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SYSTEMATIC REVIEW AND META-ANALYSIS

Outcome of Pregnancy in Women With
D-Transposition of the Great Arteries: A
Systematic Review

Jena Pizula, MD; Justin Devera, MD; Tien M. H. Ng “*/, Pharm.D; Samantha L. Yeung, Pharm.D;
Jenica Thangathurai, MD; Nichole Herrick, MD; Amy J. Chatfield, MLS; Anil Mehra, MD; Uri Elkayam "=/, MD
BACKGROUND: Information on maternal and fetal outcomes of pregnancy in women with D-transposition of the great arteries
is limited. We conducted a systematic literature review on pregnancies in women with transposition of the great arteries after
atrial and arterial switch operations to better define maternal and fetal risk.

METHODS AND RESULTS: A systematic review was performed on studies between 2000 and 2021 that identified 676 pregnan-
cies in 444 women with transposition of the great arteries. A total of 556 pregnancies in women with atrial switch operation
were tolerated by most cases with low mortality (0.6%). Most common maternal complications, however, were arrhythmias
(9%) and heart failure (8%) associated with serious morbidity in some patients. Worsening functional capacity, right ventricular
function, and tricuspid regurgitation occurred in ~20% of the cases. Rate of fetal and neonatal mortality was 1.4% and 0.8%,
respectively, and rate of prematurity was 32%. A total of 120 pregnancies in women with arterial switch operation were associ-
ated with no maternal mortality, numerically lower rates of arrhythmias and heart failure (6% and 5%, respectively), significantly
lower rate of prematurity (11%; P<0.001), and only 1 fetal loss.

CONCLUSIONS: Pregnancy is tolerated by most women with transposition of the great arteries and atrial switch operation with
low mortality but important morbidity. Most common maternal complications were arrhythmias, heart failure, worsening of
right ventricular function, and tricuspid regurgitation. There was also a high incidence of prematurity and increased rate of fetal
loss and neonatal mortality. Outcome of pregnancy in women after arterial switch operations is more favorable, with reduced
incidence of maternal complications and fetal outcomes similar to women without underlying cardiac disease.
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any women with surgically corrected D-
Mtransposition of the great arteries (D-TGA) survive

to adulthood and strive to have children.! A sig-
nificant proportion of these patients have residua and/
or sequelae associated with important long-term com-
plications.>~* Women who had the atrial switch operation
(ATSQ) reaching childbearing age can have complica-
tions, including moderate to severe degrees of systemic/
right ventricular (RV) systolic dysfunction, tricuspid valve
regurgitation (TR), atrial arrythmias, and baffle leak/
obstruction.®® Because of the substantial increase in

hemodynamic burden as well as an elevated thrombo-
genic and arrhythmogenic risk, pregnancy presents a
challenge to patients with this condition and to their cli-
nicians. The arterial switch operation (ASO) that restores
the normal anatomic arrangement of the circulation for
transposition of the great arteries (TGA) has become the
preferred surgical correction for patients with D-TGA.
There is significant long-term survival with this proce-
dure; however, it is not without complications, such as
valvular dysfunction, neoaortic dilatation, and coronary
artery stenosis."’
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CLINICAL PERSPECTIVE

What Is New?

e The modified World Health Organization classi-
fication of maternal cardiovascular risk predicts
significant increased risk of maternal mortality in
women with complex congenital heart disease.

e This study, however, shows that most women
with D transposition of the great arteries with
atrial switch tolerate pregnancy, and mortality
rate is low. Pregnancy, however, can be as-
sociated with worsening right ventricular func-
tion, tricuspid regurgitation, and decreased
functional capacity; in some patients, it can be
associated with heart failure and arrhythmias,
which can be associated with serious morbid-
ity; main fetal complications are increased rate
of prematurity, fetal loss, and neonatal mortality.

e Qutcomes of pregnancy in women with D trans-
position after arterial switch is more favorable,
with lower reported incidence of maternal compli-
cations, no mortality, and normal fetal outcome.

What Are the Clinical Implications?

e Multidisciplinary evaluation is recommended
preconception in women with D-transposition
of the great arteries to identify and treat patients
at high risk for complications during pregnancy.

e A close follow-up is required during pregnancy
and early postpartum for early diagnosis and
management of hemodynamic deterioration.

e Women with atrial switch need to be aware of
the potential effect of their condition on fetal
outcome, and premature delivery should be
anticipated.

Nonstandard Abbreviations and Acronyms

ASO arterial switch operation
ATSO atrial switch operation
CS cesarean section

D-TGA D-transposition of the great arteries
NYHA New York Heart Association
TGA transposition of the great arteries

TR tricuspid valve regurgitation

The modified World Health Organization classifi-
cation commonly used for assessment of pregnancy
risks categorizes D-TGA in class lll as part of complex
heart disease with a significantly increased risk of ma-
ternal mortality or severe morbidity.2 The value of this
classification as well as other available risk predictors,
such as the Zahara® and Cardiac Disease in Pregnancy
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(CARPREG) Risk Score'® for prediction of risk of preg-
nancy in women with TGA, is limited because of under-
representation and the heterogeneous nature of these
conditions. Individual risk stratification and counseling
of women with D-TGA require a more lesion-specific
understanding of the anticipated effects of pregnhancy.
The aim of this study was to review and analyze recent
data from a large number of pregnancies in patients
with D-TGA and to define maternal and fetal risks asso-
ciated with pregnancy after both ATSO and ASO and
provide management recommendations.

METHODS

The systematic review protocol was created with
the International Prospective Register of Systematic
Reviews (PROSPERO) formatting, and in accordance
with the Preferred Reporting ltems for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. A li-
brarian designed searches on PubMed and Embase
using keywords and subject headings relating to D-
TGA and pregnancy (see Data S1 for full list of search
terms). Studies met inclusion criteria if they were writ-
ten in English, published between 2000 and 2021,
reported maternal and fetal outcomes in women with
D-TGA who underwent pregnancy, and were original
research studies. Studies were excluded if they had
<5 women with D-TGA, did not report maternal and
fetal outcomes, or data from women with D-TGA could
not be reliably extracted when multiple congenital
conditions were included. Our criteria were aimed at
identifying a wide range of studies reporting current
and relevant pregnancy outcomes, within a histori-
cal time frame to include women with both ATSO and
ASO given the temporal changes in surgical corrective
approach.

Articles were reviewed by 2 independent reviewers
(J.P.,, J.D.)) on Covidence, and discrepancies were re-
solved by a third reviewer (U.E.). Data were hand ex-
tracted by 3 physician reviewers (J.P, J.D., U.E.). All
data and supporting materials have been provided with
the published article. Variables analyzed included the
following: standard demographic metrics (number of
patients/pregnancies, age, and location), type of repair,
additional congenital defects, prior cardiac surgeries
or arrhythmias, systemic ventricular dysfunction, New
York Heart Association (NYHA) functional class, and
presence of valvular or baffle complications. Maternal
outcomes analyzed included the following: mater-
nal mortality, arrhythmias, heart failure (HF), worsen-
ing functional class, worsening systemic ventricular
function, and worsening valvular regurgitation. Fetal
outcomes included the following: live births, sponta-
neous abortions, elective abortions, cesarian section
rate, duration of pregnancy, birth weight, small for ges-
tational age, preeclampsia, preterm labor or delivery,
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fetal mortality (mortality occurring after 20 weeks’ ges-
tation), neonatal mortality (mortality occurring after
complete delivery up to 28days), and neonatal con-
genital heart disease.

Statistical Analysis

Extracted data and descriptive statistics were compiled
into Tables 1 through 7, with missing data denoted with
NR (Not Reported). Comparison of maternal and fetal
outcomes between ATSO and ASO cohorts were ana-
lyzed by x? test or stratified Fisher exact test (expected
value in any of the cells was <5). Significance was set
at P<0.05.

RESULTS

In total, 1028 studies were screened, and 17 were
selected for inclusion (see Preferred Reporting ltems
for Systematic Reviews and Meta-Analysis diagram;
Figure 1 and Tables 1 and 5). In total, 676 pregnancies
in 444 women with TGA were identified for analysis.

Total TGA With Atrial Switch (ATSO)
Procedure

A total of 556 pregnancies resulting in 353 live births
in 358 women have been reported in 12 retrospective
studies, which included between 17 and 121 preg-
nancies in 10 to 121 patients each (Table 1)."-2? Type
of surgery was reported in 186 women, of whom it
should be 146 (72%) had a Mustard procedure and 58
(28%) had a Senning operation. Additional congenital
heart defects (CHDs), including ventricular septal de-
fect, pulmonic stenosis, and coarctation of the aorta,
were detailed in 35 (23%) of patients with these data
available, and additional operations before pregnancy,
including pulmonary artery (PA) banding, repair of
venous obstruction, coarctation of the aorta, or baf-
fle revision, occurred in close to a third of the women
(Table 1). NYHA class before pregnancy was reported
in 213 pregnancies; 181 (85%) were in class |, 21 (15%)
were in class ll, and 1 was in class Il (0.5%). Medical
history included arrhythmias in 102 patients (34%),
pacemaker in 29 cases, and implantable cardioverter-
defibrillator in 1 patient. Echocardiographic data on RV
function were reported in 132 patients, with dysfunc-
tion reported in 109 (83%), which was severe in only 3
cases (3%). TR was reported in 168 (83%) of the 201
women with available data and was severe in only 2
(1%) cases. Baffle leak or obstruction was reported in
11 patients («3%) at baseline.

Maternal Cardiovascular Complications

There were 45 women (9%) who developed ar-
rhythmias during pregnancy (Table 2); most were
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supraventricular, including atrial fibrillation or flutter,
atrial tachycardia, or supraventricular tachycardia, and
occurred mostly in the third trimester. Medications
used to treat these arrhythmias included f blockers,
digoxin, and unspecified antiarrhythmic drugs. The de-
velopment of arrhythmias led to hospital admission in
2 patients and to urgent early cesarean section (CS)
delivery in another. One woman received a permanent
pacemaker for junctional bradycardia. There were 3
resuscitated cardiac arrests: 2 during delivery and 1
at 48hours postpartum. There were 3 instances of
maternal mortality (see Table 3 for complete descrip-
tion): 1 at 27 weeks’ gestation and 2 at 6weeks and
6 months postpartum. HF developed in 8% of preg-
nancies (N=39), mostly during third trimester or early
postpartum, and resulted in hospital admissions,
emergency deliveries, and pregnancy termination in a
few patients and cardiac arrest in 1 woman.

Information on functional class during pregnancy
was available in 8 of the studies.!!'815-19.21 Deterioration
was reported in 19% (n=47) of the patients. Bowater et
al’® reported significant deterioration of group mean
NYHA class values, with only partial improvement at
4 years of follow-up. Deterioration of RV function during
pregnancy was reported in about 19% (n=36) of the
patients'®'"'® and persisted postpartum in some of the
patients. Metz et al'® reported a significant decrease in
mean RV dP/dt (a ratio of pressure change in the ven-
tricle during the isovolumic contraction period) group
value in 10 women during pregnancy, with only par-
tial improvement postpartum. In contrast, Zentner
et al'* found no difference in RV function or exercise
duration in postpregnancy women compared with
nonpregnant control. Rate of worsening degree of TR
varied between studies and ranged between 0%'® and
52%." Metz et al'® reported a transient progression of
TR, which was not severe in any of the patients and
improved after the delivery, and Bowater et al'® found
no difference in degree of TR during pregnancy com-
pared with nonpregnant control. Other inconsistently
reported complications included: new baffle obstruc-
tion in 7 patients, and new baffle leak in 9 patients, with
significant decrease in oxygen saturation in 1. Other
severe complications included a stroke in 1 patient,
thromboembolism in 5 patients, and hemoptysis in 2
patients.

Fetal Complications

Miscarriage was reported in 13% (n=46) of available
pregnancies, and elective abortions were reported
in 4%. Mean pregnhancy duration was reported in
10 studies and was 37weeks (range,24—-42 weeks).
Preeclampsia was reported in 5% of pregnancies.
Prematurity (<37 weeks) was reported in 32% of re-
ported cases. Mean birth weight (7 studies) was 2776
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Pregnancy and Transposition of Great Arteries

g, and 19% of the newborn were small for gestational
age. There were 4 neonatal deaths attributable to ex-
treme prematurity, and 7 cases of in utero death, rep-
resenting 0.8% and 1.4% of pregnancies, respectively.
None of the newborns were reported to have CHD.
Total fetal loss (miscarriage, elective abortion, or fetal
death) was 12.4%, and rate of CS delivery was 34%
(Table 4).

Total TGA With Arterial Switch Procedure
(ASO)
Our review identified 120 pregnancies in 86 women
with TGA and a history of ASO (Table 5).23-28 Prior pal-
liative procedures were reported in about a third of the
patients, including atrial balloon septostomy, PA band-
ing, ventricular septal defect closure, PA interventions,
aortic coarctation repair, and LeCompte procedure.
Of the patients, 28% had interventions after the initial
ASO, including a relief of RV outflow tract obstruction
and PA stenosis, ascending aorta angioplasty, mitral
valve repair and replacement, and RV to PA conduit.
Valvular regurgitation (pulmonic, aortic, and tricuspid)
was common, with moderate severity in 15 patients.
No maternal mortality was reported in any of the
studies (Table 6). Arrhythmias were reported in 7 preg-
nancies (6%), mostly in the second and third trimesters,
including atrial tachycardia, atrial fibrillation, and non-
sustained ventricular tachycardia. One patient devel-
oped a mechanical prosthetic valve thrombosis 3weeks
postpartum, requiring mitral valve replacement com-
plicated by successfully resuscitated cardiac arrest.?
Symptomatic HF was reported in only 5% of the preg-
nancies, mostly shortly after the delivery. All arrhythmic
and HF episodes were managed with medications.
Rate of preeclampsia was 7%, and fetal outcome
was favorable, with a 91% live birth rate (Table 7). There
was 1 fetal and no neonatal death, and rate of pre-
maturity and small for gestational age was 9% each.
Mode of delivery was reported in 95 pregnancies, and
the rate of CS delivery was 42%. Cesarean delivery
was indicated because of aortic dilatation in 3 cases.

Comparison Between D-TGA With ATSO
and ASO

The incidences of arrhythmias and HF were numeri-
cally lower in patients with ASO (Figure 2 and Figure 3).
The difference, however, did not reach statistical signif-
icance. In contrast, there was a statistically significant
difference in the rate of prematurity (P<0.001).

DISCUSSION

Our review provides information on maternal and
fetal outcomes associated with pregnancy in a large
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Table 3. Maternal Mortality: Clinical Details Across All Studies

Study: primary author

Resuscitated
cardiac arrest

Maternal
mortality

Details

Canobbio™

0

1

A woman with D-TGA developed HF at 30th week gestation and died suddenly 6 wk
after delivery

Of note: a second death was reported over 4 y after delivery and was thus excluded
from our analysis

Juan'®

A woman who was diagnosed with puimonary edema, admitted to the hospital, and
treated with diuretics and angiotensin-converting enzyme inhibitor therapy. She was
on B-blocker therapy before pregnancy, but this medication was discontinued during
pregnancy. She had a resuscitated sudden death event 48 hours following cesarean
delivery.

Trigas'®

Case 1: A woman with HF and AF treated with 8 blockers during pregnancy. She
underwent cesarean section in the 36th week gestation and developed a tachycardic
rhythm disorder with cardiac arrest during the delivery. After successful resuscitation,
an ICD was implanted.

Case 2: A woman with TGA, complex VSD, and mild pulmonary vein stenosis who
experienced a clinical deterioration to functional class Ill during pregnancy. The
patient had a cardiac arrest during cesarean delivery in the 30th week gestation with
successful resuscitation.

Of note: Not included because outside peripartum timeline: Resuscitation 18 mo
postpartum attributable to ventricular fibrillation

Zentner™ 0 2

Case 1: A woman with a history of palpitations and syncope during pregnancy 3 wk
prior, awaiting Holter monitoring. Patient had a sudden cardiac death at home at 27th
week gestation. Presumed to be arrhythmic.

Case 2: A woman with a history of HF and atrial arrythmia before pregnancy. Enalapril
and sotalol were discontinued before conception. Patient was admitted for HF and
atrial arrythmia during pregnancy. She was discharged home but experienced
sudden cardiac death six months postpartum.

Totals 3 3

AF indicates atrial fibrillation; D-TGA, D-transposition of the great arteries; HF, heart failure; ICD, implantable cardioverter-defibrillator; and VSD, ventricular

septal defect.

number of women with D-TGA after both ATSO and
ASO that should be useful in counseling these patient
populations before pregnancy and for the design of
appropriate management plans during pregnancy,
labor and delivery and the postpartum period.

D-TGA After ATSO

Although ATSO has been gradually replaced by ASO in
children with D-TGA, there are women with history of
Mustard or Senning procedure in the childbearing age
who plan to have children.”??27-29 The modified World
Health Organization classification for prediction of preg-
nancy risk includes D-TGA as a class lll and predicts
significant risk of maternal mortality or severe morbid-
ity.3% This classification often affects major decisions,
including advising against conception, early termina-
tion of pregnancy, interventions during pregnancy, as
well as early CS delivery.!”® The results of this review
indicate that although pregnancy in women with TGA
after ATSO can be associated with important mater-
nal complications and have a significant effect on fetal
outcome, it is well tolerated in most women and risk
of maternal mortality is small. Important complications
were reported in a minority of patients but could have
serious consequences. The main cardiovascular events
were symptomatic HF and arrhythmias, both reported
in <10% of the cases. Worsening HF mostly occurred

J Am Heart Assoc. 2022;11:026862. DOI: 10.1161/JAHA.122.026862

late in pregnancy and during delivery but also in the
early postpartum period and resulted in hospital admis-
sions, emergency deliveries, pregnancy termination,
and even cardiac arrest in some patients. Symptomatic
deterioration late in pregnancy is most likely attributable
to increased hemodynamic burden, evidenced by the
reported increase in brain natriuretic peptide levels.3!
Development of HF after the delivery is attributable to
increased venous return to the heart after the removal
of the inferior vena cava compression by the fetus as
well as auto transfusion of blood during uterine con-
tractions and mobilization of extravascular fluid into the
intravascular space.®? In addition, increased systemic
vascular resistance attributable to removal of the low-
resistance placental circulation further contributes to
deterioration of ventricular performance.®

Patients with D-TGA and ATSO are at a risk of both
bradyarrhythmias and tachyarrhythmias."®® This is
reflected by a prepregnancy history of arrhythmias,
pacemakers, and implantable cardioverter-defibrillator
in about 34% of all patients in this review. One of 10
patients developed arrhythmias during pregnancy,
which were mostly atrial (atrial tachycardia, fibrillation,
or flutter and supraventricular tachycardia). Ventricular
arrhythmias were uncommon but had severe conse-
quences, including cardiac arrest and sudden death in
some patients.
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1028 studies
imported for
screening

1016 studies
screened

26 full text
studies assessed
for eligibility

17 studies
included

12 duplicates removed

990 studies irrelevant

9 studies excluded:
6 wrong study design
1 wrong indication
1 wrong outcomes
1 wrong patient population
0- studies ongoing
0- studies awaiting classification

o _/

Figure 1.
flowchart of included studies.

overload or systemic desaturation (leak) and require
reintervention. Several patients in this group required
surgical repair of pulmonary venous obstruction
or baffle leak before pregnancy, and a few patients
developed a new baffle leak or obstruction during
pregnancy, which did not seem to affect pregnancy
outcome.

The results of this study also demonstrate an im-
portant impact of the cardiac condition on fetal out-
comes. The main obstetrical complication was a high
rate of prematurity, which was 3-fold higher than the
reported global preterm birth rate and resulted in 4
cases of newborn mortality.*” The incidence of mis-
carriage, however, was comparable to that of normal
population and substantially lower than that reported
in women with other complex CHD, such as Fontan
circulation or cyanotic CHD.38:39

Rate of CS delivery varied considerably between
the different reports. The average rate was 34%, which
is only slightly higher than that reported in normal preg-
nancies in North America and Europe*? and consider-
ably lower than that reported in patients with valvular
disease or other CHD.%4' Rate of CS was high in 2
of the studies (55%'® and 91%'). Although the rea-
sons were not specified, it was probably attributable
to clinician’s preference of a CS delivery in women with

J Am Heart Assoc. 2022;11:026862. DOI: 10.1161/JAHA.122.026862

Preferred Reporting Items for Systematic Reviews and Meta-Analysis diagram and

cardiac disease even without obstetrical or cardiac
indications. Lower rate of CS deliveries in the other
studies"3172! supports this assumption. Because of
increased risk of maternal morbidity associated with
planned CS compared with planned vaginal delivery,*
CS delivery in women with TGA and ATSO should be
limited to patients with maternal or fetal instability.*3

Contrary to previously reported 2% recurrence rate
of TGA in offspring of women with the same condi-
tion,** none of the newborns included in this study was
reported to have CHD.

Arterial Switch Operation

The ASO that restores the normal anatomic arrange-
ment of the circulation for TGA has become the pre-
ferred surgical correction in children with D-TGA.
There is a significant long-term survival with this
procedure which is, however, not without complica-
tions,"” including distortion of RV outflow tract and
pulmonary arteries, neoaortic dilatation, valvular re-
gurgitation, and coronary artery stenosis that can lead
to myocardial infarction or sudden death." Information
about the outcome of pregnancy is still limited. Our
review identified 120 pregnancies in 86 women with
TGA and ASQ.*-?5 More than half of the patients
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Figure 2. Maternal and fetal outcomes with pregnancy in women with corrected D-transposition of the great arteries (D-

TGA).
*Indicates P value<0.001.

had prior palliative procedures, and about a third
of the patients had further interventions since ASO
(Table 4). The outcome of women with ASO seemed
to be superior compared with those after ATSO.
There was no maternal mortality, and the incidence
of HF and arrhythmias, which were the main cardiac
events, was about half of that reported in women with
ATSO. Arrhythmias were not life threatening and, like
HF episodes, were manageable with medications.
Plasma brain natriuretic peptide levels measured in
one study®® were significantly higher in women with
these cardiac events. This finding supports a previ-
ous study by Kampman et al,*® who demonstrated
that increased NT-proBNP (N-terminal pro-B-type
natriuretic peptide) levels during gestation were an
independent risk predictor of cardiovascular events
during pregnancy in women with CHD and suggests
the value of a routine monitoring of brain natriuretic
peptide levels during pregnancy.

Rate of cesarean deliveries was slightly higher in
women with ASO compared with ATSO. This finding is
surprising because only a minority of the patients had
a cardiac indication (aortic dilatation) for the procedure.
This finding supports the tendency of clinicians to pre-
fer a cesarian delivery in women with cardiac disease
even without cardiac indications.

Fetal outcome was also more favorable with a high
rate of live birth and <10% abortion rates, which was
attributable to social rather than medical reasons.
There was no fetal or neonatal death, and the rates of
prematurity and small for gestational age were compa-
rable to that reported in healthy women.*®

J Am Heart Assoc. 2022;11:026862. DOI: 10.1161/JAHA.122.026862

Study Limitations

Because of the retrospective design of most studies
included in our review, the information provided is not
complete and several reports did not include all the
pregnancy characteristics or end points of interest.
Furthermore, lack of uniform definitions in maternal
and fetal events limited the accuracy of data synthesis.
In addition, most of the patients in the included studies
were asymptomatic or mildly symptomatic before ges-
tation. It is therefore possible that women with more
severe cardiac conditions were advised not to proceed
with pregnancy or have early termination. The result of
our study therefore may not be applicable to higher-
risk women with TGA.

CONCLUSIONS AND
RECOMMENDATIONS

Experience in a large number of patients with D-TGA
with ATSO indicates that pregnancy in asymptomatic
or mildly symptomatic women is well tolerated in the
majority and mortality is low. Concurrently, this con-
dition can be associated with clinically important
maternal complications, including HF, arrhythmias,
thromboembolic events, worsening of RV function, and
TR, which may persist after delivery with possible long-
term effect. Multimodality evaluation is recommended
preconception or early in pregnancy to identify high
risk for complications during pregnancy. This evalua-
tion should include a careful history of cardiac events
before pregnancy, physical examination, transthoracic
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Maternal and fetal outcomes and potential complications of pregnancy in women with D-
transposition of the great arteries with atrial vs arterial switch operation

l D-TGA

l Atrial Switch J

Low maternal mortality rate- 0.06%

Main adverse events are arrythmias and
heart failure which can be associated
with life threatening complications

Deterioration of RV function and degree
of TR can occur and persist after delivery

Decreased functional capacity
Thromboembolic complications
High incidence of prematurity

Increased incidence of fetal and neonatal
death

l Arterial Switch

No maternal mortality

Arrythmias are uncommon, mostly
benign

Low incidence of heart failure
Very low rates of valvular dysfunction

Rate of premature delivery is comparable
to the general pregnant population

Low incidence of fetal loss and no
neonatal death

Figure 3. Pregnancy outcomes in women with D-transposition of the great arteries (D-TGA).

echocardiography, and, if needed, magnetic reso-
nance imaging for assessment of cardiac function, the
presence and severity of valvular disease, and aortic
dilatation, exercise testing for objective assessment of
functional capacity and level of brain natriuretic pep-
tide, and, if necessary, invasive hemodynamic evalu-
ation for assessment of the presence and severity of
pulmonary hypertension.*” A close follow-up is re-
quired during pregnancy and postpartum by a multi-
disciplinary group experienced in the management of
pregnant women with cardiac disease for prevention
or early diagnosis and management of hemodynamic
deterioration. Frequency of follow-up should be in-
creased after the 30th week of gestation, and hemo-
dynamic deterioration after the delivery should be
anticipated and prevented by increased diuresis before
and immediately after the delivery. Women should be
made aware of the fact that fetal outcome can also be
influenced by the underlying disease with an increase
in the rate of prematurity and fetal and neonatal death.

Women with TGA after ASO seem to be at a lower
risk compared with those after ATSO. Pregnancy was
well tolerated in most cases without mortality, and the
incidence of HF and arrhythmias was lower compared
with women with ATSO, and these complications were
manageable with medical therapy. Fetal outcome
was also favorable, with incidence of prematurity and
small for gestational age comparable to those seen in
healthy women. Despite the overall favorable outcome,
the development of cardiac events during the latter
part of pregnancy and early postpartum in some of the
patients suggests the need for a careful preconceptual

J Am Heart Assoc. 2022;11:026862. DOI: 10.1161/JAHA.122.026862

evaluation and close follow-up during pregnancy in this
patient population as well.
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Supplemental Methods

The search was designed by a librarian using a variety of keywords and subject headings describing
transposition of the great arteries, surgical techniques, and pregnancy. The search was conducted in
PubMed, Embase, and CINAHL Complete on October 21, 2021. See appendix for full search strategies.
Searches were limited to materials published in journals and in the English language between 1/1/2001
and 12/31/2021. Results were de-duplicated in EndNote software. After de-duplication, the librarian
reviewed abstracts manually to remove materials labeled as conference abstracts, and remaining
abstracts were imported into Covidence for screening.

PubMed. Searched https://pubmed.nchi.nlm.nih.gov on October 21, 2021 using the advanced search
interface.

1 "transposition of the great vessels" OR "transposition of the great arteries" OR "transposition of great
vessels"[MeSH Terms] OR "transposition of great arteries" OR "transposition of great vessels" OR d-tga
OR dtga OR "atrial switch" OR "arterial switch" OR "Arterial Switch Operation"[Mesh] OR mustard[tiab]
OR senning[tiab] OR jatene[tiab]

2 "pregnancy"[MeSH Terms] OR "pregn*"[Title/Abstract] OR "pregnancy complications,
cardiovascular"[MeSH Terms] OR "pregnancy outcome"[MeSH Terms] OR "pregnancy, high risk"[MeSH
Terms] OR "obstetric*"[Title/Abstract]

3 #1 AND #2

Filters applied: English, published from 2001/1/1 - 2021/12/31

Embase. Searched embase.com on October 21, 2021 using the advanced search interface, unselecting all
mapping options.

1 ‘transposition of the great vessels' OR 'transposition of the great arteries' OR 'great vessels
transposition'/exp OR 'transposition of great vessels' OR 'transposition of great arteries' OR dtga OR 'd
tga' OR 'atrial switch' OR 'arterial switch' OR 'arterial switch operation'/exp OR mustard:kw,ab,ti OR
senning:kw,ab,ti,de OR jatene:kw,ab,ti OR 'atrial switch operation'/exp

2 ‘pregnancy'/exp OR pregn*:ti,ab,kw,de OR 'pregnancy complication'/exp OR 'pregnancy outcome'/exp
OR obstetric*:kw,ti,ab

3 #1 AND #2

4 #3 AND (2001:py OR 2002:py OR 2003:py OR 2004:py OR 2005:py OR 2006:py OR 2007:py OR 2008:py
OR 2009:py OR 2010:py OR 2011:py OR 2012:py OR 2013:py OR 2014:py OR 2015:py OR 2016:py OR
2017:py OR 2018:py OR 2019:py OR 2020:py OR 2021:py)

5 #4 AND [english]/lim

6 #5 AND [embase]/lim NOT ([embase]/lim AND [medline]/lim)

7 #6 AND ('article'/it OR 'article in press'/it OR 'conference paper'/it OR 'conference review'/it OR
'review'/it)


https://pubmed.ncbi.nlm.nih.gov/

CINAHL Complete. Searched using EBSCOhost interface on October 21, 2021 using the advanced search
screen. Prior to entering search terms, select the following: the “Boolean/Phrase” search mode, English
language limit, and the published dates of January 2001 through December 2021.

In the first search box, leave the input as “select a field.” Input these words/phrases: MH "Transposition
of Great Arteries+" OR (AB Mustard OR Tl mustard) OR (AB senning OR Tl senning) OR (AB jatene OR Tl
jatene) OR "transposition of the great vessels" OR "transposition of the great arteries" OR "transposition
of great arteries" OR "transposition of great vessels" OR dtga OR "d tga" OR d-tga OR "atrial switch" OR
"arterial switch"

Clear the search box, leaving the input as “select a field.” Input these words/phrases: (MH
"Pregnancy+") OR (AB pregn* OR Tl pregn*) OR (MH "Pregnancy Complications, Cardiovascular") OR
(MH "Pregnancy Outcomes") OR (AB obstetric* OR Tl obstetric*)

Use the search history. Combine search 1 and search 2 using AND. On the results screen, select the
Source Type limit of “academic journals.”
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