increases 30%—50%

From 4.5 to about 6.0 L/min (by 1.5 L/min)
Influenced by maternal position

Increases atrial and ventricular extrasystole
Increases

Increases

Decreased soon after beginning of pregnancy and
midpregnancy (100-110/60-70 mean levels);
then returns to prepregnant values by third
trimester and term

Increases
Increases in femoral system; unchanged in arms
Decreases
Unchanged
Increases by 500 mL/min
Increases from 1% to 3% of CO to 17%—20%
Increases by 400 mL/min
Increases by 300—400 mL/min
Increases by 200 mL/min

Increases subcostal angle from 68° to 103° — 3 cm
increase in transthoracic diameter

Increases by 300 mL or 40%

Decreases by 200 mL

Increases by 300 mL

Decreases by 500 mL

Increases by 40% or 3 L/min beginning in first
trimester

Unchanged

Unchanged

Unchanged

Decreases by 4 mL/min/mmHg

Increases by 30-40 mL/min

Increases; expressed as respiratory quotient

Decreases from 35—-40 mmHg to 28-30 mmHg

Increases

Mild increase (7.40-7.44 is normal)

Decrease (30-31 mmHg is normal)

Mild increase (100-104 mmHg is normal)

Increases from 97 mL/min to 128 mL/min by
10 weeks

Increased

Increased (up to 300 mg/24 hours is normal)

Increased

Dilation of renal calyces and ureters to pelvic brim;
“physiologic” hydronephrosis, right > left

Increased retention

Increased retention

No significant change

Increased diastolic filling and muscle
hypertrophy

Ejection murmurs attributable to increased
stroke volume usually occur in early or
midsystole and are best heard along the
left sternal edge

Heart is pushed upward and forward, deviating
electrical axis to the left by 15°-20°, causing
flattened or inverted T in lead Il

Greatest increase occurs immediately after
delivery with redistribution of blood flow
from uterus. Cardiac output then decreases

SVT not infrequent

Onset of change is first trimester

Significant change in second half of
pregnancy

Supine hypotension—decreased venous
return due to compression from gravid
uterus; increased blood flow through
alternative pathways such as paravertebral
azygous veins

No autoregulation

Increased upper respiratory capillary
engorgement can cause increased
congestion, epistaxis, and intubation
trauma

Cephalad displacement of diaphragm

Increased rate of induction of, and
emergence from, inhaled anesthetics

Compensated respiratory alkalosis

Increased renal clearance of certain drugs
and vitamins
Random glycosuria

Diminished vascular response causes less
pressor effect from angiotensin

Increased risk of pyelonephritis; screen for
asymptomatic bacteriuria

(Continued)
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Comments

Vitamin excretion
Osmolality
Sodium
Potassium
Calcium

Magnesium

Chloride

Bicarbonate

Total protein

Albumin

Urea, creatinine, and uric acid

Vitamin B6
Blood glucose

Folate
Vitamin B12

Endocrine system
Pituitary gland

Prolactin

Follicle-stimulating hormone and
luteinizing hormone
Melanocyte-stimulating hormone

Thyroid-stimulating hormone

Thyroid-binding globulin

Thyroxine (T,) and triiodothyronine

(Ts)
Reverse T,

Cortisol

Aldosterone
Deoxycorticosterone
Testosterone
Androstenedione

DHEA

Pancreas
Insulin

Glucagon
Glucose
Parathyroid hormone

Progesterone

Estradiol
17-Hydroxyprogesterone

Estriol

Human placental lactogen (hPL)

hCG
Relaxin

Increased loss of folate, B12, and ascorbic acid
Decreases 10 mOsm/kg first trimester, then stable
Decreases 3 mEq/L first trimester, then stable
Decreases 0.5 mEq/L

Decreased total and ionized

Decreases 10%—20% in first half of pregnancy

Unchanged

Decreases markedly (18-22 mEg/L is normal)

Decreases from 72 to 62 g/L

Decreases from 47 to 36 g/L

Decrease in first trimester; stabilize in second
trimester; increase toward term

Decreases

Fasting levels decrease in first trimester, then
unchanged

Decreases 50% toward term
Decreases 50% or more

Increases to 50% greater than adult male
Increases from 300 to 5000 mIU/L
Decrease to nearly undetectable
Increased

Normal range is unchanged

Increases—doubles by end of first trimester;
triples by term

Increased total circulating amount; unchanged
free fraction

Unchanged in maternal circulation; increased in
cord blood

Increased to 3 x nonpregnant values

Increased twofold by term

Increased by 20—-100 times

Increased total amount; decreased free fraction

Increases

Unchanged or small decrease

Hypertrophy of islets due to hyperplasia of B cells
Increases fasting levels toward term; hyperplasia
of pancreatic B cells

Increases fasting levels
Slight decrease
Increased during end of pregnancy

Markedly increases

Markedly increases
Increases
Increases
Increases 5000-fold from 0.002 pU/mL to
10 mU/mL
Increases to maximum values by 8—10 weeks
Peaks at 10 weeks

Increased intestinal absorption of calcium
and increased bone turnover

Compensates for decrease in PCO,

Postprandial levels remain elevated longer,
prolonging return to fasting state. Increased
glucose levels allow passive diffusion
across placenta to fetus

B12 levels in folate-deficient women will
increase with folate supplementation alone

Attributable to increase of prolactin-secreting
cells in anterior lobe

Estrogen stimulates hyperplasia and
hypertrophy of pituitary lactotrophs

Likely responsible for linea nigra, chloasma,
and increased areolae pigmentation

May be suppressed during late first to early
second trimester due to hCG-mediated
increase in TH production—subtle effect
may be exacerbated by conditions that
increase hCG levels, such as hyperemesis,
molar pregnancies, and multiples

Due to estrogen effect on liver

Fetal thyroid hormone production
commences at 18 weeks

Episodic pattern of release is maintained

Tenfold increase rate of transformation to
estradiol and estrone

Precursor for steroid hormone synthesis by
placenta

Proportionally less increase of glucagons
compared with insulin; so insulin:glucagon
ratio is increased

Especially fasting levels

Maintains calcium levels in face of increased
renal absorption and transfer to fetus

Production originates in corpus luteum over
first 7-8 weeks; then placenta takes over

Peak 93 U/mL; term 14 U/mL

(Continued)
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Table 3.1

Parameter

Summary of Physiologic Adaptations during Pregnancy (Continued)

Expected change

Comments

Gastrointestinal system

Appetite
Gastric reflux

Gastric secretion

Gastric motility
Intestinal absorption
Intestinal transit time
Large intestine
Gallbladder

Hematologic system
Plasma volume

Total erythrocyte volume
Hematocrit

Hemoglobin
Mean corpuscular volume

Erythrocyte sedimentation rate

WBC count

Serum iron
Serum transferrin
TIBC

Serum ferritin

Erythropoietin
o-Fetoprotein

Glutamic-oxaloacetic transaminase
and glutamic-pyruvic transaminase
Alkaline phosphatase

Lipids

Fibrinogen

Factors VII, VIII, IX, and X
Factors Xl and XIl|
Antithrombin IlI

Fibrin, FDP

Protein C

Protein S

Increases
Increases

Decreased acidity; increased volume

Decreases

Increased

Delayed

Greater absorption; slower transit time
Larger due to passive dilation

40%—60% increase from 12 to 36 weeks;
70%—-100% increase in multiple gestations

Increases 15%—30%

Decreases 3%—5% by 36 weeks

Decreases
Unchanged

Significantly increased

Increases 8% by term and may increase further
postpartum

Decreases 35% by term

Increases by 100% or more by second trimester

Increases by 25%—-100%

Decreases markedly (even with iron
supplementation)

Increases fourfold

Increases

Unchanged

Increases
Increase

Increases 2 g/L by term

Increase

Decrease by about 30%
Decreases

Increase progressively
Unchanged

Decreases

Cardiac sphincter laxity and anatomic
displacement; treated during labor and
delivery/anesthetic procedures with
nonparticulate oral antacids

“Full stomach” effect increases risk of
aspiration

Offsets blood loss at delivery

Greater increase with iron supplementation

Physiologic anemia due to greater
proportionate increase plasma volume
compared with erythrocyte volume; less
change with iron supplementation

Best indicator of iron status. Slight increase

with iron supplementation

Provides little diagnostic value; combined with
increase in white blood cell (WBC) can
cause false suspicion for infection

Predominantly due to increase in neutrophils

TIBC markedly increased

Nadir 30% or less of normal values. Best test to
assess iron-deficiency anemia in pregnancy

Larger increase in neural tube defects,
abdominal wall defects, and fetal death

Heat stable fraction formed by placenta
Triglycerides, cholesterol, phospholipids, and

free fatty acids each increase progressively
Overall increased tendency toward
thrombosis

Protein S—binding protein levels fluctuate in
pregnancy, making screening more reliable
in nonpregnant women

Source: Modified from Lind T, Maternal Physiology: CREOG Basic Science Monograph in Obstetrics and Gynecology, CREOG, Washington, DC, 1985.
Abbreviations: BP, blood pressure; CO, cardiac output; TH, thyroid hormone; DHEA, dehydroepiandrosterone; FDP, fibrin degradation products; TIBC,

total iron binding capacity.

The detected 46%—51% increase in the cardiac output was attrib-
uted to a 15% increase in heart rate and a 24% increase in stroke
volume [6]. The changes in heart rate occur early in pregnancy,
whereas those of stroke volume occur later, with the net
effect of a progressively increasing cardiac output as gesta-
tion progresses. Again, significant variation in cardiac output
changes in the late third trimester was attributed to patient fac-
tors, precluding confident conclusions regarding the behavior
of cardiac output at the very end of pregnancy. Maternal cardiac

output was found to correlate with maternal body surface area
and with fetal birth weight. Left ventricular mass and left ven-
tricular mass index increased to maximal levels at term but
remained well below the cutoff for a diagnosis of left ventricu-
lar hypertrophy. This increase corresponded to an increase in
the mean blood pressure at term as well as to an increase in the
left atrial size and a decrease in the left ventricular diastolic fill-
ing value. These changes may explain some of the variations in
cardiac output in the third trimester and may be relevant to the
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First trimester
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Hematology

Erythropoietin (U/L)

Ferritin (ng/mL)

Folate, red blood cell (ng/mL)
Folate, serum (ng/mL)

Hemoglobin (g/dL)

Hematocrit (%)

Iron, total binding capacity (pg/dL)
Iron, serum (ug/dL)

Mean corpuscular hemoglobin (pg/cell)
Mean corpuscular volume (um?3)
Platelet (x10%/L)

Mean platelet volume (um3)

Red blood cell count (x10¢/mm3)
Red cell distribution width (%)
White blood cell count (x103%/mm3)
Neutrophils (x10%/mm3)
Lymphocytes (x103/mm3)
Monocytes (x103/mmg)

Eosinophils (x10%/mmg)

Basophils (x10%/mm3)

Transferrin (mg/dL)

Transferrin, saturation without iron (%)
Transferrin, saturation with iron (%)

Coagulation

Antithrombin Ill, functional (%)

D-dimer (ug/mL)

Factor V (%)

Factor VIl (%)

Factor VIII (%)

Factor IX (%)

Factor XI (%)

Factor XII (%)

Fibrinogen (mg/dL)

Homocysteine (umol/L)

International normalized ratio

Partial thromboplastin time, activated (seconds)
Prothrombin time (seconds)

Protein C, functional (%)

Protein S, total (%)

Protein S, free (%)

Protein S, functional activity (%)

Tissue plasminogen activator (ng/mL)

Tissue plasminogen activator inhibitor-1 (ng/mL)
von Willebrand factor (%)

Blood chemical constituents

Alanine transaminase (U/L)
Albumin (g/dL)

Alkaline phosphatase (U/L)
o1-Antitrypsin (mg/dL)
Amylase (U/L)

Anion gap (mmol/L)

Aspartate transaminase (U/L)
Bicarbonate (mmol/L)

Bilirubin, total (mg/dL)
Bilirubin, unconjugated (mg/dL)
Bilirubin, conjugated (mg/dL)
Bile acids, (umol/L)

Calcium, ionized (mg/dL)
Calcium, total (mg/dL)
Ceruloplasmin (mg/dL)
Chloride (mEg/L)

Creatinine (mg/dL)

v-Glutamyl transpeptidase (U/L)
Lactate dehydrogenase (U/L)
Lipase (U/L)

4-27
10-150
150-450
5.4-18
12-15.8
35.4-44.4
251-406
41-141
27-32
79-93
165-415
6.4-11
4-5.2
<14.5
3.5-9.1
1.4-4.6
0.7-4.6
0.1-0.7
0-0.6
0-0.2
200-400
22-46
22-46

70-130
0.22-0.74
50-150
50-150
50-150
50-150
50-150
50-150
233-496
4.4-10.8
0.9-1.04
26.3-39.4
12.7-15.4
70-130
70-140
70-140
65—-140
1.6—-13
4-43
75-125

741
4.1-5.3
33-96
100-200
20-96
7-16
12-38
22-30
0.3-13
0.2-0.9
0.1-0.4
0.3-4.8
45-5.3
8.7-10.2
25-63
102-109
0.5-0.9
9-58
115-221
3-43

12-25
6-130
137-589
2.6-15
11.6-13.9
31-41
278-403
72-143
30-32
81-96
174-391
77-10.3
3.42-4.55
12.5-14.1
5.7-13.6
3.6-10.1
1.1-3.6
0.1-11
0-0.6
0-0.1
254-344

89-114
0.05-0.95
75-95
100-146
90-210
103-172
80-127
78-124
244-510
3.34-11
0.89-1.05
24.3-38.9
9.7-13.5
78-121
39-105
34-133
57-95
1.8-6
16-33

3-30
3.1-5.1
17-88
225-323
24-83
13-17
3-23
20-24
0.1-0.4
0.1-0.5
0-0.1
0-4.9
4.5-5.1
8.8-10.6
30-49
101-105
0.4-0.7
2-23
78-433
21-76

8-67
2-230
94-828
0.8-24
9.7-14.8
30-39

44-178
30-33
82-97
155-409
7.8-10.2
2.81-4.49
13.4-13.6
5.6-14.8
3.8-12.3
0.9-3.9
0.1-1.1
0-0.6
0-0.1
220-441
10-44
18-92

88-112
0.32-1.29
72-96
95-153
97-312
154-217
82-144
90-151
291-538
2-26.9
0.85-0.97
24.2-38.1
9.5-13.4
83-133
27-101
19-113
42-68
2.4-6.6
36-55

2-33
2.6-45
25-126
273-391
16-73
12-16
3-33
20-24
0.1-0.8
0.1-0.4
0-0.1
0-9.1
4.4-5
8.2-9
40-53
97-109
0.4-0.8
4-22
80-447
26-100

14-222
0-116
109-663
1.4-20.7
9.5-15
28-40
359-609
30-193
20-32
81-99
146-429
8.2-74
2.71-4.43
12.7-15.3
5.9-16.9
3.9-13.1
1-3.6
0.1-14
0-0.6
0-0.1
288-530
5-37
9-98

82-116
0.13-1.7
60-88
149-211
143-353
164-235
65-123
129-194
373-619
3.2-21.4
0.80-0.94
24.7-35
9.6-12.9
67-135
33-101
20-65
16-42
3.3-9.2
67-92
121-260

2-25
2.34.2
38-229
327-487
15-81
12-16
4-32
20-24
0.1-1.1
0.1-0.5
0-0.1
0-11.3
4.4-5.3
8.2-9.7
43-78
97-109
0.4-0.9
3-26
82-524
41-112

(Continued)
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Table 3.2 Normal Reference Ranges in Pregnant Women (Continued)

Nonpregnant adult

First trimester

Second trimester

Third trimester

Magnesium (mg/dL)
Osmolality (mOsm/kg H,0)
Phosphate (mg/dL)
Potassium (mEq/L)
Prealbumin (mg/dL)
Protein, total (g/dL)
Sodium (mEg/L)

Urea nitrogen (mg/dL)

Uric acid (mg/dL)

Metabolic and endocrine tests

Aldosterone (ng/dL)
Angiotensin-converting enzyme (U/L)
Cortisol (ug/dL)

Hemoglobin Alc (%)

Parathyroid hormone (pg/mL)
Parathyroid hormone-related protein (pmol/L)
Renin, plasma activity (ng/mL/hour)
TSH (plU/mL)

Thyroxine-binding globulin (mg/dL)
Thyroxine, free (ng/dL)

Thyroxine, total (ug/dL)
Triiodothyronine, free (pg/mL)
Triiodothyronine, total (ng/dL)

Vitamins and minerals

Copper (pg/dL)

Selenium (pg/L)

Vitamin A (retinol) (ug/dL)

Vitamin B12 (pg/mL)

Vitamin C (ascorbic acid) (mg/dL)
Vitamin D, 1,25-dihydroxy (pg/mL)
Vitamin D, 24,25-dihydroxy (ng/mL)
Vitamin D, 25-hydroxy (ng/mL)
Vitamin E (o-tocopherol) (mg/mL)
Zinc (pg/dL)

Autoimmune and inflammatory mediators

C3 complement (mg/dL)

C4 complement (mg/dL)

C-reactive protein (mg/L)

Erythrocyte sedimentation rate (mm/hour)
Immunoglobulin A (mg/dL)
Immunoglobulin G (mg/dL)
Immunoglobulin M (mg/dL)

Sex hormones

Dehydroepiandrosterone sulfate (umol/L)
Estradiol (pg/mL)

Progesterone (ng/mL)

Prolactin (ng/mL)

Sex hormone-binding globulin (nmol/L)
Testosterone (ng/dL)
17-Hydroxyprogesterone (nmol/L)

Lipids

Cholesterol, total (mg/dL)

High-density lipoprotein cholesterol (mg/dL)
Low-density lipoprotein cholesterol (mg/dL)
Very-low-density lipoprotein cholesterol (mg/dL)
Triglycerides (mg/dL)

Apolipoprotein A-l (mg/dL)

Apolipoprotein B (mg/dL)

Cardiac

Atrial natriuretic peptide (pg/mL)
B-type natriuretic peptide (pg/mL)
Creatine kinase (U/L)

Creatine kinase-MB (U/L)
Troponin | (ng/mL)

1.5-2.3
275-295
2.5-4.3
3.5-5
17-34
6.7-8.6
136-146
7-20
2.5-5.6

2-9
9-67
0-25
4-6
8-51
<13
0.3-9
0.34-4.25
1.3-3
0.8-1.7
5.4-11.7
2.4-4.2
77-135

70-140
63-160
20-100
279-966
0.4-1
25-45
0.5-5
14-80
5-18
75-120

83-177
16-47
0.2-3
0-20
70-350
700-1700
50-300

1.3-6.8
<20-443
<1-20
0-20
18-114
6—-86
0.6-10.6

<200
40-60
<100
6-40
<150
119-240
52-163

<167
39-238
<6
0-0.8

1.6-2.2
275-280
3.1-4.6
3.6-5
15-27
6.2-7.6
133-148
7-12
2-4.2

6-104
1-38
7-19
4-6
10-15
0.7-0.9

0.6-3.4
1.8-3.2
0.8-1.2
6.5—-10.1
4.1-4.4
97-149

112-199
116-146
32-47

118-438

20-65
1.2-1.8
18-27
7-13
57-88

62-98
18-36

4-57
95-243
981-1267
78-232

2-16.5
188-2497
8-48
36-213
39-131
26-211
5.2-28.5

141-210
40-78
60-153
10-18
40-159
111-150
58-81

27-83

1.5-2.2
276-289
2.5-4.6
3.3-5
20-27
5.7-6.9
129-148
3-13
2.4-4.9

9-104
1-36
10-42
4-6
18-25
1.8-2.2
7.5-54
0.37-3.6
2.8-4
0.6-1
7.5-10.3
4-4.2
117-169

165—-221
75-145
35-44
130-656

72-160
1.1-15
10-22
10-16
51-80

73—-103
18-34
0.4-20.3
7-47
99-237
813-1131
74-218

0.9-78
1278-7192

110-330
214-717
34-243

5.2-28.5

176-299
52-87
77-184
13-23
75-382
142-253
66—-188

28.1-70.1
13.5-29.5
25-75

1.1-2.2
278-280
2.8-4.6
3.3-5.1
14-23
5.6-6.7
130-148
3-11
3.1-6.3

15-101
1-39
12-50
4-7
9-26
2.5-2.8
5.9-58.8
0.38-4.04
2.6-4.2
0.5-0.8
6.3-9.7

123-162

130-240
71-133
29-42
99-526
0.9-1.3
60-119
0.7-0.9
10-18
13-23
50-77

77111
22-32
0.4-8.1
13-70
112-250
678-990
85-269

0.8-6.5
6137-3460
99-342
137-372
216-724
63-309
15.5-84

219-349
48-87
101-224
21-36
131-453
145-262
85-238

13-101
18-2.4

0-0.064 (intrapartum)
(Continued)
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Table 3.2 Normal Reference Ranges in Pregnant Women (Continued)

Nonpregnant adult

First trimester Second trimester Third trimester

Blood gas

pH 7.38-7.42 (arterial)
PO, (mmHg) 90-100
PCO, (mmHg) 38-42
Bicarbonate (HCO;~) (mEq/L) 22-26
Renal function tests

Effective RPF (mL/min) 492-696
GFR (mL/min) 106-132
Filtration fraction (%) 16.9-24.7
Osmolarity, urine (mOsm/kg) 500-800
24-hour albumin excretion (mg/24 hours) <30
24-hour calcium excretion (mmol/24 hours) <75
24-hour creatinine clearance (mL/min) 91-130
24-hour creatinine excretion (mmol/24 hours) 8.8-14
24-hour potassium excretion (mmol/24 hours) 25-100
24-hour protein excretion (mg/24 hours) <150
24-hour sodium excretion (mmol/24 hours) 100-260

7.36-7.52 7.4-7.52 (venous) 7.41-7.53 (venous)
(venous) 7.39-7.45 (arterial)
93-100 90-98 92-107
25-33
16-22
696-985 612-1170 595-945
131-166 135-170 117-182
14.7-21.6 14.3-21.9 17.1-25.1
326-975 278-1066 238-1034
5-15 4-18 3-22
1.6-5.2 0.3-6.9 0.8-4.2
69-140 55-136 50-166
10.6-11.6 10.3-11.5 10.2-11.4
17-33 10-38 11-35
19—141 47-186 46-185
53-215 34-213 37-149

Source: Adapted from Abbassi-Ghanavati M et al., Obstet Gynecol, 114(6), 1326—-1331, 2009.

vulnerability of pregnant women to pulmonary edema during
hypertensive crisis [6].

Perhaps the most common hemodynamic complaint that
must be evaluated during pregnancy is that of syncope or near-
syncope, which provides a useful example of how an under-
standing of pregnancy physiology is useful in clinical evaluation.
Syncope is defined as a transient loss of consciousness and pos-
ture, caused by decreased cerebral perfusion that may result
from hypotension, changes in heart rate, or changes in blood
volume or redistribution. The decreased SVR of pregnancy
makes pregnant women particularly susceptible to this condi-
tion, with 28% of gravidas experiencing at least one episode of
presyncope, 10% experiencing recurrent presyncopal episodes,
and 5% experiencing outright syncope [7]. The overwhelming
majority of syncopal episodes are benign neurocardiogenic syn-
cope but there are also several potentially dangerous conditions
in the differential diagnosis of syncope. An understanding of
the vasovagal reflex at the root of most syncopal episodes helps
the clinician to manage benign syncopal episodes while being
alert for signs and symptoms that may point to a more serious
underlying condition. The most common trigger of syncope is
venous pooling that results in a drop in venous return and a
subsequent drop in cardiac output. This results in stimulation of
arterial baroreceptors which trigger catecholamine stimulation
of atria and ventricles. The resultant vigorous cardiac contrac-
tion in volume-depleted chambers stimulates cardiac mecha-
noreceptors or C-fibers which, in susceptible individuals, can
result in paradoxical stimulation of the dorsal vagal nucleus.
This stimulation is paradoxical because, in the face of low SVR
and cardiac output, there is a further decrease in sympathetic
tone and an increase in vagal tone causing vasodilation and bra-
dycardia and the clinical presentation of presyncope or syncope
[7]. The reflex may be initiated by emotional stimuli in some
individuals or may be initiated by compression of the inferior
vena cava by the gravid uterus causing a decrease in venous
return and intracardiac pressure. Less common conditions that
may present with symptoms of syncope include cerebrovascu-
lar accidents, seizures, cardiac arrhythmias or valvular disease,
cardiomyopathy, pericardial tamponade, myocardial infarc-
tion, congenital heart defects, thromboembolic phenomenon,

anemia, hypoglycemia, or electrolyte disorders [7]. Further
evaluation for such conditions should be prompted when an
apparent syncopal episode is accompanied by focal neurologic
findings, prolonged loss of consciousness or postictal confusion,
carotid or subclavian bruits, a pathologic cardiac murmur, or
electrocardiogram (EKG) or laboratory abnormalities [7].

The above events that are precipitated by a decrease in
venous return can also explain the occurrence of supine hypo-
tension in pregnancy. The commonly recommended “leftward
tilt” position is intended to displace the uterus off of the infe-
rior vena cava, which runs to the right of midline. This position
should be used to avoid supine hypotension when recumbent as
well as when performing surgery on the parturient in the second
half of pregnancy. A more extreme application of this physiology
comes in the performance of perimortem cesarean section dur-
ing maternal cardiac arrest. The procedure is purported to allow
fetal survival and also the evacuation of the uterus, which may
allow an increase in venous return and cardiac output that may
increase the chance of maternal survival [8]. In order to optimize
maternal and fetal survival, it is recommended that the proce-
dure should be performed within 4 minutes of cardiac arrest due
to the inadequacy of chest compressions in producing adequate
cardiac output during pregnancy and the susceptibility of both
mother and fetus to anoxic brain injury [8] (see also Chapters 1
and 2 in Maternal-Fetal Evidence Based Guidelines).

RESPIRATORY
During pregnancy the respiratory system undergoes altera-
tions that are reflected in pulmonary function tests and in
acid-base balance. These are important in the evaluation of
dyspnea in pregnancy, the management of pregnancy with
coexisting pulmonary diseases such as asthma, and the recog-
nition of acute pulmonary complications of pregnancy.
Pregnancy is associated with a significant increase in
ventilatory drive both at rest and during exercise [9]. Minute
ventilation increases mostly due to an increase in tidal
volume with little or no increase in respiratory rate [3,9,10].
Alveolar ventilation increases, along with an increase in arte-
rial partial pressure of oxygen (PaO,) and alveolar partial
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pressure of oxygen (PAO,), and a decrease in arterial partial
pressure of carbon dioxide (PaCO,), with a compensa-
tory decrease in serum bicarbonate with an overall mild
increase in pH, reflecting a state of compensated respira-
tory alkalosis [9]. These changes occur early in pregnancy and
are almost fully established by 7-8 weeks’ gestation [9]. This
may be due to stimulation of the ventilatory drive by proges-
terone and/or estrogen. Ventilatory equivalents for CO, and
O, are increased both at rest and during exercise throughout
pregnancy. The underlying mechanism for the increased ven-
tilatory drive during pregnancy is not fully understood, but
theories have included an increased sensitivity to chemoreflex-
ive drives to breathe (due to hypercapnia or hypoxia) versus a
hormone-mediated increase in the neural drive to breathe [9].

Uterine enlargement and abdominal distension result in
a 4- to 5-cm cephalad displacement of the diaphragm and a
5- to 7-cm increase in thoracic circumference. This results in
a decrease in expiratory reserve volume, residual volume,
and functional residual capacity. There is a compensatory
increase in inspiratory capacity, while total lung capacity
and vital capacity do not change [9]. Chest wall compliance is
increased but inspiratory muscle strength is preserved with an
overall increase in the oxygen cost of breathing [9]. However, it
is important to recognize that there is no significant change in
the parameters of forced vital capacity, peak expiratory flow
rate (PEFR), or forced expiratory volume in 1 second (FEV,)
during pregnancy.

Physiologic dyspnea of pregnancy, experienced by
60%-70% of healthy pregnant women, must be clinically
distinguished from more serious respiratory conditions.
Physiologic dyspnea tends to be an isolated symptom that
begins in early pregnancy, plateaus, or improves as pregnancy
progresses, and does not interfere with daily activities [11].
The mechanism for physiologic dyspnea has not been conclu-
sively defined, but pregnant women with dyspnea have been
demonstrated to have an increase in minute ventilation and
tidal volume and a decrease in end-tidal CO, pressure com-
pared with pregnant women who do not report dyspnea [11].
The perception of physiologic dyspnea during pregnancy has
been associated with increased sensitivity to hypoxia and
hypercapnia, suggesting an increased chemosensitivity caus-
ing an increased central inspiratory drive in pregnant women
who experience dyspnea. However, the chemical stimuli of
hypoxia and hypercapnia are both reduced in pregnancy,
causing others to suggest a neural mechanism [9]. Despite the
common symptom of physiologic dyspnea, pregnancy has not
been found to be associated with a decrease in aerobic work
capacity or with an increased perception of breathlessness
during exercise [9].

While measurement of FEV, requires a spirometer, mea-
surement of PEFR correlates well with FEV, and can be mea-
sured with a relatively inexpensive spirometer (peak flow
meter), which patients can be taught to use at home. Again, these
parameters do not change due to pregnancy, so any detected
worsening should be treated appropriately and not attributed to
pregnancy or to physiologic dyspnea. In the evaluation of severe
acute asthma exacerbations with the potential for impending
respiratory arrest, knowledge of physiologic changes of preg-
nancy is particularly important in the interpretation of blood
gases (Table 3.1). The normal parturient lives in a state of com-
pensated respiratory alkalosis with a lower partial pressure
of carbon dioxide (PCO,) compared with that of nonpregnant
patients. Thus, significant CO, retention may be present despite
values that are high normal for nonpregnant patients.

While physiologic dyspnea and asthma exacerbation are
two of the most common causes of dyspnea in pregnancy, the
obstetrician must also be alert to other pulmonary complica-
tions to which the parturient is susceptible such as pulmonary
embolism and pulmonary edema. Pulmonary edema may
occur as a result of preeclampsia, peripartum cardiomyopathy,
or the use of certain tocolytics. It is important that the preva-
lence of pulmonary symptoms in pregnancy should not be met
with complacency by the obstetrician, for it may signify a life-
threatening condition for the pregnant woman.

ENDOCRINE

Pregnancy-related endocrine alterations include the produc-
tion of hormones that are specific to pregnancy, an increase
in other reproductive hormones, and alterations in the level
and function of nonreproductive hormones, especially of thy-
roid hormones. There is a significant contribution of steroid
hormone secretion by the fetal-placental unit. This section
provides a brief description of the changes in reproductive hor-
mones during gestation followed by a more in-depth review of
the behavior and clinical application of thyroid hormones dur-
ing pregnancy.

Pregnancy-specific hormones include human cho-
rionic gonadotropin (hCG) and relaxin. Relaxin is detect-
able in maternal serum by the time of missed menses and
peaks at 10 weeks’ gestation then declines over the course
of the second and third trimesters [12]. Relaxin is secreted
by the corpora lutea of pregnancy and thought to have an
important role in early pregnancy maintenance that has
not yet been clearly elucidated [13]. hCG also peaks at
approximately 10 weeks’ gestation. The reproductive hor-
mones estradiol, progesterone, testosterone, prolactin, and
17-hydroxyprogesterone, all increase significantly during
gestation. Initially the corpus luteum and maternal ovar-
ian tissue make the greatest contribution to steroid hormone
concentrations, but as of 9 weeks’ gestation aromatization of
dehydroepiandrosterone sulfate by the placenta becomes the
predominant source of maternal steroids [14]. The elevated
estradiol levels stimulate increased hepatic production of sex
hormone-binding globulin and thyroxin-binding globulin.
Estrogen also induces hypertrophy and hyperplasia of pitu-
itary lactotrophs with a resultant increase in prolactin levels
corresponding to the increase in estradiol levels through-
out gestation [14]. Meanwhile, there is a reflexive decrease
in follicle-stimulating hormone and luteinizing hormone to
almost undetectable levels, as would be expected.

One longitudinal study assayed reproductive hormone
levels in the blood of 60 healthy women drawn during the
first, second, and third trimesters of uncomplicated pregnan-
cies [14]. Mean progesterone levels increased steadily from
49 nmol/L at 5 weeks’ gestation to 584 nmol/L at term. Mean
17-hydroxyprogesterone levels are more stable during the
first and second trimesters at 12.2 nmol/L but then increase
threefold to 36 nmol/L by term. Mean testosterone increased
from 3.3 nmol/L at 5 weeks to 5.7 nmol/L at 40 weeks. Mean
serum estradiol levels increased during the first trimester
from 1.64 nmol/L at 5 weeks to 11.13 nmol/L at 16 weeks and
then increased fivefold to 53.44 nmol/L at 40 weeks. Mean
sex hormone-binding globulin levels increase rapidly dur-
ing the first half of gestation from 71 nmol/L at 5 weeks to
392 nmol/L at 25 weeks, and then remain relatively constant
until 40 weeks. Mean levels of dehydroepiandrosterone sul-
fate decreased from 5.8 mmol/L at 5 weeks to 2.7 mmol/L



at midgestation, which remained constant until term. Mean
prolactin concentration rose from 294 milli-international
units (mIU) to 1106 mIU at 16 weeks. Prolactin levels then
continued to increase to a mean of 4092 mIU at 35 weeks
and to 4293 mIU at 40 weeks. Mean androstenedione levels
increase gradually from 8.1 nmol/L at 5 weeks to 10.6 nmol/L
at 40 weeks [14].

Other hormonal alterations include an increase in aldo-
sterone, cortisol, parathyroid hormone, parathyroid-related
hormone, and renin [2]. Deoxycorticosterone increases.
Androstenedione increases with an increase in the trans-
formation to estrone and estradiol [1]. Fasting levels of both
insulin and glucagon increase [1]. There is an increase in
melanocyte-stimulating hormone to which can be attributed
the pregnancy-related increases in pigmentation seen in the
areola, the linea nigra, and in chloasma [1].

The function of the thyroid gland is crucial to a healthy
gestation (see also Chapters 6 and 7 in Maternal-Fetal Evidence
Based Guidelines). The interplay between maternal and fetal
thyroid function can cause confusion for the obstetrician.
Early fetal development is dependent on maternal thyroid
function, and both hypothyroidism and hyperthyroidism
can have important maternal and fetal effects and risks of
thyroid dysfunction extend well into the postpartum period.
The effects of subclinical thyroid disease are more controver-
sial. Symptoms of hyperthyroidism and hypothyroidism can
mimic symptoms of normal pregnancy. For example, symp-
toms such as fatigue, muscle cramps, palpitations, thyromeg-
aly, and constipation can be common in normal pregnancy,
but progressive symptoms of insomnia, intellectual slowness,
or weight loss should be evaluated [15].

Thyroid-binding globulin increases due to stimulation
of synthesis by estrogen as well as decreased hepatic clear-
ance. Total thyroxine (TT,) and total triiodothyronine (TT,)
both increase while resin triiodothyronine uptake (RT,U)
decreases. Structural similarities between hCG and thyroid-
stimulating hormone (TSH) may result in an hCG-mediated
increase in free thyroxine (FT,) and the free thyroxine index as
well as a decrease in TSH in the first trimester. However, these
changes, sometimes referred to as gestational transient thyro-
toxicosis, are typically self-limited and do not tend to result
in values that are outside the normal range for nonpregnant
individuals [16] (see also Chapters 6 and 7 in Maternal-Fetal
Evidence Based Guidelines).

Iodine requirements during pregnancy increase by
greater than 50% due to increased maternal thyroxine pro-
duction to maintain maternal and fetal euthyroidism and
increased renal iodine clearance [17]. Plasma iodine levels
decrease. This is associated with an increase in the size of the
maternal thyroid gland. Longitudinal studies of thyroid ultra-
sonography in pregnancy show a mean increase in the thyroid
size of 18%, which is noticeable in most women but not associ-
ated with abnormalities in thyroid function tests [16]. Iodine
supplementation results in a less substantial increase in the
thyroid gland size [17]. While ultrasound or laboratory evalu-
ation is not necessary in the pregnant patient with a mild dif-
fuse increase in the thyroid size, a significant goiter or thyroid
nodule must be evaluated as in any patient. A woman who is
marginally iodine deficient may be able to compensate with
increased thyrotropin stimulation of the thyroid to achieve
euthyroidism, but become hypothyroid when faced with the
increasing iodine requirements of pregnancy [17].

Thyroid homeostasis is important for healthy fetal
development. The fetal thyroid begins to concentrate iodide at
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10-12 weeks. Thyroid hormone necessary for fetal brain devel-
opment before this time is provided by the maternal system
[15,18]. Thyroid hormone synthesis in the fetus is controlled
by the fetal pituitary gland by 20 weeks. Small amounts of T,
and T, pass the placenta but TSH does not cross the placenta.
Thyroid-releasing hormone (TRH) and iodide do cross the
placenta [16]. Maternal hypothyroidism has been associated
with abnormal intelligence quotient testing and pediatric neu-
rodevelopment in offspring, particularly when untreated [18].
While severe maternal iodine deficiency can lead to cretin-
ism in the offspring, it is less clear whether mild-to-moderate
iodine deficiency leads to more subtle cognitive or neurologic
dysfunction. Iodine supplementation in iodine-deficient popu-
lations has been found to substantially reduce the relative risk
of cretinism and to improve psychomotor and cognitive test
scores in the offspring [17].

Hyperemesis gravidarum is associated with elevated
levels of hCG, an increase in FT4, and a decrease in TSH (bio-
chemical hyperthyroidism). However, this is largely transi-
tory and rarely associated with clinical hyperthyroidism.
Thus, routine measuring of thyroid function in hypereme-
sis is not indicated in the absence of other signs of hyper-
thyroidism such as weight loss or persistent tachycardia
[16]. Furthermore, treatment of transient hyperthyroidism
associated with elevated hCG and hyperemesis should not
be undertaken in the absence of evidence of intrinsic thy-
roid disease [19] (see also Chapter 9 in Maternal-Fetal Evidence
Based Guidelines). A large prospective observational study of
25,765 pregnant women who underwent thyroid screening in
pregnancy showed no difference in pregnancy complications
or in perinatal morbidity and mortality in women with sub-
clinical hyperthyroidism [20].

HEMATOLOGIC

Pregnancy is characterized by both quantitative and qualita-
tive changes in the hematologic system. These changes can be
adaptive to normal pregnancy but can also put the pregnant
women at increased risk for certain pathologic conditions.
Anemia and thrombocytopenia are commonly diagnosed
during pregnancy, as will be discussed below. Measurements
of the acute phase response such as erythrocyte sedimenta-
tion rate, C-reactive protein, and white blood cell count have
been found to increase during pregnancy. This presents a
challenge in the evaluation of pregnant women suspected to
have various infectious or inflammatory conditions, but care-
ful clinical assessment allows the practitioner to distinguish
between physiologic and pathologic abnormalities in these
tests. Pregnancy also has important effects on the coagulation
system, with the creation of an overall hypercoagulable state.
This section also reviews the theories and limitations of the
evidence surrounding the diagnosis of thrombophilia during
pregnancy.

Anemia is usually defined as a hemoglobin less than
11 g/dL and hematocrit less than 33% in the first trimester,
hemoglobin less than 10.5 g/dL and hematocrit less than 32%
in the second trimester, and hemoglobin less than 11 g/dL
and hematocrit less than 33% in the third trimester [21] (see
also Chapter 14 in Maternal-Fetal Evidence Based Guidelines).
Anemia may be caused by decreased production of red blood
cells, by increased destruction of red blood cells, or by blood
loss. Anemia in pregnancy is complicated by increased iron
requirements and an expanded blood volume. Blood volume
increases by about 50% while red blood cell mass increases by
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about 25%, resulting in an anemia of dilution, as measured by
hemoglobin and hematocrit, that is physiologic in pregnancy.
Iron requirements increase in order to support the increase
in red blood cell mass, support the requirements of the fetus
and placenta, and prepare for blood loss during delivery. Iron-
deficiency anemia is characterized by microcytosis and hypo-
chromatosis. Iron studies reveal a decrease in total iron and
ferritin and an increase in total iron-binding capacity (TIBC).
Ferritin levels have the highest sensitivity and specificity for
iron deficiency, with levels less than 10-15 ug/dL being diag-
nostic of iron deficiency [21]. Iron supplementation as well
as screening for iron deficiency during pregnancy is recom-
mended by the Centers for Disease Control and Prevention
(CDCQ). The typical diet contains 15 mg of elemental iron per
day, while the recommended dietary daily allowance during
pregnancy is 27 mg/day [21]. Iron-deficiency anemia in preg-
nancy has been associated with an increased risk of low birth
weight, prematurity, perinatal mortality, postpartum depres-
sion, and poor mental and psychomotor testing in offspring.
Severe anemia (less than 6 g/dL) has been associated with
abnormal fetal oxygenation, abnormal fetal heart rate patterns,
reduced amniotic fluid volumes, cerebral vasodilation, and
fetal death. Transfusion may be indicated for fetal indications
in the case of anemia of this severity [21]. Iron supplementation
has been found to decrease the incidence of anemia at deliv-
ery, although its effect on healthy, non-iron-deficient women
is not clear. Factors that increase the risk for iron deficiency in
pregnancy include young maternal age, heavy menses, short
interpregnancy interval, low socioeconomic status, and non-
Hispanic black race [21]. Dietary factors can have a significant
effect on iron levels, not only due to levels of consumption of
iron-rich foods but also due to consumption of foods that sig-
nificantly enhance or inhibit iron absorption.

Megaloblastic macrocytic anemia may be caused by
deficiency of folic acid and vitamin B12 and by pernicious ane-
mia. Nonmegaloblastic macrocytic anemia may be caused by
alcoholism, hypothyroidism, liver disease, aplastic anemia, or
increased reticulocyte count. The most common cause of onset
of macrocytic anemia during pregnancy in the United States
is folic acid deficiency [21]. During pregnancy, daily folic acid
requirements increase from 50 to 400 pg [21]. Women who have
had gastric surgery and those with Crohn’s disease may be at
risk of vitamin B12 deficiency in pregnancy [21].

The performance of complete blood counts as a part
of routine prenatal screening results in a frequent diagnosis
of thrombocytopenia in asymptomatic pregnant women.
The mean platelet count in pregnant women is lower than
in nonpregnant women, with about 8% of pregnant women
meeting criteria for the diagnosis of thrombocytopenia [22].
Manifestations of thrombocytopenia include epistaxis, pete-
chiae, and ecchymosis, although frequently there are no
clinically significant effects. Clinically significant sponta-
neous bleeding is rare as long as platelet counts are greater
than 10,000/uL and even excessive bleeding associated with
trauma or surgery is unlikely with platelet counts greater than
50,000/pL [22]. The most common cause of thrombocytope-
nia in pregnancy is gestational thrombocytopenia, which is
an apparently benign condition whose underlying physiology
is not well understood. However, thrombocytopenia in preg-
nancy may also be caused by more severe underlying condi-
tions such as preeclampsia, human immunodeficiency virus
infection, immune thrombocytopenic purpura (ITP), systemic
lupus erythematosus, antiphospholipid antibody syndrome,
hypersplenism, disseminated intravascular coagulation,

thrombotic thrombocytopenic purpura, hemolytic uremic syn-
drome, congenital thrombocytopenia, or medication effect [22].
Most of these conditions can be ruled out by history, physical
exam, and exclusion of underlying diagnoses.

The most difficult differential usually comes down to
gestational thrombocytopenia versus ITP. These conditions
cannot be reliably differentiated with antiplatelet antibody
testing or any other diagnostic test. Differentiation can be
obtained by documenting platelet counts less than 70,000/uL,
which suggests ITP, or by documenting a return to normal
platelet counts after delivery, suggestive of gestational throm-
bocytopenia [22]. To be classified as gestational thrombocy-
topenia, there are several conditions that must be satisfied.
Gestational thrombocytopenia is mild, with platelet counts
greater than 70,000/pL. There is no history of significant bleed-
ing and no history of thrombocytopenia prior to pregnancy.
Platelet counts generally return to normal within 2-12 weeks
following delivery, and there is an extremely low risk of fetal
or neonatal thrombocytopenia. Many women with ITP have
a history of abnormal bleeding prior to pregnancy, although
this is not universal. Findings suggestive of ITP include persis-
tent platelet counts less than 100,000/puL, normal or increased
megakaryocytes in the bone marrow, absence of splenomegaly,
and exclusion of other systemic disorders known to be associ-
ated with thrombocytopenia [22].

Women with gestational thrombocytopenia are not at
risk for maternal or fetal hemorrhage or bleeding complica-
tions [22]. Immunologic thrombocytopenia such as ITP and
neonatal alloimmune thrombocytopenia (NAIT) have the
potential for fetal complications. Both are characterized by
increased platelet destruction. Twelve to fifteen percent of neo-
nates born to mothers with ITP may develop platelet counts
less than 50,000/uL. This may result in findings such as pur-
pura, ecchymosis, or melena. Less commonly, fetal intracra-
nial hemorrhage may develop, unrelated to mode of delivery.
The incidence of serious bleeding complications in neonates of
women with ITP is estimated at 3% and the rate of intracranial
hemorrhage at 1% [22].

Onset of thrombocytopenia during the third trimester
should prompt consideration of gestational hypertensive disor-
ders, which are associated with about 20% of maternal throm-
bocytopenia, and decreasing platelet count is considered a sign
of worsening of disorders of this spectrum (see also Chapter 1
in Maternal-Fetal Evidence Based Guidelines). When combined
with hemolytic anemia and elevated liver tests, thrombocyto-
penia is indicative of the diagnosis of hemolysis, elevated liver
enzymes, and low platelet count (HELLP) syndrome. These
disorders are associated with an increase in platelet destruc-
tion but the underlying physiology is not known. Platelet func-
tion may be reduced even if platelet counts are normal, and
thrombocytopenia may occur prior to other manifestations of
gestational hypertension. Hemorrhage is uncommon in the
absence of disseminated intravascular coagulation. Neonatal
thrombocytopenia following gestational hypertension is
increased in premature infants but not in term infants [22].

Pregnancy is associated with significant alterations in
the coagulation system. There is a decrease in protein S lev-
els as well as in coagulation factors XI and XIII. There is an
increase in coagulation factors I, VII, VIII, IX, and X. D-dimer
and fibrinogen levels also increase. The overall result is the cre-
ation of a hypercoagulable state that is exacerbated by venous
stasis and compression of the inferior vena cava and pelvic
veins by the enlarging uterus [3,23]. This places the pregnant
women at increased risk for such phenomena as deep venous



thrombosis and pulmonary embolism, which are further ele-
vated when pregnancy is associated with other high-risk states
such as obesity, prolonged immobility (bed rest), or surgery
(see also Chapter 28 in Maternal-Fetal Evidence Based Guidelines).
Consideration of these risks is important in the evaluation of
the pregnant patient with unilateral lower extremity edema or
acute dyspnea. They also warrant caution and the responsibil-
ity to practice evidence-based medicine rather than erroneously
recommending “bed rest” for treatment of conditions ranging
from threatened abortion to preterm contractions to gestational
hypertension.

GASTROINTESTINAL

Changes in gastrointestinal physiology lead to some of the
most commonly described discomforts of pregnancy ranging
from nausea and vomiting in early pregnancy to more persis-
tent symptoms of gastroesophageal reflux and constipation.
However, gastrointestinal symptoms may reflect coexisting
diseases or may even herald life-threatening complications
of pregnancy such as severe preeclampsia and HELLP syn-
drome or acute fatty liver of pregnancy (AFLP). Once again,
it becomes crucial for the obstetric care provider to be skilled
in recognizing signs and symptoms that result from normal
pregnancy physiology and distinguishing those of more seri-
ous conditions.

There are several recognizable effects of pregnancy on
gastrointestinal function. Gastric secretion acidity declines
but volume increases and relaxation of the cardiac sphinc-
ter leads to greater esophageal reflux [1]. Combined with
a decrease in gastric and intestinal motility, this leads
to the “full stomach” effect that puts pregnant women at
increased risk of aspiration. This, combined with increased
airway edema, increases the risks of general endotracheal
anesthesia during pregnancy. Thus, for anesthesia purposes,
all pregnant women are considered to have a full stomach.
Precautions to reduce aspiration risk include the use of
nonparticulate oral antacids prior to induction of anesthesia,
the use of rapid sequence induction methods, and the use of
a cuffed endotracheal tube [1].

During pregnancy there is a decrease in colonic motility
and an increase in water absorption, leading to constipation
as a common complaint among pregnant women. A prospec-
tive study of constipation in pregnancy found that one in two
women reports constipation at some point in pregnancy, with
rates of 24%, 26%, 16%, and 24% in first, second, third trimes-
ters, and postpartum, respectively. Constipation is more likely
in women with a prior history of constipation and in women
taking iron supplements. The study did not include nonpreg-
nant controls, but historic controls indicate a constipation rate
of 7% in a similar age group [24].

The most common gastrointestinal symptom of preg-
nancy is nausea and vomiting (see also Chapter 9 in Maternal-
Fetal Evidence Based Guidelines). As many as 80% of women
report nausea during pregnancy and it is also the most com-
mon reason for hospitalization in the first trimester [19,25].
Nausea is generally considered a normal symptom of early
pregnancy, and morning sickness has been associated with
improved pregnancy outcomes such as reduced risk of mis-
carriage, preterm birth, low birth weight, and perinatal death.
This is theorized to be due to a placental etiology for nausea
and vomiting, which is increased by early development of a
healthy and robust placenta [19]. However, the exact etiology of
this symptomatology is not known. It has been hypothesized
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that nausea and restricted intake in the mother create an envi-
ronment that is favorable for early placental development [26]
or that it confers an evolutionary advantage by causing the
mother to avoid the ingestion of foods that may be dangerous
to the developing fetus [19]. Numerous psychological theories
have also been proposed to explain the phenomenon of nau-
sea and vomiting in pregnancy. Nausea in pregnancy is com-
monly attributed to hCG levels, but conclusive evidence of the
underlying physiology is lacking. Experience of nausea is also
correlated with elevated estradiol levels and inversely corre-
lated with prolactin levels [25]. Estrogens in oral contraceptive
pills have shown a dose-related effect of nausea and vomit-
ing. Smoking decreases both hCG and estrogen, and a reduced
rate of nausea and vomiting of pregnancy has been demon-
strated in smokers [19]. Increased placental mass, as found in
multiple gestations and gestational trophoblastic disease, has
been found to increase the risk of nausea and vomiting and of
hyperemesis gravidarum.

It is important for nausea and vomiting of pregnancy
to be distinguished from that resulting from other patho-
logic conditions. Complacency in the evaluation of pregnant
patients with nausea and vomiting may result in undertreat-
ment of distressing symptoms, development of hyperemesis
gravidarum, or failure to diagnose a coexisting underlying
disease. Nausea and vomiting of pregnancy typically start
before 9 weeks’ gestation and are not accompanied by fever,
abdominal pain, or headache [19]. Deviation from this pre-
sentation should prompt evaluation for other etiologies. The
differential diagnosis includes gastrointestinal disorders
such as gastroenteritis, gastroparesis, achalasia, biliary tract
disease, hepatitis, intestinal obstruction, peptic ulcer disease,
pancreatitis, and appendicitis. Genitourinary conditions
that may cause nausea and vomiting include pyelonephritis,
uremia, ovarian torsion, kidney stones, and degenerating
myoma. Nausea and vomiting may also be due to metabolic
disorders such as diabetic ketoacidosis, porphyria, Addison’s
disease, and hyperthyroidism or neurologic disorders such
as pseudotumor cerebri, vestibular lesions, migraines, or
central nervous system tumors. Finally, drug-related toxic-
ity, psychologic factors, or pregnancy-related complications
such as preeclampsia and AFLP may present with nausea and
vomiting [19].

Patients who are taking a multivitamin at the time of
conception have reduced rates of nausea and vomiting [21].
There is good evidence to support the use of vitamin B6 alone
or combined with doxylamine for the treatment of nausea
and vomiting in pregnancy. Ginger supplements have also
been shown to reduce severity of nausea and vomiting [19,27].
Numerous antiemetics have also shown acceptable safety and
efficacy against nausea and vomiting. Hospitalization, intra-
venous fluids, and enteral nutrition may be used in rare cases
of continued weight loss in spite of these therapies (see also
Chapter 9 in Maternal-Fetal Evidence Based Guidelines).

RENAL SYSTEM AND HOMEOSTASIS

Pregnancy-related changes in the urinary tract include dila-
tion of calyces, pelvis, and ureters. Ureteral dilatation may
be noted as early as the first trimester and is present in 90%
of gravidas by term. Obstructive and humoral mechanisms
have been proposed for this dilatation, with obstruction by
the gravid uterus and ovarian venous plexus likely causing
the dilatation above the pelvic brim [28]. Dextrorotation of the
gravid uterus, likely due to the sigmoid colon on the left and
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posterior to the uterus, causes the mechanical obstruction at
the pelvic brim on the right more than the left. One important
adverse consequence of this ureterocalyceal dilatation is the
increased incidence of pyelonephritis among gravidas with
asymptomatic bacteriuria.

There are significant increases in renal blood flow and
in glomerular filtration rate (GFR) in pregnancy [1]. Indeed,
GFR increases up to 50% higher than in the nonpregnant
state. As a result, serum urea and creatinine levels decline
in pregnancy [29]. This can have significant effects on renal
clearance of vitamins and pharmaceutical agents. There is a
lowering of the threshold for glucose excretion, which may
result in significant random glucosuria even in the absence
of gestational diabetes. This glycosuria may also contribute
to the increased susceptibility of pregnant women to urinary
tract infections.

There is also a marked increase in ureteral pressure in
the third trimester while standing or sitting that is decreased
when in the lateral recumbent position [28]. This has implica-
tions for collection of 24-hour urine samples, as retention of
urine in the dilated collecting system may result in an incom-
plete sample. This may be alleviated by instructing the patient
to lie in the lateral recumbent position for about 45 minutes
before the discard void prior to starting the collection and
again before the final void of the sample [28]. Proteinuria is
considered abnormal if excessive of 300 mg/24 hours in preg-
nant patients [28].

Relaxin and nitric oxide (NO) have been implicated as
key factors in mediating the renal vasodilation and glomer-
ular hyperfiltration that is characteristic of normal human
pregnancy. In vivo, relaxin administration to male and non-
pregnant female rats produced physiologic changes that mim-
icked normal pregnancy, with decrements in SVR along with
significant increases in effective renal plasma flow (RPF) and,
hence, GFR [29].

Pregnancy is associated with altered tubular func-
tion and therefore altered reabsorption of protein, glucose,
amino acids, and uric acid. In contrast to tubular function,
our knowledge of the factors that govern gestational changes
in serum electrolytes is somewhat more definitive. Total body
sodium increases on an average by 3-4 mEq/d, ultimately
producing a net balance of 900-1000 mEq, and total body
potassium also increases by up to 320 mEq by the end of ges-
tation [29]. Despite the net increase in body stores of sodium
and potassium Table 3.1, serum levels of both electrolytes
decrease during pregnancy Table 3.2. Therefore, pregnancy is
characterized by increments in total body electrolyte stores,
albeit with decrements in serum levels. Clinicians must rec-
ognize that increments in serum electrolytes that still fall
within the range of normal may constitute meaningful aber-
rations in electrolyte balance. Furthermore, conditions prone
to either electrolyte retention or loss may be exacerbated dur-
ing pregnancy [29].

PHARMACOKINETICS

It may be helpful to conclude with a final clinical topic that
illustrates many of the previously described physiologic
changes: that of pharmacokinetics. The four major events
involved in pharmacokinetics (absorption, distribution,
metabolism, and excretion) are potentially altered by physi-
ologic change of pregnancy in a number of organ systems.

Absorption is affected by changes in gastric pH, gastric emp-
tying, and small intestine motility. Increased cardiac output
and heightened blood flow to the stomach and small intestine
can increase absorption [30]. Changes in plasma volume, body
fat, and total body water affect drug distribution; the propor-
tion of unbound fraction of certain drugs may increase due
to a decrease in protein concentration. Metabolism is affected
by upregulation or downregulation of various enzymes. For
example, liver cytochrome p-450 activities increase while
CYP1A2 activity decreases while extrahepatic cholinester-
ase activity decreases [30]. Drug excretion is affected by the
increased renal blood flow and elevated GFR of pregnancy
as well as by increased respiratory elimination [30]. This has
important implications for both the maintenance of therapeu-
tic drug levels and the avoidance of toxicity. Clinical evidence
to guide pharmacologic therapy in pregnancy is limited, in
part due to the frequent elimination of women of reproduc-
tive age from pharmacokinetic trials. A review of the National
Library of Medicine database shows that there are a very
limited quantity of pharmacokinetic data for pregnancy, and
thus evidence-based recommendations for dosing and sched-
uling of drugs during pregnancy are sparse [30].
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Ultrasound

Lea M. Porche and Alfred Abuhamad

KEY POINTS

There is no evidence that ultrasound examination during
pregnancy is harmful. Prenatal exposure to ultrasound is
not associated with adverse influence on school perfor-
mance, physical or neurological function.

e Ultrasound should be performed by trained and experi-
enced professionals, with continuing education and ongo-
ing quality-monitoring programs.

* Routine use of ultrasound in pregnancy increases early
detection of multiple pregnancies, and major fetal
anomalies.

¢ Ultrasound examination is the best method to estimate
accurate gestational dating in pregnancy.

e Ultrasound dating in the first trimester is most accurate for
gestational age assessment. Ultrasound examination at first
prenatal visit (usually first trimester) versus at 1820 weeks
provides more precise estimate of gestational age, and
may be associated with less maternal worry. First trimester
ultrasound allows earlier detection of multiple pregnan-
cies, screening for Down’s syndrome with nuchal translu-
cency, and diagnosis of nonviable pregnancies.

e All pregnant women should be offered a second
trimester ultrasound for optimal anatomy evaluation. If
only one ultrasound will be done in pregnancy, it should
be done in the second trimester at about 1822 weeks.

* Inlow-risk or unselected populations, routine third trimes-
ter (>24 weeks) pregnancy ultrasound has not been asso-
ciated with improvements in perinatal mortality. Routine
use of ultrasound in the third trimester is associated with
higher detection of small-for-gestational-age babies.

¢ In low-risk or unselected populations, routine Doppler
ultrasound examination in the third trimester does not
result in reduced perinatal mortality.

¢ In high-risk pregnancies with fetal growth restriction,
umbilical artery Doppler assessment is associated with a
reduction in perinatal deaths and obstetric interventions.

¢ Measurement of cervical length (CL) by transvaginal
ultrasound (TVU) has been shown to be an effective pre-
dictor of preterm birth (PTB). When a short CL is detected
before 24 weeks, interventions such as vaginal proges-
terone in singletons without prior PTB (using TVU CL <
20 mm), and cerclage in singletons with prior PTB (using
TVU CL < 25 mm), have been associated with decrease in
PTB and perinatal morbidity and mortality.

SAFETY OF ULTRASONOGRAPHY

The main concern about the safety of ultrasound is
about tissue temperature elevation from energy transfer
and its possible effect of cavitations, or the formation of
microbubbles in the tissues exposed to ultrasound waves.
The effect of ultrasound on tissues has been studied with
animal experimentation and has suggested an adverse

effect. In humans, however, the information comes
from epidemiological data and population studies. No
epidemiologic studies have shown harmful effects in
humans.

There is no consistent evidence that ultrasound
examination during pregnancy is harmful. Studies have
shown that prenatal exposure to ultrasound is not associated
with adverse effects on children’s physical or cognitive devel-
opment [1]. Even multiple ultrasound exams during pregnancy
were not shown to adversely affect speech, language, behav-
ior or neurologic function on postnatal follow up at 8 years of
age [2]. In a randomized trial comparing those receiving a sec-
ond trimester ultrasound to those who remained unexposed,
there was no significant difference in school performance up
to age 15-16 [3]. Overall, ultrasound in pregnancy is not asso-
ciated with adverse maternal or perinatal outcome, however,
there may be a weak association between exposure to ultra-
sound and nonright handedness in boys [4].

Despite the lack of evidence suggesting harmful effect,
ultrasound is a form of energy and may produce secondary
effects in the tissues it traverses. Obstetrical ultrasound in
pregnancy should be considered a medical procedure for the
evaluation of the fetus and maternal pelvic organs. Current
expert consensus recommends that ultrasound be only per-
formed with valid medical indications, with the short-
est duration possible and at the lowest settings. Adhering
to the as low as reasonably achievable (ALARA) principle
helps to avoid unnecessary exposure to ultrasonic waves.
Sonographers and sonologists should familiarize themselves
with the mechanical and thermal indices during ultrasound
examinations. Exposing the fetus to ultrasonography with no
anticipation of medical benefit is thus not justified [5,6].

QUALITY

Levels of expertise vary between different health care centers.
Since ultrasound efficiency is operator dependent, continuing
education and ongoing quality-monitoring programs are
important strategies in each center offering ultrasound diag-
nosis. The ongoing risks of “false-negative” tests and/or mis-
interpretation of the images obtained (either false-positives, or
wrong diagnoses) can be minimized if those examinations are
carried out and interpreted by trained and experienced pro-
fessionals. Sensitivity of ultrasound screening for pregnancy
varies widely. Appropriate ultrasound laboratory accredita-
tion, certification of staff, documentation of findings, and
continuous careful quality control are important components
of ultrasound competency [5,6].

INFORMED CONSENT AND PATIENTS’
EXPECTATIONS

Even though a formal written informed consent is not always
needed before the examination, every pregnant woman
should be informed on expectations about the obstetric
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ultrasound, as well as its benefits and risks. The patients
should know that ultrasound evaluation is a screening test
with wide variations in detection rates for fetal anomalies, and
that all ultrasound diagnoses, especially false-positive and
false-negative ones, can put both mother and fetus at risk.

Whether the sex of the fetus should be revealed to the
patient with a singleton gestation should be addressed. It may
be harmful for the physician—patient relationship to with-
hold this information, especially if the patient previously
requested it. Although a moral conflict may exist in some
cultures around the world where this information is used by
the patient for voluntary abortions based on sex selection and
sex preferences [7], in general disclosing fetal gender during
ultrasound can benefit not only the doctor—patient relation
but also parent—child relationship [8].

During high-feedback ultrasound scans, women can see
the screen and they receive detailed explanations of the images.
In low-feedback ultrasound scans, only the operator can see the
screen and the women are told the results at the end of the scan.
Compared with low-feedback ultrasound, women who had
high-feedback fetal ultrasound are significantly more likely to
stop smoking and avoid alcohol during pregnancy, with a trend
favoring the women’s increased use of positive adjectives to
describe their feelings after the ultrasound [9].

ROUTINE VERSUS SELECTIVE USE

OF ULTRASOUND

Routine (i.e., performed on every pregnant woman) ultra-
sound examination is associated with the following, compared
with selective ultrasound examination (i.e., performed only on
women with specific indications) [1]:

1. Increases the early detection of multiple pregnancies.

2. Increases detection of major fetal anomalies.

3. Reduces the incidence of late-term and post-term preg-
nancies and rates of induction of labor for late-term
pregnancy by allowing a more precise estimation of ges-
tational age.

4. No significant differences are detected for clinical out-
comes such as perinatal mortality. The effect of ultra-
sound on perinatal mortality is dependent on the detection
rate of fetal malformations and on the uptake of pregnancy
termination for anomalies in the population at study.

If one routine ultrasound examination is done, it is usu-
ally performed at 1822 weeks (<24 weeks). Earlier examina-
tion provides more accurate assessment of gestational age; later
examination (e.g., 2022 weeks) allows more complete inspec-
tion of fetal anatomy. In the obese population, transabdomi-
nal ultrasound screening may have better completion rates if
delayed by 2 weeks (2022 weeks gestation) [10] and TVU at
12-16 weeks may offer better fetal anatomy screening (see later
in this chapter).

GESTATIONAL AGE DATING IN PREGNANCY
Precise estimation of gestational age is extremely important
for optimal obstetric care, including evaluation of fetal growth,
interpretation of maternal screening markers, choosing the
appropriate gestational age to perform interventions, and
management of preterm and late-term pregnancies.

For gestational age estimation, cardinal numbers should
be preferred to ordinal numbers to avoid confusion. So week 1
is 1-7 days after LMP, week 2 is 8-14 days, etc. In clinical prac-
tice, gestational weeks are used to estimate dating, and not

months. If a lay person asks “How many months am I?,” then
6 weeks of gestation can be equated approximately to 1 month,
etc., and 38 weeks = 9 months. Definitions of gestational age,
while not uniformly accepted, are shown in Table 4.1 [10].

Ultrasound examination is the best method to determine
gestational age and estimated due date (EDD) [10]. The first day
of the last menstrual period (LMP) should be asked of all preg-
nant women to determine when the dating ultrasound should be
performed. Compared with LMP, ultrasound-based gestational
age is more precise due to errors in patient recall, and variations in
cycle length and timing of ovulation [10,11]. The error, even with
certain LMP, is due often to late ovulation (>14 days after LMP).
Some have stated that there is no reason to use LMP for dating
when adequate ultrasound data is available by 24 weeks [10,11].

Ultrasound-based gestational age estimates are lower
than LMP-based gestational age estimates, and generate a
higher rate of PTB and lower rate of post-term birth. The
Naegele rule (add 7 days to first day of LMF, add 1 year, take
back 3 months), manual assessment of uterine size, quickening,
etc.,, should not be used unless ultrasound dating is unavailable.

In general, the earlier the ultrasound, the more accurate
the dating. Multiple parameters and equations have been eval-
uated to estimate gestational age. The crown-rump length is
associated with the most accurate estimation up to and includ-
ing 13 6/7 weeks of gestation with an accuracy of + 2-7 days.
For pregnancies in the second trimester, beyond 14 weeks gesta-
tion, the head circumference (HC) or biparietal diameter (BPD)
appear to be the best single-measurement predictor of gesta-
tional dating. BPD is most accurate for dating early, between 12
and 14 weeks. Combining three or more parameters improved
dating slightly over single biometric parameter [12]. A combi-
nation of BPD, HC, abdominal circumference (AC), and femur
length (FL) is commonly used for dating by ultrasound in
the second and third trimesters [13]. Repeated examinations
improve the prediction only marginally, and the EDD should
always be set by the earliest ultrasound due to a smaller pre-
diction error. While prediction of gestational age by ultrasound
can be very accurate, prediction of date of delivery remains less
accurate, with an error of usually >7-8 days, given other biologic
factors.

Other parameters that may play a role in estimating ges-
tational age include trans-cerebellar diameter (TCD) and long
bone measurements. The TCD is an accurate predictor of gesta-
tional age, and can be used between 14 and 28 weeks reliably
with the use of nomograms. There is some reliability in gesta-
tional age prediction even up to 35 weeks, and TCD is spared
effects from intrauterine growth restriction, so can be used to
assess pregnancies at risk for this complication [14]. The presence
of epiphyses in the lower extremities usually signifies a gesta-
tional age (GA) of >32 weeks [15].

Table 4.1 Definition of Gestational Age Periods in Pregnancy

Period Gestational age (weeks)

0-13 6/7
14 0/7-27 6/7
28 0/7 to delivery

First trimester
Second trimester
Third trimester

Preterm 20 0/7-36 6/7
Late preterm 34 0-7-36 6/7
Term 37 0/7-41 6/7
Early term 37 0/7-38 6/7
Full-term 39 0/7-40 6/7
Late-term 41 0/7-41 6/7
Post-term >42 0/7




Table 4.2 Gestational Age Dating by Ultrasound

Gestational age by ultrasound (weeks)

Best ultrasound parameter(s)
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EDD changed if discrepancy from LMP-dates
more than (days)

<9 CRL
9 0/7-13 6/7 CRL
14 0/7-15 6/7 BPD, HC, AC, FL
16 0/7-21 6/7 BPD, HC, AC, FL
22 0/7-27 6/7 BPD, HC, AC, FL
>28 0/7 BPD, HC, AC, FL

5
7
7
10
14
21

Source: Adapted from American College of Obstetricians and Gynecologists. Method for estimating due date. ACOG Committee Opinion No. 611.
American College of Obstetricians and Gynecologists, Washington, DC, 2014.
Note: IVF pregnancies can be dated by the date of embryo transfer minus 14 days to obtain LMP, and then EDC by Naegele’s rule. There is no need

to ever change dating in these pregnancies.

The American College of Obstetricians and Gyne-
cologists (ACOG) have published specific guidelines to guide
amendment of dating when ultrasound and LMP are discrep-
ant. Ultrasound dating is adopted when discrepancy is noted.
Knowledge about LMP, regularity of cycles, OCP use and
unusual bleeding are clinically helpful, but imprecise regard-
ing dating. Ultrasound dating is best, and often corrects dat-
ing by even a “certain” LMP [16]. Table 4.2 shows dating criteria
based on ultrasound results.

ULTRASOUND EXAMINATIONS BY TRIMESTER
First Trimester

Ultrasonographic evaluation in the first trimester (0-13 6/7
weeks) is the most accurate method to determine exact gesta-
tional age, as discussed above. Ultrasound examination at the
first prenatal visit versus at 18—20 weeks provides more precise
estimate of gestational age, and may be associated with less
maternal worry. First trimester ultrasound also allows earlier
detection of multiple pregnancies, nonviable pregnancies,
certain fetal anomalies, and screening for Down’s syndrome
and other aneuploidy with nuchal translucency (NT) [1,6,17].
No other important maternal or perinatal outcome differences
are detected, with insufficient data to accurately assess some rare
outcomes such as perinatal mortality. Current guidelines do not
recommend the routine use of ultrasound in the first trimester
in the absence of indications [10], but several experts advocate its
routine use for the benefits listed above.

Transvaginal scanning is preferred for dating early in
the first trimester. It is also useful in cases of a pregnancy result-
ing from ovulation induction or other assisted reproductive tech-
nologies, first trimester bleeding, or increased risk of aneuploidy,
and should be used if transabdominal examination is inconclu-
sive for diagnosis. First trimester screening for congenital defects
by TVU is an option for pregnant women who meet certain cri-
teria, such a very high risk for congenital anomalies (e.g., very
elevated hemoglobin Alc) and who may elect termination based
on abnormal results. It should be done by experienced sonogra-
phers and findings confirmed at 1822 weeks [10]. In a random-
ized control trials (RCT), 38% of major malformations and 69%
of lethal malformations were detected by a 12- to 14-week ultra-
sound [18]. In a meta-analysis, 51% of malformations were found
to have been detected by 11- to 14-week ultrasound [19].

The NT is a physiologic fluid-filled space at the back
of the fetal neck measured for aneuploidy screening between
weeks 10 6/7 and 13 6/7 of gestation. Increase in NT has been
associated with chromosomal and anatomic abnormalities in
the fetus. First trimester screening for aneuploidy between
10 6/7 and 13 6/7 weeks (or crown-rump length or CRL
45-84 mm) combines NT measurement with maternal serum

markers to provide individualized risk assessment. Early
risk determination permits choosing the most appropriate
definitive diagnostic procedures like chorionic villus sam-
pling, allowing women to prepare for a child with health
problems and also providing the option of earlier pregnancy
termination [6] (see Chapter 5).

Indications by ACOG and American Institute of
Ultrasound in Medicine (AIUM) for first trimester ultrasound
are shown in Table 4.3 and essential elements of first trimester
ultrasound in Table 4.4 [5,6].

Ultrasound Diagnosis of Anembryonic
Pregnancy or Embryonic Demise

Diagnostic criteria for the diagnosis of nonviable pregnancy in
the first trimester is a subject that has undergone recent revision.
Balancing risk of harming a viable intrauterine pregnancy must
be balanced with intervention for a nonviable one. Some criteria
are routinely used (Table 4.5), usually based on TVU: absence
of cardiac activity with an embryo of certain length, absence
of embryo with gestational sac of a certain size, and absence of
embryo by a certain time in pregnancy [20].

A gestational sac is normally noted within the uterus
by 5 weeks of gestation. Shortly thereafter at approximately
5 ¥ weeks in a normal pregnancy, the yolk sac appears, fol-
lowed by the fetal pole at 6 weeks. When measuring the ges-
tational sac, dimensions are recorded in three orthogonal
planes; the average of the measurements is the mean sac diam-
eter. A mean gestational sac diameter of 225 mm without an
embryo is diagnostic of pregnancy failure (e.g., anembryonic
pregnancy, or blighted ovum) with positive predictive value
approaching 100% [21]. An intrauterine gestational sac should
be visible by TVU with a serum beta-human chorionic gonado-
tropin (B-HCG) of >1500 mIU/mL. If this is not the case, ectopic
pregnancy should be suspected.

Fetal cardiac activity is usually seen once the fetal pole
is visible around 6 weeks of gestation. A CRL cutoff of 5 mm
without cardiac activity was previously used to diagnose non-
viable pregnancy, but literature review showed that there have
been pregnancies that met this criterion that went on to be via-
ble [21,22]. Interobserver variability in measurements can also
lead to inaccurate diagnosis of failed pregnancy. Adopting a
CRL cutoff of 7 mm with no visible cardiac activity brings
the specificity of this finding for diagnosing failed pregnancy
(e.g., embryonic demise, or missed abortion) close to 100% [20].

Since the presence of intrauterine structures in a viable
pregnancy appear in a predictable sequence at standard time
intervals [23], aberrations in this sequence can indicate abnor-
mal pregnancy. Abnormal pregnancy should thus be sus-
pected in the absence of an embryo with a heartbeat >14 days
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Table 4.3 Indications for First Trimester Ultrasound

To confirm the presence of an intrauterine pregnancy

To evaluate suspected ectopic pregnancy

To define the cause of vaginal bleeding

To evaluate pelvic pain

To estimate gestational age

To diagnose or evaluate multiple gestations

To confirm cardiac activity and identify nonviable pregnancies

As an adjunct to chorionic villus sampling, embryo transfer,

and localization and removal of an intrauterine device

¢ To evaluate maternal pelvic masses and/or uterine anomalies

* To evaluate suspected hydatiform mole

* To screen for certain anomalies such as anencephaly in
patients at high risk

* To measure NT when part of a screening program for fetal

aneuploidy

Sources: American Institute of Ultrasound in Medicine, J Ultrasound
Med, 32(6), 1083-1101, 2013; American College of Obstetricians and
Gynecologists. Ultrasonography in pregnancy. ACOG Practice Bulletin
No. 101. American College of Obstetricians and Gynecologists,
Washington, DC, 2009.

Table 4.4 Essential Elements of First Trimester Ultrasound

Gestational sac (location, mean diameter).

Yolk sac (diameter).

CRL of embryo?.

Development of fetal anatomy in early pregnancy.

Fetal viability (cardiac activity should be seen in embryo

>7 mm).

e Fetal number (amnionicity and chorionicity has to be
reported for multiples).

e Ultrasound features of early pregnancy failure, e.g., ectopic
pregnancy, hydatidiform mole.

¢ Uterus, adnexa, cervix, and cul de sac.

* If possible, the appearance of the nuchal region should be
assessed, and specific measurement of Nuchal translucency
(NT) measured as part of desired screening.

* Any other abnormalities (e.g., leiomyomata).

Sources: American Institute of Ultrasound in Medicine, J Ultrasound
Med, 32(6), 1083-1101, 2013; American College of Obstetricians and
Gynecologists. Ultrasonography in pregnancy. ACOG Practice Bulletin
No. 101. American College of Obstetricians and Gynecologists,
Washington, DC, 2009; Doubilet PM et al., N Engl Med, 369(15),1443—
1451, 2013

aCRL is a more accurate indicator of gestational age than gestational
sac size.

Table 4.5 Criteria for Diagnosis of Embryonic or Anembryonic
Demise

Diagnosis Criteria

Anembryonic
pregnancy

Embryonic demise

Anembryonic
pregnancy

Mean gestational sac diameter = 25 mm
without an embryo
CRL =7 mm with no visible cardiac activity
No embryo with cardiac activity:
>14 days after gestational sac without yolk
sac
Or
>11 days after gestational sac with yolk sac

after seeing a gestational sac without a yolk sac, or 211 days
after presence of a gestational sac with a yolk sac [20]. The
presence of normal embryonic cardiac activity in the uterine
cavity in the first trimester has a >90% prediction for a live
birth in both symptomatic and asymptomatic pregnancies.

Precautions and Pitfalls

Physiologic midgut herniation is normal at 7-11 weeks; it
resolves >12 weeks; do not confuse with omphalocele. The
rhomboencephalon can appear as a cystic mass up until 8-10
weeks, and should not be confused with a central nervous sys-
tem (CNS) anomaly; ventriculomegaly cannot be assessed well
in the first trimester. The amnion and chorion are expected to
be fused by 14 weeks.

Second Trimester (aka “Anatomy,”
“Morphology,” or “Standard” Ultrasound)

If just a single exam is to be done during pregnancy, the best
timing for such ultrasound screening of the fetal anatomy and
dating is the early to mid-second trimester (18-22 weeks) [1],
to obtain an accurate estimation of gestational age and a satis-
factory inspection of the fetal anatomy. This is therefore usually
called the anatomy, morphology, or standard ultrasound exami-
nation (nomenclature such as Levels [, II, etc. ultrasound is con-
troversial and less descriptive). All pregnant women should be
offered a second trimester ultrasound, whether or not they have
had a first trimester ultrasound. The estimated sensitivity to
detect fetal anomalies varies widely, with higher rates of detec-
tion for major anomalies than for minor anomalies, and some
organs (e.g., neural tube defect) versus others (e.g., heart) [19].
The detection of major fetal anomalies is often reported at
about 50%—70% even in the best centers [18]. The detection of
fetal cardiac malformations is particularly poor, with often not
more than 20%—-30% of major heart malformations detected [24].
A “detailed” ultrasound can be performed with the aim to detect
anomalies or markers associated with fetal aneuploidy [25].

While the best time for detection of most malformations
is around 20-24 weeks it is important for women to obtain this
information as early as possible. In some circumstances more
than one second trimester ultrasound is necessary, especially
if the first second trimester ultrasound is performed at 18-19
weeks. Experts have suggested essential elements for second
trimester ultrasound (Table 4.6) [5,6].

There can be other types of follow-up ultrasounds.
Limited ultrasound examination is performed when a specific
question requires investigation. Examples include assessment
of amniotic fluid volume, fetal viability, biophysical profile, to
guide amniocentesis, to localize the placenta in antepartum
bleeding, or to evaluate fetal position. A limited ultrasound
is only appropriate if a prior complete standard ultrasound
examination has been done. A detailed ultrasound examina-
tion should be considered for a patient who, by history, clinical
evaluation, or prior scanning evaluation, is at an increased risk
for a fetal anatomic or physiological abnormality. This ultra-
sound examination must be done by personnel with expertise in
obstetric ultrasonography, and maternal and fetal diseases [25].

Other specialized examinations include but are not lim-
ited to fetal Doppler studies, biophysical profile, CL, three-
dimensional (3D) imaging, and fetal echocardiography (see the
section Fetal Echocardiography).

Third Trimester

The potential benefit of a third trimester ultrasound examination
greatly depends on the quality of prior ultrasounds and maternal
indications. If the first and only ultrasound is in the third trimes-
ter, it probably has similar benefits to the routine second trimes-
ter ultrasound, with the exception of accurate dating and early
anomaly detection of the latter. Ultrasound evaluations in the
third trimester generally involve assessments of fetal growth,
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* Fetal cardiac activity (abnormal heart rate or rhythm should be documented).
¢ Fetal number (multiple pregnancies require additional information: chorionicity, amnionicity, comparison of fetal sizes, estimation of
amniotic fluid volume at each side of the membranes, and fetal gender).

¢ Presentation.

¢ A qualitative or semi quantitative assessment of amniotic fluid (e.g., amniotic fluid index, single deepest pocket, 2-diameter pocket)

(see Chapter 57 in Maternal Fetal Evidence Based Guidelines).

¢ The placental location, appearance and relationship to the internal cervical os should be recorded.?
* The umbilical cord should be imaged to confirm number of vessels. Placental cord insertion site should be documented when

technically feasible.
e TVU may be offered for detection of short CL (see Chapter 17).
¢ (Gestational age assessment.c

¢ Fetal weight estimation can be calculated by obtaining measurements, such as BPD, HC, AC, and FL.¢
e Evaluation of the maternal uterus and adnexal structures should be performed.
¢ Fetal anatomy survey: Fetal anatomy is best assessed by ultrasound =18 weeks. Essential elements of a standard examination:
* Head and neck: Cerebellum, choroids plexus, cisterna magna, lateral cerebral ventricles, midline falx, cavum septi pellucidi, upper

lip.

* Chest: The basic cardiac inspection includes a four-chamber view of fetal heart with visualization of the right and left ventricular

outflow tracts.

¢ Abdomen: stomach (presence, size, situs), kidneys, bladder, umbilical cord (insertion site into fetal abdomen and vessel number).

* Spine: Cervical, thoracic, lumbar, and sacral spine.
* Extremities: Legs and arms (presence or absence).

¢ Gender: For evaluation of multiple gestations and when medically indicated.

Sources: American Institute of Ultrasound in Medicine, J Ultrasound Med, 32(6), 1083—1101, 2013; American College of Obstetricians and
Gynecologists. Ultrasonography in pregnancy. ACOG Practice Bulletin No. 101. American College of Obstetricians and Gynecologists, Washington,

DC, 2009.

alf not performed in second trimester, a third trimester ultrasound is indicated.
bThe apparent position early in pregnancy may not correlate well with its location at the time of delivery. Therefore, if low-lying placenta or placenta
previa are suspected early in gestation, a TVU is indicated, with verification in the third trimester by a TVU if previa or placental edge within 20 mm

of internal os is found.

cFirst trimester CRL measurement is the most accurate means for sonographic dating.

dNone of the several equations for estimating fetal weight based on such fetal biometric measurements is superior to others; ideally, the equations
should be derived by actual fetal weights of the local or institutional population. Results can be compared with fetal weight percentiles from pub-
lished nomograms. Consecutive ultrasound examinations for growth evaluation should typically be performed no less than 3 weeks apart.

amniotic fluid volume, evaluation of the placenta, and evaluation
of fetal wellbeing (possibly biophysical profile or Doppler studies).
Examples of possible indications for third trimester ultrasound
based on maternal and fetal risk factors are shown in Table 4.7.

In low risk women, ultrasound examinations at 30-32
weeks and at 36-37 weeks significantly decrease the likeli-
hood of newborns with growth restriction, though they do
increase the rate of antenatal intervention. This randomized con-
trolled trial included 1998 women, and investigators calculate
over 30,000 women are required for a trial to show a significant
decrease in neonatal mortality [26]. In a meta-analysis, there was
no difference in antenatal, obstetric and neonatal intervention in
women screened with >24 weeks (late) ultrasound versus those
not screened. There was a slightly higher caesarean section rate
in women screened with late ultrasound, but this difference
did not reach statistical significance. Routine late pregnancy
ultrasound was not associated with improvements in overall
perinatal mortality [27]. In a recent RCT, performing a growth
ultrasound at 36 versus 32 weeks is more sensitive (61% vs. 32%)
in detecting severe FGR, but not associated with significant
differences in perinatal outcomes [28]. Routine screening for
fetal growth restriction in the third trimester has been investi-
gated also in a large prospective cohort study and may increase
detection of fetuses that will go on to be small for gestational age
infants, to 57% in routine screening from 20% in selected screen-
ing [29]. Currently there is insufficient data to recommend
routine screening for growth restriction in the third trimester
without indication, but many experts advocate its routine use
based on the data just described. There is insufficient data about
the potential psychological effects of routine ultrasound in late

pregnancy, and limited data about its effects on both short- and
long-term neonatal and childhood outcome.

Placental grading as an adjunct to third trimester ultra-
sound examination was associated with a significant reduc-
tion in the stillbirth rate in one trial [30]. In one study 15,122
patients were evaluated for Grannum grade III placental cal-
cifications prior to 28 weeks of gestation. Grade III placental
appearance prior to term was independently associated with
increased risk of stillbirth after controlling for tobacco use [31].
More research is needed in placental grading before recom-
mendation can be made for its routine use for prediction of
poor perinatal outcome.

DOPPLER

Umbilical Artery

In low-risk or unselected populations, routine Doppler ultra-
sound examination, usually of the umbilical artery and fetal
vessels at around 28-34 weeks, does not result in increased
antenatal, obstetric and neonatal interventions, and no over-
all differences are detected for substantive short term clini-
cal outcomes such as perinatal mortality [32]. On the other
hand, the use of umbilical artery Doppler ultrasound in
pregnancies with fetal growth restriction is associated
with a reduction in perinatal deaths and obstetric interven-
tions [33]. Guidelines published by the Society for Maternal
Fetal Medicine confirm a decrease in induction of labor,
cesarean delivery and perinatal death with use of umbili-
cal artery Doppler assessment in high-risk pregnancies with
fetal growth restriction. Surveillance with umbilical artery
Doppler studies should be started once growth restriction is
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Table 4.7 Suggested Ultrasound Surveillance for Specific Conditions

Condition Start of ultrasounds (weeks) Frequency of ultrasounds (every x week)
Chronic HTN on medications 24 4
Gestational HTN At diagnosis 4
Preeclampsia At diagnosis 4
GDMA1 30-32 once
GDMA2 At diagnosis 4
Pregestational DM on medications 24 4
Fetal growth restriction At diagnosis 3
Maternal age at delivery =35 years 30-32 once
Concordant, non-lUGR di/di twins 24 4
Mono/di twins 24 4
Mono/mono twins 24 3
Prior unexplained IUFD 28 4
SLE or renal disease 24 4
Organ transplant 28 4
Hypothyroidism or Hyperthyroidism 30-32 once
Maternal Cardiac disease 28 4
Oligohydramnios (MVP < 2 cm) At diagnosis 3-4
Polyhydramnios (MVP > 8 cm) At diagnosis 3-4
Sickle cell disease 24 4
Fetal arrhythmia At diagnosis 4

Abbreviations: HTN, hypertension; GDMA, gestational diabetes mellitus; DM, diabetes mellitus; di/di, dichorionic diamniotic; mono/di, monochori-
onic diamniotic; mono/mono, monochorionic monoamniotic; IUFD, intrauterine fetal demise; SLE, systemic lupus erythematosus; MVP, maximum
vertical pocket. For an expanded version of this chapter, including suggestions for antepartum fetal testing (e.g., NST, BPS, etc.) and timing of

delivery, see Chapter 56.

suspected in the viable fetus [34]. Guidelines for the technical
aspects of Doppler use in pregnancy are available [35] (see
Chapter 45 in Maternal-Fetal Evidence Based Guidelines).

Middle Cerebral Artery

Fetal middle cerebral artery (MCA) peak systolic velocity (PSV)
Doppler has been used to evaluate fetal anemia in cases of
maternal red cell alloimmunization, parvovirus infection, or
twin-twin transfusion syndrome in monochorionic twins. Fetal
MCA Dopplers are considered a screening test that requires a
confirmatory test for diagnosis (fetal blood sampling) at the ini-
tiation of therapy (transfusion). MCA-PSV is regarded as the
best noninvasive screening test for fetal anemia [36,37] (see
Chapter 53 in Maternal-Fetal Evidence Based Guidelines).

Ductus Venosus

The ductus venosus (DV) is a vascular shunt that connects the
umbilical vein to the inferior vena cava in the fetus. This wave-
form is reflective of downstream pressure in the right atrium.
In high resistance states (increased uteroplacental resistance),
the DV shows absent or reversed flow in late diastole. A small
retrospective study showed that reversed flow in the DV in
addition to increased MCA is associated with perinatal mor-
tality in fetuses less than 32 weeks gestation [38]. A meta-
analysis including data from 2267 patients confirmed these
data, showing moderate predictive value for fetal outcomes in
high-risk pregnancies with placental insufficiency [39]. A ran-
domized trial did not show significant perinatal benefit from
adding DV screening to fetal heart rate monitoring alone for
antepartum monitoring of the growth restricted fetus [40].
Therefore, there insufficient data to currently recommend the
use of DV Doppler in the routine evaluation and management
of the fetus with intrauterine growth restriction (IUGR) [34]
(see Chapter 45 in Maternal-Fetal Evidence Based Guidelines).

Uterine Artery

The Doppler waveform of the uterine artery has been shown
to reflect high impedance placental circulation by the pres-
ence of a waveform notch and low diastolic flow in association

with hypertension and preeclampsia. Studies have shown an
association between abnormal uterine artery Doppler and
early onset preeclampsia, but predictive value is low. Current
evidence has not shown a benefit to performing routine mid-
pregnancy utero-placental Doppler ultrasound for prevention of
preeclampsia, intrauterine growth restriction or adverse preg-
nancy outcome [41,42] (see Chapter 45 in Maternal-Fetal Evidence
Based Guidelines). Furthermore, there is currently paucity of data
to recommend the use of uterine artery Doppler in the clinical
management of hypertensive pregnancies [42].

BIOPHYSICAL PROFILE

A fetal biophysical profile score (BPS) is a specialized obstetric
ultrasound consisting of monitoring of fetal movements, tone
and breathing, and assessment of amniotic fluid volume, with or
without fetal heart rate monitoring. BPS has been used to iden-
tify fetuses that may be at high risk of poor pregnancy outcome.
While information gained from a biophysical profile (BPP)
regarding fetal status can help guide clinical management,
available evidence from randomized trials does not support
the use of BPS as an isolated test of fetal well-being in high-risk
pregnancies. Additional evidence from larger trials is needed
[43] (see Chapter 56 in Maternal-Fetal Evidence Based Guidelines).

CERVICAL LENGTH

TVU for the measurement of CL has been shown to be predictive
of spontaneous PTB in all populations studied so far, including
singletons and multiple gestations, either asymptomatic or with
symptoms of preterm labor (PTL). TVU CL can be effective in
evaluating the need for such interventions as cervical cerclage
or progesterone supplementation, as well as more effective man-
agement of women with symptoms of PTL [44—47].

TVU CL screening is considered universal when
offered routinely to singleton gestations without a prior spon-
taneous PTB at the time of the anatomy ultrasound, i.e., 1824
weeks. Both ACOG and Society for Maternal-Fetal Medicine
(SMFM) have published guidelines indicating that universal



TVU CL screening is deemed reasonable, but not manda-
tory [48,49]. About 1% of singletons without a prior sponta-
neous PTB develop a TVU CL < 20 mm before 24 weeks [50],
and should be started on vaginal progesterone daily until 36
weeks [51,52]. Over two-thirds of academic maternal-fetal
medicine units in the United States perform universal CL
screening [53].

Women with history of spontaneous PTB prior to 37
weeks gestation should be offered intramuscular progesterone
supplementation [54]. In addition, current recommendations
are for screening of these high risk women (history of spon-
taneous PTB) with serial TVU CL ultrasounds every 2 weeks
from 16 to 24 weeks gestation. In those (about 40%) with TVU
CL < 25 mm, a cerclage can be offered [55].

TVU CL screening of singletons presenting between 24
and 34 weeks with symptoms of PTL has been associated with
both lower evaluation and triage time, and significantly less
incidence of PTB [56] (see Chapter 17).

THREE-DIMENSIONAL ULTRASOUND

3D ultrasound examination is not considered a required modal-
ity for all pregnant women at this time [4], but it can add accuracy
in the assessment of the fetus identified to have anomalies by 2D
ultrasound (especially facial anomalies, neural tube defects, and
skeletal malformations). 3D ultrasound allows the acquisition of
volume measurements, which can depict topographic anatomy
not able to be seen on 2D imaging. New technology allows for
3D reconstruction of vascular structures, further characterizing
vessel relationship [57], vascular malformations and vascular
invasion. It has not been shown to have a clear clinical advan-
tage over traditional ultrasound in routine settings [6].

Routine 3D ultrasound (versus the traditional 2D ultra-
sound) among low-risk women has not shown a significant
impact on maternal-fetal bonding [58]. Additionally, 3D/4D
ultrasound in women at risk for having a fetus with congenital
anomalies does not reduce maternal anxiety compared with
conventional 2D ultrasound alone [59].

FETAL ECHOCARDIOGRAPHY

The incidence of moderate to severe congenital heart disease
(CHD) has been reported at 6-13 per 1000 live births [60,61],
with most affected infants born to pregnancies without iden-
tifiable risk factors [62]. Fetal cardiac evaluation is an impor-
tant part of the prenatal ultrasound examination. Basic cardiac
screening to be completed during the mid-trimester ultra-
sound during every pregnancy includes the four-chamber
view and evaluation of the right and left outflow tracts [5,10].
An in depth evaluation of fetal cardiac structures should be
performed if the screening exam is abnormal or incomplete, or
when there are maternal or fetal indications (Table 4.8) [63,64].
Fetal echocardiography is usually performed between 18 and
22 weeks. Main areas of evaluation include visceral situs, atrial
and ventricular anatomy, valvular structure and function,
and the orientation and morphology of the great vessels. Gray
scale and color Doppler imaging are required while spectral
Doppler and M-mode should be used as needed to evaluate
suspected anomalies [65]. These structures are usually best
seen in the second trimester, but experienced technicians and
sonologists may be able to detect cardiac anomalies in the first
trimester. One prospective observational study showed a sen-
sitivity and specificity of 88% and 100%, respectively, for detec-
tion of cardiac anomalies when using the four-chamber view,
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Table 4.8 Indications for Fetal Echocardiography

Maternal indications

¢ Autoimmune antibodies, anti-Ro/anti-La

* Familial inherited disorders (e.g., 22q11.2 deletion syndrome)

¢ In vitro fertilization

* Metabolic disease (e.g., diabetes mellitus and
phenylketonuria)

» Teratogen exposure (e.g., retinoids, lithium)

Fetal indications

* Abnormal cardiac screening exam

» First degree relative of a fetus with CHD
* Abnormal heart rate or rhythm

e Fetal chromosome anomaly

e Extracardiac anomaly

* Hydrops

* Increased nuchal translucency

* Monochorionic twins

Source: Adapted from American Institute of Ultrasound in Medicine, J
Ultrasound Med, 2(6):1067—-1082, 2013.

three-vessel view, and three-vessel trachea view to screen an
unselected patient population in the first trimester [66].
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Prenatal diagnosis and screening for aneuploidy

Dawnette Lewis

Y POINTS

All women should be offered aneuploidy screening, ide-
ally starting in the first trimester. Population screening
should have genetic counseling services available to dis-
cuss the different modalities, advantages and disadvan-
tages, and the time frame for each test prior to screening. All
women should have counseling available if desired or if an
“abnormal” result occurs. The difference between a screen-
ing and a diagnostic test should be clearly explained before
any testing.
Issues of sensitivity, specificity, positive, and negative pre-
dictive values are vital to the interpretation of a screening
test. Positive predictive value of a screening test is greatly
influenced by prevalence rates in the population tested.
The performance of a screening test depends on the age
of the women screened (which determines prevalence of
trisomies), women'’s preference of screening methods, their
choice of invasive testing, and their attitudes toward preg-
nancy termination. There is as of now no definitive non-
invasive prenatal diagnostic test. The only diagnostic
tests are invasive, i.e., chorion villus sampling (CVS) and
amniocentesis.
Compared with a Down’s screening policy of amniocen-
tesis for age >35 years of age and universal ultrasound at
18 weeks, a policy of nuchal translucency (NT) screening
is associated with similar numbers of Down’s neonates
born and a decrease in invasive tests.
First-trimester screening (FTS) includes NT, pregnancy
associated plasma protein-A (PAPP-A), and human cho-
rionic gonadotropin (B-HCG), and can be performed
at 10 3/7 to 13 6/7 weeks, with the best detection rate
achieved at 11 weeks. The overall detection rate (sensitiv-
ity) is about 84-87% (false positive rate or FPR, 5%). FTS
should be offered only if
* Appropriate training and ongoing quality monitoring
programs are in place for both ultrasound (NT) and
laboratory assays of analytes
* Sufficient information and resources are available to
provide comprehensive counseling to women regard-
ing the different options and limitations of these tests
® Access to an appropriate diagnostic test (i.e, CVS) is
available when screening results are positive
Compared with management using second-trimester
screening (STS), management using FTS is associated
with a significant reduction in induction for post-term
pregnancy because of better dating with first-trimester
ultrasound.
Analyte screening (quadruple marker screen) can detect
approximately 70%-81% of affected pregnancies (FPR 5%).
Integrative screening has the best detection rate for
Down’s syndrome (95%), with a low (1%-4%) FPR,
but results are available only in the second trimester.

Stepwise or contingent sequential screening offer the
same 95% detection rate, a reasonable 5% FPR, and avail-
ability of results in the first trimester.

* Cell-free fetal DNA screens for Trisomy 21, 18, and 13 and
can be performed at >10 weeks. In a mixed population of
low and high risk women the sensitivity of cell free DNA
(cfDNA) for trisomy 21 was reported between 99% and
100%, for trisomy 18 between 90% and 99%, and for tri-
somy 13 greater than 99%, with a very low (usually <1%)
FPR. Experts in general currently still recommend first- and
second-trimester noninvasive aneuploidy screening over
cfDNA in low-risk populations, but this is an area of intense
research currently. Indications for cfDNA screening are cur-
rently maternal age >35 years at delivery; fetal ultrasound
findings that indicate an increased risk for aneuploidy, spe-
cifically for trisomies 21, 18, 13; previous pregnancy with
a trisomy detectable by ¢fDNA screening; positive screen
results for aneuploidy; and parental balanced translocation
with increased risk of fetal trisomy 13 or 21.

* Second-trimester “genetic” ultrasound has an impact,
among other things, on dating, induction rates, and ana-
tomic evaluation of the fetus. As a modality for genetic
screening, the data is more limited compared with other
available tests. Major anomalies (e.g., congenital cardiac
defects and duodenal atresia), and some markers (espe-
cially nuchal thickening, short humerus or femur, and
echogenic bowel) are associated with a significantly higher
risk for Down’s syndrome.

* Second-trimester amniocentesis is safer than transcervi-
cal (TC) CVS or early amniocentesis (<15 weeks). Early
amniocentesis should never be performed. With expert
operators (>400 CVS), CVS by any route may be as safe
as second-trimester amniocentesis.

e If earlier diagnosis is required, transabdominal (TA)
CVS is preferable to early amniocentesis or TC CVS. In
circumstances where TA CVS may be technically difficult,
the preferred options are TC CVS in the first trimester with
expert operator, or second-trimester amniocentesis, per
patients’ preference.

¢ Chromosomal microarray analysis (CMA) should be
recommended as the primary test (replacing conven-
tional karyotype) to patients undergoing prenatal diag-
nosis in whom a structural abnormality is detected by
ultrasound.

¢ Trisomy 21 is the most common trisomy at birth. Its inci-
dence increases with increasing maternal age.

DEFINITION

Prenatal diagnosis: Prenatal diagnosis incorporates screen-
ing for fetal aneuploidies and anomalies, with many different
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modalities, including population screening, individual risk
assessment, genetic counseling and diagnostic testing.

SCREENING VERSUS DIAGNOSTIC TESTS

Prior to screening a population with an available test, test
specifics should be assessed. Issues of prevalence, sensitiv-
ity, specificity, and positive and negative predictive values
are vital to the interpretation of a screening test and are a
large part of the problem that exists in interpreting the value
of a test by either practitioners or the public. Sensitivity of a
screening test can also be called detection rate. Table 5.1 lists
the characteristics of an ideal perinatal screening test. High
sensitivity and specificity are preferable; however, the preva-
lence of a condition (based upon the population tested) will
ultimately determine the value of a positive or negative result
(Figure 5.1). With lower prevalence, the chance of a particular
“positive” test to be a true finding is much less. For example,
based upon the numbers from Figure 51, if all the women
with a positive test from group “A” had a chorionic villus
sampling (CVS), there would be one positive result for every
55 CVS performed. If all the women in “B” had a CVS, one
out of every 2.4 tests would yield a positive result.

The performance of a screening test depends on the
age of the women screened (which determines prevalence of

Table 5.1 Ideal Perinatal Screening Test

Identify common or important fetal disorder

Be cost effective

High detection rate; low FPR

Be reliable and reproducible

Diagnostic test exists

Be positive early in pregnancy

Possible intervention if screening test if positive

Abbreviation: FPR, false positive rate.

Disease
+ —_

True positive (A) False positive (B)

Test

False negative (C) True negative (D)

Sensitivity = A/A + C
Specificity = D/B + D
Positive predictive value (PPV) = A/A +B
Negative predictive value (NPV) = D/C + D
Effect of prevalence

N = 100,000

Sensitivity 90%

False positive = 5%

Prevalence =0.1% Prevalence = 4%

90 5,000 3,600 | 5,000
10 94,900 400 | 91,000
PPV =1.8% PPV =41.9%
NPV =99.9% NPV =99.5%
Figure 5.1 Screening test concepts and effect of prevalence.

trisomies), women’s preference of screening methods, their
choice of invasive testing, and their attitudes toward preg-
nancy termination. There is as of now no definitive nonin-
vasive prenatal diagnostic test. The only diagnostic tests are
invasive, i.e., CVS and amniocentesis.

PRETEST GENERAL COUNSELING

There is no treatment for aneuploidy, so the woman must be
aware that the main aims of screening for aneuploidy are the
possibility of termination, and the knowledge of the diag-
nosis, with no definite proof that this knowledge will improve
outcome. Similarly, there are usually minimal, experimental,
and often no treatments for fetal anomalies, so the woman must
be aware that the main aims of screening for anomalies are
(similarly) the possibility of termination, and the knowledge of
the diagnosis, with no definite proof that this knowledge will
improve outcome. Down’s syndrome is the most frequent chro-
mosomal disorder among live-born infants, with an expected
prevalence of about 1/600-1/800 live births, and the most com-
mon identifiable cause of mental retardation, with a life expec-
tancy of almost 50 years (see later in this chapter).

While complicated, discussion of sensitivity (detec-
tion rates) at 5% FIR of main screening tests (highlighted
in Table 5.2) is necessary. Specific resources (time, expertise,
plus the availability of genetic counseling) are paramount.
Continuing education of health care providers is necessary.
Some couples might prefer a screening approach with earli-
est detection even with an higher, for example 5%, FPR (e.g.,
FTS), some highest detection with lowest FPR (e.g., integrative
screening). Most women who present in first trimester and
opt for aneuploidy screening in centers of excellence choose
sequential screening, such as stepwise or contingent screening.

No matter the sensitivity of available tests, for women
undergoing screening, particularly those in a higher risk
group, detailed discussions regarding the advantages and
disadvantages of screening versus diagnostic testing should
occur. After such counseling, each woman can make the most
informed and best choice for their situation. Since screen-
ing tests will never detect 100% of disease, the option of

Table 5.2 Screening Tests for Down’s Syndrome

Test FPR (%) Sensitivity (%)
Age 5 25-30
First trimester (11-14 weeks)

NT 5 65-80

PAPP-A and p-HCG 5 60-80

Age, NT, PAPP-A, and B-HCG (FTS) 5 85

Age, NT, PAPP-A, and HCG (FTS) 5 80-85
Cell-free DNA 5 99.9
Second trimester (15—-21 weeks)

Age, MSAFP, HCG, uE; (TS) 5 60-70

Age, MSAFP, HCG, uEj, inhibin (QS) 5 70-81
Integrative (nondisclosure of FTS)

Integrated (NT, PAPP-A, QS) 4 95

Serum integrated (PAPP-A, QS) 5 85-90
Sequential (disclosure of FTS)

Independent 1 95

Stepwise 5 95

Contingent 5 88-94
Genetic ultrasound 5 50-70
Extended ultrasound* 5 80-85

Abbreviations: uE;, unconjugated estriol; TS, triple screen; *, genetic
ultrasound and serum screening; QS, quadruple screen; FTS, first tri-
mester screen; FPR, false positive rate.
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diagnostic testing in higher risk populations can be offered.
Several studies have shown that most pregnant women prefer
early (vs. later) screening for Down'’s syndrome.

Many women still believe that the whole purpose behind
screening for aneuploidy is so that a couple can terminate a
pregnancy prior to viability. While it is true that couples faced
with the reality of an aneuploid pregnancy may opt for termi-
nation, the purpose of prenatal diagnosis and screening is to
provide information. If an abnormality is found, depending
on the specifics, couples can be provided with specific informa-
tion regarding their situation. When a couple decides to carry
an abnormal pregnancy to term, the antenatal, intrapartum,
and postpartum care can be performed under more ideal cir-
cumstances, hopefully altering the outcome. Also, one can not
underestimate the effect that preparation can have for the indi-
viduals involved (Table 5.2).

ANTENATAL NONINVASIVE ANEUPLOIDY
SCREENING

History

Langdon Down, in 1866, reported that the skin of individuals
with trisomy 21 appears enlarged. In the 1970’s data became
available on the relationship with maternal age and increased
risk for aneuploidy. A statistically relevant difference was seen
between the 30- to 34-year-old group, and the 35- to 39-year-
old group, so that this difference led to the offering of women
35 years of age diagnostic evaluation for karyotype. Maternal
serum alpha-fetoprotein (MSAFP) was originally found to be
elevated in women carrying fetuses with neural tube defects
(NTDs), then in 1984 a low MSAFP was associated with a higher
risk of Down’s syndrome. NT first-trimester ultrasound screen-
ing was introduced by in the early 1990s [1]. While live births to
women >35 years of age continue to increase, due to better, more
diffuse screening the number of Down'’s neonates is decreasing.

Principles

All women should be offered aneuploidy screening, ideally in
the first trimester. There is presently a general consensus in
the United States that invasive testing for Down’s syndrome be
offered to those with a second-trimester risk of 1:270 or higher
(live-born risk of 1:380). The cut-off level and subsequent pub-
lic policy was determined over 30 years ago and was based on
a maternal age risk of 35 years at delivery. Factors considered
in determining this value included the prevalence of disease,
a perceived significant increase in the trisomy 21 risk after this
age, the risk of invasive testing, the availability of resources, and
a cost benefit analysis. Since that time, a number of additional
screening tests for Down’s syndrome have become available that
challenge the validity of maternal age as a single indication for
invasive testing. There are a limited amount of randomized con-
trol trials (RCTs) for the evaluation of different tests. Most data
comes from cohort studies or cross-sectional analysis.

Age
The risk of fetal trisomy 21 increases with maternal age, but
decreases with the gestational age (GA) at assessment in deter-
mining the risk, secondary to in utero death rates (Table 5.3) [2].
Women greater than 35 years of age have a higher indi-
vidual risk than younger women; however, the vast majority
of Down’s syndrome pregnancies are born to the <35-year-
old age group. Screening programs have developed to try and
detect affected pregnancies in both the “higher” and “lower”
risk groups.

Table 5.3 Risk for Down’s Syndrome Based on Maternal and
Gestational Age

Maternal age Gestational age (weeks)

12 16 20 Live-born
20 1/1068 1/1200 1/1295 1/1527
25 1/946 1/1062 1/1147 1/1352
30 1/626 1/703 1/759 1/895
31 1/543 1/610 1/658 1/776
32 1/461 1/518 1/559 1/659
33 1/383 1/430 1/464 1/547
34 1/312 1/350 1/378 1/446
35 1/249 1/280 1/302 1/356
36 1/196 1/220 1/238 1/280
37 1/152 1171 1/185 1/218
38 1117 1/131 1/142 1/167
39 1/89 1/100 1/108 1/128
40 1/68 1/76 1/82 1/97
42 1/38 1/43 1/46 1/55
44 1/21 1/24 1/26 1/30
45 1/16 1/18 1/19 1/23

FIRST-TRIMESTER SCREENING
Nuchal Translucency
NT is elevated in fetuses with Down’s syndrome at 10 3/7 to 13
6/7 weeks (crown-rump length [CRL] about 36-86 mm). The NT
measurement is obtained in a mid-sagittal plane with the neck
of the fetus in a neutral position. The amnion should be seen
separately from the neck. The image should be enlarged >75% of
the screen. The measurement is obtained from the inner to inner
aspect of the NT, and multiples of the medians are used to calcu-
late the Down’s risk via computer software. An increased NT is
>70% sensitive for trisomy 21, trisomy 18, and trisomy 13 (Table
5.2) [1]. Rigorous training, certification, and on-going quality con-
trol are necessary to achieve the detection rates published in the
literature (www.fetalmedicine.com; www.ntgr.org). The optimal
time to perform NT for Down’s screening is about 11 weeks.
Compared with a Down’s screening policy of amnio-
centesis for age 235years of age and ultrasound at 18
weeks, a policy of NT screening is associated with simi-
lar numbers of Down’s neonates born (a nonsignificant
37.5% decrease) and a significant 82% decrease in invasive
tests [3]. One explanation for the small nonsignificant differ-
ence in Down’s neonates born alive may be that NT screen-
ing certainly identifies better Down’s fetuses, but the majority
of these identified Down’s fetuses are those that would have
miscarried without intervention.

Biochemistry

The maternal serum analytes measured are B-HCG and PAPP-A.
B-HCG normally decreases in pregnancy, but is increased in
fetuses affected with trisomy 21. Free B-HCG performs bet-
ter than total HCG as an independent marker, but there does
not appear to be a clinically significant difference in sensitiv-
ity when either is combined with NT and PAPPA-A for FTS [4].
PAPP-A normally increases in pregnancy, but is decreased in
fetuses affected with trisomy 21. HCG discrimination is great-
est at 13 weeks, while PAPP-A’s is greatest at 10 weeks, making
11 weeks the optimal time for first-trimester analyte screening.

First Trimester Screening
FTS consists of measurement of the NT combined with mater-
nal serum screening (PAPP-A and B-HCG). Over 20 studies
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in over 200,000 women have been performed to assess the
sensitivity of this screening test, making this the best studied
screening test in pregnancy [4-7]. The GA for FTS is about 10
3/7 to 13 6/7 weeks (about 73-98 days; CRL about 36-86 mm).
The usual cutoff risk is 1:270. The detection rate (sensitivity) is
about 84-87% (95% CI 80%-90%). The best detection rate is
achieved at 11 weeks.

FTS should be offered only if the following criteria can
be met [4-7]:

1. Appropriate training and ongoing quality monitoring
programs are in place for both ultrasound (NT) and lab-
oratory assays of analytes.

2. Sufficient information and resources are available to pro-
vide comprehensive counseling to women regarding the
different options and limitations of these tests.

3. Access to an appropriate diagnostic test (i.e, CVS) is
available when screening results are positive.

The Maternal-Fetal Medicine Foundation (www.mfmf.org)
and the Fetal Medicine Foundation (www.fetalmedicine.com)
both provide NT education and quality review programs.
There is sufficient evidence to support implementing FTS for
Down’s syndrome provided the above three requirements are
met. Almost 85% of women in the United States present for
care within 12 weeks and can be offered FTS. FTS can pro-
vide high detection, early reassurance, more time / diagnostic
options, earlier completion of aneuploidy screening.

Compared with management using STS, management
using FTS is associated also with a significant reduction in
induction for post-term pregnancy because of better dating
with first-trimester ultrasound [8].

Nasal Bone

Over 12 studies in over 18,000 women demonstrated that nasal
bone when imaged at 11-14 weeks is absent in approximately
70% of Down'’s fetuses, and in only 1.5% of unaffected fetuses.
When added to FTS (NT, PAPP-A, and B-HCG), it can increase
the detection rate to about 95%, decreasing the FPR to 2%.
Possibly given to the difficulty of this exam, these data have
not been confirmed in all studies. Abnormal ductus veno-
sus Doppler flow and tricuspid regurgitation have also been
found to be >70% sensitive for trisomy 21, but there is insuf-
ficient prospective data for any increase in accuracy over FTS
alone.

SECOND-TRIMESTER SCREENING

Maternal analyte screening had the first reported asso-
ciation with Down syndrome with low MSAFP (multiples of
the median [MoM] 0.75), followed by the association of high
hCG (MoM 2.3) and a low unconjugated estriol (MoM 0.7) to
form the “triple screen.” The detection rate for women under
35 with a triple screen ranges between 57% and 74%, with a
constant 5% FPR [3,5]. For women above 35 (using similar cut-
off values), the sensitivity increases to 87%, but the FPR also
balloons to 25% [9]. Inhibin was added to analyte screening
(quadruple screen), but, since levels correlate somewhat with
hCQG, it is not an independent predictor like the other markers,
and the increase in detection is more limited (7-11 percentage
points). Approximately 70-81% of cases are detected in the
majority of studies, holding the FPR at 5% [4,6]. This screen-
ing test can be performed between 15 and 22 weeks, with best

results obtained at 16—18 weeks. Values need to be adjusted, as
needed, for diabetes, obesity, and other factors.

Other combinations of markers have been assessed;
however, with the addition of extra markers, the potential
benefit versus the cost must be balanced. With each additional
marker, costs to society reach into the millions secondary to
the numbers of pregnancies tested each year. The relative cost
and value of raising the sensitivity or lowering the false-posi-
tive rate a few percentage points is an ongoing debate.

COMBINING BOTH FIRST- AND
SECOND-TRIMESTER TESTS

Combined screening programs in the first trimester (using
both ultrasound assessments of the NT as well as maternal
analytes) and the second trimester (using maternal analytes)
have been described. Patterns of testing include sequential
testing (results given after each test) and integrated testing
(delaying reporting until both tests have been completed).

Integrative Screening

Performance of screening tests at different times during preg-
nancy with a single result provided to the patient only after all
tests have been completed. A protocol for integrated screen-
ing for Down syndrome is based upon tests performed dur-
ing the first and second trimester (NT, PAPP-A, MSAFP, HCG,
estriol, and inhibin). Mathematical models calculated that
>85% of affected pregnancies would be detected with a FPR
of only 0.9%. The FASTER trial (First- And Second-Trimester
Evaluation of Risk) performed integrated screening in 33,557
women (84 with Down syndrome) [6]. Cut-off values for the
different tests varied (first-trimester combined test cutoff 1:150,
second-trimester “quad screen”, 1:300). The authors report a
sensitivity of 86% with first-trimester screening (FPR 5%), 85%
with second-trimester (FPR high at 8.5%), and, when com-
bined, a 94% detection of Down syndrome cases. If results
are revealed after second-trimester screening, the FPR is only
4.9%, with the best sensitivity. If NT is not available, an “inte-
grated serum screening test” has a detection rate of 85% with
3.9% FPR [4]. Disadvantages of integrative screening include
the lack of early diagnosis, the physical and psychological ram-
ifications created if an abnormality is found and the woman
opts for termination (compared with the first trimester), the
increase in costs (compared with either FTS or STS), the per-
ception of “hiding” abnormal results, as well as the limita-
tions it places on multiple gestations if discordant karyotypes
are found.

Sequential Screening

It involves performance of different screening tests at different
times during pregnancy with results provided to the patient
after each test. There are three approaches to sequential test-
ing: independent, stepwise, and contingent.

Independent

This approach involves the independent interpretation of
FTS and STS. While the sensitivity is as exemplary with this
approach as with integrative screening (94-95%), combining
screening tests and revealing the results after each increases
the chance for false-positive results. The FASTER trial’s [6]
FPR was 10.8% with sequential independent screening, far too
high for population-based usage. As a high FPR means higher
loss rates due to more invasive testing, independent sequen-
tial screening is the least efficient risk assessment strategy, and
should NOT be used.
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Step-Wise

Both FTS and STS (usually quadruple screen or QS) are per-
formed, with results revealed after FTS: If FTS risk is above
a certain cutoff, invasive testing (i.e.,, CVS) is offered; if FTS is
below a certain cutoff, STS is recommended with a final risk
revealed at that point. In the FASTER trial, such an approach
(low cutoff 1:150; high cutoff 1:300) had a detection rate of 95%
with an FPR of 4.9% [6]. The advantages of this approach are
a very high detection rate (as with integrative screening), with
the option of early results in first trimester for the highest risk
women. This is currently the most common way to perform
screening for aneuploidy in women presenting in the first
trimester in centers with adequate expertise and facilities.
With FTS and such low FPRs, there has also been a decrease in
the number of women requesting invasive prenatal diagnosis.

Contingent

Both FTS and STS (usually QS) are performed, with results
revealed after FTS: If FTS risk is above a certain cutoff (e.g.,
1/150), invasive testing (i.e.,, CVS) is offered; if FTS is below
a certain cutoff (e.g., 1/300), no further screening is nec-
essary; if FTS is in between, STS is recommended with a
final risk revealed at that point. Careful determination of
risk cutoffs is necessary. This strategy has not been studied
prospectively.

CELL-FREE FETAL DNA SCREENING

The discovery of cell free fetal DNA (placental DNA) in mater-
nal plasma opened up new possibilities for noninvasive mater-
nal prenatal screening for fetal chromosomal aneuploidy. The
methods utilized for detecting fetal aneuploidy differ based
on whether amplified regions throughout the genome, chro-
mosome specific regions or single nucleotide polymorphisms
are the targets for sequencing are used [10-14]. In the high-risk
population—those who have undergone prenatal diagnosis—
the sensitivity of cfDNA for trisomy 21 is greater than 99%, for
trisomy 18 greater than 99% and for trisomy 13 greater than
90% [15-19].

In a mixed population of low and high risk women the
sensitivity of cfDNA for trisomy 21 was reported between 99%
and 100%, for trisomy 18 between 90% and 99% and for tri-
somy 13 greater than 99% [19-21].

These studies have all shown that fetal fraction increases
with GA and that the fetal fraction is decreased in obese
patient. These studies also seem to say that an equivocal result
or non-result on cfDNA should be cause for concern because
this raises this possibility of aneuploidy,

The Society for Maternal-Fetal Medicine regarding pre-
natal aneuploidy screening using cell-free DNA made the fol-
lowing recommendations [22]:

Indications:

1. Maternal age > 35 years at delivery

2. Fetal ultrasound findings that indicate an increased risk
for aneuploidy, specifically for trisomies 21, 18, 13

3. History of a previous pregnancy with a trisomy detect-
able by ¢fDNA screening

4. Positive screen results for aneuploidy

5. Parental balanced translocation with increased risk of
fetal trisomy 13 or 21

After failed cfDNA test, genetic counseling should be
performed that includes offering diagnostic testing [15].

“GENETIC” ULTRASOUND SCREENING
FOR DOWN’S SYNDROME

An ultrasound of the fetus performed at 18—-24 weeks is asso-
ciated with several important benefits (see Chapter 4). One of
the benefits is the antenatal detection of anomalies. The identi-
fication of a fetus with an issue allows for directed counseling
and optimization of antepartum, intrapartum, and postpar-
tum care. Whether routine or targeted anatomic assessment
is being performed, it should be done by experienced cen-
ters with ongoing quality assessment to increase detection of
anomalies and limit false positive results.

The in-utero diagnosis of Down’s syndrome can be
suspected when anomalies or physical features that occur
more frequently in Down’s syndrome than in the general
population are noted on an ultrasound examination. Certain
of these major structural congenital anomalies, such as atrio-
ventricular canal or duodenal atresia, strongly suggest the
possibility of Down syndrome and are independent indica-
tions to offer invasive testing. Although, when present, there
is a high risk of trisomy 21, these anomalies have low sen-
sitivity and, thus, are not useful in screening. For example,
when duodenal atresia is identified, there is approximately
a 40% risk of Down’s syndrome, yet it is seen in only 8% of
affected fetuses. About 50% of Down’s fetuses have congeni-
tal heart defects.

Physical characteristics that are not structural anoma-
lies but occur more commonly in fetuses with Down’s syn-
drome are called markers. By comparing the prevalence of
markers in Down’s syndrome fetuses to their prevalence in
the normal population, a likelihood ratio (LR) can be cal-
culated which can be used to modify risk. This is the basis
for ultrasound screening for Down’s syndrome. In order
for a marker to be useful for Down’s syndrome screening,
it should be sensitive (i.e.,, present in a high proportion of
Down’s syndrome pregnancies), specific (i.e.,, not commonly
seen in normal fetuses), easily imaged in standard sono-
graphic examination, and present early enough in the second
trimester that diagnostic testing can be performed so that
results are available when pregnancy termination remains
an option. A list of presently available markers and LRs
are seen in Tables 5.4 and 5.5, respectively [23-25]. Markers
commonly sought to assess the risk of Down syndrome are
discussed in the following sections.

Table 5.4 Selected Ultrasound Findings Associated with
Down’s Syndrome

Major anomalies

e Congenital heart defects

¢ Duodenal atresia

Major markers
Increased nuchal thickness
Hyperechoic bowel
Shortened humerus
Shortened femur
Echogenic intracardiac focus
Renal pyelectasis

inor markers
Shortened or absent nasal bone
Foot length
“Sandal gap” of the foot
Widened ischial spine angle
Hypoplasia of the mid-phalynx of the fifth digit
Brachycephaly

......g......
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Table 5.5 LRs and 95% Confidence Limits for Isolated Ultrasound Markers

Isolated Nyberg et al. [10]

Smith-Bindman et al. [11] Nicolaides et al. [12]

Sonographic marker LR (95% ClI) LR (95% ClI) LR
Nuchal fold/thickening 11 (5.2-22) 17 (8-38) 9.8
Hyperechoic bowel 6.7 (2.7-16.8) 6.1 (3-12.6) 3.0
Short humerus 5.1 (1.6-16.5) 75 (4.7-12) 41
Short femur 1.5 (0.8-2.8) 2.7 (1.2-6) 1.6
Echogenic intracardiac focus (EIF) 1.8 (1.0-3) 2.8 (1.5-5.5) 1.1
Pyelectasis 1.5 (0.6-3.6) 1.9 (0.7-5.1) 1.0

Increased Nuchal Fold

About 35% of Down’s syndrome fetuses, but only 0.7% of nor-
mal fetuses, have a nuchal skin fold measurement >6 mm
(some studies use >5 mm). When an increased nuchal fold is
an isolated finding, the LR is strong at 10-17. Thus, the pres-
ence of an increased nuchal fold alone is usually an indication
to offer invasive testing.

Increased Echogenicity of the Fetal Bowel

When brighter than the surrounding bone, this marker has a
Down’s syndrome LR of 3.0 to 6.7. This finding can also be seen
with fetal cystic fibrosis, congenital cytomegalovirus (CMV)
infection, swallowed bloody amniotic fluid, and severe fetal
growth restriction (FGR).

Short Humerus, and in a Lesser

Degree Short Femur

These markers in the second trimester are associated with
Down’s syndrome, relative to the length expected from their
biparietal diameter. This can be used to identify at-risk preg-
nancies by calculating a ratio of observed to expected (O/E)
femur/humerus length based on the fetus’ biparietal diameter
(BPD). An O/E ratio for femur length of <0.91 has a reported
LR of 1.5-2.7 when present as an isolated finding. A short
humerus is more strongly related to Down’s syndrome, with
reported LRs ranging from 4.1 to 7.5.

Pyelectasis

This marker is defined as a renal anteroposterior (AP) diam-
eter of >4-5mm, and has a LR that ranges from 1.1 to 1.9 as an
isolated marker. This has been found by some not to be signifi-
cantly more frequent in Down’s syndrome pregnancies than in
normals (low specificity) [25].

Echogenic Intracardiac Foci

This marker occurs in up to 5% of normal pregnancies and in
approximately 13-18% of Down syndrome gestations. The LR
for Down’s syndrome when an echogenic focus is present as an
isolated marker has ranged from 1.0 to 2.8. This has been found
by most investigators not to be significantly more frequent in
Down syndrome pregnancies than in normals (low specific-
ity) [12]. The risk does not seem to vary if the focus is in the
right or left ventricle or if it is unilateral or bilateral, but may be
affected by ethnicity.

Other markers described include a hypoplastic fifth
middle phalanx of the hand, short ears, a sandal gap between
the first and second toes, an abnormal iliac wing angle, an
altered foot to femur ratio, short or absent nasal bone, and
others. These markers are inconsistently used because of the
time and expertise required to obtain them. Mild ventriculo-
megaly (10-15 mm) can be an indication for invasive prenatal

diagnosis, since it is associated with 1%—2% risk of aneuploidy
if isolated. If the karyotype is normal, mild ventriculomegaly
is still associated with about 8% structural anomalies, 3% peri-
natal death, and 10%—-20% abnormal neurodevelopment.

Except for major anomalies and increased nuchal
thickness, isolated ‘genetic ultrasound” markers should in
general not be used as the sole indication for invasive test-
ing. As with other screening modalities, “genetic” ultrasound
can be used to alter the a priori risk in either direction. A posi-
tive LR can be used to increase estimated risk. The magnitude
of the increase depends upon the marker(s) or anomalies seen.
While most of the clinical prospective data justifying this
approach have come from a baseline age-related risk, some
have advocated using these LRs to adjust whichever baseline
risk, even that derived by other screening tests (e.g., FTS and/
or QS, or even integrative or consecutive approaches). A benign
second-trimester scan having none of the known markers
and no anomalies has been suggested to have a LR of 0.4-0.5,
assuming the image quality is satisfactory when the “genetic
ultrasound” is normal. It is doubtful that the same sensitivity
can be achieved in every center.

Ultrasound Screening for Other

Chromosomal Abnormalities

Fetal aneuploidy other than Down’s syndrome can be sus-
pected based on ultrasound findings [26]. The rates reported
are usually in high-risk populations, and may overestimate the
strength of the association when such findings are noted on a
screening examination.

Trisomy 18
FTS and STS with MSAFP, HCG, unconjugated estriol and
inhibin (QS) have a high detection rate for trisomy 18. Second-
trimester ultrasound also has a high detection rate for trisomy 18.
Choroid plexus cysts (CPCs) have a very weak associa-
tion with trisomy 18, and should not be the sole indication for
invasive testing if isolated. The presence of CPCs CPC should
be an indication for a detailed second-trimester ultrasound for
trisomy 18 major anomalies, such as cardiac, central nervous
system (CNS), hands defects, etc.

Positive Screening for Aneuploidy

but Normal Karyotype

NT

A NT above the 95% percentile for GA, and especially >3.5 mm
at 10 3/7-13 6/7 weeks is associated with an increased risk of
other anomalies and syndromes, with the risk directly propor-
tional to the increase in NT [27] (Table 5.6). The list of anoma-
lies is long [14], and a detailed second-trimester ultrasound is
recommended. The incidence of cardiac anomalies is >3.7% for
NT >3.5 mm, so that a fetal cardiac ultrasound by experienced
operator is recommended.
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Table 5.6 Risk of Chromosome Abnormalities and (If Normal Karyotype) of Fetal Death or Anomalies According to Nuchal

Translucency

NT Chromosomal defects (%)

Normal karyotype

Fetal death (%)

Major fetal anomalies (%)

Alive and well (%) Cardiac defects (%)

<95th centile 0.2 13
95th—99th centiles 3.7 13
3.5-4.4 21.1 2.7
45-54 33 3.4
5.5-6.4 50 10
>6.5 65 19

1.6 97 0.6
25 93 0.6
10.0 70 3.7
18.5 50 6.7
24 30 13
46 15 20

Abbreviation: NT, nuchal translucency.

First Trimester PAPP-A and B-HCG

Low PAPP-A in FTS in the presence of a normal karyotype is
associated with several adverse pregnancy outcomes, includ-
ing fetal loss, PTB, and FGR. Low free HCG is associated with
fetal loss. There are no randomized trials assessing any type
of intervention or treatment for patients with abnormal serum
markers [28].

Second Trimester Screening
High MSAFP is associated with NTDs, as well as abdomi-
nal wall defects and several other fetal abnormalities. High
MSAFP, negative acetylcholinesterase (AChE) and normal
ultrasound can be associated with congenital nephrosis or
other syndromes, or normal pregnancy. Unexplained high
MSAFP is associated with mild increases in the incidence of
preeclampsia, abruption, placental ischemia, preterm birth,
fetal demise, low birth weight, and sudden infant death syn-
drome (SIDS). No trials have assessed specific management to
prevent these complications [28].

Low unconjugated estriol is associated with steroid sulfa-
tase deficiency, Smith-Lemli-Opitz or other conditions when
very low, usually <0.3 MoM [28].

MSAFP Screening for NTD

Elevated (usually >2.5 MoM) MSAFP between 14 and 21 weeks
is associated with a >90%-95% sensitivity for NTDs (false neg-
ative rate 5%). Given that ultrasound is also >95% sensitive for
NTDs, the routine use of MSAFP screening is most important
for pregnancies that will not have a detailed second-trimester
ultrasound.

Screening for Aneuploidies in Twins

NT is accurate in estimating Down’s risk in dizygotic twins,
using each NT separately for each fetus. In monochorionic
twins, the average NT is the most effective screening method.
Detection rates comparable to singletons can be achieved.
Detection rates of FTS or STS tests are usually lower than in
singletons, with higher rates of false positive and false negative
results. Chorionicity does not seem to affect serum analytes
in FTS or STS (see Chapter 44 in Maternal-Fetal Evidence Based
Guidelines)

DIAGNOSTIC TESTS

CVS and Amniocentesis

Selected common indications for invasive prenatal diagno-
sis of fetal aneuploidy are listed in Table 5.7. Both CVS and
amniocentesis have been performed for many years and can
fairly safely diagnose a karyotypic or genetic abnormality.

Table 5.7 Selected Common Indications for Invasive Prenatal
Diagnosis

* Abnormal first or second-trimester aneuploidy screen
e Abnormal ultrasound findings
e Parental concern/anxiety

Both procedures have been studied extensively. Differences
in technique, as well as timing of the procedure, affect
loss rates. To fairly compare procedure-induced loss rates
between the two procedures, adjustments must be made for
the higher background frequency of pregnancy loss earlier
in gestation.

Second Trimester Amniocentesis

One study in a low-risk population (n = 4606) with a back-
ground pregnancy loss of around 2% found that a second-tri-
mester amniocentesis increases total pregnancy loss by another
1% compared with no amniocentesis (relative risk [RR] 1.41;
95% confidence interval (CI) 0.99-2.00) [29]. Compared with
no amniocentesis, second-trimester amniocentesis is associ-
ated with a 0.8% increase in spontaneous miscarriage (2.1%
versus 1.3%; RR 1.60; 95% CI 1.02-2.52), but similar incidence
of perinatal deaths (0.4% vs. 0.7%) [29,30]. In non-RCT data, the
procedure-related risk of miscarriage following amniocentesis
has been reported to be about 1/1000 [31].

There is insufficient data to assess the effect of PCR
testing (fluorescent in situ hybridization [FISH]). In a small
trial, reporting karyotype in 3 days with PCR did not affect
maternal anxiety level compared with about 3 weeks later in
Chinese women with an abnormal screening test for Down’s
syndrome [32]. Another study compared median trait- and
state-anxiety scores and found no difference between the
two groups [33]. Therefore, there is insufficient evidence that,
while waiting for the full karyotype following amniocentesis,
issuing results from a rapid analysis reduces maternal anxi-
ety. The limited evidence from the two trials does not help
resolve the dilemma about whether full karyotyping should
be abandoned in favor of limited rapid testing for women
undergoing Down’s syndrome screening. This choice rests on
clinical arguments and cost-effectiveness rather than impact
on anxiety [34].

Early amniocentesis

Early amniocentesis (<15 weeks) is not a safe early alternative
to second-trimester amniocentesis, because it is associated
with increased pregnancy loss (7.6% versus 5.9%; RR 1.29; 95%
CI 1.03-1.61), and higher incidence of talipes (1.8% versus 0.2%)
compared with CVS (RR 4.61; 95% CI 1.82-11.66) [30,35].
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Cvs

CVS before 10 weeks is associated with an unacceptably
high incidence of limb deficiencies, and should not be per-
formed. The optimal time for CVS is 10-12 weeks, with trials of
safety performed only in this GA. TA CVS can also be per-
formed after 12 weeks (called usually placental biopsy) in cases
in which placental karyotype is needed, but there are no trials
on this “late” CVS.

Compared with second-trimester amniocentesis,
CVS in general (TA and TC combined) is associated with a
slight increased incidence of pregnancy losses and a slight
increased incidence of spontaneous miscarriages [30].

Compared with second trimester amniocentesis, TC
CVS is associated with a higher risk of pregnancy loss (14.5%
versus 11%) and higher (12.9% versus 9.4%) risk in spontane-
ous miscarriage, although the results are quite heterogeneous
and certainly operator-and experience-dependent [30].

Compared with second-trimester amniocentesis, TA
CVS is associated with similar risk of pregnancy loss (6.3%
versus 7.0%) and spontaneous miscarriage (3.0% versus 3.9%)
in one study [30,36].

A systemic review of procedure related losses for CVS
and amniocentesis revealed pooled loss rates for CVS at 14
days, 30 days and prior to 24 weeks of 0.7%, 1.3%, and 1.3%
respectively. The pooled loss rates for amniocentesis for the
same time period were 0.6%, 0.8%, and 0.9% [37]. In non-RCT
data, the procedure-related risk of miscarriage following CVS
has been reported to be about 2/1,000 [31]. Since CVS and
amniocentesis are performed at different time periods, it is
difficult to compare these procedures due to the higher back-
ground loss rate for the time period when CVS is performed.
The benefit of earliest diagnosis with CVS compared with
amniocentesis should not be underestimated. With the advent
of FTS, prenatal diagnosis has moved more to the first trimes-
ter. While the total miscarriage rate is higher following first-
trimester CVS because of the higher background rate in early
pregnancy, for experienced centers, the rates of procedure-
induced losses secondary to CVS are similar to those of sec-
ond-trimester amniocentesis.

The learning curve for TA and TC CVS has been esti-
mated to exceed 400 cases, with post-procedure loss rates for
operators having performed less than 100 cases being two to
three times higher when compared with more experienced
operators. The importance of operator experience cannot be
overemphasized, particularly for route of CVS, with TC CVS
requiring more experience.

TC vs. TACVS

Compared with TA CVS, TC CVS is associated with similar
pregnancy loss rates (9.0% vs. 7.4%) and similar spontaneous
miscarriages (7.9% vs. 4.5%) [30]. The results related to compar-
ative pregnancy loss between TA and TC CVS are inconclusive,
with significant heterogeneity between studies [30].

TC CVS technical instrument

There is some evidence to support the use of small forceps
compared with cannulas for TC chorionic villus sampling.
When different types of cannulae are compared, Portex can-
nula is more likely to result in an inadequate sample and a
difficult or painful procedure when compared with either the
silver or aluminum cannula respectively. The evidence is not
strong enough to support change in practice for clinicians who
have become familiar with aspiration cannulae, and no recent
studies have been performed [38].

Microarrays and Other Genetic Tests
Advances in technology have demonstrated many new ave-
nues for noninvasive diagnostic testing in utero (i.e., fetal cells
from maternal circulation or cervical sampling, free fetal DNA
in the maternal circulation, etc.).

Array comparative genomic hybridization (aCGH) is
a new technique (based on invasive prenatal samples such as
CVS and amniocentesis results) which has found clinical use. It
can query the entire human genome for copy number changes
such as aneuploidy, deletions, duplications, and unbalanced
translocations. Unlike traditional cytogenetics which requires
dividing cells, aCGH does not [39-44]. Conventional karyotype
remains the principal cytogenetic tool for prenatal diagnosis,
but the indications for aCGH are

* Abnormal ultrasound findings with normal karyotype
* Intrauterine fetal demise with congenital anomalies and
culture failure with conventional karyotype [45]

In a high risk population referred for prenatal diagno-
sis, chromosomal microarray analysis (CMA) was compared
with conventional karyotyping. The indications for prenatal
diagnosis were ultrasound abnormalities, advanced mater-
nal age or a positive result on prenatal screening. Microarray
was similar to conventional karyotyping in detecting com-
mon chromosomal aneuploidy. In addition microarray was
able to detect clinically significant aneuploidies not detected
by karyotype [46]. Another study demonstrated that micro-
array was more likely to provide genetic results after still-
birth when compared with conventional karyotype [47].
When structural abnormalities are detected by prenatal
ultrasound, chromosomal microarray can identify clinically
significant chromosomal abnormalities in approximately
6% of the fetuses that have a normal karyotype [46]. For this
reason, CMA should be recommended as the primary test
(replacing conventional karyotype) to patients undergoing
prenatal diagnosis in whom a structural abnormality is
detected by ultrasound.

COMMON KARYOTYPE ABNORMALITIES
Trisomy 21 (Down’s Syndrome)

Historic Notes

First complete description in 1846 by Seguin. Report by Down
in 1866 established the name of the syndrome. In 1959 LeJeune
and Jacobs independently described that Down syndrome was
caused by trisomy 21.

Definition

Down syndrome is trisomy 21, or the presence of an extra
chromosome number 21, either as three number 21s, or as a
translocation between 21 and another chromosome, usually an
acrocentric in a Robertsonian translocation.

Epidemiology/Incidence
About 1in 800 live births. This is the most common trisomy at
birth. Incidence increases with increasing maternal age.

Embryology

The Down’s syndrome critical region on chromosome 21 is
being studied extensively to identify the genes involved in the
Down’s syndrome phenotype. However, this region is not one
small isolated spot, but most likely several areas on chromo-
some 21 that are not necessarily side by side.
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Genetics/Inheritance

Error in cell division at the time of conception (nondisjunction)
is responsible for 92% of Down’s syndrome resulting in full tri-
somy 21. Approximately 90% of nondisjunction occurs in the
eggs. The cause of the nondisjunction error isn’t known, but
there is definitely a connection with maternal age. The recur-
rence risk is empirically 1% or the age related risk as a woman
gets older. About 3%—4% of all cases of trisomy 21 are due to
a Robertsonian translocation usually between chromosome
#14 and 21. In the balanced state the individual is healthy and
has 45 chromosomes with a #21 stuck on #14, or another acro-
centric chromosome (15, 21, or 22). An individual with Down’s
syndrome due to a translocation has 46 chromosomes but
one is actually a combination of #21 and another acrocentric
like #14. Translocations resulting in trisomy 21 may be inher-
ited, so parental chromosomes must be checked. A female
carrier of a balanced Robertsonian translocation has about
a 12% risk of recurrence of Down’s syndrome in future preg-
nancies while a male carrier has approximately a 3% risk of
recurrence. Mosaic trisomy 21 occurs when there is a mixture
of cell lines, some of which have normal chromosomes and
another cell line with trisomy 21. It is impossible to know how
the normal and trisomy 21 cells are distributed in the different
organs therefore the percentage of mosaic to normal cells in the
peripheral blood cannot be used to predict outcome. Another
tissue can be examined to help determine the level of mosa-
icism, usually skin.

Teratology
None.

Classification
Full trisomy 21, translocation trisomy 21, and mosaic trisomy 21.

Risk Factors/Associations

Advanced maternal age. Individuals who are carriers of bal-
anced Robertsonian translocations involving #21 have an
increased risk unrelated to age.

Pregnancy Management
Screening (nonultrasound and/or ultrasound) First and
second-trimester ultrasound, first-trimester screen, second-
trimester multiple marker screening, or combinations are
earlier in this chapter.

Ultrasound Findings in Fetus

® Thickened NT at 11-14 weeks (80%) (at times cystic

hygroma —10%)

Thickened nuchal fold (>6 mm) at 16-23 weeks

Congenital heart disease (CHD) (40%—-50%)

Duodenal atresia (2%)

Omphalocele (2%)

Ventriculomegaly

Hydrops or some hydropic changes (pleural effusion, asci-

tes, etc.)

e Several “soft markers,” such as short humerus and femur,
echogenic bowel, renal pyelectasis, cardiac (usually left
ventricular) echogenic focus, short middle phalanx 5th
digit, “sandal foot,” iliac crest >90° angle, short ear length

* Biometry may reveal symmetric FGR by the third trimester
* Amniotic fluid: Polyhydramnios (if gastrointestinal

[GI] obstruction or macroglossia present)
e Placenta: Normal

¢ Biometry/measurement data: Symmetric FGR
e When detectable: At 11-14 weeks if increased NT is
detected

Ultrasound after 14 weeks only detects ~50% of fetuses
with Down syndrome. CPCs do not increase the risk. Screening
provides the mother and family with a risk for Down’s syn-
drome, but true diagnosis can only be achieved with CVS or
amniocentesis.

Diagnosis

CVS or amniocentesis achieve the diagnosis by a study of the
fetal chromosomes, which reveal trisomy 21. In the neonate,
usually peripheral blood is cultured and karyotyped.

Counseling

The major abnormalities are increased risk of FGR, congeni-
tal heart defects, fetal and postnatal death, and developmen-
tal delay, with average IQ 50-75. Congenital heart defects are
major contributors to mortality.

Work-Up/Investigations and Consultations

A fetal echocardiogram is recommended. Depending on the
lesions detected, specific pediatric subspecialty consultation
can be offered. Genetic counseling can be offered as well. Care
in a tertiary care center is indicated if there are significant asso-
ciated anomalies, or if they cannot be ruled-out adequately.

Fetal Intervention
None available.

Termination Issues
Termination can be offered as sole intervention as regulated by
local law (usually legal <24 weeks)

Fetal Monitoring/Testing
No specific trials. Nonstress tests (NSTs) weekly at >32 weeks can
be offered. Nonreassuring fetal heart rate (NRFHR) is common.

Delivery/Anesthesia
Mode and management of delivery should not be affected by
the diagnosis of Down syndrome. NRFHT is common.

Neonatology Management

Resuscitation

Providing life support as needed as in any other infant is gen-
erally appropriate.

Transport

Indicated if counseling, general care, and/or major anoma-
lies cannot be assessed and treated adequately at the birth
institution.

Testing and Confirmation
Karyotype is usually confirmed by blood lymphocyte culture.

Nursery Management

Neonatal echocardiogram, and physical exam to assess any
anomaly. Surgery may need to be scheduled for GI or cardiac
anomalies. Down’s syndrome presents with a wide variety of
features and characteristics. There is a wide range of intellec-
tual disability and developmental delay noted among children
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with Down'’s syndrome. There is a great deal of variability in
the presence of other anomalies such as CHD, GI, and hemato-
logical problems in these children. Hypothyroidism occurs in
a high percentage of individuals with DS and should be moni-
tored closely for their lifetime. Early intervention and spe-
cialized help with education and home rearing has improved
the outcome in children with Down’s syndrome. Many young
adults with Down syndrome move in to community living
arrangements and work regular jobs or in sheltered workshops.

Future Pregnancy Preconception Counseling
With full trisomy 21, the recurrence risk is empirically 1% or the
age related risk as a woman gets older. With Robertsonian trans-
location, parental chromosomes should be checked, with genetic
counseling regarding specific future risks. There are other rare
translocations leading to DS. One is a Robertsonian translocation
between two chromosomes 21, t(21;21); this has a 100% risk for DS
when transmitted by a carrier parent. Also rare is a non-Robert-
sonian translocation formed by the union of two 21s such that
the translocation forms a mirror image of the normal 21. There
is some literature that suggest in some families where there have
been recurrent trisomies, a relationship exists with their MTHFR
status. This has not been proven in large studies.

Helpful Websites

General: http://www.ds-health.com/

Health care guidelines for care of individual with DS: http://
www.denison.edu/collaborations/dsq/health96.html

Risk and recurrence risk of Down’s syndrome: http://www
.nas.com/downsyn/benke.html

Trisomy 18 (Edward Syndrome)

Historic Notes

Trisomy 18 was independently described by Edwards et al.
and Smith et al. in 1960.

Definition
Edward syndrome is trisomy 18, or the presence of an extra
chromosome number 18.

Epidemiology/Incidence

Incidence of 1 in 6600 live births in the United States and the
United Kingdom. This is the second most common trisomy at
birth. Incidence increases with increasing maternal age.

Embryology
Extra number 18 affects development of all organs.

Genetics/Inheritance/Recurrence

Extra chromosome number 18 is usually (95%) secondary to
de novo meiotic nondisjunction associated with advanced
maternal age. In approximately 90% of cases, the extra chro-
mosome is maternal in origin, with meiosis II errors occurring
twice as frequently as meiosis I errors. Other human trisomies
have a higher frequency of nondisjunction in maternal meio-
sis I. Approximately 80% of nondisjunctions occurs in females.
Mosaicism occurs in approximately 10% and is due to post
zygotic nondisjunction or anaphase lag. The causes of meiotic
and mitotic nondisjunction are unknown. Translocations may
also result in trisomy or partial trisomy 18 with varying phe-
notype due to monosomy of another chromosome and variable
size of piece of chromosome number 18 involved. The smallest
extra region necessary for expression of serious anomalies of tri-
somy 18 appears to be 18q11-q12.

Teratology
None.

Classification
Trisomy 18 (95%), mosaic trisomy 18, and variable partial tri-
somy 18 related to translocations.

Risk Factors/Associations

Advanced maternal age and translocation carriers have
increased risk. Recurrence risk approximately 1% for full
trisomy 18.

Pregnancy Management

Screening NT has a sensitivity of >80%; FTS has a sensitivity
of >90%, second-trimester multiple marker screening is
typically low alpha-fetoprotein (AFP), low HCG, low estriol
with a sensitivity of about >80%. Accurate ultrasound is
usually >90% sensitive for trisomy 18.

Ultrasound Findings in Fetus

e Thickened NT at 11-14 weeks (80%) (at times cystic
hygroma —15%)
Thickened nuchal fold (>6 mm) at 16-23 weeks
CHD (90%)
Ompbhalocele (25%)
NTDs (20%)
Clenched hands with overlapping fingers
Clubbed or rocker-bottom feet
CPCs (25%) (most commonly isolated and seen in normal
fetuses; karyotyping probably not indicated if isolated)
Enlarged (>1 cm) cisterna magna
Single umbilical artery
Micrognathia
Cleft lip or palate
Hydrops or some hydropic changes (pleural effusion, asci-
tes, etc.)
* Biometry may reveal FGR by the third trimester
e Amniotic fluid: Polyhydramnios (25%)
e Placenta: Normal
* Biometry/measurement data: Symmetric FGR (>50%)
microcephaly in third trimester
e  When detectable: At 11-14 weeks if increased NT is
detected

Diagnosis
CVS or amniocentesis

Counseling [48,49]:

Approximately 95% of conceptuses with trisomy 18 die in
embryonic or fetal life. Five to ten percent of affected chil-
dren born alive survive beyond the first year of life. In utero,
there are decreased fetal movements. Clinical findings the
parents should be informed about include severe psychomotor
and growth delay, microcephaly, microphthalmia, malformed
ears, micrognathia or retrognathia, microstomia, distinctively
clenched fingers, rocker-bottom feet and other congenital mal-
formations. CHD occurs in 90%, with ventricular septal defect
(VSD) and poly-valvular heart disease (pulmonary and aortic
valve defects) common. Renal anomalies, GI and brain malfor-
mations are common. Classical dermatoglyphics with digital
arch patterns on finger and toe tips and distal palmar triradius
with hypoplastic finger tips and small nails. Central apnea is


http://www.ds-health.com/
http://www.denison.edu/collaborations/dsq/health96.html
http://www.denison.edu/collaborations/dsq/health96.html
http://www.nas.com/downsyn/benke.html
http://www.nas.com/downsyn/benke.html

PRENATAL DIAGNOSIS AND SCREENING FOR ANEUPLOIDY 69

a frequent cause of death, along with cardiac, CNS and renal
malformations.

If diagnosed prenatally, recommend discussion with
parents about how to proceed in labor and delivery allow-
ing “nature to take its course” without monitoring, or level
of intervention desired by parents including the extent of
resuscitation after delivery. Indication for C-section for fetal
indications may be futile. Parents need to be counseled that
some children with trisomy 18 do survive and require life-
long complete care, but never achieve any independence. Few
milestones are reached. There is an increased incidence Wilms
tumor in trisomy 18 children who survive. Cardiac surgery is
controversial. In first weeks it may be considered a heroic mea-
sure, but if the child is surviving it may make life more com-
fortable (comfort care). Apnea is a common cause of death, and
can happen at home; there is the need to understand “nobody’s
fault” if this happens.

Work-up/Investigations and Consultations Required

A fetal echocardiogram is recommended. Genetic counseling
can be offered. Neonatal consultation is extremely important,
to help the couple decide regarding neonatal management;
usually just comfort care for the baby and psychological sup-
port for the parents is most appropriate. Fetal intervention:
None available.

Termination Issues
Termination can be offered as sole intervention as regulated by
local law (usually legal <24 weeks).

Antepartum Testing

As NRFHT is very common, and prognosis poor, fetal test-
ing is not recommended. Many pregnancies continue without
spontaneous labor until post-term (>42 weeks).

Delivery/Anesthesia

Fetal heart monitoring is usually declined, and not indicated.
Every attempt should be made to maximize the chances of
vaginal delivery to minimize maternal morbidity given fre-
quently fatal neonatal prognosis. Cesarean delivery for fetal
indications is not recommended and should be discussed.

Neonatology Management

Resuscitation

Comfort care only. Allow parents to grieve appropriately.
Providing life support is usually not appropriate.

Transport
Not indicated.

Testing and confirmation
Karyotype is usually confirmed by blood lymphocyte culture.

Future Pregnancy Preconception Counseling
Test parents if due to translocation.

Helpful Websites
http://www.emedicine.com/ped/topic652.htm

Trisomy 13

Historic Notes

Patau first identified in laboratory in 1960 noting three of the
group 13-15 chromosomes.

Definition
Patau syndrome is trisomy 13, or the presence of an extra chro-
mosome number 13.

Epidemiology/Incidence

1 in 10,000 live births. Incidence increases with increasing
maternal age. Approximately 1% of all first-trimester sponta-
neous losses are due to trisomy 13.

Embryology
Extra chromosome number 13 affects development of all
organs.

Genetics/Inheritance

Extra number 13 chromosome resulting in full trisomy 13
(80% of cases). This is due to maternal nondisjunction usu-
ally in meiosis I. About 15% of cases are due to translocation,
mostly Robertsonian translocation t(13q14). In 5% translocation
is familial with recurrence risk of 5% and risk of spontaneous
abortion (SAB) of 20%. The other cases are due to mosaicism
(5%) with trisomy 13 and a normal cell line. Mosaicism cases
may have milder phenotype.

Teratology
None.

Classification
Trisomy 13, mosaic trisomy 13 and translocation trisomy or
partial trisomy 13.

Risk Factors/Associations

Advanced maternal age. Individuals who are carriers of bal-
anced Robertsonian translocations involving number 13 have
an increased risk.

Pregnancy Management

Screening  First-trimester ultrasound (with NT). First or
second-trimester multiple marker screening are not sensitive
and clinically useful for detecting trisomy 13. Accurate
ultrasound is usually 90% sensitive for trisomy 13.

Ultrasound Findings in Fetus
Thickened NT at 11-14 weeks (>70%) (at times cystic hygroma
—20%)
¢ Thickened nuchal fold (>6 mm) at 16-23 weeks
e CHD (80%) (atrial septal defect (ASD) and VSD most com-
mon, but also often complex CHD)
Holoprosencephaly (40%)
Cleft lip and palate (45%)
Hypotelorism/microphthalmia
Polydactyly
Rocker-bottom feet
Omphalocele (10%)
Polycystic kidneys (30%)
Enlarged (>1 cm) cisterna magna (15%)
NTDs
Hydrops or some hydropic changes (pleural effusion,
ascites, etc.)
* Biometry may reveal symmetric FGR by the third trimester
¢ Amniotic fluid: Polyhydramnios or oligohydramnios
e Placenta: Normal
* Biometry/measurement data: Symmetric FGR (50%)
* When detectable: At 11-14 weeks if increased NT is
detected

Diagnosis

CVS or amniocentesis achieve the diagnosis by a study of the
fetal chromosomes, which reveals trisomy 13. In the neonate,
usually peripheral blood is cultured and karyotyped.
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Counseling

Most trisomy 13 conceptions result in SABs. Median survival is
fewer than 3 days. Mean life expectancy is 130 days with most
dying in first month of life, 95% die within 6 months. Apnea is
a common cause of death, and can happen at home; there is the
need to understand “nobody’s fault” if this happens. Family
needs tobe prepared for intense care needs and possible sudden
death. Most common causes of death are cardiopulmonary
arrest, 69%; CHD, 13%; and pneumonia, 4% [48,49].

Some infants do survive and those need complete care
and achieve few milestones. Survival depends on associated
medical problems. Survivors with trisomy 13 have severe
intellectual disability and developmental delays. For survi-
vors there are specific growth charts available for monitor-
ing growth. Children with trisomy 13 are irritable, do not
achieve milestones beyond smiling and most need to be fed
by tube.

If diagnosed prenatally, recommend discussion with
parents about how to proceed, usually allowing “nature
to take its course” given the grim prognosis. Parents need
to be counseled that some children with trisomy 13 do sur-
vive and require life-long complete care, never achieve any
independence.

Work-up/Investigations and Consultations

A fetal echocardio-gram is recommended. Genetic counseling
can be offered. Neonatal consultation is extremely important,
to help the couple decide regarding neonatal management;
usually just comfort care for the baby and psychological sup-
port for the parents is most appropriate.

Fetal intervention
None available.

Termination Issues
Termination can be offered as sole intervention as regulated by
local law (usually legal <24 weeks).

Antepartum Testing

As NRFHT is very common, and prognosis poor, fetal testing is
not recommended. Many pregnancies continue without sponta-
neous labor until post-term (>42 weeks).

Delivery/Anesthesia
Fetal heart monitoring is usually declined, and not indicated.
Every attempt should be made to maximize the chances of
vaginal delivery to minimize maternal morbidity given almost
universally fatal neonatal prognosis.

Cesarean delivery for fetal indications is not recom-
mended and should be discussed.

Neonatology Management
Resuscitation Comfort care only. Allow parents to grieve
appropriately. Providing life support is usually not appropriate.

Transport
Not indicated.

Testing and confirmation
Karyotype is usually confirmed by blood lymphocyte culture.

Long-term care

Feeding issues, gastrostomy; irritability; chronic infections,
aspiration pneumonia; heart failure; frequent hospitalizations;
seizures; blindness and hearing loss; few milestones achieved
(smile, laugh); parental stress.

Future Pregnancy Preconception Counseling

With full trisomy 13, the recurrence risk is empirically 1% or
the age related risk as a woman gets older. With Robertsonian
translocation, parental chromosomes should be checked, with
genetic counseling regarding specific future risks. There are
other rare translocations leading to trisomy 13. Rare transloca-
tion of t(13q13q) the risk of recurrence or SAB is 100%.

Helpful Website
http://www.emedicine.com/ped/topicl745.htm

Turner Syndrome

Historic Notes

In 1938 Turner described the combination of sexual infantil-
ism, webbed neck and cubitus valgus. Ford showed in 1959
that this combination of findings was associated with a miss-
ing X chromosome.

Definition

Turner syndrome is the presence of single X chromosome, or
any karyotype with Xp missing such as isochromosome Xq,
ring X or deletion Xp. Also called 45X0 or 45X syndrome.

Epidemiology/Incidence

1/2500 female births (1/5000 total births). Approximately 98%—
99% of Turner fetuses are spontaneously aborted; about 20% of
all SABs are due to Turner syndrome.

Embryology
Lymphedema usually due to congenital hypoplasia of lym-
phatic channels.

Genetics/Inheritance

The presence of single X chromosome, or any karyotype
with Xp missing such as isochromosome Xq, ring X or dele-
tion Xp. The presence of a single X chromosome results from
chromosomal nondisjunction. Mosaicism is common (40%)
and may include a 46,XY karyotype associated with ambigu-
ous genitalia. Since features of Turner syndrome are seen in
other syndromes, karyotype is essential to make the diag-
nosis. Chromosome studies on more than one tissue may be
needed to detect mosaicism. Not associated with advanced
maternal age.

Teratology
None.

Classification
45,X in 50%. 46,X,i(Xq) in 17%, mosaicism in 40%.

Risk Factors/Associations

Not associated with advanced maternal age. Differentiate from
Noonan syndrome by karyotype which is normal in Noonan
syndrome.

Pregnancy Management

Screening  First-trimester screen with NT measurement.
Biochemical screening is usually not sensitive enough for
clinical use.

Ultrasound findings in fetus

e Cystic hygroma

e Thickened nuchal fold (> 6mm) at 16-23 weeks;

e CHD (20%) (usually left side: coarctation, aortic stenosis,
bicuspid aortic valve, left hypoplastic heart)
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e Renal anomalies (60%)
¢ Hydrops or some hydropic changes (pleural effusion, asci-
tes, etc.)
¢ Amniotic fluid: Occasionally oligohydramnios
¢ Placenta: Normal
* Biometry/measurement data: Usually normal
* When detectable: At 10+ weeks if cystic hygroma detected

Diagnosis

CVS or amniocentesis achieve the diagnosis with a study of
the fetal chromosomes, which reveals 45,X or missing Xp. In the
neonate, usually peripheral blood is cultured and karyotyped.

Counseling

45X conceptions frequently (>95%) end in SAB. The presence
of a cystic hygroma with the diagnosis of Turner syndrome is
>99% fatal. If cystic hygroma is not present or resolves, and fetus
is still alive >20 weeks, many survive until birth. Female infants
with Turner syndrome have excess nuchal skin and edema of the
hands and feet (80%) due to lymphedema. CHD, if present, usu-
ally most affects prognosis, requires surgery and long-term care.
In childhood short stature is apparent. Teenagers have delayed
puberty and primary amenorrhea (>90%), with infertility (>99%).
Other clinical findings include shield-shaped chest with widely
spaced nipples, low posterior hair line with webbing or shortness
of neck, renal anomalies (60%), cubitus valgus, short 4th meta-
carpal, narrow, hyper convex and deep set nails, hearing loss
and thyroid dysfunction. Some girls with Turner syndrome have
learning difficulties including difficulty with math and read-
ing maps related to a deficit in spatial ability. Intelligence and
verbal skills are usually within the normal range. Mosaicism
with a normal female cell line may result in a milder phenotype
and spontaneous puberty with fertility but often early meno-
pause. If there is a deleted X but the X-inactive specific tran-
script (XIST) locus is intact, normal random X-inactivation may
occur and the phenotype may be milder. If XIST is not present
in a small X chromosome marker the phenotype may be more
severe. In mosaic 45X/46,XY individuals clitoral enlargement
may be present and virilization may occur. In these cases there
is an increased risk of gonadoblastoma and the gonad should be
removed. Psychological impact of short stature, infertility, and
learning difficulties needs to be discussed.

Work-up/Investigations and Consultations

A fetal echocardiogram is recommended. Depending on the
lesions detected, specific pediatric subspecialty (in particular
for cardiac anomalies) consultation can be offered. Genetic
counseling can be offered as well. Care in a tertiary care center
is indicated if there are significant associated anomalies, or if
they cannot be ruled-out adequately. Endocrine follow-up is
indicated.

Fetal intervention
None available.

Termination issues
Termination can be offered as sole intervention as regulated by
local law (usually legal <24 weeks).

Fetal monitoring/testing
No specific trials. NSTs weekly at >32 weeks can be offered.

Delivery/anesthesia
Mode and management of delivery should not be affected by
the diagnosis of Turner syndrome.

Neonatology Management

Resuscitation

Providing life support as needed as in any other infant is gen-
erally appropriate.

Transport

Indicated if counseling, general care, and/or major anoma-
lies cannot be assessed and treated adequately at the birth
institution.

Testing and confirmation
Karyotype is usually confirmed by blood lymphocyte culture.

Nursery Management

Neonatal echocardiogram, renal ultrasound, and physical
exam are indicated to assess any anomaly. Surgery may need
to be scheduled for cardiac anomalies. Early intervention and
specialized help with education has improved the outcome in
children with Turner syndrome.

Long-Term Care

Thyroid studies annually; hearing test if otitis and not
done before; speech evaluation, if needed; blood pressure
checks routinely (hypertension a complication); annual
echocardiogram to measure aortic root; annual urinaly-
sis and culture if renal anomaly; use Turner growth curve
after 2 years old; monitor diet (calories and calcium); oph-
thalmology follow-up as indicated; psychological support;
individualized education plan (IEP) at school if indicated;
refer to endocrinologist in infancy, discuss growth hormone
(GH) and hormone replacement therapy (HRT): GH treat-
ment can improve growth and influence a girl’s final adult
height. HRT helps the girl with Turner syndrome develop
the physical changes of puberty. In vitro fertilization can
make it possible for some women with Turner syndrome to
become pregnant using a donor egg. It is important to dis-
cuss at what age to inform the child of her diagnosis and its
implications.

Future Pregnancy Preconception Counseling
Recurrence risk in 45,X is not increased over population risk.
There is an increased risk if associated with a translocation.

Klinefelter Syndrome

Historic Notes

In 1942, Dr. Harry Klinefelter described males who had
enlarged breasts, sparse facial and body hair, small testes, and
azospermia. By the late 1950s these findings were associated
initially with an extra Barr body and later the extra X chromo-
some was identified with the karyotype 47,XXY.

Diagnosis/Definition
Chromosome study 47 XXY. There are no specific phenotypic
features to identify Klinefelter syndrome in an infant.

Epidemiology/Incidence
1in 500 to 1 in 1000 male births.

Genetics/Inheritance/Recurrence/Future Prevention

Advanced maternal age slightly increases the risk for the XXY.
Recent studies have shown that half the time, the extra chro-
mosome comes from the father.

Risk Factors/Associations
Advanced maternal age.
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Screening
No phenotypic features noted prenatally.

Clinical Features

Occasional breast enlargement, lack of facial and body hair,
and a female-type body configuration. Small testes. Taller than
others in their family. Delayed speech occurs in >50%. Poor
gross motor coordination is present in ~27%. School difficul-
ties are relatively common and many boys with 47,XXY need
assistance at school. Many are shy and somewhat passive and
easy babies to care for. The average IQ is 90, verbal IQ higher
than performance IQ. XXY boys enter puberty normally, with-
out any delay of physical maturity. But as puberty progresses,
they fail to keep pace with other males. Most XXY boys ben-
efit from receiving an injection of testosterone every 2 weeks,
beginning at puberty.

Counseling

Regular injections of the male hormone testosterone, begin-
ning at puberty, can promote strength and facial hair growth
as well as bring about a more muscular body type.

Psychological support and therapy can help with self-
esteem issues and interaction with peers. Depression also may
be a problem in adults.

Boys with 47, XXY have a slightly increased risk of auto-
immune disorders such as type I (insulin dependent) diabetes,
autoimmune thyroiditis, and lupus erythematosus. XXY males
with enlarged breasts have the same risk of breast cancer as do
women-roughly 50 times the risk of XY males. XXY males who
do not receive testosterone injections may have an increased
risk of developing osteoporosis in later life.

It is unnecessary to share this diagnosis outside of medi-
cal providers as diagnosis may be misunderstood.

Rare/Related

Variations include the XY/XXY mosaic who may have enough
normally functioning cells in the testes to allow them to father
children. Males with two or even three additional X chromo-
somes have also been reported in the medical literature. In
these individuals, the classic features of Klinefelter syndrome
may be exaggerated, with low IQ or moderate to severe mental
retardation also occurring. Testosterone injections may not be
appropriate for all of them.

Helpful Website
http://www.nichd.nih.gov/publications/pubs/klinefelter.
htm#xwhat

47,XXX
Diagnosis/Definition
Karyotype shows 47,XXX.

Epidemiology/Incidence
1 in 1000 newborn females.

Genetics/Inheritance/Recurrence
Sporadic, increased by advanced maternal age.

Risk Factors/Associations
Advanced maternal age.

Screening
No identifying physical features. Must have karyotype to
make diagnosis.

Clinical Features

Girls with 47XXX are usually tall. Pubertal development is
usually normal and fertility is probably normal but there
may be an increased incidence of offspring with chromosome
abnormalities.

Counseling

Girls with 47XXX are shy and may demonstrate immatu-
rity. The support of a loving and understanding family can
improve the outcome for these girls. Many have learning dif-
ficulties (math and reading) but they are not intellectually dis-
abled. The IQ of a girl with 47,XXX may be a few points lower
than that of her siblings. Those diagnosed on amniocentesis or
CVS with normal ultrasound, where indication is AMA, have
better prognosis than those diagnosed postnatally because a
problem has been noted.

SELECTED MICRODELETIONS

AND DUPLICATIONS

Di George Syndrome (22q11.2

Deletion Syndrome)

Historic Notes

DiGeorge syndrome, described in 1965 and velo-cardiofacial
syndrome described in 1978 are different manifestations of the
same deletion of chromosome 22q11.2.

Diagnosis/Definition
FISH study reveals an interstitial deletion of chromosome 22
pl1.2. Can be detected on microarray.

Epidemiology/Incidence
1 in 2000-4000 births.

Embryology
Defects occur in the 3rd and 4th pharyngeal pouches, which
later develop into the thymus and parathyroid glands.
Developmental abnormalities may also occur in the 4th bran-
chial arch.

Genetics/Inheritance/Recurrence/Future Prevention

Autosomal dominant inheritance. In 6% of affected individu-
als one of the parents is affected. Expression is very variable
so both parents of an affected child should be tested for the
deletion.

Risk Factors/Associations

Other conditions have been noted to be associated with de
22q11.2 including Conotruncal Anomaly Face syndrome
(CAFS) (Japan) and sometimes Opitz G/BBB syndrome,
CHARGE Association and Cayler-Cardiofacial syndrome.

Screening

All women with a fetus or neonate with a diagnosis of congeni-
tal heart defect, especially if conotruncal, can be offered test-
ing (usually FISH) for this deletion. Testing is available from
amniocytes or chorionic villi.

Clinical Features

Characteristic facies, cardiovascular defects in 85%, most are
VSD. Cleft of secondary palate, may be submucous cleft or
velo-pharyngeal incompetence, nasal reflux in infants, tran-
sient neonatal hypocalcemia, hypotonia, immune system
dysfunction, postnatal growth delay, developmental delay,
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learning disability and psychological problems especially in
adolescence, hypernasal speech.

Counseling (Prognosis, Complications, Pregnancy Considerations)
Clinical features should be reviewed. Early death due to
congenital heart defects before 6 months of age in 8%. Early
intervention for speech and motor delays. Special education
for older children. Chance of psychiatric disorders in 10%.
Very variable phenotype, not predictable from laboratory
result.

5p-(Cri-Du-Chat Syndrome)

Historic Notes

In 1963, Lejeune et al. described a syndrome of multiple con-
genital anomalies, developmental delay, microcephaly, dys-
morphic features, and a high-pitched, cat-like cry in infants
with deletion of a B group chromosome (Bp-), later identified
as 5p-.

Diagnosis/Definition
5p-Syndrome is characterized at birth by a high pitched cat-
like cry, low birth weight, poor muscle tone, microcephaly. The
cry is caused by abnormal laryngeal development. The cry dis-
appears by age 2 years in about one-third of children with 5p-.
A karyotype is needed for the diagnosis. The size of
the deletion of the short arm of chromosome 5 is variable
and a very small deletion may be missed using conventional
G-banding. High resolution studies may be needed or a FISH
study using a specific probe for the small deleted area of 5p
that is essential for this diagnosis. Microarray would identify
this deletion.

Epidemiology/Incidence
Estimated prevalence is about 1 in 50,000 live births. Up to 1%
of profoundly retarded individuals have 5p-.

Genetics/Inheritance/Recurrence/Future Prevention

May be sporadic (80%—-85%) if both parents have normal chro-
mosomes with a recurrence risk of less that 1%. In rare cases
gonadal mosaicism in one parent may result in a recurrence. If
one parent carries a balanced translocation (10%-15%) involv-
ing 5p, the recurrence risk is substantially higher.

Most cases have a terminal deletion of 5p. The cat-like
cry maps to 5p15.3 and the Cri-du-chat critical region is 5p15.2,
which is associated with all the clinical features of the syn-
drome. The deletion is paternal in origin in 80% of cases.

Affected females are fertile and have a 50% of passing on
the deletion to their offspring although none is documented to
have reproduced.

Risk Factors/Associations
Increased risk if translocation carrier involving 5p.

Screening
Amniocentesis, CVS, ultrasound.

Counseling

Early feeding problems are common because of swallowing
difficulties; poor suck with resultant failure to thrive. Death
occurs in 6%-8% of the overall population with Cri-du-chat
due to pneumonia, aspiration pneumonia, and congenital
heart defects. Survival to adulthood is possible. Children who
are raised at home with early intervention and schooling do
better than those described in the early literature. Almost all
individuals with 5p- have significant cognitive, speech, and

motor delays (IQ rarely above 35). Many children can develop
some language and motor skills. They may also become inde-
pendent in self-care skills. Physical features include micro-
cephaly, growth retardation, hypertelorism, epicanthal folds,
down-slanting palpebral fissures, round face with full cheeks,
flat nasal bridge, down-turned corners of mouth, microgna-
thia, low-set ears, and variable cardiac defects. Renal anoma-
lies have been described as have cleft lip and palate, talipes
equinovarus and gut malrotation. Treatment is symptomatic.

Helpful Websites
http://www.emedicine.com/ped/topic504.htm
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Carrier screening for inherited genetic conditions

Lorraine Dugoff

Y POINTS

The primary goals of carrier screening are to identify indi-
viduals and couples who are carriers of genetic mutations
that place them at increased risk of having a child with a
serious medical disorder and provide them with informa-
tion to optimize pregnancy outcomes based on their per-
sonal values and preferences.

Most inherited genetic conditions are autosomal recessive.
Carriers for these conditions are usually asymptomatic,
have no significant family history and are unaware of their
carrier status.

Patients with a positive family history of a genetic condi-
tion should be referred for genetic counseling to review
the family history, provide accurate information regard-
ing risk, offer the appropriate genetic testing, and discuss
reproductive options.

Information regarding genetic carrier screening should
be provided to every pregnant woman.

Preconception carrier screening is preferred to prena-
tal carrier screening as it enables couples to consider the
most complete range of reproductive options. Information
regarding the risk of having an affected child may influ-
ence a couple’s decision to conceive or to consider the use of
donor gametes, preimplantation genetic diagnosis, or pre-
natal genetic testing.

Professional practice guidelines currently recommend
offering targeted carrier screening for individual con-
ditions based on race or ethnicity, condition severity,
carrier frequency, prevalence, detection rates, and resid-
ual risk. This approach is limited due to inaccurate or
unavailable information regarding ancestry, increased
intermixing between different races/ethnicities and the
presence of carriers for genetic conditions in the nontar-
geted populations.

Technological advances have made it possible to perform
expanded carrier screening which involves screening for
mutations associated with multiple genetic diseases simul-
taneously irrespective of ancestry.

While many practitioners are currently offering expanded
carrier screening, professional practice guidelines and rec-
ommendations are needed regarding patient and provider
education and the conditions that should be included on
the screening panels. Future research in expanded carrier
screening is needed to assess the impact of this approach
on reproductive outcomes.

Appropriate counseling regarding prognosis, possible
complications, long-term issues, and follow-up should be
provided to every couple with a pre- or postnatal diagno-
sis of aneuploidy or other genetic disorders.

Cystic fibrosis (CF) screening should be offered to all
women of reproductive age.

e Individualsof African, southeast Asian, and Mediterranean
ancestry should have screening for hemoglobinopa-
thies with a CBC in combination with a hemoglobin
electrophoresis.

e Prenatal testing for fragile X syndrome should be offered
to known carriers of the fragile X premutation or full
mutation. Women with a family history of fragile X-related
disorders, unexplained intellectual disability or develop-
mental delay, autism, or premature ovarian insufficiency
are candidates for genetic counseling and fragile X premu-
tation carrier screening.

® Preconception and prenatal screening for spinal muscu-
lar atrophy (SMA) should be offered to individuals with a
family history. Pan-ethnic screening is controversial.

* Carrier screening for Tay-Sachs disease (TSD) (enzyme
and DNA), Canavan disease, CF, and familial dysautono-
mia should be offered to Ashkenazi Jewish (one Jewish
grandparent) individuals before conception or during
early pregnancy. The availability of genetic carrier screen-
ing for mucolipidosis IV, Niemann-Pick disease type A,
Fanconi anemia group C, Bloom syndrome, and Gaucher
disease should be discussed.

BACKGROUND

Ultrasound (see Chapter 4) as well as prenatal diagnosis and
screening for aneuploidy (see Chapter 5) have been reviewed
in previous chapters. Carrier screening for inherited genetic
conditions is an important component of preconception and
prenatal care. There are no trials to assess the downstream
effects of any intervention for genetic screening and testing in
pregnancy, but clearly there are significant effects. For exam-
ple, the incidence of TSD in the Ashkenazi Jewish population
has decreased by 90% since screening was initiated.

GENETIC COUNSELING

All individuals and couples should have a basic screen
for family history of genetic disorders, with a pedigree
to at least the second prior generation (three-generation
pedigree). Questions should also involve history of birth
defects, stillbirth, intellectual disability, developmen-
tal delay, recurrent spontaneous pregnancy loss and his-
tory of a previous fetus or child who was affected by a
genetic disorder. Information regarding genetic carrier
screening should be provided to every pregnant woman.
Those patients belonging to an ethnic group at increased
risk for a recessive condition (e.g., sickle cell—African-
American; TSD and others—Jewish; TSD in Irish, Cajun,
and French Canadian; a-thalassemia—southeast Asian; and
B-thalassemia—Mediterranean) should be offered specific
screening (see Chapters 14 and 15 in Maternal-Fetal Evidence
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Based Guidelines). Genetic carrier screening should be per-
formed on potential gamete donors. Providers may offer
an expanded carrier screening panel. Individuals offered
expanded carrier screening should have appropriate pretest
counseling. It is optimal to offer carrier screening precon-
ception so that women and their partners have the option
to consider how much genetic information they would like
to have before starting a family. Carrier screening results in
the preconception period may influence a couple’s decision
to conceive or to consider the use of donor gametes, preim-
plantation genetic diagnosis, or prenatal genetic testing,.

Women with a specific indication for genetic testing
should be referred for genetic counseling and a discussion
of options available for prenatal diagnosis. Responsibilities
of clinicians (e.g., ob-gyns, family medicine specialists, and
nurse midwives) caring for pregnant women regarding genetic
screening are shown in Table 6.1 [1]. Possible indications for
genetic consultation for preconception and prenatal patients
are shown in Table 6.2 [2]. Possible indications for genetic con-
sultation for adult patients are shown in Table 6.3 [2].

COMMON GENETIC DISORDERS AND
CARRIER SCREENING GUIDELINES

Cystic Fibrosis

CF is an autosomal recessive disorder. The most common
mutation is DF508, but >1700 other mutations have been des-
cribed [3]. The mutation leads to faulty chloride transport,
increased sweat chloride levels, and increased thick mucus in
lungs, pancreas, biliary tree, and intestines. This is the most com-
mon life-limiting genetic disorder in Caucasians (Table 6.4) [3].

Table 6.1

CF screening should be offered to all women of
reproductive age [3-6]. It is generally more cost effective
and practical to initially perform CF carrier screening for the
patient only [3]. Nonetheless, screening can be concurrent or
sequential, and both strategies are acceptable alternatives.

Concurrent screening;:

* Both partners tested simultaneously
e Both partners’ results revealed

* Assesses couple’s risk

¢ Identifies couples at risk more rapidly
* More precise

Sequential screening;:

¢ Initial screening of one partner

Other partner tested if first partner is positive
* Low-risk racial/ethnic groups

¢ Other partner not available

Interpretation of Results

e Both partners negative (-/-)—prenatal diagnostic testing
not indicated

*  One partner carrier (-), one not screened:
¢ Intermediate risk—prenatal diagnostic testing not

indicated

® One partner carrier (+), one carrier (-):
® DPrenatal diagnostic testing not recommended

® One partner carrier (+), one untested:
e Partner should be tested if possible genetic counseling
* Availability/limitations of prenatal testing

Responsibilities of Clinicians Caring for Pregnant Women Regarding Genetic Screening

1. Clinicians should be able to identify patients within their practices who are candidates for genetic testing and should maintain

competence in the face of increasing genetic knowledge.

2. Obstetrician—gynecologists should recognize that geneticists and genetic counselors are an important part of the healthcare team and

should consult with them and refer as needed.

3. Discussions with patients about the importance of genetic information for their kindred, as well as a recommendation that information
be shared with potentially affected family members as appropriate, should be a standard part of genetic counseling.

4. Obstetrician—gynecologists should be aware that genetic information has the potential to lead to discrimination in the workplace and to
affect an individual’s insurability adversely. In addition to including this information in counseling materials, physicians should recognize
that their obligation to professionalism includes a mandate to prevent discrimination.

Source: Modified from American College of Obstetricians and Gynecologists, Obstet Gynecol, 111, 1495-1502, 2008.

Table 6.2 Possible Indications for Genetic Consultation for Preconception and Prenatal Patients

Either Member of the Couple with

Reason to Consider Consultation

A positive carrier screening test for a genetic condition such as
cystic fibrosis

A personal history of stillbirths, previous child with hydrops,
recurrent pregnancy losses, or a child with sudden infant death
syndrome (SIDS)

A progressive neurologic condition known to be genetically
determined such as progressive ataxia

A statin-induced myopathy

A family or personal history of:

A birth defect such as cleft lip

A chromosomal abnormality such as translocation

Significant hearing or vision loss thought to be genetically
determined

Intellectual disability, developmental delay, or autism

Discuss additional testing strategies and inheritance, testing of
partner and siblings

Rule out a chromosomal, metabolic, or syndromic diagnosis
associated with an unexplained neonatal death or SIDS

Discuss a potential diagnosis, the differential diagnosis,
inheritance, and testing options

Discuss a potential mitochondrial disorder, inheritance, and testing
options

Reason to consider consultation

Discuss recurrence risks and testing options

Discuss risks to the fetus and testing options

Discuss risks to the fetus and testing options

Discuss risks to the fetus and testing options

Source: Modified from Pletcher BA et al., Genet Med, 9, 385-389, 2007.
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Table 6.3 Possible Indications for Genetic Consultation for Adult Patients

Personal History of

Reason to Consider Consultation

Abnormal sexual maturation or delayed puberty
Recurrent pregnancy losses (more than two)

Tall or short stature for genetic background
One or more birth defects

Six or more cafe-au-lait macules >1.5 cm in diameter

Statin-induced myopathy

A cancer or cancers known to be associated with specific genes or
mutations in the context of a compelling family history: young age
at onset, bilateral lesions, and familial clustering of related
tumors

Cardiovascular problems known to be associated with genetic
factors such as cardiomyopathy

Suspected genetic disorder affecting connective tissue

Hematologic condition associated with excessive bleeding or
excessive clotting

Progressive neurologic condition known to be genetically
determined such as unexplained myopathy

Visual loss known to be associated with genetic factors such as
retinitis pigmentosa

Early-onset hearing loss

Recognized genetic disorder including a chromosomal or single-
gene disorder

Mental illness such as schizophrenia

A close relative with a sudden, unexplained death, particularly at a
young age

Rule out an intersex condition, chromosomal abnormality, or
syndromic diagnosis

Rule out a chromosomal rearrangement such as a balanced
translocation with karyotype

Rule out a skeletal dysplasia, chromosomal or syndromic diagnosis

Rule out a chromosomal or syndromic diagnosis, and provide
genetic counseling

Rule out neurofibromatosis Type 1

Rule out a mitochondrial disorder

Rule out an identifiable mutation in a gene such as BRCA1; rule
out a cancer syndrome (MEN2); discuss surveillance, treatment,
testing options, and inheritance

Rule out a mutation in a causative or contributory gene; discuss
surveillance, treatment, testing options, and inheritance

Rule out a syndromic diagnosis (Marfan syndrome); discuss
surveillance, treatment, testing options, and inheritance

Confirm or rule out genetic condition; discuss treatment, testing
options, and inheritance

Confirm or rule out suspected diagnosis; discuss surveillance,
treatment, testing options, and inheritance

Rule out a syndromic diagnosis (Stickler syndrome); discuss testing
options, if applicable, and inheritance

Rule out a syndromic or nonsyndromic genetic form of hearing
loss; discuss surveillance, testing options, and inheritance

Confirm the diagnosis, discuss prognosis, medical management,
and inheritance

Rule out a genetic condition associated with this history

Discuss diagnosis, inheritance, recurrence risks, and identify
syndromes, when possible

Source: Modified from Pletcher BA et al., Genet Med, 9, 385-389, 2007.

Abbreviation: MEN2, type 2 multiple endocrine neoplasia.

Estimated Carrier Risk Before Test

Estimated Carrier Risk After a (-) Test

~1/380
~1/200
~1/200
~1/170

Table 6.4 Incidence and Carrier Risk for CF Based on Race or Ethnicity
Racial or Ethnic Group Detection Rate (%)

Ashkenazi Jewish 94 1/24
Non-Hispanic white 88 1/25

Hispanic white 72 1/58
African-American 64 1/61
Asian-American 49 1/94

~1/180

Source: Modified from American College of Obstetrics and Gynecology, Obstet Gynecol, 117, 1028-1031, 2011.

Abbreviation: CF, cystic fibrosis.

e Both partners carrier (+):
* 25% Chance of having an affected offspring
* Genetic counseling
® Prenatal diagnosis offered (chorionic villus sampling
[CVS], amniocentesis)
¢ Counseling regarding continuation versus termination
of pregnancy for affected pregnancies

Risk of affected offspring depends also on prevalence of car-
rier status in the specific ethnic group (Table 6.4).

If a patient or the patient’s partner has a family his-
tory of CF, medical record review should be performed
to identify of cystic fibrosis transmembrane conductance
regulator (CFTR) mutation analysis in the affected fam-
ily member is available. If a woman’s reproductive partner
has apparently isolated congenital bilateral absence of the
vas deferens, the couple should be referred for a genetics

consultation to discuss potential clinical implications and
mutation analysis.

Hemoglobinopathies

Hemoglobinopathies are a diverse group of inherited single-
gene disorders that result from variations in the struc-
ture and/or function of hemoglobin. The most common
hemoglobinopathies, sickle cell disease, p-thalassemia and
o-thalassemia, are all autosomal recessive conditions. The
American College of Obstetricians and Gynecologists (ACOG)
recommends carrier screening for individuals of African,
southeast Asian, and Mediterranean ancestry. A complete
blood count (CBC) in combination with a hemoglobin elec-
trophoresis is recommended for screening individuals of
African ancestry. A CBC with red cell indices is the initial rec-
ommended screening test for individuals of southeast Asian,
and Mediterranean ancestry. Individuals with a low mean



78 OBSTETRIC EVIDENCE BASED GUIDELINES

corpuscular volume (MCV) and normal iron status should
have a hemoglobin electrophoresis. Southeast Asians with a
normal hemoglobin electrophoresis should have molecular
testing to rule out a-globin gene deletions characteristic of
o-thalassemia. Couples determined to be at increased risk for
having a child with sickle cell disease or thalassemia should
be referred to a genetic counselor [7]. For additional informa-
tion regarding hemoglobinopathies, refer to Chapters 14 and
15 in Maternal-Fetal Medicine Evidence Based Guidelines.

Fragile X Syndrome

Diagnosis/Definition

Most common inherited cause of intellectual disability; caused
by expansion of a repetition of the cytosine-guanine-guanine
(CGQG) trinucleotide segment of the fragile X mental retarda-
tion 1 (FMR-1) gene that is located on the X chromosome at
Xq27.3.

The diagnosis is based on molecular genetic analysis.
Most laboratories use a combination of two approaches: (1)
Southern blot analysis to measure the degree of methylation
and (2) polymerase chain reaction (PCR) to discriminate small
differences in the intermediate and premutation sizes. Fragile
X syndrome occurs when expansion of the CGG repeat occurs.

Epidemiology/Incidence
Both males and females can be affected. The prevalence is 1 in
3600 males and 1 in 4000-6000 females.

Genetics/Inheritance/Recurrence

The FMR-1 gene is typically comprised of a limited number of
CGG repeats. This region is usually stable, relatively small (<45
repeats), and passes from one generation to the next. However,
during meiosis in oocytes, the region can expand, reaching
either intermediate (45-54 repeats) or premutation (55-200
repeats) lengths. As repeat size increases, stability decreases
and further increases in the number of repeats become likely.
Once the premutation reaches expansion to >90 repeats,
the likelihood of expansion to a full mutation is at least 80%
(Table 6.5) [8].

Only women with a premutation FMR-1 can pass the
full mutation to their offspring. Fathers with premutations
usually pass the gene in a stable fashion to all of their daugh-
ters and none of their sons and will have affected grandsons.
Premutation male and female carriers are at risk for fragile
X-associated tremor/ataxia syndrome (FXTAS) usually after
age 50 years [9].

Table 6.5 Fragile X: Risk of Full Mutation (and Therefore
Affected Child) Based on Number of Maternal CGG Repeats

No. Maternal CGG Repeats % Risk Expansion to Full

Mutation
55-59 4
60-69 5
70-79 31
80-89 58
90-99 80
100-200 98

Source: Modified from Nolin SL et al., Am J Hum. Genet, 72, 454—
464, 2003.
Abbreviation: CGG, cytosine—guanine—guanine.

Screening
Prenatal testing for fragile X syndrome should be offered to
known carriers of the fragile X premutation or full mutation.
Women with a family history of fragile X-related disorders,
FXTAS, unexplained intellectual disability or developmen-
tal delay, autism, or premature ovarian insufficiency are
candidates for genetic counseling and fragile X premutation
carrier screening [9]. General population screening is not rec-
ommended. A careful assessment of the family history for males
with cognitive impairment related through females should be
performed to identify individuals at sufficient likelihood of pre-
mutation or full mutation carrier status to warrant screening,.
Women who accept fragile X premutation screening
should be offered FMR-1 DNA mutation analysis after genetic
counseling about the risks, benefits, and limitations of screen-
ing [9]. All identified carriers should be referred for follow-up
genetic counseling. Diagnostic modalities for prenatal diagno-
sis (including CVS and amniocentesis) should be discussed.

Clinical Features
Males: Wide range of behavioral and cognitive manifestations
and often subtle physical manifestations, but never asymp-
tomatic. The behavioral phenotype is characterized by autism
spectrum behaviors such as attention deficit/hyperactivity,
expressive delay, tactile defensiveness, perseverative speech,
and echolalia as well as social anxiety and avoidance of eye
contact. The cognitive phenotype generally is moderate to
severe mental impairment. Ten to twenty percent have sei-
zures. Physical characteristics are more readily identifiable
around puberty. Findings similar to a connective tissue disor-
der including hyperextensible joints, soft, smooth skin, flat feet,
and mitral valve prolapse may be present. The facial appear-
ance is often described as long and narrow with prognathism
and large ears. Macrocephaly may be present. Most develop
macroorchidism, and height tends to be below average.
Females: Tend to have fewer and milder abnormalities
than males. More likely to have relatively normal cognitive
development.

Spinal Muscular Atrophy

Diagnosis/Definition

SMA refers to a group of diseases that affect the motor neurons
of the spinal cord and brainstem, which are responsible for sup-
plying electrical and chemical signals to muscle cells. Without
proper signals, muscle cells do not function properly and thus
become much smaller (atrophy). This leads to muscle weak-
ness. Individuals affected with SMA have progressive muscle
degeneration and weakness, eventually leading to death.

Incidence
The incidence is 1/10,000 infants.

Genetics/Classification

There are several forms of SMA, depending on the age of
onset and the severity of the disease. Two genes, SMN1 and
SMN?2, have been linked to SMA types L, II, III, and IV. Type I
is the most severe form of SMA and characterized by muscle
weakness present from birth, often manifested by difficulties
with breathing and swallowing, and death usually by age 2-3
years. Type II has onset of muscle weakness after 6 months of
age and can obtain some early physical milestones like sitting
without support. Type III is a milder form of SMA, with onset
of symptoms after 10 months of age. Individuals with Type III
SMA often achieve the ability to walk but may have frequent
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falls and difficulty with stairs. The weakness is more in the
extremities and affects the legs more than the arms. Type IV is
the mildest form and is characterized by adult onset of muscle
weakness.

SMA is most often caused by a deletion of a segment of
DNA, in exon 7 and exon 8, in the SMN1 gene located on chro-
mosome 5. Rarely, SMA is caused by a point mutation in the
SMN1 gene.

Screening

The American College of Medical Genetics and Genomics
(ACMG) recommends pan-ethnic screening for SMA while the
ACOG only recommends screening when a family history is
present [10,11]. Approximately 1 in 50 individuals is a carrier for
SMA.

Carrier testing for SMA measures the number of cop-
ies of the deleted segment in the SMN1 gene. A noncarrier
is expected to have two copies present (no deletion), while
a carrier will have only one copy present (a deletion of one
copy). SMA carriers most commonly have one functional
SMNT1 gene on one chromosome and an SMNI gene dele-
tion on the other chromosome. Carriers can also have two
functional SMNI1 gene copies on one chromosome (in cis)
and none on the other chromosome (the ‘2 + 0’ genotype),
or one chromosome with a nonfunctional SMN1 gene with
a point mutation or a microdeletion. Since carrier testing
relies on a PCR-based gene-dose approach to determine
SMN1 copy number, this method will not identify carriers
with the 2 + 0" genotype. Carrier testing will also not iden-
tify point mutations. Approximately 90% of SMA carriers in
the Ashkenazi Jewish population can be identified with this
PCR-based testing method. A systematic review and meta-
analysis including 169,647 SMA carrier tests in 14 studies
reported an 87%-95% detection rate of SMA carrier testing
in a non-Black population and a 71% sensitivity in the Black
population due to a relatively high incidence of the “2 + 0”
genotype in the black population. The positive predictive
value of carrier testing when one copy of the SMN1 gene is
identified is 100%, regardless of the population tested. There
is a 5%—13% false-negative rate in non-Black individuals with
a two-copy SMNT1 result while there is a 29% false-negative
rate in Black individuals with this result. Individuals with
three SMNI copies are almost always noncarriers [12].

ASHKENAZI| JEWISH ANCESTRY

GENETIC SCREENING

Who to Screen

The family history of individuals considering pregnancy, or
who are already pregnant, should determine whether either
member of the couple is of Eastern European (Ashkenazi)
Jewish ancestry (one grandparent is Ashkenazi Jewish) or has
a relative with one or more of the following genetic conditions:
TSD, Canavan disease, CF, familial dysautonomia, Fanconi
anemia group C, Niemann-Pick disease type A, mucolipidosis
IV, Bloom syndrome, and Gaucher disease [13].

What to Screen for

The ACOG and the ACMG guidelines differ with respect
to the conditions that should be included when perform-
ing carrier screening in individuals of Ashkenazi Jewish
descent. The ACOG recommends that carrier screening
for TSD, Canavan disease, CF, and familial dysautonomia

should be offered to Ashkenazi Jewish individuals before
conception or during early pregnancy so that a couple has
an opportunity to consider prenatal diagnostic testing
options. If the woman is already pregnant, it may be nec-
essary to screen both partners simultaneously so that the
results are obtained in a timely fashion to ensure that pre-
natal diagnostic testing is an option. ACOG acknowledges
that carrier screening is available also for mucolipidosis IV,
Niemann-Pick disease type A, Fanconi anemia group C,
Bloom syndrome, and Gaucher disease. The ACMG rec-
ommends screening for these five additional disorders, for
a total of nine [14]. ACMG provides criteria for adding new
diseases to the panel of Jewish genetic diseases based on
significant burden of the disorder, carrier rate >1/100 and/
or test sensitivity >90%. Patient education materials can
be made available so that interested patients can make an
informed decision about having additional screening tests.
Some patients may benefit from genetic counseling.

There are currently 19 diseases that are being made
available for screening on Jewish genetic disease panels. In
addition to those mentioned above, the following diseases
are included in the new panels: maple syrup urine disease,
glycogen storage disease type la, dihyrolipoamide dehydro-
genase (DLD) deficiency, familial hyperinsulinism, Joubert
syndrome, nemaline myopathy, SMA, Usher syndrome
type 1F, Usher syndrome type III, and Walker-Warburg
syndrome [15].

How to Screen

All the disorders on the Ashkenazi Jewish genetic disease
panel are autosomal recessive. A carrier is unaffected but
if two carriers of a mutation in the same gene have a child
together, they have a 25% risk with each pregnancy of having
an affected child (Figure 6.1).

When only one partner is of Ashkenazi Jewish
descent, that individual should be screened first. If it is
determined that this individual is a carrier, the other part-
ner should be offered screening for that disorder. However,
the couple should be informed that the carrier frequency and

| Both parents carrier5|

e 4

‘e |
‘e |

Normal Carrier Carrier Disease
Autosomal recessive inheritance
Figure 6.1 Autosomal recessive inheritance: where both parents

are carriers, there is a one in four chance a child will be free of dis-
ease and not a carrier, a one in two chance a child will be a carrier,
and a one in four chance a child will have the disease.
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the detection rate in non-Jewish individuals are unknown
for many of these disorders. Therefore, it is difficult to accu-
rately predict the couple’s risk of having a child with the
disorder, and gene sequencing may be necessary to deter-
mine whether a non-Jewish partner is a carrier. Referral to a
genetic counselor is recommended in these cases.

Individuals with a positive family history of one of these
disorders should be offered carrier screening for the specific
disorder (and others for this group) and may benefit from
genetic counseling.

When both partners are carriers of one of these
disorders, they should be referred for genetic counseling
and offered prenatal diagnosis. Carrier couples should be
informed of the disease manifestations, range of severity,
and available treatment options. Prenatal diagnosis by DNA-
based testing can be performed on cells obtained by CVS and
amniocentesis.

When an individual is found to be a carrier, his or her
relatives are at risk for carrying the same mutation. The patient
should be encouraged to inform his or her relatives of the risk
and the availability of carrier screening. The provider should
not contact these relatives because there is no provider-patient
relationship with the relatives, and confidentiality must be
maintained [13].

SELECT DISORDERS

Carrier frequencies apply to the
population [15].

Ashkenazi Jewish

Tay—Sachs Disease

Carrier frequency is 1 in 30 in the Ashkenazi Jewish popula-
tion. The carrier frequency is also increased in individuals of
French Canadian and Cajun descent.

Clinical Features

The most well-known of these diseases. An apparently healthy
child begins to lose skills around 4-6 months of age, and there
is a progressive neurological decline leading to blindness, sei-
zures, and unresponsiveness. Death usually occurs by the age
of 4-6 years.

Testing

Carrier testing should be performed using DNA-based test-
ing and hexosaminidase enzymatic activity testing [15]. The
enzyme assay detects all carriers, regardless of ethnicity.
DNA-based testing detects 94% of carriers and hexosamini-
dase A enzyme testing detects 98% of carriers in the Ashkenazi
Jewish population [13]. Enzyme testing in pregnant women
and women taking oral contraceptives should be performed
using leukocyte testing as serum testing is associated with an
increased false-positive rate in these populations.

Familial Dysautonomia
Carrier frequency is 1/32 with disease incidence of 1/3700.

Clinical Features

Causes the autonomic and sensory nervous system to malfunc-
tion, affecting the regulation of body temperature, blood pres-
sure, and stress response, and causes decreased sensitivity to
pain. Frequent pneumonia and poor growth may occur. Survival
into adulthood is possible but with careful medical care.

Testing
Carrier testing for one major mutation and one other mutation
accounts for 99.5% of carriers.

Canavan Disease
Carrier frequency is 1 in 40 with a disease incidence of 1 in
3000 to 1 in 6000.

Clinical Features

Appear normal at birth; then progressive loss of skills, hypoto-
nia, macrocephaly, and spasticity. Most die within first year of
life but may survive to second decade.

Testing
Carrier testing detects 98% carriers.

Bloom Syndrome
Carrier frequency is 1/100 with a disease incidence of 1/48,000.

Clinical Features

Short stature, a sun-sensitive skin rash, an increased suscepti-
bility to infections and higher incidence of leukemia and other
cancers, infertility, and immunodeficiency.

Testing
Carrier testing detects 95%—97% of carriers.

Fanconi Anemia Type C
Carrier frequency is 1/89 with disease incidence of 1/32,000.

Clinical Features

Associated with short stature, bone marrow failure, and
a predisposition to leukemia and other cancers. Some chil-
dren have limb, heart, or kidney abnormalities and learning
difficulties.

Treatment
Pancytopenia can be treated with stem cell transplantation.

Testing
Carrier testing detects 99% of carriers.

Gaucher Disease
Carrier rate is 1/15 with disease incidence of 1/900.

Clinical Features

A variable condition both in age of onset and symptoms. It
may present with a painful, enlarged spleen, anemia, and low
white blood cell count. Bone deterioration is a major cause of
pain and disability.

Treatment
Treatment is available.

Carrier Testing
Seven mutations account for >96% mutations.

Mucolipidosis Type IV
Carrier frequency is 1/127.
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Clinical Features

A progressive neurological disorder with variable symptoms
beginning in infancy. Characteristics include muscle weak-
ness, mental retardation, and eye problems—both corneal
clouding and retinal abnormalities develop.

Treatment
No treatment is available [15].

Carrier Testing
95% detection rate.

Glycogen Storage Disease, Type 1a

Carrier frequency is 1 in 64.

Clinical Features

A metabolic disorder that causes poor blood sugar main-
tenance with sudden drops in blood sugar, growth failure,
enlarged liver, and anemia.

Treatment
Disease management involves lifelong diet modification.

Carrier Testing
95% detection rate.

Maple Syrup Urine Disease
Carrier frequency is 1 in 97.

Clinical Features

A variable disorder of amino acid metabolism. Named for the
characteristic maple syrup smell of urine in those with the
disorder.

Treatment

With careful dietary control, normal growth and development
are possible. If untreated, it can lead to poor feeding, lethargy,
seizures, and coma.

Carrier Testing
95% detection rate.

Niemann-Pick Disease Type A
Carrier frequency is 1 in 90.

Clinical Features
A progressive neurodegenerative disease characterized by
hepatosplenomegaly, leading to death by age 2-4 years.

Carrier Testing
95% detection rate.

DLD Deficiency

Carrier frequency is 1 in 107.

Clinical Features

Presents in early infancy with poor feeding, frequent episodes
of vomiting, lethargy, and developmental delay. Affected indi-
viduals develop seizures, enlarged liver, blindness, and ulti-
mately suffer an early death.

Carrier Testing
>95% detection rate.

Familial Hyperinsulinism
Carrier frequency is 1 in 68.

Clinical Features

Characterized by hypoglycemia that can vary from mild to
severe. It can be present in the immediate newborn period
through the first year of life with symptoms such as sei-
zures, poor muscle tone, poor feeding, and sleep disorders.

Carrier Testing
90% detection rate.

Joubert Syndrome
Carrier frequency is 1 in 92.

Clinical Features

Characterized by structural mid- and hindbrain malforma-
tions. Affected individuals have mild to severe motor delays,
developmental delay, decreased muscle tone, abnormal eye
movements, and characteristic facial features.

Carrier Testing
Detection rate is unknown (not enough data).

Nemaline Myopathy

Carrier frequency is 1 in 168.

Clinical Features

Most common congenital myopathy. Infants are born with
hypotonia and usually have problems with breathing and
feeding. Later some skeletal problems may arise, such as sco-
liosis. In general, the weakness does not worsen during life but
development is delayed.

Carrier Testing
95% detection rate.

Usher Syndrome Type 1F

Carrier frequency is 1 in 147.

Clinical Features

Characterized by profound hearing loss, which is present at
birth, and adolescent-onset retinitis pigmentosa, a disorder
that significantly impairs vision.

Carrier Testing
>75% detection rate.

Usher Syndrome Type il

Carrier frequency is 1 in 120.

Clinical Features

Causes progressive hearing loss and vision loss. Hearing is
often normal at birth with progressive hearing loss typically
beginning during childhood or early adolescence. Often leads
to blindness by adulthood.

Carrier Testing
95% detection rate.

Walker—Warburg Syndrome
The carrier frequency in the Ashkenazi population for one
Ashkenazi founder mutation is 1 in 149.
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Clinical Features

It is a muscle, eye, and brain syndrome. It is a severe condition
that presents with muscle weakness, feeding difficulties, sei-
zures, blindness, brain anomalies, and delayed development.
Life expectancy is below 3 years.

Carrier Testing
Detection rate is unknown (not enough data).

EXPANDED CARRIER SCREENING

Expanded carrier screening involves simultaneous screen-
ing for multiple genetic conditions regardless of a patient’s
race/ethnicity. Technological advances have made it pos-
sible to efficiently screen for a large number of conditions
simultaneously for the same cost as one or two single-gene
carrier tests. Expanded carrier screening has a number of
advantages compared with the targeted screening approach.
It can overcome the limitations associated with the targeted
ethnicity-based screening approach including inaccurate and
unavailable information regarding ancestry, increased inter-
mixing between different races/ethnicities and the presence
of carriers for genetic conditions in the nontargeted popula-
tions. Data from expanded carrier screening on 23,453 indi-
viduals from practices in the United States demonstrated that
diseases currently recommended for screening only in certain
populations, such as Canavan disease and sickle cell disease,
are widely distributed outside of their targeted populations.
Twenty-four percent of individuals were identified as carriers
of at least one mutation [16]. Future research in expanded car-
rier screening is needed to assess the impact of this approach
on reproductive outcomes. A 2012 survey of ACOG Fellows
indicated that 15% of the responders offered expanded carrier
screening to all of their patients and 52% provided this screen-
ing upon patient request [17].

Practice guidelines from national societies are needed
to recommend conditions that should be included on
expanded carrier panels and provide guidance to practitio-
ners regarding pretest counseling. Since expanded carrier

screens can include over 100 conditions, it is not feasible to
counsel patients regarding the specific conditions on the
panel. Table 6.6 lists points to include in the pretest counsel-
ing and consent process. If a patient and her partner both test
positive as carriers for the same autosomal recessive genetic
condition, they should be referred to a certified genetics
professional to discuss the implications and reproductive
options [19,20].

DIRECT-TO-CONSUMER GENETIC TESTING

Direct-to-consumer (DTC) genetic testing differs from tra-
ditional genetic testing in that consumers order tests and
receive test results without an independent medical pro-
vider serving as an intermediary. Some DTC companies
offer genetic counseling (generally by telephone), whereas
others do not. These tests are typically advertised and sold
over the Internet. DTC is permitted in about half the states
in the United States and is subject to little oversight at the
federal level. Internationally, several countries have issued
reports cautioning against its use, and several European
countries have banned or are considering banning it
entirely. The American Society of Human Genetics has
issued guidelines for transparency, provider education, and
test and laboratory quality on DTC genetic testing [18]. The
ACMG suggests the following regarding DTC genetic test-
ing (Www.acmg.net):

* A knowledgeable professional should be involved in the
process of ordering and interpreting a genetic test.

e The consumer should be fully informed regarding what
the test can and cannot say about his or her health.

* The scientific evidence on which a test is based should be
clearly stated.

* The clinical testing laboratory must be accredited by
Clinical Laboratory Improvement Amendments (CLIA),
the State, and/or other applicable accrediting agencies.

® Privacy concerns must be addressed.

Table 6.6 Discussion Points for Pretest Counseling and Consent Process for Expanded Carrier Screening

1. Carrier screening is voluntary. Patients can choose to participate or decline.
2. Genetic testing results are confidential and protected in employment and health insurance by the Genetic Information Non-

Discrimination Act of 2008.

3. Expanded carrier screening panels include conditions that may vary in severity. The panels include many conditions that are
associated with significant adverse outcomes including decreased life expectancy, cognitive impairment and the need for medical and/

or surgical intervention.

4. Accurate knowledge of paternity is necessary to provide accurate information regarding risk. DNA (or blood) from the biological father
is necessary in order to provide risk assessments for autosomal recessive conditions.

5. There is a residual risk for having an affected offspring even if both partners screen negative. This risk may vary depending on
ethnicity, the specific condition and the laboratory performing the testing.

6. It is common to identify carriers for one or more conditions when using expanded screening panels. In most cases, being a carrier has
no significant medical consequences for the individual. If two partners are carriers of different autosomal recessive conditions,

offspring are not likely to be affected.

7. It is possible that carrier screening will determine that an individual has two pathogenic variants for a condition and thus has an
autosomal recessive condition that might affect their health. Expanded carrier screening panels that include autosomal dominant and
X-linked conditions may detect individuals affected with one of these conditions. In these situations, individuals should be referred for

genetic counseling and appropriate medical management.

Source: Modified from Edwards JG et al., Obstet Gynecol, 125, 653—-662, 2015.
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Before labor and first stage of labor

Serena Xodo

KEY POINTS

Before labor

¢ Prediction of spontaneous labor is imprecise, with best
evidence for transvaginal ultrasound (TVU) cervical
length (CL) having good predictive accuracy for spon-
taneous labor within 7 days.

¢ If nonvertex presentation, perform cesarean delivery
(CD) at 39 0/7-39 6/7 weeks. For timing and indica-
tions of other planned cesarean or vaginal deliveries,
see Chapters 13 and 56 in Maternal-Fetal Evidence Based
Guidelines.

¢ If woman is candidate for vaginal delivery and >41
weeks, start induction (see Chapter 21).

* Maternal antenatal training to prepare for labor and
delivery (L&D) is associated with arriving to L&D
ward more often in active labor, less visits to the
labor suite, and using less epidural analgesia.

* X-ray pelvimetry should not be performed as it is asso-
ciated with no benefits, and it increases incidence of
CDs. There is insufficient data regarding MRI or clinical
pelvimetry.

There is limited evidence to assess the safety and
efficacy of planned home birth for low-risk pregnant
women. Compared with planned hospital birth, planned
home birth is associated with a higher risk of neonatal
deaths (0.2% vs. 0.09%), low Apgar scores, and neonatal
seizures. The hospital is the safest setting for L&D.
A birth center in the hospital is a safe location for birth.
The trend for a 67% higher perinatal mortality should be
weighted during counseling against the significant 4%
increase in spontaneous vaginal delivery (SVD) and 96%
higher satisfaction.
Most women (those without risk factors) should be
offered midwife-led models of care, as midwife-led
care is associated with a lower incidence of preterm birth,
regional analgesia, instrumental vaginal birth, and fetal/
neonatal death, and with shorter labor and a higher inci-
dence of spontaneous vaginal birth. So women should be
encouraged to ask for this option.

Training of traditional birth assistants in middle- and

low-income countries is associated with a trend for

less maternal mortality and significantly less perinatal
mortality.

Delayed hospital admission until active labor (regu-

lar painful contractions and cervical dilatation >3 cm) is

associated with less time in the labor ward, less intra-
partum oxytocics, and less analgesia.

Admission tests such as fetal heart rate (FHR) tracing and

amniotic fluid assessment have not been associated with

any benefit.

Routine enema is not recommended.

Perineal shaving is not recommended.

Vaginal chlorhexidine irrigation is not recommended.
Universal prenatal maternal screening with anovaginal
specimen at 35-37 weeks and intrapartum antibiotic
treatment are the most efficacious of the current strategies
for prevention of neonatal early-onset group B streptococ-
cus (GBS) disease.

All women should have continuous, one-on-one support
throughout labor and birth (e.g., doula), as it is associated
with less intrapartum analgesia, cesarean birth, operative
birth, and dissatisfaction with the childbirth experiences,
and more spontaneous vaginal birth.

There is insufficient evidence for providing nutritional
recommendations for women in labor. There is little jus-
tification for the restriction of fluids and food in labor
for women at low risk of complications.

Intravenous (IV) fluids at 250 mL/hour are associated
with shorter duration of labor and less cesarean deliver-
ies compared with 125 mL/hour.

Upright positions (either standing, sitting, kneeling,
or walking around) in the first stage of labor reduce the
length of labor by approximately over 1 hour and are
associated with less epidural analgesia. Since walking
does not seem to have a beneficial or detrimental effect
on L&D, women can choose freely to walk or lay in bed,
preferably upright, during labor, whichever is more
comfortable for them.

Water immersion during the first stage of labor reduces
the use of analgesia and by about 30 minutes the dura-
tion of the first stage of labor, without adverse maternal
or neonatal outcomes.

Routine early (or even late) amniotomy cannot be recom-
mended as part of standard labor management and care.
The use of the partogram cannot be recommended as a
routine intervention in labor.

There is insufficient evidence to recommend any par-
ticular frequency of vaginal cervical examinations in
labor. Most studies, including those with active manage-
ment, perform cervical examinations every 2 hours in
active labor, but the risk of chorioamnionitis increases
with increasing number of examinations.

For women making slow progress in the first stage of
spontaneous labor, the use of oxytocin augmentation
is associated with a reduction in the time to delivery of
approximately 2 hours.

The individual interventions that are part of active man-
agement of labor should be studied separately, and
only those that are beneficial (e.g., support by doula)
implemented.

Dystocia cannot be diagnosed unless rupture of mem-
branes (ROM) has occurred, and adequate oxytocin to
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achieve at least three to five adequate contractions per hour
has been instituted. Dystocia also cannot be diagnosed
reliably before the first stage of labor has entered the
active phase, which has been defined, especially in nul-
liparous with epidurals in place, as at least 6 cm of cervi-
cal dilatation. Before performing a CD for active phase
labor arrest, labor should be arrested for a minimum of 4
hours (if uterine activity is greater than 200 Montevideo
units as documented with intrauterine pressure catheter
[IUPC)) or 6 hours (if greater than 200 Montevideo units
could not be sustained).

INTRODUCTION

For management of induction, meconium, oligo/polyhydramnios,
intrapartum monitoring (including amnioinfusion for variables),
operative vaginal delivery, shoulder dystocia, trial of labor after
cesarean (TOLAC), intrauterine growth restriction (IUGR), macro-
somia, abnormal third stage, etc., see appropriate distinct guide-
lines in this book and its companion, Maternal-Fetal Evidence
Based Guidelines. This chapter discusses prediction of the onset of
spontaneous labor, and especially interventions before labor and
in the first stage of labor that can influence L&D outcomes.

PREDICTION OF THE ONSET OF
SPONTANEOUS LABOR

Weather Effects

There is no strong association between changes in barometric
pressure and onset of labor [1].

Time of Day
Diurnal rhythms seem to show a higher rate of starting labor
in the evening and night hours [2].

Cervical Status

Both the Bishop score and CL measure usually by TVU have
been evaluated for their predictive accuracy for the onset of
spontaneous labor. TVU CL is associated with very good pre-
diction of onset of spontaneous labor: for example, the chance
of labor within 7 days is about 10% for a woman with a TVU
CL of 40-45 mm at about 37-39 weeks, and about 90% if TVU
CL is about 10 mm at about 37-39 weeks [3].

BEFORE LABOR

Antenatal Classes

Antenatal classes to improve the birth process have been stud-
ied in at least three randomized controlled trials (RCTs).

Compared with no such training, 9 hours of antenatal
training to prepare for L&D are associated with arriving to
L&D ward more often in active labor (relative risk [RR] 1.45,
95% confidence interval [CI] 1.26-1.65] and using less epidural
analgesia (RR 0.84, 95% CI 0.73-0.97) [4].

Compared with no such education, antenatal education
focusing on natural childbirth preparation with training in
breathing and relaxation techniques is not associated with any
effects on maternal or perinatal outcomes, including similar
incidences of epidural analgesia, childbirth, or parental stress,
in nulliparous women and their partners [5].

In a small RCT, specific antenatal education program
is associated with a reduction in the mean number of visits
to the labor suite before the onset of labor [6]. It is unclear
whether this results in fewer women being sent home because
they are not in labor.

Fear of Childbirth
Fear of childbirth is associated with a 47 minutes longer dura-
tion of labor, compared with no fear of childbirth [7]. Intensive
counseling in women with fear of childbirth reduces anxiety
and concerns related to pregnancy and birth, and is associated
with shorter labors [8].

Nonvertex Presentation

If nonvertex presentation is detected, CD at 39 0/7-39 6/7
weeks is recommended (see Chapter 24). For timing and
indications of other planned cesarean or vaginal deliveries, see
Chapters 13, and 56 in Maternal-Fetal Evidence Based Guidelines.

Late-Term Gestation
Induction advised at >41 weeks (see Chapter 27).

Pelvimetry
There is not enough evidence to support the use of X-ray pel-
vimetry in women whose fetuses have a cephalic or noncephalic
presentation. Women undergoing X-ray pelvimetry are more
likely to be delivered by cesarean section [9]. No significant
impact is detected on perinatal outcome, but numbers are small,
insufficient for meaningful evaluation (e.g., perinatal mortality
1% vs. 2%). The results are similar for women with or without a
prior CD.

There is insufficient data regarding MRI or clinical
pelvimetry.

Interventions to Expedite the Onset of Labor
For acupuncture, breast stimulation, castor oil, enemas and
baths, homeopathy, sexual intercourse, as well as other non-
pharmacologic and pharmacologic techniques to expedite the
onset of labor, or for induction, see Chapter 21.

SITE OF LABOR MANAGEMENT

Planned Home Birth

There is limited evidence to assess the safety and efficacy of
planned home birth for low-risk pregnant women as there
is only one RCT with only 11 women ever published [10,11].
In healthy low-risk women, compared with planned hospi-
tal birth, planned home birth is associated with a higher
risk of neonatal deaths (0.2% vs. 0.09%) in a meta-analysis of
nonrandomized studies including over 500,000 births [12]. In
a large (>79,000 women with singletons, term, cephalic, non-
anomalous pregnancies) retrospective cohort study, planned
out-of-hospital births were associated with a higher rate or
perinatal deaths (3.9 vs. 1.8 deaths per 1000 deliveries; OR
1.52, 95% CI 0.51-2.54) than planned in-hospital deliveries,
as well as more neonatal seizures [13]. Data from U.S. births
showed a significantly increased risk of neonatal deaths, low
Apgar scores, and neonatal seizures associated with home
births or births in free standing birth centers, compared with
hospital births [14,15]. Some of these studies included free-
standing birth centers with home births. This means, there-
fore, that the hospital is the safest setting for L&D [16]. A
home birth service ought to be backed up by a modern hos-
pital system. There are diverging opinions even in Western
countries, with about 30% of Dutch births occurring at home,
versus <1% of U.S. births. In the United States, about 75%
of home births are delivered by noncertified midwives. In
the Netherlands, travel time of >20 minutes from home to



hospital is associated with increased risk of perinatal mortal-
ity and other adverse outcomes [17]. Women with risk factors
for abnormal outcome should deliver in a hospital setting.
All women should be aware of possible maternal and fetal
risks, including severe morbidity and mortality, associated
with L&D even in low-risk women, and should be aware of
the absence of intensive care and operative capabilities in
the home setting [10]. Inference from results of “home-like”
versus conventional ward setting (see below) should warn
against home birth.

Ethical experts agree that hospital birth is safer. Some
medical ethics experts emphasize that physicians should coun-
sel strongly against home birth [18]. Some other medical ethics
experts argue instead that, given the increased risk of perinatal
mortality is about 1-2/1000 in home compared with hospital
birth, women should be counseled on these absolute numbers
and allowed a choice based on autonomy [19].

Freestanding Birth Center

There are no RCTs of freestanding birth centers, and therefore
the evidence is insufficient to recommend this setting [20]. For
non-RCT evidence, see above, under “Planned home births.”

Planned Hospital Birth: Alternative Setting
(Home-Like, e.g., Hospital Birth Center)

versus Conventional Hospital Ward Setting
Several RCTs have evaluated the option of “alternative setting”
versus conventional hospital ward setting for L&D. For alter-
native setting, most trials included care by midwives in a loca-
tion in the hospital, close to the regular L&D ward, that did not
look like a usual L&D setting. There are no RCTs of freestand-
ing birth centers or Snoezelen rooms. Some RCTs randomized
women in labor, while others at the beginning of pregnancy.
So continuity of care was usually higher in the alternative set-
ting group. Usually about 40%—-50% of patients randomized
to alternative setting (often about 60% for nulliparous women,
20%-30% for multiparous women) need to be moved in labor
to the conventional L&D ward.

Compared with conventional hospital ward, allocation
to an alternative hospital setting increased the likelihood
of the following: no intrapartum analgesia/anesthesia
(RR 1.18, 95% CI 1.05-1.33); SVD (RR 1.03, 95% CI 1.01-1.05);
breast-feeding at 6-8 weeks (RR 1.04, 95% CI 1.02-1.06);
and very positive views of care (RR 1.96, 95% CI 1.78-2.15).
Allocation to an alternative setting decreased the likelihood
of epidural analgesia (RR 0.80, 95% CI 0.74-0.87); oxytocin
augmentation of labor (RR 0.77, 95% CI 0.67-0.88); and episi-
otomy (RR 0.83, 95% CI0.77-0.90) [13]. There was no apparent
effect on maternal morbidity and mortality, serious perina-
tal morbidity/mortality (RR 1.17, 95% CI 0.51-2.67), perinatal
mortality (RR 1.67, 95% CI 0.93-3.00), other adverse neona-
tal outcomes, or postpartum hemorrhage. The 4% increase
in SVD may be secondary to less epidural anesthesia, which
may in turn be secondary to less availability in home-like
settings, and/or to less intrapartum monitoring. The trend
for a 67% higher perinatal mortality should be weighted
against the significant 4% increase in SVD and 96%
higher satisfaction, during counseling. Episiotomy should
be avoided in general (see Chapter 8). No firm conclusions
can be drawn regarding the effects of variations in staffing,
organizational models, or architectural characteristics of the
alternative settings [20]. A birth center in the hospital is a
safe location for birth [16].
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PROVIDER
Midwife-Led Care

In many parts of the world, midwives are the primary providers
of care for childbearing women. Elsewhere it may be medical
doctors or family physicians who have the main responsibility
for care, or the responsibility may be shared. The underpin-
ning philosophy of midwife-led care is normality, continuity
of care, and being cared for by a known and trusted midwife
during labor. There is an emphasis on the natural ability of
women to experience birth with minimum intervention [21].

The effect of midwife-lead care compared with phy-
sician-led care or to other provider-led care has been evalu-
ated mostly for the whole pregnancy, including together both
antepartum care and care during L&D (see also Chapter 2).
Therefore, it is difficult to assess the effect of midwife-led care
just on L&D.

A systematic review compared the midwife-led continu-
ity model versus other models, including 15 RCTs, for a total of
17,674 women. Women who midwife-led continuity models of
care were less likely to experience regional analgesia (RR 0.85,
95% CI 0.78-0.92), instrumental vaginal birth (RR 0.90, 95% CI
0.83-0.97), preterm birth less than 37 weeks (RR 0.76, 95% CI
0.64-0.91), and less overall fetal/neonatal death (RR 0.84, 95%
CI0.71-0.99) [21]. Women who had midwife-led continuity mod-
els of care were more likely to experience spontaneous vagi-
nal birth (RR 1.05, 95% CI 1.03-1.07). There were no differences
between groups for cesarean births or intact perineum. In addi-
tion, women assisted by midwives were less likely to receive
some medical interventions, such as amniotomy (RR 0.80,
95% CI 0.66—0.98), episiotomy (RR 0.84, 95% CI 0.77-0.92), and
intrapartum analgesia/anesthesia (RR 1.21, 95% CI 1.06-1.37).
Women who had midwife-led continuity models of care were
less likely to experience longer mean length of labor (hours)
(mean difference [MD] 0.50, 95% CI 0.27-0.74], to be attended at
birth by a known midwife (RR 7.04, 95% CI 4.48-11.08), and had
less fetal loss/neonatal death before 24 weeks (RR 0.81, 95% CI
0.67-0.98). There were no differences between groups for fetal
loss or neonatal death more than or equal to 24 weeks, induc-
tion of labor, antenatal hospitalization, antepartum hemorrhage,
augmentation/artificial oxytocin during labor, opiate analgesia,
perineal laceration requiring suturing, postpartum hemor-
rhage, breast-feeding initiation, low birth weight infant, 5-min-
ute Apgar score < 7, neonatal convulsions, admission of infant
to special care or neonatal intensive care unit(s), or mean length
of neonatal hospital stay (days). The majority of included stud-
ies reported a higher rate of maternal satisfaction in midwife-
led continuity models of care [21] (see also section “Continuous
Support in Labor”).

Training of Birth Assistants

Training of traditional birth assistants in middle- and low-
income countries is associated with a trend for less mater-
nal mortality and significantly less perinatal mortality [22].
There are no trials in high-income countries.

Teamwork Training

There is insufficient evidence to assess the effects of train-
ing and teamwork education for L&D personnel. Quality and
safety initiatives are probably beneficial but have not been suf-
ficiently studied in RCTs. Compared with no such training, a
standardized teamwork training curriculum based on crew
resource management that emphasized communication and
team structure was not associated with significant effect on
adverse maternal and perinatal outcomes in one RCT [23].
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ADMISSION

Delayed versus Early Hospital Admission

Labor assessment programs, which aim to delay hospital
admission until active labor, may benefit women with term
pregnancies. Active labor was defined as regular painful con-
tractions and cervical dilatation >3 cm. In one RCT, compared
with direct admission to hospital, delayed admission until
active labor is associated with less time in the labor ward, less
intrapartum oxytocics, and less analgesia [24]. Women in the
labor assessment and delayed admission group report higher
levels of control during labor. CD rates are similar, with a
nonsignificant 30% decrease. A 30%—40% decrease in CD has
been reported in retrospective studies with delayed versus
direct admission. There is insufficient evidence (a larger trial
needed) to assess true effects on rate of CD and other important
measures of maternal and neonatal outcome. Potential risks of
delayed admission include unplanned out-of-hospital births
and the potentially harmful effects of withholding caregiver
support and attention to women in early or latent phase labor.

In another RCT, compared with no use of algorithm,
use of an algorithm by midwives to assist in their diagnosis of
active labor (painful, regular contractions with at least one of
the following: 3 cm dilated, ROM, or “show”) was associated
with more women being discharged after their first labor ward
assessment, and no effect of oxytocin augmentation and other
medical interventions in labor [25].

Suggested criteria for admission based on these studies
are a cervix of at least 3—4 cm dilatation and regular painful
contractions. Pregnant women should be informed of these
data during prenatal care.

Fetal Assessment Tests upon Admission

FHR Tracing for 20 Minutes

Women allocated to admission cardiotocography (CTG) have
an increase in incidence of cesarean section than women allo-
cated to intermittent auscultation (RR 1.20, 95% CI 1.00-1.44).
There is no significant difference in instrumental vaginal birth
(RR 1.10, 95% CI 0.95-1.27) and fetal and neonatal deaths (RR
1.01, 95% CI 0.30-3.47) [26].

Ampniotic Fluid Volume Index

Obtaining an amniotic fluid volume index (AFI) in early
labor is associated with a higher incidence of CD, and simi-
lar neonatal outcomes, compared with no AFI [27].

Neither a 2 x 1 pocket (abnormal in 8%) nor an AFI
(abnormal in 25%) upon admission for labor identifies a preg-
nancy at risk for adverse outcome such as nonreassuring fetal
heart rate tracing (NRFHT) or CD for NRFHT [28].

Other Tests

There is insufficient evidence to support the use of vibro-
acoustic stimulation or Doppler ultrasound as fetal admis-
sion tests, as there are no RCTs on these interventions.

Enemas

Enemas do not have a significant beneficial effect on infec-
tion rates such as perineal wound infection or other neona-
tal infections and women'’s satisfaction. Compared with no
enema, enema in labor is associated with no significant dif-
ferences for infection rates in puerperal women (RR 0.66, 95%
CI 0.42-1.04) and no significant differences in neonatal umbili-
cal infection rates (RR 3.16, 95% CI 0.50-19.82). No significant

differences are found in the incidence of neonatal lower or
upper respiratory tract infections [29].

One RCT described labor to be significantly shorter (50
minutes) with enema versus no enema. A second RCT found
labor to be significantly longer (112 minutes) with enema com-
pared with no enema. No significant differences in the dura-
tion of labor were found in the third RCT that scored as having
a low risk of bias and was adjusted for parity. One RCT that
researched women’s views found no significant differences
in satisfaction between groups. The routine use of enemas
during labor should be discouraged [29]. This intervention
(enema) generates discomfort in women and increases the
costs of delivery.

Perineal Shaving

There is no support for routine perineal shaving (shaving
with a razor) for women prior to or in labor. In a very old trial,
389 women were alternately allocated to receive either skin
preparation and perineal shaving or clipping of vulvar hair
only. In the second old trial, which included 150 participants,
perineal shaving was compared with the cutting of long hairs
for procedures only. In the third trial, 500 women were ran-
domly allocated to shaving of perineal area or cutting of peri-
neal hair. Compared with no shaving, shaving was associated
with a similar incidence of maternal febrile morbidity (RR 1.14,
95% CI 0.73-1.76), perineal wound infection (RR 1.47, 95% CI
0.80-2.70), and perineal wound dehiscence (RR 0.33, 95% CI
0.01-8.00). In the smaller trial, fewer women who had not been
shaved had Gram-negative bacterial colonization compared
with women who had been shaved (OR 0.43, 95% CI 0.20-0.92).
There were no differences in maternal satisfaction immedi-
ately after birth [30]. The potential for complications (redness,
multiple superficial scratches and burning and itching of the
vulva, and embarrassment and discomfort afterward when the
hair grows back), which often occur later, suggests that shav-
ing should not be part of routine clinical practice. The first
two trials are old (1922 and 1965) and included the clipping
of long hairs in their control groups to aid in operative pro-
cedures, which is itself usually unnecessary and can lead to
complications.

Morphine Sleep

Morphine sleep, also called therapeutic rest, given usually in
the latent phase of the first stage of labor, has never been evalu-
ated with an RCT [31].

FIRST STAGE

Chlorhexidine

There is no evidence to support the use of vaginal chlorhexi-
dine by either irrigation or vaginal wipes during labor in
order to prevent maternal and neonatal infections. The effect
on the incidence of postpartum endometritis is not statistically
significant (RR 0.83; 95% CI 0.61-1.13) [32]. Chlorhexidine solu-
tion is safe, not expensive, and vaginal irrigation is easy to per-
form, but apparently not beneficial.

GBS Prophylaxis

In the United States and some European countries universal
prenatal maternal GBS screening is performed, with anovag-
inal specimen collected at 35-37 weeks and antibiotic (ampi-
cillin first line) treatment administered intrapartum to GBS
colonized women [33]. Women with GBS bacteriuria in the



current pregnancy or who had a prior infant with GBS sep-
sis are candidates for intrapartum antibiotics prophylaxis and
should be the only two groups not screened. Intrapartum
treatment for chorioamnionitis is recommended regard-
less of GBS maternal status (see Chapter 22 and Chapter 37
in Maternal-Fetal Evidence Based Guidelines). Other European
countries use a risk-based strategy, which means to offer intra-
partum antibiotic treatment to all women with recognized risk
factors: previous infant affected by GBS sepsis, GBS bacteriuria
during current pregnancy, preterm labor < 37 weeks, prelabor
ROM 218 hours and/or fever in labor >38°C. Support for the
universal screening strategy is based on a large retrospec-
tive study, which concluded that this policy was more than
50% effective in preventing early GBS sepsis [33]. However,
no RCTs are available on this issue. There is no intervention
shown to be efficacious for prevention of late-onset GBS sepsis.

Continuous Support in Labor

Definition

For support, it is generally intended emotional support (con-
tinuous presence, reassurance, and praise), information about
labor progress and advice regarding coping techniques, comfort
measures (comforting touch, massage, warm baths/showers,
promoting adequate fluid intake and output), and advocacy
(helping the woman articulate her wishes to others) [34].

Mechanism of Action

Anxiety during labor is associated with high levels of the stress
hormone epinephrine in the blood, which may in turn lead to
abnormal FHR patterns in labor, decreased uterine contractil-
ity, a longer active labor phase with regular well-established
contractions, and low Apgar scores. One example of possible
mechanisms of action for support to reduce complications of
L&D is decreased anxiety [34]. This in turn can lead to a benefi-
cial “chain-reaction” for example, if continuous support leads
to reduced use of epidural analgesia, then several complica-
tions associated with regional anesthesia (see Chapter 11) can
be prevented.

Types of Support

Family member or friend (not part of hospital staff) or hos-
pital-based (part of hospital staff). Doula (a Greek word for
“handmaiden”) is a support person with the sole job of pro-
viding support to the laboring woman. They are usually not
part of the hospital staff. This member of the caregiver team
may also be called a labor companion, birth companion, labor
support specialist, labor assistant, or birth assistant.

Effectiveness

Continuous support during labor has clinically meaning-
ful benefits for women and infants and no known harm. All
women should have support throughout labor and birth.
Women allocated to continuous support are more likely to
have a spontaneous vaginal birth (RR 1.08, 95% CI 1.04-1.12)
and less likely to have intrapartum analgesia (RR 0.90, 95%
CI 0.84-0.96) or to report dissatisfaction (RR 0.69, 95% CI
0.59-0.79). In addition, their labors are about 1-hour shorter
(MD -0.58 hours, 95% CI -0.86 to —0.30) (MD -0.58 hours,
95% CI -0.85 to —0.31), they are less likely to have a cesarean
(RR 0.78, 95% CI 0.67-0.91) or instrumental vaginal birth (RR
0.90, 95% CI 0.85-0.96), or regional analgesia (RR 0.93, 95% CI
0.88-0.99) or a baby with a low 5-minute Apgar score (RR
0.69, 95% CI 0.50-0.95). There is no apparent impact on other
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intrapartum interventions, maternal or neonatal complica-
tions, or on breast-feeding. Continuous support is most effec-
tive when provided by a woman who is neither part of the
hospital staff nor the woman'’s social network, and in set-
tings in which epidural analgesia is not routinely available.
No conclusions could be drawn about the timing of onset of
continuous support. Hospitals should permit and encourage
women to have a companion of their choice during labor and
birth, and administrators and policymakers should ensure
that these services are available to every pregnant woman
[34] (see also the section “Midwife-Led Care”).

It may be possible to increase access to one-to-one con-
tinuous labor support worldwide by encouraging women to
invite a family member or friend to commit to being present
at the birth and assuming this role. The mother selects her
doula during pregnancy; they establish a relationship (which
is likely to involve the woman’s partner, if any) and discuss the
mother’s and partner’s preferences and concerns before labor.
The doula brings her experience and training (often to the level
of certification) to the labor support role during childbirth, and
the mother and doula frequently have telephone and/or face-
to-face contact in the early postpartum period. Other models
of support, for which there are little or no data, include sup-
port by a female family member and support by the husband/
partner [34].

Aromatherapy

There is insufficient evidence to assess the effects of aroma-
therapy in labor. Compared with no such intervention, admin-
istration of selected essential oils during labor is not associated
with significant effects on CD, instrumental delivery, or use
of oxytocin. While maternal pain perception in nulliparous
women was decreased in one RCT on this intervention, this
RCT was also not blind [35].

Nutrition in Labor

Since the evidence shows no benefits or harms, there is little
justification for the restriction of fluids and food in labor
for women at low risk of complications. All studies looked
at women in active labor and at low risk of potentially requir-
ing a general anesthetic. One study looked at complete restric-
tion versus giving women the freedom to eat and drink at will;
two studies looked at water only versus giving women specific
fluids and foods; and two studies looked at water only versus
giving women carbohydrate drinks.

When comparing any restriction of fluids and food versus
women given some nutrition in labor (three RCTs), the meta-
analysis was dominated by one study undertaken in a highly
medicalized environment. There were no statistically signifi-
cant differences identified in the following: cesarean section
(RR 0.89, 95% CI 0.63-1.25), operative vaginal births (RR 0.98,
95% CI 0.88-1.10), and Apgar scores <7 at 5 minutes (RR 1.43,
95% CI 0.77-2.68), nor in any of the other outcomes assessed.
Women'’s views were not assessed. The pooled data were insuf-
ficient to assess the incidence of Mendelson syndrome (bron-
chopulmonary reaction following aspiration of gastric contents
during anesthesia), an extremely rare outcome [36].

Oral carbohydrate intake, equivalent to about 10 tea-
spoons of sugar, in labor is not associated with any effect on
labor outcomes, like length of labor or mode of delivery [37].
Some umbilical cord studies revealed lactate transport to
the fetal circulation with potential (but not observed) fetal
academia [38,39].
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No studies looked specifically at women at increased
risk of complications; hence, there is no evidence to support
restrictions in this group of women [36].

Ice chips to moisten the mouth and sips of clear liquids
are the only oral intake recommended by U.S. authorities [40].
Some experts also allow sport drinks, yogurt, or sherbet. In the
Netherlands women in labor are allowed to eat and drink. The
reason for avoiding solid food is risk of aspiration (“Mendelson
syndrome”), which is rare (about 15/10,000 CDs) [41]. When
there is increased gastric volume, there is increased risk of
vomiting and therefore aspiration. Airway precautions in L&D
are paramount to avoid aspiration.

Acid Prophylaxis Drugs

There is no good evidence to support the routine administra-
tion of acid prophylaxis drugs in normal labor to prevent gas-
tric aspiration and its consequences [42]. Giving such drugs to
women once a decision to give general anesthesia is made is
discussed in Chapter 11.

IV Fluids

Two RCTs compared IV fluids (up to 250 mL/hour + oral
intake) versus oral intake only. There was a reduction in the
duration of labor in IV fluids + oral intake of 29 minutes
(MD -28.86, 95% CI —47.41 to —10.30, two studies, 241 women).
There was no statistically significant reduction in the number
of cesarean deliveries. There was no evidence of a statistically
significant difference in admission to the neonatal unit and in
low Apgar score at five minutes [43].

Four RCTs compared 250 mL/hour with 125 mL/hour
IV fluids in labor in women with restricted oral intake. There
was a significant reduction of over one and an half hour in
the duration of labor in women who received 250 mL/hour
(MD 105.61 minutes, 95% CI 53.19-158.02 (P < 0.0001). There
was a significant reduction in the cesarean section rate in
women receiving a higher rate of IV fluid infusion (RR 1.56,
95% CI 1.10-2.21; (P = 0.01) [36].

Three RCTs compared women who received 250 mL/
hour versus 125 mL/hour of IV fluids with free oral fluids
in both groups. Women receiving 250 mL/hour had shorter
labors than those receiving 125 mL/hour (MD 23.87 minutes,
95% CI 3.72-44.02, 256 women). There was no statistically sig-
nificant reduction in the number of cesarean deliveries in the
250 mL IV fluid group (RR 1.00, 95% CI 0.54-1.87). In one study
the number of assisted vaginal deliveries was lower in the
group receiving 125 mL/hour (RR 0.47, 95% CI 0.27-0.81).

The benefits are substantiated by the fact that several
trials in nonpregnant adults demonstrate that increased fluid
intake improves exercise performance.

Compared with normal saline without dextrose, normal
saline with 5% dextrose, both given IV at 125 mL/hour in early
labor (3-5 cm), is associated with a shorter (by about 70 min-
utes) duration of labor from initiation of IV infusion to deliv-
ery. The incidence of labor lasting >12 hours was decreased
from 22% to about 10% [44]. Five percent dextrose has also been
associated with less umbilical cord acidemia compared with
lactated Ringer’s solution [45].

In summary, IV fluids at 250 mL/hour are associated
with shorter duration of labor and less cesarean deliver-
ies compared with 125 mL/hour and should be preferred.
There is insufficient evidence for which type of IV fluids
to use, with possibly some benefit for those containing 5%
dextrose.

Maternal Position

Upright and mobile positions (either standing, sitting, kneel-
ing, or walking around) in the first stage of labor reduce
the length of labor and do not seem to be associated with
increased intervention or negative effects on mothers’” and
babies” well-being. Compared with recumbent positions, the
first stage of labor is approximately 1 hour and 22 minutes
shorter for women randomized to upright and mobile posi-
tions. Women randomized to upright positions are less likely
to have epidural analgesia (RR 0.81, 95% CI 0.66—0.99), and
cesarean section (RR 0.71, 95% CI 0.54-0.94) [46]. There are
no differences between groups for other outcomes including
length of the second stage of labor, or other outcomes related
to the well-being of mothers and babies, except for a lower
incidence of neonatal intensive care unit admission in the
upright group. For women who had epidural analgesia there
were no differences between those randomized to upright and
recumbent positions for any of the outcomes examined in the
review. Little information on maternal satisfaction was col-
lected, and none of the studies compared different upright or
recumbent positions. A woman semireclining or lying down
on the side or back during the first stage of labor may be more
convenient for staff and can make it easier to monitor progres-
sion and check the baby. Fetal monitoring, epidurals for pain
relief, and use of IV infusions also limit movement. Women
should be encouraged to take up whatever position they find
most comfortable in the first stage of labor [46].

Ambulation

Compared with remaining in bed, walking in labor is asso-
ciated with similar length of first stage of labor, use of oxy-
tocin, use of analgesia, need for forceps vaginal delivery, or
CD, and also similar neonatal outcomes in women at term
with cephalic presentation starting at 3-5 cm of dilatation [47]
or in other groups of women [46,48-51]. Since walking does
not seem to have a beneficial or detrimental effect on L&D,
women can choose freely to walk or stay upright (see the
section “Maternal Position”) in bed during labor, whichever
is more comfortable for them. See also the section “Maternal
Position,” as upright position and mobility have been associ-
ated with shorter labors.

Immersion in Water

Compared with controls (labor not in water), water immer-
sion during the first stage of labor reduces by 10% the use of
epidural/spinal analgesia (RR 0.90, 95% CI 0.82-0.99) and by
about 30 minutes the duration of the first stage of labor. There
is no difference in other outcomes: assisted vaginal deliveries
(RR 0.86, 95% CI 0.71-1.05), cesarean sections (RR 1.21, 95% CI
0.87-1.68), use of oxytocin infusion (RR 0.64, 95% CI 0.32-1.28),
perineal trauma or maternal infection, Apgar score <7 at 5 min-
utes (RR 1.58, 95% CI 0.63-3.93), neonatal unit admissions (RR
1.06, 95% CI 0.71-1.57), or neonatal infection rates (RR 2.00, 95%
CI 0.50-794) [52]. There is limited information for other out-
comes related to water use during the first and second stages
of labor, due to intervention and outcome variability. There is
no evidence of increased adverse effects to the fetus/neonate
or woman from laboring in water. Laboring in water is usually
linked to midwifery care, which is associated with its own ben-
efits (see the section “Midwife-Led Care”). There are no trials
evaluating different baths/pools, immersion in water during
pregnancy, or during the third stage of labor. For water birth
and immersion in water in the second stage, see Chapter 8.



Stripping in Labor
There are no trials to evaluate stripping during spontaneous
labor (see also Chapter 21 for stripping before labor).

Early Artificial Rupture of Membranes

(AROM) (aka Amniotomy)

Compared with no amniotomy, amniotomy is not associated
with significant differences in length of the first stage of labor
(MD —20.43 minutes, 95% CI-95.93-55.06), cesarean section (RR
1.27, 95% CI 0.99-1.63), maternal satisfaction with childbirth
experience, or low Apgar score <7 at 5 minutes (RR 0.53, 95%
CI 0.28-1.00). Other maternal and perinatal outcomes are also
not different. There is no consistency between RCTs regard-
ing the timing of amniotomy during labor in terms of cervical
dilatation. An association between early amniotomy and CD
for NRFHT is noted in one large trial [53]. Therefore, routine
early (or even late) amniotomy cannot be recommended as
part of standard labor management and care. Women should
be counseled regarding these results, and make an informed
decision regarding the option of this intervention [53]. Early
amniotomy may be possibly reserved for women with slow
labor progress.

Use of Partogram

A partogram is a preprinted form, the aim of which is to pro-
vide a pictorial overview of labor to plot progress in labor and
to alert health professionals to any problems with the mother or
baby. The general intervention with the partogram is early use
of oxytocin as soon as the cervical dilatation falls to the right
of the partogram, usually on the 2-hour cervical examinations.

The use of the partogram cannot be recommended as a
routine intervention in labor. Compared with no partogram,
the use of the partogram is not associated with significant
effects on cesarean section (RR 0.64, 95% CI 0.24-1.70), instru-
mental vaginal delivery (RR 1.00, 95% CI 0.85-1.17), or Apgar
score <7 at 5 minutes (RR 0.77, 95% CI 0.29-2.06), in two RCTs
including 1590 women [54].

Compared with a 4-hour action line, women in the
2-hour action line group are more likely to require oxytocin
augmentation (RR 1.14, 95% CI 1.05-1.22). When the 3- and
4-hour action lines are compared, cesarean section rate is low-
est in the 4-hour action line group (RR 1.70, 95% CI 1.07-2.70)
[53-56]. When a partogram with a latent phase (composite) and
one without (modified) were compared, the cesarean section
rate was lower in the partogram without a latent phase [54].

Frequency of Cervical Examinations

Only one RCT assessed different frequencies of cervical assess-
ment in labor. Comparing two-hourly with four-hourly vagi-
nal examinations in labor, there was no difference in length of
labour (MD in minutes —6.00, 95% CI —88.70 to 76.70; one RCT,
n = 109). There were no data on maternal or neonatal infec-
tions requiring antibiotics, and women’s overall views of labor.
There were no differences in augmentation, epidural for pain
relief, cesarean section, spontaneous vaginal birth and opera-
tive vaginal birth [57].

The only other RCT on cervical assessment in labor com-
pared routine vaginal examinations with routine rectal exami-
nations to assess the progress of labor. There was no difference
in neonatal infections requiring antibiotics (RR 0.33, 95% CI
0.01-8.07; one RCT, n = 307). There were no data on length of
labor, maternal infections requiring antibiotics, and women’s
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overall views of labor. The study did show that significantly
fewer women reported that vaginal examination was very
uncomfortable compared with rectal examinations (RR 0.42, 95%
CI 0.25-0.70). There were no differences in augmentation, cesar-
ean section, spontaneous vaginal birth, operative vaginal birth,
perinatal mortality, and admission to neonatal intensive care.

In summary, cervical assessment should be done by cer-
vical and not rectal examination, as per patient’s safety and
comfort. There is insufficient evidence to recommend any
particular frequency of vaginal cervical examinations in
labor. Most studies, including those regarding active manage-
ment, perform cervical examinations every 2 hours in labor.
The risk of chorioamnionitis though increases with increasing
number of examinations [58].

Oxytocin Augmentation
There are no trials to evaluate the timing and dosing of oxy-
tocin in labor in women making normal progress in labor.

For women making slow progress in the first stage
of spontaneous labor, treatment with oxytocin as compared
with no treatment or delayed oxytocin treatment does not
result in any discernable difference in the number of cesarean
sections performed, in one meta-analysis. In addition there
are no detectable adverse effects for mother or baby [59]. The
meta-analysis included eight appropriate studies, for a total of
1338 women with low risk singleton pregnancies at term in the
active stage of labor. IV oxytocin versus placebo or no treat-
ment (three trials; 138 women) showed no difference as for
cesarean section rates; only three small trials were considered
so that the comparison was clearly underpowered to make any
firm conclusions. Early use of IV oxytocin versus delayed use
(five trials; 1200 women), however, was much larger and also
showed no effect on cesarean section rates. The early use of
oxytocin did significantly increase uterine hyperstimulation
with FHR changes; however, this did not translate into serious
neonatal morbidity or perinatal death. The early use of oxyto-
cin, as opposed to its delayed use, did significantly shorten the
time to delivery by approximately two hours, which might be
important to some women.

In a different meta-analysis, early oxytocin was associ-
ated with a 9% significant increase in the probability of SVD,
but also a tripling of the rate of hyperstimulation, without
apparent perinatal consequences [60].

In summary, oxytocin augmentation in women making
slow progress in the first stage seems to be associated with
a 2-hour shortening of labor, with apparent effect on mode of
delivery or other maternal and perinatal outcomes.

There is insufficient evidence to assess how to best use
(i.e., dosing issues) oxytocin for augmentation of labor. There
are four variables to assess: (1) type of dilution, (2) initial dose,
(3) incremental increase, and (4) maximum dose [61]. In a meta-
analysis, a higher initial dose (e.g., 2 mU/minute) of oxytocin
and incremental dose (e.g., 4 mU/minute or more) was associ-
ated with a significant reduction in length of labor reported
from one trial (MD -3.50 hours, 95% CI -6.38 to —0.62, one RCT,
n = 40). There was a decrease in rate of cesarean section (RR
0.62; 95% CI 0.44-0.86) and an increase in the rate of spontane-
ous vaginal birth (RR 1.35; 95% CI 1.13-1.62). There were no sig-
nificant differences for neonatal mortality, hyperstimulation,
chorioamnionitis, epidural analgesia; or neonatal outcomes of
Apgar scores, umbilical cord pH, or admission to special care
baby unit. Many outcomes were not evaluated, such as peri-
natal mortality, women’s satisfaction, instrumental vaginal
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birth, uterine rupture, postpartum hemorrhage, abnormal car-
diotocography, women’s pyrexia, dystocia, and neonatal neu-
rological morbidity [62]. Based mostly on physiologic studies,
an oxytocin dilution of 10 mU/mL, and initial dose of 2 mU/
minute (12 mL/hour), incremental increase of 2 mU (12 mL)
every 30-45 minutes until adequate labor, and maximum dose
of 16 mU/minute (up to 24 mU) have been proposed [61].

Stopping oxytocin, instead of continuing it, once the
active phase of labor is reached in women in spontaneous labor
is not associated in maternal or perinatal benefits. Stopping
oxytocin is associated with longer (by about 30 minutes) time
to delivery [63].

For use of oxytocin in induction, see Chapter 21.

Active Management of Labor

Active management of labor was originally devised to shorten
labor, and therefore prevent prolonged labor. Its components have
varied somewhat in the literature but generally include antenatal
classes, admission not before premature rupture of membranes
(PROM) or 2 cm dilatation and full effacement (active labor),
early amniotomy, support by doula, use of partogram, and vagi-
nal examinations every 2 hours, with oxytocin started for rate
of progress off the partogram or < 1 cm/hour. Oxytocin rate is
started at 4-6 mU/minute, increased by 4-6 mU every 15 min-
utes to reach contractions every 2-3 minutes (but not more than
7/15 minutes) or 40 mU/minutes. Early amniotomy and early use
of high-dose oxytocin are the two most characteristic interven-
tions of active management of labor.

Compared with “routine” care (no active management),
active management of labor is associated with a trend for a
slightly lower incidence of CD (RR 0.88, 95% CI 0.77-1.01).
However, in one study there were a large number of postran-
domization exclusions. On excluding this study, CD rates in
the active management group were statistically significantly
lower than in the routine care group (RR 0.77, 95% CI 0.63-0.94).
More women in the active management group had labors last-
ing less than 12 hours, but there was wide variation in length of
labor within and between trials. The reduced duration of labor
is about 50-100 minutes, mostly in the first stage. There were no
differences between groups in use of analgesia, rates of assisted
vaginal deliveries, or maternal or neonatal complications. Only
one RCT examined maternal satisfaction; the majority of women
(over 75%) in both groups were very satisfied with care [64—68].
The shorter labor is probably due to the early amniotomy (see the
section “Early Artificial Rupture of Membranes (AROM) [(aka
Amniotomy]”]. The effects on incidence of CD may be due to the
fact that some aspects of active managements (e.g., support by
doula) decrease CD rate, but some others (e.g., early amniotomy)
may increase it. It is recommended that the individual inter-
ventions that are part of active management of labor should
be studied separately, and only those that are beneficial (e.g.,
support by doula) implemented.

Use of Continuous versus Intermittent
Monitoring, Amnioinfusion for
Variables, Scalp Sampling, etc.

See Chapter 10.

Bladder Catheterization
There are no trials to evaluate the necessity, timing, and fre-
quency of bladder catheterization in labor per se.

Epidural or Other Anesthesia
See Chapter 11.

Use of Ultrasound During Labor

There is growing evidence, including RCTs, to assess the effect
of using ultrasound during L&D. There are several potential
uses, including as an aid to the diagnosis of malposition, dys-
tocia, etc. [69]. Performing routine ultrasound to assess fetal
head position in singleton pregnancies in labor >8 cm, com-
pared with digital vaginal assessment alone, is associated with
an increase in operative vaginal delivery, with no other effects
on maternal or perinatal outcomes [70].

Use of Intrauterine Pressure Catheter

The IUPC can measure more objectively than external tocomo-
nitor the intensity of uterine contractions. It necessitates ROM.
Intensity is usually calculated by Montevideo units, that is,
sum of peak pressures above baseline of all contractions in 10
minutes.

Several RCTs have assessed the effect of IUPC on labor
outcomes. In the largest RCT, compared with no IUPC, IUPC
use is associated with no effect in rate of operative deliver-
ies, maternal or fetal infection, or other maternal or perina-
tal recorded outcome [71]. In the meta-analysis, the neonatal
outcome was not statistically different between groups: Apgar
score < 7 at 5 minutes (RR 1.78, 95% CI 0.83-3.83); umbili-
cal artery pH < 715 (RR 1.31, 95% CI 0.95-1.79); admission to
the neonatal intensive care unit (RR 0.34, 95% CI 0.07-1.67);
and more than 48 hours hospitalization (RR 092, 95% CI
0.71-1.20). The pooled risk for instrumental delivery (includ-
ing cesarean section, vacuum and forceps extraction) was not
statistically significantly different (RR 1.05, 95% CI 0.91-1.21).
Hyperstimulation was similar between groups (RR 1.21, 95%
CI 0.78-1.88). No serious complications were reported in the
trials and no neonatal or maternal deaths occurred [72]. See
also section “Criteria for Diagnosis of Failure to Progress in
First Stage.”

CRITERIA FOR DIAGNOSIS OF FAILURE
TO PROGRESS IN FIRST STAGE

According to studies now >60 years old in women without
regional anesthesia by Friedman, the active phase began
at 2.5 cm and ended at complete dilatation, with an average
duration of 4.6-4.9 hours, a mean rate of cervical dilation of
3 cm/hour and the slowest acceptable rate (95th percentile)
of 1.2 cm/hour [73,74]. More recently investigators found that
the active phase labor in nulliparous women lasts longer than
previously thought. According to a systematic review, which
included 18 studies (for a total of 7009 women), the active phase
of labor among healthy, low risk, nulliparous women at term
with a spontaneous labor onset, lasts 6 hours on average, and
the average cervical dilation rate is 1.2 cm/hour. This means
that rates of cervical dilatation during active labor from 4 cm
forward are much slower than those reported by Friedman.
According to recent evidence it seems that the slowest accept-
able rate of cervical dilation is 0.6 cm/hour. In term women
in labor necessitating oxytocin and with epidural, the fifth
percentile rate for dilatation is about 0.5 cm/hour for both
nulliparous and parous women [75]. In term women with epi-
dural, labor may take more than 6 hours to progress from 4
to 5 cm, and more than 3 hours to progress from 5 to 6 cm of
dilation [76]. Moreover, cervical dilation during active phase



labor is often conceptualized linearly, however recent evidence
suggest that cervical dilation rates accelerate throughout the
majority of labor. So, in common practice, the likelihood of
accelerative intervention is much greater in earlier active labor.
It must be kept in mind that progression in the earlier part of
“active labor” will typically be slower than 0.6 cm/hour, while
progression in more advanced active labor will typically be
more rapid [77].

Abnormal progression of labor, including terms such as
dystocia, dysfunctional labor, failure to progress, cephalopel-
vic disproportion, and others, is the most common problem in
labor, and the reason for the majority of CDs [78]. Risk factors
for dystocia are, among others, as follows: obesity, induction,
Bishop <5 at start of labor, station higher than -2, persistent
occiput posterior, macrosomia, epidural anesthesia, etc. There
are no RCTs on interventions for asynclitism [79] (see also
Chapter 24). For malposition, see Chapter 24. Dystocia cannot
be diagnosed unless ROM has occurred, and adequate oxy-
tocin to achieve at least three to five adequate contractions per
hour has been instituted. Dystocia also cannot be diagnosed
reliably before the first stage of labor has entered the active
phase, which has been defined, especially in nulliparous
with epidurals in place, as at least 6 cm of cervical dilatation
[76]. The majority (>60%) of women who experience 2 hours
of labor arrest despite a sustained uterine contraction pattern
of at least 200 Montevideo units in the first stage of labor will
achieve a vaginal delivery if oxytocin is continued [80]. Before
performing a CD for active phase labor arrest, labor should
be arrested for a minimum of 4 hours (if uterine activity
is greater than 200 Montevideo units as documented with
IUPCQ) or 6 hours (if greater than 200 Montevideo units could
not be sustained) [80,81]. These data are not from an RCT, and
there was a significant higher risk of shoulder dystocia among
parturient who had arrest for 4 hours or more. Vaginal birth
after cesarean (VBAC) and diabetics were not included in this
study. Please see Chapter 8 for additional evidence on dystocia.

In women at term with singleton gestations and requiring
oxytocin by obstetrician because of “dystocia” at 4-6 cm, meper-
idine 100 mg IV does not affect operative delivery rates and
worsens neonatal outcomes compared with placebo [82] (see
also Chapter 8).
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Second stage of labor

Alexis Gimovsky

Y POINTS

Prophylactic intrapartum maternal oxygen should not
be used in the second stage of normal labor, since it is asso-
ciated with more frequent low cord blood pH values (<7.20)
than the control group.

Prophylactic intrapartum betamimetics should not be
used in the second stage of normal labor, since their usage
is associated with an increase in forceps deliveries.
Women should be encouraged to give birth in the
position they find most comfortable, which is usually
upright. Use of any upright or lateral position, compared
with supine or lithotomy positions, is associated, in women
without epidural analgesia, with reduction in duration
of second stage of labor, reduction in assisted deliver-
ies, reduction in episiotomies, increase in second-degree
perineal tears, increase in estimated blood loss >500 mL,
reduction in reporting of severe pain during second
stage of labor and reduction in abnormal fetal heart rate
patterns. In women with epidural anesthesia, the evidence
is limited and insufficient to make a recommendation.
There is insufficient evidence to recommend for or
against maternal stirrup use in the second stage of labor.
There is insufficient evidence to recommend water immer-
sion in second stage of labor, and the risks have not been
adequately assessed.

In women at term with epidural analgesia and a single-
ton, cephalic fetus, delayed pushing (waiting 1-3 hours
or until “urge to push”) is associated with similar rate of
operative vaginal delivery and cesarean delivery (CD), and
a higher incidence of spontaneous vaginal delivery com-
pared with early (immediate upon entering second stage)
pushing. Additionally, the duration of the second stage is
longer by about 60 minutes, the duration of pushing is
similar, as are all other studied maternal and perinatal out-
comes. Careful monitoring of mother and fetus is neces-
sary to allow labor to continue safely.

In women without epidural anesthesia, compared with
encouraging a woman’s own urge to push (open glottis),
pushing using the Valsalva maneuver (closed glottis)
is associated with shorter (by 19 minutes) duration of
labor, similar incidences of operative vaginal deliveries,
need for perineal repair, postpartum hemorrhage, and
similar neonatal outcomes. Labor attendant should coun-
sel women in labor regarding these data and support the
parturient in her own choice of pushing technique.
Coaching during pushing in the second stage of labor may
shorten the second stage of labor, but lack of available
coaching support does not adversely affect labor outcomes.
Use of a dental support device/mouthguard has been
associated with a shorter second stage of labor and
reduction in the number of failures to descend requiring
operative intervention.

e Both manual and belt fundal pressure to aid in vaginal
delivery have not been associated with effect on maternal
and perinatal outcomes, except for decreased maternal
satisfaction.

* Perineal massage and stretching of the perineum with
a water-soluble lubricant in the second stage of labor is
associated with similar rates of intact perineum com-
pared with the control group. The incidence of third-
degree lacerations is decreased.

* Useof perineal warm packs in the second stage of labor is
associated with a reduction in third- and fourth-degree
tears, as well as a reduction in pain on postpartum days
1and 2.

* Routine use of the Ritgen’s maneuver does not appear to be
associated with any benefits.

e “Hands-poised” is preferred to the “hands-on” method,
since they are associated with similar incidences of peri-
neal and vaginal tears, but the hands-on method is associ-
ated with a higher incidence of episiotomies.

* Routine episiotomy should not be performed during
the second stage of labor, as restricting episiotomy use is
associated with less posterior perineal trauma, less sutur-
ing, and fewer healing complications.

¢ Nulliparous women with epidurals should be allowed
to labor for at least one additional hour after prolonged
(3 hours) second stage of labor, since this results in a
lower chance of CD (by 55%) without increasing mater-
nal or neonatal morbidities. Apart from this trial, there is
insufficient evidence to determine exactly when the sec-
ond stage is considered to be prolonged and associated
with enough complications as to justify either operative
vaginal delivery or CD.

PROPHYLACTIC INTERVENTIONS

Maternal Oxygen

Prophylactic intrapartum maternal oxygen in the second
stage of normal labor is associated with more frequent low
(<7.20) cord blood pH values than the control group [1]. There
are no other statistically significant differences between the
groups. There is a tendency toward reduced cord arterial blood
oxygen content and oxygen saturation in mothers treated with
oxygen compared with controls. Therefore, routine maternal
oxygenation throughout the second stage should not be per-
formed. Short-term oxygenation may be beneficial and long-
term oxygenation harmful.

Prophylactic Tocolysis

There is no evidence to support the prophylactic use of beta-
mimetics to prevent nonreassuring fetal heart rate tracing
(NRFHT) during the second stage of labor. Compared with
placebo, prophylactic betamimetic therapy is associated with
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an increase in forceps deliveries. The trial protocol required
forceps to be used if the second stage of labor exceeded
30 minutes in both groups. There are no clear effects on post-
partum hemorrhage, neonatal irritability, feeding slowness,
umbilical arterial pH values, or Apgar scores at 2 minutes [2].

Therefore, routine prophylactic tocolysis should not be
performed in the second stage of labor.

Prophylactic Positioning to Prevent
Shoulder Dystocia
See Chapter 25.

MANAGEMENT

Maternal Position

There are several benefits for upright posture: sitting (obstet-
ric chair/stool); semirecumbent (trunk tilted backward 30° to
the vertical), kneeling, squatting (unaided or using squatting
bars) and squatting (aided with Birth cushion) during the sec-
ond stage of labor.

Use of any upright or lateral position, compared with
supine or lithotomy positions, is associated, in women with-
out epidural analgesia, with a small (4 minutes) reduction in
duration of second stage of labor, a 20% reduction in assisted
deliveries, a 17% reduction in episiotomies, a 23% increase
in second-degree perineal tears, a 63% increase in estimated
blood loss >500 mL, a 23% reduction in reporting of severe pain
during second stage of labor, and a 69% reduction in abnormal
fetal heart rate patterns [3]. Use of the birth stool showed no
effect and results with the birth chair were variable. Estimation
of blood loss in the upright group may be influenced by the
fact that blood loss in the birth chair is collected in a receptacle.
Physiological advantages for upright labor may include lessened
risk of aortocaval compression, improved acid-base outcomes in
the neonates, stronger and more efficient uterine contractions,
improved alignment of the fetus for passage through the pelvis
(“drive angle”) and larger anteroposterior and transverse pelvic
outlet diameters, resulting in an increase in the total outlet area
in the squatting and kneeling positions [3].

In women with epidural anesthesia, the evidence is lim-
ited and insufficient to make a recommendation. In a small
randomized controlled trial (RCT), compared with a supported
sitting position, lateral position was associated with a lower
chance of an operative vaginal delivery [4]. Kneeling and sitting
upright are associated with similar duration of second stage and
other outcomes, except for a more favorable maternal experience
and less pain associated with kneeling [5]. In a Cochrane review
of five RCTs, it was concluded that there was no significant dif-
ference in operative vaginal delivery, CD, lacerations or neona-
tal outcomes when comparing women with analgesia during
labor in the upright or recumbent positions [6].

In summary, women without epidural anesthesia should
be encouraged to give birth in the upright position, which is
also the position they usually find most comfortable [3]. The
evidence is insufficient for a recommendation on women with
epidural anesthesia.

Maternal Stirrup Use

Routine use of stirrups during labor has had limited study
insufficient to make a recommendation. In one small RCT,
women who delivered in bed with stirrups versus those who
delivered without stirrups had similar perineal lacerations,
incidence of prolonged second stage, operative vaginal deliv-
ery and CD incidence [7].

Epidural or Other Anesthesia
See Chapter 11.

Water Immersion

Although there is some evidence that water immersion in
the first stage of labor may reduce the need for epidural/
spinal anesthesia and the length of first stage of labor (see
Chapter 7), immersion during the second stage has been
insufficiently studied and may be best avoided given lack
of sufficient safety data. Of the three trials that compared
water immersion during the second stage with no immer-
sion, only one trial showed a significantly higher level of
satisfaction with the birth experience (relative risk [RR] 0.24,
95% confidence interval [CI] 0.07-0.70). There are reports
of neonatal water aspirations from birth (end of second
stage) in water [8,9]. American College of Obstetricians and
Gynecologists (ACOG) Committee Opinion concludes that,
as safety has not been well established, water immersion in
the second stage of labor should be considered experimen-
tal [10]. In summary, there is insufficient evidence to rec-
ommend water immersion in second stage of labor, and
risks have not been adequately assessed.

Pushing

Delayed versus Early Pushing

In women at term with epidural analgesia and a singleton,
cephalic fetus, delayed pushing (waiting 1-3 hours or until urge
to push) is associated with a similar rate of operative vaginal
delivery and of CD, and a higher incidence of spontaneous
vaginal delivery compared with early (immediate upon enter-
ing second stage) pushing (RR 1.22, 95% CI 1.05-1.42) [11]. The
duration of the second stage is longer by about 60 minutes, the
duration of pushing is similar, as are all other studied maternal
outcomes. The neonatal outcomes are also similar, including
incidence of admission to neonatal intensive care unit (NICU).
In a meta-analysis of 12 RCTs, similar results were noted. Second
stage is longer in the delayed pushing group by 57 minutes,
while there is a shortened duration of active pushing (by
22 minutes). Delayed pushing increases spontaneous vaginal
delivery rate compared to immediate pushing, while operative
vaginal delivery rates are not different [12]. The longer duration
of second stage with delayed pushing has not been associated
with detrimental effects on the fetus, but careful monitoring of
both mother and fetus is necessary to allow labor to continue
safely (see also section “Criteria for Diagnosis of Prolonged
Second Stage”). There is no evidence available regarding how
long to delay pushing. The 2012 International Federation of
Gynecology and Obstetrics (FIGO) guideline for management
of the second stage of labor recommends allowing nulliparous
women to wait up to four hours before pushing and multipa-
rous women up to one hour before pushing [13].

Pushing Method: Valsalva versus Spontaneous

Most women spontaneously choose to Valsalva during the
second stage of labor. In women without epidural anesthe-
sia, compared with encouraging a woman’s own urge to push
(open glottis), pushing using the Valsalva maneuver (closed
glottis: taking a deep breath, holding it and pushing for as
long and hard as possible, two to three times during each con-
tractions) is associated with shorter (by 19 minutes) duration
of labor, similar incidences of operative vaginal deliver-
ies, need for perineal repair, postpartum hemorrhage, and



neonatal outcomes [14]. Urodynamics 3 months after delivery
are worse in the closed glottis group, but long-term outcome
has not been studied [14]. Labor attendants should counsel
women in labor regarding these data and support the parturi-
ent in her own choice of pushing technique.

Coached Pushing

Although coached pushing confers the benefit of a slightly
shorter second stage, coached maternal pushing confers no
other advantages and withholding such coaching is not detri-
mental to maternal or fetal outcomes [15].

Use of a Dental Support Device

Wearing a dental support device (mouthguard) is associated
with a shorter second stage (19 minutes) in one RCT. In addi-
tion, less operative intervention was used in the dental support
group. Further research into optimizing maternal expul-
sive efforts is needed to evaluate the overall benefit of dental
devices [16].

Fundal Pressure

In the second stage of labor, fundal pressure has been evalu-
ated either as just manual pressure or with an obstetric belt
wrapped around the woman’s abdomen above the level of the
uterine fundus.

Compared with no manual fundal pressure, manual
fundal pressure (Kristeller maneuver) concomitant with
each contraction while patient has the urge to push dur-
ing the second stage is not associated with any significant
changes in duration of labor or with other maternal and
perinatal outcomes in one RCT [17].

The fundal pressure belt inflates with each contraction
to a maximum of 200 mmHg for 30 seconds. Compared with
no belt, the inflatable obstetric belt is associated with simi-
lar incidence of spontaneous vaginal delivery in nulliparous
women with singleton term pregnancies and an epidural at
term. All other maternal and neonatal outcomes are similar,
but women with no belt have greater satisfaction [18].

In summary, neither manual nor belt fundal pressures
to aid in vaginal delivery have been associated with effect on
maternal and perinatal outcomes, except for decreased mater-
nal satisfaction.

Perineal Massage

Perineal massage has been evaluated for decrease in perineal
lacerations. Perineal massage has not been associated with com-
plications. For perineal massage during pregnancy and before
labor, see Chapter 2. Perineal massage and stretching of the
perineum with a water-soluble lubricant in the second stage of
labor are associated with similar rates of intact perineum com-
pared with the control group. The incidence of third-degree lac-
erations is decreased [19]. In another RCT, perineal massage with
lubricant was associated with similar incidence of genital tract
trauma compared to no massage or to warm compresses [20]. A
meta-analysis favored perineal massage versus hands off for a
reduction in third or fourth degree lacerations (RR 0.52, 95%
CI 0.29-0.94) [21]. The most recent double-blinded RCT compar-
ing perineal oil with liquid wax (jojoba oil) showed no significant
difference in perineal lacerations [22].

Perineal Warm Packs
Although no difference was seen in minor perineal trauma
or requirement for suturing, application of perineal warm
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packs during the second stage of labor was associated with
less severe (third- or fourth-degree) tears than was standard
management. In addition, pain scores were less on postpar-
tum days 1 and 2 in the intervention group. After 3 months,
a trend toward decreased symptoms of urinary incontinence
was seen in the intervention group [23]. In another RCT, warm
compresses were associated with similar incidence of genital
tract trauma compared to the presence or absence of a “no
touch” technique or to perineal massage [20]. The decrease in
third or fourth degree lacerations with perineal warm packs
in the second stage of labor is also supported by a Cochrane
review (RR 0.48, 95% CI 0.28-0.84) [21].

Manual Rotation

Persistent fetal occiput posterior position is a risk factor for
prolonged labor and higher rate of CD. Malposition includes
usually occiput transverse or posterior positions. These are
often associated with asynclitism, defined often as the “oblique
malpresentation of the fetal head in labor” [24]. There is insuf-
ficient evidence (no trials) to evaluate the efficacy of manual
rotation in labor. In a retrospective cohort study of women
with a fetus in persistent occiput posterior or transverse posi-
tion in the second stage of labor, manual rotation was associ-
ated with lower rates of CD, perineal lacerations, postpartum
hemorrhage and chorioamnionitis, but with a higher rate of
cervical lacerations [25]. Another prospective study (but not
randomized) of singletons with occiput posterior position
reported an increase in fetuses delivered in occiput anterior
position (93% vs. 15%) and in spontaneous vaginal delivery
(77% vs. 27%) compared with no manual rotation, using his-
toric controls [26] (see also Chapter 24).

Ritgen’s Maneuver

Ritgen’s maneuver (originally described by Ritgen in 1855)
involves reaching for the fetal chin when it reaches the plane
between the maternal anus and the coccyx and pulling it ante-
riorly, while using the fingers of the other hand on the fetal
occiput to control speed of delivery and keep flexion of the fetal
neck. Its aim is usually to protect the perineum from lacerations.
Compared with no Ritgen’s maneuver, Ritgen’s maneuver per-
formed for delivery of fetal head during uterine contractions is
not associated with any effect on the incidence of perineal tears
or other reported maternal or perinatal outcomes. The length of
second stage and several perinatal outcomes were not reported
in this RCT [27]. In summary, Ritgen’s maneuver does not
appear to be associated with any benefits.

“Hands-On” versus “Hands-Poised”

The hands-on method (also described by Ritgen) involves
employing pressure on the infant’s head upon crowning and
supporting the perineum with the other hand. The aim is to
protect against lacerations. In the hands-poised method, the
fetal head and perineum are not touched or supported by the
delivering personnel. These two methods are associated with
similar incidences of perineal and vaginal tears, but the
hands-on method is associated with higher incidence of epi-
siotomies (RR 0.69, 95% CI 0.50-0.96) [21,28]. A policy of hands-
poised has also been supported by a quasi-randomized study,
reporting less third-degree tears compared with hands-on [29].
In a meta-analysis of five RCTs, the hands-on method does not
protect against obstetric and anal sphincter injuries (RR 1.03,
95% CI 0.32-3.36) [30]. Therefore, the hands-on method should
not be routinely employed in labor.
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Episiotomy

Routine episiotomy should not be performed, as restrictive
episiotomy policies have a number of benefits compared with
routine episiotomy policies. In the most recent meta-analysis
of RCTs, 75% of women had episiotomies in the routine epi-
siotomy group, while the rate in the restrictive episiotomy
group was 28%. Compared with routine use, restrictive episi-
otomy is associated with less severe perineal trauma (RR 0.67,
95% CI 0.49-091), less suturing (RR 0.71, 95% CI 0.61-0.81), and
fewer healing complications (RR 0.69, 95% CI 0.56-0.85) [22].
Restrictive episiotomy is associated with more anterior peri-
neal trauma (RR 1.84, 95% CI 1.61-2.10). There was no difference
in severe vaginal/perineal trauma (RR 0.92, 95% CI 0.72-1.18),
dyspareunia (RR 1.02, 95% CI 0.90-1.16), urinary incontinence
(RR 098, 95% CI 0.79-1.20), or several pain measures. Results
for restrictive versus routine mediolateral versus midline epi-
siotomy were similar to the overall comparison [31]. There is
insufficient evidence to evaluate if there are indications for any
use of episiotomy, such as in operative vaginal delivery, preterm
delivery, breech delivery, predicted macrosomia or presumed
imminent tears. Episiotomy should be avoided if at all pos-
sible; but, if used, it is unknown which episiotomy technique
(mediolateral or midline) provides the best outcome.

CRITERIA FOR DIAGNOSIS OF PROLONGED
SECOND STAGE

There is insufficient evidence to determine when the second
stage is prolonged, and associated with enough complica-
tions with continuing labor so as to justify either operative
vaginal delivery or CD. Some have proposed the criteria in
Table 8.1 for the diagnosis of prolonged second stage (or crite-
ria for dystocia or failure to progress), but these are not based
on level 1 evidence [32-35]. Clinically, the start of the second
stage is imprecise and begins when the subjectively timed cer-
vical examination reveals complete (10 cm) cervical dilation. It
is also important to realize that, based on data above, women
often do not begin to push until 1 hour or more after complete
dilation has been ascertained.

American guidelines discuss the concepts of passive
and active second stage [36]. Passive second stage is defined
as full dilation of the cervix without voluntary or involuntary
pushing. Active second stage is defined as when the fetus is
visible or once pushing has started with or without contrac-
tions. These guidelines suggest that the passive phase in a nul-
liparous women be up to 2 hours regardless of anesthesia. In
a multiparous woman, passive phase is suggested to be 1 hour
without an epidural and 2 hours with an epidural. The active
phase of the second stage of labor is suggested in nulliparous
women to have a time limit of 1 hour without an epidural and 2
hours with an epidural. In a multiparous woman, active phase
is suggested as 1 hour regardless of anesthesia [36]. The sug-
gestions regarding length of the active second stage are not

Table 8.1 Proposed Criteria for Prolonged Second Stage

Maternal Characteristics Suggested Upper Limit of Length

of Second Stage (Hours)

Nulliparous, epidural
Nulliparous, no epidural
Multiparous, epidural
Multiparous, no epidural

NWWH| ~

Source: Spong CY et al., Obstet. Gynecol., 120, 1181-1193, 2012.

supported by level 1 data, and we allow longer second stages
(see Table 8.1).

Several non-level-1 studies have compared maternal and
perinatal outcomes between women with shorter versus “pro-
longed” second stage. In a review of all studies up to 2004, a
strong association between prolonged second stage and opera-
tive vaginal delivery was noted [37]. The definition of prolonged
second stage was inconsistent across studies. In addition, signifi-
cant associations with maternal outcomes such as postpartum
hemorrhage, infection, and severe obstetric lacerations were
reported, but methods varied widely. From other data, urinary
incontinence may also be increased with prolonged second stage
[34]. Anal incontinence does not seem to be affected [38]. No clear
associations between prolonged second stage and adverse
neonatal outcomes were reported [26]. The length of the second
stage is not associated with poor neonatal outcome as long as
reassuring fetal testing is present. A recent large retrospective
study suggested that neonatal sepsis (odds ratio [OR] 2.08, 95%
CI 1.60-2.70), asphyxia (OR 2.39, 95% CI 1.28-4.27), and mortal-
ity (OR 592, 95% CI 143-24.51) were increased in nulliparous
women with prolonged second stage of labor [39]. Nevertheless,
these data are limited by their retrospective nature.

The problem with the evidence above is that these maternal
detriments of prolonged second stage occur when these women
are compared with women without prolonged second stage. It is
evident that a planned CD before labor might decrease some of
these complications (e.g,, bleeding, infection, lacerations, and incon-
tinence). The clinical issue is different, though. Once a woman
has prolonged second stage, should she be delivered operatively
or should she continue labor? CD performed after prolonged sec-
ond stage has been associated with longer surgery time, increased
postoperative fevers, maternal intraoperative trauma including
higher risk of extensions of the uterine incision and higher compos-
ite maternal morbidity, but similar perinatal outcomes, compared
with CD performed before prolonged second stage [40].

In a recent RCT, extending the second stage of labor
beyond 3 hours by at least one additional hour in nulliparous
women with epidural anesthesia decreased the CD incidence
by 55% without incurring any additional increase in neo-
natal or perinatal morbidity (RR 0.45, 95% CI 0.22-0.93) [41].
Operative intervention is not warranted based solely on the
time elapsed in the second stage. If there are no signs of infec-
tion (maternal or fetal), no maternal exhaustion and reassur-
ing fetal testing, labor can be allowed to continue beyond
current limits (Table 8.1) as long as some progress has been
made. Nevertheless, if contractions are adequate, the chance
of vaginal delivery decreases progressively after 3-5 hours of
pushing in the second stage [42].

Mandatory second opinion is associated with 22 fewer
intrapartum CDs per 1000 deliveries, without affecting mater-
nal or perinatal outcomes [43] (see Chapter 13).
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Third stage of labor

Jennifer Salati and Jorge E. Tolosa

PART 1—NORMAL THIRD STAGE OF LABOR

Key Points
Oxytocin is the prophylactic uterotonic of choice at
delivery as it reduces blood loss and has fewer side effects
compared with other agents such as ergot alkaloids and
prostaglandins, including misoprostol. Oxytocin 10 IU
intramuscular (IM), preferably to 5 IU IM, or 20 IU (10-
40 IU) intravenous (IV) in 500 cc normal saline (NS) or
lactated Ringer’s (LR) infused over 1 hour should be rou-
tinely administered following vaginal delivery, either
after delivery of the anterior shoulder or immediately after
delivery of the neonate and before delivery of the placenta.

* Active management of the third stage of labor (AMTSL),
including routine, prophylactic use of an oxytocic agent,
early cord clamping (ECC) and cutting, and cord trac-
tion, shortens the third stage and reduces blood loss and
postpartum hemorrhage (PPH), compared with expectant
management.

e Tranexamic acid (TA), (in addition to oxytocin adminis-
tered after delivery), before skin incision at cesarean section
could be given, as current data suggest it can significantly
decrease blood loss > 1000 cc. It reduces the risk of blood
loss >400 or >500 cc but not >1000 cc after vaginal delivery.

e Carbetocin, (not currently available in the United States)
has been shown to reduce the need for therapeutic utero-
tonics compared with oxytocin in women who underwent
cesarean section, but not for vaginal delivery. Carbetocin
is associated with less blood loss and fewer side effects
when used prophylactically compared with syntometrine.

e For cesarean, misoprostol combined with oxytocin
appears to be more effective than oxytocin alone in
reducing intraoperative and postoperative hemorrhage.

* Delayed cord clamping (DCC) in preterm neonates by
30-120 (maximum 180) seconds is associated with fewer
transfusions and lower risk of intraventricular hemor-
rhage (IVH).

e DCC in term neonates is associated with higher hematocrit
and lower risk of iron deficiency at less than a year of age,
but with an increased risk of hyperbilirubinemia requir-
ing phototherapy.

* Vaginal and perineal lacerations should be repaired with
one continuous absorbable synthetic suture, including
continuous subcuticular skin repair.

® Rectal nonsteroidal anti-inflammatory drugs (NSAIDs),
topical anesthetics, and therapeutic ultrasound can each
decrease perineal pain and need for additional pain therapy.

Definitions

Third stage of labor is defined as the interval between delivery
of the neonate and expulsion of the placenta. Mean length
of time of the third stage is about 6 minutes. An interval of

greater than 30 minutes is the 97th percentile, and represents
the definition of a prolonged third stage.

Pathophysiology

The third stage involves separation of the placenta with capil-
lary hemorrhage and shearing of the placental surface when
the uterus contracts after delivery of the infant. Signs of sepa-
ration include a gush of blood, cord lengthening, and the uter-
ine fundus becoming more globular and firm.

Compllcatlons (Chapter 26)
PPH—classically defined as an estimated blood loss (EBL)
>500 cc after vaginal delivery or >1000 cc after cesarean
delivery

® Retained placenta—placenta not expelled >30 minutes
after infant delivery

e Uterine inversion—collapse of uterine fundus into the
uterine cavity

Management
An algorithm including uterotonics use and active manage-
ment of placental delivery is shown in Figure 9.1.

Uterotonics

Oxytocin (Syntocinon®).  Oxytocin binds to specific uterine
receptors with immediate action causing increasing strength
and frequency of contractions (Table 9.1). The mean half-life is 3
minutes with the plateau reached after 30 minutes. It can either
be given as IV or IM, though IM injection has time of onset of
3-7 minutes and clinical effect is longer, lasting 30—60 minutes.
It is metabolized by the liver and kidneys with a known 5%
antidiuretic effect of vasopressin. If given in large volumes,
greater than 40-50 cc/minute, and high concentration, or when
given without dilution, it may result in hyponatremia and
syndrome of inappropriate antidiuretic hormone hypersecretion
(SIADH) with symptoms of headache, vomiting, drowsiness,
and convulsions.

Many different ways of administering oxytocin for pro-
phylaxis in the third stage of labor following vaginal deliv-
ery have been used, including IM, IV (either undiluted or as a
diluted infusion), and intraumbilical. The IM dose is 5-10 IU,
administered at the delivery of the anterior shoulder, or soon
after, before delivery of the placenta. Oxytocin can also be given
as an undiluted IV bolus, or a diluted IV infusion consist-
ing of 10-40 IU diluted in 500-1000 cc of NS or LR. A recent
randomized controlled trial (RCT) compared various oxyto-
cin doses (10 IU, 40 IU, and 80 IU IV in 500 mL) given over 1
hour after placental delivery for primary PPH prophylaxis at
vaginal delivery, and showed no differences overall in inci-
dence of PPH. However, the 80 IU dose was associated with
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less need for additional uterotonics, and less risk of decline
in hematocrit <6% [1]. The comparative effectiveness and safety
of these various approaches have not been well quantified in
high-quality RCTs so there is insufficient evidence to recom-
mend a specific route or dosage [2]. The IM route is favored in

Delivery of anterior shoulder
or delivery of infant

v

AMTSL*:

Oxytocin (vs. misoprostol**)
5-101U IM
or
10-401U IV in 500-1000 mL NS or LR

Early cord clamping/cutting
Controlled cord traction

Delivery of placenta

Figure 9.1 Algorithm for active management of the third stage
of labor (AMSTL). IM, intramuscular; U, international units; LR,
lactated Ringer’s solution; NS, normal saline; RCT, randomized
controlled trial. *There is heterogeneity in the literature regarding
different definitions for AMTSL. We have used the one utilized
for evaluation of the existing RCTs of AMTSL by the Cochrane
collaboration. **Misoprostol is an equally-effective alternative to
oxytocin if oxytocin is not available. (From Giacalone PL et al.,
BJOG, 107, 396, 2000.)

some institutions, particularly in resource-poor settings, as it
can be administered rapidly by providers with minimal train-
ing. Undiluted IV boluses are generally not recommended as
they are associated with transient hypotension and tachycardia.
Intraumbilical injection is not superior to IV administration and
has not been shown to be effective in reducing blood loss or
manual placental removal [3].

Oxytocin is the prophylactic uterotonic of choice in
the third stage of labor. Compared with no uterotonics, pro-
phylactic oxytocin reduces blood loss of >500 cc after vaginal
delivery and the need for therapeutic uterotonics [4]. There are
similar incidences of manual removal of the placenta and rates
of blood transfusions with the use of oxytocin compared with
no uterotonic.

Compared with ergot alkaloids (methergine or ergo-
metrine [ergonovine]), oxytocin is associated with fewer side
effects including nausea and vomiting, with no difference in
length of the third stage or need for manual placental removal
[4]. There is no clear evidence that oxytocin is superior to ergot
alkaloids in blood loss prevention, however the side effect pro-
file makes oxytocin a better first-line option [4].

Compared with oxytocin alone, ergometrine in addi-
tion to oxytocin is associated with increased side effects with
only modest benefits. Benefits include a statistically significant
reduction in the risk of PPH when compared with oxytocin
alone for blood loss of 500 ml or more. There is no difference
in PPH for blood loss >1000 cc. In addition, there are no differ-
ences in blood transfusion, retained placenta, or other neonatal
outcomes. Unfortunately, adverse side effects are significant
including nausea, vomiting, and hypertension, from the ergo-
metrine added to oxytocin [5]. When compared with ergot
alkaloids alone, oxytocin in addition to ergot alkaloids was not
beneficial in PPH prevention [4].

As part of AMTSL, oxytocin is routinely administered
after delivery of the anterior shoulder or immediately after deliv-
ery of the neonate and before delivery of the placenta. Timing

Table 9.1 Commonly Used Uterotonic Agents
Route/Dose Maximum Dose Side Effects Contraindications
Oxytocin 5-10 IM or 10-80 IU IV 80-100 IU Hypotension None
infusion Hyponatremia
in 500—-1000 mL NS/ Fluid overload
LR Flushing
Nausea/emesis
Ergometrine/methergine 0.2 mg IM or 0.2 mg 1 mg (five doses) Nausea/emesis Hypertension
PO, every 15 minutes Vasoconstriction Cardiac disease?
x2 doses then every Hypertension Peripheral vascular
2-4 hours disease?
Prostaglandin F2o/ 0.25 mg IM, every 2 mg (eight doses) Bronchoconstriction Asthma
hemabate 15-90 minutes Hypertension Active cardiac, pulmonary,
Nausea/emesis renal, or hepatic disease?
Diarrhea
Misoprostol 200-1000 pg PO, PR, Unknown Pyrexia None
or PV Shivering
Nausea/ emesis
Diarrhea
Carbetocin 100 pg IV (single dose) 100 pg Hypotension None
Flushing
Pruritus
Headache
Nausea/emesis

Abbreviations: IM, intramuscular; U, international units; IV, intravenous; LR, lactated Ringer’s solution; NS, normal saline; PO, per os; PR, per rec-

tum; PV, per vagina.
aRelative contraindication.



of oxytocin administration before or after placental delivery, did
not show differences in rates of blood loss, length of third stage of
labor and rates of retained placenta [6,7]. Nonsignificant trends
for less PPH but more retained placenta are associated with oxy-
tocin given before compared with after placental separation [6].
Oxytocin prophylaxis with 20-80 IU in 500 cc over
30 minutes after cord clamping is recommended following deliv-
ery by cesarean section [8]. However, the optimal route and dos-
ing in this situation has not been established (see Chapter 13).

Oxytocin Agonists

Carbetocin (not currently available in the United States) is a
synthetic analogue of oxytocin; 100 pg IV has been shown to
reduce the need for therapeutic uterotonics compared with
oxytocin, for those women who underwent cesarean section,
but not for vaginal delivery; and reduced need for uterine
massage following any mode of delivery [9]. There is limited
comparative evidence on adverse events [9,10]. Compared with
syntometrine (oxytocin plus ergometrine), carbetocin is asso-
ciated with less blood loss and fewer side effects when used
prophylactically following vaginal delivery; however the risk
of PPH is not decreased [9]. The World Health Organization
(WHO) together with pharmaceutical companies is conducting
a multicountry trial, in low, middle and high income countries,
expecting to enroll 29,000 women to test effectiveness of a pro-
prietary formulation of carbetocin compared with oxytocin to
reduce PPH.

Ergot Alkaloids (Methergine® or Ergometrine). Methyl-
ergonovine and its parent compound ergometrine result
in sustained tonic contraction of uterine smooth muscle by
stimulation of a-adrenergic myometrial receptors. The dose is
0.2 mg IM injection or per os (PO) with a mean elimination
half-life of 3.39 hours (range 1.5-12.7 hours). Intravenous
administration is not recommended as it is associated with
more severe side effects. Nausea and vomiting are common
side effects, although the most concerning side effect is
vasoconstriction of the vascular smooth muscle. This results
in elevation of central venous pressure and systemic blood
pressure increasing the risk of pulmonary edema, stroke,
or myocardial infarction. Contraindications include cardiac
disease, autoimmune diseases associated with Raynaud’s
phenomena, peripheral vascular disease, arteriovenous shunts,
hypertension, preeclampsia, and eclampsia.

Compared with oxytocin, ergot alkaloids used as a
prophylactic uterotonic have similar benefits, but worse side
effects, making oxytocin preferable as the first-line prophylac-
tic agent [11]. Methergine can instead be used as a second-line
agent for treatment of PPH (see Chapter 26).

Syntometrine (Oxytocin Plus Ergometrine). Syntometrine
isacombination drug containing oxytocin 51U and ergometrine
0.5 mg, and is administered intramuscularly. Side effects are
significant, including nausea, vomiting, and hypertension.
This combination is not recommended over oxytocin for PPH
prophylaxis [4].

Prostaglandins

Misoprostol is a synthetic analog of prostaglandin E1 and
is metabolized in the liver. The tablet can be given by oral or
sublingual route at 400-600 pg, or by vaginal or rectal route at
400-1000 pg. It does not require sterile needles and syringes
for administration. It is inexpensive, heat and light stable, and
has a long shelf life, making it more accessible and benefi-
cial in low-resource settings. Side effects include shivering,
elevated body temperature >38°C, and gastrointestinal (GI)
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upset with nausea, vomiting, and diarrhea. Studies suggest
that these side effects are dose dependent, particularly with
doses exceeding 600 ug [12].

Compared with placebo, prophylactic oral or sublingual
misoprostol reduces the risk of severe PPH and need for blood
transfusion. When compared with conventional injectable
uterotonics (oxytocin, oxytocin-ergometrine, or ergometrine)
the risk of PPH is comparable, and possibly even increased
[13-15]. One recent double-blind RCT though showed that
sublingual misoprostol 400 pg was associated with less PPH
compared with oxytocin 10 IU IM given within 1 minute of
cord clamping at vaginal delivery [16]. Moreover, for cesarean,
misoprostol combined with oxytocin appears to be more effec-
tive than oxytocin alone in reducing intraoperative and post-
operative hemorrhage [17]. There is a limited but growing role
for prophylactic use of misoprostol in the routine management
of the third stage of labor, or can be used as an agent for treat-
ment of PPH in certain circumstances, when rectal misoprostol
may be a useful “first-line” therapy for the treatment of PPH. It
may be a more appropriate first-line agent in the setting of no
IV access, patients with contraindications to other uterotonics,
or in resource-poor settings (see Chapter 26).

Prostaglandin F2a (hemabate/carboprost) causes con-
traction of uterine smooth muscle cells. Administration is either
0.25 mg IM or as a direct injection into the myometrium, which
may be repeated every 15-20 minutes for a maximum of 8 doses
or 2 mg. Side effects are secondary to smooth muscle constric-
tion and include bronchoconstriction, venoconstriction, and
constriction of GI smooth muscle. Common side effects are
nausea, vomiting, diarrhea, pyrexia, bronchospasm, and case
reports of hypotension and intrapulmonary shunting with
arterial oxygen desaturation. It is contraindicated in patients
with cardiac and pulmonary disease. There is no high-quality
evidence to support the use of carboprost for PPH prophy-
laxis, but it can be used as a second-line agent for treatment
of PPH (see Chapter 26).

Tranexamic Acid. TAisasynthetic derivative of theamino
acid lysine that is metabolized in the kidney and functions
as an antifibrinolytic. For prophylaxis, it is administered
intravenously at a dose of 10 mg/kg (usually maximum of 1 g),
before skin incision (e.g., 30 minutes prior), with rapid onset
of action and a mean elimination half-life of 2-10 hours. Side
effects include nausea, vomiting and dizziness [18].

TA given in combination with routine prophylactic
uterotonics appears to decrease the risk of postpartum blood
loss >400 cc, >500 cc, and >1000 cc, need for blood transfusion
in women at low risk for PPH following a cesarean delivery
with data from clinical trials of mixed quality and meta-
analysis from such data [18,19]. For vaginal delivery, there
is insufficient evidence to recommend the routine use of TA
alone for PPH prophylaxis, as well as its use in a population
at high risk for PPH. It has been reported it reduces the risk
of blood loss >400 or >500 cc but not >1000 cc after vaginal
delivery. There is variability amongst available studies, which
are too small to assess rare outcomes of venous thromboem-
bolism or maternal mortality. Therefore, we recommend it
be considered for routine prophylactic use at cesarean sec-
tion in addition to prophylactic oxytocin. Currently a large
multi-country RCT “The Woman Trial” is testing the use of
1 g of TA initially, followed by 1 g if bleeding continues, in
women diagnosed with PPH, compared with placebo. It is
expected 20,000 women will be recruited and that this RCT
will provide definitive data on use of TA for treatment of PPH
(Chapter 13).
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Summary

Oxytocin (5-10 IU IM or 10-40 IU IV in 500-1000 cc NS or LR
bolus) should be routinely administered with delivery of the
anterior shoulder or before delivery of the neonate, in all preg-
nancies as prophylaxis to prevent PPH. At cesarean, TA before
skin incision should be given, in addition to oxytocin after
delivery of the fetus. Methergine, syntometrine, and prosta-
glandin F2o should generally not be used for prophylaxis in
normal third stage of labor, unless oxytocin is unavailable.
Methergine, prostaglandin F20, and misoprostol are often
used for treatment of PPH (see Chapter 26).

Umbilical Cord

Cord Gases

Cord gases are stable in a clamped segment of cord for up to
60 minutes and in a heparinized syringe for up to 60 minutes.
Umbilical artery pH, pCO2, and base deficit may be helpful in
indicating timing of insult and can be collected in cases of non-
reassuring fetal heart rate tracings (NRFHTSs), meconium, low
Apgar scores (defined as below 7 at 5 minutes), growth restric-
tion, preterm birth, or any sentinel event including cord pro-
lapse, uterine rupture, or placental abruption. Umbilical vein
pH may be helpful in cases of uteroplacental problems like
growth restriction, placental abruption, asthma, and hyperten-
sion. While there are no RCTs on this issue, routine sending of
umbilical cord gases is usually not necessary or recommended
for normal labor, delivery, and Apgar scores, without risk factors.

Cord Blood Collection

Cord blood is routinely sent for Rh status of the infant, espe-
cially in Rh-negative women. Cord blood collection for stem
cells has increased in popularity in recent years. Obstetricians
should support public banking of cord blood [20]. Public bank-
ing is recommended over private banks secondary to more
stringent U.S. Food and Drug Administration (FDA) guidelines,
given its increased legal responsibilities, cost-effectiveness, and
greater access to cord blood by the general population. The
chance of a child requiring an autologous transplant from pri-
vately banked cord blood is about 1/2700. Directed donation of
cord blood when there is a disease in the family amenable to
stem cell transplantation can be arranged through many public
banks with other applications not yet proven.

Timing of Cord Clamping
In preterm neonates <37 weeks, DCC by about 30-120 seconds
(180 maximum) is associated with fewer transfusions for
anemia, less IVH and lower risk for necrotizing enterocoli-
tis than ECC at <30 seconds [21]. This intervention also benefits
very preterm neonates <32 weeks, with decreased mortality,
risk of blood transfusion and IVH [22]. In addition, DCC has
been shown to be safe and does not compromise the preterm
infant [23]. There are no clear differences in other outcomes
including respiratory distress, death, initial adaptation phase,
or long-term outcomes. There is no current recommendation
on positioning of the preterm infant during DCC secondary
to insufficient data. One RCT showed no differences in neo-
natal outcomes during a 120 second DCC after vaginal deliv-
ery with the neonate held either at the level of the vagina, or
the level of the abdomen or chest, concluding that mothers can
safely be allowed to hold their baby on their abdomen or chest
for skin-to-skin and breastfeeding [24].

Milking of the cord following preterm delivery has
been examined in a few RCTs with benefits similar to DCC.
Compared with no milking, milking of the cord has been

associated with higher hematocrit, lower transfusion rates and
less need for circulatory and respiratory support [25-27]. One
study examined the effect of DCC in addition to cord milking
versus cord milking only, and found no differences [28].

In term neonates, DCC has also been shown to have
some benefits, but also some risks. Compared with early
clamping, DCC is associated with higher hematocrit and a
lower risk of iron deficiency at less than a year of age. There
was no increased risk of PPH, however, there was an increased
risk of the neonate needing phototherapy for hyperbilirubine-
mia. The possible increased risk of neonatal jaundice requir-
ing phototherapy must be weighed against the physiological
benefit of greater hemoglobin and iron levels conferred by
DCC in term infants, which may be of clinical value particu-
larly in infants where access to good nutrition is poor [29].

Placenta

Cord Drainage with or without Traction

Immediate cord drainage and traction is associated with
a shorter duration of the third stage of labor and a smaller
decrease in hemoglobin compared with no drainage or trac-
tion [30]. Cord drainage with traction reduces the length of the
third stage of labor and decreases blood loss compared with
traction and no cord drainage [31].

Cord Traction

As mentioned above, the combination of cord drainage with
traction appears to shorten the third stage of labor and leads to
a smaller decrease in hemoglobin compared with no drainage
or traction [30]. Cord traction alone has been associated with
lower mean blood loss and decreased risk of PPH, shorter
third stage of labor, and lower risk of needing manual pla-
cental removal compared with no cord traction [32].

Massage of the Uterus

There is limited evidence to evaluate the effect of massage of
the uterus alone. Three trials have examined the use of mas-
sage in addition to oxytocin. In one small trial, use of uterine
massage resulted in decreased mean blood loss and need for
additional uterotonics. A larger trial did not demonstrate bene-
fit when uterine massage was added to oxytocin treatment [33].
A more recent RCT from China also did not show a signifi-
cant decrease in blood loss with addition of uterine massage
to 10 IU oxytocin IM prophylaxis [34]. However, uterine mas-
sage has been evaluated as a component of AMTSL and found
to be beneficial in prevention of a prolonged third stage and
PPH. Therefore, uterine massage after delivery of the placenta
is recommended.

Injection of Oxytocin in Umbilical Cord

Injection of oxytocin into the umbilical cord is not recom-
mended. Compared with IV/IM oxytocin or to injection of
saline alone, the umbilical vein injection of oxytocin does not
have a significant effect on postpartum blood loss, need for
transfusion, length of the third stage of labor or need for man-
ual placental removal [3].

Active Management of the Third Stage of Labor
AMTSL usually consists of

* Prophylactic oxytocin at delivery of the anterior shoulder
or immediately after delivery of the baby

¢ ECC and cutting

e Controlled cord traction



Expectant management usually consists of:

¢ No uterotonics

* No ECC, cutting, or traction

* Use of gravity and maternal expulsive efforts for placenta
delivery

There is heterogeneity in the literature regarding different
definitions for AMTSL. We have used the one utilized for evalu-
ation of the existing RCTs of AMTSL by the Cochrane collabora-
tion [35]. AMTSL has been used mostly in pregnancies at term
after vaginal births, so recommendations are limited to this pop-
ulation. AMTSL reduces the risk of PPH and should be offered
and recommended to all women, including women following
preterm birth. Compared with expectant management, active
management is associated with reduced risk of maternal primary
hemorrhage of blood loss >1000 cc and >500 cc, and of maternal
hemoglobin <9 g/dL following birth [35]. Adverse effects were
identified including increases in vomiting after birth, increased
maternal diastolic blood pressure, increased use of analgesia and
pain, more women returning to the hospital with bleeding, and
decrease in infant birth weight, possibly reflecting some degree
of lower blood volume from placental transfusion if ECC is per-
formed. There was no effect on risk of infant admission to the
neonatal unit or incidence of jaundice requiring treatment. Each
element of AMTSL should be assessed separately, as we have
done in the preceding sections “Umbilical cord” and “Placenta.”

Repair of Laceration

Closure and Repair

Compared with nonclosure, closure of first- and second-degree
perineal lacerations after vaginal delivery is associated with
better healing seen at 10 days and 6 weeks and similar pain
scores [36-38]. The continuous suturing techniques, compared
with the interrupted, are associated with less short-term pain
in second-degree and episiotomy repairs [39]. Furthermore,
approximation (end-to-end) and overlap technique for third-
and fourth-degree laceration repair are associated with similar
outcomes in two RCTs [40,41], while in the most recent RCT
end-to-end repair was associated with significantly lower rates
of anal incontinence, with no difference in long-term outcomes
[42]. One small randomized trial showed that use of antibiotics
at the time of third- and fourth-degree repairs decreased peri-
neal wound complications (wound disruption and purulent
discharge) [43] (see also Chapter 30).

Suture

Absorbable synthetic materials should be used for all layers of
the repair. Compared with catgut (plain or chromic), absorbable
synthetic sutures (e.g., Vicryl) used for perineal repair decreased
women’s experience of short-term (3-day) pain, less need for anal-
gesia, reduced rate of suture dehiscence up to day 10, and less need
for resuturing at <3 months. There is no significant difference in
long-term pain or dyspareunia experienced by women [44]. More
women with catgut sutures required resuturing compared with
synthetic sutures, while more women in the standard synthetic
suture group required suture removal compared with the rapidly
absorbed group. Clinical experience has shown suture removal is
necessary <5% of the time when using 3-0 or finer sutures and
performing subcuticular skin closures [44]. Polyglactin (Vicryl)
and polydioxanone (PDS) have similar outcomes [45].

Anal Ultrasound
Anal endosonography with clinical examination immedi-
ately after delivery in nulliparous women with second-degree
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lacerations detected more sphincter tears than clinical exami-
nation. Anal endosonography with immediate repair of these
tears is associated with less severe fecal incontinence at 1 year
compared with clinical examination only [46].

Perineal Pain Control

Nonsteroidal Anti-Inflammatory Drugs

There are no RCTs to accurately assess the effectiveness
of oral NSAIDs for perineal pain control. However, clini-
cal experience shows a reduction in perineal pain. Rectally
administrated NSAIDs appear to provide effective pain relief
in postpartum women. Rectal indomethacin or diclofenac
are associated with less pain up to 24 hours after birth and
less requirement for additional analgesia in the first 24 hours
and 48 hours postpartum [47]. No information is available on
pain experienced >72 hours after birth or other outcomes of
importance such as the impact on daily activities, resumption
of sexual intercourse, and the impact on the mother-baby rela-
tionship. More studies are needed to assess the acceptability of
this route of administration and comparison to oral NSAIDs.

Topical Anesthetics

Compared with placebo, topical anesthetics applied to the
perineum are associated with similar pain relief up to 24 hours
to 72 hours postpartum, but women are more satisfied after
administration of an anesthetic [48]. Epifoam (1% hydrocor-
tisone acetate and 1% pramaxine hydrochloride in the muco-
adhesive foam base) use is associated with less additional
analgesia, while lignocaine/lidocaine showed no difference
with regard to additional analgesia use compared with pla-
cebo [48]. A lidocaine/prilocaine cream appears to be as effec-
tive as local mepivacaine injection for pain relief during repair
[49]. Compared with indomethacin vaginal suppositories, topi-
cal anesthetics have similar mean pain scores.

Therapeutic Ultrasound for Perineal Pain

There is insufficient evidence to evaluate the use of ultrasound
in treating perineal pain and/or dyspareunia following vaginal
delivery. Women treated with active ultrasound for acute peri-
neal pain are more likely to report improvement in pain, less
pain at 10 days and 3 months, but more likely to have bruising at
10 days compared with placebo [50]. Additionally, women with
persistent perineal pain or dyspareunia treated with ultrasound
are less likely to report pain with sexual intercourse.

Anesthesia

Epidural is commonly used during labor for pain control.
Spinal, epidural, paracervical block, or general anesthesia may
be used if complications arise in the management of retained
placenta, intractable PPH, uterine inversion, or assisted vagi-
nal deliveries (Chapter 11).

Breast-Feeding

Hypertension and headache are associated with misoprostol
and ergotamine use. There are no other known complications
with breastfeeding after use of other uterotonics. There are no
differences in breastfeeding or onset of jaundice with AMTSL.

Delivery Note

If a complicated delivery occurs with possible fetal compro-
mise, a detailed note should address the pertinent and imme-
diate neonatal status, including Apgar scores, umbilical cord
pH, and base deficit (if obtained), and assessment of fetal heart
testing prior to delivery.
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PART 2—CARE OF THE JEHOVAH’S

WITNESS PREGNANT WOMAN

Key Points

e Members of the Jehovah’s Witness faith refuse blood trans-
fusions due to their beliefs that accepting them violates
God'’s law, and would lead to excommunication and eter-
nal damnation.

e Refusal of blood can lead to an increased risk of maternal
(and at times therefore fetal) death, especially in cases of
obstetric hemorrhage.

e All obstetrical providers are responsible to ask each woman
at her first prenatal visit (or preconception) if she has
any objection to receiving any blood product in case of
necessity.

e The woman’s wishes should be respected, following the
principle of autonomy.

e After counseling, the patient should be asked to sign the
consent for blood products, as well as the Health Care
Power of Attorney.

e The third stage should be managed actively, and PPH pre-
vented as much as possible. The use of cell saver is safe and
effective in pregnancy.

Historic

“That is why I have said to the sons of Israel: ‘No soul of you
must eat blood and no alien resident who is residing as an alien
in your midst should eat blood.”” (Holy Bible: Leviticus 17:12).
Charles Russell started the Jehovah’s Witness Christian sect in
Pennsylvania in 1872.

Members of the Jehovah’s Witness faith refuse blood
transfusions due to their beliefs that prohibit use of blood
products, because they believe that accepting them violates
God’s law, and would lead to excommunication and eternal
damnation, as they take literally the statement reported in the
Bible.

Complications

The risk of obstetric hemorrhage is approximately 6% in
Jehovah’s Witness women [51]. The risk of maternal death is
about 0.5%, a 44-fold increase compared with non-Jehovah'’s
Witness controls [51].

Management

There are no trials to assess the efficacy of interventions spe-
cifically in women who are Jehovah's witnesses. Refer to the
guidelines of third stage and abnormal third stage for general
recommendations.

Preconception Counseling
Counsel regarding complications, and management in
pregnancy.

Prenatal Care

All obstetrical providers are responsible to ask each woman at
her first prenatal visit (or preconception visit) if she has any
objection to receiving any blood product in case of necessity.
The woman who states she would decline blood transfusion
even if medically necessary and/or is a Jehovah’s Witness
should be managed as follows:

e Counsel the woman and any family member present
regarding the reasons and the risks of blood product
refusal, including the possibility of maternal and fetal

I hereby consent to the blood products marked below:

___Whole blood

___Fresh frozen plasma

__Cryoprecipitate

___Albumin

___Erythropoietin

___Immune globulins (blood fraction, Rh immunoglobulin)

___Clotting factors

___PolyHeme (human hemoglobin), hemopure products (bovine
hemoglobin)

___Recombinant factors

___Platelet cell fractions (platelet gel)

___Other surgical procedures, medical tests, or current therapy

___Using my own blood, i.e., tagged red cells, white cells, blood patching

___Hemodialysis equipment (nonblood primed)

___Intraoperative blood salvage (cell saver)

___Intraoperative hemodilution

Patient’s Name

Patient’s Signature

Date

Figure 9.2 Blood product consent for Jehovah’s Witness
patients.

death. The counseling should be documented on the
medical record. The patient might want to consult with
the “elders” before signing informed refusal. Her wishes
should be respected, following the principle of autonomy.
A physician has the right of refusing to provide care for a
Jehovah’s Witness only if an alternative caregiver agrees to
accept and care for the patient [52].

* After counseling, the patient should be asked to sign the
consent for blood products (Figure 9.2), as well as the
Health Care Power of Attorney [52]. These two consents
should be kept in the medical record chart and available
at labor and delivery. Approximately 39% of Jehovah’s
Witness pregnant women accept a variety of donated
blood products, and 55% accept either intraoperative nor-
movolemic hemodilution or transfusion of their own blood
obtained by a cell saver [53].

¢ Consider including a copy of this guideline in the medical
record, for reference.

* Selected high-risk patients, for example, those with hemo-
globin <9 mg/dL, may be considered for appropriate
replacement of iron, folic acid, and erythropoietin, which
can be coordinated by a maternal-fetal medicine and/or a
hematologist specialist.

* A routine consult with the Maternal-Fetal Medicine ser-
vice is not required, but can be considered.

e A routine ethics consult is not indicated, but can be consid-
ered in specific cases.

Antepartum Testing
No specific antepartum testing is indicated.



Delivery

Consents: Upon admission and prior to the surgery/ deliv-
ery, all Jehovah’s Witness patients should have signed a
consent form (Figure 9.2) and the previously mentioned
healthcare power of attorney. If consents have not been
previously signed or are not available, the patient should
be recounseled and consents signed.

The third stage should be managed actively with the goal of
PPH prevention. Oxytocin, methylergonovine, 15-methyl-
prostaglandin F2a, misoprostol, and other medical and, if
necessary, surgical therapies should be employed [54].

If an operative delivery or bleeding disorder is anticipated,
if the patient has a history of a low-lying placenta or a pla-
centa previa, or if an operative delivery is to occur, a cell
saver can be on standby in labor and delivery throughout
the patient’s labor and delivery. Use of the cell saver is safe
in obstetrics [55].

Anesthesia

An anesthesiology consult should be obtained. The anesthesi-
ologist will review the patient’s medical record and consents,
including consent or refusal for blood products.
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