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QRIGINALARTICLE e
Pregnancy in Women With a Fontan

Circulation
A Systematic Review of the Literature

See Editorial by Davis and Rogers

BACKGROUND: The Fontan operation has provided life-saving palliation
and adult survival for individuals born with single ventricle physiology.
Many now seek advice about safe pregnancy. Little data are, however,
available, consisting mainly of anecdotal experience and small series. This
article seeks to review the published literature and identify lessons learnt
from this collective experience.

METHODS AND RESULTS: We conducted a systematic review to
evaluate maternal and fetal outcomes of pregnancy in women with a
Fontan circulation. Among 1150 studies that were screened, 6 studies
had sufficient longitudinal data points to qualify for meaningful inclusion,
yielding 255 pregnancies in 133 women after Fontan procedure resulting
in 115 live births (45%; including reports from 1986 to 2015). There was
a total of 137 pregnancy losses (69%), with 115 miscarriages (45 %),

19 elective terminations of pregnancy (7 %), 2 stillbirths (1%), and 1
ectopic pregnancy (1%).The most common cardiovascular adverse events
were supraventricular arrhythmia affecting 8.4% (range, 3%-37%) and
heart failure affecting 3.9% (range, 3%-11%) of pregnancies. These
complications were successfully managed with conventional approaches.
No maternal deaths were reported. Postpartum hemorrhage was the
predominant obstetric complication affecting 14% of the patients. Most
patients were on antiplatelet agents (27%) or anticoagulants (50%)
whereas only a minority (11%) were on neither. Among the 115 live
births, 68 were premature (59%), 17 were small for gestational age
(20%), and neonatal death occurred in 6 patients (5%).

CONCLUSIONS: The most commonly reported cardiovascular
complications in patients with Fontan physiology—associated pregnancy
were arrhythmia and heart failure. Miscarriages were highly prevalent
as was prematurity and intrauterine growth restriction. Postpartum
hemorrhage seems to be the most common obstetric complication.
Large-scale data sets are needed to confirm these early observations
and address the late sequelae of pregnancy in women with a Fontan
circulation.
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WHAT IS KNOWN

e Fontan palliation is a life-saving surgical proce-
dure for patients with complex congenital heart
disease.

e Fontan palliation results in derangement of the
normal cardiovascular hemodynamics that might
adversely affect pregnancy.

WHAT THE STUDY ADDS

e Arrhythmias and heart failure are the most fre-
quent cardiac complications among women after
Fontan palliation during pregnancy.

e Miscarriages are common in these patients, and
successful pregnancies can be frequently compli-
cated with premature deliveries and intrauterine
growth retardation.

e Postpartum hemorrhage is common among these
patients.

(SV) physiology used to have high mortality dur-

ing the childhood years. The Fontan operation
surgically redirects caval venous return directly to the
pulmonary circulation without first passing through the
single ventricle heart chamber. These abnormal connec-
tions, though remedial of cyanosis, ventricular volume
load, and unbalanced pulmonary blood flow, create
exceptional challenges for the cardiovascular system.-?
The hallmark cardiovascular features of the Fontan op-
eration are summarized in Table 1.37

Despite these profound cardiovascular challenges,
survival into adulthood is now commonplace.® Many
women with such palliated SV physiology now strive
to achieve safe pregnancies. However, because late
cardiovascular morbidity and extracardiac organ dys-
function occur with increasing frequency, it is impera-
tive to carefully consider potential adverse interactions
between the cardiovascular system and pregnancy.®"
The adverse cardiovascular physiology and late morbid-
ity of Fontan circulations may potentially aggravate or
indeed itself be aggravated by the physiology of preg-
nancy, including both the hemodynamic impact and
the prothrombotic risks.

Given the potentially complex series of interactions
and influence on pregnancy outcomes, this article aims
to conduct a systematic review and summarize the pub-
lished literature on pregnancy among women with a
Fontan circulation and use this to outline the lessons
learnt from this collective wisdom.

U npalliated individuals born with single ventricular

METHODS

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure. A systematic review
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of the literature that evaluated maternal and fetal outcomes
during pregnancy in women with a Fontan circulation was
conducted. All studies were considered eligible if they included
>5 pregnancies and if pregnancy and cardiovascular outcomes
information was included. Case reports or small case series
(ie, <5 pregnancies), and studies reporting delivery only data,
without maternal cardiac information, were excluded.

We searched PubMed and the Cochrane Library for all
studies published in English between years 1990 and 2017
with search criteria including the following terms: Pregnancy
and any of the following Fontan, single ventricle, double inlet
left ventricle, tricuspid atresia, hypoplastic left heart syndrome,
hypoplastic right heart syndrome, unbalanced atrioventricular
septal defect, or univentricular atrioventricular connection.

RESULTS

A total of 1150 studies were reviewed for eligibil-
ity (Figure 1). Of these, the majority was excluded
(939 studies) based on the exclusion criteria. The
most common reason being that the articles dealt
with fetal SV heart rather than maternal SV heart.
Of these excluded studies, 29 reports were single
cases or small case series of <5 pregnancies. These
excluded reports included a total of 31 women, hav-
ing 37 deliveries, among whom 2 had 4 consecutive
pregnancies each, and 2 had twin pregnancies. There
were no deaths reported in these case reports. Of
the 13 potentially eligible studies, 7 were excluded
based on different population selection (ie, not only
women with a Fontan circulation), different outcomes
not relevant to this report, and no data about preg-
nancy outcomes.’”'® The final 6 studies included in
this report included a total of 255 pregnancies among
133 women with a Fontan circulation and SV physi-
ology.”®?* Two independent researchers (A.G. and
G.R.V.) assessed whether inclusion and exclusion
were performed correctly. In case of disagreement,
an agreement was negotiated. References of selected
papers were crosschecked for other relevant stud-

Table 1. Key Cardiovascular Features of the Fontan
Circulation

Obligatory central and systemic venous hypertension in the range of
10-20 mmHg

Risk of arrhythmias

Nonpulsatile flow to the lungs

Hepatic congestion

Depressed resting and exercise cardiac output

Preload deprivation of the univentricular heart

Relatively fixed pulmonary vascular resistance such that with increased
cardiac output pulmonary artery and venous pressures rise

Higher arterial impedance with poorer ventricular—vascular coupling

Thrombophilic tendency

Bleeding propensity
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ies. The studies by Pundi et al??> and Canobbio et al®
might have some overlap in the included patients.
There was inadequate information to discern those
patients who had overlapping information.

Patient Characteristics

Underlying anatomic description and the type of sur-
gical correction were not uniformly reported. How-
ever, tricuspid atresia appeared to the most common
underlying cause, and there was an equal distribution
of atriopulmonary and total cavopulmonary Fontan
(Table 2). There was limited prepregnancy information;
however, arrhythmias appeared to be relatively com-
mon (Table 2).

Maternal Cardiovascular Complications

Mortality and Later Cardiovascular Morbidity
There were no reported maternal mortalities in the
reported literature. However, there were at least 2
potentially life-threatening complications associated
with pulmonary embolism in the immediate postpar-
tum period.’ 7 Late postpartum effects are poorly
documented in the published literature. Pundi et al??
reported 1 death, 11 years after successful pregnancy
(cause of death unknown), and 1 cardiac transplanta-
tion, for progressive heart failure (HF), 1 year after ther-
apeutic termination (Tables 2 and 3; Figure 2).

Circ Cardiovasc Qual Outcomes. 2018;11:e004575. DOI: 10.1161/CIRCOUTCOMES.117.004575

Supraventricular Arrhythmia

The most common cardiovascular complication during
pregnancy was supraventricular arrhythmia, described
in 15 of 198 pregnancies with available data (ie, over-
all prevalence of 8.4%; range, 3%-37%). Arrhythmia
occurred mostly in the third trimester and responded to
conventional treatment approaches described in Table 3.

Heart Failure

The second most common cardiovascular complica-
tion was HF, described in 7 of 198 pregnancies (overall
prevalence, 3.9%; range, 3%-11%). HF was observed
in the postpartum period in 4 of the 7 cases reported
across the studies. In at least 1 case, HF was associated
with persistent atrial fibrillation.

Other Cardiovascular Complications

Pundi et al?? described bradycardia in 3 of 19 pregnan-
cies, requiring pacemaker therapy during pregnancy.
Two of these pregnancies resulted in premature delivery
at 27 and 29 weeks, respectively.

Anticoagulation, Antiplatelet Therapy,
and Hemostatic Complications

Only 4 studies reported data on anticoagulation or
antiplatelet strategies during pregnancy and hemo-
static complications. Most patients were on antiplate-
let agents (27 %) or anticoagulants (50%). In 12 of the
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Table 2. Overview of the Literature on Pregnancy in Fontan Patients

Canobbio 1996 Retrospective 21 33 TAtresia: 7 AP: 8 V. dysfunction: HF: 1 (3%) Miscarriages: 13
etal™ (Mayo Clinic (50%) (57%) 1 (3%) SVT: 1 (3%) (39%)
and UCLA DORV:3 (21%) | RA-AV: 3 AWVI: 1 (3%) Elective TOP: 5
medical DILV: 2 (14%) 21%) Arrhythmia: 3 (15%)
center HLHS: 1 (7%) TCPC: 3 (21%)
registries) Others: 2 21%)
(14%)
Drenthen | 1986-2003 2006 Retrospective 6 10 TAtresia: 18 AP: 22 Sev SVT: 1 (10%) | Miscarriages: 5
et al?® (Netherlands (47%) (60%) dysfunction: 5 NYHA |: 2 (50%)
and Belgium DORV: 3(8%) | RA-AV: 8 (13%) (20%) Ectopic
CONCOR DILV: 7 (18%) (21%) AVVI(IINV): 6 pregnancy: 1
registry) PA/IVS: 3(8%) | TCPC: 3 (16%)
Others: 7 (8%) Arrhythmia: 19
(18%) (50%)
Gouton | 2000-2014 2015 Retrospective 37 59 TAtresia: 19 | AP: 6 (16%) Mild HF: 3 (5%) Miscarriages
et al” (French (51%) TCPC: 31 dysfunction: 4 | SVT: 3 (5.1%) 16 27%)
M3C DORV: 3 (8%) (84%) (11%) SE: 2 (3.4%) | Elective TOP: 4
network) DILV: 7 (19%) AWVI (IIINV): 0 (7%)
Others: 8 (0%) Stillbirth: 1
(22%) Arrhythmia: 7 (3%)
(19%)
Pundiet | 1973-2015 2016 Retrospective 35 70 Dom RV: 3 AP: 9 EF: 49%+5% | HF: 2* (10.5%) | Miscarriages:
al? (Mayo Clinic (16%) (47%) SVA: 7* 35 (50%)
medical Dom LV: 13 TCPC: 7 (36.8%) Elective TOP: 6
record) (68%) (37%) PM: 3* (9%)
Common: 3 Other: 3 (15.8%)
(16%) (16%)
Zentner 2016 Retrospective 20 40 HF: 11 (7.1%) | Miscarriages:
et al?? (Australia Arrhythmia 17 (43%)
and New (DCR): 11 Elective TOP: 4
Zealand (7.1%) (10%)
Fontan Stillbirth: 1
Registry) (3%)
No
information: 2
(5%)
Cauldwell | 1994-2014 2016 Retrospective 14 43 T.Atresia: 7 TCPC: 9 Arrhythmia: 9 | Desaturation: 1 | Miscarriages:
et al* (multicenter (50%) (64%) (64%) SVT: 3 29 (67%)
in England) Dom RV: 4 AP: 5 Mild
(29%) (36%) dysfunction: 1
Dom LV: 10 (7%)
(71%)
Total 133 255 AP: 54 SVT: 15 (8.4%) | Miscarriages:
RA-AV: 11 HF: 7 (3.9%) 115 (45%)
TCPC: 53 Elective TOP:
Other: 3 19 (7%)
Stillbirth: 2
(1%)
Ectopic
pregnancy: 1
(1%)
Total Pregnancy
Loss: 137
(54%)
No information:
2 (1%)

Data are listed according to maternal cardiovascular complications during pregnancy and total pregnancy losses. French M3C network denotes 13 centers of the
French M3C network for patients with complex cardiac malformations. CONCOR registry was funded by the Netherlands Heart Foundation and a Belgian tertiary
medical center’s adult congenital heart disease database. AP indicates atriopulmonary fontan; AVVI, Atrio-ventricular valve insufficiency, CONCOR, congenital corvitia;
DCR, direct current cardioversion; DILV, double inlet left ventricle; Dom, dominant ventricle; DORV, double outlet right ventricle; EF, ejection fraction; HF, heart failure;
HLHS, hypoplastic left heart syndrome; LV, left ventricle; NYHA, New York Heart Association; PA/IVS, pulmonary atresia intact ventricular septum; PM, pacemaker during
pregnancy; RA-AV, right atrial atrioventricular Fontan; RV, right ventricle; SE, systemic embolism; SVA, supraventricular arrhythmia; SVT, supraventricular tachycardia;
T.Atresia, tricuspid atresia; TCPC, total cavopulmonary connection; TOP, termination of pregnancy; UCLA, University of California Los Angeles; and V., ventricle.

*Among 19 available data pregnancies.

TAmong 14 available data pregnancies resulted in a birth.
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Figure 2. Cardiovascular complications.
HF indicates heart failure; SE, systemic embolism; and SVA,
supraventricular arrhythmia.

total 113 women (11%) with available data, no anti-
coagulation or antiplatelet was used. Overall bleed-
ing complications occurred in 28 pregnancies (25%),
including 12 (11%) with antepartum hemorrhage and
16 patients with postpartum hemorrhage (PPH; 14%).
PPH was not associated with a specific anticoagulation
regimen. This complication occurred in patients with
anticoagulants, as well as in patients with antiplatelet
therapy or no treatment (Table 4).

Obstetric and Fetal Complications

Miscarriages and Prematurity
There were a total of 137 pregnancy losses among 255
pregnancies (54%; Tables 2, 4 through 6; Figure 3). Of

these, 115 (45%; range, 27%-67%) were spontane-
ous miscarriages, 19 (7%) were medically or surgically
induced termination of pregnancy, 1 was an ectopic
pregnancy (1%), and there were 2 stillbirths (1%). In
addition, there were 68 premature deliveries (59%) and
6 neonatal deaths (5%) among 115 live births (Table 5).

Causes of prematurity were not specified, particu-
larly iatrogenic prematurity induced by an early planned
delivery for maternal cardiac reasons was not men-
tioned. However, premature rupture of membranes
was reported in 10 patients among a total of 161 preg-
nancies (6.2%), and antepartum hemorrhage including
abruption placentae was diagnosed in 10 pregnancies
among a total of 109 pregnancies (10.9%). In Gouton
et al?' study, atriopulmonary Fontan was diagnosed in
3 pregnancies. At the time of this bleeding events, the
women were receiving antiplatelet therapy, prophylac-
tic anticoagulation with unfractionated heparin, and
therapeutic anticoagulation with low molecular weight
heparin, respectively (Table 6).

Mode of Delivery

Overall, in the reported cohort, cesarean-section (CS)
was performed in 40 of 70 reported pregnancies, that
is, a prevalence of 57.1% (range, 42%-79%). Canob-
bio et al™ reported 11 CS among 14 women with live
births and with available data (78.6%). Indications for
CS included 1 preterm labor, 1 failure to progress, 1
footling breech presentation, and 8 unknown. Dren-
then et al?® described CS in 3 of the 4 viable pregnan-

Table 3. Maternal Cardiovascular Complications and Management

Study Maternal CV Complication Gestational Age Management Outcome
Canobbio et al™® SVT: 1 27 and 38.5 GW Digoxin+verapamil Resolved

HF: 1 1 wk post-delivery Oxygen+afterload-reducing agents Resolved
Drenthen et al?® SVT (AF): 1 33 GW 150 mg failed flecainide+ECV Resolved

Exercise intolerance: 2

Third trimester

None

Resolved after delivery

Gouton et al!

SVT. 1 persistent AF

First and second

Chemical cardioversion with

Resolved

SVT: 1 paroxysmal AFL trimesters amiodarone No reported adverse outcomes
SVT: 1 paroxysmal AF First trimester Sotalol No reported adverse outcomes
SE: 1 TIA 18 GW Propranolol No reported adverse outcomes
SE: 11ICT 32 GW Antiplatelet drugs No reported adverse outcomes
HF: 1 Post-partum 4000 anti-Xa Ul/24 h Resolved
HF: 3 Because of persistent AF No reported adverse outcomes
(cardioversion with amiodarone)
Pundi et al*? SVT. 1 AFL Second trimester Atenolol+verapamil+nonspecified Resolved after cardioversion
cardioversion+enoxaparin
SVT. 6 Calcium channel blockers or No reported adverse outcomes
B-blockers

HF: 2 No reported adverse outcomes
Zentner et al?? SVT: 1 Electrical cardioversion No reported adverse outcomes
HF: 1 Postpartum Diuretics No reported adverse outcomes
Cauldwell et al** SVT. 3 Peri-delivery 2 spontaneous terminations and 1 No reported adverse outcomes

cardioversion with amiodarone

... denotes unknown or not reported. AF indicates atrial fibrillation; AFL, atrial flutter; CV, cardiovascular; ECV, electrical cardioversion; GW, gestational week;
HF, heart failure; ICT, intracardiac thrombus; SE, systemic embolism; SVT, supraventricular tachycardia; and TIA, transient ischemic attack.
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Table 4. Anticoagulation, Antiplatelet Management, and Hemostatic Outcomes

Anticoagulation Regimens Hemorrhagic Events
Women/Total Viable Therapeutic | Prophylactic Thromboembolic
Study Pregnancies | Pregnancies | Antiplatelet AC AC None APH PPH Events
Gouton et al*' 37/59 37 (1 twin 12 (22.2%) 27 (50%) 12 (22.2%) | 4(7.4%) 3 3 3 (1 submassive
(37 women with | pregnancy) PE)
available data)
Pundi et al* 35/70 29 12 (63.2%) 3(15.8%) 2(10.5%), | 5(26.3%) 2 1 0
(19 women with only
available data) immediately
pre-delivery
Zentner et al*® 27/40 14 6 (43%) 5(35.7%)* NR* 3(21%) 42 6 (3 needed 0
(14 women with subchorionic | transfusion)
available data) APH)
Cauldwell 14/43 14 0(0%) 0(0%) 8(100%) 0(0%) 3 6(1 1 (submassive PE)
et al* (8 women with requiring
available data) ICU)
Total 113/212 94 30 (27%) 35 (31%) 22 (19%) 12 (11%) 12 (11%) 16 (14%) 4 (4%)

AC indicates anticoagulation; APH, antepartum hemorrhage; ICU, intensive care unit; NR, not reported; PE, pulmonary embolus; and PPH, postpartum

hemorrhage.
*Not reported as therapeutic or prophylactic.

cies (75%). The authors reported indications for CS as
follows: 1 preterm labor, 1 breech presentation, and 1
elective CS with unreported indication. Gouton et al?!
described 16 CS in 38 completed pregnancies (42.1%;
including a twin pregnancy). Pundi et al?? reported CS
in 10 of 14 (71.4%) women where this information
was available. Cauldwell et al?* reported CSin 7 of 14
Fontan pregnancies. Additional obstetric and noncar-
diac complications are listed in Table 6.

DISCUSSION

Understanding the interactions between pregnancy and
Fontan hemodynamics, as well as being aware of the
potential obstetric complications that may arise, is funda-
mental to providing counseling and sound medical care
for women with a Fontan circulation undergoing preg-
nancy. In this review, we demonstrated that although
no deaths were demonstrated, there are many potential
serious complications that arise during pregnancy asso-
ciated with a Fontan circulation. Probably, these early
series included typically those patients after the Fontan
procedure with good ventricular function, no severe
valve dysfunction, and good exercise capacity. A selec-
tion bias in the available literature seems likely as women
with ventricular dysfunction, or other problems will have
been counseled against pregnancy. The main cardiovas-
cular complications were arrhythmia and heart failure,
and the dominant obstetric complications were miscar-
riages, PPH, prematurity, and most likely also intrauter-
ine growth restriction although the numbers were too
small to be certain. The absence of a strong association
between maternal anticoagulation and bleeding might
suggest that factors other than maternal anticoagulation
could contribute to PPH in this patient population.

Circ Cardiovasc Qual Outcomes. 2018;11:e004575. DOI: 10.1161/CIRCOUTCOMES.117.004575

Cardiovascular Complications

Supraventricular arrhythmia was the most common
cardiovascular adverse event observed in the pub-
lished series, occurring in a tenth of women. In all, the
arrhythmia was responsive to treatment approaches,
including B-blocker therapy, calcium channel block-
ade, sotalol, and amiodarone. For acute termination,
flecainide (category C) and amiodarone (category D),
as well as electrical cardioversion, were applied success-
fully. Most of the supraventricular arrhythmia episodes
occurred after the first trimester. Pregnancy is well
recognized to lower the threshold for ventricular and
atrial arrhythmia through a variety of neurohormonal
mechanisms.?' Fontan patients also have an inherent
propensity toward atrial arrhythmia. This is driven by
sinus node disease, surgical scar burden, altered atrial
tissue organization, and acquired atrial and ventricular
myocardial connexon injury. This synergistic environ-
ment between pregnancy and Fontan circulations pro-
vides an ample milieu for arrhythmia generation.

The second most frequent cardiovascular compli-
cation was acute HF. Interestingly, HF occurred not
only in the third trimester but also frequently in the
postpartum period. There may be multiple reasons
or a combination of reason for this: (1) Fluid shifts
occurring in the early postpartum period as the uter-
us contracts and auto-boluses =250 cc of blood in
an already volume loaded circulation. Furthermore,
there may be persistent fluid overload for weeks after
post-partum which might impact development of
acute HF. (2) Diastolic dysfunction in Fontan patients
is often under-recognized and occurs frequently in
asymptomatic patients.?>2¢ (3) At term, diminution in
myocardial strain has also been demonstrated in the
peripartum period.?’
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Figure 3. Obstetric complications.
PPH indicates postpartum hemor-
rhage; PROM, premature rupture of
membranes; and RH, retroplacental
hematoma.
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The management of acute HF is similar to nonpreg-
nant Fontan patients, with the exception of avoid-
ing fetotoxic medications (ie, angiotensin-converting
enzyme inhibitors and angiotensin receptor blockade,
no data as yet on neprolysin inhibition —based on
Food and Drug Administration categories).?® Diuretics
should be used with caution in Fontan patients to avoid
too low preload. It is important to evaluate for occult
arrhythmia, pathway thrombosis, gestational hyperten-
sion and preeclampsia, and anemia as potential causes
for HF. These potential triggers may occur on the back
of unrecognized underlying pathway obstruction, ele-
vated pulmonary vascular resistance, and systolic or dia-
stolic disease of the systemic ventricle and need prompt
treatment. Defining HF is always difficult in the Fontan
population because factors other than primary ventric-
ular dysfunction, such as elevated pulmonary vascular
resistance, could potentially result in symptoms. Hence,
it is important to have a broad perspective in the evalu-
ation of these patients and not be limited to treating
primary ventricular dysfunction. In addition, pregnancy
itself may mimic severe heart failure symptoms, such as
shortness of breath and edema.? Finally, the possible
adverse impact of pregnancy on long-term outcome
in Fontan patient remains unclear because of the lack
of sufficient data. Irreversible deterioration may occur

Table 5. Neonatal Complications

because of the increased cardiac output, occurrence of
arrhythmia, or possible pulmonary embolisms leading
to elevated pulmonary pressures. The delicate balance
in the Fontan physiology may be disturbed by the preg-
nancy and not restored afterward.

Obstetric Complications

The CS rate was high in the reported literature, docu-
mented in =2/3 of women. This is much higher compared
with the national average of the countries involved in
the study which ranges from 11% to 32% during the
study time period.* Indications for CS included preterm
labor, failure to progress, and breech presentation. Vag-
inal delivery remains the more preferable approach to
delivery because it is associated with a lower risk of PPH
and a better fetal outcome.'?3" However, this is in the
context of a high-risk mother, who might need urgent
CS because of factors, such as maternal hemodynamic
decompensation.

The most frequent obstetric complications detect-
ed was PPH, occurring in half of women in the larger
series. In the general population of pregnant women,
PPH occurs at a rate of 2.9% to 6%, and the rate
of hemorrhagic complications while on anticoagula-
tion in the postpartum period is estimated between

Study Live Births/Total Birth PD SGA CHD ND
Canobbio et al™ 15/33 (45%) 1 NR 1 0
Drenthen et al?® 4/10 (40%) 2 2 0 1
Gouton et al?! 38/59 (64%) 25 4 2 1
Pundi et al? 29/70 (41%) 18* 3* 2* 1
Zentner et al®® 15/40 (40%) 12 NR NR 2
Cauldwell et al?* 14/43 (33%) 10 8 0 1
Outcomes 115/255 (45%) 68 (59%) 17 (20%)t 5(5%)t 6 (5%)

CHD indicates congenital heart disease; ND, neonatal death; NR, not reported; PD, premature delivery; and SGA, small for

gestational age.

*Twenty-nine live births were reported, but only 22 had information on outcomes.
tOverall percentage was calculated after exclusion of the cohorts which did not report the particular variable.

Circ Cardiovasc Qual Outcomes. 2018;11:e004575. DOI: 10.1161/CIRCOUTCOMES.117.004575

May 2018 7


http://circoutcomes.ahajournals.org/

8102 ‘ST Ao\ U0 159n6 Aq /610°S [euIno feye sawiooIn02419//:d1y wodj papeojumoq

Ropero et al; Pregnancy and Fontan Circulation

Table 6. Maternal Noncardiac Complications During
Pregnancy and Frequency of Premature Rupture of
Membranes

Noncardiac
Complications (Timing | Premature Rupture of
Study in the Pregnancy; %) Membranes (%)

Canobbio et al™® PHE: 2 (NR; 6%);

PL: 1 (at 28 wk; 3%)

PROM: 1 (at 34 wk; 3%)

Drenthen et al?® HTN: 1 (NR; 10%) PROM: 1 (at 25 wk;

10%)

Gouton et al! RF: 1 (second trimester;
2%);

Anemia with transfusion:

1 (third trimester; 2%);

PE: 1 (post-partum; 2%)

PROM: 7 (12%)

Pundi et al*? HTN: 1 (third trimester;
5%);

Preeclampsia: 1 (NR; 5%)

PROM: in 2/14 women
(14%)

Cauldwell et al* PE: 1 (peripartum; 2%)

HTN, hypertension; NR, not reported; PE, pulmonary embolism; PHE,
peripheral edema; PL, preterm labor; PROM, premature rupture of
membranes; and RF, renal failure.

2% and 11%.32 Uterine atony is probably the most
predominant cause of PPH. This may well be driven
by the general practice of restricting uterotonic usage
because of concerns for tachycardia, hypotension,
and fluid retention in women with cardiac disease.
Its safe use, however, has been demonstrated in a
recent publication.?® It is also plausible that abnormal
vascular malformations, underlying liver disease, and
thrombotic disorders in the Fontan population could
have contributed to PPH.34

In this review, a likely contributing factor to PPH
was antiplatelet and anticoagulant therapy; however,
this association is not straightforward. In Cauldwell’s
series, where women were managed only on prophy-
lactic low molecular weight heparin and was stopped
well before delivery, the incidence of bleeding was still
high.?* It is worthy to note that bleeding risk in Fontan
patients outside of pregnancy is a recognized and per-
haps under-reported phenomenon.3*

Antepartum pulmonary embolism, and cerebral isch-
emic events, was denoted in isolated cases only. The
Fontan state itself, even in the most current iterations of
the circulation, as well as pregnancy per se, represents
a prothrombotic state.?* Procoagulants increase (factors
5, 8, Von Willebrand factor, and fibrinogen) and great-
er resistance to endogenous anticoagulants (decreased
protein C, S, and more placental tissue plasminogen
activator) occurs during pregnancy.?® It is, therefore,
not unreasonable to consider prophylactic therapeutic
anticoagulation during pregnancy after individualized
assessment of risks and benefits. This poses a thera-
peutic conundrum, balancing risks of bleeding versus
thrombosis. We recommend therapeutic anticoagula-
tion for pregnant patients with Fontan circulation who
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have prepregnancy history of arrhythmias or develop
arrhythmias during pregnancy and for those with his-
tory of thromboembolic events.?'

Fetal and Neonatal Complications

We found a high incidence of fetal and neonatal
events. Miscarriages, isolated and recurrent, affected at
least half of women. This high percentage needs spe-
cial attention during counseling of women with Fontan
procedure. Among live births, >50% were premature
whereas SGA was diagnosed in 20%. It is likely that
these early pregnancy losses, as well as the high inci-
dence of prematurity and intrauterine growth restric-
tion, are driven by a combination of factors, including
placental insufficiency, intrinsic morphological uterine
abnormalities, adverse hemodynamics including limited
cardiac output, neurohormonal environment of the
Fontan circulation, maternal medication (eg, p-blockers
and vitamin K antagonists), and iatrogenic errors in
decision making regarding time of delivery.'#1536-38
Overall, these phenomena lead to an adverse uterine
environment for the developing fetus leading to neo-
natal sequela in case of live birth.3%4°

Limitations

This review is limited by the small numbers included
and by the incomplete nature of the individual data
points within each study. The limited numbers could
at least partly be attributed to subfertility or infertility
and menstrual disorders that are commonly encoun-
tered in this population in addition to the counsel-
ing offered to the patients against the pregnancy. In
addition, the outcomes (main and subgroup analysis)
reported in each series, varies considerably leading to
heterogeneity in the review. Furthermore, the limited
number of patients with a systemic left ventricle, such
as hypoplastic left heart syndrome, makes it difficult
to comment on the role of the ventricular morphol-
ogy in pregnancy outcomes among patients with Fon-
tan physiology. There are several potential biases in
the included studies. First, there may be an inherent
reporting bias against mortality and severe morbid-
ity outcomes. Second, there is likely a selection bias
toward those patients with good Fontan hemody-
namics whereas those patients with an unfavorable
physiology strongly were advised against pregnancy.
However, the impact of physician advice on pregnan-
cy outcomes is still not yet clear and requires further
studies. Finally, in several studies, data collection was
a combination of patient response questionnaires or
medical records review. This may preclude inclusion
of women who experienced debilitating morbidity or
were deceased. However, it may also have increased
the accuracy of the reporting of termination and mis-
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carriage, with information sharing supported by the
anonymized data collection process. The potential for
selection bias against sicker women is present in all
studies, with these women potentially not surviving
to consideration of or reaching child bearing age. In
2 papers, it is possible that data collection may have
produced some overlap of women included.??

Conclusions

Retrospective review of the published literature in
pregnant women with a relatively well-functioning
Fontan circulation suggests that although pregnancy
is relatively well tolerated, it remains a high risk under-
taking, and the potential morbidities are both high and
may be life threatening. Reporting and selection bias
may have resulted in the apparent absence of actual
mortalities. The most frequent cardiovascular adverse
events were supraventricular arrhythmia and decom-
pensated HF, all of which were treated with conven-
tional treatment strategies. PPH, prematurity, and
perhaps intrauterine growth restriction occur com-
monly. Antenatal counseling because of the high risk
of recurrent miscarriages is of paramount importance.
Clinicians should be aware of the hemorrhagic ten-
dency during pregnancy in addition to the thrombotic
tendency of the Fontan physiology and be ready to
handle these complications in the peripartum period.
The indications for anticoagulation and antiplatelet
therapy among pregnant women with Fontan circula-
tion need further investigation. HF can complicate the
puerperium, and clinicians should be ready to tackle
these complications. Further study of the potential
causes of PPH, recurrent miscarriage, and prematu-
rity, such as uterine atony and placental insufficiency,
are needed. In addition, attention for the longer-term
postpartum effects of pregnancy on the Fontan circu-
lation is warranted.

ARTICLE INFORMATION
Received January 11, 2018; accepted March 20, 2018.

Correspondence

Gruschen R. Veldtman, MBChB, The Heart Institute, Cincinnati Children’s
Hospital Medical Center, 3333 Burnett Ave, Cincinnati, OH 45229. E-mail
Gruschen.veldtman@cchmc.org

Affiliations

Department of Cardiology, Instituto de Investigacion Sanitaria-Fundacion Ji-
ménez Diaz, Madrid, Spain (A.G.R.). Heart Institute, Cincinnati Children’s
Hospital Medical Center, OH (S.B. G.R.V,, N.B.). Department of Cardiology,
Erasmus Medical Center, Rotterdam, The Netherlands (J.W.R.H., N.B., G.R.V.).
Department of Anesthesiology, University of Cincinnati, OH (A.G.). Department
of Cardiology, Royal Melbourne Hospital and Faculty of Medicine, Dentistry
and Health Sciences, University of Melbourne, Parkville, Australia (D.Z.). De-
partment of Adult Congenital Heart Disease, Royal Brompton and Harefield
NHS Foundation Trust, London, United Kingdom (L.S.). Department of Adult
Congenital Heart Disease, Hopital Européen Georges Pompidou, Assistance

Circ Cardiovasc Qual Outcomes. 2018;11:e004575. DOI: 10.1161/CIRCOUTCOMES.117.004575

Publique—Hopitaux de Paris (AP-HP), Paris Descartes University, Sorbonne Paris
Cité, Paris Centre de Recherche Cardiovasculaire, INSERM U970, France (M.L.).

Disclosures

None.

REFERENCES

1. Fontan F, Baudet E. Surgical repair of tricuspid atresia. Thorax.
1971,26:240-248.

2. de Leval MR. Evolution of the Fontan-Kreutzer procedure. Semin Tho-
rac Cardiovasc Surg Pediatr Card Surg Annu. 2010;13:91-95. doi:
10.1053/j.pcsu.2010.01.006.

3. Lyon EP. A study of the circulation, blood pressure, and respiration of
sharks. J Gen Physiol. 1926;8:279-290.

4. Macé L, Dervanian P, Bourriez A, Mazmanian GM, Lambert V, Losay
J, Neveux JY. Changes in venous return parameters associated with
univentricular Fontan circulations. Am J Physiol Heart Circ Physiol.
2000;279:H2335-H2343. doi: 10.1152/ajpheart.2000.279.5.H2335.

5. MyersCD, BallmanK, Riegle LE, Mattix KD, Litwak K, Rodefeld MD. Mechanisms
of systemic adaptation to univentricular Fontan conversion. J Thorac Cardio-
vasc Surg. 2010;140:850.e1-856.e1. doi: 10.1016/.jtcvs.2010.04.015.

6. Saiki H, Kuwata S, Kurishima C, lwamoto Y, Ishido H, Masutani S, Sen-
zaki H. Aldosterone-cortisol imbalance immediately after fontan op-
eration with implications for abnormal fluid homeostasis. Am J Cardiol.
2014;114:1578-1583. doi: 10.1016/j.amjcard.2014.08.030.

7. Ishida H, Kogaki S, Ichimori H, Narita J, Nawa N, Ueno T, Takahashi K,
Kayatani F, Kishimoto H, Nakayama M, Sawa Y, Beghetti M, Ozono K.
Overexpression of endothelin-1 and endothelin receptors in the pulmo-
nary arteries of failed Fontan patients. Int J Cardiol. 2012;159:34-39. doi:
10.1016/}.ijcard.2011.02.021.

8. d'Udekem Y, lyengar AJ, Cochrane AD, Grigg LE, Ramsay JM, Wheaton
GR, Penny DJ, Brizard CP. The Fontan procedure: contemporary tech-
niques have improved long-term outcomes. Circulation. 2007;116(suppl
11):1157-1164. doi: 10.1161/CIRCULATIONAHA.106.676445.

9. Rychik J, Veldtman G, Rand E, Russo P, Rome JJ, Krok K, Goldberg DJ,
Cahill AM, Wells RG. The precarious state of the liver after a Fontan
operation: summary of a multidisciplinary symposium. Pediatr Cardiol.
2012;33:1001-1012. doi: 10.1007/500246-012-0315-7.

10. Sammour F, Haw M, Paisey J, Cope R, Herbertson M, Salmon T, Vettukattil
J, Rogerson M, Karagkiozaki V, Veldtman G. Renal function of patients with
a failing Fontan circuit undergoing total cavopulmonary revision surgery.
Pediatr Cardiol. 2009;30:282-288. doi: 10.1007/s00246-008-9344-7.

11. d'Udekem Y, lyengar AJ, Galati JC, Forsdick V, Weintraub RG, Wheaton
GR, Bullock A, Justo RN, Grigg LE, Sholler GF, Hope S, Radford DJ, Gentles
TL, Celermajer DS, Winlaw DS. Redefining expectations of long-term sur-
vival after the Fontan procedure: twenty-five years of follow-up from the
entire population of Australia and New Zealand. Circulation. 2014;130(11
suppl 1):532-538. doi: 10.1161/CIRCULATIONAHA.113.007764.

12. Collins RT 2nd, Chang D, Sandlin A, Goudie A, Robbins JM. National
in-hospital outcomes of pregnancy in women with single ventricle
congenital heart disease. Am J Cardiol. 2017;119:1106-1110. doi:
10.1016/j.amjcard.2016.12.015.

13. Monteiro RS, Dob DP, Cauldwell MR, Gatzoulis MA. Anaesthetic man-
agement of parturients with univentricular congenital heart disease
and the Fontan operation. Int J Obstet Anesth. 2016;28:83-91. doi:
10.1016/}.ijoa.2016.08.004.

14. Pillutla P, Nguyen T, Markovic D, Canobbio M, Koos BJ, Aboulhosn JA.
Cardiovascular and neonatal outcomes in pregnant women with high-
risk congenital heart disease. Am J Cardiol. 2016;117:1672-1677. doi:
10.1016/j.amjcard.2016.02.045.

15. Siu SC, Sermer M, Colman JM, Alvarez AN, Mercier LA, Morton BC, Kells
CM, Bergin ML, Kiess MC, Marcotte F, Taylor DA, Gordon EP, Spears JC,
Tam JW, Amankwah KS, Smallhorn JF, Farine D, Sorensen S; Cardiac
Disease in Pregnancy (CARPREG) Investigators. Prospective multicenter
study of pregnancy outcomes in women with heart disease. Circulation.
2001;104:515-521. doi: 10.1161/hc3001.093437.

16. Lee SM, Kwon JE, Song SH, Kim GB, Park JY, Kim BJ, Lee JH, Park CW, Park
JS, Jun JK. Prenatal prediction of neonatal death in single ventricle congeni-
tal heart disease. Prenat Diagn. 2016;36:346-352. doi: 10.1002/pd.4787.

17. Le Gloan L, Mercier LA, Dore A, Marcotte F, Mongeon FP, Ibrahim R, Asgar
A, Poirier N, Khairy P. Pregnancy in women with Fontan physiology. Expert
Rev Cardiovasc Ther. 2011;9:1547-1556. doi: 10.1586/erc.11.158.

May 2018 9


mailto:Gruschen.veldtman@cchmc.org
http://circoutcomes.ahajournals.org/

8102 ‘ST Ao\ Uo 159n6 Aq /60°S [euIno feye sawiooN02419//:d1y Wod papeojumoq

Ropero et al; Pregnancy and Fontan Circulation

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Circ Cardiovasc Qual Outcomes. 2018;11:e004575. DOI: 10.1161/CIRCOUTCOMES.117.004575

Gnanappa GK, Celermajer DS, Sholler GF, Gentles T, Winlaw D, d'Udekem
Y, Ayer J. The long-term management of children and adults with a
Fontan circulation: a systematic review and survey of current practice
in Australia and New Zealand. Pediatr Cardiol. 2017,38:56-69. doi:
10.1007/500246-016-1484-6.

. Canobbio MM, Mair DD, van der Velde M, Koos BJ. Pregnancy outcomes

after the Fontan repair. / Am Coll Cardiol. 1996;28:763-767.

Drenthen W, Pieper PG, Roos-Hesselink JW, Schmidt AC, Mulder B,
van Dijk AP, Vliegen HW, Sollie KM, Voors AA, Ebels T, van Veldhuisen
DJ; ZAHARA Investigators. Non-cardiac complications during pregnancy
in women with isolated congenital pulmonary valvar stenosis. Heart.
2006;92:1838-1843. doi: 10.1136/hrt.2006.093849.

Gouton M, Nizard J, Patel M, Sassolas F, Jimenez M, Radojevic J, Mathiron
A, Amedro P, Barre E, Labombarda F, Vaksmann G, Chantepie A, Le Gloan
L, Ladouceur M. Maternal and fetal outcomes of pregnancy with Fontan
circulation: a multicentric observational study. Int J Cardiol. 2015;187:84—
89. doi: 10.1016/j.ijcard.2015.03.344.

Pundi KN, Pundi K, Johnson JN, Dearani JA, Bonnichsen CR, Phillips SD,
Canobbio MC, Driscoll DJ, Cetta F. Contraception practices and preg-
nancy outcome in patients after Fontan operation. Congenit Heart Dis.
2016;11:63-70. doi: 10.1111/chd.12291.

Zentner D, Kotevski A, King I, Grigg L, d'Udekem Y. Fertility and preg-
nancy in the Fontan population. Int J Cardiol. 2016;208:97-101. doi:
10.1016/j.ijcard.2016.01.180.

Cauldwell M, Von Klemperer K, Uebing A, Swan L, Steer PJ, Babu-Narayan
SV, Gatzoulis MA, Johnson MR. A cohort study of women with a Fontan
circulation undergoing preconception counselling. Heart. 2016;102:534—
540. doi: 10.1136/heartjnl-2015-308788.

Averin K, Hirsch R, Seckeler MD, Whiteside W, Beekman RH 3rd, Goldstein
BH. Diagnosis of occult diastolic dysfunction late after the Fontan proce-
dure using a rapid volume expansion technique. Heart. 2016;102:1109—
1114. doi: 10.1136/heartjnl-2015-309042.

GewilligM, Brown SC. The Fontan circulation after 45 years: update in phys-
iology. Heart. 2016;102:1081-1086. doi: 10.1136/heartjnl-2015-307467.
Zentner D, du Plessis M, Brennecke S, Wong J, Grigg L, Harrap SB. Deterio-
ration in cardiac systolic and diastolic function late in normal human preg-
nancy. Clin Sci (Lond). 2009;116:599-606. doi: 10.1042/CS20080142.
Mitchell AA, Gilboa SM, Werler MM, Kelley KE, Louik C, Hernadndez-Diaz
S. Medication use during pregnancy, with particular focus on prescription
drugs: 1976-2008. Am J Obstet Gynecol. 2011;205:51.e1-51.e8.
Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A. Physi-
ological changes in pregnancy. Cardiovasc J Afr. 2016;27:89-94. doi:
10.5830/CVJA-2016-021.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Betran AP, Ye J, Moller AB, Zhang J, Gllmezoglu AM, Torloni MR. The
increasing trend in caesarean section rates: global, regional and na-
tional estimates: 1990-2014. PLoS One. 2016;11:e0148343. doi:
10.1371/journal.pone.0148343.

Cauldwell M, Von Klemperer K, Uebing A, Swan L, Steer PJ, Gatzoulis M,
Johnson MR. Why is post-partum haemorrhage more common in women
with congenital heart disease? Int J Cardiol. 2016;218:285-290. doi:
10.1016/j.ijcard.2016.05.068.

Wang EH, Marnoch CA, Khurana R, Sia W, Yuksel N. Haemorrhagic com-
plications of peripartum anticoagulation: a retrospective chart review. Ob-
stet Med. 2014;7:77-83. doi: 10.1177/1753495X14520849.

Cauldwell M, Swan L, Uebing A, Gatzoulis M, Patel R, Steer PJ, John-
son MR. The management of third stage of labour in women with
heart disease needs more attention. Int J Cardiol. 2016;223:23-24. doi:
10.1016/j.ijcard.2016.08.178.

McCrindle BW, Manlhiot C, Cochrane A, Roberts R, Hughes M, Szech-
tman B, Weintraub R, Andrew M, Monagle P; Fontan Anticoagula-
tion Study Group. Factors associated with thrombotic complications
after the Fontan procedure: a secondary analysis of a multicenter,
randomized trial of primary thromboprophylaxis for 2 years after
the Fontan procedure. / Am Coll Cardiol. 2013;61:346-353. doi:
10.1016/j.jacc.2012.08.1023.

Monagle P, Cochrane A, Roberts R, Manlhiot C, Weintraub R, Szechtman
B, Hughes M, Andrew M, McCrindle BW; Fontan Anticoagulation Study
Group. A multicenter, randomized trial comparing heparin/warfarin and
acetylsalicylic acid as primary thromboprophylaxis for 2 years after the
Fontan procedure in children. J Am Coll Cardiol. 2011;58:645-651. doi:
10.1016/j.jacc.2011.01.061.

Shah K, Doshi H. Premature rupture of membrane at term: early induction
versus expectant management. J Obstet Gynaecol India. 2012,62:172—
175. doi: 10.1007/513224-012-0172-6.

Lawn JE, Cousens SN, Darmstadt GL, Bhutta ZA, Martines J, Paul V, Knip-
penberg R, Fogstad H; Lancet Neonatal Survival Series Steering Team. 1 year
after The Lancet Neonatal Survival Series—was the call for action heard?
Lancet. 2006;367:1541-1547. doi: 10.1016/S0140-6736(06)68587-5.
Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiol-
ogy and causes of preterm birth. Lancet. 2008;371:75-84. doi:
10.1016/S0140-6736(08)60074-4.

Huddy C, Johnson A, Hope P. Educational and behavioural problems
in babies of 32-35 weeks gestation. Arch Dis Child Fetal Neonatal Ed.
2001;85:F23-F28.

Wang ML, Dorer DJ, Fleming MP, Catlin EA. Clinical outcomes of near-
term infants. Pediatrics. 2004;114:372-376.

May 2018 10


http://circoutcomes.ahajournals.org/

8102 ‘ST Ao\ Uo 159n6 Aq /60°S [euIno feye sawiooN02419//:d1y Wod papeojumoq

Circulation {pﬁ";z;‘;a"

Cardiovascular Quality and Outcomes Associatione

Pregnancy in Women With a Fontan Circulation: A Systematic Review of the Literature
Alvaro Garcia Ropero, Shankar Baskar, Jolien W. Roos Hesselink, Andrea Girnius, Dominica
Zentner, Lorna Swan, Magalie Ladouceur, Nicole Brown and Gruschen R. Veldtman

Circ Cardiovasc Qual Outcomes. 2018;11.

doi: 10.1161/CIRCOUTCOMES.117.004575
Circulation: Cardiovascular Quality and Outcomes is published by the American Heart Association, 7272
Greenville Avenue, Dallas, TX 75231
Copyright © 2018 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-7705. Online ISSN: 1941-7713

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circoutcomes.ahgj ournal s.org/content/11/5/e004575

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Cardiovascular Quality and Outcomes can be obtained via RightsLink, a service of the
Copyright Clearance Center, not the Editorial Office. Once the online version of the published article for
which permission is being requested is located, click Request Permissions in the middle column of the Web
page under Services. Further information about this process is available in the Permissions and Rights
Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation: Cardiovascular Quality and Outcomesis online
at:
http://circoutcomes.ahajournal s.org//subscriptions/



http://circoutcomes.ahajournals.org/content/11/5/e004575
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circoutcomes.ahajournals.org//subscriptions/
http://circoutcomes.ahajournals.org/



