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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.

Il Specific Maternal Conditions

1. Congenital Heart Disease

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 arrthythmia 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.*s 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.*-#* 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

. Abortfbn and premature delivery

o Infertility, amenorrhea

of systemic right ventricular dysfunction and tricuspid regur-
gitation (systemic atrioventricular valve regurgitation) may
occur in some cases.552

In patients with acyanotic heart disease after repair with
mild residua and sequelae, pregnancy, childbirth and vaginal
delivery are feasible.*5535* 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.5¢% 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 5).12.61.82

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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Drug Class 5:3; ::;:g ggs::;e;lf?;ftss/ Teratogenicity Breast feeding Preg::n:}?e “:::tation
Beraprost Prostacyclin = B . Oral - Absent.  Probably compatible = . T et
Epoprostenol  Prostacyclin B Drip infusion Absent Probably compatible 2 1
Bosentan _Endothelin receptor X Oral, Hepatic disorder _Unknown*2  Potential toxicity 1 2

| antagonist . S
Sildenafil PDE 1l inhibitor Oral, Visual disorder 2 1

PDE lll, phosphodiesterase lil.

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

*1Information 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 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.

Aortic stenosis

ow maternal/fetal risk factors

Asymptomatic; Normal left ventricular function; Mean

pressure gradient <25 mmHg; Orlﬁce area >1.5cm?
NYHA Class 1to Il; Normal left ventricular function

hypertension; Left ventricular dysfunction

igh maternal/fetal risk factors
evere stenosis; Complicated with severe pulmonary

Aortic regurgitation

Mitral stenosis = -
>1.5cm?; Mean pressure gradient <5mmHg

Mitral regurgitation
Mitral valve prolapse
Pulmonéry stenosis Mild to moderate stenosis
e High maternalffetal risk factors

- Left ventricular dysfunction (LVEF<40% !
*=Using mechanical valves requiring antlcoagulatlon therapy
- Marfan syndrome
 Low maternal/fetal risk factors
- Normal left ventricular function (LVEF>50%)

No severe pulmonary hypertension; Orifice area
NYHA Class | to ll; Normal left ventricular functlon
No mitral regurgitation, or Mid to moderate mitral

. regurgitation but normal left ventricular function .

- Complicated with severe pulmonary. hypertensmn (pulmonary artery pressure ls >75% of syslemlc blood pressure)

NYHA Class Ilf to IV; Complicated with severe pulmonary k
hypertension; Left ventricular dysfunctlon

'NYHA Class 1 to v; Compllcated with severe pulmonary
; ;hypertensnon Left ventriculardysfunction - “ -

NYHA Class Il to IV; Complicated with severe pulmonary
hypertension; Left ventrlcular dysfunction

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

2. Pulmonary Hypertension (Table 6)

3. Valvular Heart 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.”®72 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.”™75 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).”®

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’ 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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Characteristics/
adverse effecis

Pregnancy
categories

Coumarin delivative D

Drug Class
- Teratogenic (osteo-

| Warfarin ;
genesis/ chondrogen-

system) -

in the fetus

- Promote decal cifica-
tion during long-term
treatment (bone frac-
ture in the mother)

- Higher incidence of
thrombosis than
warfarin

- Heparin-induced
_thrombocytopenia has
‘been reported
Not indicated forthe

Unfractionated C
heparin

k 'Heparin k

Enoxaparin

S Low mOle:cular :
 Dalteparin  weight heparin

- sis in patients with -
cardiovascular
disease

- Considered relatively
safe

- Contraindicated in 28
weeks of gestation or
thereafter regardless
of the dose

Aspirin ' Antiplaitélet effect N c
(low-dose)

 Dipyridamole  Antiplatelet

.0 gmal symptoms ‘
Bleedmg, liver disorder

Ticlopidine  Antiplatelet effect B

esis, cerebralnervous

- Bleeding corhpltcatton f

,prevennon of thrombo—

nswn worsenmg

Teratogenicity Breast feeding

Pregnancy Lactation

Present - Compatible

Compatible 1

Absent

Potential toxicity 2 1

k Absent

| pbebyoompaitle 21

Potential toxicify 2 ' 1

Absent

Note) The above information is based on “Drugs in pregnancy and lactation, 8th edition (2008)”.40
*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 shouid 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. 1t is desirable that the 'drug be

given after lactation is stopped.
[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.

4, Bortic Diseases

5. Cardiomyopathy

See Table 9 for recommendations for patients with Marfan
syndrome. 5283

See Table 1¢ for recommendations for patients with
Takayasu disease.?55

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 f3-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 intervention to repair
coarctation of the aorta before pregnancy. The risk during
pregnancy to the mother and fetus is low in patients following
repair of coarctation of the aorta. However, patients with
hypertension or aortic dilatation should be managed with f3-
blockers.

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 = 30mm, 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.56:87

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.?%

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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Assess current anticoagulation therapy Artlflcnal termmatlon of

~.pregnancy
\4
Warfarin alone: Is it safe to : o 61012 (14) weeks of gestation: Heparm
. giveat<5mg? © . 13(15) to 33 (35) weeks of gestation: Warfarin

- 34‘tyd‘36"'week§ 6?’@9‘5&5&6«;: Contmuoshepannmfus&on |

‘"}bélivery:‘Stbyp~‘c"énttnuoUéjhepafin infusion -

\

Postpartum lee contmuous heparin mfusmn and
L _ restart warfarin :

\

Warfarin alone

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

1. Explain that there is a 50% pOSSibIllty of mhermng the disease.
2. Encourage the pahent to undergo surgery | before pregnancy, it indicated.

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

. Patlents wrch an ascendmg aortxc dlameter of <40mm may have norma! vaginal delivery. : o
. Mitral regurgltatlon should be treated accordlng to the gu;delmes for the treatment of valvular hear’t dxseases

.- -blockers should be _given whenever necessary with carefui consideration of the. potential effects onthe mother and fetus
. Perform strict blood pressure control and pain management.

1. ltis reported that patients with untreated atypical coarctation of abdominal aorta may develop renal hypertension, which may lead to heart
failure and renal failure. The prognosis of these patients is poor since sepsis and pregnancy-induced hypertensive nephropathy may
develop.

. Atypical coarctation of the aorta should be treated according to the recommendations for the treatment of coarctation of the aorta.
- Aortic regurgltatton should be treated accordmg to the recommendations for the treatment of valvular heart dlseases

. Aomc aneurysms (lncludlng annuloaomc ectasxa) should be treated accord:ng to the recommendatlon for Marfan syndrome :

. Ischemic heart disease (coronary ostial narrowmg) ConS|der for surgery before pregnancy.

K Hypertens;on shouid be treated thh B -blockers. ACE mhlbnors and anglotensm receptor blockers should be avoaded

. Steroid therapy should be continued, but treatment at higher doses is rarely required.

. Patients should be observed for autoimmune disorders and connective fissue diseases (collagen diseases). -

ACE, angiotensin converting enzyme.

@O N oA WD
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1. Term

k Pregnancy toxemia should be referred to as pregnancy induced hypertension (PIH).
2. Definition
_PiHis defined as hypertenSIon with or without protelnuna developmg durmg the perlod from 20 weeks of gestation to 12 weeks of postparlum

- Hypertension clue to other complications is not PIH.
3-1 Classlflcatlon of PIH

. weeks of postpartum.
(2) Gestational hypertension

postpartum.

3) Supenmposed preeclampsia
Patients with superimposed preeclampsia include:

thereatter.
and/or proteinuria at 20 weeks of gestation or thereafter.

at 20 weeks of gestation or thereafter. .
(4) Eclampsia

of onset.
3-2. Subclassification based on clinical findings
(1) Disease type by clinical findings

When one of the two criteria is met:

Severe When one of the two criteria is met:
1. Systolic blood pressure is 2160 mmHg
2. Dlastohc blood pressure is >1 10mmHg

ampsna rs defined as hypertensxon wnth protemuna'that develops at 20 weeks of gestaﬂon or thereafter and subsrded by 12

Gestational hypertension is defined as hypertension that developed 20 weeks of gestation or thereafter and subsided by 12 weeks of

1) Women who have hypertensron before pregnancy or by 20 weeks of gestatlon and develop proteinuria at 20 weeks of gestatlon or
2) Women who have hypertensron and protemuna before pregnancy or by 20 weeks of gestation and experience worsening of hypertensnon

3) Women who have proteinuria as the only sxgn of renal dxsease before pregnancy or. by 20 weeks of gestation and develop hypertensmn

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

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

Urinary protein excretion is at least 300 mg/day and less
than 2g/day in a 24-hour urine specimen

Urinary protein excretion is =2g/day, or spot urinary
protein level is =300mg/dl in more than 3 consecutive
samples from fresh urine

(2) Dlsease type by tlmmg of onset

after as late onset type.
[Remarks]

is not included in PIH typing.

of chronic hypertenswn is not included in PIH typing.

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

oy Gestational protemurla (protelnurxa that is first detected at 20 weeks of gestanon or thereatter and subsrdes by 12 weeks of postpartum)
(2) Chronic hypertension may often lead to superimposed preeclampsia, and should be managed carefully as in the case of PIH Worsening

- (3) Pulmonary edema; cerebral hemotrhage, premature separation of the hormally lmplanted placenta, and HELLP syndrome -are. not
always caused by PIH, but are critical iliness closely related to PIH. These findings are not mcluded 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 protemuna 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-EO and hP-LO, gestational hypertension with H-EO 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-N70.1%3

left ventricular dysfunction is poor.883? 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.

6. Arrhythmias

Patients with congenital heart disease associated with arrhyth-

mia are often treated and monitored carefully for arrhythmia
during pregnancy. In patients following repair of congenital
heart disease, arthythmia 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 arthythmia (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/ - . ackage insert

Drug Class categories*! adverse effects Teratogenicity™! Breast feeding Pregnancy Lactation
Methyldopa  Central antihy- B Lassitude, thirstUsed in ~ Absent  Probably compatible 2 1.

pertensnve i ~-Europe and the United : . : ! L o
Clonidine Central antlhy- C Few reports Absent Probably compatible 2
o, Peftensive |

Atenolol  pblocker D IUGR, hypoglycem:a _ Absent Potential toxicity 2 A

el e i ”*bradycardla :
Propranolol B-blocker C—D IUGR, hypoglycemia, Absent Potential toxicity 2 1

bradycardia ’ ’

Metoprolol ~~ pblocker  C-D IUGR, hypoglycemia, iAbsent-% - Potential toxicity "
s B g . bradycardia ; i s s e e
Oxprenolol B-blocker C-D IUGR, hypoglycemia, Absent Potential toxicity 1 1

bradycardikav ; ’
Labetalol B-blocker C IUGR, hypoglycemia, _ Absent :Probably‘ccmpatible 1 il
i £ bradycardia E
Sotalol ,B -blocker B—D ‘ Bradycardla ‘/‘-\bsenut ) Potentlal toxw:ty 2 1

Hydralazine  Peripheral che, bsent bably compatab!ek‘ el 1

‘ e vasodilator b ,ytopenla . - L ,
Nifedipine Calcium C Headache palpltatlon Absent Probably compatxble 1 1
Nicardipine channel blocker hypotenswn ;

Isosorbide - Nltrate Fewreports
dinitrate K . - , .
Captopril*3 ACE inhibitor*3 Cc—-D Fetal renal dysplasia, Present*3 Compatible 1 1
renal failure, oligohy-
, e g e ETINIOS

_Enalaprii*® = ACE inhibitor®® . C—D  Fetal renal dysplasia, Present*s Probably compatible
: e : krenalfallure ohgohy— e .
Candesartan*¢ Angiotensin c-D Feta! renal dysplasna, Present* Probably compatible
Losartan*4 receptor renal failure, oligohy-

’ blocker** N ’ dramnios
- Furosemide Dnuretac co) . Disturbance of utero- | Absent Proybably,c‘ompatible g
- ~ placental circulation, .

: E et . fetal dehydration : S § g S
Spironolactone Diuretic C (D) Possible feminization Absent Probab!y compatlble 2 1
Hydrochloro- i . C(D)  Thrombocytopenia, \ o :
thiazide = o hemolytic anemia

ACE, angiotensin converting enzyme; IUGR, intrautetine growth retardation.

Note) The above information is based on “Drugs in pregnancy and lactation, 8th edition (2008)”.40

*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 inseris, the physicians must fully explain the use of such
drugs to the patients and their families and obtain informed consent.

7. Ischemic Heart Disease

Although the incidence of acute myocardial infarction (AMI)
during the perinatal period is quite rare (1 in 10,000 cases), the
incidence is expected to increase in the future.’S Smoking
and hypertension are the most significant risk factors for
development of AMI during the perinatal period.’6 AMI is

more common in women who have had children, and the most
common lesion is the anterior wall. S-blockers are the first-line
therapy to prevent myocardial infarction (MI). Low-dose aspi-
rin is effective in preventing myocardial ischemic attacks
during pregnancy. Many reports have described that thrombo-
lytic therapy for the treatment of AMI is not teratogenic to the
fetus and the prognosis of the mother and fetus is favorable.”
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. .18

8. Heart Failure

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.*#%2 There are no established data indicating the safety of
pregnancy in patients in certain levels of ejection fraction.

9. Hypertension (Tables 11,103 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.’®1% They are often
prone to have such as malignant hypertension, cerebral hemor-
rhage, heart failure, and renal dysfunction.

IV Important Poinis in Obstelric Management

. Methods General use Optimal use
- No contraception S ‘85% o 85%

Coitus interruptus (extravaginal 27% 4%
ejaculation)

| Tracking menstrual cycle, 25% 110 9%
sexual abstinence e : :
Condom 15% 2%
Pessary o 16% 6%
Oral contraceptlves 8% 0.3%

' Intrauterine contraceptvve device 0 1 to 0.8% 0.1‘ 10.0.6%
Tubal ligation 0.5% 0.5%

_ Vasoligation e 018% 0%

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

s2dweeks 20  12(60)
24 to 27 weeks 158 19 (12) 30 (22)

- 28to3tweeks 311 18(6)  87(13)
=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.

1. Contraception (Table 13)1e

2. Effects of Hemodynamic Condition of the
Mother on the Fetus

‘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 circumference 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 <1,000 g and infants born earlier than 28 weeks
of gestation are poor'?”’ (Table 14).

4. Gontrolling Uterine Gontraction

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

’ Methods of administration
thodrlne (ﬁ-stlmufant)
Terbutalme (not indicated in Japan)

: lnddfnéfhacin (not lhdicétkeyd |n Jébén) '
Contralndlcahons

 Start at 50ug/min, and increase the dose by 50g/min in every 10 to 20 minutes.
Start at 10,ug/m|n and increase the dose by 5ug/min in every 10 minutes.

nously over 30 minutes, and conti
blood magneswm ‘concentration in the mother until uterine contraction subsides.

Administer 25 to 50mg intrarectally or orally every 6 hours for <48 hours.

i efmfusmn at2 todg/hr by momtonng ;

thodnne (ﬁ-stlmuiant)
Magnesnum sulfate
Indomethacm (:

dicated in Japan)

labetes pulmonary hypertenSI r
Hypoca!cemla myas’thema gravis, renal failure
Peptlc ulcer blood dssorders hepahc/renal msufﬁaency, asthma pancreatms proctitis, obstetric bleedmg
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Ritodrine (B8-stimulant)
Significant ADRs: Pulmonary ‘edémé, acute heart failure, agranulocytosis, hypokalemia, rhabdomyolysis
Neonates: Ventricular septal thickening, intestinal obstruction
Others; L Tachycardxa arrhythmia (mother and fetus), “hepatic dysfunctron thrombocytopema, tremor hyperglycem X

E gland swelling associated with hyperamylasemla, headache erythema
Magnes:um sulfate

Sugmﬂcant ADRs Pulmonary edema, resp;ratory fanure heart b!ock cardlac arrest tetany, muscular paralysxs hypoglycem|a :'acxal flash-
. ing, hot flash, paralytxc ileus, rhabdomyolysrs o

Neonates: Abnormal bone findings (transverse radtolucent bands and thin skin proxtmal humeral dlaphy5|s)
Indomethacin (not indicated in Japan)

Slgnlflcant ADRs: Shock hepatlc dysfunchon renal fallure gastromtestlnal bleeding, asthma, aplastlc anemia, hemolytc nemi
“taneous ocular syndrome (Stevens-Johnson syndrome), oligohydramnios e

Fetuses: Ductus contraction, renal fallure bowel perforatlon
Neonates: Necro’uzmg enterocolms o

ADR, adverse drug reaction.

General conditions
1) Maternal indications
. Cephalopelvuc d:spmpomon
e Pelvic soft tissue stiffness
. leﬂcuity w1th vagmal dehvery due to stenosns scamng, or pelvnc tumors ]
° When a risk of uterine rupture is present (women who had underwent cesarean sectlon and women with a hnstory of enucleaﬂc

myomectomy)
o When the mother isata nsk (eg, comphcated with severe pregnancy~|nduced hypertenswn eclampsxa placenta prev;
separatlon of the normally lmptanted placenta, heart dlsease lung disease, renal dise and liver.di )

» When vaginal delivery through trial labor, vacuum extraction and forceps delivery is not expected successful
2) Fetal mdlcatlons

“#Non- reassunng fetal status
¢ Umbilical cord prolapse
o Unreduced transverse presentation abnormal posmon malpresentation or abnormal rotat
e Pelvic presentation suggesting fetal immaturity

Maternal heart disease

° Gardlac dysfunctton

* Patients at a risk of unstable hemodynamxcs mduced by changes in blood pressure for example patlents with Marfan syndrome
significant coarctation of the aorta, aortic stenosis or severe pulmonary artery stenosis, and patients following Fontan operation
(vaginal delivery is possible in only limited cases)

° Pulmonary hypertension

e Uncontrolled arrhythmia

4 Patie’ntg;‘:psing mechanical S}aives :
¢ Patients with cyanosis

Spma:iaset;l:ﬁ;asci::nmd) Epidural anesthesia General anesthesia
Risk of aspiration pneumonitis  Amostabsent  Amostabsent  Present
Sympatholytlc action Rapid Slow Slight
Sympathetic strmulant S : . Absent . Pbsent : ,,,During‘intubation/extubatibn
Systemic vascular resistance Decrease Decrease Increase during light anesthesia
Decrease by anesthetic agents
Pulmonary vascular resiétémce &  Difficulttocontrol Difficult 1o cdntrol - Controllable through
; : E - ‘mechanical ventilation
Intrathoracic pressure Not changed Not changed Increase by controlled ventxlatlon
Cardiac contraction : Notchanged - = Notchanged ' ~ Possible inhibition -
Transesophageal echocardlography momtormg Painful Painful Easy
- Communications with staff . Possible  Possble Impossible
Use during anticoagulation therapy Avoid Avoid Low risk
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Vaginal delivery Cesarean section

Diagnosis

No Spinal Epidural Sedation Spinal Epidural CSEA General Other

o Arrhythmias
‘Tachyarrhythmra
Tééhycardra k :
T Supraventncular taehycardra

Arrhythmogenrc rrght ventncular dysp!asna
Flbnllatron and flutter

Preexcrtatron syndrome
WPW syndrome
: Bradyarrhythmra
'Srnus bradycardra/srnus arrest -
Complete atrioventricular block
 Artificial pacemaker
°Ischemic heart disease

Acute myocardra! |nfarct|on O
Old myocardtal mfarctron ©
Coronary arterial lesions due to Kawasakr drsease O o

@

 Congenital heart disease

 Eisenmengersyndrome L@ e OS8R
Pulmonary stenosis @ CSA
TrlCUSpId atresia @® CSA
Fontan operaon » O e = ecsa
Ebstein anomary @

.Compiete transposition of the great artenes
- Mustard operation - :
Coarctation of the aorta

Pulmonary valve atresia + intact ventricular septum
Corrected transposition of the great arteries : : ® e
Double outlet right ventricle
- Truncus arteriosus
Coronary artery anomaly
Single ventricle
° Acquired valvular heart drsease
" Mitral stenosis
Mitral regurgitation @
Aortic stenosis e ~
Aortic regurgitation
~ Mitral stenosis + aortic stenosis
Mitral stenosis +aortic regurgitation
 Mitral regurgitation +aortic regurgitation
Infective endocarditis
° Myocardial disease
Cardlomyopathy o

®
6 00000 000
e

®0000

® ®© @ o e
©;;,¢,'; ® 0000 o.oo(@Q ®0000

e Vascular lesions assoclated W|th congemtal
connectlve tlssue disease

Note) O : reported on!y in Japan . reported only in foreign countries, © : reported in and outside of Japan
CSA, continuous spinal anesthesia; CSEA, combined spinal epidural anesthesia; WPW, Wolff-Parkinson-White.
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V-W classi- Pregnancy - Characteristics/ Teratoge- Breast ackage insert
Drug fication*! categories*? Indicatione adverse effects nicity feeding Pregnancy Lactation
Quinidine : 1A o C :“Varidus ‘Thrombocytopenia Absent Probably 2 G
: e Carthythmias = 0 ‘ compatible :
Procainamide A C Various Lupus-like syndrome Absent Probably 2 1
arrhythmias ‘ compatible
Disopyramide . 1A . o ~Various Uterine contraction. Absent Probably 2 sl
¢ i - arthythmias Dle e i Gompaﬁbie
Lidocaine B B VT Bradycardia, CNS Absent Probably 2
adverse effects compatible ‘
Mexiletine . IB GGyt Bradycardia, CNS ‘Absent Probably 2 minny
: : e . ~adverse effects, low ! : compatible :
s birth weight infants ; i i
Phenytoin B D Digitalis Fetal hydantoin Present Compatible 2
intoxication syndrome, not covered
fqr arrhythmias .
Flecainide c | o VT, 8VT No in normal heart Absent .~ Probably: 1 S
: ‘ - compatible
Propafenone IC C VT, SVT No in normal heart Absent Probably 2 1
- i ; compatible
Atenolol 0t D SVT,VT,AF _ IUGR, hypoglycemia,  Absent Potental 2 1
. bradycardia. toxicity
Propranolol It C—D SVT, VT, AF IUGR, hypoglycemia, Absent Potential 2 1
bradycardia thicity
Metoprolol o _.C=D- 8VT,VT,AF _ IUGR, hypoglycemia, = .  Absent Potential. - 1
, bradycardia . . toxieity
Amiodarone i D VT Thyroid disorder, Absent Contraindi- 2
‘ ’ bradycardia, IUGR ; cated
Sotalol m VT, 8VT ~ Bradycardia Absent = Potential - 2 . .1
: S ‘ ‘ y ‘ L toxicity : i
Verapamil 1\ C SVT, VT, AF Hypotension, Absent Probably 1 1
pradycardia compat‘i’bkl‘e
Adenosine NA . 8YyT - Nausea, Absent:  Probably - -2
S . facialflushing : compatible
Digoxin NA SVT, AF Bradycardia, low birth Absent Compatible 2
weight infants

AF, atrial fibrillation; CNS, central nervous system; IUGR, intrauterine growth retardation; NA, not applicable; SVT, supraventricular tachycar-
dia; VT, ventricular tachycardia.
*1Vaughan-Williams (V-W) classification of antiarrhythmic drugs. The above information is based on “Drugs in pregnancy and lactation, 8th
edition (2008)".4°
*2B—D/C—D: Pregnancy category B or C during the first trimester but pregnancy category D during the second and third trimesters.
*3nformation 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.
[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.

to induce labor and patients with uterine inertia should be
indicated for oxytocics.!%

5. Delivery Methods

Vaginal delivery is generally recommended, although cesar-
ean section is performed for selected cases (Table 17). Cesar-
ean section is indicated for those with Marfan syndrome asso-
ciated with an increase in ascending aortic diameter and those
using artificial valves without hemostasis through switching
from warfarin to heparin.® Cesarean section may be consid-
ered for other high-risk women. Epidural anesthesia is benefi-
cial in reducing cardiac load by decreasing cardiac output, and

in alleviating pain and anxiety of the patient.

6. Anesthesia for Delivery (Tables 18, 19)

Hemodynamics during delivery is significantly affected by
the body position, delivery method, severity of labor pain, and
depth of anesthesia. Epidural anesthesia is an excellent method
to provide analgesic effect with limited effect on systemic
hemodynamics.
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Dru Class Pregnancy Characteristics/ Teratoge- Breast ackage inse
9 categories™ adverse effects nicity* feeding Pregnancy Lactation
"Furosemide Diuretic 'C(D) = Decreased uteroplacental . Absent Probably 2 i
- e circulation, fetal dehydration L compatible :
Spironolactone Diuretic C (D) Possible feminization Absent Probably 2 1
;:ompatible
_ Chlorothiazide = - Diuretc =~ = C(D) ~ Thrombocytopenia,  Absent Compatible 2 e
. e L : hemolytic anemia hoinan e
Digoxin Digitalis C Bradycardia, low birth Absent Compatible 2
weight infants
Nitroglycerin -~ Nitrate B . Fewreports Absent Probably 2 1
L S - compatible : ;
Isosorbide dinitrate Nitrate C Few reports Absent Probably 2 1
’ compatible ;
Carvedilol * B-blocker - C-D ~ IUGR, bradycardia, ~ -~ Absent Potential 1 1
: : o : “hypoglycemia o toxicity E
Metoprolol B-blocker C-D IUGR, bradycardia, Absent Potential 1 1
hypoglycemia toxicity
- Hydralazine Peripheral v Headache; neonatal * Absent Probably 2 c
: s . vasodilator : : thrombocytopenia L ~compatible i
Captopril*? ACE inhibitor*3 C-D Fetal renal dysplasia, renal Present*? Compatible 1 1
failure, o|igohydramnios ’

-~ Enalapril*® ACE inhibitor*3 C—D ' Fetalrenal dysplasia, renal ~ Present* Probably 1 1
L ; . : failure, oligohydramnios = compatible ~
Candesartan*4 Angiotensin C—D Fetal renal dysplasia, renal Present** Probably 1 1

Losartan** receptor b!ockerf4 failure, oligohydramnios compatible
- Milrinone PDE [l inhibitor c - . Fewreports Absent Probably 2 1
Amrinone PDE I inhibitor C Few reports Absent Probably 1 1
’ compatible
Olprinone PDE Il inhibitor Few reports w 1 1
Carperitide hANP ‘ Few reports 2 1
- Dopamine: Catecholamine: o  Few reports Absent Probably 2
- = e R e G compatible -
Dobutamine Catecholamine B Few reports Absent Probably 2
‘ compgtible B
Isoproterenol - Catecholamine G Fewreports _Absent  Probably . 2.
T {, ! e o compatble .

ACE, angiotensin converting enzyme; hANP, human atrial natriuretic peptide; lUGR, intrauterine growth retardation; PDE IIl, phosphodiester-

ase Il

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

the source material).

*1C—D: Pregnancy category 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. Teratoge-
nicity: 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.

*?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 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.

*38ince 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 fuily explain the use of such

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

*2.‘Orkganization S

3. Maternal rnanagement
4. Fetal management

5. Perinatal management

- medical centers

- fetus, monitoring of fetal well bemg, dmgnos:s of congemtal anomafles of the fetus and,
- fetal treatment . : o ;

k_,,6,;Long-ter'mmanagement;for, child and mother. . jAssessment of matemal card|ac funchon effects of pregnancy and dellvery on the natural

.. pregnancy

Management of pregnancy and delivery, hereditary (risk of familial recurrence), matermnal
and fetal prognosis support by family, and psychological approaches

Team-based practice, cntena for desirable hospitals, and cooperation with perlnatal

Hemodynamics monitoring, management correspondmg to types of heart dtsease contra-
ceptions, drug therapy, cardiac intervention (catheter intervention, cardiovascular surgery),
and paternal management

Effects of maternal heart disease on the fetus effects of drug therapy in the mother on the

Perinatal monitoring, mductuon of dellvery, anesthetic methods dehvery management
neonatal management (premature birth, low birth weight infants, and infants with congenital
heart disease), excretion of drugs to the mother in the milk, effects of lactation on maternal
heart disease, and carlng for baby

history of heart disease, growth and development of the ch;ldren and precautlons for next

V Types and Key Points of Treatment of the Mother

1. Antiarrhythmic Treatment (Table 20)10-12

2. Heart Failure Treatment (Table 21)1s-116

3. Invasive Treatment

It has been reported that intervention using balloon catheters
during pregnancy is effective for patients with pulmonary ste-
nosis, aortic stenosis or mitral stenosis.!”118 Cardiovascular
surgery during pregnancy is required in rare cases.>”! The

appropriateness of cardiovascular surgery during pregnancy
should be determined according to the progression of lesions in
aortic stenosis; the worsening of valvular regurgitation or heart
failure due to diseases associated with valvular regurgitation;
the severity of aortic dissection or giant aneurisms in aortic
dilatation, or the status of vegetation or worsening of heart
failure in infective endocarditis, among other conditions.**
When surgery during pregnancy is unavoidable, those per-
formed at 16 to 20 weeks of gestation or 24 to 28 weeks of
gestation or thereafter are safer to the fetus than in other periods.
‘When surgery may be waited to 28 to 30 weeks of gestation or
thereafter, surgery after childbirth may be feasible.117.12¢

Vi Directions of Future Research (Table 22)

It is expected that team management of high-risk pregnant
women will advance, the number of women with heart disease
who become pregnant and have children will increase, and
that patient registration systems will be operated more effi-
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Outcome of Pregnancy and Effects on the Right Heart
in Women With Repaired Tetralogy of Fallot
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Background: Improved medical techniques have allowed most women with repaired tetralogy of Fallot (TOF) to
reach childbearing age. The predictors of adverse events and the effects of pregnancy on cardiac function have not
been clearly described in these patients.

Methods and Resulis: In the present study we retrospectively reviewed 40 deliveries in 25 patients with repaired
TOF. There were 23 patients in New York Heart Association (NYHA) class |, and 2 in classes lI-lii before pregnancy.
The mean age at delivery was 29.1 years and the mean gestational period was 37.8 weeks. Seven pregnancies
(17.5%) in 7 patients were complicated with cardiac events such as a decline in NYHA class and arrhythmia. History
of ablation and the baseline cardiothoracic ratio on chest radiography were predictors of adverse events. Peak
plasma brain natriuretic peptide (BNP) level after the second trimester was higher in patients with cardiac events.
Left ventricular size and contraction did not change from before to after pregnancy, but the right ventricle was
enlarged at 6 months after delivery.

Conclusions: Many of the pregnancies in women with repaired TOF were successful. However, careful manage-
ment is required for some patients and the BNP level may be a useful marker to identify these patients. Because the
right heart tended to be enlarged in the late postpartum period, pregnancy may also affect the long-term prognosis

of patients with repaired TOF. (Circ J 2012; 76: 957 -963)

Key Words: Arrhythmia; Congenital heart disease; Heart failure; Outcomes; Pregnancy

congenital heart disease, and is characterized by a

large ventricular septal defect (VSD), right ventricu-
lar outflow tract obstruction, right ventricular hypertrophy, and
overriding of the aorta. Improvements in medical and surgical
treatment have permitted most female patients with TOF to
reach childbearing age after intracardiac repair. Several re-
ports have shown relatively favorable pregnancy outcomes
among such patients,-3 although with adverse maternal events
associated with left ventricular dysfunction, severe pulmonary
hypertension, and severe pulmonic regurgitation with right
ventricular dysfunction.!* However, few studies have ana-
lyzed the pregnancy-associated risks in these patients using
physiological and radiological examinations, including eval-
uation of persistent cardiac changes after each pregnancy.
Therefore, the aims of this study were (1) to characterize the
risk factors for pregnancy-associated cardiac events, and (2) to

T etralogy of Fallot (TOF) is the most common cyanotic

evaluate the long-term effects of pregnancy on the heart in
women with repaired TOF.

Methods

Patients

We retrospectively reviewed a series of 25 pregnant women
with repaired TOF who delivered at the National Cerebral and
Cardiovascular Center from 1987 to April 2010. Data were
obtained from medical records. The 25 subjects had a total of
40 deliveries. Spontaneous or elective abortions were excluded
from the study population. Baseline data were obtained for
age, basic cardiac anatomy, history of prior surgery, cardiac
events, medications, and smoking habit. New York Heart
Association INYHA) functional class, results from chest radi-
ography, ECG, transthoracic echocardiography, and the plasma
brain natriuretic peptide (BNP) level were reviewed from 1
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Figure 1. Annual number of deliveries complicated with repaired TOF at the National Cerebral and Cardiovascular Center. TOF,

year before pregnancy to 1 year after delivery.

Ouicomes

Cardiac events were defined as new onset or worsening of
arrhythmia requiring treatment, heart failure (a decline in
NYHA class, pulmonary congestion confirmed by chest radi-
ography, requirement for diuretic therapy), endocarditis, or
thromboembolic events during pregnancy to 1 month after
delivery. Obstetric events were defined as pregnancy-induced
hypertension (PTH: systolic blood pressure (BP) 2140 mmHg
or diastolic BP 290 mmHg after 20 weeks of gestation),’ pre-
mature labor (labor before 37 weeks of gestation), and post-
partum hemorrhage (blood loss in vaginal delivery 2800 ml or
in cesarean delivery (CS) 21,500 ml).¢ Offspring events were
defined as small-for-gestational-age (SGA, birth weight <10%
percentile), complication with congenital heart disease, and
intrauterine or neonatal death (within 28 days). To analyze the
risk factors for pregnancy-associated cardiac events, we com-
pared the latest pregnancy between patients with and without
cardiac events.

Physical Examinations

Results of chest radiography and ECG performed within 1
year before pregnancy to the first trimester (until 13 weeks of
gestation) were used as baseline data. Cardiothoracic ratio
(CTR) and QRS duration were measured. Patients with pace-
maker rhythm were excluded from the assessment of QRS
duration on echocardiography. The patients were routinely
examined by transthoracic echocardiography by 2 skilled ul-
trasonographers who were in charge of obstetric patients and
were blinded to the study. We obtained echocardiographic
data on 4 occasions: (1) within 1 year before pregnancy to the
first trimester, (2) in the second and third trimester (from 14

weeks of gestation to delivery), (3) after delivery to 1 month
postpartum, and (4) from 6 months to 1 year after delivery.
Patients who started diuretics during their pregnancy were
excluded from the comparison of echocardiographic changes
among these 4 periods.

Ventricular dimensions, such as left ventricular end-dia-
stolic diameter (LVDd), left ventricular end-systolic diameter
(LVDs), and right ventricular end-diastolic diameter (RVDd),
were measured from M-mode echocardiography in the para-
sternal long- or short-axis views. Percent fractional shortening
(%FS) was calculated from the LVDd and L.VDs. Right ven-
tricular size was graded retrospectively as normal or mildly,
moderately or severely enlarged on the parasternal long- and
short-axis views and from the apical 4-chamber, 2-chamber
and long-axis views by 1 skilled ultrasonographer who was
also blinded to the study. Outflow obstruction, valvular regur-
gitation, and systolic pulmonary artery pressures were quan-
tified using Doppler echocardiographic techniques.”$ Pul-
monary regurgitation (PR) was graded as mild, moderate or
severe based on the appearance of the regurgitant jet on color-
flow Doppler imaging. Pulmonary stenosis (PS) was defined
as above moderate when the Doppler-derived systolic pressure
gradient across the pulmonary valve was 250 mmHg.*

Statisiical Analysis ,
Statistical significance was evaluated using paired and un-
paired Student’s t-tests for comparisons between means. A
chi-squared test and Fisher’s exact test were used for categor-
ical data. All data are expressed as the mean+standard devia-
tion. Statistical significance was defined as a P-value <0.05.
The SPSS 11.0 software package (SPSS, Chicago, IL, USA)
was used for statistical analysis.
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959

Age  History of NYHA History of reoperation/
(vears) delivery class arrhythmia/medication
1 34 0P 1=l V8D closure +TVR+PVR
L . PSVTploABL
; ﬁ blocker—l-dluretlcs for PSVT and HF
2 33 2P | PSVT p/o ABL
3 28 1P 1.~ None
4 32 1P 1 PMI for CAVB
5 35 1P I LV-RA commumcatlon closure
’  AFL/AT p/o ABL.
- la antiarrhythmic agent+verapam|!
; : - tp-blocker for AT
6 27 oP 1=t re-RVOTR
’ /3 blocker for AT NSVT
7 28 4P I None

Residual lesion

Pregnancy-associated events

Small VSD, 20W~PSVT 1= antiarrhythmic agent
Moderate TS 30W: complicated with PIH
k32W bigeminal PVC with BP fall right HF
" (severe TS)afterCS
Moderate PR 26W~NYHA ll= diuretics
28W~PSVTT, NSVT
Moderate PS, 33W~PS severe a
Moderate PR 36W: excessive edema: aﬁer dehvery
- =diuretics
Severe PR 34W~NYHA 1, excessuve edema=>d|uret|cs
35W: NSVT
‘OW~AT =5 B-blocker T

Moderate PR~ :
S e o IBWANYHALL CTRT=>dluretlcs

Left PA obstruction 3'2W~NYHA ll, CTRT, moderate TR
34W: TR T, CVP T after CS=>diuretics
18W: rapid NSVT=:B-blocker

Moderate PR '

NYHA, New York Heart Association; VSD, ventricular septal defect; TVR, tricuspid valve replacement; PVR, pulmonary valve replacement;
PSVT, paroxysmal supraventricular tachycardia; p/o, post of; ABL, ablation; HF, heart failure; TS, tricuspid stenosis; PiH, pregnancy-induced
hypertension; PVC, premature ventricular contraction; BP, blood pressure; CS, cesarian section; PR, pulmonary regurgitation; PMI, pacemaker
implantation; CAVB, complete atrioventricular block; LV-RA, left ventricle-right atrium; AFL, atrial flutter; AT, atrial tachycardia; CTR, cardiotho-
racic ratio; RVOTR, right ventricle outflow reconstruction; PA, pulmonary artery; TR, tricuspid regurgitation; CVP, central venous pressure.

First pregnancy N=25

!

Cardiacevent {+)
N=2

Cardiacevent {-)
N=23

}

Second pregnancy N=11

l

Cardiacevent (+)
N=4

Cardiacevent (-}
N=7

!
I

Third pregnancy N=4

AT A GG GON NG SN BN WOR S e Mer MmN GER NON MRS BN MR BN sng

Cardiacevent (+) | ! Cardiacevent (-}

N=1 : N=3

7
O o e e [_ e 2

Cardiacevent {(+) Cardiacevent(-)

N=7 N=18 Figure 2. Flowchart of the obstetric patients

in the study.
Results tially diagnosed with TOF, 3 with TOF and pulmonary atresia

Characteristics of Patients

The 25 women with repaired TOF completed 40 pregnancies
in our hospital from 1987 to April 2010. The number of deliv-
eries complicated with repaired TOF showed a particular in-
crease after the year 2000 (Figure 1); 21 patients were ini-

(PA), and 1 with TOF, PA and a major aortopulmonary col-
lateral artery (MAPCA). One patient was complicated by hy-
pertrophic cardiomyopathy. All patients underwent repara-
tive surgery, including 7 who had a Blalock-Taussig shunt
operation before TOF repair. The mean age at repair was 7.1
years (range: 1-36 years); 4 patients required reoperation: 2

Circufation Journal Vol.76, April 2012

- 271 —



960

KAMIYA CA et al.

Cardiac events Cardiac events P value

; o , ; 9 0

. Age at repair operation (years) - 47#50 8096 0. 58
Age at deluvery (years) 31.3+3.3 30.0+5.3 0.40
Duration between repair to delivery (years) . 266+48  220:79 0148
Smokmg 2 1 0.18

 Multipara 5 6 0.18
NYHA =l 2 0 0.07

 History of reoperati 3 i . 0.052
History of supraventncular tachycardra 3 0 0.003
Pre-pregnancy use of medication g 0.052
CTR before pregnancy or during first trimester (%) 63.5+9.2 53.4+5.5 0.04

QRS duratlon before pregnancy or dunng first trimester (ms) i 35:27 S 110428 007
Right heart dilatation before pregnancy or during first tnmester 6 11 0.36

~ RVDd before pregnancy or during first trimester (mm) 3562147  288:43 036
PR zmoderate 5 10 0.67
PSamoderate o : : Gl 049 -
BNP level before pregnancy or durlng ﬁrst tnmester (pg/ml) 42129 31i23 0.64

 Peak BNP level after second trimester (pg/dl) C9THAl 4813 001
Weeks of dehvely 35.7+£3.2 38.3:1.5 0. 084

_ Cesariansecton Sla D s ] o
Neonatal birth weight (g) 2,262+590 2,742+423 0.03

RVDd, right ventricle end-diastolic diameter; PS, pulmonary stenosis; BNP, brain natriuretic peptide. Other abbrevia-

tions see in Table 1.
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Figure 3. Plasma brain natriuretic peptide (BNP) levels dur-
ing pregnancy.

for right ventricular outflow tract reconstruction, 1 for patch
closure for residual VSD and tricuspid valve replacement, and
1 for patch closure for LV-RA communication. Another pa-
tient underwent percutaneous transluminal angioplasty for left
pulmonary artery stenosis twice before her pregnancy. Three
patients had a pacemaker implanted for advanced atrioven-
tricular block and another 3 had a history of catheter ablation
for supraventricular tachycardia (SVT). Two patients had a
residual VSD and 1 had left pulmonary artery occlusion. Mod-
erate to severe PR was present in 15 patients, and moderate to
severe PS was found in 2 patients. One patient had moderate
tricuspid stenosis after tricuspid valve replacement.

With regard to NYHA class, 23 patients were in class I be-
fore pregnancy and 2 were in classes II-III. Four patients were
prescribed medications before pregnancy: diuretics in 1 patient,
an antiarrhythmia drug in 1, and both in 2. All 4 patients contin-
ued these medications during pregnancy. Two patients stopped

taking angiotensin converting enzyme inhibiters before or im-
mediately after pregnancy. Three patients had a smoking habit.

Pregnancy Course

The mean age at delivery was 29.1 years (range: 20-39 years),
14 patients had 1 delivery, 7 had 2 deliveries, and 4 had 3
deliveries. All pregnancies were singletons. All patients deliv-
ered successfully at a mean of 37.8 weeks of gestation (range:
30-41 weeks). There were 29 vaginal deliveries and 11 deliv-
eries by CS. The reasons for CS were 1 case of maternal heart
failure, 1 of PIH, 3 of fetal distress, 1 of arrest of labor, 3 of
breech presentation, and 2 of repeated CS. Among the vaginal
deliveries, 26 occurred under epidural anesthesia, and 1 and 2
antibiotics were used in 28 and 12 deliveries, respectively, for
prophylaxis against endocarditis.

Cardiac Events

Cardiac events occurred in 7 of 40 deliveries (17.5%) in 7
patients (28%): 1 case of new onset of non-sustained ventricu-
lar tachycardia (NSVT) requiring treatment, 2 of heart failure,
and 4 of worsening heart failure and arrhythmias including
SVT and NSVT. Endocarditis and thromboembolic events did
not occur. The clinical courses of patients complicated with
cardiac events are shown in Table 1; 1 patient had TOF with
PA and another had TOF with PA and MAPCA; 2 patients had
cardiac events in the first pregnancy and none in later pregnan-
cies, 4 had cardiac events in the second pregnancy, and 1 had
a cardiac event in the third pregnancy (Figure 2).

Comparison of Patients With and Without Cardiac Events

A comparison of patients with and without pregnancy-associ-
ated cardiac events is shown in Table 2. A history of ablation
for SVT and larger CTR within 1 year before pregnancy or
during the first trimester were more frequent in patients with
cardiac events. BNP levels (normal range <18.4 pg/ml) were
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Figmre 4. Changes in the echocardiographic parameters. The numbers on the horizontal axis are: (1) within 1 year before preg-
nancy to the first trimester, (2) in the second and third trimester (from 14 weeks of gestation to delivery), (3) after delivery to1
month postpartum, (4) from 6 months to 1 year after delivery. LVDd, left ventricular end-diastolic diameter; L.VDs, left ventricular
end-systolic diameter; FS, fractional shortening; RVDd, right ventricular end-diastolic diameter. :

First pregnancy Second pregnancy Third pregnancy
Baseline After6M  Baseline After 6M Baseline After 6M

None 2 None

n=4 2 n=2
Mild , 2 Mild Mild Mild Mild Mild
n=11 n=12 n= =1 n=1 n=
Mod 5 Mod Mod 5 Med Mod Mod

n= n=4 n=2 n=5 n= n=1

Severe
n=1
Figwre B. Increased right heart dilation after each pregnancy.
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