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Preface

The advance in medical and surgical treatments for congenital heart disease has
allowed many women with congenital heart disease to reach adulthood with less
limitation of motility. Inherited diseases, such as channelopathies and heritable con-
nective tissue disorders, have been able to be diagnosed in youth by genetic tests.
Social background and reproductive medicine have raised the maternal age.
Therefore, the number of pregnancies complicated with cardiovascular disease has
been increasing. The time when women with cardiovascular disease were discour-
aged across the board from becoming pregnant has passed. At this time, medical
practice by which they can give birth more safely is needed.

The circulation state changes dynamically throughout pregnancy and childbirth.
While many women with a cardiovascular disease give birth safely, in some critical
conditions, a pregnancy becomes a high-risk event which threatens the lives of
mother and fetus. As a practical matter, cardiovascular disease is one of the leading
causes of maternal death in Japan. Therefore, acquiring knowledge and skills in this
field is quite important.

This book, entitled Maternal and Fetal Cardiovascular Disease, covers many
issues concerning pregnancy and fetuses complicated by cardiovascular disease. In
Chaps. 1-4, the general theory for follow-up of pregnancies with cardiovascular
disease in antepartum, intrapartum, and postpartum is introduced. Especially,
obstetric anesthesia in women with cardiovascular disease is explained in Chap. 3.
Preconception approach and prophylaxis for infective endocarditis are mainly
described in Chaps. 5—-7. Chapter 8 focuses on the most severe complication, mater-
nal death in Japan. Chapters 9—16 deal with the details of clinical features and prog-
nosis concerning major cardiovascular diseases, especially based on previous
reports, including those in the Japanese population. Lastly, fetal cardiology is
reviewed in Chaps. 17 and 18.

A multidisciplinary team, which is composed of trained obstetricians, adult and
pediatric cardiologists, anesthesiologists, midwives, and other specialists involved,
is necessary for the management of mothers and fetuses with high-risk cardiovascu-
lar disease. We hope that this book will provide physicians, nurses, and comedical
workers with invaluable knowledge of this field and help to achieve safer medical
care for mothers and fetuses.

We deeply appreciate the doctors who contributed great work in the process of
writing this book and pay respect to many doctors and health-care professionals
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who contributed to this field. Pregnancy and delivery are one of the life choices for
all women. It is our fervent hope that this book will help as many women with car-
diovascular disease as possible to live their own lives, as they choose.

Tsu, Mie, Japan Tomoaki Tkeda
Suita, Osaka, Japan Chizuko Aoki-Kamiya
June 2018
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Antepartum Management of Women
with Cardiovascular Disease

Koichiro Niwa

Abstract

Cardiac disease is a major cause of maternal death. The number of such cardiac
patients at risk is expected to grow. Women with pulmonary hypertension,
severe left ventricular outflow stenosis, cyanotic congenital heart disease, aor-
tic root dilatation, cardiac dysfunction, and mechanical valves have a high risk.
The most frequent complications during pregnancy and delivery are heart fail-
ure and arrhythmias. Risk stratification for pregnancy and heart disease relates
to the functional status of the patient and is lesion specific. Timely prepreg-
nancy counseling should be offered to all women with heart disease in order to
prevent avoidable pregnancy-related risks. Adequate care during pregnancy,
delivery, and the postpartum period requires a multidisciplinary team approach
with cardiologists, obstetricians, and anesthesiologists and other related disci-
plines. Successful pregnancy is feasible for most women with heart disease
with a relatively low risk when appropriate counseling and optimal care are
provided.
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1.1 Introduction

Successful pregnancy is feasible for most women with heart disease (HD) when
appropriate counseling and optimal care are provided. However, complications,
such as heart failure and/or arrhythmia, can occur throughout pregnancy, delivery,
and the postpartum period in women with moderate to severe heart disease, but most
of these complications can be managed. Women with pulmonary hypertension,
severe left ventricular outflow stenosis, cyanotic congenital heart disease, aortic
root dilatation, cardiac dysfunction, Fontan procedure, Kawasaki disease with coro-
nary artery lesions, and mechanical valve are at high risk for both the mother and the
fetus (Table 1.1) [1, 2].

Advances in medical and surgical treatments have led to more than 90% of chil-
dren with congenital heart disease (CHD) surviving into adulthood. Most interven-
tions, however, are not curative, and many adults with CHD face the prospect of
further surgery, cardiac failure, and arrhythmia. The burden of pregnancy and deliv-
ery represents a new challenge for women with HD (Fig. 1.1).

While many women with HD tolerate the hemodynamic changes of pregnancy,
others may face significant immediate or late risks of pregnancy, including vol-
ume overload, arrhythmias, progressive cardiac dysfunction, and death (Fig. 1.2).
Management of complications is firstly through rest, followed by medication,
intervention (catheter or surgery), and termination, if fetus is growing enough,
especially after 28 or 30 weeks gestation. Women with HD who would be expected
to develop heart failure during pregnancy and delivery should be treated before
becoming pregnant, when feasible. Women with significant arrhythmias that
could induce hemodynamic compromise during pregnancy should be ablated
before pregnancy. Management and prophylaxis of infective endocarditis are also
mandatory. Leg care is the most important preventive measure for thromboembo-
lism, especially in patients with moderate to severe CHD, in whom the femoral
vein has been sometimes occluded due to long-standing femoral catheter insertion
during the perioperative period as neonates and infants. Complications of the
fetus include growth failure, abortion and stillbirth, and retinal and lung compli-
cations due to immaturity (Fig. 1.2).

Table 1.1 Patients with heart diseases requiring careful monitoring during pregnancy or who are
strongly recommended to avoid pregnancy

Pulmonary hypertension (Eisenmenger syndrome)

Left ventricular outflow or inflow tract stenosis (severe aortic stenosis with a mean pressure
of >40-50 mmHg)

Heart failure (NYHA Class III-1V, left ventricular ejection fraction <35-40%)
Marfan syndrome (ascending aortic diameter at end-diastole >40 mm)
Mechanical valves

Cyanotic heart disease (arterial oxygen saturation <85%)
Fontan procedure

Kawasaki disease with coronary artery aneurysm and stenosis
* Arrhythmias those induce hemodynamic compromise
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Fig. 1.1 Incidence of structured heart disease in pregnancy. In 138 departments of obstetrics in
Japan, 80,455 pregnancies occurred during 2002-2003; 769 of them (0.96%) were from women
with cardiovascular disease. Of these, 470 (0.58%) were structural heart disease, and congenital
heart disease is the most frequent with 245 of 470 (=52.1%). CHD congenital heart disease, VHD
valvular heart disease, CM cardiomyopathy, AoRo D aortic root disease, KD Kawasaki disease, PH
pulmonary hypertension. Modified from Niwa K. Circ J 2005; 69: 110

Fig. 1.2 Risk of ¢ Maternal risk

pregnancy in women with — Maternal death

CHD — Other potential complications to consider (than death):
» Stroke/Arrhythmia

» Overt Heart Failure
» Adverse effect on cardiovascular function and thus,

prognosis
¢ Fetal risk
. Recurrence of CHD
. Preterm delivery/I[UGR/embryopathy/intracranial
. bleeding/lactation

1.2  Cardiovascular and Other Physiological
Changes During Pregnancy and Delivery
(Tables 1.2 and 1.3, Fig. 1.3)

In the first trimester, the arterial pulse is characterized by a rapid rise. The jugular venous
pulse becomes more conspicuous, especially after 20 weeks’ gestation. The first heart
sound is louder with a widely splitting second heart sound. Pulmonary systolic murmur
is common because of the augmented volume load and increased heart rate.
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Table 1.2 Hemodynamic During pregnancy
changes during pregnancy,
labor, and delivery

Cardiac output increase by 60—80%

Blood volume increase by 40-50% increase
During labor and delivery

Increase in blood volume with uterine contraction
(300-500 mL)
Increase in venous return

Total amount of blood loss during delivery is 400-500 mL
(vaginary) and 800-900 mL (C section)

Table 1.3 Changes during 1, Hematological: hypercoagulable state, anemia
pregnancy — other than

hemodynamics

2, Respiratory change: increased tidal volume

3, Aortic wall: fragmentation of medial elastic fiber

4, Autonomic nervous system: increase HR by 20%

5, Hormonal: increased cortisol, estrogen, and
renin-angiotensin-aldosterone

1, Major changes in hemodynamics, hormones, cathecolamine,
autonomic nervous system and psychological condition

during pregnancy and delivery

2, Specific co-existing hemodynamics of CHD, surgical scars
3, Genetic abnormalities

4, Underlying cardiac failure, arrhythmogenecity

Fig. 1.3 Hematologic
changes during pregnancy

All these contribute to the outcome of pregnancy in women
with heart disease

1.2.1 Hemodynamic Changes (Fig. 1.4)

Hemodynamics during pregnancy and delivery is significantly affected by changes
in fluid circulation, hematology, respiratory function, endocrinology, and the auto-
nomic nervous system [2, 3]. Plasma volume begins to increase from 4 weeks’ ges-
tation, peaks at 32 weeks’ gestation, and is then maintained at a similar level or
increases gradually to a volume 40-50% higher than before pregnancy [4, 5]. The
heart rate peaks at around 32 weeks’ gestation to about 20% greater than before
pregnancy. The tidal volume increases by 18—-25%, and cardiac output increases to
30-50% greater than before pregnancy at 20-24 weeks’ gestation, and is main-
tained at a similar level throughout the pregnancy [5]. Meanwhile the aortic pres-
sure and systemic vascular resistance decrease during pregnancy. In late pregnancy,
low blood pressure can occur due to compression of the inferior vena cava by the
enlarged uterus, especially in the right decubitus position or lying on the back. The
pulmonary pressure remains similar throughout pregnancy because of increased
pulmonary blood volume with decreased pulmonary vascular resistance. Cardiac
function throughout pregnancy is affected by these changes of preload and
afterload.
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During delivery, hemodynamics are influenced by the posture of the body, mode
of delivery, labor, and type of anesthesia. Uterine contraction and labor pain increase
the circulatory volume by 300-500 mL, cardiac output by 15-25%, and heart rate
and blood pressure [2, 3]. It is preferable that women in labor be maintained in the
left decubitus position, because the uterus compresses the inferior vena cava and
abdominal aorta when lying on the back. Typical blood loss during vaginal delivery
is 400-500 mL, compared with 800-900 mL during cesarean section. This blood
loss, labor, and pain could induce rapid hemodynamic change. Therefore, a painless
vaginal delivery is the preferred approach for women with moderate to severe HD
or women with NYHA>II. Immediately after delivery, the venous return increases
abruptly after the pressure on the inferior vena cava from the enlarged uterus has
been alleviated. These drastic hemodynamic changes could have a negative influ-
ence on cardiac function and induce cardiac dysfunction or cardiac failure. Heart
rate, blood pressure, and cardiac output typically return rapidly to normal during the
postpartum period. In women with heart disease, recovery of hemodynamics and
cardiac function takes longer (4—6 months after delivery) than normal delivery [2,
3]. In high-risk pregnancies, women with originally low cardiac function, this car-
diac dysfunction perpetuates for much longer than those with normal hearts or mild
HD and sometimes may not recover to the prepregnant status.

1.2.2 Hematological Changes: Hypercoagulable State, Anemia

Red blood cell counts increase by 20-30% along with increased production of
erythropoietin. However, relative anemia occurs, due to the increased plasma vol-
ume during pregnancy. White blood cell counts increase up to 13,000/mm, particu-
larly neutrophils [2, 3]. Platelet counts decrease slightly. In late pregnancy,
anticoagulant factors, such as plasma fibrinogen, von Willebrand factor, and coagu-
lation factors I, V, VII, VIII, X, and XII, as well as fibrinolytic inhibitors (plasmino-
genactivatorinhibitor (PAI)-1and PAI-2), are activated. Therisk of thromboembolism
increases during late pregnancy. Therefore, because of this hypercoagulability state,
meticulous care must be taken for women with mechanical valves, Kawasaki
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disease with coronary artery aneurysm or atrial fibrillation, and those prone toward
deep vein thrombosis. During the first and second trimesters, hemoglobin and
hematocrit levels decrease, which leads to a relative anemia [2, 3]. In severe cases,
ferrous supplementation therapy becomes necessary.

1.2.3 Respiratory Change

Respiratory physiology is altered early in pregnancy because of chemically induced
hyperventilation, due to increased progesterone levels. While the minute ventilation
(45% increase) and intake volume are increased, the vital capacity remains stable,
and the residual volume decreases by 40% [1]. Later in pregnancy, lung volume
reserve decreases due to elevation of the diaphragm, and then, breathlessness
becomes common, even in normal pregnancies.

1.2.4 Great Arterial Wall

The fragility of the arterial wall increases during pregnancy, due to increased pro-
duction of estrogen, which has been considered responsible for interference with
collagen turnover, in conjunction with relatively decreased elastic fiber, and leads to
fragmentation of the elastic lamella. Increases in serum relaxin levels during preg-
nancy cause a decrease in collagen synthesis. The so-called cystic medial necrosis
(fragmentation of medial elastic fiber) in the aorta is observed normally during
pregnancy and increases aortic diameter and stiffness. This is an adaptive response
to the increased blood volume. Since the aortic wall becomes more fragile during
pregnancy, aortic dissection may occur in susceptible patients, such as Marfan syn-
drome associated with dilated aorta [6, 7].

1.2.5 Autonomic Nervous System

While the heart rate increases by 20%, the heart rate variability (HRV) is signifi-
cantly suppressed during pregnancy. Impaired autonomic nerve activity, volume
overload of the heart, and operative scarring all play a role on tachyarrhythmia dur-
ing pregnancy in HD patients. Reduced HRV may be a predictor of tachyarrhythmia
during pregnancy [8]. Close monitoring for tachyarrhythmia in patients with previ-
ous reparative surgery for HD during pregnancy is, thus, warranted.

1.2.6 Hormonal Change
Increases in cortisol, estrogen, and renin-angiotensin-aldosterone (RAAS) occur

during pregnancy. However, the relationship between hormonal and hemodynamic
changes remains unclear.
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1.3  Cardiac Assessment Before Pregnancy

It is important for women with HD to undergo appropriate assessment of pulmonary
artery pressure, ventricular function, aortic diameter, cyanosis, New York Heart
Association (NYHA) classification, cardiopulmonary exercise test, and other fac-
tors or appropriate examinations in order to predict the risk of pregnancy-related
complications in the mother and fetus. Prepregnancy checkup for patients with
underlying HD includes history taking, physical examination, chest X-ray, electro-
cardiogram (ECG), and echocardiography. Cardiac catheterization, exercise stress
test [9], and Holter monitoring may be also conducted whenever necessary.

1.4  Prepregnancy Counseling

Women with HD should receive prepregnancy counseling, including discussion
about the risk to the mother and fetus, hereditary risk, possible course of preg-
nancy, sexual activity, and caring for the baby [1-3]. It is likely that women with
HD will experience heart failure and/or arrhythmia during pregnancy and after
delivery and encounter difficulties in caring for the baby due to poor cardiac func-
tion. Although the NYHA classification is often used to consider whether preg-
nancy is recommended or not, physicians must not rely solely on it to predict the
prognosis of pregnancy for their individual patients. Table 1.1 lists the patients
with HD and conditions that require careful monitoring during pregnancy or should
be advised to avoid pregnancy. This HD is high risk for both the mother and fetus
and can develop cardiac failure, arrhythmias, thromboembolism, aortic dissection,
or increase cyanosis. Women with Eisenmenger syndrome, severe left ventricular
outflow tract stenosis, cardiac failure (NYHA III-IV with left ventricular ejection
fraction <35%), and aortic root dilatation (Marfan syndrome with aortic root size
>45 mm, bicuspid aortic valve with aortic root size >50 mm) should possibly avoid
pregnancy or terminate pregnancy, or become pregnant after surgical repair if pos-
sible (Table 1.1). Among high-risk patients, termination and delivery could be con-
sidered after 28-30 weeks’ gestation when the maternal or fetal condition
deteriorates rapidly (See Chap. 5).

1.5 Cardiac Monitoring of the Mother During Pregnancy

Cardiovascular and respiratory changes in a normal pregnancy can mimic the signs
and symptoms of HD. Breathlessness, easy fatigability, decreased exercise tolerance,
deep breathing, and peripheral edema are common in normal pregnancy. Therefore,
it should be better to not misinterpret these signs as evidence of HD. Accurate evalu-
ation of heart conditions during pregnancy is thus recommended.

When women with HD become pregnant, attending cardiologists must explain
the condition of HD to the obstetricians and provide information on the symptoms
and physical changes to be monitored throughout the pregnancy and the perinatal
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period. In women with HD, complications during pregnancy may often develop
in the mother and the fetus and may sometimes be fatal. They must be monitored
continuously by a team consisting of obstetricians, cardiologists, anesthesiolo-
gists, and nurses for cardiac complications, such as arrhythmia, heart failure, and
thrombosis, throughout the pregnancy. Periodic checkups for healthy pregnant
women by obstetricians generally consist of three checkups by 11 weeks’ gesta-
tion, monitoring every 4 weeks at 10—-12 to 20-23 weeks’ gestation, every other
week monitoring for 24-35 weeks’ gestation, and weekly thereafter, to the end
of the 40th week. For women with HD, moderate to high risk, cardiologists will
check up on the mother more closely, once at first visit (~5-8 weeks’ gestation)
and at ~20 weeks; then follow the same visit as the obstetricians schedule, as pos-
sible [1, 2]. In women with HD, an appropriate monitoring should be designed
according to the maternal risk during. In pregnant women with moderate to severe
HD, biweekly consultation after 15 weeks’ gestation and weekly consultation
after 25 weeks’ gestation could be performed. However, when the condition of
the mother or fetus is not well, the mother should be hospitalized after 20 weeks’
gestation for rest, monitoring, and management.

1.6 Hemodynamic Assessment During Pregnancy

It is preferable that patients with HD should be assessed for hemodynamic status
several times throughout the pregnancy and the puerperal period. Echocardiography
is a noninvasive method that provides detailed information, which is very useful in
evaluating hemodynamics during pregnancy [10]. The first assessment should be
conducted before pregnancy or during the first trimester when changes in hemody-
namics are still minimal. However, pregnant women often visit cardiology outpa-
tient clinics after becoming pregnant (5-8 weeks’ gestation), so initial echo data
will typically be obtained at that time.

Patients with mild to moderate risk should be evaluated for hemodynamics
again during the late second trimester (26-28 weeks’ gestation) [11]. Patients with
severe risk require more frequent hemodynamics assessments. Hemodynamics
should also be reassessed during the peripartum period. Since childcare including
breast-feeding may increase cardiac load, patients with severe HD must be fol-
lowed up until at least 6 months after childbirth for the clinical course, including
hemodynamics.

Although cardiac MRI is believed to be useful in assessing right heart function
and in patients with complex CHD, this technique must be limited to essential cases,
since the risk to the fetus remains unclear [12]. Cardiac catheterization and cardiac
CT should be limited to patients who may benefit from the examination as these
techniques involve radiation exposure. Since no increases in the risks of develop-
mental retardation, central nervous system disorders, and developmental disorders
have been observed in children exposed to less than 100 mGy, exposure to radiation
at this level is not considered to be a valid reason for artificial termination of a preg-
nancy (see Chap. 6).
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1.7  Psychosocial Issues

Psychosocial issues are also important during pregnancy and delivery. Anxiety and
depression may worsen during the perinatal period. Patients with HD have a strong
desire to experience pregnancy and to have a baby and often feel anxious about the
possible effect of pregnancy on their health and potential genetic risks to the child.
In order to prevent depression and anxiety during pregnancy, patients should be
provided with accurate information and education on HD, contraception, sexual
activity, and social support during adolescence.

1.8  Arrhythmias

Recently, it has become more common for patients with CHD to reach childbearing
age. The prevalence of arrhythmia in treated CHD patients increases with age, due
to surgical scars, underlying substrate specific to each patient and aging. Some of
these arrhythmias have significant negative impacts on the life expectancy of
patients with CHD [13, 14]. New onset or increased frequency of preexisting
arrhythmias can be observed during pregnancy due to maternal neural, hormonal,
and physiological changes throughout the course of pregnancy in otherwise healthy
pregnant women. However, the majority of these arrhythmias are benign and are
without clinical significance [15]. Meanwhile arrhythmias, especially supraventric-
ular tachyarrhythmia (SVT), ventricular tachycardia (VT), and highgrade atrioven-
tricular block in pregnant women with HD could cause significant hemodynamic
compromise to both the mother and fetus. Despite the development of anti-arrhyth-
mic treatment modalities, pharmacological agents used for the control of arrhyth-
mia during pregnancy may have adverse effects on the mother and fetus [16]. Data
are very limited regarding the effects of anti-arrhythmic medications on the fetus.
Most therapies have not been thoroughly tested in pregnancy, and virtually all drugs
can cross the placenta. The majority of anti-arrhythmic drugs used are in the US
Food and Drug Administration (FDA) category C (Animal reproduction studies
have shown an adverse effect on the fetus, and there are no adequate and well-con-
trolled studies in humans, but potential benefits may warrant use of the drug in
pregnant women despite potential risks.). The risk-benefit ratio of anti-arrhythmic
therapy during pregnancy in patients with HD changes the traditional concepts of
management. Tachyarrhythmia can be associated with severe or even life-threaten-
ing symptoms in this condition. In considering therapy for cardiac arrhythmias or
sometimes for cardiac failure simultaneously, the background hemodynamic sub-
strate for each HD should always be considered. In general, immediate medical
attention is indicated, especially in women with HD for arrhythmia, such as SVT or
VT, which may severely affect both the mother and fetus. In the series of reports by
Brodsky [17], two patients with VT during pregnancy died. In a Japanese study
[18], a patient with tetralogy of Fallot associated with VT during delivery recovered
successfully following administration of lidocaine. Two-thirds of SVT patients
were treated successfully with anti-arrhythmic medications without maternal or
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fetal complications [18]. DC cardioversion and catheter ablation have been reported
to be safe and effective during pregnancy [1, 2]. In patients with significant arrhyth-
mias, prepregnant ablation should be performed, because of the possibility of recur-
rent arrhythmias during the pregnancy.

When patients with bradyarrhythmias are suspected to worsen during pregnancy,
pacemaker (PM) implantation is recommended prior to pregnancy [19]. Regarding
catheter ablation or implantable cardioverter defibrillator (ICD) or PM implantation
during pregnancy, using echocardiography or 3D mapping system could be used to
reduce the radiation exposure time. Patients with implanted pacemaker (fixed rate
atrial or ventricular pacing) or ICD before pregnancy are able to tolerate pregnancy
well [18].

1.9 Cardiac Failure

Women experiencing cardiac failure after delivery are more common than during
pregnancy. For example, small single-center studies in women with repaired tetral-
ogy of Fallot (TOF) have suggested that unfavorable right ventricular remodeling
persists after delivery [20, 21]. Volume overload and tachycardia are the triggers of
cardiac failure during pregnancy in patients with HD. Decreased systemic vascular
resistance can induce low cardiac output with low peripheral perfusion and may
lead to deterioration of the mother. Left ventricular end-diastolic pressure can
become elevated due to excessive volume overload followed by elevated pulmonary
artery hypertension and pulmonary edema. Peripheral edema subsequently appears
due to the elevated venous pressure. Cardiac failure can induce maternal arrhyth-
mias and death, if it becomes sufficiently severe. Also, in such cases, the fetus can
be aborted or become low birthweight/premature infants. Therefore, women with
NYHA III-IV are advised not to become pregnant [22].

1.10 Drug Therapy During Pregnancy

Drugs used for pregnant women must be selected after careful consideration of the
risk-benefit balance to the mother and fetus. The adverse effects of drugs on fetus
are classified into teratogenic effects and fetal toxicity. While many drugs are
excreted substantially into the breast milk of the mother, the blood concentration of
a drug given to the mother is substantially lower than the therapeutic range of the
drug in the neonate. The pregnancy category proposed by the US FDA is often
referred to as important information on the risk of drugs to the fetus or neonate [1].
When drugs contraindicated for pregnant women in the package inserts or drugs not
accepted by the National Health Insurance (NHI) are used, the physicians must fully
explain the risks and benefits of such drugs to the patients and their families and
obtain informed consent.

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor
blockers (ARBs) are contraindicated for women in the second and third trimester,
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since they may directly affect the kidney of the fetus and neonate, leading to renal
failure, abortion, or stillbirth [23, 24]. Furthermore, each of these medications
exhibit teratogenicity. Amiodarone is essentially contraindicated for pregnant
women since it may cause abnormal thyroid function in the fetus. Bosentan is abso-
lutely contraindicated for pregnant women according to the FDA’s recommenda-
tion. Warfarin exhibits teratogenicity when administered during the first trimester
and increases the risk for bleeding disorders in the fetus and neonate. While heparin
does not exhibit fetal toxicity because it does not cross the placenta, the incidence
of thrombosis among patients receiving heparin is higher than those receiving war-
farin. Low-dose aspirin therapy is rated pregnancy category C by the FDA’s recom-
mendation and is considered to be relatively safe. However, “aspirin is contraindicated
for women in the last 12 weeks gestation (regardless of the dose),” especially high-
dose aspirin, in the package insert; physicians must fully explain the risks and ben-
efits of aspirin therapy during the second and third trimester of pregnancy to obtain
consent from the patient [1].

Meticulous prophylaxis for deep venous thrombosis, including early ambulation
and compression stockings, can be useful for all patients with intracardiac right to
left shunting. Subcutaneous heparin or low-molecular-weight heparin is reasonable
for patients undergoing prolonged bed rest. Full anticoagulation can be useful for
high-risk patients. While there is no evidence of teratogenicity of the NOACs (novel
oral anticoagulants), these medications are not effective for mechanical valves.

1.11 Care Facilities for Pregnancy

Women with HD in whom pregnancy poses a risk must be planned for and moni-
tored carefully for safer pregnancy and childbirth. High-risk pregnancies should
be monitored in tertiary care facilities in which a team approach including obste-
tricians, heart disease specialists (cardiologists, pediatric cardiologists, specialists
of congenital heart disease in adults, and cardiovascular surgeons), anesthesiolo-
gists, and neonatologists with knowledge and experience in the management of
high-risk pregnancy has been established [1, 3]. Every tertiary care facility in
which pregnancy and childbirth in women with HD are managed should establish
such a specialist team. Hospitals that cannot establish such a team within the insti-
tutions should build a system to facilitate consultation with HD specialists in
other hospitals.

1.12 Invasive Treatment During Pregnancy

It has been reported that intervention with balloon catheters during pregnancy is
effective for patients with pulmonary, aortic, or mitral stenosis [25, 26]. However,
these interventions are usually considered to be a kind of emergency rescue.
Thus, the indication for intervention is different from those patients who are not
pregnant.
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The indication for intervention should be manifesting symptoms due to severe car-
diac failure which is life threatening to both the mother and fetus. In cases of pulmo-
nary stenosis, indication is symptom plus pressure gradient >50 mmHg between
pulmonary artery and right ventricule. In cases with aortic stenosis, indication of
intervention is a pressure gradient between aorta and left ventricule of >50 mmHg or
aortic orifice size of 0.6 cm?m?. In cases with aortic stenosis, care must be taken not
to induce secondary severe aortic regurgitation. In case with mitral stenosis: indica-
tion of intervention is symptoms of pulmonary congestion or atrial fibrillation [1].

It is important to reconsider whether or not the symptoms of the mother are pre-
cisely due to stenotic lesions. Intervention should be performed after the period of
fetal organogenesis (13—14 weeks’ gestation) or after 18 weeks’ gestation. Protection
from radiation exposure is necessary for the fetus. In patients with coarctation of the
aorta, balloon dilatation with stent is the preferred method of choice, because the
aortic wall is intrinsically fragile during pregnancy. In cases requiring catheter inter-
vention during pregnancy, surgical procedures will often be necessary after
delivery.

The management of pregnant women who require cardiopulmonary bypass
poses problems that are difficult to solve. While the fetus is at greatest risk in the
early pregnancy, the mother is at greatest risk later in the pregnancy. Cardiovascular
surgery is rarely required during pregnancy, but it can become necessary in some
cases [2]. The indication of emergency cardiovascular surgery in women with aortic
stenosis during pregnancy should be worsening of valvular regurgitation or the exis-
tence of progressive heart failure, status of aortic aneurysms with impending aortic
dissection or the status of vegetation or worsening of heart failure with infective
endocarditis, or other life-threatening conditions. When surgery during pregnancy
is unavoidable, it should be performed at 16-20 weeks’ gestation or 24-28 weeks’
gestation or thereafter, which is safer to the fetus than the other periods. When sur-
gery can wait to 28-30 weeks’ gestation or thereafter, surgery after childbirth may
become feasible [27, 28]. Cardiovascular surgery with cardiopulmonary bypass
during pregnancy is very risky for both the mother and fetus. For the maintenance
of low perfusion during bypass, high blood flow and relatively high pressure are
inevitable. Fetal mortality has been reported to be 9-30% [29]. On the other hand,
mortality of the mother is low compared with the fetus, but the complication rate of
the mother remains high. Therefore, it is better to avoid cardiovascular surgery dur-
ing pregnancy.

1.13 Infective Endocarditis

The guidelines for the prevention and treatment of infective endocarditis [30] rec-
ommend that the prevention of infective endocarditis should be considered for
most patients with CHD (Table 1.4). The common sources of bacteremia are oral
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procedures, urogenital infection, delivery, childbirth, indwelling catheter, and surger-
ies. Bacteremia may develop after spontaneous abortion, vaginal delivery assisted
by episiotomy or cesarean section, etc. Antibiotic treatment of infective endocarditis
should be performed in a fashion similar to that for nonpregnant patients according
to the susceptibility of causative agents. Preventive administration of antimicrobial
agents during delivery is recommended for patients at risk for infective endocarditis
[31, 32]. At present, there is no consensus for the preventive administration of anti-
microbial agents during delivery. Table 1.5 lists the common measures to prevent
infective endocarditis associated with urogenital or gastrointestinal surgeries/proce-
dures [30] (see Chap. 7).

Table 1.4 Patients with heart diseases who should receive preventive antimicrobial treatment
throughout pregnancy

Obstetric operations/procedures and delivery
 Patients with a history of infective endocarditis
 Patients with congenital heart disease

— Patients with cyanotic heart disease

— Patients who have undergone repair using artificial patches and devices within the last
6 months

— Patients who have undergone repair and have remaining shunts around the implanted
artificial patches and devices
* Patients using artificial valves

Table 1.5 Prevention of infective endocarditis in patients undergoing urogenital or gastrointesti-
nal surgery/procedures

Patients treatment

 Patients with heart disease in whom serious endocarditis may occur

A, Patients who are not allergic to ampicillin/amoxicillin

Administer ampicillin 2.0 g and gentamycin 1.5 mg/kg (maximum dose 120 mg)
intramuscularly or intravenously <30 min before delivery. Administer intravenous
ampicillin 1.0 g or oral amoxicillin 1.0 g, 6 h after delivery

B, Patients who are allergic to ampicillin/amoxicillin

Administer intravenous vancomycin 1.0 g (infuse over 1-2 h) and intramuscular or
intravenous gentamycin 1.5 mg/kg (maximum dose 120 mg) to conclude
administration <30 min before delivery
e Other patients
A, Patients who can take drugs orally
Administer oral amoxicillin 2.0 g (at lower doses for small patients) 1 h before delivery

B, Patients who cannot take drugs orally

Administer intravenous or intramuscular ampicillin 2.0 g <30 min before delivery

Patients who are allergic to ampicillin/amoxicillin ampicillin/amoxicillin

Administer intravenous vancomycin 1.0 g (infuse over 1-2 h) to conclude
administration <30 min before delivery
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1.14 Summary

The outcome of pregnancy is favorable in most women with HD provided that func-
tional class and systemic ventricular function are good. Pulmonary artery hyperten-
sion presents a serious risk during pregnancy, particularly when the pulmonary
pressure exceeds 70% of systemic pressure, irrespective of functional class. Events
often occur after delivery [33].

Among the various HDs, CHD represents the most common cause of maternal mor-
bidity. Better assessment and management of this group of patients are likely to make
a substantial improvement in outcomes for the mother and fetus [33—35]. There remain
a small group of patients with complex CHD or high-risk HD in whom pregnancy is
either dangerous or contraindicated owing to the risk to the mother or fetus. If preg-
nancy occurs and continues with these patients, they should be managed and delivered
in specialized centers with multidisciplinary expertise. A painless vaginal delivery or
an assisted delivery is usually feasible and is preferable for women with HD.

Medications should be used only when necessary in any pregnant woman with
HD. Certain medications are contraindicated during pregnancy; therefore, those
should also be discontinued before pregnancy or early during pregnancy [36].
Although infective endocarditis is a recognized risk for maternal morbidity and
mortality, prophylaxis for endocarditis around the time of delivery is recommended
for most women with HD. Breast-feeding is feasible in most women with
HD. However, women requiring cardiovascular medications should be aware that
many of the medications will cross into breast milk and should clarify the potential
effect of medications on the infant with a pediatrician.

1.15 Conclusions

In management of women with heart disease and pregnancy, the following items are
mandatory:

—_—

. Counseling and risk assessment

2. Preconception medication adjustments, catheter intervention including arrhyth-
mia ablation, or reparative surgery

Maternal and fetal monitoring including fetal echocardiography

Planning for labor and delivery

5. Cardiac monitoring and follow-up after the postpartum period

B w
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Intrapartum Management

Chizuko Aoki-Kamiya and Jun Yoshimatsu

Abstract

Uterine blood flow increases progressively throughout pregnancy and reaches
about 500 ml/min at term. Thus, each uterine contraction causes increased
venous return. Right after delivery and placenta expulsion, uterine involution and
termination of placental circulation cause an autotransfusion of approximately
300-500 mL of blood. Therefore, intrapartum is one of the peak times when
heart failure occurs in women with cardiovascular disease.

Timing of delivery and mode of delivery should be decided in individual
cases. Vaginal delivery is preferred, even among women with cardiovascular dis-
ease, and Cesarean delivery is reserved for obstetric indications. However, there
are several high-risk conditions in which Cesarean section is recommended, such
as Marfan syndrome with significantly dilated aorta. The use of regional anesthe-
sia in labor and assisted vaginal delivery can reduce intrapartum hemodynamic
changes. High-risk labors require specific expertise and collaborative manage-
ment by skilled obstetricians, cardiologists, anesthesiologists, and neonatologist
in experienced maternal—fetal medicine units.
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2.1 Intrapartum Physiological Changes
Blood volume increases further during labor with each uterine contraction, which
squeezes uteroplacental blood flow into the central circulation. When regular uter-
ine contractions start, elevated cardiac output (CO), pulmonary artery wedge pres-
sure, and central venous pressure are observed. CO increased by 25-30% in active
phase of labor and by 50% in the second stage of labor compared with the value of
pre-labor (Table 2.1) [1]. Right after delivery and placenta expulsion, uterine invo-
lution and termination of placental circulation cause an autotransfusion of approxi-
mately 300-500 mL of blood. Increased venous return by uterine contraction leads
to concomitant increase in stroke volume. Pain leads to increased sympathetic ner-
vous activity and endogenous catecholamine which cause elevated blood pressure
and heart rate [2]. Increased autonomic activity may be an aggravating factor for
arrhythmic events. Epidural anesthesia helps to decrease such changes [3].
Maternal position greatly affects the amount of cardiac output because the gravid
uterus causes femoral vein and inferior vena caval obstruction in the supine posi-
tion. A lateral decubitus position is preferred to attenuate the hemodynamic impact
of uterine contractions in some cases.

2.2 Timing of Delivery

Spontaneous onset of labor is the initial choice for women with normal cardiac
function and no complications. However, induced labor by oxytocin is also prefer-

able in an individual case and an individual hospital. Preterm delivery should be

Table 2.1 Progression of labor and changes of cardiac output [1]

First stage of labor Second stage of | Third stage
Latent phase Active phase labor of labor
Onset Painful regular Cervical dilatation | Complete Fetal
contractions of 3cmand 5Scm | cervical delivery
dilatation
End Cervical dilatation | Complete cervical | Fetal delivery | Placental
of 3 cm and 5 cm dilatation delivery
Uterine 20-30 s every 3040 s every 40-60 s every
contractions 10 min or less 5 min or less 3 min or less
Duration
Nulliparas 12-14 h 1-2h 15-30 min
Multiparas 6-8 h 0.5-1h 10-20 min
Cardiac output at | x1.1 x1.3 x1.5
contractions®
Stroke volume at | x1.1 x1.2 x1.3
contractions®
Heart rate at x1.0 x1.1 x1.2
contractions®

s seconds, min minutes, h: hours

“The values of pre-labor are prescribed as 1
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| Timing of delivery (Term or preterm) |

m I | 1 Obstetrical reason including early preterm
| Vaginal delivery | | Cesarean section

Anesthesia Cardiovascular condmgns for Qesarean section*:
Severely reduced cardiac function,
- Acute intractable heart failure
Nane or epidural/CSEA Spinal Marfan syndrome with aortic diameter=40mm
Epidural Acute or chronic aortic dissection
@R General Coactation of aorta with significant stenosis
G Pulmonary hypertension
I 1 Mechanical valve
Spontaneous Induced
! 1
| Matured cervix | | Need cervical ripening (Mechanical or chemicalf)

*Original indication at National Cerebral and Cardiovascular Center, Japan
§ Chemical methods of cervical ripening are not available in Japan.
CSEA: combined spinal epidural anesthesia

Fig. 2.1 Flowchart of decision-making about timing and mode of delivery

considered when significant cardiovascular and/or obstetrical complications occur
in a woman with heart disease. The precise indication for preterm delivery due to
cardiovascular events is not clear, because of the lack of evidence. The relative risks
of maternal mortality/morbidity and premature neonate are weighed, and then the
timing of delivery is decided. Figure 2.1 shows a flowchart of decision-making
about timing and mode of delivery.

2.3  Mode of Delivery

Vaginal delivery is preferred among women with cardiovascular disease, and, in gen-
eral, Cesarean delivery is reserved for obstetric indications. However, there are sev-
eral high-risk conditions in which Cesarean section is recommended: severely
reduced cardiac function, Marfan syndrome with significantly dilated aorta, coarcta-
tion of the aorta with significant stenosis, mechanical valves, uncontrolled arrhyth-
mia, patients with cyanosis or pulmonary hypertension in the Japanese guideline [4]
and the patient on oral anticoagulants in preterm labor, patients with Marfan syn-
drome and an aortic diameter >45 mm, and patients with acute or chronic aortic dis-
section or those in acute intractable heart failure in the European guideline [5].
Cesarean delivery may be also considered in Marfan patients with an aortic diameter
of 40—45 mm [5]. These indications should be tailor-made at each hospital. The indi-
cations of Cesarean section for cardiovascular conditions at National Cerebral and
Cardiovascular Center, Japan are shown in Fig. 2.1. Elective Cesarean section allows
the maternal hemodynamics to be kept more stable. Although the cardiac output,
during and right after vaginal delivery, increases more than 1.5 times compared with
values of pre-delivery [2], the cardiac output during Cesarean section was reported
+37% with epidural anesthesia and +28% with general anesthesia [6]. Moreover,
induction of labor with immature cervix often fails or takes a long time. Table 2.2
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Table 2.2 Pros and cons of vaginal delivery and Cesarean section for maternal conditions

Vaginal delivery Cesarean section
Anesthetic agent None—small Large
Approximate loss of blood volume (singleton) 400-500 ml 800-900 ml
Duration between fetal and placental delivery 10-30 minutes Within 5 minutes
Bed rest after delivery Short (-2 hours) Long (6-24 hours)
Risk of thromboembolism Low High
Setting of delivery date and hour Difficult (especially Possible

with immature cervix)
Valsalva maneuver + -
Increased cardiac output during labor More Less

shows the pros and cons of vaginal delivery and Cesarean section from a perspective
view of maternal conditions. The delivery mode should be chosen in an individual
case and an individual hospital, as well as timing of delivery. Once an individualized
delivery plan is decided, the plan should be informed and shared among a team of
doctors and nurses. High-risk delivery should be managed by the specialized multi-
disciplinary team at tertiary centers.

Preventive administration of antimicrobial agents during delivery is recom-
mended for patients with a high risk for infective endocarditis [4] (see Chap. 7).

2.3.1 Management of Vaginal Delivery

Table 2.1 shows the progression of vaginal delivery. The use of regional anesthesia
and assisted vaginal delivery can reduce intrapartum hemodynamic changes. Persistent
epidural anesthesia and combined spinal-epidural anesthesia are widely used as the
regional anesthesia for painless labor. Although oxygen consumption and minute ven-
tilation increase dramatically during labor, due primarily to pain associated with uter-
ine contractions, regional anesthesia decreased the work of breathing and the oxygen
consumption of the parturient in both the first and second stages of labor [7].

Cardiovascular indications of regional anesthesia are described in several guide-
lines. Tachyarrhythmia, mild to moderate stenotic lesions, and cardiomyopathy and
Marfan syndrome without significant aortic dilatation are good indications for pain-
less labor in the Japanese guideline [4]. Table 2.3 shows the indications of epidural
anesthesia at National Cerebral and Cardiovascular Center, Japan. However,
regional anesthesia can cause systemic hypotension and must be very carefully used
in patients with severe obstructive lesions, such as aortic stenosis and hypertrophic
obstructive cardiomyopathy.

To avoid the effects of the Valsalva maneuver and to shorten the duration of the
second stage of labor, the assisted delivery by low forceps or vacuum extraction is
also recommended for women with significant cardiovascular disease, such as
women with Fontan circulation or Marfan syndrome with dilated aorta.
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Table 2.3 The Absolute indications
cardiovascular indications for

painless labor at National
Cerebral and Cardiovascular
Center in Japan

Marfan syndrome with aortic dilatation

Bicuspid aortic valve with significant aortic dilatation
(>45 mm)

Congenital heart disease with significant aortic dilatation
(>50 mm)

Reduced left ventricular ejection fraction (<40%)

Unrepaired cyanotic congenital heart disease and Fontan
circulation

Unrepaired or post balloon angioplasty for coarctation of
the aorta

Active heart failure without any indication of Cesarean
section

Relative indications

Tachyarrhythmia

Ischemic heart disease

Aortopathy without absolute indications for painless labor

Moderate to severe valve lesions
Unrepaired acyanotic congenital heart disease
Cardiomyopathy

During the third stage of labor, uterine contraction is very important to avoid
atonic bleeding. A low-dose oxytocin infusion after placental delivery is used more
safely than a bolus shot of oxytocin, which may cause systemic hypotension.
Methylergonovine should not be used for women with heart disease because of the
risk of vasospasm and hypertension.

2.3.2 Management of Cesarean Delivery
Anesthesia in Cesarean delivery is well described in a later chapter (see Chap. 3).

Because Cesarean delivery has more risk of venous thrombosis, prophylaxis such as
low-molecular-weight heparin and elastic support stockings is recommended.

24  Maternal Monitoring

Hemodynamic parameters, such as systemic arterial blood pressure and maternal
heart rate, should be monitored during delivery. Lumbar epidural anesthesia and
bolus oxytocin may cause hypotension. Pulse oximetry and continuous electrocar-
diogram (ECG) monitoring are utilized as required. A Swan—Ganz catheter is rarely
indicated, due to the risk of arrhythmia provocation, bleeding and thromboembo-
lism (Severe pulmonary hypertension is an exception). Simple echocardiography is
helpful to determine hemodynamic conditions, even in parturient woman.
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Obstetric Anesthesia

Masataka Kamei

Abstract

Despite advances in anesthetic and obstetric care, cardiovascular disease in preg-
nancy continues to cause significant rates of morbidity and mortality in obstetric
surgery. As a growing population of adults with congenital heart disease reaches
childbearing age, the incidence of cardiovascular disease in pregnancy has been
dramatically increasing. As a result, anesthesiologists are also increasingly faced
with managing cesarean sections in patients with pre-existing cardiovascular dis-
ease. Cesarean delivery is inherently one of the most challenging surgeries for
such patients. This chapter focuses on perioperative anesthetic management for
cesarean section in this population. The major anesthetic goal is to achieve a
multidisciplinary-based optimization of maternal hemodynamics to improve
outcomes for the two patients, mother and baby. There is unfortunately no defini-
tive evidence to guide anesthesiologists on how to best manage cesarean patients
with cardiovascular disease. Consequently, the author’s recommended approach
described herein is primarily based on physiological principles, as well as on
personal experience. Therefore, a thorough understanding of the pathophysiol-
ogy, available options for anesthesia, and potential complications is crucial if
today’s anesthesiologist is to optimize hemodynamics in mothers with cardio-
vascular disease who are undergoing cesarean section.
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Pregnant patients with cardiovascular disease (CVD) pose a significant challenge to
anesthesiologists, as pregnancy itself imposes profound stress on an already com-
promised cardiovascular system. Heart disease is currently one of the leading causes
of maternal mortality. Cardiovascular diseases affect up to 4% of all pregnancies in
the Western world [1, 2]. Consequently, patients with CVD are increasingly com-
mon in the obstetric perioperative setting. However, high-quality scientific evidence
on the types of anesthetic management best suited to this population is currently
lacking. Thus, there is no consensus regarding ideal anesthetic management for
labor and delivery in CVD patients [1, 2]. As it stands now, obstetric anesthesia in
CVD is performed based on the empirical evidence and experience of expert anes-
thesiologists. The major concern about CVD in pregnancy is the development of
heart failure as the pregnancy evolves toward delivery. The early postpartum period,
moreover, represents a high-risk time for sudden death [1, 2]. To prevent maternal
heart failure and sudden death, the primary anesthetic goal remains the optimization
of maternal hemodynamics throughout the perioperative period.

Cesarean section is the most common surgical obstetric procedure for women
with CVD. Most patients with CVD tolerate pregnancy, labor, and vaginal delivery
well, although the selection criteria of delivery mode for borderline cases are still
debatable [1, 2]. The patient requiring cesarean section is considered to be at signifi-
cantly high risk. Therefore, this chapter focuses on anesthetic management for
cesarean delivery in patients with CVD.

3.1 General Considerations

3.1.1 Maternal Risk Stratification for Cesarean Section
in Cardiovascular Disease

Several classification forms, such as the CARPREG risk score or the modified
WHO risk classification, are available for assessing the risk of maternal cardiovas-
cular complications in CVD patients [1, 3, 4]. There is, however, no reliable specific
risk stratification for cesarean section. In our institute, maternal risk estimation for
cesarean delivery is performed as described herein and as shown in Table 3.1.
Pregnant women with CVD necessitating cesarean section fall into three categories:
low risk (e.g., anatomically repaired congenital heart disease without severe ven-
tricular dysfunction or moderate to severe pulmonary hypertension (PH), aortic
dilatation, maternal cardiac transplant); intermediate risk (e.g., PH of any origin
with a mean pulmonary artery pressure (PAP) of less than 50 mmHg or equal, func-
tional repaired congenital heart disease, uncorrected cyanotic heart disease without
PH, moderate to severe systemic outflow obstruction, or emergency delivery due to
obstetric events); and high risk (Eisenmenger syndrome, PH of any origin with a
mean PAP of more than 50 mmHg, any disease with malignant arrhythmias, or
emergency delivery due to maternal cardiovascular events). Pregnant patients with
intermediate- and high-risk CVD should be managed in specialized institutes with
expertise and experience in anesthesiology.
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Table 3.1 Maternal risk Low risk
stratification for cesarean
section in cardiovascular
disease

Anatomical repaired CHD without severe ventricular
dysfunction or moderate to severe PH
Uncorrected simple shunt lesion with no or mild PH

Mild systemic outflow obstructive lesion
Mild to moderate valve regurgitation
Mild to moderate ventricular impairment
Repaired valve disease

Ischemic heart disease
Maternal cardiac transplant
Aortic dilatation
Moyamoya disease

Presence of pacemaker or defibrillator

Isolated ectopic beats or prior history of arrhythmias
Intermediate risk

PH of any origin with mean PAP of less than 50 mmHg
or equal

Functional repaired CHD

Uncorrected simple shunt lesion with moderate PH

Uncorrected cyanotic heart disease without PH
Moderate to severe systemic outflow obstruction
Severe valve regurgitation

Severe ventricular dysfunction

Emergency delivery due to obstetric events

High risk

Eisenmenger syndrome

PH of any origin with mean PAP of more than 50 mmHg
Any disease with malignant arrhythmias

Emergency delivery due to maternal cardiovascular events

CHD congenital heart disease, PAP pulmonary artery pressure,
PH pulmonary hypertension

3.1.2 Physiological Changes in Pregnancy
(See Chaps.1 and 2)

3.1.2.1 Hemodynamic Changes

Pregnancy itself induces profound changes in the circulatory system in order to
meet the increased metabolic demands of the mother and fetus [1, 2, 5]. Hemodynamic
alterations in the maternal circulation start as early as in the first trimester, plateau-
ing at the third trimester, and continue for 2 weeks to 6 months postpartum or lon-
ger. Blood volume, heart rate, cardiac output, and a decrease in systemic and
pulmonary vascular resistances (SVR and PVR, respectively) are all increased.
Blood volume reaches a plateau at around 32 weeks of gestation. The increased
blood volume and subsequent cardiac remodeling lead to significant increases in
left ventricular wall thickness and mass, as well as in end-diastolic dimension.
Importantly, blood volume expansion is widely known to vary significantly from
patient to patient: some show a 200% increase. Stroke volume declines in the third
trimester due to aortocaval compression by the gravid uterus. Reports on cerebral
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blood flow are conflicting [6-9]. The glomerular filtration rate increases early in the
first trimester and remains elevated throughout pregnancy. The serum creatinine
level is about 0.5 mg/dl in pregnancy. Normal creatinine levels in nonpregnant
women may actually point to kidney injury during pregnancy [10].

It is in the delivery and early postpartum periods that hemodynamic changes are
most pronounced [1-3]. Pain, anxiety, uterine contractions, and aortocaval decom-
pression can further, and abruptly, increase the blood volume, heart rate, and cardiac
output to 80% above baseline levels. Uterine contractions augment the cardiac pre-
load by up to 300-500 ml. The expulsion or removal of the placenta accelerates
elevations in both the cardiac preload and afterload immediately postpartum.
Pregnancy-related hemodynamics usually resolve within 2 weeks after delivery,
although some patients may take up to 6 months or longer.

3.1.2.2 Respiratory Changes

Oxygen consumption is increased, thereby requiring augmented alveolar ventilation
[11]. Functional residual capacity is decreased owing to uterus enlargement [1].
Increased oxygen consumption and decreased functional residual capacity can cause
oxygen desaturation during endotracheal intubation. Despite reduced levels of arte-
rial carbon dioxide tension (PaCO, 28-33 mmHg) following hyperventilation, blood
pH typically remains normal due to renal compensation during pregnancy (serum
bicarbonate 18-21 mEq/l) [11]. Peak oxygen uptake, a parametric measure of car-
diopulmonary capacity, is maintained. The lung compliance does not change during
pregnancy, whereas chest wall and total respiratory compliance are lower at term.
Forced expiratory volume in 1 s (FEV1) and forced vital capacity (FVC) remain
unchanged within the normal range of predicted values (FEV1% and FVC%, respec-
tively) [12]. FEV1 and FVC values are same in both singleton and twin pregnancies
[13]. Pregnant women are vulnerable to hydrostatic pulmonary edema due to dilu-
tional reductions in plasma colloid oncotic pressure [11]. Airway anatomical altera-
tions occur during pregnancy and include mucosal edema of the respiratory tract and
capillary engorgement of nasal and oropharyngeal mucosa [14]. Oral intubation
using a smaller endotracheal tube is recommended for general anesthesia.

3.1.2.3 Hemostatic Changes

Cesarean section is usually associated with a blood loss of 500-800 ml. Pregnancy
presents a hypercoagulable state characterized by plasma value elevation in all clot-
ting factors except for factors XI and XIII. Fibrinogen and prothrombin increase,
while fibrinolysis is diminished. Platelet count is often decreased [15]. Benign ges-
tational thrombocytopenia occurs in about 8% of pregnant women, usually presents
mild thrombocytopenia with normal platelet function, and spontaneously resolves
postpartum. Pregnancy predisposes patients to venous stasis in their lower extremi-
ties, thereby increasing the risk of thromboembolism. Unfractionated heparin or
low molecular weight heparin, commonly used as an anticoagulant in pregnancy,
does not cross the placenta into the fetal circulation.

3.1.2.4 Fetal Oxygenation
Fetal oxygenation, as assessed by the partial pressure of oxygen (PO,) in umbilical
venous blood, is far lower than maternal arterial PO, (fetal PO, 25-30 mmHg) [6,
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16]. Blood flow and oxygen content in the utero-placenta determine oxygen delivery
to the fetus via the umbilical vein. Uterine blood flow measures about 500-700 ml/
min at term. Uteroplacental perfusion is not autoregulated due to the already maxi-
mally dilated vasculature [16]. Thus, fetal oxygen delivery greatly depends on mater-
nal systemic aortic blood pressure and cardiac output. Mild to moderate hypo- and
hypercapnia (end-tidal CO, < 23 mmHg and 40-60 mmHg) in late gestational
women have no significant impact on fetal heart rate variability or on the number of
fetal heart rate accelerations. This indicates that mild-to-moderate alterations in
maternal PaCO, may exert little effect on fetal oxygenation. Nonetheless, maternal
hypercapnia may increase fetal oxygen consumption since vigorous respiratory
movements are often induced in the fetus [17]. In animal studies, maternal respira-
tory alkalosis (moderate-to-severe hypocapnia) was associated with a decrease in
uteroplacental flow and, thus, fetal oxygenation [16, 18]. The effects of moderate-to-
severe hypercapnia on the fetus remain unclear. One clinically controlled study dem-
onstrated that short-term moderate hypercapnia (mean PaCO, 57.6 mmHg) is
associated with higher Apgar scores compared to mild hypocapnia (mean PaCO,
26.4 mmHg) or to the normocapnia expected during pregnancy (mean PaCO,
30.1 mmHg) [19]. However, hypercapnia may theoretically result in fetal respiratory
acidosis, as was shown in an animal study in which bicarbonate ions slowly crossed
the placenta [18]. Ovine hypercapnia has been shown to cause uterine artery vaso-
constriction and reduced uterine blood flow. Acidosisinduced myocardial depression
in the fetus may cause fetal organ hypoxia and further severe acidosis. Utero-placental
oxygen content seems to have significantly less effect on fetal oxygenation compared
to blood flow. In a clinical interventional study of acute maternal hypoxemia (mater-
nal arterial oxygen saturation < 85%), there were no clear adverse impacts on fetal
monitoring parameters [20]. Fetal hemoglobin has a greater affinity for oxygen than
maternal hemoglobin, enhancing the placental uptake of oxygen [16]. The fetus may
therefore tolerate acute maternal hypoxemia, although maternal hypoxemia in one
animal model study not only caused decreased placental oxygen content, but also
uteroplacental vasoconstriction, resulting in fetal hypoxia and acidosis [18].

3.1.3 Multidisciplinary Communications

Close collaboration and active communication among anesthesiologists, obstetri-
cians, neonatologists, cardiologists, and cardiac surgeons are needed for optimal anes-
thetic care of cesarean section patients with CVD. Anesthesiologists should also
assume a leadership role in the operating room to achieve 100% team performance.
Importantly, anesthesia consultation should occur in advance of labor and delivery,
even in cases of planned vaginal delivery. The possibility of an early cesarean section
should always be kept in mind, given that hemodynamic conditions can unexpectedly
deteriorate, and should be undertaken before circumstances worsen to a dangerous
degree. Potential maternal-fetal triage scenarios in cesarean section patients should be
discussed in advance. The sooner anesthesiologists start planning an obstetric anes-
thesia, the more reliable anesthesia they can perform. A cardiac intensive care unit
would be favorable for postoperative care. A multidisciplinary team approach is obvi-
ously essential in the management of patients with CVD for cesarean delivery.
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Neuraxial Versus General Anesthesia for Cesarean
Section

3.2

Preoperative treatment to stabilize the hemodynamics of a patient is critical. Once a
patient’s hemodynamics has stabilized, either neuraxial or general anesthesia is
acceptable. The advantages and disadvantages of neuraxial and general anesthesia
are summarized in Table 3.2. Typical anesthetic options for patients undergoing

Table 3.2 Neuraxial versus general anesthesia for cesarean section in cardiovascular patients

Neuraxial General
Advantages Avoids positive-pressure ventilation Can be performed in all patients
Reduces incidence of respiratory Can intubate difficult airways under
depression and failure controlled conditions before surgery
Avoids potentially hemodynamic Avoids the risk of intraoperative
instability associated with endotracheal | conversion to general anesthesia
intubation May be more favorable to electrical
Avoids manipulation of difficult cardioversion
airways Allows transesophageal
Allows the patient to be transferred echocardiography monitoring
from the operating room immediately May be superior to neuraxial
after surgery anesthesia in terms of
Provides excellent long-lasting cardiopulmonary resuscitation
postoperative analgesia May allow an extracorporeal
membrane oxygenation (ECMO)
system to be instituted without risk
of spinal/epidural hematoma
Disadvantages | Cannot be performed in all patients May cause hemodynamic instability

because of the existence of
contraindications (e.g., maternal refusal
or coagulopathy) and anatomical
problems

May need the emergent conversion to
general anesthesia with endotracheal
intubation during surgery

Carries risks of acute hypotension and
bradycardia induced by sympathectomy
May develop heart failure and/or
pulmonary edema if the abrupt
resolution of the sympathectomy
coincides with fluid volume expansion
postpartum

May take longer to produce adequate
anesthesia than dose general anesthesia
May worsen maternal emotional stress
while awake

Poses a theoretic concern about failed
anesthesia

Needs adequate positioning for a block
May not allow patients with orthopnea,
due to severe cardiac disease, to tolerate
the supine position while awake

Has a risk of local anesthetic toxicity

during induction and emergence
Needs positive-pressure ventilation,
potentially leading to abruptly
decreased venous return and cardiac
output

Needs tracheal extubation

Needs to continue sedation if
ventilator support is required after
surgery

Adversely affects the cardiovascular
system because of systemic
administration of anesthetic drugs
May increase the risk of aspiration
pneumonitis

Poses a theoretical concern about
failed intubation

May need systemic opioid analgesia
after surgery
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cesarean section include spinal anesthesia, epidural anesthesia, general anesthesia,
and combinations of them. It is up to the anesthesiologist to judiciously decide
whether the benefits outweigh the risks in each specific patient.

3.2.1 Elective Cesarean Section

Neuraxial anesthesia (i.e., spinal, epidural, or combined spinal-epidural (CSE) anes-
thesia) is generally preferable in pregnant women with CVD [1, 2]. There is at least
some evidence to suggest that general anesthesia may be associated with an increased
risk of surgical death in this population [21-23]. In fact, general anesthesia carries
potentially higher risks, such as hemodynamic instability during induction and emer-
gence, compared to neuraxial anesthesia. However, general anesthesia is occasionally
chosen, particularly in patients with a high likelihood of rapid hemodynamic deterio-
ration, by expert anesthesiologists who are well versed in the special hemodynamic
aspects of complex congenital heart disease, chronic thromboembolic pulmonary
hypertension, and end-stage heart failure requiring ventricular assist device implanta-
tion. There are five reasons for this. First, the highest priority of the anesthetic strategy
is avoiding the need for intraoperative conversion of neuraxial to general anesthesia
due to obstetric or anesthetic complications because emergent induction of general
anesthesia under neuraxial blockade may cause catastrophic adverse events. Second,
general anesthesia is more favorable to electrical cardioversion for the treatment of
newly developed arrhythmias including supraventricular tachycardia, atrial fibrilla-
tion, or flutter. Third, a transesophageal echocardiography (TEE) monitor can be eas-
ily used to determine the cause of any unexplained cardiovascular events. Fourth,
although there is as yet no conclusive evidence, experienced anesthesiologists believe
that general anesthesia with endotracheal intubation is superior to neuraxial anesthe-
sia in terms of cardiopulmonary resuscitation in pregnant women with CVD. Finally,
systemic heparin can be used without risks of spinal/epidural hematoma in those cases
requiring the use of an extracorporeal membrane oxygenation (ECMO) system. There
is a systematic review demonstrating similar operative mortality rates for cesarean
delivery in Eisenmenger patients, who are regarded as the highest-risk cases, using
either neuraxial or general anesthesia (Table 3.1) [24].

3.2.2 Emergency Cesarean Section

Some pregnant women with CVD may require an emergency cesarean section [25],
which rank among the most challenging scenarios. Regardless of CVD severity, all
emergency cases should be considered intermediate or high risk (Table 3.1).

General anesthesia must be performed in all true emergencies with particular
caution regarding failed intubation and aspiration. Induction of general anesthesia
in a high-risk group (Table 3.1) may take longer than usual. In case in which a dif-
ficult airway is anticipated, additional induction time may be required. TEE, which
must be inserted gently, could replace a central venous pressure (CVP) catheter to
monitor preload and correct heart performance.
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Neuraxial anesthesia is acceptable in most emergent CVD cases lacking absolute
contraindications, such as maternal refusal or severe coagulopathy. Single-shot spi-
nal anesthesia is not recommended, at least in high-risk populations (Table 3.1)
[26-29]. Although single-shot spinal anesthesia may indeed be quicker, it may
cause profound hemodynamic compromise, thereby further worsening uteroplacen-
tal perfusion and newborn outcomes. Abrupt resolution of spinal-induced sympa-
thectomy may increase the risk of circulatory overload along with delivery-related
autotransfusion, particularly in high-risk populations (Table 3.2).

3.3 Contingency Plans

Anesthesiologists should always prepare contingency treatment plans for obstetri-
cal and cardiopulmonary adverse events. The possible need for a perimortem cesar-
ean section should always be kept in mind. It should be specifically discussed
beforehand whether ECMO standby is needed. Although the efficacy of extracorpo-
real cardiopulmonary resuscitation remains unclear in pregnant women with CVD,
ECMO support for acute respiratory failure in pregnancy has recently been shown
to be effective and relatively safe, with survival rates of 77.8% (33 of 45) for moth-
ers and 65% (28 of 43) for fetuses [30]. A feasibility assessment of vascular access
points or the advance insertion of small introducer gates into the femoral, axillary,
or cervical site facilitates proper percutaneous institution of ECMO.

34 Neuraxial Anesthesia

Neuraxial anesthesia is a reasonable anesthetic option for planned cesarean section
in CVD. A very slowly titrated epidural anesthesia can achieve at least a thoracic-6
(T6) dermatomal sensory level of analgesia. Epidural anesthesia is known to confer
a lower risk of clinically significant hypotension compared to spinal anesthesia [31].
For CVD parturients, epidural anesthesia offers better hemodynamic stability. In the
case of a pre-existing epidural catheter for labor analgesia, an epidural top-up
(extension of a labor epidural) may be the best approach for an emergent cesarean
section without posing any threat either to the mother or the fetus. Postpartum anal-
gesia can be provided through continuous epidural infusion of local anesthetic with
an opioid to suppress pain-related stress, thereby reducing the need for systemic
opioid treatment. While patient-controlled epidural analgesia remains the standard
technique for postsurgical analgesia, whether this technique is safe in the CVD
patients following cesarean section has yet to be conclusively determined.

3.4.1 A Suggested Technique for Epidural Anesthesia

In our institution, most low- or intermediate-risk parturients (Table 3.1) are consid-
ered suitable for epidural anesthesia alone for cesarean section. Mepivacaine is our
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preferred local anesthetic because of its lower neurotoxicity compared to that of
lidocaine [32]. Incremental doses of 2% mepivacaine (2-3 ml every 3-5 min) are
administered. In addition, epidural fentanyl 100-200 mcg (2—4 ml) is applied fol-
lowing the initial or second injection of mepivacaine. To obtain a T4 surgical level,
the usual range is 8—14 ml of mepivacaine. It is essential to regard each subsequent
dose as a test dose. Additional 3 ml epidural doses and/or commencement of con-
tinuous infusion of 2% mepivacaine (3—6 ml/h) may be needed beyond 60 min,
beginning from the last dose, in cases of prolonged surgery. The use of epinephrine
as an additive to the epidural local anesthetic should be avoided, since even a small
intravenous dose may cause significant hemodynamic embarrassment in CVD
patients.

A 5-lead electrocardiogram monitor and external defibrillator pads are usually
kept on hand in addition to routine monitors. For some low-risk and most
intermediate-risk patients (Table 3.1), an intra-arterial catheter is placed prior to
performing the epidural. In most intermediate-risk patients, a central venous line is
frequently inserted with extreme care to prevent an air embolism in order to opti-
mally control hemodynamics, especially in the early postpartum period. The patient
is not placed in the Trendelenburg (head-down) position for central line placement.
As all invasive procedures, including epidural needle insertions, are performed in
awake patients, caution must be exercised to prevent potentially morbid cardiac
events stemming from pain, anxiety, or stress.

Phenylephrine, a pure alpha-1 adrenergic agonist, is often prophylactically iv
infused prior to mepivacaine injection at 0.5-1.0 mg/h. Subsequently, additional
boluses may be needed (0.05-0.1 mg) to maintain the target blood pressure (the
usual maximum dosage is equal to or less than 2.5 mg/h). Patients with PH, sys-
temic outflow tract obstructions, or congenital heart disease with right-to-left shunts
do not tolerate low SVR well. Restricted fluid management can reduce the risk of
cardiopulmonary complications in most CVD parturients receiving epidural anes-
thesia alone. Our epidural technique allows us to optimally maintain both cardiac
preload and afterload.

3.4.2 Alternative Neuraxial Techniques

Low-dose CSE is suitable for cesarean delivery in CVD patients [33, 34]. This low-
dose combination technique involves a small amount of intrathecal bupivacaine
(4-5 mg) plus fentanyl (20-25 mcg), followed by incremental epidural boluses. An
intrathecal opioid can provide excellent long-lasting postoperative analgesia. Many
anesthesiologists may not be familiar with this technique because it is not typically
used for standard cesarean sections. A meta-analysis review (12 studies; n = 693)
demonstrated that low-dose CSE (intrathecal hyperbaric bupivacaine <8 mg)
required more analgesic supplementation during cesarean sections than conventional-
dose CSE (>8 mg) [35]. Spinal anesthesia with a low-dose anesthetic always pro-
vides more rapid onset and may present more profound blocking effects with the
possibility of sharp alterations in SVR and cardiac preload compared to epidural
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anesthesia alone. Continuous spinal anesthesia is seldom performed for cesarean
delivery due to the higher rate of infection, injury to nerve roots, and postdural
puncture headache.

Marfan syndrome and related disorders, such as Ehlers-Danlos syndrome, are
widely known to be associated with an increased risk of dural puncture and/or poor
spinal anesthesia stemming from unusual feelings of loss-of-resistance, scoliosis, or
dural ectasia [36].

3.4.3 Platelet Count Thresholds

Spinal/epidural hematoma is extremely rare but may cause serious and permanent
neurological deficits, such as paraplegia. There is no definitive consensus regarding
a lower-limit platelet count for neuraxial anesthesia in cesarean delivery to prevent
spinal/epidural hematoma formation [37, 38]. In nonsurgical patients, serious spon-
taneous bleeding is unlikely to occur at platelet counts above 100 x 10%/pl, and
hemorrhage does not often occur until the platelet count falls below 50 x 10%/pl.
Platelet function decreases exponentially below 50 x 10%/ul [39-41]. Platelet counts
of 80-100 x 10%/pl, with no other coagulation abnormalities, would not increase the
risk of spinal/epidural hematoma.

In addition to absolute platelet count, the decline rate in platelet numbers is prob-
ably essential. Importantly, the removal of an indwelling epidural catheter is contra-
indicated in patients receiving anticoagulants [42]. The use of epidural analgesia is
avoided in patients needing anticoagulant therapy immediately postpartum. Rescue
ECMO support, in cases of profound hemodynamic or respiratory deterioration,
increases the risk of spinal/epidural hematoma.

Platelet or cryoprecipitate transfusion therapy for prompt reversal of coagulation
abnormalities is likely to cause serious fluid overload complications and would not
be tolerated in most parturients with CVD [38].

3.4.4 Failed Block

In cesarean section, failed neuraxial anesthesia is more common than generally rec-
ognized. The overall failure rate for general anesthesia conversion is reportedly
2.3-3.0% [43, 44]. The highest failure rate is based on estimates of labor epidural
top-ups, compared to spinal or CSE procedures (4.3-5.1% versus 1.3-2.1% or 1.5—
1.7%, respectively) [43, 44]. Furthermore, even after excluding “conversion to gen-
eral anesthesia” cases, the breakthrough pain rate during cesarean delivery in
patients receiving epidural, spinal, and CSE techniques was still 4.6% (59/1286),
1.2% (40/3224), and 4.8% (13/272), respectively [43].

Maternal emotional stress may cause hemodynamic instability or increased dif-
ficulty in establishing a new block in cesarean patients with CVD. Little can be done
to save a failing block in this population. Reinstalling a new epidural is relatively
contraindicated due to the toxicity risks associated with cumulative overdoses of
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local anesthetic. A spinal may be the only option, though in such cases surgery must
be postponed in order to allow for metabolization of the local anesthetic. However,
it is extremely difficult to foresee the spinal dose required for rescuing a partial
neuraxial block. A high or total spinal must be avoided in pregnant women with
CVD. If time is of the essence, conversion to general anesthesia should be under-
taken. However, one must remember that such emergency conversions could result
in higher rates of mortality and morbidity.

3.5 General Anesthesia

General anesthetic techniques are occasionally selected for cesarean section in
high-risk patients (Table 3.1). Anesthetic and vasoactive drugs should be tailored to
each patient’s underlying cardiopulmonary state. A carefully titrated narcotic-based
anesthetic generally provides excellent hemodynamic stability throughout anesthe-
sia. There is no convincing evidence that brief fetal exposure to general anesthetic
drugs through the placenta causes irreversible neurodevelopmental issues in the
neonate [45, 46]. General anesthesia has similar neonatal outcomes compared to
neuraxial anesthesia [47]. Therefore, maternal hemodynamic stability should be
prioritized above concerns for transient neonatal sedation and respiratory distress.
Remifentanil, an ultrashort-acting opioid, may be used to decrease the risk of mater-
nal and neonatal respiratory depression following cesarean section [48].

3.5.1 Monitoring

Arterial lines should be placed prior to induction or surgery in most patients. Central
venous lines are also indicated for most patients in order to better manage hemody-
namics, especially immediately after delivery, during emergency from general anes-
thesia, and within 12-24 h postpartum. TEE should be considered for all patients.
Pulmonary artery catheter monitoring is recommended in all patients with pulmo-
nary artery hypertension (PAH), except for those with Eisenmenger physiology or
intracardiac shunt lesions. In Eisenmenger patients, large intracardiac shunts are
contraindicated due to the likelihood of inaccurate cardiac output measurements.
Additionally, as the difficult placement of a pulmonary artery catheter frequently
causes arrhythmias, likely leading to hemodynamic instability, their use is abso-
lutely contraindicated in such patients. A 5-lead electrocardiogram monitor and
external defibrillator pads are always made ready in addition to routine standard
monitors.

3.5.2 Induction

Preoperative sedation is avoided. Slowly titrated induction with opioids is an accept-
able technique because there is no clear evidence that rapid sequence induction or
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cricoid pressure reduces pulmonary aspiration in cesarean delivery [49, 50]. The
rate of pulmonary aspiration during general anesthesia for pregnant patients may be
lower than previously thought [51]. Even in neonates with a full stomach requiring
emergent abdominal surgery, modified rapid sequence induction with careful mask
ventilation is commonly performed without undue risk of pulmonary aspiration.

Any hypnotic agents are appropriate. Etomidate, one promising hypnotic agent,
has little impact on systemic or pulmonary circulation in severe CVD patients
undergoing cardiac surgery [52]. The combined use of neuromuscular rocuronium
with sugammadex is performed for induction and emergence in cesarean section.
Rocuronium (1.2 mg/kg) is comparably as rapid as succinylcholine in achieving
optimal neuromuscular blockade for endotracheal intubation. Sugammadex can
quickly reverse deep neuromuscular blockade with rocuronium. Succinylcholine
has not been widely used recently.

Standard rapid-sequence induction has the obvious weakness that a mandated
period of apnea is needed, which may lead to desaturation and/or atelectasis.
Atelectasis in CVD parturients may cause hemodynamic instability due to afterload
elevations in the pulmonary ventricle and under-filling of the systemic ventricle.
Moreover, standard rapid-sequence induction is relatively contraindicated, particu-
larly in high-risk patients (Table 3.1) when trying to attenuate stress responses to
laryngoscopy and endotracheal intubation. If a rapid-sequence technique is unavoid-
able, especially in PH patients, deep levels of anesthesia must be rapidly achieved
before intubation along with bolus injections of norepinephrine (2.5-20 mcg) in
order to maintain adequate SVR. Pretreatment with lidocaine (1.0-1.5 mg/kg) and/or
a short-acting beta-1 blocker (e.g., landiolol 1.25-10 mg) should be considered to
minimize intubation stress. Landiolol, a beta-blocker, is more likely to possess high
beta-1 selectivity and short half-life properties compared with esmolol or other
beta-1 blockers. Bolus injections of landiolol have been reported to safely attenuate
tachycardia in response to endotracheal intubation under general anesthesia [53, 54].

Although pregnancy is considered to increase the risk of a difficult airway, the
incidence of difficult intubation in cesarean patients may not be really dissimilar
from that in non-obstetric surgical patients (5.7%; 95% confidence interval (CI),
4.4-7.2% versus 5.8%; 95%CI, 4.5-7.5%, respectively) [55, 56]. The overall rate of
failed intubation in cesarean section is reportedly quite low, ranging from 0 to
0.23% [55, 57, 58]. No expert anesthesiologist has experienced a failed intubation
in cesarean delivery in the past decade, thanks to advances in airway management
devices. For patients with an anticipated difficult airway, general anesthesia should
be the first choice since conversion to general anesthesia during cesarean section is
more challenging in those with CVD (Table 3.2).

3.5.3 Maintenance

If used judiciously, combinations of volatile anesthetics—along with opioids, pro-
pofol, and/or benzodiazepines—can maintain sufficient anesthetic levels to attenu-
ate adverse hemodynamic responses. Volatile agents decrease uterine contractility
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in a dose-dependent manner. Volatile agents above a minimum alveolar concentra-
tion level of 0.75 are usually avoided in patients with uterine atony. Nitrous oxide is
not administrated in patients with intracardiac shunts or PH, possibly because of an
increased risk of air embolization or further elevations in PVR, respectively.
Hemodynamic management is described below in Sect. 3.

3.5.4 Ventilatory Strategies

Mechanical ventilation for CVD during pregnancy is managed by using the same
approaches employed for the nonpregnant patient with CVD. Positive-pressure ven-
tilation may worsen hemodynamics in some CVD patients by altering the systemic
venous return, cardiac output, shunt size, shunt direction, and/or respiratory V/Q
matching, all of which may adversely affect the fetus.

Maternal PaCO, is targeted within its normal range of around 28-32 mmHg in
pregnancy, although short-term relative hypercapnia (e.g., around 40 mmHg) report-
edly has no adverse effect on fetal or newborn well-being, according to several small
clinical studies [17, 19]. To avoid lung injury, transpulmonary distending pressure (the
difference between intra-alveolar and intrathoracic pressures) is more crucial than
airway plateau pressure (intra-alveolar pressure). In the supine parturient, increased
intrathoracic pressure, as well as decreased chest wall compliance, would theoreti-
cally allow greater plateau pressures than that of 30 cmH,O. The latter is regarded as
a maximum threshold in nonpregnant patients with lung injuries when attempting to
achieve the targeted PaCO, and PaO, [11, 16]. Very high intrinsic positive end-expira-
tory pressure must be avoided. Severe respiratory acidosis and respiratory alkalosis
should also be avoided since both are detrimental to the fetus due to fetal myocardial
depression and decreased uteroplacental blood flow. Bicarbonate administration to
mothers with marked respiratory acidosis is thought to improve fetal acidemia.

Since postsurgery mechanical ventilation has few advantages and several distinct
disadvantages, the anesthesiologist must orchestrate a tracheal extubation in the
operating room.

3.5.5 Emergence

Emergence from general anesthesia may cause hemodynamic deterioration in CVD
patients following cesarean section. Increases in systemic ventricular preload and
afterload (ventricular wall tension) may occur, potentially leading to acute systemic
ventricular failure. Acute pulmonary ventricular failure might develop because
of abrupt elevations in the pulmonary ventricular preload. Pulmonary atelectasis,
complicated by spontaneous hypoventilation, may elevate PVR. Endotracheal
tube stress, postsurgical pain, and/or emergence agitation can cause tachycardia,
hypertension, and/or hypotension. Combined continuous infusions of fentanyl with
alpha-2 agonist dexmedetomidine, exercising special care with regard to bradycar-
dia, may provide smoother and faster emergence and extubation. Landiolol may
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also be beneficial in attenuating the hemodynamic responses to emergence agitation
and tube stress. Extubation under anesthesia may be very useful but only in some
patients. It is important to ensure adequate postoperative analgesia and patient tem-
perature and to verify reversal of the neuromuscular blockade. Postoperative nausea,
vomiting, and shivering are also frequent complications that may cause hemody-
namic instability in this population. The use of prophylactic antiemetics should be
considered. It remains unclear whether dexmedetomidine is safe for lactation.

3.6 Hemodynamic Management

Anesthesiologists need to manage the hemodynamic changes of both the mother
and the fetus, including sudden venous return induced by aortocaval decompression
and uterine autotransfusion. Optimally, the anesthesiologist must maintain volume
load to the systemic ventricle, heart rate with normal sinus rhythm, myocardial con-
tractility, SVR, and respiratory conditions. Atelectasis and lung hyperinflation must
be completely avoided since both may elevate PVR. The use of all-invasive moni-
toring and TEE may be considered.

Slow administration of oxytocin, commonly used as an uterotonic agent, is rec-
ommended to prevent oxytocin-mediated hypotension (<2 U/min) [1]. Prostaglandin
F analogues and methylergonovine should be avoided as these agents may cause
severe PH and coronary vasospasm. Obstetric complications, such as multiple preg-
nancies, pregnancy-induced hypertension, or venous thromboembolism, all impose
stress on pre-existing CVD and may increase the risk of maladaptation to hemody-
namic requirements. Obesity has been shown to be associated with an increased
mortality risk from cardiac disease in pregnancy [1]. Obesity causes PAH or systolic
and diastolic systemic ventricular dysfunction [16].

3.6.1 Arrhythmia

Many antiarrhythmic drugs, including lidocaine, have negative inotropic effects, thereby
suppressing ventricular contraction in cases of severely reduced ventricular function.
Inotropic agents for the treatment of acute systolic heart failure have an arrhythmogenic
effect. Electrical cardioversion may be a first-line option for the treatment of a newly
developed arrhythmia. Cardioversion has a very low risk of inducing fetal arrhythmias
[59]. The electrode pads are placed in the anterolateral chest, with the lateral pad placed
under the breast tissue [60]. Adenosine is effective in paroxysmal supraventricular
tachycardia, which is the most common sustained arrhythmia in healthy pregnancy.
Adenosine may frequently induce a short pause equating to cardiac standstill [59]. For
pregnant women with refractory ventricular fibrillation and tachycardia, rapid infusion
of amiodarone has shown more favorable outcomes than lidocaine [59, 60]. Amiodarone
is prone to depress cardiac performance due to its multichannel blocking properties,
which is particularly true in patients with severe ventricular failure. Temporary pacing is
rarely indicated for overdrive pacing or treatment of heart block.
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3.6.2 Specific Diseases

3.6.2.1 Pulmonary Arterial Hypertension

PAH (WHO Group 1) is a progressive right heart failure syndrome characterized by
remodeling of the precapillary pulmonary arteries [61]. Recent small studies sug-
gested a maternal mortality risk rate of 20-30% risk for cesarean section [62, 63].
The majority of deaths occurred within 2 weeks postpartum.

Unfortunately, no specific treatments are currently available that target the patho-
logical mechanism of PAH: right ventricular (RV)-pulmonary arterial coupling,
ventricular interaction, and RV diastolic function (see [64] for details). Therefore,
anesthesiologists should consider avoiding systemic hypotension, new-onset supra-
ventricular arrhythmias, and high output of the RV (Table 3.3). Proper prevention
and treatment of supraventricular arrhythmias are absolutely crucial. The loss of
atrial contractility causes deterioration of RV-arterial coupling because augmented
atrial kick is a key mechanism of compensation for reduced RV stroke volume in
this population. High-output RV, furthermore, likely leads to RV-arterial uncoupling
because the overload of pulmonary arterial flow output may increase PAP in the
latent rigid and deformable vasculature. It is, therefore, very important to avoid high
output of the RV in patients with less dilated responses in the pulmonary artery to
augmented pulmonary flow.

Norepinephrine (0.015-0.5 mcg/kg/min) is an initial treatment of choice because
the vasopressor stimulating alpha-1, alpha-2, and beta-1 adrenergic receptors indi-
rectly improves RV-arterial coupling with less arrhythmic complications [64].
Moreover, it decreases the ratio of systolic PAP to systolic systemic pressure.
Norepinephrine can correct hypotension-associated negative interventricular inter-
actions by both restoring optimal coronary perfusion and improving the adverse
conformational ventricular shape by increased left heart ventricular afterload. In the
case of sinus tachycardia induced by high-dose norepinephrine, phenylephrine, a
pure alpha-1 stimulator, can be used as an alternative agent albeit while exercising
great caution vis-a-vis RV exacerbation. Vasopressin is an alternative to norepi-
nephrine. Before continuous infusions, a bolus injection should be given to deter-
mine pulmonary and systemic vascular responsiveness to such vasopressors. Other

Table 3.3 Hemodynamic goals for cesarean section in pulmonary arterial hypertension

1. Avoid systemic hypotension: systemic diastolic pressure > 60 mmHg; SPAP/sAP <50%

2. Avoid new-onset arrhythmias: normal sinus rhythm; HR < 100 bpm

3. Avoid high output of the right ventricle: CI < 3.0 I/min/m?

4. Avoid a net positive fluid balance: use of bloodletting if required; a hemoglobin transfusion
threshold of 8 g/dl except for cyanotic patients

. Avoid low output of the right ventricle: CI > 2.0 I/min/m? SvO, > 60%; ScvO, > 70%

6. Avoid further elevations in PVR: prevention of hypoxemia (SaO, > 90%); hypercapnia;
acidosis; pain; emotional stress; hypothermia; and shivering

W

CI cardiac index, HR heart rate, PVR pulmonary vascular resistance, SaO, arterial oxygen satura-
tion, sAP systemic systolic pressure, ScvO, central venous oxygen saturation, SvO, mixed venous
oxygen saturation, sPAP systolic pulmonary artery pressure
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catecholamines (e.g., dobutamine) or pharmacological interventions for reducing
RV afterload are not recommended for cesarean section in patients with
PAH. Continuous intravenous infusion of nitroglycerin is relatively contraindicated
in patients with uterine atony because nitroglycerin relaxes the uterine smooth mus-
cle compared to vascular smooth muscle. Intraoperative initiation of epoprostenol
or other prostacyclin derivatives should be avoided, as long as possible, due to the
potential risk of systemic hypotension. Inhaled nitric oxide is a promising pulmo-
nary vasodilator which has no effect on the fetus or on maternal systemic circula-
tion, though it should be avoided as long as possible since once started, the patient
may need to remain intubated after surgery. Since inhaled nitric oxide should be
weaned gradually to avoid rebound elevations in PAP, extubation may not be pos-
sible in the operating room, and the patient may continue to need heavy sedation to
facilitate endotracheal tube tolerance, which unfortunately increases the risk of RV
failure. It is therefore more practical to avoid acute elevations in PVR by preventing
respiratory depression or inadequate pain control, rather than directly reduce RV
afterload (Table 3.3).

In general, fluid challenge may further impair RV-arterial coupling because few
PAH patients with RV failure are preload-dependent. A net negative fluid balance is
occasionally required (Table 3.3). Blood transfusion should also be avoided to the
utmost. Patients with chronic anemia, like parturients, can generally tolerate lower
hemoglobin levels. High blood viscosity generated by increased hematocrit values
may worsen PAH. It remains unclear whether correction of anemia improves mor-
tality in clinical settings. In heart failure, anemia is widely considered a surrogate
marker for poor prognosis, rather than a therapeutic target [65]. Our institute sug-
gests considering transfusion at a hemoglobin level of 8 g/dl in PAH patients under-
going cesarean section if there is neither hypovolemic hemoconcentration nor
cyanotic polycythemia involved (Table 3.3). Low-dose carperitide (0.005-0.02
mcg/kg/min) or furosemide is unhesitatingly administrated if necessary. In some
patients, bloodletting (drawing blood) is needed if fluid excess is present, particu-
larly during emergence from general anesthesia.

As a last resort, dopamine or dobutamine may be used to temporarily enhance
RV performance to improve RV-arterial coupling [64].

Thoracic epidural sympathectomy in PH may deteriorate RV-arterial coupling
and diminish inherent compensatory RV responses to acute RV afterload elevations
(i.e., homeometric adaptation to afterload without RV dilatation), thereby reducing
RV contractility [66]. This finding is highly relevant in clinical settings for cesarean
section in PAH patients since neuraxial anesthesia requires profound T2-T6 anes-
thetic levels if this procedure is to succeed. Thus, at least a T2-T3 anesthetic level
may be avoided if neuraxial anesthesia is indicated in this population.

3.6.2.2 Fontan Palliation

As a growing population of adults with congenital heart disease reaches childbear-
ing age due to improved treatments, congenital heart disease has been the most
common form of CVD in pregnancy (around 70% of patients), with a profound
decline in the number of rheumatic heart disease cases [67].
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Single ventricle with Fontan physiology involves a parallel circulation to the
pulmonary and systemic circulation, with a morphologic right or left ventricle,
depending on the congenital defect. The latest form of Fontan surgery, the extra-
cardiac technique, presents a 97% (95%CI 94-99%) survival rate at 13 years while
the classical atriopulmonary connection, 76% (95%CI 67-83%) at 25 years. Long-
term sequelae of Fontan circulation vary widely, including arrhythmias, worsening
cyanosis from pulmonary congestion, plastic bronchitis, hepatic dysfunction,
protein-losing enteropathy, pulmonary arteriovenous malformations, and/or throm-
boembolism [68, 69].

It is essential that Fontan circulation is able to create transpulmonary driving
pressure (i.e., the difference between central venous and atrial pressures) if pulmo-
nary blood flow is to be properly maintained. The key goals of hemodynamic man-
agement are to avoid increased PVR, sustained supraventricular arrhythmias, and
increased atrioventricular valve regurgitation in order to maintain adequate driving
pressure. Left uterine displacement is important for maintaining transpulmonary
driving pressure in this population.

Positive-pressure ventilation is a double-edged sword. Mechanical ventilation
with the use of paralysis drugs may worsen all three key goals of hemodynamic
management, resulting in hemodynamic instability. On the other hand, positive-
pressure ventilation may improve atrioventricular valve regurgitation by decreasing
wall tension and volume load in the systemic ventricle. It may furthermore be ben-
eficial in helping to avoid the sustained supraventricular arrhythmias caused by
reduced atrial filling. In addition, positive-pressure ventilation may decrease the risk
of pulmonary atelectasis which potentially worsens Fontan circulation in some
patients. Similarly, while spontaneous breathing without mechanical ventilatory
support (negative intrathoracic pressure) can augment blood flow to the lungs dur-
ing inspiration, it may increase PVR in the case of a hypoventilation from many
reasons, such as supine position with enlarged abdomen or upper airway obstruction
with sedation. Emotional stress with no sedation may result in PVR elevations dur-
ing cesarean section. Increased SVR should also be avoided because it is likely to
increase regurgitation of the atrioventricular valve, leading to arrhythmia and/or
ventricular failure.

It is, moreover, crucial that pharmacological-based therapeutic strategies aim at
decreasing atrial pressure. In this way the driving pressure can be increased without
raising the central venous pressure. The anesthesiologist should not hesitate to use
catecholamines even before induction of anesthesia, particularly in patients with
poor single ventricle and/or moderate to severe atrioventricular valve regurgitation.

In cases of unexplained hypoxia, increases in the right-to-left shunting across a
fenestration or a baffle leak should always be considered a cause of desaturation.
Hyperventilation, as well as increasing inspired oxygen concentrations, should be
promptly applied to decrease PVR. It should be noted that overdistention of alveoli
by lung hyperinflation may also cause elevated PVR, thereby increasing right-to-
left shunt flow.

Although CVP monitoring is useful for managing the transpulmonary driving
pressure, a central venous catheter should be removed as soon as possible after
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surgery due to the high risks of thromboembolism and central vein stenosis/occlu-
sion in Fontan physiology. External jugular vein pressure monitoring is an alterna-
tive method in most Fontan patients.

3.6.2.3 Cardiovascular Surgery with Cardiopulmonary Bypass

Aortic dissection and acquired heart valve disease have been described frequently
as a main cause of cardiac death in pregnancy [1]. Therapeutic approaches to such
severe diseases may require cardiovascular surgery during pregnancy under cardio-
pulmonary bypass (CPB) support. The mortality rate associated with CPB in preg-
nant patients is not higher than that in nonpregnant women [70, 71].

The major concerns surrounding CPB support are dynamic hemostatic changes—
including excessive hemodilution, hypothermia (25-34 Celsius degree), and hypo-
thermic pH management (pH-stat vs. alpha-stat)—and the release of maternal
endogenous catecholamines, which adversely impact, to a severe degree, fetal well-
being [72]. Moreover, total circulatory arrest (i.e., perfusion pressure remains zero)
is needed in some cases. In fact, cardiovascular surgery with CPB during pregnancy
is associated with a high risk of fetal loss and a fetal mortality rate of 10-20% [70,
71]. Currently, however, there is no clinical consensus regarding management of
CPB in pregnancy [1, 72]. Therefore, if fetal gestational age and its condition are
acceptable for cesarean section, the combined use of cardiovascular surgery with
cesarean section is recommended.

Our standard practice is that cesarean section is performed under general anes-
thesia in the cardiac operating room, followed immediately by cardiovascular sur-
gery with CPB. During the cardiovascular procedure, the abdominal surgical wound
is packed with the uterine incision closed. The abdominal wound is finally closed
after chest closure. As median sternotomy or CPB institution can be performed
simultaneously during the cesarean section procedure, determining the optimal tim-
ing of these procedures can only be made on a case-by-case basis. Unfractionated
heparin and protamine, both commonly used in CPB management, do not cross the
placenta.

3.6.2.4 Maternal Cardiac Transplant

Pregnant patients with normal ventricular function and no evidence of allograft
rejection are regarded as a low-risk class (Table 3.1) since they present no signifi-
cant complications in terms of hemodynamic management. As the recipient heart is
denervated, the recipient’s cardiac output is preload-dependent. Atropine, a vago-
Iytic drug, is ineffective at treating bradycardia. Neuraxial anesthesia-induced sym-
pathectomy does not induce bradycardia. Following cardiac transplantation, two P
waves are typically seen on an electrocardiogram when using the standard biatrial
anastomosis technique, though the native P wave has no effect on the chronotropic
activity of the transplanted heart. Cardiac allograft vasculopathy is one of the major
causes of late-stage heart failure, which involves diffuse narrowing of the coronary
arteries. The recipient often does not experience myocardial ischemic pain due to
the denervated heart. It should be noted that myocardial ischemia might occur with-
out any clinical symptoms of pain in long-term recipients.
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3.6.3 Cardiopulmonary Resuscitation

Anesthesia-related complications still account for approximately 8% of maternal
cardiac arrests during hospitalization for delivery [73]. A standard cardiopulmonary
resuscitation (CPR) procedure is recommended for pregnant women with/without
CVD [60]. The electrical energy required for defibrillation remains unchanging
throughout all stages of pregnancy. Anterolateral pads should be kept on hand as
with nonpregnant resuscitation.

Three key points for CPR in pregnant patients are manual displacement of the
uterus to the left, which would relieve aortocaval compression, early initiation of
ventilatory support that would counteract reduced maternal oxygen reserves, and
possible resort to a perimortem cesarean section procedure. If circulation cannot be
restored within 5 min, perimortem delivery is generally recommended, although it
is unclear whether such delivery is associated with an increased successful resusci-
tation rate.

3.7 Postoperative Management

Patients should be carefully monitored in a cardiac intensive care unit in the first few
days following surgery because of the high risk for sudden death. The anticipation and
prevention of adverse events are essential for successful postoperative management.

3.7.1 Hemodynamic Management

A net fluid balance is typically maintained at around zero for 6-12 h after surgery in
most patients. Spinal anesthesia alone for surgery carries the risk of developing
heart failure and/or pulmonary edema if abrupt resolution of the sympathectomy
coincides with physiological fluid volume expansion postpartum (Table 3.2).
Aggressive diuretic therapy should be considered to prevent a positive fluid balance.
Venous congestion is the major risk factor signaling worsening renal function in
patients with advanced heart failure [74, 75]. Antiemetic drugs are generally indi-
cated. The usual oral medications, including anticoagulants, should be restarted as
soon as possible. Early ambulation and mechanical prophylactic treatment (e.g.,
elastic support stockings) are important to prevent a thromboembolic event.

3.7.2 Postoperative Analgesia

Patients may benefit from intrathecal opioid use for surgery and/or continuous epi-
dural analgesia for postoperative analgesia (Table 3.2). For postpartum analgesia
following general anesthesia, opioid infusion therapy is administered to CVD
patients after cesarean delivery. Commonly used is the bilateral transversus abdomi-
nis plane (TAP) block, a T6-L1 regional block technique, as it significantly reduces
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systemic opioid requirements in this population [76]. The TAP block can usually be
performed in patients on anticoagulant treatment, though it requires about 3—5 times
more volume of local anesthetic compared to standard epidural analgesia.

3.8 Conclusion

Cardiovascular patients undergoing cesarean section pose profound anesthetic
challenges. The majority of cesarean deliveries tend to be performed under neur-
axial anesthesia in this population. Currently, however, no definitive clinical data
exists with regard to which subsets of patients should receive neuraxial versus
general anesthesia for this procedure. The need for obstetric general anesthesia
will continue far into the foreseeable future. Anesthesiologists must continu-
ally work to sharpen general anesthetic skill levels and strategies for pregnant
patients with CVD. Until evidence from well-designed clinical trials becomes
available, anesthetic management for this population should be left to the discre-
tion of the anesthesiologist and patient in conjunction with an expert multidisci-
plinary team.
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Abstract

For several days after delivery, the maternal circulatory dynamics change very
dramatically. The venous return increases immediately after child and placental
expulsion due to rapid uterine contractions, while bleeding and vascular perme-
ability are increased due to the delivery. This balance determines the circulating
plasma volume right after delivery. For several days, diuresis decreases, vascular
permeability becomes normal, and fluid stored in the third space returns to the
blood vessels. Therefore, the circulating plasma volume in many cases reaches a
peak several days after delivery. Immediately after delivery, there is a risk of
severe obstetric bleeding, and thromboembolism can easily develop due to accel-
erated blood coagulation. Since the maternal death often occur within 1 week
after delivery, careful attention during this period is required especially for
women with severe heart disease.

Peripartum cardiocirculatory changes are considered to persist up to
3—6 months after delivery. There are almost no reports on the effects of the risks
of child-rearing, including breast-feeding, on mothers with cardiovascular dis-
ease. Several studies suggested that hormones related to lactation, such as oxyto-
cin and prolactin, might be possible pathogenetic factors of postpartum aortic
dissection and peripartum cardiomyopathy. In addition, it was also reported that
the risk of a cardiac event would be highest in the postpartum period in women
with long QT syndrome.
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41 The Immediate Puerperium Management

Along with the rapid uterine contraction immediately after delivery, the pressure on
the inferior vena cava, which was caused by the enlarged uterus in the second half
of the pregnancy, is released, leading to a drastic increase of venous flow. Cardiac
output reaches at the highest level (at ~1.8 times as prepregnancy level) just after
newborn and placental delivery [1]. Therefore, physicians should pay attention to
complications such as the rapid development of heart failure or aortic dissection or
pulmonary hypertensive crisis.

There has been little known about changes in circulating plasma volume during
immediate puerperium on a day-to-day basis. Interestingly, brain natriuretic peptide
(BNP) levels were found to become highest on day 3 after delivery [2]. A case with
aortic regurgitation and implantable cardioverter-defibrillator (ICD) indicated that
the ICD’s stored fluid index gradually increased and exceeded the threshold on the
eighth day after delivery (Fig. 4.1) [3]. She was treated with diuretics and recovered
from postpartum heart failure. Although there are differences between individuals,
the circulating plasma volume causes transient volume overload after delivery and
takes about 4-6 weeks or longer to return to normal.
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Fig. 4.1 Fluid assessment based on the intrathoracic impedance monitoring in a peripartum
woman with aortic regurgitation [3]. A woman after aortic valve replacement with biological
valve and implantable cardioverter-defibrillators’ implantation for the episode of ventricular fibril-
lation delivered by Caesarean section. The total amount of bleeding was 540 ml. After delivery, she
gained weight again with worsen bilateral peripheral edema, and her BNP level was increased. The
OptiVol™ fluid index got out of the peak at postoperative 8 days. She was treated with diuretics and
recovered from postpartum heart failure. BNP brain natriuretic peptide, POD postoperative day
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Fig.4.2 Vital signs at atonic bleeding in a woman after Jatene operation for transposition of
the great arteries. A woman after Jatene operation for transposition of the great arteries delivered
her baby under epidural anesthesia. Total amount of intrapartum hemorrhage was 720 g. More
bleeding (542 g) was observed for the first 1 h after delivery. She complained about feeling bad and
total amount of bleeding became more than 1500 g after 2 h from delivery. Her hemoglobin levels
were decreased from 11.6 to 7.4 g/dl. Finally she was proceeded with uterine artery embolization.
In the course of peripartum hemorrhage, her heart rates did not increased and kept around 70 beats/
min. UAE uterine artery embolization

Massive intrapartum hemorrhage is a life-threatening event, and elevated heart
rate is one of the indicators of excessive bleeding, such as shock index. However,
some women with bradyarrhythmia and/or cardiovascular disease cannot increase
their heart rate with massive bleeding (Fig. 4.2). Obstetricians and midwives should
take caution with such patients.

The risk of thrombosis is significantly increased in the puerperium. Especially,
women after Caesarean section are faced with a high risk of deep vein thrombosis
and pulmonary embolism. Women at high risk must acquire the prevention of
thrombosis, such as the administration of anticoagulants and taking compression
stockings.

4.2  The Late Puerperium Management

Since physical changes in a pregnant woman are noticeably significant, family mem-
bers and people in her presence should help her by carrying her packages, giving her
a place to sit when needed, being careful not to bump into her, etc. On the other hand,
since her appearance returns to normal after delivery, some people may not recognize
that she is mainly caring for her newborn baby and is still in need of support due to
her fragile health condition. Although the World Health Organization (WHO)
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reported that during the puerperal period, there is a higher risk for an increased
maternal death rate, the mother’s health needs are usually neglected in this period [4].
Careful attention should be paid during the puerperal period to the mother’s body due
to the large circulatory changes, as well as to the heavy demands of child-rearing.

A study of maternal death in the UK (United Kingdom) reported that 13% of late
maternal deaths confirmed from the 6th week to 1 year after delivery were caused by
cardiac conditions, including acute myocardial infarction, cardiac myopathy, sudden
arrhythmic death syndrome (SADS), aortic dissection, etc. [S]. The highest event risk
was observed during the 9 months after delivery especially in women with LQT [6, 7].
A Japanese study of 126 women with LQT that was confirmed by a genetic test reported
that postpartum LQT was prolonged, compared to that during pregnancy, with develop-
ment of many cardiac events. Furthermore, development of postpartum events was con-
firmed even in the women who took oral p-blockers [7]. For high-risk cases, oral
[-blockers and implantation of an ICD are considered beneficial. In addition, it is rec-
ommended that follow-up observation of women with peripartum cardiomyopathy and
with other diseases using of a wearable cardiac-defibrillator should be provided for
some time after delivery [8]. This is especially important when the effects of pregnancy/
delivery may play a major role in the development of an arrhythmia.

4.3 Breast-Feeding and Cardiovascular Disease
4.3.1 Physiology of Breast-Feeding

After delivery, the breasts start to secrete colostrum, which contains more minerals
and protein, including antibodies such as immunoglobulin A, but less sugar and fat.
Colostrum has a preventive effect for neonates against infectious disease. A month
later, a nursing mother produces 500-700 ml of milk daily and needs at least
+350 kcal and +800-1000 ml water intake. Breast-feeding prolactin, which belongs
to the growth hormone family, is essential for lactation. Although plasma prolactin
levels fall after delivery to levels lower than during pregnancy, each act of sucking
triggers a rise in levels. Oxytocin also stimulates milk expression.

Breast-feeding in sitting or reclining position costs about 2 Mets (metabolic
equivalents). Other child care activities, such as dressing and bathing, cost 2-3
Mets, which are equal to occupations with light to moderate effort [9].

4.3.2 Breast-Feeding and Cardiovascular Disease

Although breast-feeding has many merits, including transfer of immunity and
development of mother-infant affection, some mothers with severe cardiac disease
may complain of fatigue caused by breast-feeding, which increases their basal
metabolic rate. In addition, there are growing concerns about the effects of hor-
mones involved in lactation on disease conditions which may be aggravated in the
puerperium period (e.g., peripartum cardiomyopathy and aortic dissection in
patients with Marfan’s syndrome [see also Chap. 11 and 13]).
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Conventionally, it is known that complications of cardiac failure frequently
develop in pregnant women with organic heart disease before and after the 30th
week of pregnancy when the circulating plasma volume increases, while many
women with peripartum cardiomyopathy are diagnosed with having cardiac failure
after delivery. Based on this difference in the timing of increased incidence of car-
diac failure, it has been recently suggested that prolactin may be involved in cardiac
disease. In 2007, Hilfiker-Kleiner et al. reported that the mechanism of cardiomy-
opathy/cardiac failure, which occurs at a high rate in female mice model, involved
an increase in intramyocardial oxidant stress after pregnancy/delivery [10]. An
increase in intramyocardial oxidant stress induces increased cathepsin D activity, a
proteolytic enzyme. This proteolytic enzyme cleaves prolactin, a galactopoietic hor-
mone that is high in blood during the perinatal period. The cleaved prolactin (pro-
lactin fragments) inhibits angiogenesis and other angiopathic properties, and thus
prolactin is considered to be involved in the development of cardiomyopathy. In
addition, it was also reported that mice which became pregnant and delivered after
administration of bromocriptine, an anti-prolactin drug, did not develop cardiomy-
opathy. Furthermore, cardiomyopathy could be prevented when bromocriptine was
administered to women with a history of peripartum cardiomyopathy during their
subsequent pregnancy, because cleaved prolactin is present in the serum of patients
with peripartum cardiomyopathy. Based on these findings, anti-prolactin treatment
has recently been used as a new disease-specific therapy [11, 12].

4.3.3 Breast-Feeding and Medication

Passive diffusion and carrier-mediated transport by a transporter, etc. are involved
in drug transfer via breast-feeding. Drug properties related to passive diffusion
include protein binding and the ionization and hydrophobic properties. Therefore,
basic drugs with a lower protein binding affinity and a higher lipophilicity are ele-
vated in breast milk. Thus, a hydrophilic acid drug with a low protein binding affin-
ity should be selected when similar acting drugs are available. However, most drugs
are considered to be safe because an extremely small amount of a drug is transferred
via breast milk, compared to the dose of the drug used in the therapy. A recent data-
base of drug safety for breast-feeding is available through the Internet. Both the
Japan Drug Information Institute in Pregnancy (https://www.ncchd.go.jp/kusuri/
lactation/index.html) and LactMed (https://toxnet.nlm.nih.gov/newtoxnet/lactmed.
htm) in the USA are useful sources of information.

4.4 Impact of Pregnancy on Long-Term Outcomes

So far, many reports have discussed the prognosis for women with cardiac disease
during a relatively short period from pregnancy to immediately after delivery.
However, it has not been clarified how pregnancy/delivery, which drastically
changes the circulatory dynamics, would affect women with cardiac disease in the
long term.
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It is suggested that peripartum cardiac stress resulted in deterioration of the
New York Heart Association (NYHA) cardiac functional classification, progressive
enlargement and dysfunction of the right ventricle, and an increase of tricuspid
regurgitation in patients who underwent either Senning or the Mustard procedure
for correction of transposition of the great arteries [13]. Therefore, it was consider-
able that pregnancy affects the long-term prognosis in women with a systemic right
ventricle. In addition, in a study with patients who underwent a repair of tetralogy
of Fallot, it was found that right ventricular enlargement tended to progress after
successive pregnancies/deliveries [14—16]. This tendency was significant especially
in patients whose right ventricular enlargement had progressed even before preg-
nancy [16] (see Chap. 14). Therefore, the necessity for intervention to the pulmo-
nary valve before pregnancy should be discussed with patients having right
ventricular enlargement associated with severe pulmonary valve regurgitation.

Even in the women with Marfan’s syndrome, pregnancy/delivery is a factor that
significantly affects long-term aortic events. The risk factors for successive aortic
events include women with greater aortic diameter, rapid aortic dilation upon or
during pregnancy, increased number of pregnancies, no use of -blockers during
pregnancy, and no prospective follow-up observation after pregnancy [17].

Approaches initiated before both pregnancy and perinatal management will be
required not only for a safe pregnancy/delivery but also for the best long-term
prognosis.

4.5 Relations Between Peripartum and Later
Cardiovascular Events

Women with cardiac disease, who were complicated with peripartum cardiovascu-
lar events, are likely to have another cardiovascular event in the early phase after
delivery [18, 19]. Considering a perinatal event as a warning sign, physicians should
carefully perform puerperal follow-up observations on women with a perinatal
event. Pregnancy is a stress test for life—it is important to pass down the lessons
obtained in the perinatal period from the department of obstetrics to the physicians
in charge of the successive follow-up observation.
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Preconception Counseling
and Contraception

Chizuko Aoki-Kamiya

Abstract

Circulatory dynamics markedly change throughout pregnancy and delivery.
While many women with heart disease deliver safely, some diseases and patho-
logical conditions are life-threatening and high risks for both mother and fetus.
Thus, preconception counseling is important for safety of women with cardio-
vascular disease, and it is preferable to start counseling from the teenage years
among women with congenital heart disease. The specialized multidisciplinary
medical team, including obstetrics, adult and pediatric cardiology, anesthesiol-
ogy, cardiac surgery, genetic clinic, and neonatology, is essential for high-risk
pregnancy, and involvement of the team is also important in preconception coun-
seling. Teenage years are the same timing of transitional care. As a prerequisite
of counseling, it is necessary to identify whether the patient sufficiently under-
stands their own disease and symptoms, and it is preferable to begin with an
explanation of these issues when understanding is insufficient. It is important to
offer the safe contraception for women with heart disease, who do not want to get
pregnant, since some contraception increase the risk of thromboembolism.
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5.1 Overview of Preconception Counseling

Overview of preconception counseling is shown in Fig. 5.1. In women with con-
genital heart disease (CHD), preconception counseling is preferable to start coun-
seling from the teenage years, which is almost the same timing of transitional care.
As a prerequisite of counseling, it is necessary to identify whether the patient suf-
ficiently understands their own disease and symptoms, and it is preferable to begin
with an explanation of these issues when understanding is insufficient. Then, physi-
ological changes and estimated risks of maternal complication in the perinatal
period and long-term outcome should be explained and discussed in an understand-
able way. If the patient wishes pregnancy for real, more detailed information such
as expected course of pregnancy and fetal risks should be added. For women who
do not want to become pregnant, instructions on contraception and prescription of
contraceptives are necessary.

5.2  Risk Assessment of Pregnancy with
Cardiovascular Disease

5.2.1 Risk Classification and Scoring Systems

Three main methods are used to assess the risk of pregnancy with cardiovascular
disease. The first was prepared by modifying the World Health Organization
(WHO) contraception risk classification for women with concomitant heart dis-
ease [1] for pregnancy and delivery (modified WHO classification). Each cardio-
vascular disease is classified into four groups: WHO class 1 (risk no higher than
general population), WHO class 2 (small increased risk of maternal mortality and

When? ‘ Starting in teenage years (depend on each development) ‘

Whom? ‘ Patient; Partner (husband); Other family (parents) ‘

Who? The 18t touch| Doctors in charge; transitional program ‘

The 2™ touch Specialized multidisciplinary team

Obstetricians Pediatric/adult cardiologists Anesthesiologists
Cardiac surgeons Midwives/nurses Clinical geneticists

What? Risk of maternal complication in the perinatal period (mortality, morbidity)
Expected course of pregnancy (frequency of examination, delivery method)
Maternal long-term outcome

Fetal risks (influence of drugs, immaturity due to premature delivery)
Heredity

Familial and social backgrounds (backup after delivery)

Ovarian dysfunction

Contraception

Fig. 5.1 Overview of preconception counseling
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morbidity), WHO class 3 (significant increased risk of maternal mortality and
morbidity; expert cardiac and obstetric pre-pregnancy, antenatal and postnatal
care required), and WHO class 4 (pregnancy contraindicated: very high risk of
maternal mortality or severe morbidity; termination should be discussed, and if
pregnancy continues, care as for class 3) [1]. Recently, five categories of WHO
classification were introduced, in which class 2 were divided into two groups with
small (class 2) and moderate (class 2-3) increased risk of maternal mortality and
morbidity [2].

The second method uses the CARPREG score, which was established based on
an investigation of 599 cases of pregnancy with concomitant heart disease. The
following five items are regarded as risk factors for maternal complications: (1)
New York Heart Association (NYHA) class III-1V, (2) history of cardiovascular
events before pregnancy, (3) cyanotic heart disease, (4) stenotic lesion in the left
heart, and (5) reduced ventricle function (EF <40%). Each item receives 1 point
when present, and the incidence of maternal cardiovascular events during preg-
nancy is predicted as O points = 5%, 1 =27%, and > 2 = 75% [3]. The incidence of
fetal complication was 20%, and the rate of serious complications such as respira-
tion distress syndrome, intracranial hemorrhage, and death was 5%, in addition to
premature delivery and low birth weight. The factors aggravating the fetal outcome
were NYHA class III or higher or cyanotic heart disease, use of anticoagulants,
cigarette smoking, multipara, and stenotic lesion in the left heart [3]. Then the
CARPREG I study, which enrolled 1,938 pregnancies and updated the original
study, was recently reported. Cardiac complications occured in 16% of pregnan-
cies. In addition to five general predictors, five more predictors were identified;
four lesion-speciffic predictors (mechanical valves, high-risk aortopathies, pulmo-
nary hypertension and coronary artery disease) and one clinical care predictor (late
pregnancy assessment) [4].

The third method uses the ZAHARA score, which was established from an
investigation of 1302 pregnancies with concomitant CHD. The following risk fac-
tors are scored: history of arrhythmia, 1.5 points; oral cardiovascular drugs before
pregnancy, 1.5; NYHA class >II before pregnancy, 0.5; obstructive lesion in the
ventricle (pressure gradient (PG) >50 mmHg or aortic valve area (AVA) < 1.0 cm?),
2.5; moderate or severe atrioventricular valve regurgitation of the ventricle and pul-
monary ventricle, 0.75 each; previous mechanical valve replacement, 4.25; and cya-
notic heart disease, 1. The incidence of maternal cardiovascular events during
pregnancy is predicted based on the total score as <0.5 points = 3%; 0.5-1.5 = 8%;
1.5-2.5=18%;2.5-3.5 =43%; and > 3.5 = 70% [5].

In the Japanese Circulation Society guidelines [6], the following items are speci-
fied as heart diseases requiring strict caution during pregnancy or avoidance of preg-
nancy: (1) pulmonary hypertension (Eisenmenger’s syndrome), (2) outflow tract
obstruction (severe aortic valvar stenosis mean PG >40-50 mmHg), (3) heart failure
(NYHA class III or severer, left ventriclar ejection fraction (LVEF) <35-40%), (4)
Marfan syndrome (diastolic aortic diameter >40 mm), (5) mechanical valve, and (6)
cyanotic disease (oxygen saturation <85%).

For women who are planning pregnancy, it is preferable to perform counseling
as specifically as possible using the above risk assessment methods, reports on out-
comes of pregnancy by disease, and experience in the affiliated institution.
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Previously, pregnancy risk assessment was performed only for a short period from
pregnancy to a specific puerperal period, but the influence of pregnancy and deliv-
ery on the long-term outcome of heart disease has recently been reported. This may
facilitate counseling, including long-term prognosis, and this approach requires fur-
ther investigation. Information should also be provided on fetal risks, such as pre-
mature delivery, maternal drug therapy, and heredity.

5.2.2 Exercise Tolerance and Pregnancy Risk

Several studies on exercise tolerance and outcomes of pregnancy have been
reported. In one Japanese study using the cardiopulmonary exercise testing (CPX)
before pregnancy of 33 pregnant women with CHD, maternal cardiovascular events
(heart failure and arrhythmia) were likely to occur in cases with maximum heart
rate (HR) <150/min and/or peak oxygen consumption (VO,) <22.0 mL/kg/min,
fetal events (premature delivery, underweight, fetal dysfunction, abortion) in cases
with maximum HR <150/min and/or peak VO, <26.2 mL/kg/min, and obstetric
events (post-delivery bleeding, hypertensive disorders in pregnancy, premature
abruption of placenta) for maximum HR <150/min and/or peak VO, <25.3 mL/kg/
min [7]. Maximum HR, percentage of maximum age-predicted HR, and chrono-
tropic index have also been shown to be correlated with maternal and fetal compli-
cations in a separate report [8].

5.3 Maternal Cardiovascular Complications

5.3.1 Heart failure

The circulating plasma volume markedly increases in the early to middle phase of
pregnancy and averages 1.5 times that in non-pregnancy around the 30th week of
gestation. For patients with cardiovascular diseases which are intolerant to volume
overload such as pulmonary hypertension, stenotic disease, and severe cardiac dys-
function, attention should be paid to the appearance of heart failure and low cardiac
output in the presence of an increased volume load. In delivery, oxygen consump-
tion increases about three times, circulating blood volume increases by 300-
500 mL due to uterine contraction with labor pain, and cardiac output increases by
15-25%. The uterus contracts immediately after delivery, which releases the infe-
rior vena cava compressed by the uterus in late pregnancy and rapidly increases
venous return. Since the circulating plasma volume is increased during pregnancy,
a volume-loaded state transiently occurs after delivery, and its normalization takes
about 4-6 weeks. In a study of 173 pregnant women with concomitant heart dis-
ease who developed heart failure in the perinatal period, heart failure developed in
the 20-30th week in women with structural heart disease, reflecting the increase in
circulating plasma volume, whereas heart failure developed at delivery to 1 month
after delivery in many women with peripartum cardiomyopathy and ischemic heart
disease [9].
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5.3.2 Arrhythmia

HR increases by about 20% from that before pregnancy. Since cardiac dilatation
(myocardial stretch) accompanies the increase in HR and plasma volume, extrasystole
and tachyarrhythmia tend to aggravate during pregnancy. After delivery, sympathetic
nerve activity during pregnancy resolves and HR slows, aggravating bradyarrhythmia.
In women with long QT syndrome, arrhythmic events more frequently occur during
the 9-month period after delivery than before and during pregnancy [10].

5.3.3 Thromboembolism

Coagulation factors increase and are activated during pregnancy, increasing the risk
of thrombus and embolus formation. Deep vein thrombosis (DVT) and pulmonary
embolism are serious pregnancy-related complications. Coagulability differs with
ethnicity. A Japanese study showed that genetic mutations in the protein S gene
were predominant in pregnant Japanese DVT women, and DVT in pregnant women
with genetic mutations occurred more frequently at the early stage of pregnancy
than postpartum [11]. Thrombus formation-induced valve dysfunction and embo-
lism are likely to occur after mechanical valve replacement during pregnancy; care-
ful anticoagulant and antiplatelet therapy is necessary. However, warfarin has a high
fetal risk because it is teratogenic and transfers through the placenta, but the use of
heparin instead of warfarin increases the risk of maternal thrombosis. Therefore,
pregnancy after mechanical valve replacement has a high risk.

5.3.4 AorticDissection

During pregnancy, the elastic fiber of the aortic media degenerates due to the influ-
ence of estrogen, increasing vulnerability, and the risk of aortic dissection increases
in patients with Marfan syndrome, aortitis, and other aortopathies accompanied by
aortic dilatation. It has recently been shown that aortic dilatation and dissection
occur in patients with CHD, such as tetralogy of Fallot and transposition of the great
arteries. Careful course observation is necessary for patients with aortic dilatation.

5.3.5 Infective Endocarditis

The frequency of this disease is not high, but some cases have complication by
infective endocarditis caused by obstetric treatment, such as that for delivery. Thus,
the Japanese Circulation Society guidelines recommend preventive administration
of antimicrobial drugs at delivery to patients at high risk for infective endocarditis
[6]. For heart diseases other than high-risk disease, use of antimicrobial drugs is not
recommended because the frequency of infective endocarditis is low, but there is a
risk-benefit consideration, and administration of these drugs may still be useful for
prevention in high-risk patients (see Chap. 7).
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5.4  Maternal Long-Term Outcomes After Pregnancy

Pregnancy and delivery may affect long-term outcomes of several diseases and
pathologies. In a retrospective study of long-term outcomes of women with Marfan
syndrome, previous pregnancy and delivery were significantly correlated with aor-
tic dissection and prophylactic aortic surgery [12]. In a study of pregnancy in
patients after a Mustard operation and with transposition of the grate arteries (TGA)
in whom the right ventricle was dysfunctional, aggravation of NYHA class (12%),
progression of right ventricular (RV) dilatation (31%), RV hypofunction (19%), and
an increase in tricuspid regurgitation (29%) were observed long after delivery, sug-
gesting that aggravation remained upon pregnancy [13]. Right cardiac dilatation
progresses upon pregnancy and delivery, even in pregnancy after repair of tetralogy
of Fallot. In Japanese study, indexes of the left ventricle did not change after preg-
nancy and delivery, but the RV diameter was significantly dilated 6 months to 1 year
after delivery, compared with that before pregnancy [14]. In a study in which RV
volume was evaluated by MRI before and after pregnancy after repair of tetralogy
of Fallot, RV dilatation had more markedly progressed after delivery in patients in
whom it had already progressed before pregnancy [15].

5.5 Fetal Risk

Hereditary risks, risk of premature delivery, and the influence of maternal medica-
tion should be mentioned in preconception counseling. CHD is caused by chromo-
somal aberration, a single gene aberration, environmental factors, or multifactorial
inheritance of unknown cause in 8, 2, 5, and 85% of cases, respectively, and the
frequency of repeated inheritance of maternal CHD in children is about 3-5% [6].
The accuracy of fetal echography has recently improved, and CHD can be diag-
nosed in the fetal period in 50-60% of cases. Thus, screening by fetal echography
is useful for mothers with CHD. Some diseases are inherited at 50% probability,
such as Marfan syndrome and long QT syndrome. Since the risk of premature deliv-
ery is high in high-risk pregnancy, explanation of the week of delivery and fetal
outcome is necessary. The survival rates of babies born by premature delivery are
>55%,>80%, >90%, and >95% for births at 22-23, 24-25,26-27, and 28-29 weeks
of gestation, respectively. The main complications are shown in Table 5.1.
Counseling on oral drugs taken by the mother is also necessary with regard to effects
on the fetus and possible withdrawal or substitution by other drugs.

Table 5.1 Main complications in premature babies

Complications due to immaturity of babies

By 32nd week Intraventricular hemorrhage, retinopathy of prematurity
By 34th week Respiratory distress syndrome
By 36th week Patent ductus arteriosus, hyperbilirubinemia

Complications due to infection and inflammation

By 32nd week ‘ Cerebral palsy, sepsis, chronic pulmonary disease, necrotizing enteritis
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5.5.1 Weeks of Pregnancy as Time Points
in Preconception Counseling

The course of pregnancy should be defined using time points from maternal and
fetal perspectives in counseling.

4th-5th week: Pregnancy test kit becomes positive, and withdrawal or switch of
drugs is recommended for patients taking teratogenic drugs.

5th week: The fetal sac is confirmed.

6th week: Fetal heartbeats are confirmed.

5th—11th week (period of organogenesis): Exposure to teratogenic factors includ-
ing drugs increases the fetal deformation risk.

Oth—12th week: Some women get dehydrated and/or hypokalemia due to
hyperemesis.

About 16th week: Completion of the placenta. Oxygen and nutrients supplied to
the fetus become mostly dependent on the placenta.

Before the 22nd week: Extraembryonic survival is impossible, and artificial
abortion is possible under the Maternal Protection Law in Japan. For the elective
abortion, uterine curettage is performed until the 11th week, and delivery of the
embryo by uterine contraction is induced by administration of a prostaglandin prep-
aration after the 12th week. Since blood loss increases with progression of preg-
nancy, abortion should be performed by the 11th week of pregnancy when possible
from the perspective of invasiveness for the mother.

After the 20th week: An increase in blood pressure or blood glucose suggests a
diagnosis of hypertensive disorders in pregnancy or gestational diabetes.

22nd—36th week: Delivery in this period is premature, and the risks of fetal
death and complications increase at earlier weeks of pregnancy.

37th to before the 42nd week: Full-term delivery.

5.5.2 Preconception Counseling for Women with CHD in Japan

In 2016, Koerten et al. used a questionnaire survey in patients and attending physi-
cians to investigate the status of pregnancy in women with CHD in Germany,
Hungary, and Japan [16]. About half of women had a history of pregnancy, and
abortion was performed only in 8%, but the abortion rate in high-risk women was
about three times higher than that in low-risk women. Less information is available
on preconception counseling in Japan.

5.6 Contraception

There is a range of contraceptive methods that can be recommended for use accord-
ing to the individual’s particular circumstances. Among women with severe cardio-
vascular disease, an unintended pregnancy can lead to significant morbidity and
mortality [17]. The incidence of unintended pregnancy among women with con-
genital heart disease in the United States was nevertheless reported to be as high as
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54% [18]. For many women with cardiovascular disease, estrogen-containing pills
are contraindicated because they are thrombogenic and affect the metabolism of
warfarin. Table 5.2 shows efficacy (Pearl Index) and disadvantage in women with
cardiovascular disease of typical contraceptive methods. The levonogestrel-releas-
ing intrauterine system (LNG-IUS) has been demonstrated to be effective and safe
for contraception in healthy women, and it has been proposed that the LNG-IUS
should be a first-line contraceptive method. It may also be effective and safe in
women with cardiovascular disease.
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Cardiovascular Assessment 6
During Pregnancy

Yumi Shiina

Abstract

Appropriate risk stratification for pregnancy in patients with cardiovascular dis-
ease is important, and pregnant patients at intermediate and high risk require
special care. Physiologic adaptations to the pregnant state occur with peak effects
of these changes generally seen late in the second trimester or early in the third
trimester. Heart failure and arrhythmia are common major cardiovascular com-
plications, particularly in the second and third trimester and after birth. Even
healthy pregnant patients often complain of edema or breathlessness during these
periods, so objective cardiovascular assessments are required, particularly for
women with heart disease. Imaging investigations in the antenatal and perinatal
periods should be performed with minimal risks to the mother and developing
fetus. Therefore, noninvasive techniques such as echocardiogram and magnetic
resonance imaging that do not use ionizing radiation are preferable. Antenatal
and perinatal management by a multidisciplinary team experienced in cardiovas-
cular disease is recommended for women with underlying congenital heart dis-
ease and other severe cardiovascular conditions.
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6.1 Care Team and Members During Pregnancy

6.1.1 Where Should Cardiac Assessment and Monitoring
Take Place?

Ideally, all pregnant women with heart disease should be referred to a specialist
high-risk antenatal service and should have at least one special cardiology review
with clinical assessment and transthoracic echocardiogram. The specialist should
clarify the anatomical, physiological, and electrical features of the condition and
also define the functional status, derive a global risk score for adverse maternal
cardiac events in pregnancy, and consider lesion-specific risks. Pregnant patients
with cardiac problems can be classified by lesion complexity and graded from sim-
ple to highly complex. Table 6.1 shows the modified WHO risk classification of
pregnancy with cardiac problems [1], and Table 6.2 focuses on the special team and
care, which should be arranged according to level, as follows:

e Level 1—exclusive care with a specialist cardiology review and local obstetric
care, with defined lines of communication between specialists [2, 3]

e Level 2—shared care with a regular specialist cardiology review and local obstet-
ric care, with defined lines of communication between specialists

e Level 3—local care with a local cardiology review and local obstetric care, with
clearly defined lines of communication between all specialists

Table 6.2 shows an ideal framework for hierarchical care among general physi-
cians, nonspecialist cardiologists, and congenital heart disease (CHD) specialist
units.

6.1.2 Sharing Information Among Team Members

A report should be generated that includes diagnosis, a heart diagram, a clinical
summary, the anticipated hemodynamic impact of pregnancy, and recent investiga-
tions. In the last stages of pregnancy, the report should also provide guidance on
delivery planning (monitoring requirements, drugs to be available on the labor
ward, requirements for endocarditis prophylaxis, and peri-/postpartum care require-
ments). There is flexibility in this structure of antenatal clinic provision, in that the
care pathway can change and be reassessed if unexpected complications occur or if
any of the care providers do not feel comfortable to continue care for any reason.
There must also be clear policies outlining the indications for re-referring to the
specialist unit. In addition to outpatient review, cases should be discussed in a joint
forum (multidisciplinary meeting) once a month. Cardiologists, obstetricians, peri-
natologists, anesthetists, neonatologists, and others, as part of a multidisciplinary
team, should develop a written management plan for labor, delivery, and postnatal
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Table 6.1 Modified WHO classification
WHO 2 if
otherwise well
and WHO 3
uncomplicated | WHO 2-3 significant risk | WHO 4
small-risk depending on of contraindication
WHO 1 no risk complications | individual complications for pregnancy
Uncomplicated, Unoperated Mild left Mechanical Pulmonary
small or mild atrial septal ventricular valve arterial
pulmonary defect impairment hypertension of
stenosis, any cause
ventricular septal
defect, patent
ductus arteriosus
Mitral valve Repaired Hypertrophic Systemic right | Severe systemic
prolapse with no tetralogy of cardiomyopathy | ventricle (e.g., | ventricular
more than trivial Fallot congenitally dysfunction
mitral corrected
regurgitation transposition,
simple
transposition
post-Mustard or
Senning repair)
Successfully Most Native or tissue | Post Fontan (NYHA FC
repaired simple arrhythmias valvular heart operation HI-IV or EF
lesions ostium disease not <30%)
secundum artrial considered
septal defect, WHO 4
ventricular septal
defect, patent
ductus arteriosus,
total anomalous
pulmonary venous
drainage
Isolated Marfan Cyanotic heart | Previous
ventricular syndrome disease peripartum
extrasystoles and without aortic cardiomyopathy
atrial ectopic beats dilatation with any residual

Other complex
congenital heart
disease

impairment of
left ventricular
function

Severe left heart
obstruction

Marfan syndrome
with aortic
dilated >40 mm

WHO world health organization, NYHA FC New York Heart Association functional class, EF ejec-

tion fraction
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Table 6.2 Care levels for pregnant women with heart disease

Level 1 * Repairs of conduits
Exclusive care in a specialist unit with a ¢ Fontan
multidisciplinary team ¢ Marfan syndrome

» Ebstein anomaly

¢ Pulmonary atresia

Eisenmenger syndrome

Repaired complete transposition of the
great arteries (atrial/arterial switch)
Congenitally corrected transposition of the
great arteries

Pulmonary hypertension

Cyanotic congenital heart disease

Native coarctation of the aorta

* Aortic stenosis

Tetralogy of Fallot with pulmonary
regurgitation (moderate)

Ventricular septal defect/aortic regurgitation
Mechanical valves

Hypertrophic cardiomyopathy

Level 2 Repaired coarctation of the aorta

Shared care between a specialist cardiologist  Atrioventricular septal defect

and a local obstetric team * Aortic stenosis

Pulmonary stenosis/pulmonary
regurgitation (mild)

Tetralogy of Fallot with minimal residua
Ventricular septal defect/aortic regurgitation
Level 3 Repaired patent ductus arteriosus
Shared care between general adult cardiology | ¢ Mild pulmonary stenosis

unit and a local obstetric team Small ventricular septal defect

Repaired atrial septal defect

care. This care conference is also attended by labor ward midwives, as well as by the
core personnel of the high-risk team. The focus is on delivery planning and staff
education. The explanation of cardiovascular anatomy and pathophysiology is
required in a language that can be understood by competent colleagues not highly
trained in cardiology; this is especially relevant for women with CHD, where a
schematic diagram of the cardiac anatomy is often helpful for the entire health-care
team. The essential factors for successful functioning of a high-risk antenatal care
team are good communication and teamwork. “One-stop shopping” (care in the
same hospital) can reduce the number of medical visits for pregnant women and
enhance immediate communication among doctors in different departments.

6.2  Reliable Risk Scores in Pregnancy with
Cardiac Problems

Some studies have suggested that the modified WHO classification (Table 6.1)
is more appropriate for all pregnant patients than the CARPREG (Table 6.3) [4]
and ZAHARA (Table 6.4) scores [5]. The modified WHO classification is the
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Table 6.3 CARPREG risk score

Point
Prior cardiac event (heart failure, transient ischemic attack, stroke, arrhythmia) 1
NYHA FC III/IV or cyanosis (SPO2 <90%) 1
Left heart obstruction (MVA <2 cm?, AVA <1.5 cm?, peak LVOTO >30 mmHg on 1
echocardiogram)
Reduced systemic ventricular systolic function (EF <40%) 1
0 point 5%

1 point 27%

>1 point 75%

NYHA FC New York Heart Association functional class, MVA mitral valve area, AVA aortic valve
area, LVOTO left ventricular outflow tract obstruction, EF ejection fraction

Table 6.4 ZAHARA risk score

Point
Prior arrhythmia 1.5
NYHA FC II/NYHA FC IV 0.75
Left heart obstruction (AVA <1.0 cm?, peak LVOTO >50 mmHg) 2.5
Mechanical valve prosthesis 4.25
Systemic atrioventricular valve regurgitation (moderate/severe) 0.75
Pulmonary atrioventricular valve regurgitation (moderate/severe) 0.75
Cardiac medication before pregnancy 1.50
Cyanotic heart disease (corrected and uncorrected) 1.0

NYHA FC New York Heart Association functional class, AVA aortic valve area, LVOTO left ven-
tricular outflow tract obstruction

only method that takes into account both specific heart lesions (Marfan syn-
drome, bicuspid aortic valve, tetralogy of Fallot, aortic coarctation, Fontan cir-
culation, or systemic ventricular dysfunction) and general status. This
classification and the CARPREG score can be applied to congenital and acquired
heart conditions; however, the ZAHARA score is exclusively for women with
CHD. The CARPREG score can predict complications in intermediate-risk
patients but not in low- and high-risk groups, whereas the ZAHARA score can
predict complications in low- and intermediate-risk groups. However, the risk in
patients with pulmonary hypertension is underrepresented by these two scores.
The better prediction performance of the WHO classification may be attribut-
able to the inclusion of important cardiac lesions or clinical conditions such as
systemic right ventricle and pulmonary hypertension, which are relatively
uncommon. The disadvantage of the WHO classification is that expert knowl-
edge is sometimes required, especially when choosing the gray zone between
WHO 1II and WHO III. Left ventricular (LV) dysfunction also requires careful
interpretation. The CARPREG score includes patients at high risk if LV systolic
function is <40%, whereas the WHO classification considers pregnancy to be
contraindicated if LVEF is <30% [1]. Overall, a combination of the WHO clas-
sification and other risk scores may provide the best assessment of cardiovascu-
lar risks in pregnancy [6, 7].
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6.3  Cardiac Assessment During Pregnancy
6.3.1 Physiologic Changes and Adaptations

Physiologic adaptations to the pregnant state generally reach peak effects late in the
second trimester or early in the third trimester. In particular, a decrease in total
peripheral vascular resistance to 40-70% of prepregnancy levels, augmentation of
blood volume by 30-50% compared with baseline, an increase in mean heart rate by
10-20 bpm, and ultimately a 30-50% increase in cardiac output can occur [8].
Physiologic anemia results from an increase in plasma volume that exceeds the
increase in red blood cell mass. A thorough physical examination is mandatory with
consideration of the physiological changes that occur during pregnancy.

6.3.2 Important Itemsin an Initial Assessment

* Preexisting maternal cardiovascular disease should be addressed before concep-
tion, including hypertension, obesity, atherosclerotic disease, heart failure,
arrhythmias, thromboembolic events, and CHD (including residual lesions).

¢ The risk of adverse maternal cardiac, obstetrical, or neonatal events should be
evaluated using a combination of general and lesion-specific maternal cardiac
risk factors, as well as classic obstetric risk factors.

 If prior to conception, to consider whether a cardiac intervention might improve
the eventual outcome of pregnancy may be indicated in the near future indepen-
dent of pregnancy.

* To ensure that the nature of the condition is well understood by the woman herself.

* To share the risk assessment with the woman and clarify her understanding and
tolerance of the identified risks; there is often ambiguity in such assessments,
and this should be acknowledged.

» To explore relevant issues of maternal health and life expectancy that might have
an impact on the ability to raise and nurture a child.

* To assess the likelihood of recurrence of heart disease in the offspring. When
indicated, to consider genetic consultation, genetic testing, and transabdominal
fetal echocardiography.

* To be ready to deal with rare occasions when pregnancy has such a high risk that
advice against continuation must be offered. Mental support may be required for
these women.

6.4 Methods of Cardiac Assessment and Monitoring
During Pregnancy

6.4.1 Objective Assessment of Functional Status

Maternal functional class is predictive of a poor outcome during pregnancy and
women in NYHA functional class III and class IV, regardless of causes, should be
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strongly discouraged from becoming pregnant. Functional status should be assessed
objectively and carefully because some women are accustomed to situations as
chronic heart failure and low cardiac output or cyanosis and often state that they
have no symptoms in their daily lives. Cardiopulmonary tests before pregnancy
should be performed if needed. Cardiovascular morbidity is lower, and the live birth
rate is higher in mothers in NYHA functional class I compared with others in preg-
nancies with CHD, and in the CARPREG study, maternal prepregnancy NYHA
class >II was an independent predictor of adverse maternal cardiac events during
pregnancy [4].

6.4.2 Cardiac Medications in Pregnancy

Cardiac medication should be carefully assessed before conception. The decision to
continue medications during pregnancy requires weighing the benefits of use against
known or possible risks, which may depend on how many weeks pregnant the
patient is.

e Choice of drugs: teratogenic and fetopathic effects of cardiac drugs need to be
considered and alternate therapies found when necessary. The risks and benefits
of modification of drug therapy have to be addressed in terms of the health and
safety of the mother and the fetus; the needs of the two do not always coincide.
Such issues arise with many drugs but are particularly problematic for warfarin,
angiotensin-converting enzyme (ACE) inhibitors, and angiotensin II receptor
blockers, amiodarone, and some other antiarrhythmics.

e Anticoagulation: for each patient, the optimal form of therapy must be carefully
considered. There is a need for particularly precise control, and dosing require-
ments change as pregnancy progresses. Drug dosing and frequency may need
adjustment in pregnancy because of changes in the volume of distribution of
many drugs, increases in glomerular filtration rate enhancing drug excretion, and
changes in hepatic metabolism affecting drug processing by the liver.

6.4.3 Family History

Many disorders can be identified by taking a careful personal and family history,
including cardiomyopathies, Marfan syndrome, CHD, juvenile sudden death, long
QT syndrome, catecholaminergic ventricular tachycardia (VT), and Brugada syn-
drome. It is important to ask specifically about possible sudden death in the family.

6.4.4 Physical Assessments
Normal findings in a healthy pregnant woman include a mild increase in resting

heart rate, widened pulse pressure, peripheral edema, and slight elevation of venous
pressure.
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e Heart murmur
In the later stages of pregnancy, there is physiological fixed splitting of the second
heart sound (S2). Systolic murmurs are common, secondary to increased cardiac
output. However, diastolic murmurs are unusual and require further evaluation.
When a new pathological murmur is heard, an echocardiogram is indicated.

e Blood pressure and oxygen saturation
It is crucial to measure blood pressure in the left lateral recumbent position using
a standardized method and to look for proteinuria, especially with a history or
family history of hypertension or preeclampsia. Oximetry should be performed
in patients with CHD, particularly cyanotic patients with intracardiac shunts.
Cyanosis poses a significant risk to the fetus, with a live birth unlikely or miscar-
riage (12%) if oxygen saturation is <85% [9]. A patient with bidirectional shunt
may become cyanotic in the second or third trimester, secondary to the increased
blood volume.

6.4.5 Electrocardiogram (ECG) (Fig. 6.1)

Most pregnant patients have a normal ECG. The ECG changes as a result of the
upward shift of the diaphragm caused by the growing uterus. The heart is rotated
toward the left, and there is a 15-20 left axis deviation. In the third trimester, Q
waves in lead III and aVF and inverted T waves in leads III, V1, and V2 are seen
(Fig. 6.1). ECG changes can be related to a gradual change in the position of the
heart and may mimic LV hypertrophy and other structural heart diseases. Holter
monitoring (24 h tape) should be performed in patients with previous paroxysmal or
persistent documented arrhythmia (VT, atrial fibrillation, or atrial flutter) or those
with symptoms of palpitations. In a review of 87 pregnancies in 73 women, 44%
with normal sinus rhythm at baseline but a history of tachyarrhythmia before preg-
nancy had a recurrence of tachyarrhythmia [10]. Bradycardia is poorly tolerated in
women with underlying cardiac disease, limiting the ability to meet the cardiac
output demands of pregnancy, because cardiac output depends on the product of
stroke volume and heart rate.

ECG before pregnancy ECG during pregnancy
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Fig. 6.1 ECG before and during pregnancy



6 Cardiovascular Assessment During Pregnancy 73

6.4.6 Imaging

Chest X-ray (Fig. 6.2)
Chest X-ray should be performed as required and without concern about the
effect of radiation.
Echocardiogram (Table 6.5)
An echocardiogram is a noninvasive technique that is very useful for cardiac
assessment during pregnancy. lonizing radiation is not required, allowing simple
and repeatable investigations. In a normal pregnancy, a significant increase in
cardiac output, LV end-diastolic volume, and LV wall thickness are observed.
Depending on the underlying congenital defect, pregnancy can be associated
with persistent structural cardiac remodeling, deterioration in valvular dysfunc-
tion, and worsening ventricular function. One longitudinal study of cardiac
function during pregnancy found permanent reduction in systolic and diastolic
LV function, but this issue remains controversial [11].

The CARPREG risk score is mainly based on women with congenital and val-
vular heart disease. Significant predictors for an adverse maternal outcome include

Chest X-ray before pregnancy Chest X-ray during pregnancy

Fig. 6.2 Chest X-ray before and during pregnancy

Table 6.5 Optimal (minimal) timing of echocardiogram

Before pregnancy (baseline)

The peak timing of the cardiac output, late in the second trimester or early in the third
trimester

36 weeks pregnancy

4-6 weeks after delivery

In Marfan syndrome, measurements of the aortic root diameter every 4-6 week until 6 months
postpartum
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left heart obstruction (mitral valve area <2 cm?, aortic valve area <1.5 cm?, peak left
ventricular outflow tract gradient >30 mmHg by echocardiogram) and reduced sys-
temic ventricular systolic function (ejection fraction <40%). In patients with aortic
dilatation, an echocardiogram should be recorded at 6- to 8-week intervals in preg-
nancy until 6 months postnatally. The subpulmonary ventricle may be vulnerable to
the consequences of physiologic volume overload during pregnancy. RV longitudi-
nal systolic function and tricuspid annular plane systolic excursion (TAPSE) are
related to impaired uteroplacental circulation and offspring complications [12].

A small study in healthy women showed that the subpulmonary ventricular vol-
ume increases far more than the systemic ventricle during pregnancy. This physio-
logical dilatation may be aggravated in women with CHD due to abnormal
myoarchitecture, damage from prior surgery, and preexistent volume or pressure
overload, leading to persistent subpulmonary ventricle dilatation. For specific con-
genital lesions including systemic right ventricles and tetralogy of Fallot, pregnancy
can be associated with persistent deterioration in cardiac function [13]. Women with
cardiovascular complications during pregnancy are at risk for persistent dilatation of
the RV; however, the details are unclear, and the relationship between subpulmonary
ventricular dilatation and pulmonary valve insufficiency is particularly controversial
[14]. Such women are also at higher risk for developing cardiovascular complica-
tions and dilatation of the subpulmonary ventricle at 1 year postnatally [15].

*  MRI during pregnancy
MRI is increasingly used to evaluate pregnant patients with complex heart disease
if an echocardiogram is inconclusive, for example, for a dilated ascending aorta.
MRI is considered to be safe from 12 to 18 weeks’ gestation [16]. In later gesta-
tion, left lateral decubitus positioning may be necessary to prevent caval compres-
sion. Clinically, cine MRI and whole heart MRI (MR angiogram) without contrast
medium provide enough information in pregnant patients with complex cardiac
structure. Pregnancy is a contraindication for gadolinium-containing contrast
media to avoid exposing the fetus to drugs and an unknown teratogenic risk. There
is no clear evidence that gadolinium agents cause chromosomal damage or are
teratogenic for the fetus or neonate after injection in pregnant or breast-feeding
mothers, but the potential persistence of gadolinium in amniotic fluid is a concern.
Therefore, extra caution during the first trimester may be appropriate.
e CT during pregnancy: radiation exposure (Tables 6.6 and 6.7)

Common cardiovascular complications may occur in 1% of all pregnant women. In
such a situation, selection of imaging requires thoughtful planning. The use of radi-
ation, radiopharmaceuticals, and contrast agents should be minimized. Pulmonary
and cardiac CT angiography cause minimal fetal radiation exposure and ventilation-
perfusion scintigraphy involves relatively low fetal irradiation. Cardiac catheteriza-
tion, coronary angiography, and electrophysiologic procedures, including complex
interventions, also cause relatively low fetal exposure. The effects of radiation on
the fetus depend on the dose and the gestational age at which exposure occurs.
If possible, procedures should be delayed until at least the end of the period of
major organogenesis (12 weeks after menses). There is no evidence of an increased
fetal risk of congenital malformations, intellectual disability, growth restriction,
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Table 6.6 American College of Radiology relative radiation levels
Adult effective Pediatric effective
dose estimate range| dose estimate range
(mSv) (mSv) Example examinations
0 0 Ultrasound, MRI
<0.1 <0.03 Chest radiography, hand radiography
0.1-1 0.03-0.3 Pelvis radiography, mammography
>1-10 >0.3-3 Abdomen CT, nuclear medicine bone scan
>10-30 >3-10 Abdomen CT with and without contrast
administration, whole-body PET
>30-100 >10-30 CT angiography chest, abdomen and pelvis
contrast administration; transjugular intrahepatic
portosystemic shunt placement
Table 6.7 Radiological protection suspected in utero induced deterministic radiation effects
Menstrual or Radiation
gestational | Conception | dose Radiation dose
age age <50 mGy 50-100 mGy Radiation dose >100 mGy
0-2 week None None None
3rd and 4th | 1st to 2nd None Probably none Possible spontaneous
week week abortion
Sthto 10th | 3rd to 8th None Potential effects are Possible malformations
week week scientifically increasing in likelihood as
uncertain and dose increases
probably too subtle to
be clinically
detectable
11th to 9th to 15th | None Potential effects are Increased risk of deficits in
17th week | week scientifically intelligence quotient or
uncertain and mental retardation that
probably too subtle to | increase in frequency and
be clinically severity with increasing
detectable dose
18th to 16th to 25th | None None Intelligence quotient
27th week | week deficits not detectable at
diagnostic doses
>27 week >25 week None None None applicable to
diagnostic medicine

or pregnancy loss at radiation doses to the pregnant woman of 50 mGy [17-21].
There may be a small increase in risk (1:2000 vs. 1:3000) of childhood cancer [17—
21]. Some evidence suggests that risk of malformations is increased at high doses,
whereas the risk at doses of 50 to 100 mGy is less clear. In the first 14 days after fer-
tilization, intact survival without fetal abnormality or death is the most likely an out-
come of radiation exposure of 50 mGy. After the first 14 days, radiation of 50 mGy
may be associated with an increased risk of congenital malformations, growth
restriction, and intellectual disability. Most medical procedures do not expose
the fetus to such high levels of radiation (Table 6.7). For most diagnostic medical
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procedures involving doses to the fetus of up to 1 mGy, the associated risks of child-
hood cancer are very low. Shielding of the maternal abdomen (fetus) is required, but
is not completely effective because of radiation scattering.

6.4.7 Laboratory

e BNP and NT-pro-BNP

Increased B-type natriuretic peptide (BNP) levels are found during pregnancy in
many women with heart disease. BNP <100 pg/mL has a negative predictive value
of 100% for identifying events during pregnancy [22]. Therefore, evaluating serial
BNP levels during pregnancy could be helpful to exclude suspected adverse car-
diac events. In the ZAHARA 1I study, the negative predictive value of NT-pro-
BNP <128 pg/mL at 20 weeks of gestation was 96.9% [23]. Increased NT-pro-BNP
at 20 weeks of gestation is an independent predictor of cardiovascular events in
women with CHD. Women with cardiovascular events in pregnancy have signifi-
cantly higher NT-pro-BNP at 1 year postnatally compared to women without car-
diovascular events in pregnancy, and NT-pro-BNP <128 pg/mL at 20 weeks of
gestation has a negative predictive value of 98.7% for occurrence of cardiovascu-
lar events 1 year postnatally [15].

CK and troponin

For the diagnosis of acute coronary syndrome (ACS), creatine kinase (CK), CKMB,
and troponin may be useful, but careful interpretation is required. During labor,
elevated CK occurs due to uterine contractions, and these levels normalize during
the second day after labor. Troponin T or troponin I is not elevated in normal preg-
nancy but can be elevated in patients with preeclampsia or a hypertensive crisis [24].

e D-dimer and ultrasonography in deep venous thrombosis (DVT) (Table 6.8)

Table 6.8 Radiation exposure of various imaging examinations performed for pulmonary

embolism
Effective whole-body | Fetal dose Effective dose per
Examination dose (mSv) (mGy) breast (mGy)
Posteroanterior or lateral 0.06-0.25 0.01
chest radiography
Low-dose perfusion 0.6-1.0 0.1-0.37 0.11-0.3
scintigraphy
Ventilation-perfusion 1.2-6.8 0.1-0.8 0.22-0.28
scintigraphy
Low-dose pulmonary CT 2-20 0.01-0.66 10-70
angiography
Pulmonary digital subtraction | 2.7
angiography
Pulmonary digital subtraction | 3.2-30.1 0.5
angiography
Evaluation of background 25 1.1-2.5
radiation
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D-dimer levels increase physiologically with each trimester. In one study, the mean
preconception of D-dimer concentration of 0.43 mg/L increased in the first, second,
and third trimesters to 0.58, 0.83, and 1.16, respectively, indicating a 39% increase
in D-dimer for each trimester compared with the previous one [25]. Thus, a positive
D-dimer test based on the conventional cutoff level is not necessarily indicative of
DVT, and new cutoff levels are needed based on further objective testing.

Compression ultrasound is the diagnostic imaging procedure of choice for
suspected DVT in pregnancy. This method has high sensitivity and specificity for
proximal DVT but less for distal DVT and DVT in the vasculature of the pelvis.
Serial compression ultrasound evaluations in pregnancy give a high negative pre-
dictive value of 99.5% [25]. If a proximal DVT is detected, treatment should be
continued. Ideally, women with suspected DVT in pregnancy should be assessed
for pretest probability and then undergo a D-dimer test and compression ultraso-
nography. In a case with a high pretest probability, a positive D-dimer test, and
normal initial compression, magnetic resonance venography may be used to
exclude isolated pelvic DVT.

6.5 Postnatal Follow-Up

We provide a postnatal cardiac review at the same time as the obstetric postnatal
check, typically at 4-6 weeks after birth. Little is known about the long-term effects
of pregnancy on maternal cardiac status, but there is the evidence in normal women
that pregnancy-related physiological changes resolve by 6 months after delivery.
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Infective Endocarditis

Satoshi Nakatani

Abstract

Infective endocarditis can be life-threatening unless early diagnosis is made and
effective therapy is started. Although the incidence of infective endocarditis is
low in pregnancy, maternal and fetal mortality is high once occurred. Therefore,
any pregnant woman with unexplained fever and a heart murmur should be
observed carefully. There is still a controversy about preventive administration of
antibiotics during pregnancy. However, considering poor outcome of pregnant
woman with infective endocarditis, it may be reasonable to use antibiotics in
patients at high risk.
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7.1 Overview

Infective endocarditis is a serious septic disease which can be life-threatening
unless effective therapy under correct diagnosis is made. It is considered to be
mostly based on non-bacterial thrombotic endocarditis caused by high or turbu-
lent flow inside the heart or vessels and bacteremia. Bacteremia may develop after
spontaneous abortion, vaginal delivery assisted by episiotomy or cesarean sec-
tion, and due to urogenital infection and indwelling catheters. Thus, a pregnant
woman with a heart disease can develop infective endocarditis because she has a
possibility of both turbulent intracardiac flow and bacteremia. However, the
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incidence of infective endocarditis during pregnancy is very low. The incidence
was reported to be 1:8000 pregnancies 35 years ago [1]. A similar incidence,
0.006%, has been shown in the guidelines from the European Society of Cardiology
[2]. According to a more recent search of peer-reviewed literature published
between 1985 and 2006, the rate of endocarditis was 0.5% during 1372 completed
pregnancies among women with congenital heart disease [3]. In one systematic
review covering the literatures between 1965 and 2002, there were 68 cases with
infective endocarditis complicating pregnancy [4]. Eighteen cases (27%) occurred
postpartum, and underlying heart disease was noted in 21 cases (31%). Intravenous
drug use was found in three cases (4.4%) and recent dental work five cases (7.4%).
The overall maternal and fetal mortality rates were 22.1% and 14.7%, respec-
tively. The valve-specific maternal mortality was 42.1% (8/19), 21.7% (5/23), and
9.5% (2/21) for aortic, mitral, and tricuspid valves, respectively. The other report
showed even higher maternal mortality (33%) and fetal mortality (29%) [5].
Despite the high maternal and fetal mortality, urgent surgery should be performed
during pregnancy in women who present with heart failure due to acute regurgita-
tion. Rapid detection of infective endocarditis and appropriate treatment are
important in reducing the risk of both maternal and fetal mortality [5]. Thus, any
pregnant woman with unexplained fever and a heart murmur should be observed
carefully.

7.2  Diagnosis

Almost all patients have a heart murmur, and infective endocarditis should be sus-
pected in any such patients with unexplained fever. Sometimes, embolism may be
the first feature to visit physicians. Although heart failure is often seen in patients
with newly occurred or worsening valvular regurgitation, it is challenging to diag-
nose infective endocarditis because of the changing cardiovascular physiology dur-
ing pregnancy.

Diagnosis of infective endocarditis has been usually made according to the
modified Duke criteria (Table 7.1) [6]. It is based on clinical, microbiological,
and echocardiographic findings, and the major criteria are mainly focused on
microbiological culture and positive endocardial involvement, as assessed by
echocardiography either initially transthoracic echocardiography or subsequently
the more sensitive transesophageal echocardiography. Recent guidelines from
the European Society of Cardiology on infective endocarditis have advocated the
use of other imaging modalities other than echocardiography such as multi-slice
computed tomography (CT), magnetic resonance imaging, and nuclear imaging
[2]. Several reports have shown promising results for ®F-FDG-PET/CT imaging
in prosthetic valve endocarditis [7]. Thus, when the conventional diagnostic
approaches are inconclusive, yet there is a strong clinical suspicion of infective
endocarditis, it is important to acknowledge that 'SF-FDG-PET/CT approach
may play in aiding the diagnosis and management of the complicated cases.
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Table 7.1 Definition of terms used in the proposed modified Duke criteria for the diagnosis of
infective endocarditis (IE) [6]

Major criteria
Blood culture positive for IE
Typical microorganisms consistent with IE from two separate blood cultures:
Viridans streptococci, Streptococcus bovis, HACEK group, Staphylococcus aureus

Community-acquired enterococci, in the absence of a primary focus

Microorganisms consistent with IE from persistently positive blood cultures, defined as
follows:

At least two positive cultures of blood samples drawn >12 h apart

All of three or a majority of >4 separate cultures of blood (with first and last sample
drawn at least 1 h apart)
Single positive blood culture for Coxiella burnetii or antiphase I IgG antibody titer
>1:800
Evidence of endocardial involvement
Echocardiogram positive for IE (TEE recommended in patients with prosthetic valves, rated
at least “possible IE” by clinical criteria, or complicated IE [paravalvular abscess]; TTE as
first test in other patients), defined as follows:
Oscillating intracardiac mass on valve or supporting structures, in the path of
regurgitant jets
On implanted material in the absence of an alternative anatomic explanation

Abscess

New partial dehiscence of prosthetic valve

New valvular regurgitation (worsening or changing of preexisting murmur not sufficient)

Minor criteria
Predisposition, predisposing heart condition, or injection drug use
Fever, temperature >38 °C

Vascular phenomena, major arterial emboli, septic pulmonary infarcts, mycotic aneurysm,
intracranial hemorrhage, conjunctival hemorrhages, and Janeway’s lesions

Immunologic phenomena: glomerulonephritis, Osler’s nodes, Roth’s spots, and rheumatoid
factor

Microbiological evidence: positive blood culture but does not meet a major criterion as
noted above®

Serological evidence of active infection with organism consistent with IE

TEE transesophageal echocardiography, TTE transthoracic echocardiography
“Excludes single positive cultures for coagulase-negative staphylococci and organisms that do not
cause endocarditis

7.3  Underlying Disease

Since non-bacterial thrombotic endocarditis is considered to relate closely to the
occurrence of infective endocarditis, some heart diseases are regarded as being at
high risk. They include patients with previous infective endocarditis, unrepaired
cyanotic congenital heart disease, and completely repaired congenital heart defect
with prosthetic material or device.
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We performed the multicenter registry for patients with infective endocarditis
[8]. There were 513 cases with infective endocarditis from 2007 to 2009. Among
them, underlying cardiac disease was found in 353 (69%), and the majority had
valvular heart disease (287 cases). The leading valvular heart disease was mitral
regurgitation (145 cases), and the second leading one was aortic regurgitation (76
cases). Mitral valve prolapse was involved in 55 cases, and bicuspid aortic valve
was involved in 24 cases. Congenital heart disease was found in 23 cases, and there
were 18 cases with ventricular septal defect. This was a nationwide survey of infec-
tive endocarditis, and there was no description on a pregnant woman with infective
endocarditis. In the previously mentioned review of 68 cases, mitral valve was dam-
aged in 23 cases, and aortic valve was damaged in 19 cases [4]. Although no data
have been available of underlying heart diseases for infective endocarditis during
pregnancy, mitral regurgitation and aortic regurgitation with or without congenital
heart disease may have to be carefully observed.

7.4  Predisposing Factors

Again, there has been no data on predisposing factors in pregnant women, but the
data from general population could serve as a useful reference. In the nationwide
survey in Japan described above [8], about 60% had some predisposing factors. The
major factor was decayed teeth or periodontitis accounting 40% of those with pre-
disposing factors. Notably, infective endocarditis occurred without any predispos-
ing factors in about 40% of all patients.

Apparent routes for infection were not identified in about 60% of all patients.
Among 196 cases with identified routes, 81 claimed occurrence of infective endo-
carditis after dental treatment including cavity treatment (n = 61), dental extraction
(n = 13), and scaling (n = 5). Intravenous drug injection could be related to the
occurrence in 15 cases.

7.5 Causative Organisms

Organisms cultured from the vagina and postpartum uterus have been reported to
cause infective endocarditis after obstetric and gynecological procedures [9].
However, any organism capable of causing infective endocarditis may cause it in
pregnancy. The range of organisms is thus probably similar to infective endocarditis
in the general population. According to a systematic review of 90 cases obtained
from 72 studies published during 1988 and 2012, the most common organisms were
streptococcal (43%) and staphylococcal (26%) species in infective endocarditis
complicated with pregnancy [10]. In our previous registry of infective endocarditis
in general population, streptococci were found in approximately 50%, and staphy-
lococci were found in 30%. Methicillin-resistant Staphylococcus aureus (MRSA)
was found in 7.5% [8]. The organisms could be influenced by periods and regions.
It has been recognized that prevalence of MRSA has been increasing in western
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Fig. 7.1 Prevalence of streptococci, staphylococci, and others in Japan and the USA. Prevalence
of staphylococci has been increasing recently in Japan. However, it is still less than that in the USA

countries but not so much in Japan [11]. Figure 7.1 shows the changes in the spec-
trum of causative organisms in Japan [8, 12, 13] and the USA [14, 15]. In Japan,
streptococci are more common than staphylococci, but the prevalence of staphylo-
cocci seems to be increasing. In the USA, staphylococci were more common than
streptococci 40 years ago and also in today.

7.6  Prophylaxis

In the most recent guidelines from the European Society of Cardiology [2], antibi-
otic prophylaxis should be restricted to patients with highest risks (patients with the
highest incidence of infective endocarditis and/or highest risk of adverse outcome
from infective endocarditis). Table 7.2 shows cardiac conditions at highest risk of
infective endocarditis for which prophylaxis should be considered when a high-risk
procedure is performed [2]. The American Heart Association/American College of
Cardiology guidelines for infective endocarditis have also proposed the similar rec-
ommendations about antibiotic prophylaxis [16]. According to the European Society
of Cardiology guidelines, prophylactic use of antibiotics in the highest-risk patients
for vaginal and cesarean delivery is class III because there is no strong evidence that
bacteremia causing infective endocarditis results from such procedures [2]. On the
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Table 7.2 Cardiac conditions at highest risk of infective endocarditis for which prophylaxis
should be considered when a high-risk procedure is performed [2]

Recommendations Class® | Level®

Antibiotic prophylaxis should be considered for patients at highest risk for IE: | Ila C
(1) Patients with any prosthetic valve, including a transcatheter valve, or
those in whom any prosthetic material was used for cardiac valve repair
(2) Patients with a previous episode of IE
(3) Patients with CHD:
(a) Any type of cyanotic CHD
(b) Any type of CHD repaired with a prosthetic material, whether placed
surgically or by percutaneous techniques, up to 6 months after the
procedure or lifelong if residual shunt or valvular regurgitation remains

Antibiotic prophylaxis is not recommended in other forms of valvular or 11 C
CHD

CHD congenital heart disease, /E infective endocarditis
2Class of recommendation
Level of evidence

other hand, in the American Heart Association/American College of Cardiology
guidelines for the management of adults with congenital heart disease, it is reason-
able to consider antibiotic prophylaxis against infective endocarditis before vaginal
delivery at the time of membrane rupture in selected patients with the highest risk
of adverse outcomes [17].

The Japanese Circulation Society guidelines for the prevention and treatment of
infective endocarditis recommend that the prevention of infective endocarditis be
considered for most patients with congenital heart diseases [18]. Antibiotic treatment
of infective endocarditis should be performed for pregnant patients in a fashion simi-
lar to that for nonpregnant patients. The patients with a high risk for infective endo-
carditis who should be recommended to receive prophylactic antibiotics during
obstetric operations/procedures and delivery include (1) patients with a history of
infective endocarditis; (2) patients with congenital heart disease including those with
cyanotic heart disease, those who underwent complete repair using artificial patches
and devices within 6 months, and those who underwent repair and have remaining
shunts around the implanted artificial patches and devices; (3) patients using artificial
valves; and (4) patients after heart transplant (receiving immunosuppressants or hav-
ing valvular heart disease) [19] In contrast, it is not recommended for patients in
whom the risk for infective endocarditis is not high because of its low incidence.
However, the benefits of preventive antimicrobial treatment are not denied consider-
ing the risk-benefit balance. Currently, there are no guidelines available for the pre-
ventive administration of antimicrobial agents during delivery. Considering that the
most common causative organism of infective endocarditis in urogenital or gastroin-
testinal surgeries or procedures is Enterococcus faecalis, it may be reasonable to use
antibiotics such as ampicillin, gentamicin, and vancomycin in patients at high risk as
shown in the Japanese Circulation Society guidelines [19].
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Kazuhiro Osato

Abstract

Maternal death in Japan decreased dramatically over these 2 decades. Although
the most prevalent cause of maternal death has still been obstetrical bleeding, the
relative number of its cases decreased, while the relative number of deaths from
cardiovascular disease increased. The causes of maternal death were aortic dis-
section, peripartum cardiomyopathy, sudden cardiac arrest, and pulmonary
hypertension.

Keywords
Maternal death - Obstetrical bleeding - Peripartum cardiomyopathy - Sudden
cardiac arrest - Pulmonary hypertension

8.1 Definition of Maternal Death

World Health Organization (WHO)’s International Classification of Diseases
(ICD)-MM defined “maternal death” as the death of a woman while pregnant or
within 42 days of termination of pregnancy, irrespective of the duration and the site
of the pregnancy, from any cause related to or aggravated by the pregnancy or its
management, but not from accidental or incidental causes [1].
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8.2 Maternal Death in the World

WHO conducted a study on the maternal death, and they estimated that there were
342,900 (uncertainty interval 302,100-394,300) maternal deaths worldwide in
2008, down from 526,300 (446,400-629,600) in 1980 [2]. They also found huge
geographical differences. More than 50% of all maternal deaths were in only six
countries in 2008 (India, Nigeria, Pakistan, Afghanistan, Ethiopia, and the
Democratic Republic of the Congo). The most frequent cause of maternal deaths
was also different between regions [3]. Hemorrhage was the leading cause of deaths
in Africa (33.9%) and in Asia (30.8%). In Latin America and the Caribbean, hyper-
tensive disorders were responsible for the most deaths (25.7%). Abortion deaths
were the highest in Latin America and the Caribbean (12%), which can be as high
as 30% of all deaths in some countries in this region. Deaths due to sepsis were
higher in Africa (odds ratio 2.71), Asia (1.91), Latin America, and the Caribbean
(2.06) than in developed countries.

8.2.1 Maternal Death in Developed Countries

As mentioned above, maternal mortality ratio and frequent causes of maternal
deaths are far different between regions and economic conditions of each country.

8.2.1.1 Maternal Death in the United States

Hemorrhage was the leading cause of maternal mortality in the United States during
1987-1990. Thrombotic pulmonary embolism, hypertensive disorder of pregnancy,
and infection were also prevalent causes of maternal mortality during the same
period. While deaths from those etiologies have been decreasing, the deaths from
cardiovascular disease (CVD), such as cardiomyopathy, cardiovascular accident,
and other cardiovascular conditions, have been increasing. Deaths from CVD have
become the most prominent cause of maternal death in the United States [4].

8.2.1.2 Maternal Death in the United Kingdom

The United Kingdom (UK) Confidential Enquiry into Maternal Deaths, the oldest
and the most detailed investigation system in the world, reported in the
MBRRACE-UK Maternal Report in 2016 [5] that 23% of maternal mortality was
caused by cardiac conditions, which were the leading cause of maternal death. The
report gave the key messages at the top of the article: 8.5 per 100,000 died during
pregnancy or up to 6 weeks after the ending of pregnancy between 2012 and 2014,
and 2 women per 100,000 died from CVD. Thus, cardiac disease is the most fre-
quent cause in the United Kingdom, as in the United States. Women known to have
a heart disease are at high risk and need specialist care. Moreover, some women
without prior history of CVD died from sudden arrhythmias, myocardial infarction,
aortic dissection, and heart failure. Pregnant women should be aware of severe chest
pain spreading to the left arm or back that may be cardiac: Persistent breathlessness,
when lying, is not normal in pregnancy and may mean heart problems.
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8.3  Maternal Death in Japan

As seen by causes of maternal death, there are some differences between the two
countries mentioned above and Japan. Japan Association of Obstetricians and
Gynecologists (JAOG) and the research group for maternal death established a
maternal death enquiry system in 2010. In the detailed reports from the research
group, a substantial increase in death from CVD was observed, as seen in other
developed countries.

8.3.1 The Confidential Inquiry into Maternal Deaths Research
Group (CIMDRG)

Toward the goal of reducing the rate of maternal deaths in Japan, the Confidential
Inquiry into Maternal Deaths Research Group (CIMDRG) was created in 1995 [6].
The CIMDRG did a 2-year investigation on maternal death in Japan from 1991 to
1992. Since then, no research concerning maternal mortality has been done, and
information about maternal death in the most recent 20 years could only be obtained
through death certification data collected and processed by the Statistics and
Information Department, Ministry of Health and Welfare. The CIMDRG was rein-
troduced in 2010, and it reestablished a data collection system collaborating with
the JAOG, to which most of the obstetricians and gynecologists in Japan belong [7].

8.3.2 Causes of Maternal Death in Japan

Analysis of the data of the CIMDRG from 2010 to 2015 (266 cases) revealed that
the leading cause was obstetrical bleeding (23%), followed by intracranial hemor-
rhage (16%), amniotic fluid embolism (13%), CVD (9%), infection (7%), and pul-
monary embolism (6%) (CIMDRG data, Fig. 8.1). As for the deaths from CVD,
prevalence of the death from cardiomyopathy and cerebral and cardiovascular rea-
sons in all maternal death increased significantly, compared to the former CIMDRG
data, despite maternal death from other causes significantly having decreased.
Figure 8.2 depicts maternal mortality rate per 100,000 for the two periods: 1991—
1992 and 2010-2012. Mortality associated with CVD increased from 0.28 to 0.46
(per 100,000) [8].

8.3.3 Cardiovascular Disease and Maternal Death in Japan

A total of 154 maternal deaths were reported in Japan from January 2010 to
December 2012. Fifteen women (9.7%) died of CVD [8]. Among all cases of mater-
nal death, only five women (8%) died due to obstetric causes occurring in more than
42 days, but less than 12 months, after the end of pregnancy. In two such late mater-
nal death cases, the cause of death was CVD.
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8.3.3.1 The Maternal Background in the Deaths from CVD

The maternal background, age, and type of CVD are shown in Table 8.1 [8]. The
entire range of childbearing ages was represented (19-39 years), and 66.7% of
women were primigravida. Death occurred during the antepartum (6/15, 40.0%)
and the postpartum periods (9/15, 60.0%). Whereas delivery failed in 33.3% of the
cases, the mode of delivery for the remaining mothers was vaginal (5/15, 33.3%) or
cesarean section (5/15, 33.3%).

8.3.3.2 Maternal Death from Aortic Dissection

The cases of maternal death from CVD related to aortic dissection were further
analyzed with respect to the Stanford classification and family history of connective
tissue disease (Table 8.2) [8]. Four cases were classified as type A, whereby the dis-
section affected the ascending aorta and the arch, rather than sections beyond the
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Table 8.1 Background of maternal deaths related to cardiovascular disease in Japan in
2010-2012
Case| Cardiovascular Time of Maternal Delivery
no. |disease Age | Parity | death complication | History mode
1 Aortic dissection |34 0 Postpartum | — - CS
day 4
2 Aortic dissection | 31 0 Gestational | — - ND
week 19
3 Aortic dissection |36 1 Postpartum Marfan - CS
day 53 syndrome
4 Aortic dissection |28 0 Gestational | — Post-PDA | CS
week 35 operation
5 Aortic dissection |39 0 Gestational | — - ND
week 34
6 Peripartum 21 0 Postpartum IDS - CS
cardiomyopathy day 1
7 Peripartum 34 1 Immediately |- - VD
cardiomyopathy after birth
8 Peripartum 23 0 Postpartum - - VD
cardiomyopathy day 15
9 Sudden 35 1 Gestational Long QT - ND
arrhythmic death week 23 syndrome
syndrome
10 | Sudden 19 0 Postpartum - VD
arrhythmic death day 82
syndrome
11 | Acute 33 3 Gestational Schwannoma |- ND
cardiomyopathy week 33
12 | Acute 21 0 Gestational Depression - NO
cardiomyopathy week 28
13 | Myocardial 28 5 Immediately - VD
infarction after birth
14 | Dissection of 35 0 Postpartum Pulmonary - CS
vertebral artery day 7 hypertension
15 | Pulmonary 20 0 Postpartum Pulmonary - VD
hypertension day 7 hypertension

CS cesarean section, /DS integration dysfunction syndrome, ND no delivery, PDA patent ductus
arteriosus, VD vaginal delivery

brachiocephalic vessels. In case 3, aortic dissection was caused by Marfan syn-
drome diagnosed before pregnancy. In cases 1 and 2, there was no family history or
confirmed diagnosis of Marfan syndrome, but the patients exhibited physical fea-
tures consistent with the disorder, namely, the typical tall and slender build. On the
other hand, in cases 4 and 5, the patients did not have familial histories or physical
features of Marfan syndrome. However, none of these cases (1, 2, 4, and 5) were
autopsied or tested for genetic markers for Marfan syndrome before pregnancy.
Among the cases of aortic dissection, in cases 1, 2, and 4, the first sign of complica-
tion was a prodrome of dorsal pain followed by cardiac arrest after 10 h, 1 h 10 min,
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Table 8.2 Maternal background-related connective tissue disease for the five cases of maternal
death with aortic dissection in Japan in 2010-2012

Familial history Medial history
Stanford suggestive of suggestive of

Case | classification connective tissue connective tissue Height

no. |type disease disease Autopsy | (cm)

1 B Unknown Unknown - 168

2 A Unknown Unknown - Unknown

3 A Mother: Marfan Marfan syndrome + 168
syndrome

4 A - - - 153

5 A - - + 153

and 48 h, respectively. In case 3, the first sign of complication was epigastric pain
after cesarean delivery, and in case 5, the patient developed cardiac arrest without
prodrome.

8.3.3.3 Death from Peripartum Cardiomyopathy
Three mothers died of cardiomyopathy, but none could be ascribed to a particular
risk factor [8].

8.3.3.4 Death from Sudden Cardiac Arrest

A third of all 15 maternal deaths with CVD were sudden cardiac arrest. Whereas the
patient in case 9 was diagnosed with long QT syndrome, the patient in case 10 had
premature ventricular contraction in early pregnancy. The cause of death of those
patients was deemed to be sudden adult/arrhythmic death syndrome because there
was no known underlying condition to explain the sudden cardiac arrest, other than
arrhythmia. Autopsies revealed that in case 11, the patient died of sudden cardiac
arrest during treatment for a urinary tract infection, whereas in case 12, the patient
died of sudden cardiac arrest soon after complaining of breathing difficulties.
Finally, in case 13, the patient died of sudden cardiac arrest soon after delivery. In
this case, myocardial infarction was identified as the cause of death after discovery
of complete blockages in the second and third vessels of the coronary artery.

8.3.3.5 Death from Pulmonary Hypertension

Two deaths from pulmonary hypertension were identified [8]. In case 14, the patient
underwent intracardiac surgery to repair an atrioventricular septal defect before
pregnancy. However, mitral stenosis persisted, which led to the development of sec-
ondary pulmonary hypertension during pregnancy, then death. In contrast, case 15
was diagnosed with pulmonary hypertension at 40 gestational weeks after exhibit-
ing difficulty breathing. Pulmonary hypertension worsened after delivery and the
patient died a week later [8].

8.3.3.6 Timing of Occurrence of Maternal Death

Maternal death from CVD occurred more in the third trimester (33.3%) and the post-
partum period (40.0%) than in earlier trimesters (13.3%). The proportion of maternal
death from CVD with respect to all maternal death is shown in Fig. 8.3a, b.
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8.4  Summary

The maternal death ratio in Japan has declined over the past 20 years. The five most
prevalent etiologies of maternal death are obstetric bleeding, cerebral hemorrhage,
amniotic embolism, thromboembolism, and CVD. The prevalence of maternal
death from CVD increased significantly, despite death from other causes having
decreased. These facts are partially consistent with the reported increase in maternal
death-related venous embolism reported in Japan. One of the possible explanations
is that the number of women with CVD reaching childbearing age has increased due
to recent therapeutic and surgical advances. Especially, survival of women with
congenital heart disease has increased, enabling them to reach reproductive age: In
addition, incidences of atherosclerosis, obesity, diabetes, and hypertension have
also increased, adversely affecting the tolerance of hemodynamic fluctuations and
hypercoagulable states associated with pregnancy. Furthermore, the fact that more
pregnancies are now started at an older age, due to the feasibility of effective fertil-
ity treatments, is also a possible contributing factor to the increased incidence of
maternal death—CVD. From the preventive medical point of view, women with a
history of CVD should be counseled cautiously regarding the life-threatening risks
of pregnancy, both for them and the unborn child. During pregnancy, all women
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should be closely monitored for early signs of maternal death—CVD—by using
readily available screening tools, such as echocardiography, Holter monitoring, and
the levels of brain natriuretic peptides, especially during the third trimester. In addi-
tion, it is important to trace women at risk of CVD during at least 3 months after the
end of delivery to avoid late maternal death—CVD—as instability in the cardiovas-
cular system persists until then. In summary, the rate of maternal death—CVD—
has increased in Japan since the early 1990s. Thus, CVD and their risk factors
should be closely monitored in pregnant women and documented in their relatives
to improve counseling before the pregnancy, as well as the preventative manage-
ment and treatment of pregnant woman.
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Dilated Cardiomyopathy

Shinji Katsuragi and Tomoaki Ikeda

Abstract

Women with preexisting cardiomyopathy, such as dilated cardiomyopathy, who
are followed closely during pregnancy often tolerate pregnancy and delivery.
Many symptoms of a normal pregnancy can mimic heart failure in the antepar-
tum period, and repeated maternal echocardiographic imaging is necessary dur-
ing pregnancy. Risk factors for adverse outcomes include functional status at
baseline and severity of systolic dysfunction. Beta-blockers are generally safe
during pregnancy, but some reports suggest that they can cause intrauterine
growth restriction. Cardiac complications such as worsening heart failure accom-
panied by worsening left ventricular ejection fraction (LVEF), arrhythmias, and
cerebrovascular accidents occur most commonly in late pregnancy, as well as in
the first 16 months postpartum. The level of brain natriuretic peptide (BNP) can
be used to risk stratify women for adverse events. Pregnant women with dilated
cardiomyopathy should be followed closely by a multidisciplinary team com-
prised of nurses, obstetricians, neonatologists, cardiologists, anesthesiologists,
and cardiac surgeons. The team should ideally discuss a delivery plan prior to
commencement of labor, with identification of the type of labor, anesthesia, and
need for invasive hemodynamic monitoring.
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9.1 Definition

Dilated cardiomyopathy (DCM) is defined based on the presence of typical symp-
toms of heart failure, left ventricular (LV) dilation, and LV systolic dysfunction of
unknown origin.

9.2 Pathological Etiology

The pathological etiology of DCM is acute myocardial inflammation or chronic
fibrosis and diffuse loss of cardiac myocytes. This can lead to dilation and thinning
of the ventricular walls and a fall in ventricular systolic function reflected by a
depressed ejection fraction (EF) [1]. DCM may be asymptomatic for several years.
Presentation usually occurs late in the disease course with any one of the following
symptoms:

e Heart failure. Symptoms include congestion (edema, orthopnea, paroxysmal noc-
turnal dyspnea) and reduced cardiac output (fatigue, dyspnea on exertion) [2, 3].

e Arrhythmias and conduction system disease. These commonly accompany
advanced cardiomyopathy and heart failure. Genetic causes (e.g., pathogenic
variants in LMNA, SCN5A, DES) may lead to prominent conduction system dis-
ease or arrthythmias out of proportion to the degree of LV dysfunction [4-7].

e Thromboembolic disease. Stroke or systemic embolus, secondary to LV mural
thrombus, may also occur [2, 3]. Differentiation from peripartum cardiomyopa-
thy (PPCM) is supported by the time of manifestation. If not known before con-
ception, the condition is often unmasked during the first or second trimester
when the hemodynamic load is increasing.

Onset usually occurs in adults in the fourth to sixth decade, although DCM may
present in the fetal period, infancy, early or late childhood, adolescence, and elderly.
Extensive additional background information is available.

9.3 Epidemiology of DCM-Complicated Pregnancy

The prevalence of DCM in the USA is 36 cases per 100,000 people and the disease
is more common in African-Americans compared to Caucasians [8]. The preva-
lence of DCM among women of childbearing age is low. DCM includes a range of
diverse myocardial processes, including myocarditis, ischemic heart disease,
familial cardiomyopathy, and toxins such as alcohol or cocaine. Women of child-
bearing age may develop cardiomyopathy related to cancer therapies, such as
doxorubicin, which is used for treatment of leukemia, lymphoma, and breast can-
cer, among other malignancies. Up to half of all cases of DCM are considered
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idiopathic [8]. In the registry of the European Society of Cardiology, 1321 preg-
nancies complicated with structural or ischemic heart diseases were analyzed
between 2007 and 2011, of which 32 cases (2.4%) were dilated cardiomyopathy.
There was one maternal death in the 32 cases at 5 weeks postpartum [9]. In India,
10 patients (0.7%) had DCM out of 1472 patients with heart disease in pregnancies
studied from 1994 to 2010 [10].

9.4 Pregnancy Outcomes

In Japan, 29 pregnancies with DCM were studied retrospectively from January
1985 to December 2010. Patients were divided into a poor prognosis group (n = 6;
death or end-stage heart failure of the New York Heart Association (NYHA) class
IIT and IV) and a good prognosis group (n = 23; all other cases) [11]. DCM was
initially diagnosed during pregnancy in 6/6 and 8/23 patients in the poor and good
prognosis groups, respectively (P < 0.005). The %FS of the first test during preg-
nancy was 17.5 £ 6.2 and 27.4 = 9.3% in the respective groups (P < 0.005). In eight
abortion cases with %FS 15.2 + 3.1%, cardiac function and NYHA class were
maintained until 20 months after abortion. There was no relationship between left
ventricle end-diastolic dimension (LVEDD) and maternal outcome. It was con-
cluded that onset during pregnancy and decreased EF (<40%) are risk factors for a
poor maternal outcome in patients with DCM. Abortion prevents further deteriora-
tion of cardiac function in patients with a very low EF.

In Canada, 36 pregnancies (32 women) complicated with DCM from 1994 to
2008 were studied retrospectively [12]. Cardiac outcomes were compared with non-
pregnant women with DCM (n = 18) matched by age and LV systolic function.
Fourteen of the pregnancies (39%) were complicated by at least one maternal car-
diac event. In multivariate analysis, moderate or severe LV dysfunction and/or
NYHA functional class IIl or IV (p = 0.003) were the main determinants of adverse
maternal cardiac outcomes during pregnancy. It was concluded that moderate to
severe LV dysfunction and NYHA class III or IV are risk factors for cardiac events
in DCM-complicated pregnancy.

9.5 Risks for Poor Pregnancy Outcomes

The Task Force on the Management of Cardiovascular Diseases during Pregnancy
of the European Society of Cardiology recommends maternal risk assessment
according to the modified WHO risk classification, in which patients with mild LV
impairment are classified in the WHO II-III category, while those in NYHA III-IV
and/or with EF < 30% are classified as WHO 1V [13]. The risk for maternal morbid-
ity or mortality is small, significant, and extremely high for WHO II, IIII, and IV
categories, respectively [14].
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9.6 Medical Management of Heart Failure
During Pregnancy

As in nonpregnant patients, treatment of heart failure during pregnancy should be
aimed at regulation of heart rate, reducing pre- and afterload, and increasing con-
tractile capacity [15]. Due to fetotoxicity, conventional drugs used for treatment of
heart failure, including angiotensin-converting enzyme inhibitors (ACEIs), angio-
tensin II receptor blockers (ARBs), and aldosterone antagonists, should not be used
during pregnancy because they are toxic to the fetal kidney, show teratogenicity in
congenital heart disease, and decrease amniotic fluid volume [16, 17]. Ideally, these
drugs should be discontinued in women who are planning to become pregnant or as
soon as pregnancy is confirmed.

Women who are planning to become pregnant must weigh the risks of discon-
tinuation of drugs that prolong survival in the setting of LV dysfunction against the
potential for teratogenicity, which is present throughout pregnancy, even during the
first trimester. Women taking beta-blockers for treatment of chronic heart failure
should continue to take these drugs during pregnancy, even if asymptomatic.
Vasodilator therapy, when necessary, can be achieved with hydralazine or amlodip-
ine, because there are published data supporting the safety of these drugs in preg-
nancy, particularly in the setting of hypertension [18]. Sodium restriction is
recommended for all patients, whereas loop diuretics are indicated for symptomatic
relief of significant peripheral edema or pulmonary congestion. Digoxin can be
added or continued during pregnancy for symptomatic relief of heart failure symp-
toms, after beta-blockers and vasodilators have been maximized. For acute decom-
pensation of heart failure, particularly if severe, therapy is used similarly to that in
nonpregnant women. Intravenous diuretics and intravenous vasodilator therapy with
nitroglycerin can be used safely. Right heart catheterization might be necessary if
diagnosis of heart failure is difficult based on physical examination or when large
shifts in hemodynamic status are anticipated (as in labor and delivery). However,
right heart catheterization is not commonly used during pregnancy.

In a recent Japanese retrospective study of pregnancy with cardiovascular dis-
ease, the rates of fetal growth restriction were 7%, 26%, and 3% in alpha/beta-
adrenergic blocker, beta-adrenergic blocker, and control groups, respectively
(p < 0.05), with different rates of fetal growth restriction with each beta-blocker:
atenolol, propranolol > metoprolol, and bisoprolol [19]. The use of beta-blockers
has been associated with an increased risk of growth retardation and fetal/neonatal
bradycardia, but guidelines suggest that their potential benefit may justify their use
(preferably p1, except atenolol) [20].

A case report in Belgium showed good results with hydralazine during preg-
nancy in a 36-year-old patient with ischemic cardiomyopathy (EF 37%, LVEDD
62 mm, NYHA III). The patient was in WHO category II-III for maternal risk [14].
Dyspnea of NYHA class III developed in the fourth month, and EF declined to 30%
without signs of congestion; therefore, hydralazine12.5 mg three times a day (TID)
was started. Echocardiography at 6 months showed a stable EF (28%) without LV
dilatation or a change in symptoms. Hydralazine was well tolerated and the dose
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was increased to 25 mg TID. The patient remained stable thereafter until the 37th
week, when she developed mild peripheral edema. Labor was induced in the 38th
week with epidural analgesia, and a healthy baby was delivered vaginally with vac-
uum extraction. Breast-feeding was discouraged and conventional heart failure
treatment was reinitiated 1 day postpartum. Two years later, the patient remained
stable (NYHA II, EF 35%, LVEDD 60 mm) [15].

9.7 Clinical Findings During Pregnancy

A physical examination in a healthy pregnancy can often mimic disease [11, 21].
Increased plasma volume might result in a systolic flow murmur, which can be
heard in most healthy pregnant patients. This murmur is usually systolic and soft
(usually grade II/VI). Moreover, distended or mildly increased neck veins, mild
lower-extremity edema, and tachycardia are normal, common findings. In addition,
common complaints of a healthy pregnancy, such as palpitations, fatigue, decreased
exercise tolerance, and orthopnea, are often identical to those in occult or overt heart
failure. During pregnancy, some patients might require careful follow-up evalua-
tions that might increase in frequency according to symptoms or severity of disease.
Repeat echocardiography, perhaps as often as once per trimester or sooner as clini-
cally indicated, can be helpful because many symptoms of a healthy pregnancy can
mimic heart failure in the antepartum period. Due to an inability to increase cardiac
output in a setting of expanded intravascular blood volume, patients with an under-
lying cardiomyopathy often develop clinical heart failure, and therefore ongoing
surveillance is important. Patients with LV dysfunction might require restriction of
activities, inpatient observation before delivery, and initiation or alteration of drug
therapy.

9.7.1 Biomarkers in Pregnancy

Limited data are available on the utility of serum BNP or N-terminal pro B-type
natriuretic peptide (NT-proBNP) levels in pregnancy. In a small series of healthy
pregnant women, there were no significant differences in mean BNP levels at vari-
ous stages of pregnancy and in the postpartum period [22-24]. However, pregnant
women had BNP levels that were approximately twice as high as nonpregnant
women, although within the normal range. In women with preeclampsia, levels of
circulating atrial natriuretic peptide and BNP are directly related to changes in LV
mass and volume [25]. BNP levels in women with severe preeclampsia are signifi-
cantly higher than those in a healthy population, reflecting greater ventricular wall
stress associated with this condition, and BNP is now widely used to screen for
ventricular dysfunction [23]. In a small series of pregnant women with preeclamp-
sia, diastolic LV function was impaired, and NT-proBNP was increased, compared
with data in normal pregnancies [26]. In a more recent study, BNP was higher in
pregnant women with heart disease than in those without heart disease [27]. In
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addition, among women with clinical events, all were found to have elevated BNP,
whereas women with BNP <100 pg/ml had no events. Thus, BNP had a negative
predictive value of 100% for identifying events during pregnancy in this small
series. However, a subset of women without any clinical events had elevated BNP, a
finding of unclear significance. Most healthy pregnant women have low and stable
BNP levels throughout pregnancy, suggesting that these women are able to compen-
sate for the hemodynamic load of pregnancy. Although limited clinical data are
available, measurement of BNP or NT-proBNP levels seems to have clinical utility
in cases in which diagnosis of heart failure is in question [26].

9.8 Timing of Delivery

A multidisciplinary team is crucial for management of patients with DCM at the
time of labor and delivery. Consultation among obstetricians, obstetrical anesthesi-
ologists, and cardiologists is recommended before initiation of labor and delivery.
In addition, patients with heart failure or underlying cardiomyopathy should be
monitored carefully throughout labor and delivery, as well as in the early postpar-
tum period, when hemodynamic decompensation is most likely to occur (for man-
agement during labor and delivery, see Table 9.1). This includes continuous maternal
electrocardiographic monitoring and noninvasive blood pressure monitoring.
Invasive central monitoring, such as right heart catheterization and arterial line
monitoring, can be used on an individual basis. Arterial line monitoring is consid-
ered helpful and low-risk. Right heart catheterization, although not required, might
be needed to optimize hemodynamic status when large shifts in volume are antici-
pated, such as during Cesarean section or when there is evidence of clinical instabil-
ity [28]. There are no official recommendations, but right heart catheterization is
occasionally used in pregnant women with severe clinical heart failure or severely
reduced LV systolic function at the time of delivery.

A decision on the timing and mode of delivery depends on the hemodynamic
status of the patient and on the response to drug therapy. Early delivery is not
required in all patients with cardiomyopathies or heart failure. The timing of deliv-
ery for a critically ill patient with heart failure requires a coordinated decision
among cardiologists, obstetricians, and anesthesiologists that balances the risks to

Table 9.1 Decision regarding timing and mode of delivery

1. Management during labor and delivery and postpartum concerns

2. Short vaginal delivery with excellent anesthesia, with consideration of an assisted second
stage of labor
3. Left lateral decubitus position

4. Cesarean section per obstetric indications

5. Invasive monitoring if needed (right heart catheterization, invasive arterial blood pressure
monitoring)

6. Medical therapy optimization of loading conditions
7. Monitoring and treatment of pulmonary edema
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the mother and fetus of continuing the pregnancy with the risk of delivery and how
that delivery should occur. If the heart failure is refractory to drug therapy, delivery
should be strongly considered. The lack of official recommendations requires the
use of an individualized approach. Almost all women with cardiac disease should
attempt vaginal delivery, unless obstetric contraindications exist. For women with
preexisting cardiac disease, vaginal delivery poses less cardiac risk because
Cesarean delivery is accompanied by approximately twice as much blood loss.

Patients who are considered stable from a cardiac perspective can be allowed to
progress spontaneously through the various stages of labor. However, if there are
concerns about the functional adequacy of the heart and circulation, labor can be
induced under controlled conditions. The timing of induction can be individualized,
taking into account the cardiac status of the patient, inducibility of the cervix, and
fetal lung maturity. From a practical point of view, it is useful to plan the induction
so that delivery occurs at a time when all services are available. In general, a long
induction in a woman with an unfavorable cervix should be avoided. Induction of
labor in a patient with a favorable cervix usually requires only oxytocin administra-
tion and artificial rupture of membranes. An unfavorable cervix, however, should be
treated with a prostaglandin E analog. Even this should be done cautiously in
women with underlying cardiomyopathies because prostaglandin analogs might be
absorbed systemically, causing unwanted hemodynamic consequences, including
decreased systemic vascular resistance and reflex tachycardia [29]. In a recent study
of patients with dilated cardiomyopathy, most deliveries were vaginal (81%), and
the most frequently used form of anesthesia was epidural anesthesia (86%) [12].
Indications for Cesarean delivery were unrelated to preexisting cardiac disease in all
these patients. As expected, the rates of fetal/neonatal events were higher in women
with at least one obstetric risk factor, including a history of premature delivery or
rupture of membranes, an incompetent cervix, or a need for Cesarean delivery.
Smoking, anticoagulant use, multiple gestation, and maternal age < 20 or > 35 years
were non-obstetric risk factors associated with an increased rate of fetal/neonatal
events.

9.9  Anesthetic Management During Labor
(—See Chap. 3)

Anesthetic considerations in pregnant women with chronic or new-onset heart
failure require a specialized approach and, when possible, should be planned in
the antepartum period. Women with cardiomyopathy or evidence of clinical heart
failure should not expect a natural childbirth without the use of some form of
anesthesia when vaginal delivery is selected. The goal of the anesthesia is to
blunt the physiological increase in metabolic demands and hemodynamic stress
that normally accompanies labor and delivery. The goals of management are
mainly to avoid excessive anesthetic-induced myocardial depression, maintain
normovolemia, and minimize the inherent sympathetic stimulation associated
with labor [30].
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A combination of intravenous opiates and lumbar epidural anesthesia is effective
for relief of pain during labor and delivery, and this is considered to be the approach
of choice. Epidural anesthesia, if introduced slowly and carefully, produces changes
in preload and afterload that can be advantageous in the setting of reduced ventricu-
lar function. This approach also provides excellent operative analgesia, thus limit-
ing pain-induced elevation of sympathetic activity, but also reduces the maternal
urge to push (Valsalva maneuver). Additionally, accompanying venodilation reduces
venous return, which might also be favorable for patients with evidence of volume
overload. A decrease in systolic blood pressure might require treatment with vaso-
active agents, rather than intravenous fluids. Alternatively, the use of general anes-
thesia has the risk of hemodynamic instability associated with systemic anesthetic
administration and requires adequate sedatives for tolerance of endotracheal
intubation.

Once in labor, women with cardiac disease should be placed in a left lateral decu-
bitus position to avoid inferior vena cava (IVC) compression by the gravid uterus.
The obstetrician should allow the fetal head to descend to the perineum without
maternal assistance, in an attempt to avoid the undesirable circulatory effects of the
Valsalva maneuver. The second stage of labor can be shortened via assistance with
low forceps or by vacuum extraction as needed. Throughout this process, the clini-
cal scenario should dictate the need to abandon vaginal delivery and proceed with
Cesarean delivery.

9.10 Postpartum Complications

After delivery, uterine bleeding is controlled naturally by continued uterine contrac-
tions from posterior pituitary oxytocin secretion. Synthetic oxytocin is often admin-
istered to augment these effects, but should be infused slowly to avoid hypotensive
effects. Hemodynamic monitoring of the mother should continue for at least 12-24 h
after delivery because volume redistribution during this period causes rapid intravas-
cular volume shifts. If severe anemia is present, often related to dilutional anemia of
pregnancy exacerbated by blood loss at delivery, treatment with iron supplementa-
tion or blood transfusion can be considered in an effort to relieve tachycardia and
decrease myocardial work. Inciting events are difficult to define, but pregnancy
seems to affect the natural history of DCM, particularly in the short term [12].
Cardiac complications such as worsening heart failure accompanied by worsening
LVEEF, arrhythmias, and cerebrovascular accidents occur most commonly late in
pregnancy, as well as in the first 16 months postpartum. The third trimester and early
postpartum periods are times of maximum hemodynamic change, supporting the
concept that accelerated changes in hemodynamic load can precipitate cardiac
decompensation. Even beyond hemodynamic fluctuations, a transient decline in LV
contractility during pregnancy has been described, which might be more important in
patients with poor cardiac reserve [31]. Also, this decline in LV systolic function
might not be reversible. An important issue seems to be continuation of optimal med-
ical therapy for heart failure during pregnancy, which is not possible secondary to the
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teratogenic effects of ACE-Is and ARBs. The hemodynamic load of pregnancy and
delivery, coupled with prolonged discontinuation of optimal medical therapy during
pregnancy, often because of contraindications or patient preference, might also pre-
dispose the patient to further late negative effects on ventricular function [12, 32].

9.11 Anticoagulation Therapy

The risk for thromboembolic phenomena is increased during pregnancy and further
increased in a setting of cardiomyopathy with severely reduced ventricular function.
The incidence of thromboembolic complications in pregnant women with cardio-
myopathy is not known, but several reports of thromboembolic phenomena in
women with PPCM suggest that the risk is high. Anticoagulation therapy should be
considered for all pregnant and postpartum women with cardiomyopathy and LVEF
<35%. Unfractionated heparin and low-molecular-weight heparin (risk category C)
do not cross the placenta and are safe to use during pregnancy. Warfarin is a risk
category D drug that should be avoided during pregnancy, although it is considered
safe during breast-feeding.
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Abstract

In many cases with stable hypertrophic cardiomyopathy (HCM), the prognosis
for pregnancy is comparatively favorable. However, heart failure, defined as
New York Heart Association (NYHA) class ITI-1V, left ventricular ejection frac-
tion <35-40%, and left ventricular outflow tract obstruction with mean pressure
gradient >40-50 mmHg, requires strict caution during pregnancy or advice on
avoidance of pregnancy. In pregnancy in these cases, caution should be exercised
when circulating blood volume reaches its peak at around 30 gestational weeks,
due to the high frequency of symptoms, especially increases in arrhythmia and
pulmonary congestion.
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10.1 Definition

Cardiomyopathy was classically defined as a myocardial disease that is associated
with cardiac dysfunction [1] by the World Health Organization/International Society
and Federation of Cardiology (WHO/ISFC) Task Force in 1995. The disease is clas-
sified into five types: dilated cardiomyopathy (DCM), hypertrophic cardiomyopa-
thy (HCM), restrictive cardiomyopathy (RCM), arrhythmogenic right ventricular
cardiomyopathy, and unclassified cardiomyopathy [1]. HCM is defined as a disease
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in which there is abnormal hypertrophy in the left and/or right ventricular myocar-
dium, despite there being no clear causal factors of cardiac hypertrophy, such as
valvular disease or hypertension.

10.2 Basic Pathology

HCM is a disease with left or right ventricular hypertrophy, characteristically non-
uniformly and without a clear cause. Moreover, there is generally no expansion of
the left ventricular (LV) cavity, and LV contraction is normal or excessive. The
principal pathological feature of HCM is a reduction in LV diastolic performance
due to cardiac hypertrophy [2].

e Particularly in cases with obstruction of the LV outflow tract, hypertrophic
obstructive cardiomyopathy (HOCM) is diagnosed.

e Variations of HOCM with region-specific hypertrophy include midventricular
obstruction (hypertrophy associated with stenosis in the midventricular cavity) and
apical hypertrophic cardiomyopathy (hypertrophy localized to the ventricular apex).

e Over the course of HCM, thinning of the hypertrophic ventricular wall may
cause expansion of the ventricular cavity accompanied by a reduction in LV dia-
stolic performance, thereby giving a dilated cardiomyopathy-like pathology that
is referred to as the dilated phase of hypertrophic cardiomyopathy (D-HCM).
While this diagnosis is definite if the course is being observed, it may also be
diagnosed in cases where a prior positive diagnosis of HCM was made, even if
follow-up is not performed.

During pregnancy, pregnancy-related physiological alterations need to be con-
sidered, in addition to these basic pathologies. When pregnancy is complicated by
HCM, pregnancy-based increases in circulating plasma volume and decreases in
systemic vascular resistance induce an increase in the systolic pressure gradient of
the LV outflow tract, which subsequently increases mitral regurgitation, thus
increasing the risk of congestive heart failure [3].

10.3 Symptoms

Some HCM patients are asymptomatic, but many present with symptoms pertaining
to cardiac abnormality, most of which can be divided into chest and brain symptoms.
10.3.1 Myocardial Ischemia

Among chest symptoms, chest pain is extremely common. Pain or tightness in
the chest is often caused by relative myocardial ischemia. Coronary vasospasm,
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coronary stenosis, or the presence of peripheral disturbances in coronary circulation
is also possible [4, 5]. Nitrates are contraindicated for severe HOCM patients; there-
fore, coronary angiography and selection of appropriate treatments are required
when coronary abnormalities are implicated.

10.3.2 Heart Failure

Numerous patients also complain of dyspnea on exertion and/or difficulty breath-
ing. It is thought that phenomena such as an elevation of pulmonary capillary pres-
sure due to elevated LV end-diastolic pressure accompanied by LV diastolic
impairment, and low cardiac output due to narrowing of the LV cavity, are closely
associated with onset of dyspnea. In particular, a lack of increased cardiac output in
response to heart rate increases associated with laborious activity is closely related
to onset of dyspnea [6].

In pregnancy, chest symptoms are exacerbated by emergence of congestive heart
failure, which is induced by elevated LV end-diastolic pressure due to an increase in
the systolic pressure gradient of the LV outflow tract and/or severe LV diastolic
dysfunction.

10.3.3 Arrhythmia and Sudden Death

Palpitation frequently arises from arrhythmia and tachycardia (i.e., an increase in
contractile force in association with excessive contraction). Indeed, many HCM
patients suffer from palpitation in association with supraventricular or ventricular
arrhythmia. Palpitations may also be induced by paroxysmal or sustained atrial
fibrillation; thus, examinations that utilize devices such as Holter electrocardiogra-
phy are essential. Particularly in cases of HCM associated with atrial fibrillation
(sustained or paroxysmal), there is a high rate of associated thromboembolism [7],
and appropriate anticoagulant therapy is required.

Risk factors for sudden death in HCM are shown in Table 10.1 [2, 8-10]. Major
risk factors include ventricular arrhythmia, syncope, a family history of sudden
death, and marked LV hypertrophy, with factors such as D-HCM, LV outflow tract
obstruction, and extensive fibrosis also contributing to the risk. Intense exercise or
coronary artery disease may be modifiable risk factors, and transition to D-HCM
or atrial fibrillation complications profoundly contributes to heart failure and
stroke [11].

Changes in circulation dynamics during pregnancy are characterized by
increases in circulating blood volume, pulse rate/stroke volume increase-based
increases in cardiac output, and decreases in peripheral vascular resistance.
Typically, in HCM, increased cardiac contraction force/increased preload/
decreased afterload is an aggravating factor by which ventricular volume decreases
and the LV outflow tract pressure gradient increases. Conditions such as increased
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Table 10.1 Risk factors for Major risk factors
sudden death (cited from two
references)

Cardiac arrest (ventricular fibrillation)

Spontaneous onset of sustained ventricular tachycardia

Family history of sudden death

Unexplained syncope

Marked left ventricular hypertrophy (left ventricular wall
thickness >30 mm)

Non-sustained ventricular tachycardia on Holter
electrocardiogram

Abnormal blood pressure response to exercise

Possible risk factors

Dilated phase of hypertrophic cardiomyopathy

Ventricular apical aneurysm

Left ventricular outflow tract obstruction

Extensive late gadolinium enhancement pattern on magnetic
resonance imaging

Atrial fibrillation

High-risk gene mutations

Modifiable risk factors

Intense exercise (competitive athletics)

Coronary artery disease

preload during pregnancy are changes analogous to those that occur during exer-
cise. However, although intense exercise has been singled out as a modifiable risk
factor of sudden death, it is not understood whether the same is true for pregnancy.
Although sudden death has been described in cases of pregnancy complicated by
HCM [12-17], all exhibited major risk factors for sudden death; thus, its associa-
tion with pregnancy remains unclear.

10.3.4 Brain Symptoms

Important and common brain symptoms, such as dizziness, blackouts, and syn-
cope, are thought to stem from cerebral ischemia, and these symptoms are impor-
tant pre-existing disorders in HCM patients that are linked to sudden death [18].
Onset of these symptoms is frequent in patients with severe arrhythmia such as
ventricular tachycardia [19], but they are not intrinsic to all arrhythmias [20]. Their
rate of occurrence is high in patients with small LV cavities or a LV cavity pressure
gradient. Occurrence of brain symptoms is also frequent under circumstances
where stress on the LV wall is reduced, and these symptoms frequently occur when
using contraindicated drugs, such as vasodilators, when consuming alcohol, or
when transitioning from cold to warm places.

The frequency of arrhythmia is increased during and after pregnancy, and brain
symptoms such as syncope may become more severe.
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10.4 Heredity
10.4.1 Genetic Perspective in HCM

It is well established that HCM is hereditary. In 1990, a family line was identified in
which a mutation in the MYH7 gene was shown to be the cause of disease [20].
Subsequently, >16 genes and 900 mutations have been identified as causes of HCM,
and hereditary HCM is the cause of disease in ~50-60% of family lines. The fre-
quency of HCM in which there is autosomal dominant heredity is shown in Table 10.2
[21-24]. Mutations in MYH7 and MYBPC3 genes occur with the highest frequency,
and both genetic abnormalities are present in 75-80% of cases. Most genes impli-
cated in the etiology of HCM are those that encode proteins for myocardial fiber/
sarcomere formation. Strong myocardial hypertrophy induced by MYH7 and
MYBPC3 mutations and mild hypertrophy due to TNNT2 mutations reduce myocar-
dial contractile force, resulting in a relatively early transition to the dilated phase.
Even in isolated cases of HCM, mutations are identified 15% of the time. For
HCM patients and their families, counseling is provided on hereditary patterns
and clinical symptoms in cases where there are clear genetic abnormalities. Most
causal genes in diseases with HCM-like pathologies have been characterized.
Many of these diseases have a recessive mode of inheritance, and counseling
becomes necessary for carriers and patients with Danon disease (lysosomal mem-
brane protein deficiency) and Fabry disease (a-galactosidase deficiency). In
heredity counseling, it is important to be aware of the strong tendency to perceive
the topic of hereditary cardiomyopathy negatively. It is not infrequent that patients
and families will have prior experience of someone contracting the disease within
their family; therefore, a knowledge bias based only on this experience may exist.
Therefore, it is essential that the latest medical information, such as improve-
ments in prevention and treatment, are presented in an understandable manner.

10.4.2 Clinical Pathology and Genetic Background

The clinical pathology of HCM varies in severity, age of onset, and mutation pene-
trance, with identical mutations carried within families or within different maternal

Table 10.2° Genes involved Most frequently affected genes Frequency (%)

in inherited hyp ertr.ophic. MYH7 (B-myosin heavy chain) 3040
cardiomyopathy (cited with

. . MYBPC3 (myosin binding 3040
occasional paraphrasing from .
protein C)
two references) - -
TNNT?2 (cardiac troponin T) <5
TNNI3 (cardiac troponin I) <5

TPM1 (a-tropomyosin) <5
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lines. In addition, variables such as environmental factors, sex, and factors relating to
modification of genes contribute to clinical variation. However, making comparisons
between genetic types and clinical forms is useful for patient understanding because
there have been reports of cases in which the survival prognosis and other clinical
factors differ depending on the genetic form. For example, myocardial f-myosin
heavy chain (MYH?7) mutation-based HCM has a comparatively young age of onset
and a considerable degree of hypertrophy in many cases. Notably, in MYH7
Arg403GIn mutation-based HCM, sudden death and heart failure are frequent, and in
MYH?7 Arg719Trp-based HCM, heart failure is frequent. Previous reports on HCM
varieties, such as those due to myocardial troponin T gene mutations, reveal that
most cases present with a mild degree of hypertrophy. In HCM cases due to cardiac
myosin binding protein C (MYBPC3) mutations, penetrance tends to be low, and the
age of onset tends to be high [23, 25-31]. Variety is a characteristic of HCM, and
many cases of sudden death have been reported in families in which the cause of
disease is a mutation associated with a favorable prognosis. In contrast, minimal
rates of disease-related death have been found in cases in families in which the cause
of disease is a mutation associated with an unfavorable prognosis. Therefore, conjec-
ture on survival prognosis based on gene mutations is limited [11, 25, 30].

10.5 Prognosis of HCM-Associated Pregnancy

The first report of pregnancy complicated by HCM was published by Turner et al.
in 1968 [31]. This study included 13 pregnancies (9 women). All cases involved
HOCM, but there were no cardiovascular events, and maternal prognosis was favor-
able. Furthermore, of the nine women, eight received oral B-blockers, which were
thought to be possibly conducive to the favorable prognosis [31]. Oakley et al. pub-
lished a subsequent report in 1979 on 43 pregnancies (23 women). In six women,
diuretics were utilized due to emergence of respiratory impairment, and oral
B-blockers were used in 18 pregnancies. Although oral -blockers are recommended
to protect mothers, they may also be associated with growth restriction and brady-
cardia [12]. Twenty years after these two reports, Siu et al. reported 546 cases of
pregnancy complicated by heart disease, including 9 pregnancies involving HCM, 1
of which presented with ventricular tachycardia, and maternal prognosis was favor-
able [13]. In 2003, Thaman et al. published a comprehensive report on HCM-
associated pregnancy [16], showing that 36 (28.3%) of 127 pregnancies had cardiac
symptoms during pregnancy. However, >90% of these cases were symptomatic
prior to pregnancy, and these symptoms did not subsequently increase in severity.
Heart failure was confirmed in two (1.5%) of the pregnancies [16]. Based on these
findings, the prognosis of pregnancy associated with stable HCM appears to be
favorable. In 2014, Tanaka examined the period of cardiovascular events in HCM
and found that these events frequently occurred during the first trimester and around
the 30th week of pregnancy and that most events were arrhythmias. Drug adminis-
tration prior to pregnancy was reportedly a risk factor for cardiovascular events
during pregnancy.
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Table 10.3 Reports on Number of
pregnancy with HCM Year of publication Author cases

1968 Turner et al. 9

1979 Oakley et al. 23

2001 Siu et al. 9

2002 Autore et al. 40

2003 Avila et al. 15

2003 Thaman et al. 127

2007 Avila et al. 23

2014 Tanaka et al. 27

Excluding case reports, there have been eight previous reports on HCM-
associated pregnancy (Table 10.3), which taken together provide an overall and
relatively favorable pregnancy prognosis for such cases. However, strict manage-
ment is necessary due to the potentially elevated rate of cardiovascular events dur-
ing pregnancy in cases in which symptoms were present or drugs were administered
prior to pregnancy and in cases involving risk factors for sudden death.

10.6 High-risk Pregnancy Criteria

There are no specific criteria for determining if pregnancy should continue in cases
of HCM. While onset of cardiovascular events during pregnancy and the risk of
premature birth are high in cases where there are symptoms of chest pain/arrhyth-
mia prior to pregnancy, or cases of high-grade LV outflow tract obstruction [11, 23],
perinatal prognosis of pregnancy complicated by HCM is favorable under stable
conditions. According to the Guidelines for Indication and Management of
Pregnancy and Delivery in Women with Heart Disease (JCS 2010), cases of heart
failure, defined as New York Heart Association (NYHA) class III-IV with LV ejec-
tion fractions <35-40% and LV outflow tract obstruction associated with high-grade
aortic valve stenosis with an average pressure gradient >40-50 mm Hg, require
strict caution in the event of pregnancy or make the avoidance of pregnancy strongly
desirable [3]. Sudden death is known to occur in patients <35 years and in those
with factors such as peak wall thickening >30 mm, prior cardiac arrest or sustained
ventricular tachycardia, repeated syncope, or a family history of sudden death [3].
In such cases, careful consideration is necessary as to whether such patients are fit
for pregnancy and childbirth.

10.7 Pregnancy Management

The pregnancy prognosis is relatively favorable except in high-risk cases, but atten-
tive monitoring for arrhythmia or congestive heart failure during pregnancy is
required. Patients are monitored during pregnancy for recent signs and symptoms,
such as shortness of breath during laborious activity, palpitations, chest pain, and
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syncope. In the event of such symptoms, oral administration of f-blockers is consid-
ered. Extra caution should be exercised when circulating blood volume reaches its
peak around the 30th week of pregnancy due to the high rate of occurrence of symp-
toms, particularly increases in the severity of arrhythmia and congestive heart failure
[17]. In cases of sustained atrial fibrillation, anticoagulant therapy is recommended.

10.8 Childbirth/Puerperal Management

In stable HCM, vaginal delivery is generally chosen, but caution is required as
increases in the LV outflow pressure gradient are caused by decreased blood pres-
sure due to epidural/vasodilation or decreased preload due to dehydration. In cases
where obstetrically adapted Cesarean section is performed, if the case involves
high-grade LV outflow tract obstruction, general anesthesia should be considered
over epidural or subarachnoid anesthesia. Constraints or postures that reduce venous
flow must be avoided, and in some cases shortening of the second stage of delivery
via instrumental delivery should be considered. Caution is also required during the
puerperal period as increases in venous flow induce an increase in cardiovascular
events such as arrhythmia and pulmonary congestion [3].
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Chizuko Aoki-Kamiya

Abstract

Peripartum cardiomyopathy (PPCM) is a specific cardiomyopathy in which heart
failure develops during pregnancy or in the postpartum period in women without
a history of heart disease, and reduced myocardial contraction is found on exami-
nation. The frequency of this condition is low in routine medical practice, but it
should be included in differential diagnosis for pregnant and postpartum women
who complain of dyspnea and excessive edema because it may lead to maternal
death in severe cases. Advanced age, grand multipara, multiple conception, hyper-
tensive disorders in pregnancy (HDP), and use of tocolytic agents are known risk
factors. Especially, HDP is the strongest risk factor and complicates in about 40%
of PPCM patients. A Japanese survey found that PPCM patients with HDP tended
to have better long-term outcomes than those without. In contrast, PPCM patients
with truncating variants associated with dilated cardiomyopathy (DCM) tended to
have lower cardiac function in long-term than those without. Basic studies in
animals and genetic analyses have recently been reported, and an association
between vascular disorder such as HDP cardiomyopathy is currently attracting
attention. Since “peripartum cardiomyopathy” is a diagnosis of exclusion, it indi-
cates that PPCM is a group of heterogeneous conditions.
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11.1  Definition

Criteria proposed by Demakis et al. in 1971 [1] combined with specific values of
reduction of left ventricular (LV) systolic function are often used for diagnosis of
peripartum cardiomyopathy (PPCM), but there are no standard diagnostic criteria
(Table 11.1) [2, 3]. LV ejection fraction (LVEF) <45% is frequently used as a crite-
rion for LV systolic dysfunction. “The development of heart failure within 1 month
before delivery” was originally included in the diagnostic criteria, since induction of
heart failure by pregnancy-induced circulatory overload in cases with subclinical
cardiac dysfunction before pregnancy cannot be ruled out in patients who develop
heart failure before the last month of pregnancy [1]. However, in 2005, Elkayam
et al. reported that cardiomyopathy developed earlier than 1 month before delivery in
about 20% of patients who developed cardiomyopathy during pregnancy or the puer-
peral period and that the background, clinical findings at onset, and outcome of these
patients were quite similar to those of patients meeting the diagnostic criteria [4].
These findings have prompted a movement to define the onset time of the disease as
late pregnancy to include development earlier than 1 month before delivery.

Table 11.1 Definition/classification of peripartum cardiomyopathy [2, 3]

European Society of

A non-familial, non-genetic form of dilated cardiomyopathy

Cardiology on the associated with pregnancy

classification of

cardiomyopathies

AHA Scientific on A rare and dilated acquired primary cardiomyopathy associated

contemporary definitions
and classifications of the
cardiomyopathies

LV dysfunction and heart failure

Workshop held by the
National Heart Lung and
Blood Institute and the
Office of Rare Diseases

The development of heart failure in the last month of pregnancy
or within 5 months postpartum

The absence of an identifiable cause of heart failure

The absence of recognizable heart disease prior to the last
month of pregnancy

LV systolic dysfunction demonstrated by classical
echocardiographic criteria. The latter may be characterized as an
LV ejection fraction <45%, fractional shortening <30%, or both,
with or without an LV end-diastolic dimension >2.7 cm/m? body
surface area

Heart Failure Association of
the European Society of
Cardiology Working Group

PPCM is an idiopathic cardiomyopathy presenting with heart
failure secondary to left ventricular systolic dysfunction towards
the end of pregnancy or in the months following delivery, where

on PPCM 2010 no other cause of heart failure is found. It is a diagnosis of
exclusion. The left ventricle may not be dilated, but the ejection
fraction is nearly always reduced below 45%

The guideline of The cardiac dysfunction, characterized by dilated and diffuse

cardiomyopathy by the hypokinesis of LV like idiopathic dilated cardiomyopathy,

Japanese Circulation among the women in late pregnancy and within several months

Society after delivery

AHA American Heart Association, LV left ventricle, PPCM peripartum cardiomyopathy
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There is no feature specific to PPCM, and the disease is diagnosed by excluding
other diseases. When diseases to be differentiated, such as myocardial infarction
and myocarditis, are excluded, and no other cause of cardiac dysfunction is
observed, PPCM is finally diagnosed. However, it is difficult to differentiate PPCM
from dilated cardiomyopathy (DCM) because there is no specific test for either
disease and they may overlap, as described below. In this context, it is of note that
a microRNA-146a has recently been detected specifically in patients with PPCM,
not in normal pregnant controls or patients with DCM [5].

In Japanese nationwide survey of PPCM performed in 2009, 30% and 70% of
patients were diagnosed during pregnancy and after delivery, respectively, and one-
third were diagnosed within 1 week after delivery (Fig. 11.1) [6]. The chief com-
plaint at the time of diagnosis was shortness of breath in 80%, cough in 37%, edema
in 37%, malaise in 24%, palpitation in 20%, and weight gain in 16%. Since these
symptoms are also frequent in healthy pregnant and parturient women, diagnosis is
likely to be delayed. When pregnant and parturient women with the risk factors
described below complain of shortness of breath, edema, and palpitation, it is
important to consider PPCM. Brain natriuretic peptide (BNP) and its precursor,
NT-Pro BNP, which are useful for screening of heart failure, increase in many
patients. The mean BNP level at the time of diagnosis of heart failure in the nation-
wide survey was 1258 pg/mL (normal value <18 pg/mL), and only 4% of all patients
had BNP <100 pg/mL. Therefore, these tests may be widely applicable for simple
screening of heart failure even during and after pregnancy.

(Person)
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20
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20~27W  28~35W 36~41W ~1W 1~4W 1~2M 2~4M
\ J N J

antepartum (31%) intra-to postpartum (69%)

Fig. 11.1 Timing of diagnosis of PPCM in Japan [6]. PPCM peripartum cardiomyopathy
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11.2 Incidence and Risk Factors

More than 50 patients/year are newly diagnosed as PPCM in Japan [6]. The inci-
dence is 1 in 10,000-20,000 deliveries, which is lower than that of about 1 in
1000-3000 deliveries in the USA and also lower than reported rates in other coun-
tries. In addition to racial differences and women giving many births, lifestyle dif-
ferences (such as fewer chronic hypertensive women at childbearing age) and the
presence of undiagnosed cases may explain these results. The incidence has
increased yearly in the USA with aging of pregnant women, improvement of repro-
ductive technology, and an increase in the diagnosis rate. Similar tendencies are
apparent in Japan, which suggests that the incidence may increase in the future.
Demakis et al. proposed multiple births, advanced age, multiple conceptions,
preeclampsia and African race as risk factors [1]. Significantly higher frequency of
use of tocolytic agents, concomitant chronic hypertension, and cigarette smoking
may also be risk factors. The incidence has increased with aging in Japan (Fig. 11.2),
and hypertensive disorders in pregnancy (HDP), use of tocolytic agents, and multi-
ple conceptions are risk factors as well. International comparisons of patient back-
ground and clinical course are presented in Table 11.2 [6-11]. The complication
rate with risk factors in Japan is comparable to those in the USA and Germany,
which shows that the clinical features of PPCM are similar in Japan and Western

(Number of patients/100,000 deliveries)
12

10

8 /
6 /
4 e

20-24 25-29 30-34 35-39

Maternal age

Fig. 11.2 Incidence of PPCM per 100,000 deliveries by age in Japan [6]. The number of deliver-
ies in Japan in each age group were taken from national statistics published by the Ministry of
Health, Labour and Welfare. PPCM peripartum cardiomyopathy
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Table 11.2 The comparison of clinical pictures of PPCM among Japan, Germany, the USA, and
South Africa [6-11]

Japan Germany | USA South Africa
n=102 |n=115 n=100 |n=100
Age (years) 32.7 34 30 31.6
Parity 1.7 2 22 3
Primiparas (%) 55 - - 20
African descent (%) 0 - 30 100
Risk factors
Hypertensive disorders in pregnancy (%) |42 45 45 2
Tocolytic therapy (%) 14 4 — 9
Twin pregnancy (%) 15 15 - 6
Mortality (%) 4 2 4 15

countries. The incidence is high in grand multiparas, but more than half of patients
which are primiparas in Japan reflected on the declining birth rate.

11.3 Cause of Disease

There are various theories for the cause of PPCM, but this is still unclear. In addition
to autoimmune reaction and viral infection theories, manifestation of an originally
present pathology of DCM induced by cardiac overload associated with pregnancy
and delivery has been proposed because the pathology is similar to that of
DCM. However, since the incidence in pregnant and parturient women is higher
than that of DCM in women in the same generation, the US NIH Workshop Group
concluded that the pathology differs from that of DCM and that pregnancy is directly
involved in development of the condition [12].

The key aspect of the etiology and pathogenesis is that PPCM is diagnosed by
excluding other diseases. Therefore, it is a disease group with diverse backgrounds.

11.3.1 Antiangiogenic Factors

In the Japanese nationwide survey, the cardiac function recovered significantly
higher in patients with HDP in the background [6]. It may indicate that PPCM
with the background of HDP is one of the subsets of the disease. Vascular dis-
order is currently viewed as the main pathology of HDP. Involvement of anti-
angiogenic factors in PPCM has been suggested in an animal study and may be
a common pathology in these diseases. The results of two basic studies sug-
gesting an association between antiangiogenic factors and PPCM are discussed
below.
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11.3.1.1 Cleaved Prolactin Theory [13]

In 2007, Hilfiker-Kleiner et al. proposed a developmental mechanism for PPCM
based on the observation that female mice with increased intracardiomyocyte
oxidative stress develop cardiomyopathy and heart failure at a high rate during
pregnancy and delivery. An increase in intracardiomyocyte oxidative stress pro-
motes activity of a proteolytic enzyme, cathepsin D, which cleaves a lactogenic
hormone, prolactin, in the circulation when the blood level increases in the peri-
natal period. Cleaved prolactin has antiangiogenic properties, such as inhibition
of angiogenesis, suggesting its involvement in development of cardiomyopathy.
Cardiomyopathy was inhibited when an anti-prolactin drug, bromocriptine, was
administered before mice became pregnant and delivered. In addition, cleaved
prolactin is present in serum of patients with PPCM, and cardiomyopathy can be
prevented by bromocriptine in the next pregnancy in patients with a history of
PPCM.

11.3.1.2 Angiogenesis Inhibition Theory [14]

In 2012, Patten et al. showed that hypertension and cardiomyopathy developed after
several pregnancies and deliveries in mice in which PGC-1«, which is involved in
angiogenesis by promoting secretion of vascular endothelial growth factor (VEGF),
was knocked out specifically in heart muscle. Interestingly, cardiomyopathy was
not reduced by VEGF administration in this mouse model, but the disease was
inhibited by bromocriptine given in addition to VEGF. Thus, inhibition of angiogen-
esis by several factors, such as production of cleaved prolactin and reduction of
VEGF, may induce PPCM.

11.3.2 Overlapping with DCM

In 2010, a gene mutation related to DCM was detected in patients with PPCM with
a familial history of DCM [15, 16]. In latest recent genetic study conducted in the
USA, Germany, and Japan, mutations of 43 genes related to DCM were screened in
172 patients with PPCM, and 26 (15%) were positive [17]. This rate was the same
as that in a DCM cohort and significantly higher than that of 4.7% in a general
cohort, and two-thirds of the patients had a titin gene mutation. In a US PPCM
cohort study (the IPAC study), in which 11 patients with and 68 patients without
titin gene aberrations were compared, quite a few patients with titin aberrations
were complicated by HDP, although HDP was the strongest risk factor of
PPCM. Moreover, recovery of cardiac function after 1 year was significantly lower
in these patients. It is still controversy whether patients with a hereditary back-
ground related to DCM should be included in the definition of PPCM or not. As
described in the section on diagnostic criteria, the disease is defined as “nonfamilial
pregnancy-associated cardiomyopathy without a hereditary background of DCM”
in the cardiomyopathy classification established by the European Society of
Cardiology. However, many pregnant women with asymptomatic DCM diagnosed
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before pregnancy complete pregnancy and delivery without complication. Therefore,
a certain cardiac function-aggravating factor specific to PPCM may also be present
in patients with a hereditary background [11].

The above findings indicate that patients can have different backgrounds, such
as HDP and DCM, which indicates that PPCM is a group of heterogeneous dis-
eases. At present, it is considered to be a disease group comprising vascular disor-
der, hereditary predisposition, and inflammation that occur alone or overlap.
Studies using basic experiments have been initiated to explore the cause of the
disease.

11.4 Treatment

PPCM is generally treated similarly to heart failure. For severe cases, intra-aortic bal-
loon pumping (IABP) or percutaneous cardiopulmonary support (PCPS) is used, in
addition to treatment with catecholamines in the acute phase. In the chronic phase, oral
drugs such as ACE inhibitors, § blockers, and diuretics are administered, but cases that
are resistant to treatment may require heart transplantation or result in death. Other than
general treatment of heart failure, treatment with steroids, immunosuppressors, and
high-dose y-immunoglobulin therapy have been tried, but no clear treatment effect has
been obtained. Recently, anti-prolactin therapy has been proposed as a novel treatment
based on the theory that cleaved prolactin is a cause of the disease, as described above.
In 2010, Sliwa et al. followed outcomes for 6 months in 20 patients with PPCM in
South Africa who received standard treatment and bromocriptine (n = 10) or standard
treatment alone (n = 10). The mortalities were 10% and 40%, respectively, and LVEFs
of survivors after 6 months were 58% and 36%, respectively, showing large differences
in outcomes [18]. In the muticenter trial with 63 PPCM patients whose LVEF <=35%,
there was no significant difference in outcomes of 1-week and 8-week bromocriptine
treatments [19].

11.5 Outcome

Demakis et al. initially reported that cardiac function recovered to normal in half of
patients and that cardiac hypofunction persisted in the other half [20]. Thus, some
cases can become severe and result in death or a need for heart transplantation.
Subsequent studies in different countries and institutions have shown an LV func-
tion improvement rate of 7-50% and mortality of 4-80%. The marked variation
among reports may have been due to the influence of race and differences in medi-
cal care. In a survey performed in 2009 in Japan, about 10% of patients died or
required the left ventricular assist device during waiting for heart transplantation.
Cardiac dysfunction persisted in about 30% of patients [6], while cardiac function
recovered in normal range in about 60%. Treatment should be carefully performed,
given that severe cases are fatal.
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Fig. 11.3 Changes of LVEF in HDP (+) and HDP (—) groups. LVDd, LVDs, %FS, LVEF left
ventricular ejection fraction, HDP hypertensive disorders in pregnancy. *p-value < 0.05 for com-
parison of the HDP (+) and HDP (—) groups

The prognostic factors include LVEF on the first examination or 2 months after
onset, LV end-diastolic dimension (LVDd), thrombus in the left ventricle, and race.
A national survey in Japan showed that cardiac function is likely to recover in the
chronic phase in patients with PPCM complicated with HDP (Fig. 11.3) [6], and a
similar tendency was found in a national survey in Germany [7]. The cardiac func-
tion recovery rate is low in patients with a familial history of DCM and a related
gene mutation [17, 21].

11.6 Typical Cases Presentation

PPCM is a heterogeneous disease group because it is diagnosed by exclusion of
other diseases. Two typical cases with different backgrounds such as HDP and
DCM are presented below.

11.6.1 A Case with HDP

Primipara with no past or familial medical history. Excessive edema and shortness of
breath on exertion appeared at the 34th week of pregnancy. On prenatal checkup at the
37th week, blood pressure was 142/92 mmHg, and urinary protein was 3+.
Preeclampsia was diagnosed, and the patient was admitted to hospital. On urinalysis
after admission, urinary protein was 6 g/day, showing marked proteinuria, and +17 kg
weight gain was noted compared with body weight before pregnancy. Orthopnea
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appeared in the following week, and emergency Caesarean section was performed.
After delivery, diuresis and reduction of body weight were favorable, but the resting
heart rate (HR) exceeded 120 bpm 4 days after delivery, and cardiac dilatation was
noted on chest radiography (Fig. 11.4a). The patient was then transferred to our hos-
pital. At the time of transfer, NYHA class was IV, blood pressure was 126/88 mmHg,
and BNP was markedly increased to 1581 pg/mL. On echocardiography, LVDd/LV
end-systolic dimension (LVDd/Ds) was 57/54 mm, showing mild LV dilatation and
severe hypokinesia; the left interventricular septum/posterior wall thickness (IVS/
PW) was 9/8 mm, retaining the wall thickness; LVEF was 14%; and there was a small
volume of pericardial effusion (Fig. 11.4b). There were no other specific findings, and
the patient was diagnosed with PPCM. Internal medical treatment resulted in LVEF of
45% after 1 month. At 6 months, LVDd/Ds was 46/29 mm, IVS/PW 5/6 mm, and
LVEF 60%, showing normalized cardiac function (Fig. 11.4c).

11.6.2 A Case with Family History of DCM

Primipara with no medical history, but her father died young from suspected cardio-
myopathy. She had no subjective symptoms of the circulatory system or abnormali-
ties in medical checkups before pregnancy. Excessive edema and shortness of breath
on exertion appeared at the 32nd week of pregnancy. Cr was 1.4 at the 38th week,
showing aggravation of renal function, and Caesarean section was performed. After
delivery, severe cardiac dysfunction (LVEF 10%) was noted, and low cardiac output
was considered to be the cause of aggravation of renal function. Treatment with
catecholamines, hANP, and furosemide was initiated, but the response was weak.
An TABP was inserted 3 days after delivery, and the patient was transferred to our
hospital. At the time of transfer, she was NYHA class IV, and blood pressure was
110/68 mmHg. Marked pleural effusion and cardiac dilatation were noted on chest
radiography (Fig. 11.5a), and BNP was 812 pg/mL. There was no increase in CK or
antiviral antibody titer. On electrocardiography, only low voltage was detected, and
no T-wave abnormality was noted. On echocardiography, LVDd/Ds was 55/50 mm,
and LVEF was 12% (Fig. 11.5b). The patient was weaned from the IABP after
3 weeks. Cardiac function slowly improved, but LVEF was still 30% after 6 months,
showing persistent cardiac dysfunction (Fig. 11.5c¢).

11.7 Recurrence Rate in a Subsequent Pregnancy

Since pregnancy and delivery are thought to be involved in development and pro-
gression of PPCM, repeated pregnancy is accompanied by a high risk in women
with a history of the disease. In a review of reports on patients with this history who
delivered a second child, the patients were divided into 98 with LVEF >50% (nor-
malized cardiac function) and 93 with LVEF <50% (cardiac dysfunction) [22]. The
recurrence rates were about 30% and 50%, respectively, and maternal death occurred
in the cardiac hypofunction group (Table 11.3). This suggests that repeated
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Fig. 11.4 A case with HDP. Chest radiography at the time of diagnosis (a): the cardiothoracic
ratio was 66%, and pulmonary congestion was observed. Left parasternal-LV short axis M-mode
echocardiography at the time of diagnosis (b), showing mild dilatation and marked reduction of
systolic function of the left ventricle, and after 6 months (c), showing that LV systolic function had
improved to the normal range. HDP hypertensive disorders in pregnancy, LV left ventricle

Fig.11.5 A case with family history of DCM. Chest radiography at the time of diagnosis (a): mas-
sive pleural effusions and pulmonary congestion was observed. Left parasternal-LV short axis
M-mode echocardiography at the time of diagnosis (b), showing mild dilatation and marked reduc-
tion of systolic function of the left ventricle, and left parasternal-LV long axis M-mode echocardiog-
raphy after 6 months (c¢), showing that LV systolic dysfunction had not recovered. HDP hypertensive
disorders in pregnancy, LV left ventricle, DCM dilated cardiomyopathy, LV left ventricle

pregnancy should be avoided in patients in whom cardiac dysfunction persists in the
chronic phase after onset. Thus, “previous PPCM with any residual impairment of
LV function” is a contraindicated pathology in the guidelines on pregnancy with
concomitant cardiovascular disease established by the European Society of
Cardiology [23]. In contrast, repeated pregnancy for patients in whom cardiac func-
tion recovered has become accepted on the premise that they fully understand the
risk of recurrence.
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Table 11.3 Outcome of subsequent pregnancies [22]

Normal LV function before Persistent LV dysfunction before
subsequent pregnancy® (n = 98) | subsequent pregnancy® (n = 93)
Deterioration of LV 18/66 (27%) 40/84 (48%)
function
Symptoms of heart 20/63 (32%) 22/45 (49%)
failure
Persistently decreased 9/71 (13%) 36/93 (39%)
LVEEF at follow-up
Death 0/63 (0%) 11/67 (16%)
LV left ventricular, LVEF left ventricular ejection fraction
‘LVEF > 50%
"LVEF < 50%
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Abstract

Pulmonary arterial hypertension (PAH) is a complex disorder in which pulmonary
artery (PA) obstruction leads to elevated PA resistance and right ventricular (RV)
failure. Elevation of the pulmonary arterial blood pressure (PABP) is correlated
with progressive damage to the pulmonary artery. Before development of surgery
for ventricular septal defect (VSD), atrial septal defect (ASD), and patent ductus
arteriosus (PDA), most patients died around the age 40, with right-sided cardiac
failure being the main cause of death. Deterioration in pregnancy is reported to
occur in the second or third trimester and in the postpartum period. Sudden hemo-
dynamic instability is a common cause of death. The risk of cardiac failure during
and after pregnancy increases, and sudden cardiac arrest may occur during
Cesarean section or soon after birth. The rate of maternal death in pregnancies
complicated by PAH is variably reported to be 20-60%. Predictors of cardiac fail-
ure during pregnancy are elevated PABP, elevated brain natriuretic peptide (BNP),
and elevated RV size. Current PAH-specific therapies have affected survival in
nonpregnant PAH patients, and it is important to accumulate data from multiple
PAH centers. Prostacyclins became available for PAH treatment in 1996 to the
United States and Europe and in 1999 in Japan. Therefore, in this chapter, we clas-
sify studies on this condition temporally into pre- and post-PAH therapeutic eras.
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12.1 Definition and Mechanisms

Pulmonary arterial hypertension (PAH) is defined as an increase in mean pulmonary
arterial blood pressure (PABP) to >25 mmHg at rest, as assessed by right heart
catheterization [1].

There have been reported four mechanisms of PAH [2]: (1) an increase in pulmo-
nary blood flow (congenital heart disease with left to right shunt); (2) a decrease in
the functional pulmonary vascular bed (hypoxic pulmonary vasoconstriction,
chronic exposure to high altitude, sleep-disordered breathing, interstitial lung dis-
ease); (3) a decrease in the organic pulmonary vascular bed (chronic obstructive
pulmonary disease, PAH (Fig. 12.1 left), chronic thromboembolic pulmonary
hypertension); and (4) an increase in pulmonary vein pressure (pulmonary veno-
occlusive disease, left ventricular (LV) failure).

12.2 Pathophysiology of PAH and Pregnancy

PAH occasionally occurs in women aged 20-30 years old in central childbearing
age, and most mild cases are asymptomatic in the early stage, even though PABP is
elevated.

During healthy pregnancy, peripheral resistance decreases by 16 weeks of ges-
tation to permit increased uterine blood flow; however, in PAH, stenosis of the
internal cavity is observed due to hypertrophy of arterial media caused by prolif-
eration of pulmonary arterial smooth muscle cells (Fig. 12.1). In a normal preg-
nancy, the total blood volume increases by 40-50% by the end of the second
trimester, but a decrease in the organic pulmonary vascular bed makes this impos-
sible. Therefore, PAH patients sometimes become symptomatic during pregnancys;

Fig. 12.1 Hypertrophy of
arterial media by
proliferation of the
pulmonary arterial smooth
muscle cells. Hypertrophy
of arterial media occurs due
to proliferation of
pulmonary arterial smooth
muscle cells, and this leads
to stenosis of the internal
cavity and decreased
organic pulmonary vascular
bed. Reprinted with
permission from Dr. Hatsue
Ishibashi-Ueda (National
Cerebral and Cardiovascular
Center, Japan)
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PAH patients have exertional dyspnea, cough, and fatigue during pregnancy, and
right heart failure, edema, ascites, and faintness with continuation of pregnancy
persist. During pregnancy, most women have exertional fatigue and palpitation,
and so these symptoms may be overlooked. At the time of consultation with a
cardiologist, the disease has progressed, and many patients are already in NYHA
class I or I'V.

12.3 Pregnancy Outcomes

In 1996, epoprostenol was approved for treatment of PAH in the United States.
Since then, prognosis of PAH patients had dramatically changed. Here, pregnancy
outcomes are analyzed and compared before and after introducing pulmonary vaso-
dilator therapy.

12.3.1 Experience of Severe PAH Cases in Pregnancy

We experienced three severe cases of idiopathic PAH (IPAH) in patients with mater-
nal ages of 30, 38, and 20 years old. All were transferred to our hospital because of
exacerbated exertional fatigue, dyspnea, and pretibial edema at 25-30 weeks gesta-
tional age. On admission, PaO, levels were 75, 66, and 86 mmHg, and PABPs were
72/30, 61/31, and 82/42 mmHg, respectively. NYHA classes were IV, IV, and III at
the time of transfer to our hospital. Delivery by Cesarean section was performed at
32, 28, and 32 weeks of gestation under general anesthesia with continuous Swan-
Ganz catheter and systemic blood pressure (via a radial arterial line) monitoring.
Percutaneous cardiopulmonary support was ready for use in an emergency in each
case. In the first case (in 1985), maternal death occurred intraoperatively. Emergency
Cesarean section had been planned due to an abnormal fetal heart rate pattern, but
the mother died of hypotension soon after intubation, despite attempts at resuscita-
tion. In the other two cases (in 2000 and 2003), the women survived to leave hospi-
tal. We attribute these outcomes to improved management using pulmonary
vasodilators such as epoprostenol IV therapy.

12.3.2 Pregnancy Outcomes in the Pre-PAH Therapeutic Era

In a review of the literature between January 1978 and December 1996, Weiss et al.
[12] identified 73 patients with Eisenmenger’s syndrome, 27 with IPAH (primary
PAH), and 25 with PAH associated with other conditions (secondary PAH). All
patients except for one delivered at 32 weeks or later. Pulmonary hypertensive crisis
after oxytocin use occurred in one patient. Maternal mortality was 36% in
Eisenmenger’s syndrome, 30% in IPAH, and 56% in associated PAH. Except for
three, all fatalities occurred within 35 days after delivery. Late maternal death sev-
eral months postpartum occurred in three patients with Eisenmenger’s syndrome.
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The causes of death were pulmonary hypertensive crisis with therapy-resistant heart
failure (n = 13), sudden death (n = 7), autopsy-confirmed pulmonary thromboembo-
lism (n = 3), cerebral thromboembolism (n = 1), and rupture and dissection of the
PA (n=1). Twenty-two neonates (weight, 2372 + 640 g) survived. One stillbirth and
two neonatal deaths due to congenital anomalies resulted in a fetal/neonatal mortal-
ity rate of 12% (95% CI, 3-31%). These data suggest that pregnancy in the prepro-
stacyclin era was associated with extremely high maternal and fetal morbidity and
mortality.

12.3.3 Pregnancy Outcomes Overlapping the Pre- and Post-PAH
Therapeutic Eras

Mortality and morbidity in pregnant patients with PAH improved somewhat over
the next few years but remained high. Bonnin et al. [3] reviewed 15 pregnancies in
14 women from 1992 to 2002. The overall mortality was 36% (5 of 14 patients). In
this series, three cases had early deterioration at weeks 12, 20, and 24 of gestation,
and five other cases had deterioration during the third trimester.

A study of 42 pregnant women with PAH in Japan was performed retrospectively
from January 1982 to December 2007 [4]. Patients were divided into those with
mild PAH (systolic PAP 30-50 mmHg on echocardiography or mPAP 25-40 mmHg
by catheterization, n = 14) and severe PAH (systolic PAP >50 mmHg on echocar-
diography or mPAP >40 mmHg by catheterization, n = 28). The cohort included
mostly patients with IPAH or congenital heart disease-associated PAH. All patients
with severe PAH before pregnancy had evidence of worsening PABP in their last
trimester of pregnancy, while most of those with mild PAH had a mild or no increase
in PABP, although this latter group was assessed only by noninvasive methods.
Patients with mild PAH delivered mostly at term, whereas those with severe PAH
had earlier deliveries. The NYHA functional class worsened in all but two patients
as pregnancy progressed. There was one death immediately after intubation for
delivery.

Bédard et al. conducted a comparative analysis of articles published between
1997 and 2007. The overall mortality was 25% [5]. Parturients who received gen-
eral anesthesia were 4 times more likely to die than those receiving regional anes-
thesia. Most deaths (78%) occurred within 1 month postpartum (15 deaths
postpartum vs. 3 during pregnancy). Neonatal/fetal deaths occurred in 10%, 7%,
and 13% of patients with IPAH, congenital disease-associated PAH, and conditions
with associated PAH, respectively.

12.3.4 Pregnancy Outcomes in the PAH Therapeutic Era

Over the past decade, there have been several reports of patients with PAH success-
fully managed during pregnancy, suggesting an improved outcome with current
therapies [6]. In a retrospective series of 18 pregnant patients with PAH (50% with
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congenital heart disease) treated between 1999 and 2009 at five US medical centers
[7], 6 underwent termination at a mean gestational age of 13 + 1 weeks, with no
maternal deaths or complications, and 12 elected to continue pregnancy. Nine of
these patients (75%) received PAH-specific therapy at the time of delivery, consist-
ing of sildenafil, IV prostanoids, or combination therapy. All parturients underwent
Cesarean section at 34 weeks. There was one in-hospital death and one additional
death 2 months postpartum, giving a maternal mortality rate of 16.7%.

In a study in China, a retrospective review was performed for 30 consecutive
parturients with PAH hospitalized at Peking Union Medical College Hospital from
January 1999 to December 2008 [8]. Eight had IPAH, seven had congenital heart
disease-associated PAH, ten had rheumatic heart disease-associated PAH, and five
had PAH due to other etiologies. PAH-specific therapy was only used in two patients
with congenital heart disease-associated PAH. The maternal mortality rate was
17%, but patients with Eisenmenger’s syndrome had 50% mortality. There were 4
fetal/neonatal deaths (13%) and 16 infants were born preterm. All 26 live-born
infants survived.

In 2012, Rosengarten et al. [9] reported their recent experience of nine pregnan-
cies in seven patients with PAH for whom a careful multidisciplinary approach was
implemented. All but one patient were treated with IV prostacyclins, and all under-
went planned Cesarean sections at term. Two patients died within 2 weeks after
delivery (22% mortality), and there were no fetal deaths.

In a prospective study in 13 PAH centers in Europe, the United States, and
Australia, Jais et al. [10] reported data and 3-year outcomes from 26 pregnancies
between 2007 and 2010. During pregnancy, the patients were regularly seen at their
centers, usually at 2- to 4-week intervals. Only one center in France performed right
heart catheterization as part of their regular assessment during pregnancy. A total of
16 pregnancies (62%) were considered successful, defined as survival of the mother
and the baby without complications. Six patients underwent induced abortion, and
two had a spontaneous abortion, both of whom died. Three women died in the early
postpartum period as a result of right heart failure, whereas one required urgent
heart-lung transplantation. The outcomes of pregnancies were better in patients with
lower PVR (500 = 352 dyn-s/cm®), whereas patients with a very high PVR
(1667 £ 209 dyn-s/cm®) died or required transplantation. Of note, 8 (50%) of the 16
women who had successful pregnancies were so-called vasodilator responders and
had nearly normal baseline hemodynamic parameters with calcium channel blocker
therapy. The other women with successful pregnancies were non-responders to cal-
cium channel blockers, but most had well-controlled PAH while receiving PAH-
specific therapy. Maternal outcomes during the year after delivery were analyzed for
the 16 successful pregnancies. Two mothers (13%) had clinical deterioration requir-
ing intensification of PAH therapy. Neither was a long-term responder to calcium
channel blockers.

The UK experience is reported in two papers. In the first report, Kiely et al. [11]
analyzed management of ten pregnancies in nine women who chose to continue
with their pregnancies between 2002 and 2009 in a specialized PAH center. All were
treated with 4-7 doses of nebulized iloprost per day, with two patients being
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transitioned to IV prostacyclin and three additionally receiving sildenafil. Nine
patients underwent planned Cesarean section. All women received regional anesthe-
sia and were monitored during the peripartum period in a critical care setting. All
survived the pregnancy and postpartum period, and all infants were free from con-
genital abnormalities. One woman died 4 weeks after delivery, following patient-
initiated discontinuation of therapy. Long-term follow-up in the other patients was
a median of 3.2 years (range, 0.8-6.5 years). The second UK report describes the
outcome of 12 pregnancies in 9 women with PAH between 1995 and 2010 at one
center [12]. .All women delivered by Cesarean section (seven elective and two
emergency deliveries) under general anesthesia, except for one emergency and one
elective Cesarean performed under regional block. There were two maternal deaths
(in 1995 and 1998): one related to preeclampsia and one to arrhythmia. Maternal
morbidity included postpartum hemorrhage (five cases) and one post-Cesarean
evacuation of a wound hematoma. There were nine live births, three first-trimester
miscarriages, and no perinatal deaths.

A very recent prospective international registry including centers from the United
States and Europe reported on 26 pregnant patients with PAH (17 with IPAH, 9 with
associated PAH). Six chose elective abortion, 16 delivered a healthy baby and sur-
vived without transplantation, and 4 died or underwent urgent transplantation [10].
Of the 16 patients who successfully delivered, 2 had clinical deterioration requiring
intensification of PAH therapy.

Taken together, these data suggest that outcomes of pregnant patients with PAH
have improved with the availability of new therapies, advances in surgical and peri-
operative management, and use of a team-based, multidisciplinary approach.
However, despite the availability of new drugs and technologies, fetal and maternal
morbidity and mortality remain high.

12.3.5 A Recent Case of Maternal Death in Japan

The Japanese maternal death registration system was started in 2010. All maternal
death cases are submitted to the Japan Association of Obstetricians and Gynecologists
(JAOG) for analysis. From 2010 to 2015, there were 266 maternal deaths, including
28 due to cardiovascular diseases, with 1 due to PAH. This case was a patient aged
32 years old, one gravida one para. Her previous pregnancy course had been normal.
The current pregnancy course was also normal. At 37 weeks of gestation, she was
transferred to a tertiary center because of low SpO,, sinus tachycardia, and right
heart strain in ECG, after feeling mild dyspnea and palpitation for 1 week. She had
ruptured membranes and was in labor. SpO, was 93%, BP 109/81, HR 114/min,
BGA pH 7.452, CO, 23.3, O, 62, HCO;~ 16 BE-6.1. A dilated right pulmonary
artery was detected in X-ray; ECG showed sinus tachycardia of 145 bpm, right axis
deviation; the RV and right atrium were severely enlarged (Fig. 12.2a); the septum
was pressed; and the LV had a D shape (Fig. 12.2b). Contrast CT excluded pulmo-
nary thromboembolism. Annular dilatation of the tricuspid valve was observed and
APG of TR was 83 mmHg. Severe PAH was suspected. A cardiologist explained to
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Fig. 12.2 Echocardiographic images of severe PAH. Echocardiographic images of severe PAH
(TRPG 83 mmHg) at 34 weeks of gestation. The patient died after Cesarean section. The right
heart was severely enlarged (a), and the septum was pressed, with the LV having a D shape (b)

the patient that she had severe IPAH. After Cesarean section, she needed 10 L/min
0O, and SpO, was 95%. The postpartum course was managed on bedrest in the ICU,
with ECG, SpO,, and radial artery line monitoring. On postpartum 1-4 days, heart
rate was 100—110/min, nasal O, 5/L was continued, and echocardiography on post-
partum day 3 showed a D-shaped small LD. The patient showed cough and gallop
rhythm, and SpO, was unstable. Blood pressure decreased and DOB was started, a
small amount of volume load led to a decrease of SpO,, and urinary output decreased
to 30 ml/h. On day 5 she suddenly showed tetraplegia and paroxysmal tonic upgaze.
An ECG showed pulseless electrical activity. She died after 1 h of resuscitation
attempt. In the committee review, hypoxic shock due to increased PABP was deter-
mined to be the cause of death, and the death was judged to have been
unavoidable.

12.3.6 Three Factors Decreasing Maternal Death (1995-2010)

Although 70% of maternal deaths reported in the literature occur postpartum, there
were no such deaths in the series in Japan [4] and no deterioration of NYHA class
postpartum. These results were attributed to three factors [4]. The first was early
termination of pregnancy around 30 weeks of gestation in severe cases. Improvement
of treatment in the NICU facilitated this decision, since all preterm infants survived
without neurological disorders, despite weighing only 1000-1500 g with prematu-
rity in most organs. The second factor was introduction of new drugs against PAH,
including beraprost, sildenafil, and epoprostenol; and the third was improvement of
anesthetic management. When PABP became higher than systemic blood pressure
(SBP) during Cesarean section, especially after removal of the placenta, anesthesi-
ologists were ready to reduce the blood volume by 100 ml in a few minutes from a
Swan-Ganz catheter and use neosynesin 0.2 mg IV to raise SBP.



136 S. Katsuragi and T. lkeda

12.4 Pregnancy Management

Recommendations for pregnancy management for patients with PAH, separated by
trimester and delivery, are based in part on the European Society of Cardiology
guidelines on pregnancy in cardiovascular disease [13]. Because of the excessive
risk to the mother and fetus in patients with PAH, termination (therapeutic abortion)
should be offered regardless of the WHO class [14]. The first trimester is the safest
time for elective termination; however, in a patient with PAH, termination carries a
greater risk than in the general population and should be performed in a specialized
center [13, 15]. Uterine dilatation and evacuation is the safest procedure [16]. If
surgical evacuation is not feasible, medical abortion using prostaglandin E1 or E2
or misoprostol, a synthetic prostaglandin that is structurally related to prostaglandin
E1, can be used to evacuate the uterus [16].

Management should be provided by a multidisciplinary team in a center with
experience with treatment of pregnant patients with PAH. At a minimum, the team
should include a PAH specialist, a cardiologist, an obstetrician, an anesthetist spe-
cialized in managing high-risk pregnancies, and a neonatologist [11, 13-15].
Pharmacists, intensivists, and social workers are also frequently needed. In addi-
tion, in a case with associated forms of PAH, specialists in the underlying disease
should be involved. A plan for patient-specific multidisciplinary management
should be put in place [11].

12.4.1 First Trimester

During the first trimester, the volume changes associated with pregnancy are less
pronounced than those in future trimesters; thus, edema and swelling symptoms
should trigger an evaluation of PAH status. Even in the absence of symptoms, regu-
lar assessment of PAH status is advisable using physical examination, echocardiog-
raphy, brain natriuretic peptide, and 6-min-walk test at regular intervals during the
trimester.

12.4.2 Second and Third Trimesters

Circulating blood volume gradually increases by about 50% up to around 30 weeks
of gestation and then plateaus [17]. In severe cases, this early rise leads to decompen-
sation and the need for delivery. The signs of decompensation are dyspnea, exer-
tional fatigue, and pretibial edema. Patients may show signs and symptoms of right
heart failure, arrhythmia, or angina (resulting from RV ischemia) if pregnancy is
allowed to continue. Echocardiography frequency may be increased to every 2 weeks
if concerns of worsening right heart function arise during this trimester. Patients with
right heart failure symptoms require hospitalization, and an enlarged RV may be
observed (Fig. 12.2). Standard therapies are diuretics and oxygen therapy. To avoid
caval vein compression, the patient should be advised to lie in the lateral position.
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The main concerns in the third trimester are preparation for delivery and ensur-
ing continued safety of the mother and fetus. In this trimester, echocardiograms are
recommended every 1-2 weeks to monitor the cardiac status and adjust PAH medi-
cations. As in the second trimester, important nonpharmacologic therapy involves
limiting sodium and excessive fluid intake during pregnancy [18].

12.5 Delivery Management

The optimal timing of planned elective delivery in women with PAH is uncertain
and involves an assessment of the maternal risk of continuing pregnancy and the
risk of neonatal preterm delivery. In stable women, planned delivery around weeks
34-36 is recommended, with earlier delivery if there is evidence of symptomatic
decline.

The mode of delivery should be carefully selected in a pregnant patient with PAH
because this may influence the outcome. Cesarean section is the preferred mode of
delivery [13]. Although vaginal delivery is usually associated with fewer bleeding
complications and infections in the healthy population [19], the associated hemody-
namic and physiological changes may be detrimental to a mother with PAH.

12.5.1 Vaginal Delivery

This mode of delivery is usually selected in patients with mild PAH but should be
avoided in those with severe PAH because it has many disadvantages. First, vaginal
delivery is associated with frequent use of the Valsalva maneuver, which increases
intrathoracic pressure and thus decreases venous return. Second, labor-induced
vasovagal responses can decrease venous return and lead to cardiopulmonary col-
lapse. Third, the pain of childbirth may lead to sympathetic nervous system stimula-
tion. As a result, there may be an increase in heart rate and increases in systemic and
pulmonary vascular tone, with resultant hemodynamic instability. Labor-induced
acidosis, hypercapnea, or hypoxia may further contribute to increases in
PABP. Finally, agents used to induce labor may precipitate clinical deterioration.
Low-dose oxytocin should be used with caution to induce labor, since it can increase
PVR. If vaginal delivery is chosen, effective analgesia is imperative. Nitrous oxide
should be avoided because of its potential to vasoconstrict the pulmonary vascula-
ture [20], and epidural analgesia should be considered.

12.5.2 Cesarean Section

Cesarean section is the preferred mode of delivery and should be used unless
unavailable or in an emergency [3, 11]. Cesarean section bypasses the hemody-
namic complications associated with labor and autotransfusion associated with
vaginal contractions. Elective Cesarean section avoids labor and allows for careful,
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multidisciplinary planning and preparation of anesthesia, optimization of hemody-
namics, and development of contingency plans. Moreover, Cesarean section does
not appear to have a negative effect on outcomes [14]. The choice of anesthesia is
important when Cesarean section is being considered and should be preplanned dur-
ing early multidisciplinary meetings with the anesthesiologist, who should be aware
of the hemodynamic changes associated with PAH (often an obstetric or cardiac
anesthesiologist), and with an experienced maternal-fetal medicine specialist. The
aim of the anesthesiologist is to achieve an optimum balance between anesthesia
and side effects. Most obstetric units prefer regional anesthesia to general anesthe-
sia for this procedure. This reduces risks associated with general anesthesia (e.g.,
endotracheal intubation and positive-pressure ventilation, which may increase PVR
and RV afterload). However, a regional approach is not always possible, and plans
should be made for general anesthesia if necessary.

12.5.3 Monitoring and General Considerations During Delivery

During labor and delivery, continuous monitoring of the electrocardiogram and
pulse oximetry should be performed [13]. PA catheterization and monitoring of
central venous pressure and intra-arterial blood pressure may be of benefit in
selected cases, but there is no consensus regarding their routine use during delivery
[5]. Close attention should be paid to avoid conditions that may lead to PA vasocon-
striction and worsening RV function; these include hypoxia, hypercarbia, and aci-
dosis. Anxiety- and pain-induced catecholamine release may negatively affect
hemodynamics; the use of different anesthetic methods is discussed in detail below.
To optimize oxygen delivery as much as possible, significant anemia should be cor-
rected. The patient should be as euvolemic as possible, and major fluid shifts must
be avoided as much as possible. Intravenous prostacyclins should be readily avail-
able. Individualized management plans for each patient should be discussed and
updated before delivery.

12.6 Anesthesiain Pregnant Patients with PAH
12.6.1 General Anesthesia

General anesthesia depresses cardiac contractility, increases PVR via positive-
pressure ventilation, and increases PAP during laryngoscopy and intubation [21,
22]. Bédard et al. [5] suggest that parturients who receive general anesthesia were
more likely to die than those receiving regional anesthesia. However, caution is
needed when interpreting these results because there may be a selection bias toward
a sicker parturient receiving general anesthesia. If general anesthesia is required, the
patient should be ventilated at the lowest airway pressure and tidal volume
possible.
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12.6.2 Epidural or Combined Spinal-Epidural Anesthesia

Epidural anesthesia with incremental doses has commonly been considered to be
the best approach to regional anesthesia. However, with the advent of modern equip-
ment and techniques, low-dose combined spinal-epidural anesthesia is increasingly
used because it provides a denser perineal sensory block than epidural anesthesia
alone, with little additional risk of hypotension [23].

Single-dose spinal anesthesia should be avoided in this patient population
because of the risk of a rapid rise in block height that may cause uncontrollable
hemodynamic instability as sympathetic block rises and systemic hypotension
occurs [3].

12.7 Postpartum Complications: Faintness, Heart Failure,
Thrombosis

In the hours and days after childbirth, blood volume is increased by autotransfu-
sion of blood from the contracting uterus and by shifting of peripheral edema
from the extravascular compartment into the systemic vasculature. In healthy sub-
jects, these physiological changes are normally well tolerated, but in the presence
of severe pulmonary vascular disease, hemodynamic instability may develop,
leading to cardiorespiratory failure and/or sudden death [7, 13]. Parturition and
the first postpartum week are particularly vulnerable periods for patients with
PAH [7, 10]. Two systematic literature reviews have described the outcomes of
pregnancy in women with PAH, covering a total of almost 30 years and compris-
ing 198 pregnancies. The mortality of women with Eisenmenger’s syndrome
(N = 102) was 36% in the first review (1978-1996) [10] and 28% in the second
review (1997-2007) [5]. Most of these women died in the first month after deliv-
ery, and the main causes of death were heart failure and sudden death, while pul-
monary thromboembolism was another frequent cause. In women with IPAH
(N = 56), mortality was 30% in the first [10] and 17% in the second [5] review.
Similarly, nearly all fatalities in these patients occurred early in the postpartum
period, and death was mainly due to heart failure, followed by sudden death and
thromboembolism. Thus, the immediate postpartum period is a critical period for
acute decompensation in patients with PAH. Patients should be closely monitored
for several days postpartum, and monitoring in an intensive care unit in the first
few days after delivery is recommended. Vagal reactions and syncope can have
catastrophic consequences in patients with PAH, independent of pregnancy,
because they may be associated with a profound drop in CO [24]. Vasovagal syn-
cope is characterized by a temporary reduction of blood flow to the brain that is
caused by sudden hypotension, change in heart rate, and change in blood volume
or distribution [25]. The vasodilatory state in pregnant women makes them gener-
ally more prone to vasovagal syncope than nonpregnant women [26]. Patients
with PAH are also more prone to syncope than healthy individuals [24], and the
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combination of pregnancy and PAH creates a “perfect storm,” generating a condi-
tion where vasovagal syncope is more prevalent and its consequences are particu-
larly dangerous.

12.8 PAH-Directed Therapy in Pregnancy

Patients may present for the first time in pregnancy with PAH, or women with
known PAH may plan pregnancy despite counseling on the high risk of maternal
death. PAH patients may also accidentally become pregnant. If the woman chooses
to continue pregnancy, there is emerging literature on the use of specific PAH thera-
pies in pregnancy [6, 7, 11, 14, 27, 28]. Three classes of drugs are currently avail-
able for PAH treatment. Calcium channel blockers can also be used when
appropriate.

12.8.1 Prostaglandins

Prostaglandins are potent pulmonary vasodilators that may also enhance RV func-
tion [29, 30]. Current parenteral prostaglandins (epoprostenol, treprostinil, and ilo-
prost) are not known to be teratogenic (Table 12.1) and are listed as pregnancy
category B (epoprostenol and treprostinil) or C (iloprost). Thus, they may be contin-
ued in patients who are taking these drugs before pregnancy, if physicians and
patients agree that the benefits outweigh the relatively unknown risks. However, use
of prostaglandins pre-pregnancy may be an indicator of more severe disease. In
addition to the usual indications to begin prostaglandin therapy, such as WHO FC
IIT or IV symptoms and reduced RV function [31-33], other considerations in preg-
nancy may compel therapy with parenteral prostaglandins. Examples are worsening
symptoms or deteriorating RV function despite therapy with phosphodiesterase
inhibitors and non-parenteral prostanoids. It should be recognized that maternal
mortality may still be significant, even with parenteral prostanoids [9]. In many
centers, IV prostanoids are managed exclusively by a PAH specialist, and this
includes accompanying the patient to the operating room. In general, parenteral
prostaglandins are recommended for pregnant patients with PAH in WHO FC 1V or
if there is evidence of severe RV impairment. Inhaled iloprost or treprostinil may be
used in patients with less severe symptoms, and safe and successful use of these
drugs in pregnancy has been reported [11, 27]. However, in a patient with deteriora-
tion while receiving inhaled prostaglandin therapy, rapid conversion to parenteral
forms (some publications have advocated IV epoprostenol) [34] should be consid-
ered. If there is no rapid clinical improvement, immediate delivery should be con-
sidered because of the high risk of maternal death. In addition, inhaled epoprostenol
or nitric oxide [35] has been administered to acutely ill patients as a bridge to initia-
tion of parenteral treatment.
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Table 12.1 FDA-assigned risk category for PAH medications

Drug Pregnancy risk category

Epoprostenol

Treprostinil
Sildenafil
Tadarafil
Nitric oxide
Tloprost
Bosentan

Ambrisentan

Macitentan
Riociguat

XXX X OO W W w

FDA US Food and Drug Administration, PAH pulmonary arterial hypertension, B animal repro-
duction studies have failed to demonstrate a risk to the fetus, and there are no adequate, well-
controlled studies in pregnant women, C animal reproduction studies have shown an adverse
effect on the fetus, and there are no adequate, well-controlled studies in humans, but potential
benefits may warrant use of the drug in pregnant women despite potential risks, X studies in ani-
mals or humans have demonstrated fetal abnormalities, and/or there is positive evidence of human
fetal risk

12.8.2 Phosphodiesterase-5 Inhibitors

Sildenafil and tadalafil are both pregnancy category B drugs (Table 12.1). There are
several reports of successful pregnancies managed with sildenafil alone or in com-
bination with a prostaglandin [2, 7, 10, 12, 36]. Use of tadalafil in pregnancy has not
been reported. In a larger case series of successful pregnancies, sildenafil was gen-
erally used in combination with a prostaglandin [7, 11, 37]. There is no published
experience with tadalafil, and, thus, there is a preference for sildenafil in use of
phosphodiesterease-5 inhibitors in pregnancy. However, this use should be restricted
to combination therapy with a prostaglandin or, if used as monotherapy, restricted
to patients who have normal RV function and near-normal pulmonary hemodynam-
ics or who refuse prostaglandin therapy. If phosphodiesterease-5 inhibitor mono-
therapy is used, close follow-up for deterioration is indicated.

12.8.3 Calcium Channel Blockers

Patients with PAH who have an acute response to inhaled vasodilators such as nitric
oxide (a drop in mPAP of 1040 mmHg with preserved CO) are candidates for treat-
ment with a calcium channel blocker and have a substantially improved prognosis,
compared to patients without an acute vasodilator response [38]. A durable response
to calcium channel blocker therapy during pregnancy has been described [10]. In
the only prospective registry of pregnant patients with PAH, 8 of 16 patients who
successfully delivered a baby and survived without transplantation were acute
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vasodilator responders [10]. Calcium channel blockers are considered safe in preg-
nancy [39]. For those patients meeting strict criteria for an acute response to inhaled
nitric oxide, therapy with calcium channel antagonists is recommended [31, 38]
with close follow-up, as discussed above. In pregnant PAH patients not meeting
these strict criteria, there is no role for calcium channel antagonists. In this setting,
calcium channel blockers may be detrimental because of their nonselective vasodi-
latory effects, with a concomitant drop in SVR, which, in the presence of inadequate
CO, may lead to circulatory collapse.

12.8.4 Endothelin Receptor Antagonists
Endothelin receptor antagonists (ambrisentan, bosentan, macitentan, and sitaxen-

tan) are pregnancy category X drugs and should be discontinued in a patient with
PAH who is known to be pregnant because of their teratogenicity.

12.9 Special Considerations at Delivery

The approach to use of PAH therapy around the time of delivery is influenced by
the drugs that the patient has taken during pregnancy, stability before planned
delivery, and progress in the peripartum period. When titrating these therapies,
there is a need to appreciate the physiological changes that normally occur in
pregnant women and to be receptive to possible worsening of pulmonary vascular
disease and the effects of drugs used in the peripartum period. Oxytocic drugs, for
example, can induce hypotension and tachycardia and should always be given by
slow infusion. The key to titration of these therapies is careful monitoring of
patients during the peripartum period in a high-acuity environment. Insertion of a
central venous catheter to allow measurement of central venous pressure and sam-
pling of blood to assess central venous saturation and insertion of an arterial line
for measurement of blood pressure and blood gas sampling are highly recom-
mended [40]. Swan-Ganz catheterization is not routinely used because of the risk
of complications but can be considered in selected cases. Noninvasive measures
of CO, such as lithium dilution, can be used to titrate treatment in patients with
PAH [11, 40, 41]. For patients not receiving parenteral prostanoids, a low-dose
infusion of IV prostanoid started several hours before a planned Cesarean section
allows the physician to assess the hemodynamic effects of this infusion and avoid
problems associated with initiating prostanoids in the immediate peripartum
period, when, in an unstable patient, it may be difficult to discern side effects of
the drug from pulmonary hemodynamic instability. In these cases, a Swan-Ganz
catheter may help with assessment of the therapeutic effects of infused
prostacyclins.

If patients are receiving oral sildenafil, consideration should be given to using the
IV preparation of the drug, particularly if there are concerns regarding absorption,
which can occur postoperatively, for example, following development of ileus after
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Cesarean section. The treatment goals during delivery are to maintain systemic and
right atrial pressures, to monitor fluid balance, and to avoid volume overload, par-
ticularly in the first 48 h. A rising right atrial pressure after delivery may simply
reflect fluid overload and can be managed by judicious use of diuretic therapy. If the
condition deteriorates with falling central venous saturation, rising right atrial pres-
sure, and other features suggesting worsening of pulmonary vascular status, then
increasing the dose beyond the background dose of IV prostanoid is usually appro-
priate, sometimes coupled with inotropic therapy, such as low-dose dobutamine. For
patients developing hypotension, a cause should be sought, such as bleeding, sepsis,
or low-output heart failure due to increasing afterload. In this setting, once volume
status has been optimized, drugs such as vasopressin or noradrenaline should be
considered [42]. While the treatment recommendations above assume access to PAH
therapy, supportive care should be instituted in locations where the full complement
of PAH-directed therapy is not available. Such care is discussed in “pregnancy man-
agement” above.

12.10 Anticoagulation Therapy

Anticoagulation therapy is recommended for patients with PAH during pregnancy
because pregnancy itself is a hypercoagulable state [13, 31, 32]. The basic rule is to
prevent thrombosis in the pulmonary artery and deep vein thrombosis [33]. Even
with low-dose heparin, there may be side effects of subchorionic hematoma and
maternal cerebral bleeding [13]. Low-molecular-weight heparin is sometimes used
in patients who have experienced subchorionic hematoma, and prophylactic heparin
is recommended for all PAH patients in the peripartum period [31]. In use of low-
molecular-weight heparin during pregnancy, preparation for delivery is required to
facilitate rapid discontinuation if indicated. Warfarin is a teratogen and is contrain-
dicated in pregnancy. New oral anticoagulants (e.g., dabigitran, rivaroxaban, and
apixaban) are pregnancy category C drugs, and their use in PAH has not been stud-
ied; thus, they are not recommended.
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Abstract

Exposure of estrogen and hemodynamic changes during pregnancy lead to fra-
gility of the elastic fiber of the aortic media. This elevates the risk for aortic dila-
tation and dissection. Cystic medial necrosis changes in the aortic wall media
occur during pregnancy, and the diameter of the aorta increases slightly. These
phenomena are generally referred to as aortopathy and are particularly important
in management of patients with connective tissue diseases such as Marfan syn-
drome during pregnancy and in postpartum. A large sinus of Valsalva, increased
aortic size index, and rapid growth of the sinus of Valsalva are risk factors for
aortic dilatation or dissection in pregnant Japanese women with Marfan
syndrome.

Keywords
Aortic dissection - Marfan syndrome - Pregnancy - Sinus of Valsalva - Aortic size
index

13.1 Hemodynamic Changes in Pregnancy and Aortopathy

In normal pregnancy, total blood volume increases by 40-50%, heart rate increases
about 20% above baseline, and cardiac output may be 30-50% above baseline by
the end of the second trimester. Peripheral resistance decreases by 16 weeks of
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gestation to allow increased uterine blood flow but becomes higher than before con-
ception due to increased levels of renin and angiotensin II. These hemodynamic
changes may cause dilatation and dissection of the aorta, particularly for a patient
with a weak aortic media, such as that in Marfan syndrome and Loeys-Dietz
syndrome.

13.1.1 High Level of Estrogen and Aortopathy

The estrogen level is high in normal pregnancy to support growth of the uterus,
fetus, and mammary gland. Exposure to estrogen during pregnancy leads to fragility
of the elastic fiber of the aortic media (elastic fiber fragmentation). This elevates the
risk for aortic dilatation and dissection, affects the renin-angiotensin system, ele-
vates extracellular fluid and volume load, and increases vulnerability of the aortic
wall. Cystic medial necrosis changes in the aortic wall media during pregnancy, and
the diameter of the aorta increases slightly.

13.2 Marfan Syndrome and Pregnancy

Marfan syndrome is an autosomal dominant connective tissue disorder caused by
mutations in the fibrillin-1 (FBN1) gene located on chromosome 15 [1]. These
mutations result in weakness of supportive tissue and clinical characteristics of car-
diovascular, skeletal, and ocular systems [2, 3]. Cardiovascular complications are
the main cause of morbidity and mortality in patients with Marfan syndrome [4].
Before preventive surgical approaches to aortic disease, the mean life expectancy
for a patient with Marfan syndrome was below 40 years old, with aortic dissection,
aortic rupture, and cardiac failure being the main causes of death [5]. However,
beta-blocker therapy and elective surgical repair have increased life expectancy to
close to normal [6].

Pregnancy is strongly associated with life-threatening problems in Marfan
patients. The risk of aortic dilatation or dissection increases during and after preg-
nancy in these patients due to superimposition of the hyperdynamic and hypervol-
emic circulatory state of pregnancy on the preexisting weakness of the aortic media
[3]. The rate of aortic dissection in pregnancy has been examined widely. In 1981,
Pyeritz found no aortic complications in 105 pregnancies in 26 women affected by
Marfan syndrome, based on phone interviews [7]. Rossiter et al. prospectively fol-
lowed 45 pregnancies in 21 women and found 2 cases complicated by dissection [8];
Lipscomb et al. reported 6 aortic events, including 4 aortic dissections, in 91 preg-
nancies in 36 women [9]; Lind et al. found 5 aortic dissections in 117 pregnancies
[10]; and Pacini et al. reported 7 aortic dissections in 160 pregnancies in 85 women
[11]. Combining all these data gives a risk of 3.9% for aortic complication during
pregnancy in women with Marfan syndrome who are not taking beta-blockers.
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The basic aortic risks in pregnancy are an aortic diameter >4.0 cm [7-10, 12, 13]
and a steady increase in the aortic root dimension during pregnancy [9, 10, 14].
Meijboom et al. reported that pregnancy in women with Marfan syndrome seems to
be relatively safe up to an aortic root diameter of 45 mm [15]. However, most previ-
ous reports on Marfan syndrome in pregnancy have been from North America or
Europe, and people in these areas have relatively large physiques, or different phy-
siques of patients might have been intermingled. Since normal aortic dimensions
vary with age and body size [16], the same aortic dimension represents a propor-
tionally greater diameter in smaller individuals, and proper interpretation of the
aortic dimension requires that age and body size are accounted for. Therefore, the
absolute aortic size cannot be used directly to evaluate risk in patients with a small
physique [17], such as Japanese women.

The risk factors for aortic complications in pregnant patients affected with
Marfan syndrome have not been examined with inclusion of a consideration of
the body surface area. Therefore, to permit appropriate consultation and manage-
ment of patients, we studied 29 consecutive pregnant patients with Marfan syn-
drome in one institution to determine the factors that influence maternal aortic
complications.

13.2.1 Pregnancy in Japanese Patients with Marfan Syndrome

We retrospectively analyzed 29 consecutive pregnant patients with Marfan syn-
drome who were managed at the National Cerebral and Cardiovascular Center from
1991 to 2013. Diagnosis of Marfan syndrome was made based on the original Ghent
criteria (1996) [18]. The cases were divided into patients with aortic dilatation or
dissection (group D, n = 12) during pregnancy or within 1 year after delivery and
those without aortic dilatation or dissection (group ND, n = 17). Aortic dilatation
was defined as a diameter of >60 mm at any part of the aorta.

13.2.1.1 Measurement of the Aortic Diameter and Indication
for Surgery

Measurement of the sinus of Valsalva was made by echocardiography in two-
dimensional parasternal long-axis views at end-diastole using the leading edge to
leading edge method [16, 19]. MRI and CT were not routinely used. The Japanese
Circulation Society recommends an operation for patients with a sinus of Valsalva
over 5 cm (class Ila, level C) in all Marfan syndrome cases [20]. Some surgeons also
recommend an operation for patients with a sinus of Valsalva over 4.5 cm [21]. In
our institution, surgical intervention is indicated according to the above criteria and
for patients with a family history of dissection or sudden death. In general, surgical
intervention is indicated for a sinus of Valsalva over 4.0 cm or in a case with steady
aortic size growth [22, 23]. During pregnancy, surgical intervention is indicated if
there is steady aortic growth or massive dissection. To standardize the measurement
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based on body size, we expressed the size of the sinus of Valsalva using the aortic
size index (ASI), which is calculated as ASI = aortic diameter (mm)/body surface
area (m?) [17].

13.2.1.2 Management During Pregnancy

Echocardiographic follow-up including aortic diameter measurement and a Holter
electrocardiogram are necessary at least once in each trimester during pregnancy
and within 4 weeks after delivery. If the aortic root diameter is >40 mm, echocar-
diography is needed every 2 weeks in the second and third trimester. Marfan syn-
drome is also occasionally complicated with mitral valve regurgitation. In some
of these cases, the level of regurgitation progresses from mild to severe during
pregnancy, and the number of arrhythmias increases. In these cases, a Holter elec-
trocardiogram is useful to determine if an increase in dose or introduction of beta-
blockade is required. When surgical intervention is indicated, the operation should
be performed after Cesarean section for a mature fetus. If the fetus is too imma-
ture to live independently, the operation should be performed with the fetus in
utero.

13.2.2 Aortic Risks During Pregnancy in Japanese Patients
with Marfan Syndrome

13.2.2.1 Cases with Aortic Dilatation or Dissection

Twelve cases had aortic dilatation or dissection associated with pregnancy, includ-
ing seven that occurred during pregnancy and five within 1 year after pregnancy.
Two of the 7 antepartum cases showed aortic dilatation >60 mm (maximum diam-
eter of the aorta) in the second trimester at 16 and 19 weeks of gestation, respec-
tively. One case underwent hemiarch replacement, and the other underwent a David
operation under cardiopulmonary bypass with the fetus in utero. The other 5 dissec-
tions during pregnancy occurred at 29, 33, 34, 35, and 39 weeks of gestation. After
delivery by Cesarean section, three of these patients underwent Bentall operations,
and two received conservative therapy. Dissection in the 5 postpartum cases occurred
at 4 days and 1, 8, 11, and 18 months after delivery. Of the 12 dilatation or dissec-
tion cases, 9 occurred in the ascending aorta, 1 in the descending aorta, and 2 in both
locations.

13.2.2.2 Demographic Data in Cases with and Without Aortic
Dilatation or Dissection

Maternal age, week of delivery, and birth weight did not differ between groups D
(aortic dilatation or dissection) and ND (no dilatation or dissection) (Table 13.1).
The incidence of Cesarean section tended to be higher in group D than in group ND
(8/12, 66.7% vs. 3/17, 17.6%, P < 0.1), due to performance of Cesarean section in
cases in which dilatation or dissection of the aorta occurred during pregnancy. The
number of patients meeting each diagnostic category for Marfan syndrome (Ghent
criteria 1996) [18] is shown in Table 13.2. In group D, fewer patients met the major
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Table 13.1 Clinical features of patients with and without aortic dilatation or dissection

Group D (n=12) Group ND (n = 17) P value

Maternal age 29.8+3.3 30.1 4.0 ns
Height (cm) 167.2+4.4 165.3 £4.2 ns
Weight (kg) 65.9 £4.6 64.5+3.9 ns
Nulli-/multiparous 8/4 12/5 ns
Weeks of delivery 36.0+3.3 37.0+2.8 ns
Birth weight (g) 2722 + 711 2769 £ 599 ns
Delivery mode ns (p =0.07)

Vaginal delivery 4 14

Cesarean section 8 3
BMI 232+14 23.1+1.8 ns
DM 2 3 ns
Hypertension 2 3 ns
Smoking 2 3 ns

Group D aortic dilatation or dissection, Group ND no aortic dilatation or dissection, BMI body
mass index, DM diabetes mellitus, ns not significant

Maternal age, height, weight, weeks of delivery, birth weight, and BMI are shown as means + SD
and were analyzed by student t-test. Other data were analyzed by chi-square test and Fisher exact
test. P < 0.05 indicates a significant difference

Table 13.2 Number of patients meeting each diagnostic category for Marfan syndrome

Group D (n=10) Group ND (n =12)
Category Major Minor Major Minor
Skeletal 10 3 11 2
Ocular 2" 1 8" 1
Cardiovascular 10 3 7 5
Pulmonary - 3 - 2
Skin - 0 - 1
Dura 2 - 5 -

Group D aortic dilatation or dissection, Group ND no aortic dilatation or dissection

The number of patients meeting each diagnostic category for Marfan syndrome (Ghent criteria
[18]) is shown. Data were analyzed by chi-square test and Fisher exact test

“P<0.05

ocular criteria (2/10, 20% vs. 8/12, 67%, P < 0.05), and more patients met the major
cardiovascular criteria (10/10, 100% vs. 7/12, 58%, P < 0.05). Gene analysis was
performed in 11 of the 29 cases (38%), and a fibrillin-1 mutation was found more
commonly in group D, although the difference was not significant (4/4, 100% vs.
4/7,57%, P =0.06). A family history of sudden death or aortic dissection was more
frequent in group D (7/12, 58% vs. 4/17, 24%, P < 0.05).

13.2.2.3 Echocardiographic Data in Cases with and Without Aortic
Dilatation or Dissection

The sinus of Valsalva in the first trimester of pregnancy was significantly larger in

group D than in group ND (mean (range) values, 44.1 (36-61) vs. 34.8 (28—45) mm,
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Fig. 13.1 Diameters of the sinus of Valsalva. D/D indicates aortic dilatation or dissection. Cases
with and without aortic dilatation or dissection are shown by red and blue circles, respectively
(groups D and ND, respectively). Pink squares indicate a cardiac event. In the first trimester, a
larger sinus of Valsalva was found in group D compared to group ND (41.5 = 2.4 vs. 34.8 + 1.3,
P < 0.05 by student t-test). The sinus of Valsalva was >40 mm in 6/7 cases in group D and in 3/14
cases in group ND (P < 0.05 by chi-square test and Fisher exact test)

P <0.005; Fig. 13.1, Table 13.3), and a sinus of Valsalva >40 mm in the first trimes-
ter was more frequent in group D (6/7, 86% vs. 3/14, 21%, P < 0.05) (Fig. 13.1).

An aortic size index (ASI) (diameter of the sinus of Valsalva/body surface area)
>25 mm/m? was more frequent in group D than in group ND (7/7, 100% vs. 0/14,
0%, P < 0.0001) (Fig. 13.2). In ROC analysis of the relationship of the ASI in the
first trimester with aortic dilatation or dissection during pregnancy and postpartum,
the area under the curve (AUC) was 0.985, and the size of the sinus of Valsalva that
showed the best sensitivity (1-specificity) was 25 mm/m?. In one case, aortic dissec-
tion occurred in a patient with a sinus of Valsalva of only 36 mm in the first trimes-
ter. However, her ASI was 27.3 mm/m? (36 mm/1.31 m?), which was the fifth largest
in the study. This indicates that adjustment of the size of the sinus of Valsalva using
body surface area is more appropriate for prediction of aortic dilatation or dissec-
tion, compared to the absolute diameter. Significantly faster growth of the sinus of
Valsalva was also observed in group D (median [interquartile range] values, 0.41
[0.23-0.66] vs. 0.05 [—0.13-0.22] mm/month, P < 0.05; Fig. 13.3).

The sizes of the right and left ventricles did not differ between the two groups
(Table 13.3). In the first trimester, patients in group D showed more frequent moder-
ate to severe aortic valve regurgitation (6/12, 50% vs. 2/17, 12%, P < 0.05) and
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Table 13.3 Echocardiographic findings in patients with and without aortic dilatation or
dissection

Item GroupD (n=12) | GroupND (n=17) | P value
Sinus of Valsalva (mm) in first 44.0 = 10.0 348+5.5 <0.005
trimester
Growth of aorta (mm/month) 0.41 [0.23-0.66] 0.05 [-0.13-0.22] <0.005
Aortic valve regurgitation
None-mild 6 15 <0.05
Moderate-severe 6 2
Mitral valve prolapse 6 3 <0.05
LVDd 458 £7.1 44.8 £6.8 ns
LVDs 31.1+47 30.1+4.6 ns
%FS 36.5+£5.6 37.5+4.6 ns
RA cavity enlarged 2 3 ns
RV cavity enlarged 2 2 ns
PA dilatation (>20 mm) 3 2 ns

LVDd left ventricle end-diastolic dimension, LVDs left ventricle end-systolic dimension, %FS
fractional shortening, RA right atrium, RV right ventricle, PA pulmonary artery, ns not significant
P < 0.05 indicates a significant difference. Sinus of Valsalva, LVDd, LVDs, %FS, were analyzed
by student t-test and are shown as the mean + SD. Growth of the aorta is shown as the median
[interquartile range], and the data were analyzed by Wilcoxon test. Other data were analyzed by
chi-square test and a Fisher exact test

45
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15
1st 2nd 3rd Postpartum
trimester trimester trimester

Fig. 13.2 Adjusted sizes of the sinus of Valsalva (size of the sinus of Valsalva/body surface area:
mm/m?). D/D indicates aortic dilatation or dissection. Cases with and without aortic dilatation or
dissection are shown by red and blue circles, respectively (groups D and ND, respectively). In the
first trimester, the adjusted size of the sinus of Valsalva was >25 mm/m? in 7/7 cases in group D
and in 0/14 cases in group ND (P < 0.0001 by chi-square test and Fisher exact test)
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mitral valve regurgitation (7/12, 58% vs. 3/17, 18%, P < 0.05). These effects were
already present before conception and may be one of the causes of dilatation or
dissection.

13.2.3 Risk Factors for Aortic Dilatation or Dissection

Risk factors for pregnancy-associated dilatation or dissection in Japanese
patients with Marfan syndrome differed significantly between groups D and ND
and were mostly consistent with those found in previous studies [7-10, 14].
These factors include a large sinus of Valsalva, rapid growth of the sinus of
Valsalva during pregnancy, moderate to severe aortic valve or mitral valve
regurgitation, and a family history of sudden death or aortic dissection. We
found that a large sinus of Valsalva (>40 mm) at the start of pregnancy was a
risk factor for dilatation or dissection during pregnancy and postpartum. Our
results differ from findings in a relatively large prospective study [15], in which
it was concluded that pregnancy in women with Marfan syndrome is relatively
safe up to an aortic root diameter of 45 mm and with Canadian guidelines [23]
that recommend that women with an aortic root diameter beyond 44 mm should
be strongly discouraged from becoming pregnant. Taking into account that
Japanese women have generally smaller physiques than Europeans and North
Americans, we recommend that the cutoff for Japanese patients for advice
regarding avoidance of pregnancy should be a sinus of Valsalva diameter
>40 mm, rather than >45 mm. In a case report of a patient who developed mas-
sive retrograde type B aortic dissection 7 days after normal spontaneous vaginal
delivery, Silversides et al. [24] described the patient as “petite” (body surface
area, 1.69 m?); however, this measurement is larger than that in the average
Japanese woman.
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13.2.4 Use of the Adjusted Aortic Size Index for Women
with Small Physiques

We also suggest that the diameter of the sinus of Valsalva adjusted for body surface
area (diameter of the Valsalva/body surface area, mm/m?) may be more appropriate
for detection of high-risk cases at the start of pregnancy. The relative aortic size was
first used to predict complications in patients with thoracic aortic aneurysms [17].
We found that an aortic size index (ASI) >25 mm/m? in the first trimester has a high
risk for aortic dilatation or dissection during pregnancy and postpartum. The ASI is
a novel measurement of relative aortic size that predicts rupture of aortic aneurysm
[17], and Davies et al. found that the ASI was more important than absolute aortic
size in predicting aortic complications, especially in smaller women such as those
in the Japanese population [17]. We found more rapid growth of the sinus of Valsalva
in patients with Marfan syndrome with pregnancy-associated aortic dilatation or
dissection, compared to those without these conditions. Therefore, even if the diam-
eter of the sinus of the Valsalva is small, rapid growth carries a risk of aortic dissec-
tion or dilatation. The same phenomenon has been reported in nonpregnant cases of
Marfan syndrome.

Gandhi et al. [25] followed 108 women with Marfan syndrome and aortic root
growth prospectively using serial echocardiograms and found that the patients could
be divided into two normally distributed groups based on aortic growth rates: 90%
were slow growers and 10% were fast growers. Significantly more dissections of the
ascending aorta (25% vs. 4%, P < 0.001) were observed in the fast growers, and the
average growth of the sinus of Valsalva in the fast group was 1.8 mm/year. The
median growth in the five dissected cases in our study was as high as 4.1 mm/year.
This large increase relative to that in Gandbhi et al. [25] is probably due to the mater-
nal cardiovascular changes in pregnancy, including increased blood volume, heart
rate, and stroke volume [15]. Furthermore, hormonally mediated histological
changes also occur in the aorta, including a decrease in mucopolysaccharides and
loss of elastic fibers in the aortic wall [26-28]. Therefore, care is required in treating
patients with a high growth rate of the sinus of Valsalva. The frequency and degree
of aortic and mitral valve regurgitation were also higher in cases with aortic dilata-
tion or dissection, and these valvular changes may have been the causes of dilatation
or dissection.

An international expert panel established the revised Ghent criteria in 2010, in
which more weight was placed on cardiovascular manifestations, and the cardinal
clinical features are aortic dilatation/dissection and ectopia lentis [29]. In these
revised criteria, a more prominent role was also given to molecular genetic testing
of FBN1 and other relevant genes in diagnostic assessment, while some less specific
manifestations of Marfan syndrome were removed or made less influential in the
diagnostic evaluation. The new criteria also try to differentiate Marfan syndrome
from Marfan-related syndromes such as Loeys-Dietz syndrome, Ehlers-Danlos syn-
drome, and familial thoracic aortic aneurysm, which are associated with a signifi-
cantly greater risk of cardiovascular problems [29-31]. In our study, fewer patients
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with dilatation or dissection of the aorta met major ocular criteria, but more met
major cardiovascular criteria and had a more frequent family history of dilatation or
dissection. These findings indicate that the new diagnostic criteria for Marfan syn-
drome facilitate more accurate identification of high-risk patients for pregnancy-
associated dilatation or dissection.

13.3 Marfan-Related Disorder/Other Aortopathies
and Pregnancy

13.3.1 Loeys-Dietz Syndrome and Pregnancy

Loeys-Dietz syndrome (LDS) is an autosomal dominant connective tissue disorder
characterized by aortic aneurysms and generalized arterial tortuosity, hypertelorism,
and bifid/broad uvula or cleft palate that was first described in 2005 [32, 33]. Arterial
tortuosity can be general but commonly involves the head and neck vessels
(Fig. 13.4a). Arterial aneurysms have been observed in almost all side branches of
the aorta, including the subclavian, coronary, supermesenteric, hepatic, renal, and
iliac artery (Fig. 13.4b). Rapidly progressive aortic aneurysmal disease is a distinct
feature of LDS that requires close monitoring. Patients with LDS 1/2 with severe
craniofacial features are at particularly high risk and have ruptures at early ages and
at smaller dimensions than those with other aneurysm syndromes [32, 33]. Aortic
dissection occurs in patients as young as 3 months, and cerebral hemorrhage can
occur at 3 years [34, 35]. Initial reports of LDS 1/2 cohorts described a mean age of

Fig. 13.4 (a) Arterial tortuosity at neck vessels in Loeys-Dietz syndrome. Arterial tortuosity can
be general but commonly involves the head and neck vessels. (b) Arterial aneurysm in Loeys-Dietz
syndrome at the iliac artery. Arterial aneurysms have been observed in almost all side branches of
the aorta, including the subclavian, coronary, supermesenteric, hepatic, renal, and iliac artery in
Loeys-Dietz syndrome
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death at 26.1 years, with aortic dissection and cerebral hemorrhage as major causes
of death [32]. Better detection, surveillance, and early treatment are expected to
extend the life span of affected individuals.

Women with LDS can have successful pregnancies and deliveries, although
pregnancies should be considered high risk. In the absence of predictive factors
for complications, counseling women on specific risks remains a challenge. In 21
pregnancies in 12 women with LDS 1/2, 6 women had a major complication during
pregnancy or immediately postpartum, comprising 4 aortic dissections and 2 uter-
ine ruptures [32]. These occurred in first, second, and third pregnancies. Two other
women experienced severe uterine hemorrhage independent of pregnancy. Arterial
rupture may also be a pregnancy or postpartum complication. Cardiovascular drugs
can be used with safe down-titration and discontinuation of angiotensin receptor
blockers prior to becoming pregnant. Beta-blocker usage is recommended through-
out pregnancy. Use of pain, anticoagulation, and other drugs should be discussed
prior to pregnancy to reduce teratogenic effects on the fetus. Early delivery and
avoidance of high intra-abdominal pressure by Cesarean section may reduce the risk
of obstetric complications. However, no specific recommendations can be made due
to the absence of studies comparing the efficacy of Cesarean and vaginal deliveries.

13.3.2 Ehlers-Danlos Syndrome and Pregnancy

Ehlers-Danlos syndrome (EDS) is a multifaceted condition that has several different
types that affect patients in different ways. The most serious is type 4 or vascular
EDS. A female patient diagnosed with this type should understand that pregnancy
is very risky and potentially life-threatening due to a high risk of catastrophic arte-
rial or organ rupture. A study published in 2014 found that pregnancy-related deaths
in women with vascular EDS occurred in 30 of 565 deliveries (5.3%) [36]. Interviews
with 39 women indicated that 46% had uncomplicated pregnancies, while the most
common pregnancy-related complications were third- or fourth-degree lacerations
(20%) and preterm delivery (19%). Life-threatening complications occurred in
14.5% of deliveries and included arterial dissection/rupture (9.2%), uterine rupture
(2.6%), and surgical complications (2.6%).

13.3.3 Turner Syndrome and Pregnancy

Ovarian failure is a typical feature in Turner syndrome (TS). Therefore, hormone
replacement therapy (HRT) is necessary for development of normal female sexual
characteristics and to prevent cardiovascular complications and osteoporosis.
Spontaneous puberty occurs in 5-10% of women with TS and only 2-5% become
pregnant spontaneously [37]. Oocyte donation is a treatment option for infertility of
women with TS. Excellent results have been obtained with 46% of embryo transfers
resulting in pregnancy, but the pregnancies carry high risks and should be followed
up carefully. Children born following oocyte donation have no additional risks.
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Risks can be reduced by transferring only one embryo at a time to the uterus, thus
avoiding twin pregnancies. Ovarian tissue from young girls with TS can be cryopre-
served for future infertility treatment, but the optimal age of ovarian biopsy is
unclear, and methods of replantation and maturation of oocytes in vitro have still to
be developed. Fertility counseling has become important in treatment of girls with
TS. Thoracic vascular anomalies are common in TS. In 85 adult women with TS
who were not preselected for cardiovascular disease, a high prevalence of aortic
anomalies was seen, including elongation of the transverse arch (49%), aortic coarc-
tation (12%), and aberrant right subclavian artery (8%) [38]. Venous anomalies
were also prominent, including persistent left superior vena cava (13%) and partial
anomalous pulmonary venous return (13%) [38]. The highly significant association
between neck webbing, increased chest diameter, and these vascular anomalies sug-
gests that in utero, centrally localized lymphatic obstruction may contribute to car-
diovascular deformities in TS.

13.3.4 Noonan Syndrome and Pregnancy

Noonan syndrome (NS) is a genetic disorder characterized by short stature, distinc-
tive facial features, heart defects, bleeding problems, and skeletal abnormalities
[39]. Early diagnosis improves clinical management and genetic counseling. Most
patients with NS have normal intelligence, but some may have special educational
needs or intellectual disability. NS occurs in about 1 in 2500 births. Since NS is an
autosomal dominant condition, the inheritance rate is 50%. In molecular prenatal
genetic testing, DNA is isolated from cells of the developing baby by chorionic vil-
lus sampling or amniocentesis and is analyzed for the disease-causing mutation.
With appropriate counseling, a parent can then decide whether to carry the preg-
nancy to term or to end the pregnancy. In 293 patients with NS, cardiovascular dis-
ease was seen in 81% (237), including pulmonary stenosis in 57%, atrial septal
defects in 32%, and hypertrophic cardiomyopathy in 16% [40]. A genetic mutation
in the Ras-MAPK signaling pathway was identified in 62% (n = 136). Genotype-
phenotype associations were noted for PTPN11 mutations with arterial septal
defects (p = 0.001) and pulmonary stenosis (p < 0.001), and RAF1 mutations were
associated with hypertrophic cardiomyopathy (p < 0.001). Diagnosis of NS in a
patient with pulmonary stenosis or infant-onset hypertrophic cardiomyopathy facil-
itates condition-specific counseling on outcome and prognosis.

13.4 Genetics and Preconception Counseling

Differential diagnoses of Marfan syndrome include LDS, familial thoracic aortic
aneurysm, and EDS. These are autosomal dominant connective tissue disorders for
which the responsible genes are known. Preconception genetic counseling is
required to address the risk of recurrence and discuss diagnostic testing options. The
recurrence risk is 50%. Prenatal diagnosis through amniocentesis or chorionic villus
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sampling is an option for autosomal dominant connective tissue disorders. This
information should be provided to the mother and father by a clinical geneticist
before conception. Angiotensin-converting enzyme inhibitors should not be used
during pregnancy because they are toxic against the fetal kidney, show teratogenic-
ity of congenital heart disease, and decrease amniotic fluid volume. In a survey of
pregnancy with cardiovascular disease, fetal growth restriction was found at rates of
7, 26, and 3% in alpha-/beta-adrenergic blocker, beta-adrenergic blocker, and con-
trol groups, respectively (p < 0.05) (to be submitted, Kayo et al.), and was depen-
dent on the type of beta-blockade (atenolol, propranolol > metoprolol, bisoprolol).

13.5 Multidisciplinary Team Approach

A multidisciplinary team approach is important for diagnosis and management of
Marfan syndrome during pregnancy, including a medical geneticist for genetic tests
and preconceptional counseling. In our institution, surgical intervention is indicated
according to published criteria [29] and for patients with a family history of dissec-
tion or sudden death. In general, valve-sparing aortic root replacement is indicated
for a sinus of Valsalva >4.0 cm or in a case with steady aortic size growth [22, 23].
Vaginal delivery with epidural anesthesia is recommended.

13.6 Summary

An increased size of the sinus of Valsalva (>40 mm) was found in Japanese patients
with Marfan syndrome who experienced aortic dilatation or dissection during or
after pregnancy. The aortic size index (size of the sinus of Valsalva/body surface
area) is a better indicator of the risk for aortic dilatation or dissection during preg-
nancy and postpartum, compared to the absolute size of the sinus of Valsalva. Until
a molecular-based approach is available to identify patients at high cardiovascular
risk, echocardiographic variables will remain as the most important prognostic fac-
tors. Prospective validation of our proposed criteria is needed, but we suggest that
our strategy may be particularly useful for treatment of females with a small phy-
sique, who are common in the Japanese population.
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Abstract

Congenital heart disease (CHD) is the most common congenital defect, with an
incidence of about 1%. Recent advanced clinical practice concerning CHD has
enabled most women with CHD to reach childbearing age, preserving normal
daily life. Therefore, the number of pregnancies with CHD is increasing. The
various advanced operative methods, including Fontan operation, are widely
spread, and the range and severity of CHD in pregnant women are expanding.
The clinical management of pregnancies with CHD requires comprehensive
knowledge and experience.

Most women with repaired CHD endure pregnancy and delivery, while some
have high peripartum mortality and morbidity. Thus, the women with CHD
should receive appropriate advice and counselling about pregnancy with special-
ists, beforehand. Generally, women with cyanotic CHD have higher peripartum
maternal and fetal risks than those with acyanotic CHD. The women with high
pregnancy risks should be followed up carefully when they get pregnant. A mul-
tidisciplinary team, which is composed of trained obstetricians, adult and pediat-
ric cardiologists, anesthesiologists, midwives, and other specialists involved, is
necessary for the management of such pregnancies.
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14.1 Overview

The frequency of congenital heart disease (CHD), which is the most common inborn
defect, is about 1%. Recent advances in clinical practice related to CHD resulted in
a large and growing population of adult CHD who require lifelong cardiac and non-
cardiac services. Today, more than 90% of patients with CHD survive into adulthood
in Japan [1]. Therefore, many women with CHD desire to bear children, and the
number of pregnancies complicated with CHD has been increasing (Fig. 14.1). The
range and severity of CHD in such pregnancies and deliveries are also expanding.
Because maternal hemodynamics dramatically changes during pregnancy and deliv-
ery, maternal and fetal risks are high in some diseases and conditions. Cardiovascular
disease is one of the leading causes of maternal death in the world. Therefore, women
with CHD should have appropriate preconception advice and counselling with a spe-
cialist beforehand (see Chap. 5). Then, when women with high pregnancy risks
become pregnant, careful follow-up through antepartum to postpartum by a multidis-
ciplinary team is needed. The review of literatures showed that important cardiac
complications such as heart failure and arrythmias were seen in 11% of the pregnan-
cies with CHD. In complex CHD, premature delivery and offspring mortality rates
were high, and more children were small for gestational age [2]

14.2 Pregnancy in Each of Congenital Heart Disease
14.2.1 Non-cyanotic Heart Disease

In left-to-right shunt diseases, such as atrial septal defect (ASD), ventricular septal
defect (VSD), patent foramen ovale (PFO), and patent ductus arteriosus (PDA),
heart murmur becomes louder with a pregnancy-induced increase in circulating
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Fig. 14.1 Annual numbers of deliveries complicated with congenital heart disease at the
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blood volume, and the disease may be initially diagnosed in some cases. Even in
cases with a large shunt volume, this is balanced with reduction of peripheral vas-
cular resistance, and most cases complete pregnancy and delivery without compli-
cation by heart failure (Fig. 14.2). However, when hemorrhage suddenly occurs,

Fig. 14.2 A clinical course of pregnancy complicated with significantly large atrial septal
defect. She had rejected an operation for her large atrial septal defect (estimated Qp/Qs > 3 by
echocardiography, a) and got pregnant. Her chest X-rays showed enlargement of cardiac silhouette
due to pregnancy-induced volume extension (b, taken before pregnancy; ¢, taken in postpartum).
She complained of mild dyspnea 2 days after delivery. She took diuretics for 3 days, and her symp-
tom resolved
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shunt blood flow increases due to peripheral vascular constriction and cardiac out-
put decreases, which may cause congestive heart failure, shock, and ventricular
fibrillation. Thus, such cases require attention.

ASD, PFO The risk of miscarriage and premature delivery is slightly higher than
that in normal pregnancy, and supraventricular arrhythmia and paradoxical embo-
lism may develop concomitantly. Neonatal events occur more frequently in unre-
paired ASD than repaired ASD [3], and therefore, it is desirable to perform closure
before pregnancy when it is indicated. Cases treated with percutaneous ASD closure
during pregnancy have been reported. Otherwise, most cases of unrepaired ASD
without heart failure will tolerate pregnancy.

VSD Cases without heart failure in childhood and VSD discovery during preg-
nancy or those with no indication for surgical treatment have few problems during
pregnancy. However, there was a report that the rate of preeclampsia was increased
among unrepaired VSD [4]. Cases with significant deviation-induced aortic valve
regurgitation are recommended for surgery before pregnancy because this can mod-
ify VSD.

Ebstein’s Disease The pregnancy risk varies depending on the severity of tricuspid
regurgitation, right ventricle (RV) function, and grade of concomitant ASD. Since
WPW syndrome is often complicated, supraventricular tachycardia may be
observed. Severe cases may have right heart failure, paradoxical embolism, endo-
carditis, and fetal hypoxemia. In a study of 111 pregnancies in 44 patients with
Ebstein’s disease, 76% reached delivery, premature delivery occurred in 27%, and
CHD was present in 4% of neonates. However, no patients died, and the morbidity
of Ebstein’s disease was as low as 0.6% [5]. In a Japanese study, maternal and fetal
outcomes were generally good, without cardiac failure in patients with NYHA class
I prepregnancy [6]. Only two cases gave very early preterm births: one with mechan-
ical tricuspid valve was complicated with an intracerebral hemorrhage, and another
had symptomatic chronic heart failure (NYHA II) before pregnancy (Fig. 14.3).

Corrected Transposition of the Great Arteries (cTGA) Pregnancy in women
with systemic RV can be poorly tolerated. The increased blood volume during preg-
nancy may result in heart failure, worsen tricuspid regurgitation, or exacerbate
arrhythmia (Fig. 14.4). The pregnancy risk varies depending on the severity of tri-
cuspid regurgitation, RV function, and grade of complications, such as VSD and
atrioventricular block. In a study of 60 pregnancies in 22 patients with cTGA, 83%
reached delivery, premature delivery before the 30th week occurred in one case, and
no neonate had CHD. Excluding one case of heart failure that developed due to
atrioventricular valve regurgitation on the systemic circulation side, heart failure
and endocarditis developed only in a grand multipara with 12 pregnancies (10 deliv-
eries including twins and 2 miscarriages), and no patient died [7]. However, the
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Fig. 14.3 A clinical course of pregnancy complicated with severe Ebstein’s disease. She was
in NYHA class II with small right ventricle and tricuspid regurgitation due to displaced tricuspid
valve (a) before pregnancy. She was complicated with ventricle tachycardia in 24 weeks of gesta-
tion and started on B-blocker. She became in NYHA class III in 26 weeks of gestation and deliv-
ered by Caesarean section. Her chest X-rays are shown as (b) taken in early pregnancy and (c)
taken in 26 weeks of gestation

involvement of pregnancy and delivery in the long-term outcome has not been clari-
fied. As described later, the right heart is more strongly influenced by the loads of
pregnancy and delivery, to which attention should be paid in cases with significant
atrioventricular valve regurgitation and reduced RV function. There is no published
report about a pregnancy after an anatomic repair for cTGA.

After Surgery for Non-cyanotic Heart Disease When repair is favorable, preg-
nancy and transvaginal delivery are possible, as in normal cases. However, the risk
of arrhythmic event due to incision line may be higher than in normal cases
(Fig. 14.5). In cases with postoperative residual pulmonary hypertension, the mater-
nal and fetal risks are high.
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Fig. 14.4 The exacerbated tricuspid regurgitation by pregnancy in a woman with corrected
transposition of the great arteries. She had moderate grade of tricuspid regurgitation (TR) before
pregnancy (a) with taking angiotensin-converting enzyme (ACE) inhibitor. She was stopped ACE
inhibitor when she got pregnant. Then, her TR became worsened to severe grade in the middle of
her pregnancy (b)
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Fig. 14.5 The reduced left ventricular contraction by atrial tachycardia in a postpartum
woman with repaired ventricular septal defect. She underwent an operation for ventricular sep-
tal defect at O year old. Her cardiac function was maintained before and during pregnancy with
normal sinus rhythm. After delivery, she complained of shortness of breath and palpitation. Her
electrocardiogram showed 153 bpm atrial tachycardia (AT, a) and reduced left ventricle contrac-
tion (b) with pulmonary edema. She was treated with diuretics and catecholamine. After stabiliz-
ing pulmonary congestion, she took catheter ablation for her AT
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14.2.2 Cyanotic Heart Disease

14.2.2.1 After Surgery for Cyanotic Heart Disease

Even after repair, the pregnancy risk is generally high due to residual and sec-
ondary symptoms, compared with that of non-cyanotic heart disease. Thus,
ZAHARA score (see Chap. 5), which is the risk assessment of pregnancy with
concomitant CHD, is increased by +1 for cyanotic heart disease, regardless of
repair.

Tetralogy of Fallot (TOF) Residual VSD, moderate to severe pulmonary arterial
valve stenosis and regurgitation, aortic valve regurgitation, concomitant pulmonary
hypertension, aortic dilatation (>40 mm), cardiac hypofunction, and history of
tachyarrhythmia have been reported as pregnancy risk factors [8]. In a Japanese
study of 40 pregnancies in 25 patients, most of them were well-tolerated pregnancy
and delivery, and the mean gestational period was 37.8 weeks [9]. Cardiovascular
events were observed in seven pregnancies (18.5%) (arrhythmia, one; heart failure,
two; arrhythmia and heart failure, four), and a history of ablation and the baseline
cardiothoracic ratio on chest radiography were predictors of adverse cardiac events.
Peak plasma brain natriuretic peptide (BNP) level after the second trimester was
higher in patients with cardiac events [9].

Transposition of the Great Arteries (TGA) After atrial switch operations, such
as Senning and Mustard operations, aggravation of NYHA class, progression of RV
dilatation and hypofunction, and an increase in tricuspid regurgitation upon preg-
nancy occur in some patients, and pregnancy may influence the long-term outcome
of heart disease with RV dysfunction [10]. Arrhythmias often become a problem,
too. After a Jatene procedure, the pregnancy outcomes seem to go well [11], but
cases with severe regurgitation, aortic dilatation, and coronary arterial lesions
require careful attention (Fig. 14.6).

After a Fontan Operation Pregnancy and delivery are possible in a case with
NYHA classes I-II and favorable cardiac function retaining sinus rhythm, but
the miscarriage rate is high up to 40-50%. In a study of 33 pregnancies after a
Fontan operation, 15 pregnancies in 14 patients (45%) reached delivery.
Complications during pregnancy included supraventricular arrhythmia and
heart failure in one case each. The only fetal complication was ASD in one case
[12]. In a study of 124 pregnancies in 50 women, 68 (54.8%) resulted in miscar-
riages, and 53 (42.7%) were live birth but included 4 neonatal deaths [13]. Low
maternal oxygen saturations (<85%) were significantly related to miscarriages.
There is no consensus on use of anticoagulant and antiplatelet therapies during
pregnancy, and further accumulation of cases is required to evaluate the use of
this therapy.
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Fig. 14.6 The clinical course of a twin pregnancy in a woman after Jatene operation. She was
in NYHA class II before pregnancy and had a twin pregnancy. She had several atrial and ventricular
arrhythmic events during pregnancy. Her plasma brain natriuretic peptide (BNP) levels were around
50 pg/mL before and during the first half of pregnancy and then elevated more than 150 pg/mL at
32 weeks of gestation. At the same time, she started to complain of shortness of breath. Her twin
babies were diagnosed as intrauterine growth arrest, and she delivered by Caesarean section at
34 weeks of gestation. Her chest X-ray changed from 26 weeks of gestation (a) to 33 weeks of
gestation (b) and 6 hours after delivery (¢). She was given intravenous administration of diuretics,
and her pulmonary edema was resolved

14.2.2.2 Cyanotic Heart Disease Without Pulmonary Hypertension

Somatic vascular resistance decreases during pregnancy, and right to left shunt
increases, enhancing cyanosis. The frequency of maternal cardiac complications
is high, but many of these are treatable, and the risk of death is low. In contrast,
the fetal outcome is poor, and fetal development is strongly inhibited by severe
cyanosis [14]. Ability Index, hemoglobin, and arterial oxygen saturation before the
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pregnancy were factors related to fetal outcomes. When maternal hemoglobin lev-
els were more than 20 g/dL, the rate of live birth was only 8%. When maternal arte-
rial oxygen saturations were less than 85%, the rate of live birth was only 12%. As
described earlier, low maternal oxygen saturations (<85%) in women after Fontan
operation significantly related to miscarriages [13].

14.2.3 Congenital Heart Disease with Pulmonary Hypertension

Pulmonary hypertension is one of the cardiovascular conditions with the highest
pregnancy risk. Even though pulmonary vasodilators, such as prostacyclin ana-
logues and phosphodiesterase inhibitors, have improved patients’ prognosis, mater-
nal risks are still high, and pregnancy is contraindicated in women with pulmonary
hypertension. There have been several reports about pregnancies in women with
Eisenmenger syndrome, who were treated by pulmonary vasodilators during preg-
nancy [15, 16]. As the recent review of pregnancy with pulmonary hypertension, the
maternal mortality in patients with all kinds of pulmonary hypertension was
decreased from 38% between 1978 and 1996 to 16% between 1998 and 2013, but
the maternal mortality in the subgroup with congenital heart disease was decreased
only from 36% between 1978 and 1996 to 23% between 1998 and 2013 [17]. This
indicates that new targeted treatments for pulmonary hypertension are less effective
in pregnant patients with congenital heart disease than those with other etiology of
pulmonary hypertension. Detail risks of pregnancy with pulmonary hypertension
are referred to Chap. 12.

14.2.4 Aortic Disease

Pregnancy causes increased cardiac output and heart rate, and pregnancy-related hor-
monal changes have been demonstrated to weaken elastic fibers, resulting in degenera-
tion of the aortic tunica media. Therefore, women with aortic disorders such as genetic
connective tissue diseases (see Chap. 13) and bicuspid aortic valves have increased risk
of aortic dilatation and dissection during pregnancy and postpartum [18].

Aortic Coarctation Many patients are hypertensive before pregnancy, and the risk
of hypertensive disorders of pregnancy (HDP) is higher than that in the general
population, especially in cases with significant stenosis (pressure gradient
>20 mmHg) [19]. Since cerebral aneurysm often develops concomitantly, evalua-
tion before pregnancy is preferable.

In the series of 15 pregnancies in 9 Japanese women with aortic coarctation,
prepregnancy Doppler-measured pressure gradient >20 mmHg and a left
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ventricular mass index >95 g/m?* were significant risk factors for HDP. The left
ventricular end-diastolic diameters at the first and the third trimesters, the left
ventricular end-systolic diameters at the first trimester, and the left ventricular
ejection fraction at the third trimester were also significantly higher in the preg-
nancies with HDP [20].

Bicuspid Aortic Valve Development of aortic dissection during pregnancy in
patients with bicuspid aortic valve (BAV) has been reported [21, 22]. Recently,
most international reference centers proposed a proactive approach for BAV
patients with a maximum ascending aortic/root diameter of 45 mm since the risk
of dissection/rupture raises significantly with an aneurysm diameter >50 mm. In
asymptomatic women with a well-functioning BAV, elective repair is recom-
mended for diameters >45-50 mm, in case of planned pregnancy [23]. The use of
B-blocker during pregnancy may be considered in the case with significantly
dilated aorta (Fig. 14.7).

Aortic Dilatation Associated with CHD (Aortopathy) Aortic dissection can
occur in patients with TOF and hypoplastic left heart, but no case of dissection
during pregnancy has been reported. There are no specific surgical indications, but
criteria for surgery include <50 mm for cases with rapid dilatation (>1 cm/year)
after repair of TOF, familial medical history of dissection, and moderate or severe
aortic valve regurgitation and >55 mm after repair of TOF not meeting the criteria
described above [24].

14.3 Influence of Pregnancy

In pregnancy after repair of TOF, right cardiac dilatation progresses upon preg-
nancy and delivery. In our institution, indexes of the LV system did not change
from before to after pregnancy and delivery, but the RV diameter significantly
dilated at 6 months to 1 year after delivery, compared with the diameter before
pregnancy [9]. In a study in which the patient background was matched with
regard to CHD and echocardiography indexes were compared between delivery
and nondelivery groups, RV dilatation was noted in patients who became preg-
nant after repair of TOF [25]. In a study of the RV volume before and after
pregnancy, RV dilatation markedly increased after delivery in cases in which the
dilatation had advanced before pregnancy [26]. Figure 14.8 shows cases in
which RV dilatation progressed after delivery. Since significant changes of RV
dysfunction are observed after delivery, even after Senning and Mustard opera-
tions, treatment of RV dilatation and function may be necessary for pregnancy
with CHD.
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Fig. 14.7 A pregnant woman with bicuspid aortic valve and dilated ascending aorta. An
asymptomatic woman with bicuspid aortic valve stenosis (mean pressure gradient; 40 mmHg,
a) and dilated ascending aorta (42 mm, b) at catheterization study. She started to complain of mild
chest discomfort on effort in her third trimester and was treated by p-blocker. No aortic event
occurred in peripartum
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Fig. 14.8 A woman with repaired tetralogy of Fallot in whom pregnancy had an impact on
the progression of enlarged right heart. She had severe pulmonary regurgitation and atrial tachy-
cardia before pregnancy. Her chest X-ray showed more enlarged heart after pregnancy (a, before
pregnancy; b, right before delivery; ¢, 1 year after delivery)

14.4 Heredity and Fetal Echocardiography

The causes of CHD are explained due to chromosomal aberration, a single gene
aberration, environmental factors, and multifactorial inheritance of unknown cause
in 8, 2, 5, and 85% of cases, respectively. Offspring of women with CHD are at
increased risk of CHD. The risk of recurrence of CHD was reported from 2.9 to
7.0% in previous studies [27-29]. The accuracy of fetal echocardiography has
recently improved, and CHD is diagnosed in the fetal period in 50—-60% of cases.
Therefore, screening by fetal echocardiography is useful for mothers with CHD.
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Pregnancy After Cardiac Valve 1 5
Replacement

Kazuya Kawamata

Abstract

Pregnancy after heart valve replacement is highly risky for both the mother and
child due to the aggravation of maternal heart function and the adverse effects of
some drugs, such as anticoagulant or antiarrhythmic drugs.

The recent decrease in the prevalence of rheumatic heart disease among young
women has also decreased the use of mechanical heart valves. Developments in
cardiac surgery have replaced mechanical heart valves with bioprosthetic heart
valves. However, advances in cardiac surgery have even enabled women with
mechanical heart valves to survive for a long term. For such women, long-term
management of coagulability is absolutely necessary. The management of preg-
nancy after mechanical valve replacement is most difficult due to this need for
anticoagulant therapy.

Keywords
Pregnancy after cardiac valve replacement - Mechanical valve - Bioprosthetic
valve - Ross procedure

15.1 Pregnancy After Valve Surgery

Congenital or acquired valvular heart disease can be repaired using autologous,
bioprosthetic, or mechanical valves. These valves have many postoperative prob-
lems in terms of durability, deformation, and susceptibility to infection. The sequelae
due to the graft valve differ according to the valve type, hemodynamics, and replace-
ment site.
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In recent years, due to the decrease in the number of children with rheumatic
fever, the frequency of cardiac valve replacement in the young has also decreased.
In addition, due to advances in surgical treatment, bioprosthetic valve replace-
ment tends to be selected at ages allowing for pregnancy and delivery on the
premise that valve re-replacement may be performed [1]. At present, pregnant
females who have undergone mechanical valve replacement are encountered less
frequently. However, recent advances in treatment techniques have facilitated the
long-term survival of patients with complicated congenital heart disease, and
management of patients after valve replacement showing conditions that have not
been encountered previously is necessary. The American College of Obstetricians
and Gynecologists (ACOG) classifies the risk of each cardiovascular disease
based on the maternal mortality [2]. The risk is less than 1% (Group 1) after bio-
prosthetic valve replacement and 5-15% (Group 2) after mechanical valve
replacement.

For young females who have undergone valve replacement, adequate prepreg-
nancy counseling is necessary. Some of the drugs prescribed in nonpregnant women
are contraindicated during pregnancy. Thus, planned pregnancies are necessary
after evaluation including any changes in drugs after conception. In the graft valve,
valve thrombosis, stenosis, and regurgitation can occur, and cardiac failure or
arrhythmia due to hemodynamic changes can develop during pregnancy. Clarification
of the valve function before pregnancy and hemodynamics during the prepregnancy
period allows the accurate evaluation of changes post-conception and early treat-
ment [3].

15.2 After Bioprosthetic Valve Replacement

The main advantage of bioprosthetic valves is that no anticoagulation therapy is
necessary. However, bioprosthetic valves are inferior to mechanical valves in terms
of durability and require replacement when they deteriorate. Bioprosthetic valves
used in the left heart system generally require replacement after 10-15 years.
Therefore, it is desirable that females become pregnant and deliver children, while
they are managed with bioprosthetic valves, and undergo replacement with mechan-
ical valves thereafter. Bioprosthetic valves are highly safe when the underlying dis-
ease is stable and controlled, but prevention of infective endocarditis is necessary
when invasive surgical procedures are necessary. Although pregnancy has been sug-
gested to have no influence on the durability of bioprosthetic valves, patients have
been reported who required valve replacement earlier than usual, and opinions
remain divided [4, 5]. Even after prosthetic valve replacement, serial changes in the
cardiac function, hemodynamics, and valve function should be evaluated through-
out pregnancy and the postpartum period, using methods such as echocardiography.
Valve deterioration can cause valve stenosis and regurgitation, but generally valve
stenosis progresses gradually, while regurgitation progresses acutely as it is caused
by the rupture of calcified areas [6].



15 Pregnancy After Cardiac Valve Replacement 181

15.3 After Mechanical Valve Replacement

Pregnancy after mechanical valve replacement is associated with markedly increased
maternal and fetal risks, such as maternal death, cardiac failure, arrhythmia, and
infective endocarditis [7]. We sometimes select abortion or the induction of early
delivery to mitigate or balance these risks. Anticoagulation therapy during pregnancy
after mechanical valve replacement brings both the maternal risk of hemorrhage such
as intracranial hemorrhage and intrauterine hematoma and the fetal risk of congenital
anomalies, miscarriage, and early death [8]. Inadequate anticoagulation therapy can
cause fatal maternal thromboembolism or valve insufficiency. While the durable
period of prosthetic valves is long (>20 years), and the likelihood of requiring valve
replacement is low, continuous anticoagulation therapy is necessary [9]. Pregnancy
after mechanical valve replacement requires strict adjustment of the anticoagulant
dose and careful consideration of the possible development of complications associ-
ated with anticoagulation therapy. During pregnancy, since changes to a physiologi-
cally hypercoagulable state occur, more elaborate anticoagulation regimens are
necessary compared with those during the nonpregnancy period.

Warfarin can be administered orally, and its dose can be more readily adjusted
than heparin. However, since warfarin is teratogenic and is associated with a high
abortion rate, it is recommended that the drug used in anticoagulation therapy
should be changed from warfarin to heparin during the first trimester of pregnancy
[10, 11]. The anticoagulant regimens in pregnant women with mechanical heart
valves recommended by the American College of Chest Physicians (ACCP) are
shown in Table 15.1 [12]. The treatment range with heparin is narrow, and control
by percutaneous injection alone is often difficult. Even anticoagulation therapy by
percutaneous injection of dose-adjusted unfractionated heparin or low-molecular-
weight heparin can lead to thrombosis [13]. There have been no studies comparing
the subcutaneous injection and continuous intravenous infusion of unfractionated
heparin. We have reported that the continuous intravenous infusion of

Table 15.1 Recommended anticoagulant regimens in pregnant women with mechanical heart
valves

Adjusted-dose bid LMWH throughout pregnancy, with doses adjusted to achieve the
manufacturer’s peak anti-Xa LMWH 4 h postsubcutaneous injection (Grade 1A)

Adjusted-dose UFH throughout pregnancy administered subcutaneously every 12 h in doses
adjusted to keep the mid-interval aPTT at least twice control or attain an anti-Xa heparin level
of 0.35-0.70 units/mL (Grade 1A)

UFH or LMWH (as above) until the 13th week with substitution by vitamin K antagonists
until close to delivery when UFH or LMWH is resumed (Grade 1A)

For women judged to be at very high risk of thromboembolism in whom concerns exist about
the efficacy and safety of UFH or LMWH as dosed above (e.g., older-generation prosthesis in
the mitral position or history of thromboembolism), vitamin K antagonists throughout
pregnancy with replacement by UFH or LMWH (as above) close to delivery (Grade 2C)

GRADE Grades of Recommendations, Assessment, Development, and Evaluation, aPTT activated
partial thromboplastin time, LMWH low-molecular-weight heparin, UFH unfractionated heparin
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unfractionated heparin could reduce the incidence of maternal thrombosis. Fetal
intracranial hemorrhage during anticoagulation therapy with warfarin in the second
trimester has been reported, and the fetal toxicity of warfarin includes embryopathy
and other conditions [14]. In recent years, studies on anticoagulation therapy among
Japanese have shown that anticoagulation without complications can be achieved at
a lower dose than that shown by studies in Western countries [15—18]. With respect
to the fetal toxicity of warfarin, a warfarin dose <5 mg was reported to have no
influences on the fetus. However, due to ethnic differences in sensitivity to antico-
agulants, further studies are necessary [19].

In recent years, mechanical valves with a decreased risk of thrombus formation
have been developed, and anticoagulation has been shown to be possible with oral
Xa inhibitors at lower than the conventional dose. Their use during pregnancy is
anticipated [13].

In patients who are managed with warfarin until near delivery, warfarin is
changed to heparin. Since the half-life of warfarin in the blood is long (about 40 h),
this drug change is in preparation for a sudden delivery; thus, heparin is discontin-
ued immediately before delivery. Since the half-life of heparin is 2 h, it is discontin-
ued 6 h before delivery if it is being administered by continuous intravenous
infusion. For unexpected early delivery, APTT is measured before delivery, and if
sustained effects of heparin are observed, protamine sulfate is administered to neu-
tralize the heparin. Heparin administration is resumed 6 h after vaginal delivery and
12 h after caesarean delivery. Since warfarin requires 2-3 days to achieve effective
anticoagulation, oral warfarin administration is initiated when the absence of hem-
orrhagic complications is confirmed under heparin administration.

While trace amounts of warfarin pass into breast milk, no anticoagulation effects
have been reported in infants breastfed by mothers using warfarin [20].

15.4 After Aortic Valve Replacement with an Autograft
(Ross Procedure)

The Ross procedure involves the replacement of a diseased aortic valve with an
autologous pulmonary artery valve. Prosthetic grafts, such as a homograft, are used
to replace the excised pulmonary valve. Due to the simultaneous replacement of two
valves, high levels of skill are necessary, and the invasiveness of the procedure is
increased. However, this procedure has many advantages. Due to the use of an auto-
graft, operation is possible even in children with a small annulus. Since the valve
itself grows, reoperation is not necessary. In addition, there is no need for anticoagu-
lation therapy [21].

Morimoto et al. compared the outcome of pregnancy between young adult
females after the Ross procedure and those after bioprosthetic valve replacement.
They reported that there were no significant differences in the outcome of preg-
nancy between the two groups and few females required reoperation after the Ross
procedure, thus concluding that the Ross procedure is optimal among aortic valve
replacement techniques for females who wish to have children [22]. Another study
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showed no adverse influences of pregnancy after the Ross procedure on the pulmo-
nary autograft valve in the aortic valve position or the graft valve in the pulmonary
artery valve position and that no maternal complications occurred during or after
pregnancy [23].
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Abstract

Arrhythmias are by far the most common complication in adults with structural
heart disease and complicate a substantial number of pregnancies. Most arrhyth-
mias are benign, but therapy should be initiated for pregnant women with severe
symptoms or hemodynamically unstable arrhythmias. Arrhythmias are also an
important trigger for the occurrence of heart failure. All antiarrhythmic drugs
undergo placental transfer to varying degrees, and there is potential for fetal
effects. Therefore, the lowest effective dose of the medication should be chosen.
Since atrial flutter/fibrillation, atrial tachycardia, ventricular tachycardia, and
complete atrioventricular block may cause significant hemodynamic changes
that may seriously affect the mother and fetus, appropriate diagnosis and emer-
gency treatment are commonly required. Catheter ablation in pregnant women
should be undertaken in a situation in which reasonable medication is ineffec-
tive. Pregnant women who present with unstable ventricular arrhythmias and at
high risk for sudden cardiac death during pregnancy may be candidates for
implantable cardioverter-defibrillator implantation. Since cardiac arrest is more
common in the postpartum period compared with during pregnancy and labor,
temporary use of a wearable cardioverter defibrillator in the postpartum period
may be suitable for patients at higher risk of ventricular arrhythmias and long QT
syndrome. This chapter reviews different types of arrhythmias and gives an over-
view of the current treatment strategies.

Keywords
Antiarrthythmic drug - Arrhythmia - Bradycardia - Implantable cardioverter defi-
brillator - Pregnancy - Tachycardia
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16.1 Arrhythmias and Pregnancy

The incidence of cardiac arrhythmias is higher in pregnancy, and all forms of
arrhythmia and structural heart disease may be encountered. Pregnancy may trigger
exacerbations of pre-existing arrhythmias, or arrhythmias may manifest for the first
time. Palpitation, dizziness, breathlessness, chest pain, and pre-syncope suggest
premature contractions and tachyarrhythmias, which are more common during
pregnancy. The precise mechanism of increased arrhythmia burden during preg-
nancy is unclear; however, it is probably due to a combination of hemodynamic,
hormonal, and autonomic changes. Circulating blood volume increases more rap-
idly after 20 weeks of gestation, and the blood volume at 30 weeks of gestation is
40-45% greater than the nonpregnancy volume. Cardiac output is also increased to
an average of 8.7 L/min in the third trimester. This is the result of a 35% increase in
stroke volume and a 15% increase in heart rate. The increase in plasma volume
causes stretching of atrial and ventricular myocytes, and this may result in early
after depolarizations, shortened refractoriness, slowed conduction, and spatial dis-
persion through activation of stretch-activated ion channels [1, 2]. A larger heart can
also potentially sustain reentry more easily because of an increase in path length of
potential reentrant circuits. The increase in heart rate during pregnancy, seen pre-
dominantly in the third trimester, may also predispose to arrhythmia, as a high rest-
ing heart rate has been associated with markers of arrhythmogenesis [3]. Hormonal
and autonomic changes may also contribute to arrhythmogenesis. Estradiol and pro-
gesterone have been shown to be proarrhythmic in animal studies and in case reports
of pregnant patients with arrhythmias [4]. In addition, estrogen increases the num-
ber of adrenergic receptors in the myocardium, and adrenergic responsiveness
seems to be increased in pregnancy [5].

Fortunately, most maternal arrhythmias are benign, but therapy should be initi-
ated for pregnant women with severe symptoms or hemodynamically unstable
arrhythmias [6]. Althogh multiple antiarrhythmic drugs are available for use in
pregnancy, data are limited and further prospective, and registry studies are required
to evaluate the safety of these agents. If possible, therapy should be limited to the
first trimester, and drugs with the longest safety record should be used first. In a case
of refractory or life-threatening arrhythmia, higher-risk intervention should be
considered.

16.2 Arrhythmias and Congenital Heart Disease

Arrhythmias are the most common reason for hospital admission in patients with
congenital heart disease (CHD) [7]. Complex cardiac anatomy and the presence of
scars due to past surgical procedures are the primary causes of arrhythmia.
Furthermore, intrinsic conduction abnormalities may be present, such as Wolff-
Parkinson-White (WPW) syndrome in Ebstein’s anomaly, which affects 20% of
patients [8]. Intra-atrial reentrant tachycardia (IART) mostly affects patients with
atrial septal defect, tetralogy of Fallot (TOF), transposition of the great arteries
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(TGA) after a Mustard or Senning operation, and single ventricle physiology after a
Fontan operation [9, 10]. Atrial fibrillation (AF) occurs more frequently in congeni-
tal anomalies of the mitral valve, aortic valve stenosis, and single ventricle and
constitutes 25-30% of arrhythmias in patients with CHD. Ventricular tachycardia
(VT) mainly affects patients with TOF, with the 10-year risk of sudden cardiac
death reaching 2% in the first 20-25 years after corrective surgery [11]. In this
regard, identification of high-risk patients for primary prevention is imperative. A
risk score has been proposed for predicting appropriate implantable cardioverter-
defibrillator (ICD) discharges, including palliative shunt, inducible sustained VT,
QRS duration >180 ms, nonsustained VT, ventriculotomy incision, and left ven-
tricular end-diastolic pressure >12 mmHg [12].

Bradycardia is common in patients with heterotaxy syndrome with single ven-
tricle and is relatively common following previous surgical procedures, such as
Mustard, Senning, and Fontan operations. Congenital atrioventricular (AV) block is
associated with heterotaxy syndrome and corrected TGA. The prognosis of con-
genital bradycardia with CHD is still poor due to dilated cardiomyopathy, heart
failure, and sudden cardiac death [13]. In general, the overall incidence of sudden
cardiac death in CHD is low (0.09% per year), but significantly higher than in the
general population [14].

16.3 Management of Arrhythmias in Pregnancy

In general, the therapeutic approach to arrhythmias in pregnancy is similar to that in
the nonpregnant patient. Hyperthyroidism should be excluded, and other systemic
disorders that can result in arrhythmia, such as pulmonary embolism, should be
considered. Treatment of arrhythmias should be reserved for significant symptoms
or arrhythmias resulting in hemodynamic compromise and risk to the mother and
fetus. Depending on the underlying cardiac condition and hemodynamic stability, a
rate or rhythm control strategy should be chosen, although rhythm control is often
preferred over rate control in pregnant patients with CHD and new-onset arrhyth-
mias. Patients with a known history of uncontrolled arrhythmia should undergo
treatment before becoming pregnant, when possible.

16.3.1 Tachyarrhythmias

16.3.1.1 Supraventricular Tachycardia

Supraventricular tachycardia (SVT) is the most common sustained arrhythmia
encountered during pregnancy, with a prevalence of 24 per 100,000 hospital admis-
sions [15], and 20% of patients with pre-existing SVT will experience symptomatic
exacerbations during pregnancy [16]. In women without CHD, paroxysmal SVT is
most commonly due to atrioventricular nodal reentrant tachycardia (AVNRT) fol-
lowed by atrioventricular reciprocating tachycardia (AVRT) [17]. It is unclear
whether pregnancy increases the risk of the first onset of SVT. Patients with
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pre-existing SVT may experience exacerbations during pregnancy. SVT is usually
well tolerated but can result in hemodynamic deterioration in patients with CHD
and result in impaired fetal blood flow [18].

16.3.1.2 Atrioventricular Nodal Reentrant Tachycardia

AVNRT in pregnant patients should initially be managed with avoidance of precipi-
tating factors and use of vagal maneuvers to terminate acute episodes of the arrhyth-
mia. In hemodynamically stable patients, adenosine is the first-line agent and
terminates 90% of paroxysmal SVT [19]. Due to the short half-life (1-2 s), adenos-
ine is unlikely to reach the fetal circulation. If adenosine is ineffective, intravenous
metoprolol or propranolol should be used. Verapamil is considered a third-line agent
[16]. For patients with frequent symptomatic episodes, metoprolol or verapamil can
be used for the prevention of SVT. Although digoxin is safe in pregnancy, it is often
ineffective alone but has been used in combination with a beta-blocker for
AVNRT. Sotalol or flecainide may be used in cases with significant symptoms that
do not respond to atrioventricular nodal blocking agents. In rare cases, drug-refrac-
tory, hemodynamically significant AVNRT during pregnancy has been treated with
catheter ablation with low radiation exposure to the fetus. For long-term therapy,
beta-blockers, calcium channel blockers, digoxin, or flecainide may be used in
patients with concealed accessory pathways. For patients with WPW syndrome,
verapamil or digoxin should not be used because of the risk of rapid accessory path-
way conduction during AF. Beta-blockers can be used cautiously in patients with
WPW syndrome, especially if the accessory pathway is not capable of rapid con-
duction [16].

16.3.1.3 Atrial Tachycardia

Atrial tachycardia is relatively rare during pregnancy, but pregnancy may contribute
to its initiation and maintenance [20]. Atrial tachycardia is often persistent and
refractory to medical therapy and even cardioversion, and tachycardia-induced car-
diomyopathy may be present. For acute treatment, adenosine should be used first as
this is diagnostic and occasionally successful in terminating the arrhythmia.
Combination therapies of beta-blockers, calcium channel blockers, or digoxin can
be used for rate control. If these agents fail to control the arrhythmia, sotalol or
flecainide may be considered. In cases of incessant, symptomatic atrial tachycardia,
catheter ablation has been performed safely [21].

16.3.1.4 Atrial Fibrillation and Atrial Flutter

AF and atrial flutter (AFL) are rare during pregnancy, with a prevalence of 2 in
100,000 hospital admissions [15]. Atypical AFL is the most common arrhythmia
caused by atrial scars, whereas AF is particularly rare in pregnant women with-
out CHD. Among women with previously diagnosed AF, more than half will
have symptomatic episodes during pregnancy [22]. Hemodynamically unstable
episodes of AF or AFL should be treated with electric cardioversion. In stable
patients, flecainide and ibutilide have been used safely in case reports to convert
AF in pregnancy; however, there is no broad experience with chemical
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cardioversion [23, 24]. For most patients, rate control with beta-blockers, cal-
cium channel blockers, or digoxin may be considered as acute therapy. In patients
where rate control fails or in those with poorly tolerated episodes of AF, a rhythm
control strategy with antiarrhythmic drugs is reasonable. Sotalol or flecainide is
the preferred antiarrhythmic drug in this setting.

Systemic anticoagulation is recommended for pregnant patients with AF and
AFL who have risk factors for thromboembolism. The benefit of aspirin in lower-
risk patients with AF is controversial. Given the potential of teratogenicity, warfa-
rin should not be used in the first trimester. Warfarin is also not recommended for
prophylactic use, even in the second and third trimesters, because of the potential
risk of fetal cerebral hemorrhage and demise. Thus, low-molecular-weight hepa-
rin or unfractionated heparin is preferred, especially in the first trimester and the
last month of pregnancy [25]. Heparin administration is also recommended for
patients with persistent episodes in whom electric cardioversion is planned. The
benefit and risk for fetus of direct oral anticoagulants during pregnancy are not
clear yet.

16.3.1.5 Ventricular Tachycardia

VT and ventricular fibrillation (VF) are rare during pregnancy, with a prevalence
of 2 in 100,000 hospital admissions [15]. When ventricular arrhythmias do occur,
it is usually in the setting of CHD and a history of VT, and the risk of recurrent VT
in such patients is as high as 27% [26]. VT has been described during pregnancy
in a variety of cardiomyopathies, including hypertrophic cardiomyopathy and
arrhythmogenic right ventricular cardiomyopathy [27-29]. Ischemic cardiomy-
opathy is uncommon; however, myocardial infarction complicated by VT/VF
with or without coronary artery disease has been observed [30]. Patients with
CHD are at relatively high risk for VT, with a prevalence of 4.5-15.9 per 1000
pregnancies [31]. In patients without CHD who develop symptoms of heart failure
in the last month of pregnancy or in the months after delivery, peripartum cardio-
myopathy should be considered [32, 33]. Cases of peripartum cardiomyopathy
presenting with VT during pregnancy have been reported, but the etiology remains
unknown.

In pregnant patients with CHD, treatment of VT should be tailored to the under-
lying cardiac condition. For acute management of VT, electric cardioversion should
be performed in the setting of hemodynamic instability. In hemodynamically toler-
ated VT, pharmacological cardioversion with lidocaine should be tried first.
Procainamide or quinidine may then be used if lidocaine is ineffective. Given the
risk of fetal harm, amiodarone should only be used in life-threatening situations
when other therapies have failed [34]. Chronic antiarrhythmic drug therapy is often
warranted in patients with VT and CHD because of the risk of hemodynamic com-
promise and sudden death. A beta-blocker (metoprolol or propranolol) is indicated
for most patients. Sotalol may be considered if beta-blockers are ineffective.
Mexiletine and quinidine are reasonable alternative agents, but class IC agents
should not be used because they are associated with increased mortality in nonpreg-
nant patients with CHD [35].
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Recurrent idiopathic VT is typically hemodynamically stable and associated with
a good prognosis [36]. This condition may present for the first time during pregnancy
and is often catecholamine-sensitive. Treatment of outflow tract VT with cardiose-
lective beta-blockers in pregnant patients is usually effective [37]. Fascicular VT is
typically verapamil-sensitive, and verapamil can be used for both acute termination
and prevention of recurrence [38]. Therefore, beta-blockers or verapamil are recom-
mended as first-line agents for idiopathic VT. Sotalol or flecainide may be considered
in patients with significant symptoms that do not respond to beta-blocker therapy.

16.3.2 Bradyarrhythmias

Sinus node dysfunction and atrioventricular block are rare in pregnancy, especially
in structurally normal hearts [15]. Congenital complete AV block is occasionally
diagnosed for the first time during pregnancy. Asymptomatic patients with complete
AV block without other evidence of conduction disease or CHD often have a good
prognosis and can be managed expectantly. In the past, temporary pacing during
labor and delivery was advocated for all patients with complete AV block because
of potential bradycardia and syncope with Valsalva [39]. However, more recent
studies suggest that temporary pacing is unnecessary in stable patients with com-
plete AV block [40]. Pregnant patients with symptomatic or hemodynamically
unstable bradyarrhythmias may require permanent pacing. Although bradycardias
are generally well tolerable during pregnancy and labor, additional caution is
required in the postpartum period.

16.3.3 Long QT Syndrome

Long QT syndrome is an inherited ion channel disorder that has the potential to
cause VT and torsades de pointes, resulting in syncope, cardiac arrest, or sudden
death. It is uncertain whether women with long QT syndrome are at increased risk
for ventricular arrhythmias during pregnancy [41]. The relative tachycardia and
increased estrogen during pregnancy may serve to shorten the QT interval and be
protective for pregnant women with long QT syndrome. Cardiac arrest is more com-
mon in the postpartum period compared with before or during pregnancy. There is
increased risk in the postpartum period that is potentially related to a decrease in
heart rate, stress, and altered sleep patterns. A retrospective study of 422 women
with long QT syndrome found that probands were significantly more likely to have
syncope, aborted cardiac arrest, or sudden death in the 40-week postpartum interval
compared with the 40-week prepregnancy period (23.4% vs. 3.8%). In addition,
beta-blocker therapy was associated with decreased risk of cardiac events before
pregnancy, during pregnancy, and postpartum [34]. Propranolol is the preferred
agent, as metoprolol may not be as effective in long QT syndrome 1 and 2 [42, 43].
Recently, nadolol was reported as the only beta-blocker associated with a significant
risk reduction in patients with long QT syndrome 2 [44].
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16.3.4 Antiarrhythmic Drugs

There is a clinical consensus on the efficacy and safety of antiarrhythmic drugs in
pregnancy (Table 16.1), despite the lack of availability of a randomized control study.
The US Food and Drug Administration (FDA) adopted a rule eliminating this system
in favor of a more descriptive approach in which labeling is expected to include an
overview of the risks of the particular drug during pregnancy, along with pertinent
data [45]. Most antiarrthythmic drugs are recognized as that animal reproduction
studies have shown an adverse effect on the fetus and there are no adequate and well-
controlled studies in humans, but potential benefits may warrant the use of the drug
in pregnant women despite potential risks. All antiarrhythmic drugs undergo placen-
tal transfer to varying degrees, and there is potential for fetal effects. It is important
to choose the lowest effective dose of the medication. The fetus is most sensitive to
teratogenicity in the first trimester. Thus, medication should be limited during the
first trimester, and drugs with the longest safety record should be used first.
Medications of modest risk that have long been effective in controlling significant
arrhythmias should be continued in most clinical settings during this period, as the
stability of the patient may supersede the potential risks of the medication [46, 47].
During the second and third trimesters, the effects of antiarrhythmic drugs on fetal
growth and development, fetal arrhythmias, and uterine contractility become a con-
cern. However, several antiarrhythmic drugs are known to be safe and effective as
transplacental treatment of fetal tachyarrhythmias (see Chap. 18 “Fetal Arrhythmia”).
Digoxin, sotalol, or flecainide is usually used as first-line fetal therapy [48].

The Vaughan-Williams system classifies antiarrhythmic drugs based on their pri-
mary mechanisms of action (Table 16.1). Class I agents are sodium channel block-
ers that prolong repolarization and increase the risk of torsades de pointes. While
using such drugs, fetal monitoring with magnetocardiography may be considered to
evaluate the presence of underlying prolonged QT intervals in fetuses [49]. Class I
agents are divided into subcategories such as IA, IB, and IC, according to the effects
of sodium channel blocking. Quinidine, procainamide, and disopyramide are class
IA agents historically used for treatment of AF/AFL and VT. Disopyramide should
be avoided during pregnancy due to the potential increased risk for preterm labor.
Lidocaine and mexiletine are class IB agents used for treatment of maternal and
fetal VT. Mexiletine is associated with fetal growth restriction (FGR) and neonatal
transient hypoglycemia. Flecainide and propafenone are class IC agents used for the
treatment of SVT and VT. These drugs should only be used in patients without CHD
or coronary artery disease. Flecainide is preferred over propafenone during preg-
nancy, because propafenone also has beta-blocking properties and experience is
more limited than flecainide.

Beta-blockers are class II agents and the first choice for most arrhythmias. The
FDA classifies beta-blockers as pregnancy category C drugs during the first and
second trimesters and as pregnancy category D drugs, meaning there is evidence of
risk, during the third trimester. Beta-blockers are associated with FGR and brady-
cardia and neonatal hypoglycemia and jaundice [50]. In addition, beta-blockers are
thought to have little effect on the unstressed fetus, but adverse effects may become
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apparent during fetal distress because these drugs impair the fetal response to dis-
tress [51]. The adverse effect of atenolol appears to be more pronounced in women
receiving the drug earlier in pregnancy and continuing the drug for a longer duration
[52], whereas a controlled study using metoprolol after the first trimester did not
show FGR [53]. Therefore, atenolol may be switched to metoprolol or other beta-
blockers because of the slightly increased risks associated with atenolol.

Class III agents are potassium channel blockers. Sotalol, amiodarone, dofetilide,
ibutilide, and dronedarone are used for the treatment of SVT and VT. Sotalol also
has beta-blocking properties. Amiodarone has sodium channel, calcium channel,
and beta-blocking properties, and it causes fetal and neonatal transient hypothyroid-
ism in up to half of cases [54, 55]. Amiodarone should be considered when treat-
ment for life-threatening arrhythmias is required and other antiarrhythmic drugs
have failed [34]. Dronedarone is not recommended during pregnancy due to poten-
tial teratogenicity. Class IV agents are calcium channel blockers, which are usually
used for the treatment of hypertension. Verapamil and diltiazem are used for the
treatment of AF/AFL and SVT. Verapamil is preferred over diltiazem due to exten-
sive experience with this drug during pregnancy.

16.3.5 Intervention for Arrhythmias During Pregnancy

16.3.5.1 Electric Cardioversion

Electric cardioversion is a reasonable option at all stages of pregnancy when
arrhythmias are associated with hemodynamic instability. This procedure can be
considered electively for drug-refractory arrhythmias, and cardioversion does not
compromise blood flow to the fetus [56]. In addition, because only a small amount
of energy reaches the fetus, the risk of inducing fetal arrhythmias is small [47]. In
later stages of pregnancy, there is a theoretical risk of initiating preterm labor. There
are case reports of emergency Cesarean delivery because of fetal arrhythmias after
cardioversion, and fetal monitoring is advised [57].

16.3.5.2 Catheter Ablation in Pregnancy

There are few studies on catheter ablation in the pregnant patient. In general, this
option should only be undertaken in a situation where reasonable medical therapy is
ineffective, and the potential risks to the mother and fetus are outweighed by the
expected benefit. Potential additional risks of catheter ablation in a pregnant patient
versus a nonpregnant patient include fetal radiation exposure and fetal compromise
in the event of maternal hemodynamic instability. In addition, the gravid uterus may
play a role in difficult patient positioning, as well as present challenges in perfor-
mance of pericardiocentesis and resuscitation in the event of a complication. If pro-
cedures are performed after 20 weeks of gestation, placing a wedge beneath the
patient for left lateral uterine displacement is recommended. Radiation exposure to
the fetus should be minimized, particularly in early pregnancy during organogenesis
and neuronal development. From implantation through 8 weeks of gestation, the
threshold dose for fetal abnormalities or mental retardation rises from 100 to
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250 mGy [58]. A reasonable threshold for concern of fetal exposure is 50 mGy, as
exposure to this dose has not been associated with fetal anomalies or pregnancy loss
[59]. Abdominal shielding should be routinely used in pregnancy.

16.3.5.3 Implantable Cardioverter Defibrillators and Pregnancy
Pregnant patients who present with unstable ventricular arrhythmias and at high risk
for sudden cardiac death during pregnancy may be candidates for an implantable
cardioverter defibrillator (ICD). ICDs can be successfully implanted during preg-
nancy with little fluoroscopy, and some have used no fluoroscopy with echocardio-
graphic guidance [60]. However, one must be certain of the indication for the device
and that all other alternatives have been explored because of potential risks such as
maternal hemodynamic instability. Regarding the presence of an ICD during preg-
nancy, little information is available. Natale et al. reported a multicenter retrospec-
tive analysis of 44 pregnant women with ICDs, 42 of whom had abdominal
generators [61]. Local complications such as implant site pain and generator migra-
tion occurred in 3. Eleven (25%) women received >1 shock without direct ill effects
on the pregnancy. Pregnancy was not associated with an increase in ICD-related
complications or ICD shocks. We also found that pregnancy did not increase the risk
of an ICD-related complication under appropriate management [62]. No patient
received discharges or shocks from the ICD during pregnancy; however, 1 of 6
mothers received an ICD shock after delivery. Additional caution may be required
in the postpartum period, as well as during pregnancy and labor. It remains uncer-
tain whether an ICD should be on or off during delivery. Recurrence of VT decreases
placental perfusion due to maternal hypotension and could be dangerous for the
fetus. In contrast, ICD shocks are a concern for the safety of the fetus, although the
amount of energy transferred to the uterus is very small and the fetal heart has a high
fibrillatory threshold. Based on these considerations, we have recently changed our
policy to leave the device turned on during vaginal delivery or Cesarean section,
with the proviso that electrocautery is not used. Because elevated heart rate during
labor may cause inappropriate ICD shock, a multidisciplinary approach involving
specialists in maternal fetal medicine, cardiology, and anesthesiology is needed for
total management during labor and delivery for a pregnant woman with an ICD. This
management needs to be designed specifically to meet these needs at each
hospital.

A wearable cardioverter defibrillator (WCD) is a vestlike device worn under the
clothing that continuously monitors heart rhythm and automatically delivers an elec-
tric shock when VF is detected. This device has been approved by the US FDA for
cardiac patients with a transient high risk for VF, such as those awaiting cardiac trans-
plantation, those at very high risk after a recent myocardial infarction or an invasive
cardiac procedure, or those requiring temporary removal of an infected implanted
defibrillator for antibiotic therapy. A WCD serves its purpose well as a temporary
measure for up to 5 or 6 months, at which time a permanent ICD can be provided for
the few patients in whom there has not been sufficient improvement. There are quite
limited data on the use of a WCD for patients with peripartum cardiomyopathy and
left ventricular noncompaction during pregnancy or after birth [63, 64]. A WCD is an
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alternative approach to protection against sudden death if a pregnant woman is at
risk for malignant arrhythmias and an ICD is either unsuitable or a decision on use
of an ICD has not been made. VT, VF, and long QT syndrome are higher risks in the
postpartum period, rather than during pregnancy and labor. Therefore, temporary
use of a WCD in the postpartum period may be suitable for these conditions.
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Abstract

The optimal management of pregnancies involving fetal congenital anomalies is
important because the events of perinatal period are strongly associated with
perioperative mortality and long-term outcomes. Congenital heart disease (CHD)
is one of the most prominent birth defects; however, few reports on obstetrical
issues in pregnancy with fetal CHD have been published. In this chapter, we
review antenatal and intrapartum management for fetuses with CHD focusing
particularly on intrapartum electrical fetal heart rate (FHR) monitoring in CHD
patients.

FHR monitoring has been widely used for antenatal and intrapartum manage-
ment. Our previous study demonstrated that fetuses with structural heart anoma-
lies tended to show variant heart rate patterns such as severe variable deceleration,
recurrent late deceleration, prolonged deceleration, and loss of baseline variabil-
ity. Single ventricle, isomerism, and tetralogy of Fallot frequently showed vari-
ant FHR patterns. Conversely, umbilical artery pH results showed that most
CHD fetuses with variant FHR patterns did not have accompanying acidosis,
even in cases of emergency Caesarean section (C-section). These data suggested
that special consideration is needed when translating the findings of aberrant
FHR patterns in fetuses with CHD. Although FHR monitoring is among the most
validated tools to detect nonreassuring fetal status, additional strategies should
be discussed in the future due to the difficulty of monitoring fetal well-being in
CHD patients.
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17.1 Introduction

Congenital heart disease (CHD) is one of the most frequently reported fetal anoma-
lies, seen in 1 in 100 live newborns. One-third of CHD patients present severe forms
associated with early infantile mortality. Despite the difficulty of accurate fetal diag-
noses, remarkable advances of echocardiographic imaging in the last decade have
contributed to increased early detection of structural heart defects. Intrauterine diag-
nosis and antenatal management are critical for determining the optimal interventions
after birth, including catheter intervention (balloon atrial septostomy (BAS), etc.) or
artificial respiratory or circulation support (extracorporeal membrane oxygenation
(ECMO), etc.). Fetal and neonatal hemodynamics, as well as fetal well-being, are
taken into consideration when making a birth plan. A team of fetal-maternal medi-
cine specialists and cardiologists is required for understanding the whole picture of
early-life treatment for patients diagnosed with CHD.

With these efforts in medical care, neonatal and infantile mortality due to CHD
has dramatically decreased in recent years. However, it remains important to discuss
the accompanying perinatal risks and their ideal management during pregnancy for
CHD patients.

In this chapter, we discuss the optimal antenatal and intrapartum monitoring of
fetal well-being using ultrasound evaluation or electronic fetal heart rate (FHR)
monitoring.

17.2 Fetal Diagnosis: Screening and Detailed Diagnosis
of Fetal Heart Disease

The primary goal of fetal management in CHD patients is to improve the perinatal
outcome and long-term prognosis. To achieve this goal, the management of fetal
cardiac disease should start from antenatal diagnoses. Pregnant women are highly
recommended to join an antenatal screening program using fetal echocardiography.
When abnormality is detected in fetal hearts by screening, fetal and pediatric cardi-
ologists can perform more detailed assessments to propose ideal postnatal treatment
plans according to the risk stratification.

The effectiveness of prenatal diagnosis of major CHD has been thoroughly dis-
cussed in previous published articles [1-9]. The postnatal courses of some patients
become complicated if they are born without fetal diagnosis and outside the appro-
priate institutions, because some critical types of CHD develop into cardiac com-
promise shortly after birth. Several articles have suggested that fetal diagnosis and
ideal postnatal care minimize the risk of death from cardiovascular deterioration
prior to attempted neonatal cardiac surgery relative to cases diagnosed postnatally
[1, 2]. For example, hypoplastic left heart syndrome (HLHS) is one of the most
severe forms of patent ductus arteriosus (PDA)-dependent cardiac defects and
requires both detailed examination of postnatal hemodynamics and specialized
knowledge of perinatal management, which includes not only pediatric surgery but
also pharmaceutical support to prevent cardiovascular compromise or respiratory



17 Fetal Cardiac Disease 203

failure [2, 3]. A certain type of transposition of the great arteries (TGA) or intact
ventricular septum with a restrictive foramen ovale (FO), ductus arteriosus (DA)
constriction, or pulmonary hypertension may develop severe hypoxemia and
become lethal immediately after birth. Careful preparation for BAS or neonatal car-
diac surgery is essential for postnatal management [5, 6]. Prenatal diagnosis in
fetuses with tetralogy of Fallot (TOF), coarctation of the aorta (COA), or truncus
arteriosus similarly improves their neonatal outcomes [7-9].

However, several issues are debated regarding the ethical aspects of early diag-
noses. A high rate of artificial abortion has been reported after antenatal diagnoses
of critical CHD [10]. Fetuses with CHD are often identified with coexisting defor-
mities or genetic syndromes associated with undesirable prognoses. A multidisci-
plinary approach is required for the treatment of CHD infants. Experts from all
fields of fetal-maternal medicine should work together with other specialists in
genetics or ethics depending on the problem [11]. Families should be carefully
informed about the current conditions of their babies and long-term prognoses to
provide consent for birth plans and postnatal treatment. Because of the logistical
and economic challenges for parents of such babies, social or public aid may play a
pivotal role in their decisions. Moreover, the patients-caregiver relationship or fam-
ily support could influence neonatal and infantile treatment decisions and the future
growth and development of patients affected by CHD.

17.3 Antenatal Management: Obstetrical Management
and Cardiologist Perspectives

Intrapartum management for pregnancies with fetal congenital heart anomalies is
not clearly described in the obstetrical textbooks or literature. Thus, it is often
unclear how to evaluate the well-being of patients with CHD or what are the best
methods and timing of care delivery.

An accurate understanding of both cardiovascular morphology and hemodynam-
ics is critical to determine the best strategy for perinatal management. Fetal cardiac
function is usually evaluated by ultrasound methods such as ejection fraction, car-
diac output, strain or strain ratio, E/A ratio, and isovolumic reaction time (IRT) [12].
Recent technological advances in echocardiography, including spatio-temporal
image correlation (STIC) and tissue Doppler imaging (TDI), may contribute to the
understanding of both detailed structural defects and cardiac function. Other bio-
markers for the early detection of fetal heart failure have recently been investigated
[13]. The combination of these parameters enable detection of the early signs of
deterioration in fetal cardiac function, and once fetal heart failure progresses,
hydrops or arrhythmia can sometimes easily seen by ultrasound examination.

When deciding the timing of delivery, dynamic changes of hemodynamics from
fetal to postnatal circulation should be discussed regarding the balance of benefit
between intrauterine life and postnatal treatment. In the extreme example of
Ebstein’s anomaly, a circular shunt is often observed based on functional pulmonary
atresia with absent forward flow. Circular blood flow occurs left to right across the
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patent ductus arteriosus, retrograde through the pulmonary artery and Ebstein valve,
across the patent foramen ovale, and out the aorta. Although the quantitative estima-
tion of postnatal hemodynamics is difficult, a detailed examination of fetal circula-
tion provides some insight of CHD severity.

Some general obstetrical and gynecological issues for pregnancies with CHD
fetuses have been reported in relatively few papers [14, 15]. Pregnancies affected by
CHD fetuses are associated with several adverse obstetric and neonatal outcomes.
One population-based cohort in Sweden displayed increased risks for preeclampsia,
preterm delivery, small size for gestational ages, and meconium aspiration [15].
Another study showed that fetuses with CHD have a threefold greater risk of devel-
oping intrauterine growth restriction [14]. The presence of other abnormalities
hugely impacts prognoses and could be important for perinatal management. All of
these fetal conditions are important when assessing pregnancy variables, as are
obstetrical assessments such as uterine contractions and cervical length. Essential
examinations for pregnant women should be performed, including fetal ultrasounds
(biophysical profile score (BPS), amniotic fluid index (AFI), and fetal growth) or
electronic FHR monitoring, but special additional knowledge of pregnancies with
fetal CHD is required when discussing their management. All information should
be integrated and discussed comprehensively when determining the optional timing
and mode of delivery.

In the next section, we explore the obstetrical aspects of fetal heart disease, par-
ticularly FHR monitoring patterns in fetuses with congenital heart disease.

17.4 Intrapartum Management
17.4.1 Fetal Heart Rate Monitoring in Fetuses with CHD

Electronic FHR monitoring is one of the most recognized fetal management tools.
It is often conducted at each hospital visit during pregnancy and repeatedly applied
because of its easiness and convenience. FHR is continuously monitored and
recorded until babies are born by spontaneous delivery or Caesarian section. The
interpretation of fetal heart rate pattern is well established. Nonreassuring FHR pat-
terns represent fetal distress and have huge clinical importance as a measurement of
fetal oxygenation and acid-base status. This measurement may inform the next step
of fetal-maternal management, whether action or waiting for spontaneous
recovery.

FHR patterns are produced by the autonomic nervous system, composed of the
sympathetic and parasympathetic nerves connecting the heart to the brain. This
physiological understanding suggests that the structural abnormality of those cycles
might influence the patterns of FHR. Several reports have addressed the unexpected
aberrant patterns generated by congenital anomalies in FHR monitoring, especially
the strong association between aberrant FHR patterns and anomalies of the central
nervous system [16—18]. Conversely, relatively few articles examine the FHR pat-
terns of congenital disease. Gertie et al., for example, analyzed several CHD patients
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for FHR in association with congenital anomalies [16]. Here, we introduce the
results of our research and discuss FHR monitoring for congenital cardiovascular
defects.

17.4.1.1 Research Question 1: Is There Any Difference

in the Prevalence of Caesarean Sections due to Variant

FHR Patterns in CHD?
FHR patterns of fetuses with congenital heart disease (CHD) were analyzed [19].
We retrospectively examined the FHR records of 116 CHD cases delivered from
2000 to 2007 at the National Cardiovascular Center, Osaka, Japan. Corresponding
to each study subject, four consecutive controls matched for gestational age and
birth weight were selected. All CHD cases were diagnosed in utero using ultrasound
and classified into 12 categories: heart isomerism, univentricular heart (UVH), TOF,
transposition of the great arteries, double outlet of the right ventricle, HLHS, com-
mon arteriovenous canal, ventricular septal defect, coarctation or interruption of the
arch (COA/IAA), aortic stenosis, pulmonary stenosis or atresia (PS/PA), and an
“other” category consisting of fewer than 5 cases. Demographic and historical char-
acteristics were compared between the groups.

Table 17.1 shows the background data of each group. When controlling for birth
weight and gestational age, an Apgar score of less than 7 was significantly more
prevalent in infants with CHD than in the controls at both 1 (17.2% vs. 6.0%,
p <0.05)and 5 (9.5% vs 1.5%, p < 0.05) min after birth. The summary of the mode
of delivery for CHD patients and controls is also shown in Table 17.1. Patients
affected by CHD were more likely to be delivered by emergency Caesarean section,
but this difference was not statistically significant. The incidence of emergency

Table 17.1 Population characteristics

Characteristics Study subjects (n = 116) | Control patients (n =464) | P value
Birth weight (g) 2729 + 553 2754 + 531 NS
Gestational age (w) 38+2 38+2 NS
Apgar score
<7 (1 min) 20 (17.2%) 28 (6.0%) <0.05
<7 (5 min) 11 (9.5%) 5(1.0%) <0.05
Sex
Male 63 (54.3%) 245 (52.8%) NS
Female 53 (45.7%) 219 (47.2%) NS
Delivery
Induction 55 (47.4%) 204 (44.0%) NS
Operative 18 (15.5%) 45 (9.7%) NS
Emergency CS 29 (25.0%) 84 (18.1%) NS
Due to variant FHR 15 (12.9%) 15(3.2%) <0.05
Due to arrest of 14 (12.1%) 69 (14.9%) NS
delivery

Ueda K, et.al., Am J Obstet Gynecol. 2009 Jul;201(1):64.e1-6
NS not significant, CS cesarean section
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Table 17.2 Incidence of FHR deceleration and minimal baseline variability in patients with con-

genital heart disease

Characteristics Study subjects (n =116) | Control patients (n =464) | P value
Severe variable 35 (30.2%) 40 (8.6%) <0.05
Prolonged 11 (9.5%) 15 (3.2%) <0.05
Recurrent late 4 (3.4%) 23 (5.0%) NS
Loss/decreased 4 (3.4%) 4 (0.9%) NS
variability

None 62 (53.4%) 384 (82.3%) <0.05

Ueda K, et.al., Am J Obstet Gynecol. 2009 Jul;201(1):64.e1-6
NS not significant

Caesarean section due to variant FHR patterns was significantly higher in CHD
patients (12.9% vs 3.2%, p < 0.01). However, the frequency of emergency Caesarean
section due to other reasons, such as arrest of delivery or induction delivery, did not
differ between groups.

Table 17.2 shows the incidence of each aberrant FHR pattern in patients with
CHD. All signs of FHR were assessed according to the National Institutes of Child
Health and Human Development guideline [20]. Aberrant patterns of FHR were
observed in 46.6% of patients with CHD, which was significantly higher than the
incidence of controls (17.7%, p < 0.01). Severe variable deceleration was found
more frequently during the delivery of patients affected by CHD compared to the
controls (30.2% vs 8.6%, p < 0.01), as was prolonged deceleration (9.5% vs 3.2%,
p < 0.01). Fewer cases were observed with recurrent late deceleration and lost or
decreased baseline variability, and no significant differences were found between
the two groups.

Our findings are consistent with those of previous population cohort studies [15,
21] showing high rates of emergency Caesarean sections or fetal distress in CHD
patients. Other articles have reported that a high prevalence of Caesarean sections is
mainly seen in multiparous pregnancies [22]. The lack of information about null
and multiparous pregnancies in our data could have limited our observations.
Additionally, as is common in retrospective analysis, the indication of intervention
was not perfectly manipulated. This limitation occurred due to the physicians’ intol-
erance when looking at severe structural defects at risk of unfavorable prognoses or
variant patterns of FHR in fetuses with CHD.

Although the generalizability of small studies is debatable, we believe an impor-
tant clinical implication can be drawn from our results: fetuses diagnosed with CHD
are more likely to show intrapartum aberrant FHR patterns, which often indicate an
emergency Caesarean section.

17.4.1.2 Research Question 2: What Subtypes of CHD Most Likely
Show Variant FHR Patterns?

Because congenital malformations constitute a heterogeneous group of structural

lesions, our next research question considered what types of heart defect tend to be

associated with aberrant FHR patterns.
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Table 17.3 Incidence of variant FHR patterns in subjects of CHD
Subjects of Severe | Prolonged | Recurrent | Minimum Normal
CHD (n) Variant FHR | VD D LD variability FHR
Isomerism 6 (46.2%)* 1 3 0 2 7
(n=13)
UVH (n =8) 6 (75.0%)* | 3 3 0 0 2
TOF (n=12) 10(83.3%)* | 7 1 1 1 2
DORV 1 (14.3%) 1 0 0 0 6
(n=17)
VSD (n=38) 3 (37.5%) 3 0 0 0 5
HLHS (n=7) | 2(28.6%) 1 0 1 0 5
TGA (n=17) 2 (28.6%) 2 0 0 0 5
AS (n=17) 4(57.1%) | 4 0 0 0 3
CAVC (n=7) | 2(28.6%) 1 0 1 0 5
PS/PA (n=5) | 2(40.0%) 1 1 0 0 3
CoA/IAA 6 (46.2%)* | 4 0 1 1 7
(n=13)
Others 10 (45.5%) 7 3 0 0 12
(n=22)°
Total 54 (46.6%) |35 11 4 4 62
(n=116)

Ueda K, et.al., Am J Obstet Gynecol. 2009 Jul;201(1):64.e1-6

AIncidence of variant FHR patterns of this category was significantly higher than that of study
subjects (p < 0.05)

"Others included Ebstein’s anomaly (n = 4), truncus of the arteriosus (n = 2), heart tumor (n = 4),
and patent ductus arteriosus (n = 2)

UVH: univentricular heart; TOF: tetralogy of Fellot; DORV: double-outlet right ventricle; VSD:
ventricular septal defect; HLHS: hypoplastic left heart syndrome; 7GA: transposition of the great
arteries; AS: aortic stenosis; CAVC: common atrio-ventricular canal; PS/PA: pulmonary stenosis/
pulmonary atresia; COA/IAA: coactation of aorta/interrupted aortic arch

Table 17.3 presents the analysis of deceleration patterns of FHR fetuses accord-
ing to the subtype of fetal diagnosis. Fetuses with TOF (83.3%), UVH (75%), aortic
stenosis (57.1%), isomerism (46.2%), and COA/IAA (57.1%) showed statistically
higher incidences of variant FHR patterns. Ebstein’s anomalies corresponded to
higher occurrence of variant FHR patterns, but few cases were included (n = 4).
After excluding 44 fetuses associated with [UGR, chromosomal abnormalities, or
other major structural anomalies that might have confounded the interpretation of
FHR patterns, aberrant patterns were still frequently detected in the FHR of study
subjects compared to the controls (38.8% vs. 17.7%, p < 0.05), in particular for
cases with TOF or UVH. Severe variable deceleration and prolonged deceleration
were the most visible patterns among fetuses with CHD.

Although the samples were limited, the data may imply that structural features
originating in the early stages of heart development and involving a larger lesion of
deformities tend to present aberrant patterns. Right or left heart isomerism is a posi-
tioning disarrangement usually diagnosed with heterotaxy or spleen abnormality.
The normal arrangement of the viscera is disrupted and commonly associated with
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single anatomies of the ventricle. Single ventricle is a structural abnormality in
which only one ventricle occurs in the heart, which significantly impairs normal
blood flow. Compared to cases of CHD with a four-chamber structure in situs soli-
tus, single ventricle contains more complexity in anatomy and embryology. The
dynamic alterations of morphology and physiology may confuse autonomic ner-
vous system control because the pathways of those nerves could be affected by the
deformity.

Another explanation is required for the development of aberrant FHR patterns
with TOF, PS/PA, and COA/IAA. All of these deformities present pressure overload
on the ventricles. After eliminating [IUGR or other major anomalies, COA/IAA did
not have a high incidence of apparent FHR; therefore, CHD involving right ventri-
cle pressure overload could impact FHR patterns. Although the number of cases
was small, other heart conditions involving right ventricle pressure load, such as
right heart tumor (n = 2, 100%, variant FHR) and hypertrophy of the right ventricle
of unknown cause (n = 1, 100%, variant FHR), were also observed in this study.

Cases of CHD with normal four-chamber anatomy, including ventricular septal
defect (VSD), common arteriovenous truncus (CAVD), double outlet of the right
ventricle (DORV), and conotruncal abnormalities such as transpositions of great
arteries (TGA) [22], seem to support an intact electrical conduction system.
However, these cases display a variety of structural defects, and severity differs
widely among them. Careful interpretation of the results and a larger sample size are
required. Additionally, the ambiguity of fetal diagnosis should be considered when
translating the study findings to the practical world, because TGA is among the
most intricate types of CHD for fetal echocardiographic examination.

17.4.2 Umbilical Arterial pH

Umbilical blood testing has been used for the retrospective evaluation of intrauter-
ine fetal oxygenation. Umbilical arterial pH can be easily obtained after delivery
without any invasion of the mother or fetus. Low values of pH indicate fetal acidosis
in utero, and a pH < 7.2 is usually considered abnormal. Variant FHR patterns are
well correlated with fetal acidotic status during delivery as reflected by umbilical

Table 17.4 Comparison of umbilical arterial pH between the groups

pH Study subjects (n = 116) Control patients (n = 464) P value
Average 7.290 = 0.097 7.304 +0.076 NS
<7.0 2 (1.7%) 2 (0.9%) NS
7.0-7.1 2 (3.4%) 7 (1.9%) NS
7.1-7.2 8 (10.3%) 26 (7.5%) NS
>7.2¢ 104 429 NS

Ueda K, et.al., Am J Obstet Gynecol. 2009 Jul;201(1):64.e1-6

NS not significant
7.2 > pH: tetralogy of Fallot 3, isomerism 3, ventricular septal defect 2, univentricular heart 2,
common atrio-ventricular canal 1, hypoplastic aorta 1
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Table 17.5 Comparison of umbilical arterial pH in emergency C-section cases between the
groups

pH Study subjects (n = 15) Control patients (n = 15) P value
Average 7.307 +0.041 7.249 = 0.134 NS
<7.0 0 1(6.7%) NS
7.0-7.1 0 1(13.3%) NS
7.1-7.2 0 1 (20.0%) NS
>7.2 15 12 NS

Ueda K, et.al., Am J Obstet Gynecol. 2009 Jul;201(1):64.e1-6
NS not significant

arterial pH. Therefore, variant FHR patterns and acidotic findings from umbilical
arterial pH should be associated.

Table 17.4 shows that umbilical arterial pH values were similar in both groups
(study subjects vs controls, 7.290 + 0.098 vs 7.304 £ 0.076). These data suggest that
no significant differences occurred between the two groups in fetal acidotic status.
Interestingly, this pattern was also observed in the subgroup delivered by emer-
gency Caesarian section due to variant FHR (7.307 + 0.041 vs 7.249 = 0.134,
respectively: p > 0.05). Two cases with umbilical arterial pH < 7.2 were observed
among the controls, but no cases were observed among patients with CHD
(Table 17.5).

Our data suggest a discrepancy in the clinical interpretation of findings from
FHR monitoring and umbilical arterial pH in patients with CHD. It is puzzling that
variant patterns of FHR in CHD patients cannot be translated in the same way as for
patients without CHD. One possible interpretation may involve the mechanisms of
formulating FHR patterns. Fetal autonomic activity has been established as a reli-
able marker of central nervous system function and could be reflected in the control
of fetal heart rate. Therefore, an abnormality of the brain, heart, and nerves that
connects two organs may be associated with variant FHR patterns. Some types of
CHD are likely to accompany variant FHR, but the correlation between FHR pat-
terns and real fetal acidosis could be confounded or even exaggerated by the unique
features of the autonomic conduction system. This hypothesis is supported by the
observations of Siddiqui et al., who found that autonomic development in fetuses
with CHD began to detectably deviate from the normal trajectory of autonomic
nervous system regulation within 19 weeks of gestation [23].

Further investigations are needed to determine the relationship between aberrant
patterns in CHD patients and the mechanism of formulating FHR patterns.

17.4.3 Other Tools for Evaluating Fetal Well-Being for CHD

FHR monitoring is a well-validated tool for the evaluation of fetal well-being.
However, this method is limited when examining fetuses with fetal acidosis and
structural heart defects. Aside from FHR monitoring, fetal echocardiography, and
umbilical arterial pH values, relatively few tools exist for the fetal diagnosis of fetal
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distress. Before delivery onset, the risks of progressing acidosis can be evaluated by
alow BPS score, blood flow, or resistance in fetal brain vessels or umbilical vessels.
Fetal scalp blood sampling of pH or lactate can examine fetal acidosis directly, but
this invasive procedure is seldom performed. The use of fetal scalp blood sampling
data for intrapartum management in an emergency situation is unrealistic.

Several other studies have examined fetal well-being and CHD [22, 24]. A fetal
oximeter can measure fatal oxygenation directly during the intrapartum period. This
new device is expected to determine fetal distress with high sensitivity and specific-
ity, thereby reducing Caesarian section rates. Considering the present evidence from
the Cochrane review, which compiled negative data from several systematic studies
(including six comparing fetal pulse oximetry and FHR vs DHR alone), it remains
difficult to conclude that the fetal oximeter provides a strong alternative to FHR
monitoring [24]. A better method or improved device for pulse oximetry is neces-
sary to enhance the overall evaluation of fetal well-being during labor. Another pos-
sibility is the evaluation of the ST segment in fetal electrocardiography. Gay et al.
compared the frequencies of different ST events between fetuses with and without
CHD. Their results showed that CHD does not modify the frequencies of ST events
[22]. Fetal electrocardiography (STAN) was developed to avoid unnecessary
Caesarean sections due to suspected fetal acidosis. The mechanism of STAN is
related to heart muscle oxygenation and the biphasic ST segment, and T/QRS ratios
represent fetal hypoxic episodes. The clinical translation of this study data is chal-
lenging, as the authors did not provide the data of their FHR monitoring, but the
results could be useful for further investigation of the relationship between aberrant
HFR patterns and patients with CHD.

17.5 Conclusion and Further Research Questions

Some observations introduced in this chapter still require further examination.
However, in conclusion, these findings generate relevant clinical implications and
suggest new research questions for both obstetricians and fetal and pediatric
cardiologists.

A better understanding of fetal physiology and innovative thinking could help
solve several remaining problems in pregnancies involving CHD fetuses. Although
several operational devices or technical innovations could be applied to improve the
long-term mortality and morbidity of CHD infants, these technologies would still
not fulfil physician and patient demands. Furthermore, fetal interventions have been
widely discussed to support term pregnancies or improve fetal circulation status in
several types of CHD. To generate new technological advancements, more detailed
investigation of the basics of fetal life is important. A more sophisticated collabora-
tive approach between a variety of experts in the field should be established to
address this challenge [25].

True innovation will arise from a careful analysis of present technology, and
physicians should identify its current limitations. Many opportunities remain in this
field for both daily practice and research.
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Takekazu Miyoshi

Abstract

Fetal arrhythmias present as an irregular cardiac rhythm and abnormal heart rate.
Despite the theoretical advantage of fetoplacental circulation, rapid progression
to hydrops is found in fetuses with tachyarrhythmia or bradyarrhythmia due to
the limited heart rate reserve. Accurate diagnosis is essential for appropriate
management of fetal arrhythmias, but this can be challenging since fetal electro-
cardiography is unavailable. Echocardiography plays a pivotal role in diagnosis
and management of fetal arrhythmias. Most cases of fetal arrhythmia have a
structurally normal heart with isolated premature contractions that often sponta-
neously resolve without medical treatment. There is a clear clinical consensus
that maternal transplacental antiarrhythmic therapy for fetal tachyarrhythmia is
effective. Complete atrioventricular block is irreversible. Dexamethasone and
intravenous immunoglobulin have been used to prevent myocardial inflamma-
tion, but recent studies have not shown efficacy of these drugs for fetal bradyar-
rhythmias. Long QT syndrome manifests in several heart rate patterns and is
associated with cardiac arrest and sudden death. Maternal intravenous magne-
sium is effective for ventricular tachycardia or torsades de pointes. This chapter
reviews the different types of fetal arrhythmias and gives an overview of the
current diagnostic techniques and treatment strategies.
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18.1 Clinical Features

Arrhythmias present as an irregular cardiac rhythm, a slow or fast heart rate, or a
combination of abnormal rhythm and rate. Fetal arrhythmias are observed in 1-2%
of pregnancies at mid- to third trimester. Most cases evaluated for an irregular
rhythm have isolated premature contractions with a structurally normal heart.
Premature contractions usually spontaneously resolve without medical treatment
[1]. In contrast, fetal tachyarrhythmias or bradyarrhythmias are rare but life-
threatening, and medical treatment is usually necessary in utero and after birth.
Most cases of congenital heart disease, even complex heart defect, can adapt in the
fetal circulation. Despite the theoretical advantage of fetoplacental circulation, the
circulatory reserve of an unborn child is negatively influenced by a variety of envi-
ronmental and intrinsic factors, including the limited heart rate reserve. Because of
the limited pump reserve of immature hearts, any significant change in heart rate
leads to a decline in cardiac output, impaired cardiac filling, and venous congestion,
the severity of which depends on arrhythmia characteristics and myocardial proper-
ties. Persistent tachyarrhythmias and bradyarrhythmias are among the more com-
mon cardiac causes of fetal hydrops, prematurity, and perinatal death [2, 3].
Hemodynamic evaluation using Doppler echocardiography permits elucidation of
the electrophysiological mechanism and improves the accuracy of diagnosis. This
method can also be used to understand fetal cardiac pathophysiology and to assess
fetal conditions and monitor the effect of antiarrhythmic treatment. Abnormal
venous Doppler sonography findings are common and severe in fetuses with tachy-
or bradyarrhythmias and indicate elevation of central venous pressure. An increase
in wall stress will result in cardiac remodeling and hypertrophy, which increases
myocardial oxygen consumption and aggravates myocardial dysfunction. To over-
come the reduction in ventricular compliance, end-diastolic filling pressure and
hydrostatic central venous pressure increase to improve cardiac output [4]. As a
result, rapid progression to hydrops occurs in fetuses with tachy- or
bradyarrhythmias.

18.2 Diagnosis
18.2.1 Fetal Echocardiography

Accurate diagnosis is essential for management of fetal arrhythmias, and electro-
cardiography is the main diagnostic tool for arrhythmias in neonates, children, and
adults. Noninvasive fetal electrocardiography is available at a few institutions but
is too time-consuming to use in general clinical settings due to sensitivity and dif-
ficulty with analysis. Fetal echocardiography is usually used to assess fetal heart
rate and rhythm, using 2D, M-mode, or pulsed Doppler imaging [5]. M-mode
imaging is useful for simultaneous recording of atrial and ventricular systolic wall
motions [6]. The relationship between atrial and ventricular contractions can be
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shown, and heart rate can be measured. Simultaneous pulse wave Doppler evalua-
tion of the superior vena cava and ascending aorta (SVC/aAo Doppler) is used to
examine the sequence and time relationship of blood flow events secondary to
atrial and ventricular contractions [7]. The beginning of the retrograde SVC wave
reflects onset of atrial systole (A-wave), whereas onset of aortic forward flow
marks the beginning of ventricular systole (V-wave). Diagnosis of fetal arrhyth-
mias is made using the relationship between the A-wave and V-wave (Fig. 18.1).
Each atrial event is followed by a ventricular event within a normal atrioventricular
(AV) time interval, which confirms normal 1:1 AV conduction [8]. Fetal echocar-
diography is not an electrical assessment but a mechanical assessment. Hence,
repolarization abnormalities such as long QT syndrome cannot be confirmed solely
by echocardiography.

Fig. 18.1 Two-dimensional imaging showing a segment of the ascending aorta (aAo) adjacent to
the superior vena cava (SVC) draining into the right atrium. Pulsed Doppler echocardiography
shows aortic ejection waves (V-waves) recorded above the zero velocity line. Anterograde venous
flow in the SVC in the opposite direction is shown below the line, and small venous retrograde
waves (A-waves) caused by right atrial contraction are above the same line. (a) Fetal tachyarrhyth-
mia with a short ventriculoatrial pattern, suggesting atrioventricular reentrant tachycardia. (b)
Fetal tachyarrhythmias with 2:1 atrioventricular conduction, suggesting atrial flutter. (c¢) Fetal
bradyarrhythmia with a regular normal atrial rhythm and rate but with the ventricles beating inde-
pendently at a much slower rate, suggesting complete atrioventricular block. (d) Fetal bradyar-
rhythmia with 2:1 atrioventricular conduction, suggesting congenital second-degree atrioventricular
block or functional atrioventricular block due to long QT syndrome
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18.2.2 Cardiotocography

Cardiotocography traces fetal heart rate based on pulsed Doppler technology and is
usually used for evaluating antepartum and intrapartum fetal well-being [9]. Similar
to Holter electrocardiogram, cardiotocography can display uninterrupted segments of
recorded time during normal rhythm or arrhythmias. In particular, cardiotocography
plays an important role in management of fetal tachyarrhythmia, since it clearly shows
the fetal heart rate baseline and frequency of fetal tachyarrhythmias, making it easy to
evaluate the effects of fetal treatment. In addition, the clinical features of fetal ectopic
atrial tachycardia (EAT) can be shown by cardiotocography. Fetal EAT has slow base-
line changes that are referred to as a “warm-up and cool-down” phenomenon [10].
Onset and termination are sudden in most cases of reentrant supraventricular tachy-
cardia (SVT) and atrial flutter (AFL) (Fig. 18.2a, b), whereas in EAT the shift of the
pacemaker from the sinus node to the ectopic focus is more gradual. Thus, EAT shows
a gradual increase after onset of tachycardia and a gradual decrease before termination
of tachycardia (Fig. 18.2c). Another feature of fetal EAT on cardiotocography is short-
term variability with acceleration during tachyarrhythmia [11].
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Fig. 18.2 Fetal cardiotocography showing () atrioventricular reentrant tachycardia with sudden
termination of sinus rhythm, (b) atrial flutter with a flat baseline, (c) the fetal baseline accelerating
gradually from 200 to over 240 bpm and decelerating gradually from 240 to 200 bpm, indicating a
“warm-up and cool-down” phenomenon of ectopic atrial tachycardia
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18.2.3 Fetal Magnetocardiography

Fetal magnetocardiography (fMCG) is used to assess electromagnetic characteris-
tics of fetal cardiac conduction. Measurement must be performed in a shielded
room that excludes magnetic interference from environmental sources [12].
Because of the requirement for specialized equipment and expertise, fMCG is cur-
rently performed in only a few institutions worldwide. fMCG captures the P-wave,
PR interval, QRS interval, ST-T waves, QT interval, and RR interval in most
fetuses at >24 weeks of gestation (Fig. 18.3a) [13, 14] and may be especially useful
for analyzing complex rhythm and rate patterns such as irregular, multiple, or tran-
sient arrhythmias and for providing a more accurate differential diagnosis of tachy-
and bradyarrhythmia. No other current method can detect repolarization
abnormalities such as T-wave alternans [15]. Although fMCG currently has limited
availability, use of this technique is reasonable for assessment of cardiac conduc-
tion and rhythm in fetuses with a known or suspected disease of the conduction
system.
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Fig. 18.3 Fetal magnetocardiography showing (a) accurate P-wave, PR interval, QRS interval,
ST-T waves, QT interval, and RR interval evaluated using the signal-averaged method, and (b)
consecutive recording of 2:1 atrioventricular (AV) block and torsades de pointes due to long QT
syndrome
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18.3 Management
18.3.1 Premature Contractions

Most fetuses evaluated for an irregular rhythm have a structurally normal heart with
isolated premature contractions that disappear during pregnancy or shortly after
birth. Premature atrial contraction (PAC) accounts for most patients with an irregu-
lar heartbeat at any age. PAC manifests as premature P-waves with abnormal P-wave
axes and with an AV conduction that may be normal, aberrant, or blocked. In echo-
cardiography, PAC is detected as a shorter than normal atrial interval. If AV conduc-
tion is normal, the premature atrial event is followed by a timely related premature
ventricular event. If the PAC is premature enough to prevent conduction across the
refractory AV node, no ventricular event is observed, which manifests as a skipped
heartbeat. Before birth, PACs have been associated with a less than 1% risk of fetal
tachyarrhythmias, although a higher risk has been suggested for atrial bigeminy and
couplets [16]. PACs usually spontaneously resolve without medical treatment.
Premature ventricular contraction (PVC) is uncommon in utero. PVC manifests in
a premature QRS complex that is not preceded by a P-wave. In echocardiography,
PVC is not preceded by an atrial beat, whereas atrial intervals are usually normal
and regular. Isolated PVCs are typically benign and self-limited and require no
treatment. PVCs secondary to ventricular aneurysm or cardiomyopathy should be
noted. The American Heart Association statement recommends fetal echocardiogra-
phy to assess cardiac structure and function and to determine the mechanism of
arrhythmia if the fetus presents with frequent ectopic beats [17]. Fetal heart rate
should be monitored weekly until PACs or PVCs have resolved.

18.3.2 Fetal Tachyarrhythmias

Detection of a fast heart rate >180 bpm in a fetus constitutes a medical emergency
because it carries a significant risk of fetal heart failure, hydrops, and death. Possible
mechanisms include SVT, AFL, and VT. SVT and AFL account for 90% of fetal
tachyarrhythmias, and both are readily distinguished by echocardiography.
Secondary sinus tachycardia due to hyperthyroidism should be excluded. A variety
of fetal and maternal conditions may cause sustained sinus tachycardia, including
distress, anemia, and infection. The underlying cause of tachycardia should be
treated.

18.3.2.1 Atrioventricular Reentrant Tachycardia

Atrioventricular reentrant tachycardia (AVRT), the most common mechanism of
fetal SVT, involves a reentrant circuit that uses the AV node to conduct from the
atria to the ventricles and a fast-conducting accessory pathway to propagate the
ventricular impulse back to the atria [18]. Heart rate in AVRT usually ranges from
220 to 300 bpm. AVRT starts suddenly with a PAC and terminates with AV block.
Most hearts are structurally normal, but Ebstein’s anomaly is a well-known
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association with accessory pathways. Fetal echocardiography shows a short ven-
triculoatrial (VA) pattern because atrial contraction occurs soon after ventricular
contraction (Fig. 18.1a). Because of the near simultaneous atrial and ventricular
contractions, the AV valves are closed during atrial systole, and there is pro-
nounced A-wave flow reversal in the precordial veins and ductus venosus. fMCG
can detect a delta wave in utero if there is anterograde pathway conduction during
sinus thythm (Wolff-Parkinson-White syndrome). In retrospective studies, 40%
of fetuses with AVRT presented with hydrops, and this was associated with peri-
natal mortality of 21-27%. In contrast, the rate of perinatal mortality was <5% for
cases without hydrops. After delivery, medical treatment must be reassessed rela-
tive to the antiarrhythmic drug used in utero, the duration since the last recur-
rence, and the mechanism of clinical tachycardia. Prophylactic antiarrhythmic
treatment is often used to prevent AVRT recurrence during the first 6 months or
longer because approximately 50% of AVRT cases have recurrence in the neonatal
period [2, 19].

18.3.2.2 Ectopic Atrial Tachycardia

EAT accounts for 10-15% of cases of fetal SVT. EAT is caused by automaticity and
arises from an ectopic focus within the atria. Cardiotocography is useful for detec-
tion of unique heart rate changes with a “warm-up and cool-down” phenomenon
[10]. Although EAT is usually 1:1, conduction delay with AV block may be seen.
EAT is more refractory to pharmacological treatment than AVRT, resulting in con-
gestive cardiomyopathy [20]. Short-term antiarrhythmic treatment is often required,
but EAT usually resolves before 6 months of life.

18.3.2.3 Atrial Flutter

AFL accounts for 30% of fetal tachyarrhythmias and is often associated with acces-
sory AV pathways and reentrant SVT [2]. AFL is sustained by a macro-reentrant
circuit that is confined to the AV ring. The atrial rate of AFL usually ranges from
400 to 540 bpm, which is commonly associated with 2:1 AV conduction and a ven-
tricular rate of 200-270 bpm (Fig. 18.2b). A normal ventricular rate is occasionally
observed in AFL with slower 3:1 or 4:1 AV conduction. In the absence of structural
heart disease, AFL is almost exclusively observed in fetuses during the third trimes-
ter or at birth. If AFL persists to birth, sinus rhythm can be restored by synchronized
electrical cardioversion. Neonatal recurrence of AFL is uncommon and long-term
treatment is rarely required [18].

18.3.2.4 Fetal Treatment for SVT and AFL

A randomized control study has not been performed, but there is a clear clinical
consensus on the efficacy of maternal transplacental antiarrhythmic therapy for fetal
tachyarrhythmias [17]. Rapid pharmacologic cardioversion to a normal sinus
rhythm is most pressing for hydropic fetuses with incessant tachyarrhythmia.
Possible medications to treat fetal SVT and AFL until birth include maternal
digoxin, sotalol, or flecainide alone or in combination. Oral administration of anti-
arrhythmic agents is recommended. Direct treatment of the fetus by intramuscular
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injection may have a role in more rapidly restoring sinus rhythm in the hydropic
fetus, but experience with this route is quite limited. The goal of fetal treatment is
establishment of sufficient sinus rhythm or heart rate to allow resolution of hydrops
or ventricular dysfunction. Management of fetal tachyarrhythmias depends on ges-
tational age, the presence and degree of fetal compromise, hydrops or other risk
factors, and potential fetal and maternal risks of fetal therapy and early delivery.

A flowchart for decisions on treatment of fetal tachyarrhythmias at the National
Cerebral and Cardiovascular Center is shown in Fig. 18.4. Pharmacological treat-
ment is recommended for all but the near-term fetus with sustained SVT or AFL
(occurring more than 50% of the time) or with fetal hydrops or cardiac dysfunction.
In contrast, treatment of intermittent tachyarrhythmia (less than 50% of the time) is
likely to include close observation because heart failure rarely develops [21]. The
treatment protocol depends on fetal and maternal risk analysis, with little data to
support a specific treatment protocol that is likely to be most effective and to carry
the lowest risk. In most cases at our center, digoxin is used as first-line therapy, a
combination of digoxin and sotalol as second-line therapy, and a combination of
digoxin and flecainide as third-line therapy. Fetal treatment is continued until deliv-
ery, even when cardioversion has been achieved, because approximately 15% of
fetal tachyarrhythmias recur in utero [18].

Gestational age
less than 34 -37 weeks

YES NO
Sustained SVT or AFL Observation
more than 50% or Termination
YES NO
Treatment Fetal hydrops

or Cardiac dysfunction

YES NO

Treatment Observation

Fig. 18.4 Flowchart for decisions on treatment for fetal tachyarrhythmias at the National Cerebral
and Cardiovascular Center. SVT supraventricular tachycardia, AFL atrial flutter
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Fetal treatment as first- and second-line antiarrhythmic therapy is still controver-
sial [22]. For reentrant SVT, maternal digoxin administered orally or intravenously is
used as first-line therapy in many centers because of its relatively safe profile. In
some centers, sotalol or flecainide is used as primary therapy [23-26]. For AFL,
sotalol is recommended because it is effective in converting 50-80% of cases [24].
These agents are all reasonable as first-line choices, but there is no study indicating
which the best initial therapy is. Sotalol, flecainide, and amiodarone have often been
used as second-line therapy. However, amiodarone has a more significant toxicity
profile for the mother and fetus and should be reserved as third-line treatment for
life-threatening tachyarrhythmias [27, 28]. The duration of therapy with amiodarone
should be minimized with discontinuation after hydrops resolve. There are no ran-
domized, multicenter, clinical trials of use of antiarrhythmic agents in fetal tachyar-
rhythmias. Therefore, treatment protocols remain center specific. In Japan, a
multicenter clinical trial using antiarrhythmic agents (digoxin, sotalol and flecainide)
in fetal SVT and AFL has been done (UMIN000004270, http://en.fetusjapan.jp/).

18.3.2.5 Adverse Effects of Antiarrhythmic Medications

Relatively high doses of antiarrhythmic drugs are required during the second and
third trimesters, since maternal circulating blood volume and renal clearance are
both increased. There is limited information on maternal-fetal transfer of antiar-
rhythmic agents in humans. With the exception of sotalol and flecainide, most
drugs have diminished transplacental transfer with fetal hydrops [29]. Nausea,
fatigue, and loss of appetite are well-known adverse effects of digoxin, and sinus
bradycardia or AV block are common effects or adverse effects with antiarrhyth-
mic drugs. Use of combination therapies presents a greater risk of maternal and
fetal complications than monotherapy. However, serious maternal adverse effects
are rare in most reported series and generally resolve with discontinuation of
therapy. For preventing proarrhythmia in the mother and fetus, it is important to
keep the maternal serum potassium level at no less than 4.0 mEq/L. A maternal
electrocardiogram is essential before treatment with QT-prolonging drugs such
as sotalol, flecainide, and amiodarone, and close monitoring for maternal QTc
interval is important. Frequent monitoring of drug levels and the maternal elec-
trocardiogram are recommended to assess drug effects and toxicity, especially in
dose escalation [17].

18.3.2.6 Ventricular Tachycardia

VT is a rare arrhythmia in fetuses. Fetal echocardiography shows tachycardia
<200 bpm that is often incessant on presentation. VT often shows a short VA pattern
similar to AVRT, which is most common in fetal arrhythmias. To distinguish VT
from AVRT, close evaluation is important. The characteristic findings of VT are a
ventricular rate higher than the atrial rate and dissociation between ventricular and
atrial contractions. If fMCG shows a wide QRS in tachycardia, diagnosis of VT is
more likely. In evaluation of fetal VT, possible causes include viral and anti-Ro
antibody-mediated myocarditis, cardiac tumors, structural heart disease, and hered-
itary cardiomyopathy including long QT syndrome. Treatment and prognosis
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depend on the VT mechanism and pattern, the hemodynamic impact, and associated
conditions. Maternal intravenous magnesium is recommended as first-line treat-
ment for fetal VT [30-32]. In addition, combination therapies of oral propranolol
and mexiletine may be considered, even though there are no data showing which
agent is most effective. In a case with suspected or confirmed long QT syndrome,
drugs with QT-prolonging potential such as sotalol, flecainide, and amiodarone are
contraindicated.

18.3.3 Fetal Bradyarrhythmias

Fetal bradyarrhythmias are defined by a heart rate <100 bpm. Occasional, brief
sinus bradycardia is a benign physiologic response in which the rate of the sinus
node is slower than normal for age. Prolonged or persistent bradycardia is of more
concern and should trigger a more detailed assessment of the cause. The main
mechanisms of fetal bradyarrhythmias include sinus bradycardia, complete AV
block, and functional AV block due to nonconducted atrial bigeminy or long QT
syndrome.

18.3.3.1 Sinus Bradycardia

Sinus bradycardia is defined as a rhythm that originates from the sinus node but in
which the rate is slow for age. A subsidiary pacemaker may become the dominant
pacemaker if the rate of the sinus node decreases to less than that of the secondary
pacemaker. In echocardiography, fetal sinus or atrial bradycardia resembles that of
a normal rhythm, with the only difference being that the atrial and ventricular rates
are slow for gestational age, usually in the range of 80-110 bpm. Sinus bradycardia
is well tolerated but may be secondary to fetal distress, sinus node dysfunction, and
long QT syndrome. Perinatal management of sinus bradycardia depends on the
underlying cause and may include no treatment, anti-inflammatory medication for
myocarditis, and postnatal therapy.

18.3.3.2 Complete Atrioventricular Block

Complete AV block is defined as a complete failure of normal propagation of atrial
impulses to the ventricles and is the most common congenital conduction abnormal-
ity before birth. Typical fetal echocardiography shows a regular normal atrial
rhythm and rate, whereas the ventricles beat independently at a much slower rate of
40-80 bpm (Fig. 18.1c¢). In about half of fetal cases with congenital AV block, it is
associated with major congenital heart defects (CHDs) such as left atrial isomerism
and corrected transposition of the great arteries [33]. The prognosis of fetal bradyar-
rhythmia with CHD is still poor, with a nationwide survey in Japan showing neona-
tal and overall survival rates of 66% and 48%, respectively [3]. In fetal
bradyarrhythmias associated with CHDs, a ventricular rate <55 bpm has significant
effects on fetal myocardial dysfunction and fetal hydrops, resulting in a poor prog-
nosis. However, all cases of corrected transposition of the great arteries or
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ventricular rate >70 bpm survived. In the absence of structural heart disease, con-
genital AV block is strongly linked to the fetal transplacental passage of anti-Ro
antibodies, which are prevalent in about 1-2% of pregnant women [34]. In 1-5% of
exposed fetuses, the maternal antibodies lead to complications, including congeni-
tal AV block, sinus bradycardia, myocarditis, endocardial fibroelastosis, and dilated
cardiomyopathy. Although fetuses with isolated congenital AV block often toler-
ate in utero circulation, the severe end of the disease spectrum includes low cardiac
output, fetal hydrops, and death. Risk factors associated with perinatal death include
gestational age, fetal hydrops, endocardial fibroelastosis, myocarditis, and ventricu-
lar rate <50-55 bpm [35, 36]. A nationwide survey in Japan showed that fetal
hydrops was associated with a 14-fold increased risk of perinatal death, and myo-
cardial dysfunction was a significant risk factor for a poor prognosis [37].
Interestingly, fetal heart rate and the presence of maternal antibodies were not asso-
ciated with morbidity and mortality.

18.3.3.3 Fetal Treatment for Fetal Bradyarrhythmias

There is currently no consensus on the indications of fetal treatment for isolated
congenital AV block, and there is no treatment available to reverse complete AV
block [38]. Dexamethasone, intravenous immunoglobulin, beta-sympathomimetics,
and postnatal pacing have been used to prevent or treat severe immune-mediated
myocardial inflammation, to augment cardiac output, and to improve the prognosis
[39, 40]. A flowchart of the decision protocol for fetal bradyarrhythmias in fetuses
without CHDs at the National Cerebral and Cardiovascular Center is shown in
Fig. 18.5. Treatment of congenital AV block depends on the origin, presence, and
degree of heart failure and the ventricular rate. When signs of fetal hydrops,

Fetal hydrops or Myocarditis
or Cardiac dysfunction

YES | NO

Gestational age
less than 32 weeks

NO | YES

Observation Steroids
or Termination

Ventricular hear rate
less than 55 bpm

YES | NO

Beta-sympathomimetics| | Observation |

Fig. 18.5 Flowchart of the decision protocol for fetal bradyarrhythmias in fetuses without CHDs
at the National Cerebral and Cardiovascular Center
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myocarditis, pericarditis, or cardiac dysfunction are observed, maternal dexametha-
sone (4 mg/day for 2 weeks; 2 mg/day to 30 weeks of gestation; 1 mg/day to 31 weeks
of gestation; 0.5 mg/day to 32 weeks of gestation) is used from the time of diagnosis
to 32 weeks of gestation. When fetal hydrops or severe cardiac dysfunction develops
after 34 weeks of gestation, neonatal treatment should be considered. Possible treat-
ment-related adverse events that may preclude routine use of high-dose steroids
include fetal growth restriction, oligohydramnios, and maternal diabetes mellitus and
central nervous system side effects [39]. Chronic prenatal steroid therapy for con-
genital AV block has no obvious impact on neurocognitive function at school age
[41]. However, it is recommended that steroid use is limited to <10 weeks to avoid
maternal and fetal adverse effects, especially fetal growth restriction and oligohy-
dramnios [37]. We also use transplacental ritodrine hydrochloride infusion (usually
30-200 pg/min) to maintain fetal ventricular heart rate at >55 bpm. However, recent
studies have not shown efficacy of this treatment for fetuses with or without CHDs
[10, 35-37]. Several reports have suggested addition of maternal intravenous immu-
noglobulin (1 g/kg every 2-3 weeks) if endocardial fibroelastosis and ventricular
dysfunction are detected [40]. The optimal timing for administration and repeated
dosing intervals is unknown. Prospective, randomized trials or a registry is needed to
establish definitive treatment recommendations for a fetus with congenital AV block.

18.3.3.4 Long QT Syndrome

Long QT syndrome is an inherited ion channel disorder that manifests as several
patterns of fetal arrhythmias [42, 43]. Sinus bradycardia is most common, usually
in the range of 80—110 bpm. An irregular rhythm can also be caused by functional
second-degree AV block (Figs. 18.1d and 18.3b), which is characterized by failure
of AV conduction of atrial activity to the ventricle. Unlike in atrial bigeminy, the
atrial rhythm in 2:1 AV block is fairly constant and 1:1 AV conduction recurs at
slower atrial rates [16]. Long QT syndrome has the potential to cause VT or torsades
de pointes (Fig. 18.3b), which is associated with fetal heart failure, hydrops, and
sudden death, as in adults. Maternal intravenous magnesium is effective and recom-
mended as first-line treatment for fetal VT or torsades de pointes due to long QT
syndrome. Because of the predisposition of patients with long QT syndrome for
VT-related cardiac arrests and sudden death, postnatal treatment with a long-acting
beta-blocker with or without a pacemaker or implantable cardioverter-defibrillator
is often required.
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