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A B S T R A C T

A patient had primary ciliary dyskinesia with a complex cardiac malformation. As a child, she had benefited
from a Fontan surgery to maintain a proper cardiac function. In such patients, whether it is safe to become
pregnant is controversial. This case illustrates the possibility of carrying a pregnancy to term and providing a
vaginal birth if a rigorous preconception consultation is performed to ensure care by a multidisciplinary spe-
cialized team, and the patient is properly informed of the risks.

© 2021 Elsevier Masson SAS. All rights reserved.
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Case report

The patient has been followed since birth for a complex cyano-
genic heart disease. She initially was diagnosed with heterotaxy
(association of a complete situs inversus with a complex cardiac and
vascular malformation). In addition to dextrocardia, the heart exhib-
ited a single ventricle, a stenosis of the pulmonary ejection pathway,
and an absence of resorption of the inferior vena cava (located on the
left hand side of the column). Moreover, there were two superior
vena cava and blood drained into the right atrium through the coro-
nary sinus. The pulmonary venous system was also aberrant, since it
was shared between the two atria. The mitral valve was atretic with
blood flowing through an interatrial communication from the left
atrium to the right. Finally, after passing through a left tricuspid
valve, the blood reached a stenosed pulmonary ejection pathway and
the aorta. (Fig. 1) This malformation resulted in a lack of perfusion of
the pulmonary circulation causing inefficient oxygenation . This was
well tolerated until the age of 3 years when cyanosis increased.

The patient then underwent a first palliative surgery during which
pulmonary perfusion was improved by inserting a shunt between the
subclavian artery and the right pulmonary artery (Blalock operation)
through a Gore-Tex tube. At the age of 8 years, Fontan surgery modi-
fied according to de Leval’s procedure was performed to improve car-
diac performance and prevent the tricuspid valve from becoming
progressively insufficient. Perfusion in the pulmonary arteries was
increased by anastomosis of the superior homolateral vena cava, and
the interatrial communication widened to improve the flow of pul-
monary blood from right to left. Finally, the blood of the inferior vena
cava was entirely deviated from the pulmonary trunk. The final blood
circuit consisted of a heart with two in series circulations; the blood
returning from the peripheral venous system progressed in the pul-
monary circuit with no cardiac contraction thanks to its residual iner-
tia (Fig. 2).

Primary ciliary dyskinesia (PCD) was diagnosed when the patient
was 14 years old because of, situs inversus and repeated respiratory
infections during childhood, for which symptomatic treatment was
started (respiratory physiotherapy, oral azithromycin prophylaxis
and corticosteroid nasal sprays). At 29, the patient considering preg-
nancy, a full cardiologic assessment was performed. Clinically, the
patient had no limitations in everyday life activities (NYHA class 1).
Cardiac ultrasound showed good single ventricular function with an
ejection fraction (EF) of 64%. Electrocardiogram (ECG) identified an
axial deviation and atypical morphology of the QRS complex in rela-
tion to the underlying cardiopathy. The sinus rhythm was subnormal,
presenting some polymorphic ventricular extrasystole. The spirome-
try tests demonstrated a satisfactory functional capacity. No
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Fig. 1. Heart malformation. (1) Right subclavian artery (2) Right common carotid artery (3) Left common carotid artery (4) Left subclavian vein (5) Left superior vena cava (6) Left
pulmonary artery (7) Left pulmonary vein (8) Pulmonary trunk (9) Inferior cava vena (10) Aortic bulb (11) Ascending aorta (12) Right pulmonary vein (13) Right pulmonary artery
(14) ductus arteriosus (15) Right superior vena cava (16) pulmonary valve (17) Coronary sinus (18) interatrial communication (19) Mitral valve (20) tricuspid valve.
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supraventricular arrhythmias were found using a Holter monitor.
Moreover, respiratory function tests were within the normal range.

Preconception counselling was carried out to ensure that the
patient understood the cardiological and obstetrical risks of a preg-
nancy with this condition. Because of the PCD and a history of salpin-
gectomy, in vitro fertilization was carried out, leading to an
intrauterine singleton pregnancy. No PCD related mutation
was found avoiding the realization of a preimplantation genetic
diagnosis.

Pregnancy was uneventful on an obstetrical point of view. The
patient suspended her professional activities from the beginning of
pregnancy. The patient’s condition remained excellent throughout
the pregnancy. There was no sign of cardiac decompensation. Quar-
terly cardiac assessment were performed. ECGs showed uncompli-
cated isolated ventricular extrasystoles with no clinical
repercussions and no supraventricular arrhythmia while concomi-
tant maternal hearth ultrasound demonstrated a stable, correct ven-
tricular function. Fetal monitoring was reassuring with normal
morphology scanning ultrasound, especially from a cardiac point of
view. Pulmonary-wise, the patient benefited from physiotherapy
and daily treatment with a corticosteroid nasal spray, as well as
chronic anti-infection prophylaxis with azithromycin. The patient
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remained eupneic, and the bronchorrhea associated with PCD was
stable. Microbiological and sputum analyses were regular. The quar-
terly spirometry tests were within normal range throughout the
pregnancy.

At 37 weeks of pregnancy, the patient was hospitalized in the
high-risk pregnancy department to manage delivery. Labour induc-
tion at 38 weeks of pregnancy was decided because of the cardiac
pathology. Because of an unfavorable Bishop score, Cook� balloon
was used. Continuous epidural analgesia was administered as soon as
the patient was in labor. Continuous hemodynamic monitoring was
performed by noninvasive monitoring of blood pressure and cardiac
output. The labor was carried out without complications. Midforceps
delivery allowed the birth of a healthy boy as soon as the fetal head
was engaged. Neonatal adaptation was excellent (birth weight of
2802 g and Apgar score of 8/9/9). Immediate postpartum hemor-
rhage (PPH) required manual delivery and carbetocin administration.
Monitoring in the postpartum period was not complicated by any
hemodynamic dysfunction. Antithrombotic prophylaxis with low-
molecular-weight heparin (LMWH) was initiated. The patient left the
hospital on the fifth postpartum day. Patient cardiological follow up
during the subsequent year did not demonstrate any deterioration in
his hemodynamic status.



Fig. 2. Heart Reparation. Blalock surgery: (1) Blood from subclavian artery redirected to the pulmonary artery, de Leval modified Fontan surgery: (2) Blalock shunt occlusion (3)
Right superior cava vena to right pulmonary artery anastomosis (4) Inferior cava vena to right pulmonary artery anastomosis (through a intra auricular shunt) (5) Pulmonary Valve
(6) Left superior cava vena to left pulmonary artery anastomosis (7) Ductus arteriosus ligation.
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Discussion

1). Primary ciliary dyskinesia

PCD is a genetic condition that causes defects in the cilia function.
Respiratory complications constitute the essential part of its clinical
expression. Because of the relative scarcity of PCD, treatments are
extrapolated from those for chronic respiratory diseases, such as cys-
tic fibrosis [1].

Data from the literature are reassuring about morbidity and mor-
tality during pregnancy. The two limiting factors in terms of the
maternal prognosis are a maximal expiration volume per second less
than 50% of the theoretical value and the presence of multiresistant
organisms [2]. Concerning the fetal prognosis, the preterm birth rate
is increased compared to the general population. PCD does not con-
traindicate a vaginal delivery; assisted delivery can help to limit the
active expulsion time.

2). Situs inversus and Fontan circulation

The clinical impact of a complete, isolated situs inversus is rare.
Obstetrically, this anomaly must be known and taken into consider-
ation in the prevention and treatment of vena cava syndrome. Never-
theless, the absence of a double heart pump leads to a more fragile
hemodynamics that depends on systemic venous pressure for the
oxygenation process [3]. In addition, the structural and functional
cardiac modifications expose these patients to supraventricular
arrhythmias (with an incidence up to 40% by 10 years after surgery)
[4].

Venous and cardiac embolism are other long-term side effects of
this surgery. Finally, systemic venous hypertension may lead to
3

protein-losing enteropathy [5,6]. Despite surgical advances, mortality
at age 20 still reaches 15% [7]. Nevertheless, many patients reach the
age of childbearing.

a) Maternal hemodynamics
These physiological changes consist in a 10−20% increase in the

heart rate, a 40% increase in blood volume, and a 30−50% increase in
cardiac flow. The labor and the postpartum period are particularly at
risk of cardiac decompensation [8]. It is therefore essential to care-
fully evaluate these patients to try to identify those for whom the car-
diovascular risk associated with pregnancy is acceptable.

Maternal cardiovascular complications reported in this population
are supraventricular arrhythmias, cardiac decompensation, chest
pain, thromboembolic events, and hypoxia [9]. Several criteria are
used to stratify and establish a risk score in patients with congenital
or acquired heart disease during pregnancy. The two most frequently
used score are CARPREG [10] and the modified WHO score (mWHOs)
[11].

Preconception counselling

The issue of recommending or discouraging pregnancy in a
patient with a Fontan circulation is still under debate [12−15]. How-
ever, it is essential to carry out a rigorous preconception assessment
before considering pregnancy. Echocardiogram, ECG, cardiac MRI,
exercise stress test can be useful in this regards [16,17].

a) Obstetrical and neonatal management

In these patients, fertility appears to be lower. The hypothesis of
chronic hypoxemia and ovarian venous congestion has been
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suggested. However, the classically unfavorable opinion of gynecolo-
gists concerning pregnancy may have caused bias in these studies. In
case of assisted reproduction technology in these fragile patients,
precautions will be taken for reduce the risk of thromboembolic com-
plications, ovarian hyperstimulation syndrome and multiple preg-
nancies.

A higher rate of miscarriage (three times more than the general
population) has been established [13]. Previous literature has
reported higher incidences of premature deliveries, premature rup-
ture of membranes, and PPH (up to 50%) [18]. This is probably related
to the fear of using uterotonics due to their cardiovascular effects, as
well as the large proportion of patients receiving thromboprophy-
laxis with LMWH and/or aspirin. The frequent uses of instrumental
extraction and cesarian section are also contributing factors, but Fon-
tan circulation is an independent risk factor for an increased inci-
dence of PPH [19, 20].

Finally, a higher rate of cardiac malformations is expected and a
specialist second-line ultrasound is recommended.

a) Mode of delivery

In the absence of obstetric contraindication or major heart failure,
vaginal delivery should be encouraged. Instrumental extraction must
be performed to avoid the decrease in systemic venous return
induced by Valsalva's efforts [10,12−14].

a) Anesthetic management

As in the vast majority of heart diseases, regional anesthesia for
vaginal delivery represents a medical indication. It contributes to
minimize the hemodynamic changes related to labor and to reduce
the levels of circulating catecholamines [18]. In case of cesarian sec-
tion, a neuraxial technique with catheter allows for progressive titra-
tion of anesthetics avoiding a sudden decrease of systemic vascular
resistances and venous return. General anesthesia should be avoided
because, in addition to all its limitations in the obstetric context, it
exposes patients to a risk of major hemodynamic alterations,
mechanical positive pressure ventilation leading to an increased
intrathoracic pressure and a subsequent decrease in an already com-
promised systemic venous return [3].

a) Thromboprophylaxis

A Fontan circulation represents a situation with high thromboem-
bolic risk linked to the passive blood flow in the pulmonary circula-
tion and to the presence of prosthetic material. The prevalence of
intracardiac thrombi can reach 20%. Systematic antithrombotic pro-
phylaxis remains controversial, but it should be discussed based on
the patient’s history [5,6].

In conclusion, pregnancies in patients with a Fontan circulation
are rare, but their management must be attentive. The association
with a PCD is exceptional. Our case report and some series in the lit-
erature show that it is possible to achieve a pregnancy under these
conditions. However, a multidisciplinary preconception evaluation is
needed. A complete and objective information should be provided to
the patient about medical, obstetric, and neonatal risks. Multidisci-
plinary care is essential during all follow up. It is necessary to antici-
pate well-known maternal complications, such as arrhythmias or
postpartum hemorrhages. Adequate understanding of the physiologi-
cal alterations of the cardiovascular system during pregnancy, labor,
4

and delivery and their effects on this modified cardiovascular circula-
tion allows for the provision of optimal care to the mother and new-
born.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
Declaration of Competing Interest

The authors report no conflict of interest.
References

1 Werner C, Onnebrink JG. Omran H Diagnosis and management of primary ciliary
dyskinesia. Cilia 2015;4(1):2. Jan 2210.1186.

2 Durieu I Fertility and cystic fibrosis. Management of pregnancy. Rev Mal Respir
1999;16(3):347–51 Jun.

3 Gewillig M. The Fontan circulation. Heart 2005;91(6):839–46 Jun.
4 Gersony WM. Fontan operation after 3 decades. Circulation 2008;117:13–5.
5 Naguib MA, Dob DP, Gatzoulis MA. A functional understanding of moderate to com-

plex congenital heart disease and the impact of pregnancy. Part II: tetralogy of Fal-
lot, Eisenmenger's syndrome and the Fontan operation. Int J Obstet Anesth
2010;19(3):306–12 Jul.

6 Chugh R. Management of pregnancy in women with Repaired CHD or after the Fon-
tan procedure. Curr Treat Options Cardiovasc Med 2013;15(5):646–62 Oct.

7 d’Udekem Y, Iyengar AJ, Cochrane AD, et al. Redefining expectations of long-term
survival after the Fontan procedure: a twenty-five years of follow-up from the
entire population of Australia and New Zealand. Circulation 2014;116(suppl.1):
S32–8.

8 Gaiser R. Physiologic Changes of Pregnancy. Chestnut’s Obstetric Anesthesia Princi-
ples and Practice. 5th ed. Elsevier Saunders; 2014. p. 15–38.

9 McRae ME. Long term issues after the Fontan procedure. AACN Adv Crit Care
2013;24:264–82.

10 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) Inves-
tigators. Prospective multicenter study of pregnancy outcomes in women with
heart disease. Circulation 2001;104(5):515–21 Jul 31PMID: 11479246. doi:
10.1161/hc3001.093437.

11 Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomstr€om-Lundqvist C,
Cífkov�a R, De Bonis M, Iung B, Johnson MR, Kintscher U, Kranke P, Lang IM, Morais
J, Pieper PG, Presbitero P, Price S, Rosano GMC, Seeland U, Simoncini T, Swan L,
Warnes CA, ESC Scientific Document Group. 2018 ESC Guidelines for the manage-
ment of cardiovascular diseases during pregnancy. Eur Heart J 2018;39(34):3165–
241 Sep 7PMID: 30165544. doi: 10.1093/eurheartj/ehy340.

12 Goya M, Casellas M, Merced C, et al. Predictors of obstetric complications in women
with heart disease. J Matern Fetal Neonatal Med 2016;29(14):2306–11.

13 Gouton M, Nizard J, Patel M, et al. Maternal and fetal outcomes of pregnancy with
Fontan circulation: a multicentric observational study. Int J Cardiol 2015;187:84–9
May 6.

14 Canobbio MM, Mair DD, van der Velde M, Koos BJ. Pregnancy outcomes after the
Fontan repair. J Am Coll Cardiol 1996;28(3):763–7 Sep.

15 Drenthen W, Pieper PG, Roos-Hesselink JW, et al. ZAHARA Investigators. Pregnancy
and delivery in women after Fontan palliation. Heart 2006;92(9):1290–4 Sep.

16 Rychik J, Atz AM, Celermajer DS, Deal BJ, Gatzoulis MA, Gewillig MH, Hsia TY, Hsu
DT, Kovacs AH, McCrindle BW, Newburger JW, Pike NA, Rodefeld M, Rosenthal DN,
Schumacher KR, Marino BS, Stout K, Veldtman G, Younoszai AK, d'Udekem Y. Amer-
ican Heart Association Council on Cardiovascular Disease in the Young and Council
on Cardiovascular and Stroke Nursing. Evaluation and Management of the Child
and Adult With Fontan Circulation: a Scientific Statement From the American Heart
Association. Circulation 2019 Jul 1:CIR0000000000000696. doi: 10.1161/
CIR.0000000000000696. Epub ahead of print. PMID: 31256636.

17 Ohuchi H. Adult patients with Fontan circulation: what we know and how to man-
age adults with Fontan circulation? J Cardiol 2016;68(3):181–9 Sepdoi: 10.1016/j.
jjcc.2016.04.001. Epub 2016 Apr 29. PMID: 27134136.

18 Cauldwell M, Von Klemperer K, Uebing A, et al. A cohort study of women with a
Fontan circulation undergoing preconception counselling. Heart 2016;102:534–40.

19 Monteiro RS, Dob DP, Cauldwell MR. Gatzoulis MA Anaesthetic management of
parturients with univentricular heart disease and the Fontan Operation. Int J Obstet
Anaesth 2016;28:83–94.

20 Cauldwell M, Von Klemperer K, Uebing A, et al. Why is post-partum haemorrhage
more common in women with congenital heart disease? Int J Cardiol
2016;218:285–90.

http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0001
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0001
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0002
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0002
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0003
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0004
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0005
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0005
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0005
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0005
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0006
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0006
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0007
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0007
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0007
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0007
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0008
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0008
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0009
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0009
https://doi.org/10.1161/hc3001.093437
https://doi.org/10.1093/eurheartj/ehy340
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0012
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0012
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0013
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0013
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0013
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0014
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0014
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0015
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0015
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0016
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0017
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0017
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0017
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0018
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0018
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0019
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0019
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0019
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0020
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0020
http://refhub.elsevier.com/S2468-7847(21)00122-7/sbref0020

	Pregnancy and delivery in a patient with a Fontan circulation and primary ciliary dyskinesia: A case report
	Case report
	Discussion
	1). Primary ciliary dyskinesia
	2). Situs inversus and Fontan circulation
	Preconception counselling

	Declaration of Competing Interest
	References


