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Pregnancy Outcomes After Atrial Repair for Transposition
of the Great Arteries

Mary M. Canobbio, RN, MNa,*, Cynthia D. Morris, PhD, MPHb, Thomas P. Graham, MDc,
and Michael J. Landzberg, MDd

Increasingly, women born with complete transposition of the great arteries who have
undergone atrial repair by either the Senning or the Mustard procedure are reaching
childbearing age. This study reports on pregnancy outcomes after the atrial repair of
transposition of the great arteries. Record review and standardized questionnaires were
used to ascertain the outcomes of 70 pregnancies reported in 40 women (36 Mustard
procedures, 4 Senning procedures). Of the 70 pregnancies, 54 resulted in 56 live births, 10
in miscarriages, and 6 in therapeutic abortions. At pregnancy, 31 women were in New York
Heart Association class I, 8 were in class II, and 1 was in class III. Thirty-nine percent of
the infants were delivered prematurely and weighed 2,714 � 709 g; 28% were delivered by
cesarean section, 8 for cardiac indications. Maternal complications included arrhythmias in
5 women and hemoptysis in 2 women. Heart failure occurred in 6 women, developing
during the second and third trimesters. Postpartum cardiac events developed 2 to 9 days
postpartum: heart failure in 5 women, atrial fibrillation in 1 woman, and decreased oxygen
saturation due to a new atrial baffle leak in 1 woman. Severe right ventricular (RV) failure led
to cardiac transplantation after delivery in 1 woman; another developed heart failure and
then died suddenly 1 month after delivery. There was 1 late death, 4 years after the
patient’s last pregnancy. In conclusion, pregnancy after atrial repair carries a moderate
degree of risk and should be undertaken with caution. © 2006 Elsevier Inc. All rights

reserved. (Am J Cardiol 2006;98:668–672)
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ecause of the limited experience that any single center
ay have in pregnancy outcomes in women with complex

ongenital heart defects, a national registry of women who
ecame pregnant after surgical repair for complex congen-
tal heart defects was organized in 1996. Herein, we report
he initial findings on pregnancy after atrial repair for trans-
osition of the great arteries (TGA) to determine the prev-
lence of adverse maternal and infant outcomes in women
fter Mustard and Senning repair and to determine maternal
actors associated with adverse outcomes.

ethods

public announcement was placed in publications of the
merican Heart Association and the International Soci-

ty of Adult Congenital Cardiac Disease. The entry cri-
eria were having undergone atrial correction for TGA
nd having experienced a pregnancy after surgical repair.
ractitioners wishing to enroll a subject to this collabo-
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ative registry contacted the registry office and were sent
tandardized forms for data collection. After institutional
eview board approval, data were retrospectively ab-
tracted from the obstetric records for pregnancy, deliv-
ry, fetal outcomes including cardiac and obstetric compli-
ations during pregnancy, mode of delivery, anesthesia,
edication use, and length of stay for delivery. Medical,

iagnostic, and surgical data also were requested, including
re- and postpregnancy cardiac morbidity, arrhythmias,
edications, echocardiographic results, and postpartum car-

iac follow-up. Information on 76 pregnancies in 40 women
rom 16 centers was received, but 7 additional pregnancies
rom 1 center were not included in this analysis because of
ncomplete data.

Because of multiple pregnancies within the cohort and
hanging medical status before pregnancy, each pregnancy
as considered an independent event. In the event of multiple
irths (twins), the pregnancy was counted once, but each
etal outcome was recorded. Means and SDs were computed
or these data as appropriate. Proportions were compared
sing a chi-square distribution, and means were tested by
tudent’s t test.

esults

total of 70 pregnancies were contributed from 40 women
rom 16 centers (see the Appendix) in the United States.
hese pregnancies occurred from 1985 to 2002. The

repregnancy medical status of these patients is listed in
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able 1. All women had dextro-TGAs, and all but 4 women
nderwent Mustard repair (90%); the remainder underwent
enning repair. The atrial switch procedure was performed

n childhood, at slightly �3 years of age on average (range
to 180 months, median 18). Nine women (22%) had

ssociated cardiac defects: 5 with pulmonary stenoses and
entricular septal defects, 3 with pulmonary stenoses, and 1
ith a ventricular septal defect. After definitive atrial switch

epair, 6 women underwent reoperations for baffle leaks or
ulmonary venous obstructions.

Atrioventricular blocks were noted in 30% of women,
nd 40% had arrhythmias before becoming pregnant. Atrial
utter and supraventricular tachycardia were the most com-
on, followed by junctional rhythm and single cases of

trial fibrillation and flutter, atrial and ventricular ectopy,

able 1
aternal cardiac status before pregnancy in 40 women with atrial switch

urgery for dextro–transposition of the great arteries

ariable Value

ge at definitive repair (mo) (range) 34.1 � 37.3 (4–180)
ype of repair
Mustard 36 (90%)
Senning 4 (10%)
ther heart defects
VSD 1 (2%)
Pulmonic stenosis 3 (8%)
VSD and pulmonic stenosis 5 (12%)
eoperation before pregnancy 6 (15%)
V block before pregnancy 12 (30%)
First degree 6 (15%)
Third degree 5 (12%)
Unknown 1 (2%)
rrhythmia before pregnancy 16 (40%)
Atrial flutter 5 (12%)
Supraventricular tachycardia 5 (12%)
Junctional rhythm 3 (8%)
Atrial fibrillation and flutter 1 (2%)
Nonsustained ventricular tachycardia 1 (2%)
Atrial and ventricular ectopy 1 (2%)
acemaker 13 (32%)
unctional class before pregnancy
I 31 (78%)
II 8 (20%)
III 1 (2%)
ardiac medications before pregnancy
None 29 (72%)
Digitalis 10 (25%)
Atenolol 3 (8%)
Norpace 1 (2%)
V function before pregnancy
Normal 16 (40%)
Decreased 18 (45%)
Severely decreased 1 (2%)
Unknown 5 (12%)
ricuspid regurgitation before pregnancy
Normal or trace 9 (22%)
Mild to moderate 21 (55%)
Severe 1 (2%)
Unknown 8 (20%)

AV � atrioventricular; VSD � ventricular septal defect.
nd nonsustained ventricular tachycardia. Thirteen women d
32%) had pacemakers implanted for sinus node dysfunc-
ion or heart blocks. Immediately before pregnancy, 78% of
omen were in New York Heart Association functional

lass I, 20% were in class II, and 2% were in class III. Most
omen (72%) were receiving no cardiac medications at the

ime of pregnancy.

Pregnancy outcomes: Of the 70 pregnancies, 54 (78%)
esulted in 56 live births, which included 2 twin pregnan-
ies. There were 10 spontaneous abortions and 6 therapeutic
bortions; 2 of the therapeutic abortions were for perceived
ardiac risk. This rate of spontaneous abortion (14%) did
ot exceed that for the population (p � NS). The mean
estational age at delivery for singleton pregnancies was
37 weeks (36.7 � 3.6, range 24 to 41). Table 2 lists
aternal and fetal outcomes; complete details were not

vailable for all pregnancies.
There were no reported congenital anomalies or cardiac

able 2
regnancy outcomes and complications

ariable Value

utcomes
Live birth 54 infants (2 twin pregnancies)
Spontaneous abortion 10
Therapeutic abortion 6
bstetric complications 4/50 (17%)
Hypertensive disorders of pregnancy

(preeclampsia, gestational
hypertension)

4

Gestational diabetes 2
Placenta praevia 1
Placentomegaly 1
irth weight (g) (singletons only,

n � 48)
2,714 � 709 (range 964–4,309)

irth weight �2,500 g 15/48 (31%)
A (wks) (singletons only) 36.7 � 3.6 (range 24–41)
reterm delivery (�37 wks GA) 19 (39%)
ery preterm delivery (�34 wks GA) 9 (18%)

nduction of labor 20/48 (42%)
Cardiac reasons 14
Obstetric reasons 6
esarean section 15/52 (28%)
Cardiac reasons 8
Obstetric reasons 7
bstetrical anesthesia
Epidural 44/52 (85%)
Spinal 3 (6%)
General 4 (8%)
None 1 (2%)
igitalis or afterload reduction 17/49 (35%)
ntiarrhythmic drug in pregnancy 10/50 (20%)
CU/ICU admission 8/49 (17%)
ength of stay for delivery (d) 6.2 � 5.1 (range 2–21)
ast known functional class after

pregnancy
NYHA functional class I 24/33 (72%)
NYHA functional class II 6/33 (18%)
NYHA functional class III 3/33 (9%)

CCU � coronary care unit; GA � gestational age; ICU � intensive care
nit; NYHA � New York Heart Association.
efects, although 1 child who demonstrated developmental
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elay was later diagnosed with cerebral palsy. All others are
live and well.

Slightly fewer than half of the women had induction of
abor, most of these for cardiac causes. Fourteen of the
regnancies (28%) were delivered by cesarean section; of
hese, 6 were performed for obstetric indications and 8 for
ardiac indications.

Overall, 39% of infants were born prematurely at �37
eeks gestation, and 9 of these infants (18%) were born at
34 weeks (Table 2). Compared with the 2000 United

tates overall rate of prematurity of 11.6%,1 these women
ith dextro-TGAs had a significantly higher rate of prema-

urity than expected (p �0.025). Birth weight in singletons
veraged 2,714 � 709 g (range 964 to 4,309); 15 of these
nfants (31%) weighed �2,500 g. Again, this rate of low
irth weight was significantly greater than the expected
000 United States rate of 7.6% (p �0.01).

Cardiac complications in pregnancy: Cardiac compli-
ations occurred in 19 of the 53 pregnancies (36%) for
hich information was available. Of the 40 women who
ecame pregnant, 18 (45%) experienced cardiac complica-
ions in �1 pregnancy; 1 woman experienced a cardiac
omplication in 2 pregnancies (atrial fibrillation). In 11
regnancies, the cardiac complications occurred in the third
rimester of pregnancy; this occurred intrapartum in 1
oman and postpartum in 6 women. During pregnancy, 6
omen developed heart failure beginning from 30 to 33
eeks of gestation. In 4 of these women, emergency deliv-

ry was required at �34 weeks of gestation (unknown in 1
oman). One of these women died suddenly at 6 weeks
ostpartum, and another was evaluated for cardiac trans-
lantation. Atrial flutter or fibrillation developed in 5
omen almost exclusively in the third trimester; 2 of these
omen also developed heart failure. Intrapartum, 1 woman
eveloped atrial flutter as well. Last, hemoptysis developed
n 2 women in the second and third trimesters. During
regnancy, 35% of patients for whom data were available
eceived digitalis or afterload reduction in pregnancy, and
0% received antiarrhythmic drugs.

Postpartum, cardiac events developed in 7 women who
ad uncomplicated pregnancies. In 5 women, congestive
eart failure developed 2 to 9 days postpartum. In 3 of these
women, severe failure was evident. One of these women
as hospitalized until cardiac transplantation. A new atrial
affle leak developed in 1 woman after delivery and was
videnced by decreased oxygen saturation. Last, 1 woman
eveloped atrial fibrillation 1 day postpartum. One woman,
ho had experienced 4 pregnancies (1 twin), developed

igns of failure and flutter after her second pregnancy,
hich was electively terminated. After her fourth delivery,

he became progressively more debilitated and 3 years after
elivery was being evaluated for transplantation but died
uddenly.

The length of hospital stay for labor and delivery for all

omen in the study was 6.2 � 5.1 days (range 2 to 21). d
even women (16%) were admitted to the intensive care
nit or coronary care unit after delivery.

Obstetric complications occurred in 7 of the 51 pregnan-
ies (14%) for which this information was available. Four
omen developed preeclampsia or gestational hyperten-

ion, 2 developed gestational diabetes, and 1 each had
lacenta praevia and placentomegaly (with preeclampsia).

Predictors of cardiac complications in pregnancy: We
ssessed patient risk factors in the 19 pregnancies compli-
ated by cardiac events. Comparing variables associated
ith the 19 pregnancies with cardiac complications and in

he 33 pregnancies without, there were no statistically sig-
ificant differences in the type of surgical repair, age at
epair, the presence of other heart defects; functional class
efore pregnancy; the presence of atrioventricular block,
rrhythmia, or type of pacemaker; or RV dysfunction, tri-
uspid insufficiency, or arrhythmias identified before preg-
ancy. However, the occurrence of reoperation for dextro-
GA was related to having a cardiac event; significantly
ore women who had cardiac complications had reopera-

ions, whereas no women with normal pregnancies required
eoperations (p � 0.004). Similarly, significantly more
omen were taking cardiac medications before pregnancy

n the group of women who developed cardiac complica-
ions compared with those women who did not. Gestational
ge and birth weight were not significantly affected by the
ccurrence of a cardiac event.

iscussion

urvival rates for patients surgically treated with the atrial
ustard procedure for simple TGA have been reported to

e 84% to 91% at 10 to 30 years for simple TGA. The
urvival rate for the Senning procedure has been reported to
e 95.7% at 20 years.2 For patients with complex TGA, 10-
o 25-year survival rates were 76% to 86% with Mustard
epair and 63% to 84% with Senning repair.3–5 However,
espite favorable survival rates, a number of long-term
roblems are known to be associated with the Mustard
rocedure. These include systemic RV failure, tricuspid
egurgitation, sinus node dysfunction, arrhythmias, and pul-
onary venous or systemic venous baffle obstruction. A

etter understanding of these variables is important in de-
ermining what added risk the physiologic burden of a
ormal pregnancy might bring to women after the atrial
epair of TGA.

Systemic ventricular (RV) function has long been a con-
ern for these patients. The concern centers on a morpho-
ogic right ventricle’s ability to sustain function as a sys-
emic pump over an extended period of time and to be able
o respond normally to increased workloads such as occur
uring pregnancy. Abnormal RV ejection fractions at rest
nd with exercise in patients with TGA after atrial repair
ave been reported by a number of different investiga-
ors.6–12 However, comparing groups of patients who un-

erwent atrial repair, Graham et al13 found improved post-
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perative RV ejection fractions in patients operated on after
974, suggesting that this RV dysfunction may be due to
ge at surgery and operative techniques, particularly myo-
ardial protection. In this current series, the initial surgeries
ere performed from 1967 to 1984, at a mean age of 21
onths, but there were no differences between age at sur-

ery between those who did and those who did not develop
V failure.

Tricuspid incompetence, a common finding, is usually
ound to be of a mild degree. It is more problematic in
atients who have undergone ventricular septal defect re-
air. In our series, no patient was found to have greater than
ild tricuspid regurgitation at the onset of her pregnancy,

nd it was not a factor in those women who developed heart
ailure.

Despite laboratory evidence for RV systolic and diastolic
ysfunction,14 most young adults continue to lead relatively
ormal lives after atrial repair.15 The onset of clinical con-
estive heart failure, however, does occur in as many as 22%
f adults after Mustard repair followed longitudinally.16 Fur-
her evidence for the progressive deterioration of systemic
V function with advancing age is found in the report by
raham et al,17 showing that 67% of patients with congen-

tal corrected TGA and associated lesions and 25% of pa-
ients with congenital corrected TGA and no associated
esions developed congestive heart failure by 45 years of
ge. Although systemic RV dysfunction may be more prev-
lent in patients beyond the usual childbearing years, a
ajor questions remains as to whether pregnancy can ac-

elerate this process.
Abnormalities in rate and rhythm have been ascribed to

he result of sinus node damage and subsequent reduction in
utomaticity.18 The most common problem is sinus node
ysfunction resulting in junctional bradycardia.19,20 More
erious is the onset of atrial flutter, supraventricular tachy-
ardia, or atrioventricular node dysfunction.20,21 Although
hese problems are believed to be due to operative tech-
iques, changes in procedures have not markedly changed
he long-term outlook for developing arrhythmias. It has
een suggested that the late onset of arrhythmia may be a
urrogate marker for RV dysfunction.12

Although not strongly demonstrated in this series, the
atecholamine or sympathetic stimulation associated with
elivery may induce rhythm disorders, as was the case in the

woman who developed atrial flutter during labor. Of
urther potential concern is the postpartum sudden death
eported herein. This tragic complication can occur in up to
% of patients followed longitudinally after the atrial repair
f TGA.22

Although the data presented represent 1 of the largest
linical series reported on pregnancy outcomes after atrial
affle repair for TGA, there are a number of limitations to
he study. Because our method of enrollment did not man-
ate that all patients followed in their participating centers
e enrolled, we cannot be certain that our data are all

nclusive. We did, however, ask that all patients from each
enter who met entry criteria be enrolled. Additionally,
ecause of the retrospective nature of the study, the inclu-
ion of data such as prepregnancy and postpartum echocar-
iographic studies were not available on all subjects.

Despite these limitations, this study demonstrates the
otential deleterious effects of pregnancy in women with
GA who have had reoperations before pregnancy and/or
ere receiving cardiac medications before pregnancy. Al-

hough there was no difference in the occurrence of cardiac
omplications in women with or without RV dysfunction,
ricuspid regurgitation, or arrhythmia before pregnancy, we
an speculate that these variables might be predictive of
oorer outcomes with a larger cohort of patients, stressing
he importance of collaboration between high-risk perina-
ologists and cardiologists experienced in the care of pa-
ients with congenital heart disease.
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rn Medical School, Division of Cardiology, Dallas, Texas;
r. Phillip Brook and Kathryn Junge, RN, BSN, Washing-
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