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f intrnduction o the Revised Guidelinegs

The latest version of the guidelines includes new findings of
papers published after publication of the previous version® to
reflect the current practice. Some sections regarding obstetrics
and specific diseases were revised significantly, while other
sections are kept almost unchanged because few reports have

been published after publication of previous version. The cur-
rent guidelines include new sections of “psychosocial issues”
(subsection of the “Pre-Pregnancy Counseling”), “Hemody-
namic Assessment During Pregnancy”, “Drug Therapy During
Pregnancy” and “Directions of Future Research”.

# Goneral Description

1. Gardisvascwdar Change Dwing Pregnancy
and Delivery

Hemodynamics during pregnancy and delivery is significantly

affected by changes in fluid circulation, hematology, respiratory
function, endocrinology and the autonomic nervous system.?*
Plasma volume begins to increase from 4 weeks of gestation,
peaks at 32 weeks of gestation, and then is maintained at a

similar level or increase gradually to the volume 40 to 50%
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higher than that before pregnancy.+” Heart rate peaks at around
32 weeks of gestation to about 20% higher than that before
pregnancy. Cardiac output increases to 30 to 50% higher than
that before pregnancy at 20 to 24 weeks of gestation, and is
maintained at a similar level throughout the pregnancy.57 Aor-
tic pressure and systemic vascular resistance decrease during
pregnancy. Uterine contraction and labor pain causes increases
in circulatory volume by 300 to 500ml, cardiac output by 15 to
25% and heart rate and blood pressure.®? It is preferable that
women in labor be kept in the left decubitus. Typical blood loss
during vaginal delivery is about 500ml, while that during
cesarean section is about 1,000 ml. Immediately after delivery,
venous return increases abruptly after the pressure on the infe-
rior vena cava from the growing uterus was relieved. It takes
about 4 to 6 weeks to return to a normal hemodynamic status
after delivery.?3 During the first and second trimesters, hemo-
globin and hematocrit levels decrease, which causes a relative
anemia.*** The risk of thromboembolism increases during
pregnancy. Since aortic wall becomes fragile during preg-
nancy, aortic dissection may occur in susceptible patients such
as Marfan syndrome associated with dilated aorta.

2. Cardiac Assessment Before Pregnansy

It is important for women with heart diseases to undergo
appropriate assessment of pulmonary artery pressure, ven-
tricular function, aortic diameter, cyanosis, New York Heart
Association (NYHA) classification and other appropriate items
to predict the risk of pregnancy-related complications in mother
and fetus. Pre-pregnancy checkup for patients with underlying
heart diseases includes history taking, physical examination,
chest X-ray, electrocardiogram (ECG) and echocardiography.
Cardiac catheterization, exercise stress test*! and Holter moni-
toring may be also conducted whenever necessary.

3. Pre-Pregnancy Counseling

Women with heart diseases should receive pre-pregnancy
counseling, including discussion about the risk to the mother,
risk to the fetus, hereditary risk, possible course of pregnancy,
and sexual activity and caring for baby. The prevalences of
menstruation disorders and amenorrhea are high among women
with a history of congenital heart disease especially those with
a history of cyanotic congenital heart disease and those who
underwent multiple surgeries. Frequent menstrual disorders
and poor fertility are commmon findings among women with
residual cyanosis following Fontan operation,**!* and women
with cyanotic congenital heart disease. Recurrence rate of heart
disease is higher in patients with congenital heart disease than
in healthy parents, and the incidence is higher in children of
mothers with congenital heart disease than those of fathers with
it. It is likely that women with heart disease experience heart
failure and/or arrhythmia after delivery, and encounter difficul-
ties in caring for baby due to poor cardiac function.**** Patients
with heart disease often cannot have life insurances.?®'%
Although the NYHA classification is often used to consider
whether pregnancy is contraindicated or not, physicians must
not rely solely on it to predict the prognosis of pregnancy of
their individual patients. Tabie 1 lists patients with heart dis-
eases and conditions that require careful monitoring during
pregnancy or should be advised to avoid pregnancy.
Permanent sterilization procedures include tubal ligation,
and temporal sterilization procedures include intrauterine

Circuiaticn Journal

» Pulmonary hypertension (Eisenmenger syndrome)

g

e Heart failure (NYHA Class lll to IV, Ieﬁ ventricular ejection
fraction <35 to 40%)

* Mechanical valves
art disease (arterial oxygen saturation'<85%)

NYHA, New York Heart Association.

devices, low-dose birth control pills, and the classic barrier
method. Male contraceptive methods include permanent meth-
ods via vasoligation and temporary methods using condoms.

Patients with heart disease must be educated about genetics
such as the risk of familial recurrence of heart disease. The
Guidelines for Genetic Test and Genetic Counseling in Car-
diovascular Disease proposed by the Japanese Circulation
Society (JCS) in 2006 describe how to provide genetic coun-
seling for patients with heart disease in detail.¥ Congenital
cardiovascular diseases, which are known to occur in 1.06%
among liveborn infants in Japan, are the most common con-
genital disorders to cause neonatal death.*® They are reported
to be accounted for genetic factors (about 12.9%) including
chromosomal abnormalities (eg, Down syndrome, Turner syn-
drome, 22q11.2 deletion syndrome and Williams syndrome,
8.2%) and genetic disease (eg, Noonan syndrome, Holt-Oram
syndrome, Marfan syndrome, Jervell-Lange-Nielsen syn-
drome, 4.7%); disorders involving environmental (external)
factors (0.5%) such as those affected by mother’s systemic
disease, fetal infections and teratogens; and disorders of
unknown cause involving multifactorial inheritance (86.7%)
(eg, many of congenital heart diseases, idiopathic pulmonary
hypertension and idiopathic cardiomyopathy) (Table 2).2
Congenital heart diseases may be caused by not only genetic
abnormalities but also environmental factors possibly affect-
ing fetuses and mothers during pregnancy.

Psychosocial issues are also important during pregnancy
and delivery. Anxiety and depression may worsen during the
perinatal period.** Patients with heart disease have strong
desire to experience pregnancy and having a baby, and often
feel anxiety about the possible effect of pregnancy on their
health and potential genetic risks to the child. In order to pre-
vent depression and anxiety during the perinatal period,
patients should be provided with correct information and edu-
cation on heart disease, contraception, sexual activity and
social support during the period of adolescence.?

4. Cardiac Mositoring of the Mother Buring
Pregnancy

In women with heart disease, complications during pregnancy
may often develop in the mother and fetus, and may some-
times be fatal. They must be continuously monitored by a
team consisting of obstetricians, cardiologists, anesthesiolo-
gists, and nurses for arrhythmia, heart failure and thrombosis
during pregnancy.** Periodic checkups for healthy pregnant
women generally consist of 3 checkups by 11 weeks of gesta-
tion, every 4 week monitoring in 12 to 23 weeks of gestation,
every other week monitoring in 24 to 35 weeks of gestation,

Veb76. danuary 2012
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Diagnosis

Barth syndrome

Duchenne muscular
dystrophy

Ehlers-Danlos
syndrome

MFHabrdeusease

Goldenhar syndrome

Holt-Oram syndrome

: C‘HAQGE ‘associétion '

block)

Dilated cardiomyopathy, left
ventricular noncompaction

Tetralogy of Fallot, atrioventricular
septal defect, Ebstein’s anomaly,
complete transposition of the
great arteries

Cardiomyopathy, conduction
disorder, mitral valve prolapse

Mitral valve prolapse, tricuspid
valve prolapse, aortic dilatation,
cerebral aneurysms, atrial septal
defect

Myocardial ischemia, myocardial
infarction, mitral regurgitation, left
ventricular hypertrophy, cardiomy-
opathy, arrhythmia, congestive
heart failure

Ventricular septal defect, patent
ductus arteriosus, tetralogy of
Fallot, coarctation of the aorta,
atrial septal defect

Atrial septal defect, ventricular
septal defect, conduction disorder
(sinus bradycardia, atrioventricular

“hypo
Extremity pain, paresthesia, GAL Xg22.1
angiokeratoma, hypohidrosis, (Alpha-galactosi-
renal failure, cerebrovascular dase)

Causative gene
mutation or
variant protein

Non-cardiovascular findings Gene locus

Gl(ja

Neuromuscular disorders, leuko- TAZ (Tafazzin)
penia, mitochondrial metabolic

disord tal retardat

8q12.
7q21.11

CHD7
opmental retardation, renal SEMA3E
malformation, genital hypoplasia,
malformed ears, hearing loss,

tracheoesophageal fistula

Progressive skeletal muscle DMD (Dystrophin) Xp21.2

atrophy

Fragible' ékin, ‘joint/skin hypérexten-

COL5A1,A2 9q34.2-q34.3
sibility, subcutaneous bleeding, (Types | and ll), 2q3t
blue sclera, pneumothorax COL3AT (Type V), 1p36.3
PLOD (Type V)

disorders, corneal opacity, cata-
ract, constipation, esophageal
chalasi i

Unknown Unknown

Asymmetrical facial features,
spinal anomalies, microtia,
mandibular hypoplasia, hearing
loss, conjunctival epidermoid
carcinoma

TBX5

Radiél anomaly (thumb anoma-
lies, 2nd to 5th finger anomalies),
upper limb hypoplasia

12q24.1

(Table 2 continued next page.)
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Causative gene

Diagnosis Cardiovascular findings Non-cardiovascular findings mutation or Gene locus
variant protein
Hurler syndrome Cardiomyopathy, atrioventricular Congenital metabolic disorders, IDUA (Alpha-L- 4p16.3
and semilunar valve insufficiency specific facial appearance, Ilduronidase )

progressive osteodysplasty,
developmental retardation,
corneal opacity, hearing loss,
growth disorder, scoliosis, hyper-
trichosis, splenohepatomegaly

Jervell-Lange- Hearmg loss
Nielsen syndrome

LEOPARD syndrome Pulmonary artery stenosis, atrio- Multiple lentiginosis, ocular hyper- PTPN11, KRAS, 12g24.1
' ventricular block, hypertrophic telorism, external genitalia abnor- SOS1, RAF1 12pi12.1
cardiomyopathy malities, mental retardation, 2p22-p21
developmental disorder, hearing 3p25
loss

Leigh encephalopa- Hypertrophic cardiomyopathy Progressive psychomotor devei- Mitochondrial loci Mitochondrial
thy, NARP syndrome opmental disorder, convulsions, DNA
cerebellar ataxia, feeding and
swallowing disorder, muscular
hypotonia, optic atrophy

Myotonic dystrophy Conduction disorder, cardiomyop- Myotonia, muscle degeneration, DMPK , ZNF9 19q13.2
athy, mitral regurgitation cataract, blepharoptosis 3q13.3

| valve prolapse, aortic regur- Fragile bones, frequent bone frac- COL1A1 17921.33
gitation, aortic dilatation tures, hearing loss, blue sclera, COL1A2 7q21.3
short bowing legs, growth disor-

der, specific facial appearance

Pompe disease Myocardial hypertrophy due to Congenital metabolic disorder, GAA (Lysosomal 17q25
glycogen storage muscular weakness, hepatomeg- Alpha-Glucosi-
aly, macroglossi dase)

Treacher-Collins Ventricular septal defect, patent Malformed ears, hearing loss, TCOF1 (Treacle 5q32
syndrome ductus arteriosus, atrial septal mandibular hypoplasia, cheek protein)
defect bone hypoplasia, choroidal colo-

boma, bilateral lower eyelid colo-
boma, cleft palate, choanal atresia

(Table 2 continued next page.)
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Cardiovascular findings

Diagnosis

Turner syndrome Coarctation of the aorta, bicuspid
aortic valve, hypoplastic left heart,
atrial septal defect, ventricular

septal defect

22q11.2 deletion
syndrome

Interruption of the aorta, persistent
truncus arteriosus, tetralogy of
Fallot with pulmonary atresia, right
aortic arch, aberrant subclavian
artery, ventricular septal defect

t

Non-cardiovascular findings

Short stature, webbed neck,
shield chest, low hairline, ovarian
hypoplasia, renal hypoplasia,
hearing loss

Conotruncal anomaly face, cleft
palate with nasopharyngeal insuf-
ficiency, thymus hypoplasia, hypo-
parathyroidism, hypocalcemia,
increased infection susceptibility,
anal atresia, mental retardation,
psychiatric disorders, thrombocy-

Causative gene
mutation or
variant protein

Gene locus

Multiple

Monosomy X
(45, X)

TBX1, UFD1L del 22q11.2

and weekly thereafter to the end of the 40th week. For women
with heart disease, an appropriate monitoring schedule should
be designed on the basis of healthy pregnant women according
to the risk during pregnancy. When women with heart disease
become pregnant, attending cardiologists must explain the
condition of heart disease to obstetricians, and provide infor-
mation on important points to.be monitored during pregnancy
and the perinatal period.

5. Homodynamic Assessment During
Pregnancy

It is preferable that patients with heart disease be assessed for
hemodynamic status several times during pregnancy and the
puerperal period. Echocardiography, a noninvasive method
providing detailed information, is very useful in evaluating
hemodynamics during pregnancy.? The first assessment should
be conducted immediately before pregnancy or during the first
trimester when changes in hemodynamics are still slight.
Patients with mild to moderate risk should be evaluated for
hemodynamics again during the late second trimester (26 to 28
weeks of gestation).?® Patients with severe risk require more
frequent hemodynamics assessment. During the peripartum
period, hemodynamics should be reassessed. Since child care
including breast feeding may increase cardiac load, patients
with severe heart disease must be followed up for at least 6
months after childbirth for clinical course including hemody-
namics. Although cardiac MRI is believed useful for assessing
right heart function and patients with complex congenital heart
disease, this technique must be limited for necessary cases
since the risk to the fetus remains unclear.” Cardiac catheter-
ization and cardiac CT should be limited to patients who may
benefit from the examination as these techniques cause radia-
tion exposure. Since no increases in the risks of developmental
retardation, central nervous system disorders and developmen-
tal disorders have been observed in children exposed to less

Clrcuiation Journal

than 100mGy, exposure to radiation at this level is not consid-
ered to a valid reason for artificial termination of pregnancy.?*

8. Fotzl Examination

The fetal well-being can be assessed using fetal heart rate
monitoring?-*! and ultrasonic methods such as ultrasonic
tomography and Doppler sonography.33* Fetal heart rate
monitoring is performed using nonstress tests (NST) or con-
traction stress tests (CST) to evaluate the fetal well-being and
the fetal reserve. In the ultrasonic tomography, the biophysical
profile (BPP) and a modified BPP combining a NST and an
amniotic fluid index are used. Doppler sonographic assess-
ment of fetal hemodynamics is performed on the basis of the
systolic to diastolic (S/D) ratio, resistance index, and/or pulsa-
tility index, which represent the vascular resistance in the
peripheral vascular beds. The false positive rate is high in fetal
assessment methods: The incidences of fetal death among
fetuses determined to be in good condition in the NST, CST
and BPP have been reported to be 1.9 to 6.45%, 0.3% and
0.65%, respectively.3?

The presence of heart disease in either parent should be
considered to represent a high risk for congenital heart disease
in the fetus, and screening using fetal echocardiography should
be indicated. In Japan, artificial termination of pregnancy is
allowed by 22 weeks of gestation. Since assessment for fetal
heart disease to be conducted by 22 weeks of gestation may
provide important information for whether the pregnancy
should be continued or not, physicians must fully explain the
meaning of the assessment to the parents and obtain their
informed consent. Fetal heart screening is possible at 18 weeks
of gestation and thereafter, and fetal heart condition is best
assessed in 20 to 24 weeks of gestation. Since heart anomaly
may be first found in the third trimester, it is preferable that the
fetal heart condition be assessed again in 30 weeks of gestation
or thereafter. ‘
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7. Infective Endocarditis

The Guidelines for the Prevention and Treatment of Infective
Endocarditis published by the JCS in 2008* recommend that
the prevention of infective endocarditis be considered for most
patients with congenital heart diseases. The most common
sources of bacteremia are urogenital infection, delivery, child-
birth, indwelling catheter and surgeries. Bacteremia may
develop after spontaneous abortion, vaginal delivery assisted
by episiotomy or cesarean section, among others. Antibiotic
treatment of infective endocarditis should be performed in a
fashion similar to that for non-pregnant patients according to
the susceptibility of causative agents.*

Preventive administration of antimicrobial agents during
delivery is recommended for patients with a high risk for
infective endocarditis (Fabfe 3).% Although preventive
administration of antimicrobial agents is not recommended for
patients in whom the risk for infective endocarditis is not high
because of its low incidence, the benefits of preventive anti-
microbial treatment are not denied considering the risk-benefit
balance. There are no currently available guidelines for the
preventive administration of antimicrobial agents during
delivery. Tabie 4 lists common measures to prevent infective
endocarditis associated with urogenital or gastrointestinal sur-
geries/procedures.™®

8. Drug Therapy During Pregnancy

Drugs used for pregnant women must be selected after careful
consideration of the risk-benefit balance in the mother and
fetus. The adverse effects of drugs on fetuses are classified
into teratogenic effects and fetal toxicity. Since many drugs
are not substantially excreted in the breast milk of nursing
mothers, the blood concentration of a drug given to the nursing
mother is substantially lower than the therapeutic range of the
drug in the neonate. The pregnancy category proposed by the
Food and Drug Administration (FDA) of the United States is
often referred to as important information on the risk of drugs
to the fetus or neonate.*® When drugs contraindicated for preg-
nant 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 are contraindicated for women

in the second and third trimester since they may directly affect
the kidney of the fetus and neonate to cause renal failure, abor-
tion or stillbirth.*#2 Amiodarone is basically contraindicated
for pregnant women since it may cause abnormal thyroid
function in the fetus. Bosentan is absolutely contraindicated
for pregnant women in the FDA’s recommendation. Warfarin
is teratogenic when given during the first trimester, and
increases the risk for bleeding disorders in the fetus and neo-
nate. Heparin does not have fetal toxicity because it does not
cross the placenta, while 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 recommendation and believed relatively safe.
However, “aspirin is contraindicated for women in the last 12
weeks of gestation (regardless of the dose)” in the package
insert; physicians must fully explain the risks and benefits of
aspirin therapy during the second and third trimester of preg-
nancy to obtain consent from the patient.

8. Dare Facility for Pregnancy

Women with heart disease in whom pregnancy poses a risk
must be carefully monitored and planned for safer pregnancy
and childbirth. High-risk pregnancy should be monitored in
tertiary care facility in which team approach by obstetricians,
heart disease specialists (eg, cardiologists, pediatric cardiolo-
gists, specialists of congenital heart disease in adults, and
cardiovascular surgeons), anesthesiologists and neonatologists
who have knowledge and experience in the management of
high-risk pregnancy has been established. Every tertiary care

Patients
* For patients with héart disease in whom serious endocarditis may occur

Administer intraven

Patients who are allergic to
ampicillin/amoxicillin

delivery

Administer intr
ninutes before

vancomy
gentamycin 1.5mg/kg (maximum dose 120mg) to conclude administration <30 minutes before

minister oral amoxicillin 2.0g (at lower doses for s .
Administer intravenous or intramuscular ampicillin 2.0g <30 minutes before delivery

Treatment

1.ng ( nfusé dver 1to 2 hrs) and intramuscular or intravenous

all patients) 1 hour before delivery

0g (inf er: s) ad

Cited from Circ J 2003; 67(Suppl IV): 1039-1082.%¢
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facility in which pregnancy and childbirth in patients with
heart disease are managed should establish such a specialist
team. Hospitals where such team cannot be established within

the institutions should build a system to facilitate consultation
with heart disease specialists in other hospitals.

B Specific Maternal Conditions

1. Gongeniial Heart Bissase

Patients with atrial septal defect do not have a high risk for
cardiac complications during pregnancy and childbirth, but do
has a higher risk for fetal/neonatal complications.** Patients
with ventricular septal defect who had not had signs/symp-
toms of heart failure during childhood but have only a small
left-to-right shunt in adulthood may well tolerate pregnancy
and childbirth well. Patients with endocardial cushion defect
(atrioventricular septal defect) may often go through the pro-
cess of pregnancy and childbirth without significant problems,
but management of atrial arrhythmia may become necessary
in some cases. Patients with patent ductus arteriosus may go
through the process of pregnancy and childbirth without sig-
nificant problems if the shunt volume is small and pulmonary
arterial pressure is normal.?* Patients with mild to moderate
congenital aortic stenosis will be free from complications
throughout pregnancy. However, in patients with severe aortic
stenosis the aortic pressure gradient may increase as the preg-
nancy progresses, and may pose a risk to the mother. It is
recommended that patients with severe aortic stenosis undergo
aortic valve replacement or balloon aortic valvuloplasty to
treat aortic stenosis before pregnancy.“3 Since mechanical
valve replacement will require anticoagulation therapy which
may pose a risk for the mother and fetus (See the section of
“Valvular Heart Diseases™), having bioprosthetic valve
replacement or Ross operation other than mechanical valve
are recommended for women who want to become pregnant
in future. Bicuspid aortic stenosis may lead to aortic dissec-
tion. The prognosis of pregnancy in patients with pulmonary
stenosis is generally preferable, but percutaneous balloon pul-
monic valvuloplasty should be considered for symptomatic
patients with severe stenosis.*® Although patients with a mild
case of Ebstein’s anomaly will rarely experience pregnancy
complications, patients with a severe case of it may experience
right heart failure, paradoxical thromboembolism, infective
endocarditis, hypoxemia or other complications.>® The risk of
complications in the mother and fetus is small among patients
with corrected transposition of the great arteries when their
intracardiac abnormalities are mild, although the progression

» Systemic venous congestion

» Worsening of atrioventricular valve regurgitation

° Thromboembolism

: eptum
° Abomon and premgfmre’dehve»ry

o Infertility, amenorrhea

Clrcuiation Journal

of systemic right ventricular dysfunction and tricuspid regur-
gitation (systemic atrioventricular valve regurgitation) may
occur in some cases.%

In patients with acyanotic heart disease after repair with
mild residua and sequelae, pregnancy, childbirth and vaginal
delivery are feasible.*>5%% It is recommended that patients
who have moderate to severe residua and sequelae which may
worsen during pregnancy be treated with re-operation, catheter
intervention or other appropriate measures to repair that before
pregnancy.

Since repair is successful in many patients with tetralogy of
Fallot, the risks for pregnancy and childbirth in them are
similar to those observed in healthy pregnant women.¥® The
presence of right ventricular dysfunction due to severe pulmo-
nary regurgitation, left ventricular dysfunction or pulmonary
hypertension increase the risk during pregnancy and child-
birth, and may worsen heart failure or cause tachyarrhythmia.
The risk to the fetus is relatively high, and the incidence of
spontaneous abortion is higher in patients with tetralogy of
Fallot after repair than in healthy pregnant women.%-#0 It is
recommended that patients with severe right ventricular out-
flow tract stenosis undergo reoperation before pregnancy.

Patients following Fontan operation with a NYHA classifi-
cation of I to II, favorable cardiac function, and sinus rhythm
may tolerate cardiac load during pregnancy and can thus com-
plete pregnancy and childbirth, but the number of such patients
is not large (Table §).1261.62

The risk during pregnancy is not high among patients with
complete transposition of the great arteries who underwent
atrial switch operation (eg, Mustard operation or Senning
operation), have favorable systemic ventricular function and
only mild residua. The incidences of spontaneous abortion and
obstetric complications are high. The prevalences of prema-
ture birth and low birth weight infants are high. Heart failure,
right ventricular dysfunction, worsening of tricuspid regurgi-
tation or supraventricular tachycardia including atrial fibrilla-
tion may also occur.®*- Although cardiac function is gener-
ally good and the incidence of arrhythmia is relatively low in
patients following arterial switch operation (Jatene procedure),
the presence of pulmonary stenosis, pulmonary regurgitation,
aortic regurgitation or ischemic lesions due to coronary steno-
sis/occlusion increases the risk of complications in these
patients.” Although few cases have been reported on preg-
nancy and childbirth in patients following Rastelli operation,
the risk during pregnancy and childbirth is not high among
patients with good cardiac function and without severe steno-
sis of right ventricular outflow tract.#® Since patients with
severe stenosis of right ventricular outflow tract are highly
likely to have right ventricular dysfunction, ventricular tachy-
cardia or supraventricular tachycardia including atrial fibrilla-
tion, it is recommended that they undergo reoperation to treat
the stenosis before pregnancy.®®

Patients who have cyanosis and patients with Eisenmenger
syndrome have an extremely high risk to the mother and fetus
during pregnancy and childbirth. The risk is especially high to
the fetus among the former patients with cyanosis and to the
mother among the latter patients with Eisenmenger syndrome.
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Pregnancy
categories

Drug Class

Prostacyclin

Epoprostenol

Sildenafil PDE Iil inhibitor

Characteristics/
adverse effects

Oral, Visual disorder

Package insert*!

Teratogenicity Breast feeding

Pregnancy Lactation

Absent Probably compatible

PDE 1ll, phosphodiesterase llI.

Note) The above information is based on “Drugs in pregnancy and lactation, 8th edition (2008)"#¢ (Blank columns represent no information in

the source material).

*Information on the use during pregnancy and lactation in the package insert.
1. Contraindication: This drug should not be administered to women who are or may be pregnant. Treatment should be discontinued without
delay when pregnancy is detected. The drug should not be given to lactating women, and, when treatment is necessary, should be given

after lactation is stopped.

2. Relative contraindication: The drug should be used when the benefits of use outweigh the risks. It is desirable that the treatment be
avoided in women who are or may be pregnant. The safety in pregnant women has not been established.
*2Bosentan has been reported teratogenic in animals, but the risk for teratogenicity is unclear in humans.

[Precautions]

1) Indications and contraindications should be confirned when considering the use during pregnancy.
2) When drugs contraindicated or not indicated for pregnant women in the package inserts, the physicians must fully explain the use of such

drugs to the patients and their families and obtain informed consent.

Aortic regurgitation NYHA Class I to If; Normal left ventri

Mitral regurgitation

Mild to moderate stenosis

Low maternalffetal risk factors

NYHA Class | to Il; Normal left ventricular function

High maternalffetal risk factors

ass Il to IV; Complicated with severe pulmonary
hypertension; Left ventricular dysfunction

NYHA Class Il to IV; Complicated with severe pulmonary
hypertension; Left tricular dysfuncti

LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.

Z. Pulmonary Hyperlension (Tabie 5)

2. Valvsiar Hear Diseases

In women with pulmonary hypertension, pregnancy will
increase pulmonary artery pressure, worsen right heart failure,
and worsen ventilation-perfusion ratio mismatch. The risk
during pregnancy and childbirth in patients with pulmonary
hypertension is extremely high. It is strongly recommended
that women with pulmonary hypertension avoid pregnancy by
using reliable contraception, and prompt artificial termination
of pregnancy, if occurs, should be considered whenever neces-
sary.”™ " If a patient decided to continue pregnancy after
understanding the risk, she must be hospitalized at an appro-
priate timing to monitor the progress and perform childbirth
under careful management by a special team.”?* Since death
immediately after childbirth may often occur, the mother must
be monitored for about 1 week in the intensive care unit. The
outcome does not differ by delivery method (cesarean section
vs. vaginal delivery) and anesthesia (general anesthesia vs.
local anesthesia).”

Clrautation Jourmal

Table 7 describes the guidelines for pregnancy and childbirth
in patients with valvular heart diseases®® and Table 8 lists
anticoagulation and antiplatelet therapies during pregnancy.

Figure shows a flow chart of anticoagulation therapy dur-
ing pregnancy in patients using mechanical valves that is
commonly practiced in Japan empirically rather than based on
scientific data.”” During the first trimester of pregnancy,
patients should receive unfractionated heparin or low molecu-
lar weight heparin™7® rather than warfarin®# which may
cause malformation in the fetus. At 14 weeks of gestation or
thereafter, either subcutaneous heparin or oral warfarin should
be selected. Since heparin is not highly reliable in terms of the
prevention of thrombosis, oral warfarin therapy is a preferable
method for the mother. At 36 weeks of gestation, oral warfarin
should be replaced by continuous intravenous administration
of heparin. Cesarean section is preferable since staff members
and instrument can be scheduled in advance.
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Package insert*
Pregnancy Lactation

Characteristics/
adverse effects

Pregnancy
categories

Drug Class Teratogenicity Breast feeding

- Promote decal cifica- Absent
tion during long-term
treatment (bone frac-
ture in the mother)
- Higher incidence of
thrombosis than

warfarin

Unfractionated C
heparin

Aspirin Absent

(low-dose)

Antiplatelet effect C

- Considered relatively
safe

- Contraindicated in 28
weeks of gestation or
thereafter regardless

Potential toxicity 2 1

of the dose

pt

Ticlopidine

Antiplatelet effect B

Bleedihg, liver disorder

Abéent Potential toxicity

Note) The above information is based on “Drugs in pregnancy and lactation, 8th edition (2008)”.%*
*Information on the use during pregnancy and lactation in the package insert (Blank columns represent no information in the source material).
1 Contraindication: This drug should not be administered to women who are or may be pregnant. Treatment should be discontinued without
delay when pregnancy is confirmed. The drug should not be given to lactating women, and, when treatment is necessary, should be given

after lactation is stopped.

2 Relative contraindication: The drug should be used when the benefits of use outweigh the risks. It is desirable that the treatment be
avoided in women who are or may be pregnant. The safety in pregnant women has not been established. It is desirable that the drug be

given after lactation is stopped.
[Precautions] i

1) Indications and contraindications should be confirmed when considering the use during pregnancy.
2) When drugs contraindicated or not indicated for pregnant women in the package inserts, the physicians must fully explain the use of such

drugs to the patients and their families and obtain informed consent.

4. forlic HBissases

%. Gardiomyopathy

See Table 9 for recommendations for patients with Marfan
syndrome.*>#3

See Tubie 18 for recommendations for patients with
Takayasu disease.#465

Patients with unrepaired congenital coarctation of the aorta
may experience severe complications such as hypertension,
left heart failure, aortic aneurysm formation and aortic dissec-
tion during pregnancy. When the patient shows aortic dilata-
tion and develop hypertension during pregnancy, management
with bed rest and S-blockers are required. Periodic blood pres-
sure monitoring is necessary since a decrease in blood pres-
sure reduces blood flow in the placenta. It is preferable that the
patient undergo surgery or catheter inter ‘tion to repair
coarctation of the aorta before pr- e risk during
pregnancy to the mother and fetus it . pauents following
repair of coarctation of the aorta. However, patients with
hypertension or aortic dilatation should be managed with -
blockers.

Circuiaticn Jousmal

Women with hypertrophic cardiomyopathy, even those with
chest pain, exertional dyspnea and/or syncope before preg-
nancy, will rarely experience worsening of signs/symptoms
during pregnancy, and may tolerate pregnancy in most cases.
The risk is believed high in those with a maximum wall thick-
ness of > 30 mm, those with a history of cardiac arrest or sus-
tained ventricular tachycardia, those with recurrent syncope,
and those with a family history of sudden death: The risk of
pregnancy/childbirth should be carefully evaluated for these
patients.¥87

Fatal heart failure is rare in women with dilated cardiomy-
opathy when heart failure is compensated and remained in
NYHA Class I, and drug therapy may be discontinued during
pregnancy. However, severe heart failure may develop in
some cases during the third trimester, and careful consider-
ation is required even for patients with mild heart failure ¥4

Peripartum cardiomyopathy develops most commonly in
the first month after childbirth. Cardiac function returns to
normal by 6 months after childbirth in about 50% of patients,
but the prognosis of patients with persistent and progressive
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‘ Artlhcna! termmatlon of -
~pregnancy’ 5

Figure. Flow chart of anticoagulation therapy in pregnant women with mechanical valves who have received Warfarin before
pregnancy.

1. Explain that there is a 50% possibility of inheriting the disease.

3. Instruct the patient to avoid pregnahéy when the ascending aortic diameter (including Valsalva sinus) is 44mm or larger or when aortic
dissection IS present Patients with aortic diameter of 43mm or smaller should be explained that they can become pregnant but may

untreated atypical coarctation of abdommal aorta may develop renal hypertension, which may lead to heart

fadure and renal failure. The prognosis of these patients is poor since sepsis and pregnancy-induced hypertensive nephropathy may
develop.

ACE, angtotensm converting enzyme.
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1. Term

2. Definition

(4) Eclampsia

of onset.

3-2. Subclassification based on clinical findings

Eclampsia is defined as the first onset of convulsions not related to epilepsy or secondary convulsions at 20 weeks of gestation or
thereafter. Eclampsia is classified into antepartum eclampsia, intrapartum eclampsia and puerperal eclampsia according to the timing

Mild When one of the two criteria is met:

When one of the two criteria is met:
1. Systolic blood pressure is 2160 mmHg
2. Diastolic blood pressure is =110mmHg

Severe

1. 140mmHg < systolic blood pressure <160mmHg
2. 90mmHg < diastolic blood pressure <110mmHg

Urinary protein excretion is at least 300}ﬁg
than 2g/day in a 24-hour urine specimen

Urinary protein excretion is =2g/day, or spot urinary
protein level is 2300mg/dl in more than 3 consecutive
samples from fresh urine

(2) Disease type by timing of onset

after as late onset type.
[Remarks]

Those developing by 32 weeks of gestation are referred to as early onset type, and those developing at 32 weeks of gestation or there-

(2) Chronic hypertension may often lead to superimposed preeclampsia, and should be managed carefully as in the case of PIH. Worsening
of chronic hypertension is not included in PIH typing.

(4) The type of PIH is expressed using h and H for mild and severe hypertension, p and P for mild and severe proteinuria, EO for early
onset type, LO for late onset type, S for superimposed type, and C for eclampsia.
For example, the type of preeclampsia may be expressed with Hp-EQ and hP-LO, gestational hypertension with H-EQ and h-LO,
superimposed preeclampsia with Hp-EOS and hP-LOS, and eclampsia with HP-EOSC and hP-LOSC.

*HELLP syndrome is characterized by Hemolysis, Elevated Liver enzyme and Low Platelets, and develops during pregnancy (often at 27
weeks of gestation or thereafter) and the puerperal period.
Cited from Acta Obstetrica et Gynaecologica Japonica 2006; 58: N61—N70.16?

left ventricular dysfunction is poor.?$8 In patients who con-
tinue to show a left ventricular ejection fraction (LVEF) of <
50% after childbirth, cardiac function may often decrease to
cause death during or after the next pregnancy. Contraception
is strongly recommended for such patients.*® Most effects on
the fetus develop in the third trimester or after birth, and the
incidences of low birth weight infants and stillbirth are slightly
higher than in healthy women.

8. Archythnias

Patients with congenital heart disease associated with arrhyth-

Clrouiaticin Journal

mia are often treated and monitored carefully for arrhythmia
during pregnancy. In patients following repair of congenital
heart disease, arrthythmia may newly develop or worsen dur-
ing pregnancy and childbirth.*** Since atrial flutter/fibrilla-
tion, atrial tachycardia, ventricular tachycardia, severe atrio-
ventricular block, and other conditions may cause significant
hemodynamic changes that highly affect the mother and fetus,
appropriate diagnosis and emergency treatment are commonly
required.”*¥> Pregnant women with risk factors for develop-
ment of arrhythmia (eg, those with heart failure, those with
pre-existing arrhythmia before pregnancy, and those with a
history of tachyarrhythmia) should undergo regular checkups
more frequently during pregnancy.
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Pregnancy Characteristics/ Package insert*?

! e .
categories™ a dv?'fse fogcts Teratogenicity Breast feeding Pregnancy Lactation

Clonidine Central antiny- C Few reports Absent Probably compatible 2
pertensive

Propranolol B-blocker C-D IUGR, hypoglycemia, Absent
bradycardia

IUGR, hypoglycemia, Absent

bradycardia

Oxprenolol B-blocker

Absent

B-blocker

Sotalol
s

ICY1LOPE
Nifedipine Calcium C Headache, palpitation, Absent
Nicardipine channel blocker hypotension

Present*? Compatible 1 1

C—D Fetal renal dysplasia,
renal failure, oligohy-
dramnios

Captopril*3

Candesartan* Angiotensin c-D Fetal renal dysplasia, Present*4 Probably compatible 1 1
Losartan*4 receptor renal failure, oligohy-
blocker*4 dramnios

Spironolactone Diuretic C (D) Possible feminization Absent Probably compatible 2 1

ACE, angiotensin converting enzyme; lUGR, intrauterine growth retardation.

Note) The above information is based on “Drugs in pregnancy and lactation, 8th edition (2008)”.4"

*1B—D/C—D: Pregnancy category B or C during the first trimester but pregnancy category D during the second and third trimesters. C (D):
Pregnancy category C for patients without gestational hypertension, and pregnancy category D for patients with gestational hypertension.
Teratogenicity: Since ACE inhibitors have been reported to be teratogenic, strict caution should be needed for the use of these drugs even in
the first trimester.

*2Information on the use during pregnancy and lactation in the package insert (Blank columns represent no information in the source material).

1. Contraindication: This drug should not be administered to women who are or may be pregnant. Treatment should be discontinued without
delay when pregnancy is detected. The drug should not be given to lactating women, and, when treatment is necessary, should be given
after lactation is stopped.

2. Relative contraindication: The drug should be used when the benefits of use outweigh the risks. It is desirable that the treatment be
avoided in women who are or may be pregnant. The safety in pregnant women has not been established.

*3Since ACE inhibitors have been reported to be teratogenic, strict caution should be needed for the use of these drugs even in the first trimester.

*4Strict caution in terms of teratogenicity should be needed for the use of angiotensin receptor blockers, which exert their effects in a way
similar to ACE inhibitors.

[Precautions) )

1) Indications and contraindications should be confirmed when considering the use during pregnancy.

2) When drugs contraindicated or not indicated for pregnant women in the package inserts, the physicians must fully explain the use of such

drugs to the patients and their families and obtain informed consent.

more common in women who have had children, and the most

7. Ischemic Heart Disease common lesion is the anterior wall. f-blockers are the first-line

therapy to prevent myocardial infarction (MI). Low-dose aspi-

Although the incidence of acute myocardial infarction (AMI) rin is effective in preventing myocardial ischemic attacks
during the perinatal period is quite rare (1 in 10,000 cases), the during pregnancy. Many reports have described that thrombo-
incidence is expected to increase in the future.***¥ Smoking lytic therapy for the treatment of AMI is not teratogenic to the
and hypertension are the most significant risk factors for fetus and the prognosis of the mother and fetus is favorable.*’
development of AMI during the perinatal period.”® AMI is Percutaneous coronary intervention and coronary artery bypass
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grafting during pregnancy are also effective.’%

Patients with coronary aneurysms in Kawasaki disease do
not have significant problems during pregnancy and childbirth
when coronary stenosis is absent and cardiac function is nor-
mal. Patients who have coronary stenosis, those after MI and
those after coronary intervention may experience a progres-
sion of ischemic disease or a worsening of heart failure during
pregnancy and childbirth, 1.4

8. Heart Failwe

Volume overload and tachycardia during pregnancy may
worsen heart failure. The severer the heart failure during preg-
nancy, the higher the mortality of the mother and the inci-
dences of premature birth, intrauterine growth retardation and
abortion or stillbirth. Women with NYHA Class Il or severer

heart failure should be recommended to avoid pregnancy and
terminate pregnancy promptly when they become preg-
nant.?41*2 There are no established data indicating the safety of
pregnancy in patients in certain levels of ejection fraction.

8. Hypertension (Tables 11,7 12}

Patients with hypertension may prone to have premature birth,
intrauterine growth retardation, perinatal death, and other peri-
natal disorders related to pregnancy-induced hypertension.
The incidences of premature separation of the normally
implanted placenta and perinatal death are high in patients
with pregnancy-induced hypertension.®*+3%¥ They are often
prone to have such as malignant hypertension, cerebral hemor-
rhage, heart failure, and renal dysfunction.

i Imporiant Polats in Obstelric Management

oitus yinterrubtus (extravaginal

Condom 15% 2%

Oral contraceptives 8% 0.3%

Tubal ligation 0.5% 0.5%

Clted with modification from “Guidelines for the use of low-dose
contraceptive pills: second edition” in 2006°% proposed by Japan
Society of Obstetrics and Gynecology.

) 24 10 27 weeks 19 (12) 30 (22)

>32 weeks 3,478 87 (3) 30 (1)

Data in 1984 to 1997 from the Maternal and Perinatal Center,
Tokyo Women’s Medical University Hospital.

t. Gontraception {Table 13y

2. Effects of Homodynamic Condition of the
fother on the Felus

‘When progressive worsening of maternal health to a life-threat-
ening condition is expected, physicians should consider for
termination of pregnancy (artificial abortion or early delivery).
When the growth in the fetal head circamference stops due to
progressive worsening of maternal condition, pregnancy should
be terminated (for early delivery).

3. Timing of Delivery

The timing of delivery should be determined by considering
the survival and incidence of neurological sequelae by weeks
of gestation at delivery. The prognoses of infants born with a
body weight of <1,000g and infants born earlier than 28 weeks
of gestation are poor** (Table 14).

&. Controlling UGlerins ConfracHesn

Patients with impending abortion or premature labor are indi-
cated for tocolytics (Yabies 15, 16),1% while patients who need

Terbutaline (not indicated in Japan)

Indomethacm (not indicated in Japan)

Start at 10;)g/rhm, and increase the dose by 5ug/min in every 10 minutes. o

ficiency, asthma, pancreatitis, proctitis, obstetric bleeding
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