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FIGURE 2
Schematic view

Schematic view of the fetoscopic approach of the fetal esophagus for in utero pacing.
Stirnemann. Successful IUTP for severe drug-resistant tachyarrhythmia. Am J Obstet Gynecol 2018.
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Plan du cours 
• Principes des traitements in utero 

• Ce qu’il existe 

• Ce qu’il n’existe pas encore (?) 

•  Traitement des troubles du rythme in utero 

• Principes du cathétérisme cardiaque fœtal 
 



Ce qui existe… 
•  Traitement de la mère : situation la plus fréquente 

•  Traitement de la mère pour ralentir/réduire un trouble du rythme 
cardiaque fœtal en cas de tachycardie foetale 

•  Traitement du fœtus 
•  Cathétérisme cardiaque fœtal (sténose aortique ou pulmonaire) 
•  Stimulation oesophagienne du fœtus (case report) 
•  Injection intraombilicale d’un traitement antiarrythmique (très rare) 

•  Opération in utero (spina bifida) 
•  Mise en place d’un plug trachéal (hernie diaphragmatique) 



Ce qui n’existe pas …encore ?! 

• Chirurgie cardiaque in utero – aucun succès 

• Stimulation cardiaque fœtale pour bloc atrioventriculaire 
complète – en cours de développement sans succès 

Figure 5. 
Necropsy: Necropsy demonstrating the micropacemaker device (large arrow) lying through 
the diaphragm. The electrode is seen penetrating the left ventricular epicardium (small 
arrow) (sheep #4)
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Difficulté:  

•  implantation d’un système autonome 
•  miniaturisation des pièces 
•  pas de déplacement d’électrodes 
•  rechargeable depuis l’extérieur 

Figure 7. 
Radiograph of micropacemaker: Radiograph of a fetal sheep heart specimen fixed in 
formaldehyde (sheep #4). The electrode is connected to the micropacemaker via an intact 
flexible lead.
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Figure 1. 
Photographs of the implantation equipment. A: Implantation cannula with trocar inside. B: 
Sharp tip of trocar protruding from end of cannula. C: Micropacemaker inside its 
implantation sheath protruding through cannula. D: Micropacemaker device with distal 
electrode screw connected to the micropacemaker (3.475 mm diameter, 18 mm long) via a 
coiled flexible lead.
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Introduction
Complete heart block (CHB) in the human fetus may result in progressive bradycardia with 
the development of hydrops fetalis in a quarter of these pregnancies.1,2 Once hydrops fetalis 
occurs, if the fetus cannot be delivered due to prematurity or other clinical concerns, fetal 
demise is nearly inevitable. Although the degree of myocardial dysfunction due to antibody-
mediated damage in congenital CHB is variable, successful pacing of a fetus with CHB and 
hydrops fetalis could theoretically allow resolution of hydrops in several weeks and permit 
an otherwise normal gestation. Historical attempts at pacing human fetuses, however, have 
invariably failed with no survivors to date.3–6 To address this problem, we have designed a 
single-chamber pacing system (Figure 1) that is self-contained and can be percutaneously 
implanted in the fetus without exteriorized leads, thereby permitting subsequent fetal 
movement without risk of electrode dislodgement.

Correspondence: Yaniv Bar-Cohen, MD, Children’s Hospital Los Angeles, 4650 Sunset Blvd, MS #34, Los Angeles, CA 
90027,Phone: (323) 361-2461, Fax: (323) 361-1513, ybarcohen@chla.usc.edu. 
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Disclosure: Patent applications filed relating to the micropacemaker device

HHS Public Access
Author manuscript
Heart Rhythm. Author manuscript; available in PMC 2016 July 01.

Published in final edited form as:
Heart Rhythm. 2015 July ; 12(7): 1683–1690. doi:10.1016/j.hrthm.2015.03.022.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript



TRAITEMENT IN UTERO 
DES TROUBLES DU RYTHME 



TACHYCARDIES 
FOETALES 



Le rythme cardiaque foetal 

• 125 - 170/min 
 
•  Conduction auriculo-ventriculaire O = V  
 
•  variable 

  RYTHME NORMAL Bradycardies 

120 180 200 

BAV TJ  et autres 

Tachycardie  Tachyarythmies 



Rappel	anatomique	 Nœud sinusal:  120-180/min 
NAV:   80-120/min 
Ventricules:  40-80/min 



Rappel	:	la	séquence	atrioventriculaire	

Nœud auriculoventriculaire 
« régulateur » 

P 

PR QT 

QRS 

Nœud sinusal 

T 

Nœud auriculoventriculaire Oreillette 

Ventricule 



Aspects techniques en prénatal 

• Mode	TM	pour	visualiser	la	contraction	ventriculaire	
et	la	contraction	auriculaire	

• Doppler	aorte-valve	mitrale	

• Doppler	aorte-VCS	



Les	arythmies	foetales	

• Extrasystoles  
• Tachycardies permanentes > 180/mn 
• Bradycardies permanentes < 125/mn 
• Dissociations auriculoventriculaires : BAV 



Arythmies	IPP-UE3C	:	2002-2012	
	(n=1600)		

8% des indications d�échocardiographie foetales 

90% ES 
bénignes 

10% 
TSV 

1600 arythmies 

Courtesy M.Levy 



Les	extrasystoles	

• Extrasystole : battement prématuré 

•  Pause compensatrice 



Les	extrasystoles	



Les	extrasystoles	

• Le plus souvent: 
§  résolutives, isolées, non dangereuses, pas de traitement 

• Rarement : risque de survenue de tachycardie 
§   surveillance hebdomadaire tant qu’elles persistent 

• Prévoir un ECG en néonatal : 
§  WPW, QT long  

Saemundsson et al. S.Ultrasound Obstet Gynecol. 2010 



Extrasystole auriculaire bloquée 

P'
P

QRS

P'

ECG 

Oreillettes 

Ventricules 



Extrasystoles	
Bigeminées conduites 

Bigéminées bloquées 
Fausse bradycardie 

En salves 



De	l’extrasystole	au	trouble	du	rythme	soutenu…	

RS ESA bigéminées 

Salve TJ 



Tachycardies	

Ventriculaire 

Supraventriculaire 
Oreillettes


Auriculaire


Jonctionnelle


Sinus


NAV


His


Ventricules




Tachycardies	:	classification	

Tachycardies auriculaires 

 • Flutter (F) 

 • Tachysystolie auriculaire 

 • Tachycardie atriale polymorphe (TAP) 

Tachycardies jonctionnelles 

 • Rythme jonctionnel réciproque (RJR) 

 • Tachycardie hisienne (TH) 

Tachycardies ventriculaires 

 • TV monomorphe 

 • Torsades de pointes (QT long) 

17


10


68


5


TJR 

TH 
F 

TAP 

% TSV néonatales 



TACHYCARDIES SUPRA-VENTRICULAIRES 
N = 164 

 
•  TERME MOYEN : 29 SA 
 
•  MECHANISME : Etude des fréquences /liaison A-V 

          Echo mode TM-doppler et DTI 
 
-  70% Tachycardie jonctionnelle : 220-280/min, Liaison 1/1 
 
-  20% Flutter : O 400-500/min, V 200-250/min, Liaison 2/1 ou 3/1 

 
-  10% Tachycardie atriale chaotique: O anarchique, liaison    
AV variable 

Courtesy M.Levy 



Rythme jonctionnel réciproque 

P' P' P' P' P' P' 

ECG 

Écho 

Oreillettes 

Ventricules 

P 
P' P' P' 

Faisceau 
accessoire 

Fréquence : 280 



Tachycardie	jonctionnelle	



TJ	avec	anasarque	



Tachycardie	Jonctionnelle	par	Rythme	
Réciproque	

O = V 



Onde de 
Flutter ( F : 
380 ) 

ECG 

Écho 

Oreillettes 

Ventricules 

Bloc 2 ou 3/1 

Frein nodal 

Circuit intra-
auriculaire 

Flutter	

•  O > V mais multiple de V 
•  2 ou 3 O pour 1 V 



Flutter	



Flutter	en	Mode	TM	

Doppler fenêtre VCS/Ao TM passant par Or et V 



Tachycardie	atriale	polymorphe	

Lambeau de 
flutter 

Lambeau de fibrillation 

Reprise sinusale 

Foyer ultra-rapide 

BdB fonctionnel 

Foyers et réentrées 
multiples et instables 

Frein nodal 

Écho


Oreillettes 

Ventricules 



 Rythme jonctionnel réciproque 

T. atriale polymorphe Flutter 

O irrégulières O Régulières à 400 

En	pratique	

O > V 

O = V 



TSV : CONDUITE PRATIQUE 
 

•  ANATOMIE CARDIAQUE (oreillettes dilatées? cardiopathie?) 

•  RETENTISSEMENT HEMODYNAMIQUE ? : 

- Anasarque : Oedème, ascite, épanchement pleural  
  ou péricardique 
-  Dilatation des cavités droites 
-  Fuite auriculo-ventriculaire 
-  Contractilité myocardique 

• BILAN PRE-THERAPEUTIQUE MATERNEL :  
•  Iono, ECG 

Contre-indication au ttt anti-arythmique ? 
Cardiopathie obstructive maternelle, WPW 



Traitement fœtal des tachyarythmies   
Les critères de choix du médicament 
 § Données pharmacologiques :  

§  absorption, distribution et concentration tissulaires 
§  pharmacocinétique placentaire 
§  lipo ou hydrosolubilité 
§  demi-vie;  caractéristiques électrophysiologiques 

§ effets secondaires: isolés ou en association 
§  tératogénicité et effets nocifs 
§  tolérance hémodynamique fœtale : anasarque? 
§  type de l'arythmie à traiter 
§ absence de danger pour la mère 
§ utilisation de drogues déjà connues en pédiatrie 
§ expérience personnelle et de l'équipe 



TSV  : LES TRAITEMENTS (1) 

DIGOXINE: FIRST LINE  
•  Ralentit conduction AV anterograde (fréquence V) 
•  Inotrope + 

•  passage placentaire 40-90% 

•  En IC (anasarque): 20-40% 

•  Cp 0.25 mg :  2-3 /j en 3 prises   (Digoxinemie : 0.8-2 ng/ml) 

•  CI maternelles : BAV / hyperexcitabilité V / CMO 

•  Surveillance : taux sériques / ECG / Intoxication 

•  Réduction en 5-10 jours 



• Absorption: 60-90%; bon passage transplacentaire en cas 
d’anasarque 

•  Inotrope négatif 
• Ralentit voie accessoire, pas d’effet NAV 
• Effet pro-arrythmogène: Troubles du rythme ventriculaire 
 
Utilisation si : 

§ Menace sur le pronostic vital foetal 
§ Absence de trouble de la fonction VG 
§ Absence de cardiopathie maternelle 

 

FLECAINE: en cas d’échec de la Digoxine ou si anasarque 

TSV  : LES TRAITEMENTS (2) 



SOTALOL 
 

• Beta-bloquant 
• Ralentit conduction AV et voie accessoire 
• Excellent passage transplacentaire 
•  Traitement electif du flutter auriculaire 
• Possible effet pro-arythmique (allongement QT) 

• Effets néonataux possible: RCIU, hypoglycémie 
• Posologie: 160-480 mg/j  

TSV  : LES TRAITEMENTS (3) 



AMIODARONE: 3eme intention 
 

§ Classe III – très puissant antiarythmique 
§ Passage transplacentaire médiocre 
§ Actif à l�étage auriculaire et ventriculaire 
§ Demi-vie longue: 30-110 jours 
§  Interaction avec la digoxine 

§ Effets indésirables (mère et enfant): 
• Atteinte thyroïdienne  
• Dépôts cornéens, cutanés 
• Fibrose hépatique, pulmonaire, rétropéritonéale 

TSV  : LES TRAITEMENTS (4) 



Médicament 	 	Conversion 	 	Anasarque	

• Digoxine 	 	 	50-100% 	 	0-20%	
•  Flecainide 	 	 	58-100% 	 	43-59%	
•  Sotalol 	 	 	40-100% 	 	50%	

G.Sharland, Fetal Cardiology 2013 

TSV: LES TRAITEMENTS – EFFICACITÉ 



sotalol was associated with a higher rate of arrhythmia
termination compared with digoxin (HR!5.4; 95% CI!1.0–
30.0; P!0.05) or flecainide (HR!7.4; 95% CI!1.2–46.1;
P!0.03; Figure 5B). The same observation was made with
the second-line therapy, although it did not reach statistical
significance because of too few cases (P!0.11 for sotalol
versus digoxin; P!0.13 for sotalol versus flecainide). At day
5 of treatment, only 13% of fetuses on flecainide, 21% on
digoxin, and 29% on sotalol had a normal heart rhythm. The
median time to conversion of AF cases was 12 days with
sotalol, whereas this was not achieved with digoxin or
flecainide before delivery. Nonetheless, when incessant SVT
(n!23) or AF (n!22) persisted to day 5 of treatment,
ventricular rates were lowered more significantly with fle-
cainide (median, "22%) and digoxin ("13%) than with
sotalol ("5%; P#0.001; Figure 6).

Maintenance Therapy and Outcome
Maintenance treatment failure was uncommon (Figure 7).
Fetal hydrops resolved in the majority (76%) of treated cases
before delivery. Most babies, treated and untreated, were born
near term with normal birth weights. Only 9 of the 159
fetuses with arrhythmia (6%) were delivered at !35 weeks’
gestation. Neonatal arrhythmia was more common in fetuses
who had been untreated than in those who were treated (44%
versus 24%; P!0.02) and was documented in 46% of AF
cases, 21% of AVRT cases, and 31% of AET/PJRT cases.
Atrial flutter did not recur after postnatal cardioversion either
with (11%) or without (89%) prophylactic antiarrhythmic

therapy. Finally, of 106 survivors with SVT, 11 (10%) with
only brief periods of SVT were lost to follow-up, whereas 62
had self-limiting, 29 had drug-controlled, and 4 had drug-re-
sistant SVT (1 AET, 1 PJRT, 2 AVRT) during their first year
of life.

Morbidity and Mortality
Arrhythmia-related mortality of nonhydropic and hydropic
cases was 0% (0 of 118; 95% CI!0–3) and 17% (7 of 41;
95% CI!9–31), respectively (P#0.001). The first hydropic
fetus succumbed within a day after transplacental digoxin/
sotalol and direct fetal adenosine were given for incessant
AVRT at 30 weeks. Three other fetuses, 2 with AVRT and 1
with AF, failed to respond to sotalol (n!1), flecainide (n!2),
and second-line medication and died between 6 and 42 days

Figure 3. Freedom from prenatal termination of incessant vs
intermittent supraventricular tachycardia and atrial flutter to anti-
arrhythmic treatment.

Figure 4. Freedom from prenatal termination of supraventricular
tachycardia to antiarrhythmic treatment in fetuses with vs with-
out hydrops.

Figure 5. A, Freedom from prenatal termination of supraventric-
ular tachycardia (A; n!75) and atrial flutter (B; n!36) over time
with digoxin (D), flecainide (F), and sotalol (S).

Figure 6. Percentage changes in fetal ventricular rate if inces-
sant atrial flutter (n!22) and supraventricular tachycardia (n!23)
persisted after 5 days of digoxin (n!9), flecainide (n!14), and
sotalol (n!22) administration.
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Comparison of Transplacental Treatment of Fetal
Supraventricular Tachyarrhythmias With Digoxin,

Flecainide, and Sotalol
Results of a Nonrandomized Multicenter Study

Edgar T. Jaeggi, MD, FRCPC; Julene S. Carvalho, MD, PhD; Ernestine De Groot, MD; Olus Api, MD;
Sally-Ann B. Clur, MBBCh, MSc, FCP; Lukas Rammeloo, MD; Brian W. McCrindle, MD, FRCPC;

Greg Ryan, MB; Cedric Manlhiot, BSc; Nico A. Blom, MD, PhD

Background—Fetal tachyarrhythmia may result in low cardiac output and death. Consequently, antiarrhythmic treatment
is offered in most affected pregnancies. We compared 3 drugs commonly used to control supraventricular tachycardia
(SVT) and atrial flutter (AF).

Methods and Results—We reviewed 159 consecutive referrals with fetal SVT (n!114) and AF (n!45). Of these, 75
fetuses with SVT and 36 with AF were treated nonrandomly with transplacental flecainide (n!35), sotalol (n!52), or
digoxin (n!24) as a first-line agent. Prenatal treatment failure was associated with an incessant versus intermittent
arrhythmia pattern (n!85; hazard ratio [HR]!3.1; P"0.001) and, for SVT, with fetal hydrops (n!28; HR!1.8;
P!0.04). Atrial flutter had a lower rate of conversion to sinus rhythm before delivery than SVT (HR!2.0; P!0.005).
Cardioversion at 5 and 10 days occurred in 50% and 63% of treated SVT cases, respectively, but in only 25% and 41%
of treated AF cases. Sotalol was associated with higher rates of prenatal AF termination than digoxin (HR!5.4; P!0.05)
or flecainide (HR!7.4; P!0.03). If incessant AF/SVT persisted to day 5 (n!45), median ventricular rates declined
more with flecainide (#22%) and digoxin (#13%) than with sotalol (#5%; P"0.001). Flecainide (HR!2.1; P!0.02)
and digoxin (HR!2.9; P!0.01) were also associated with a higher rate of conversion of fetal SVT to a normal rhythm
over time. No serious drug-related adverse events were observed, but arrhythmia-related mortality was 5%.

Conclusion—Flecainide and digoxin were superior to sotalol in converting SVT to a normal rhythm and in slowing both
AF and SVT to better-tolerated ventricular rates and therefore might be considered first to treat significant fetal
tachyarrhythmia. (Circulation. 2011;124:1747-1754.)

Key Words: arrhythmia ! atrial flutter ! fetus ! tachycardia, supraventricular ! therapy

Atrial flutter (AF) and paroxysmal supraventricular
tachycardia (SVT) are the most common causes of an

abnormally fast fetal heart rate. The vast majority of fetal
SVT is produced by atrioventricular reentrant tachycardia
(AVRT), whereas atrial ectopic tachycardia (AET) and per-
manent junctional reciprocating tachycardia (PJRT) are infre-
quently observed. Although the tachycardia may be well
tolerated, at the more severe end of the spectrum, it may cause
low cardiac output and demise. Fetal hydrops is associated
with a mortality rate as high as 35% compared with 0% to 4%
in nonhydropic fetuses.1 The risk of fetal hydrops increases if
the arrhythmia presents at a younger gestational age and is
rapid, incessant, and enduring, although even intermittent
rhythm disorders may have serious consequences.2,3 Drug

treatment to prevent or treat heart failure is therefore offered
to most mothers who present with frequent or persistent fetal
AF/SVT.

Editorial see p 1703
Clinical Perspective on p 1754

Numerous retrospective studies have demonstrated that
transplacental therapy with digoxin, flecainide, sotalol, or
amiodarone is useful in terminating fetal tachyarrhyth-
mias.4–18 Nonetheless, in the absence of comparative drug
studies, the optimal treatment remains contentious. Digoxin is
the most often used first-line antiarrhythmic drug,5,6,8,9,13,14

albeit its efficacy in controlling fetal SVT within a reasonable
time frame has been questioned.7 Others have suggested that

Continuing medical education (CME) credit is available for this article. Go to http://cme.ahajournals.org to take the quiz.
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sotalol was associated with a higher rate of arrhythmia
termination compared with digoxin (HR!5.4; 95% CI!1.0–
30.0; P!0.05) or flecainide (HR!7.4; 95% CI!1.2–46.1;
P!0.03; Figure 5B). The same observation was made with
the second-line therapy, although it did not reach statistical
significance because of too few cases (P!0.11 for sotalol
versus digoxin; P!0.13 for sotalol versus flecainide). At day
5 of treatment, only 13% of fetuses on flecainide, 21% on
digoxin, and 29% on sotalol had a normal heart rhythm. The
median time to conversion of AF cases was 12 days with
sotalol, whereas this was not achieved with digoxin or
flecainide before delivery. Nonetheless, when incessant SVT
(n!23) or AF (n!22) persisted to day 5 of treatment,
ventricular rates were lowered more significantly with fle-
cainide (median, "22%) and digoxin ("13%) than with
sotalol ("5%; P#0.001; Figure 6).

Maintenance Therapy and Outcome
Maintenance treatment failure was uncommon (Figure 7).
Fetal hydrops resolved in the majority (76%) of treated cases
before delivery. Most babies, treated and untreated, were born
near term with normal birth weights. Only 9 of the 159
fetuses with arrhythmia (6%) were delivered at !35 weeks’
gestation. Neonatal arrhythmia was more common in fetuses
who had been untreated than in those who were treated (44%
versus 24%; P!0.02) and was documented in 46% of AF
cases, 21% of AVRT cases, and 31% of AET/PJRT cases.
Atrial flutter did not recur after postnatal cardioversion either
with (11%) or without (89%) prophylactic antiarrhythmic

therapy. Finally, of 106 survivors with SVT, 11 (10%) with
only brief periods of SVT were lost to follow-up, whereas 62
had self-limiting, 29 had drug-controlled, and 4 had drug-re-
sistant SVT (1 AET, 1 PJRT, 2 AVRT) during their first year
of life.

Morbidity and Mortality
Arrhythmia-related mortality of nonhydropic and hydropic
cases was 0% (0 of 118; 95% CI!0–3) and 17% (7 of 41;
95% CI!9–31), respectively (P#0.001). The first hydropic
fetus succumbed within a day after transplacental digoxin/
sotalol and direct fetal adenosine were given for incessant
AVRT at 30 weeks. Three other fetuses, 2 with AVRT and 1
with AF, failed to respond to sotalol (n!1), flecainide (n!2),
and second-line medication and died between 6 and 42 days

Figure 3. Freedom from prenatal termination of incessant vs
intermittent supraventricular tachycardia and atrial flutter to anti-
arrhythmic treatment.

Figure 4. Freedom from prenatal termination of supraventricular
tachycardia to antiarrhythmic treatment in fetuses with vs with-
out hydrops.

Figure 5. A, Freedom from prenatal termination of supraventric-
ular tachycardia (A; n!75) and atrial flutter (B; n!36) over time
with digoxin (D), flecainide (F), and sotalol (S).

Figure 6. Percentage changes in fetal ventricular rate if inces-
sant atrial flutter (n!22) and supraventricular tachycardia (n!23)
persisted after 5 days of digoxin (n!9), flecainide (n!14), and
sotalol (n!22) administration.
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Sally-Ann B. Clur, MBBCh, MSc, FCP; Lukas Rammeloo, MD; Brian W. McCrindle, MD, FRCPC;

Greg Ryan, MB; Cedric Manlhiot, BSc; Nico A. Blom, MD, PhD

Background—Fetal tachyarrhythmia may result in low cardiac output and death. Consequently, antiarrhythmic treatment
is offered in most affected pregnancies. We compared 3 drugs commonly used to control supraventricular tachycardia
(SVT) and atrial flutter (AF).

Methods and Results—We reviewed 159 consecutive referrals with fetal SVT (n!114) and AF (n!45). Of these, 75
fetuses with SVT and 36 with AF were treated nonrandomly with transplacental flecainide (n!35), sotalol (n!52), or
digoxin (n!24) as a first-line agent. Prenatal treatment failure was associated with an incessant versus intermittent
arrhythmia pattern (n!85; hazard ratio [HR]!3.1; P"0.001) and, for SVT, with fetal hydrops (n!28; HR!1.8;
P!0.04). Atrial flutter had a lower rate of conversion to sinus rhythm before delivery than SVT (HR!2.0; P!0.005).
Cardioversion at 5 and 10 days occurred in 50% and 63% of treated SVT cases, respectively, but in only 25% and 41%
of treated AF cases. Sotalol was associated with higher rates of prenatal AF termination than digoxin (HR!5.4; P!0.05)
or flecainide (HR!7.4; P!0.03). If incessant AF/SVT persisted to day 5 (n!45), median ventricular rates declined
more with flecainide (#22%) and digoxin (#13%) than with sotalol (#5%; P"0.001). Flecainide (HR!2.1; P!0.02)
and digoxin (HR!2.9; P!0.01) were also associated with a higher rate of conversion of fetal SVT to a normal rhythm
over time. No serious drug-related adverse events were observed, but arrhythmia-related mortality was 5%.

Conclusion—Flecainide and digoxin were superior to sotalol in converting SVT to a normal rhythm and in slowing both
AF and SVT to better-tolerated ventricular rates and therefore might be considered first to treat significant fetal
tachyarrhythmia. (Circulation. 2011;124:1747-1754.)

Key Words: arrhythmia ! atrial flutter ! fetus ! tachycardia, supraventricular ! therapy

Atrial flutter (AF) and paroxysmal supraventricular
tachycardia (SVT) are the most common causes of an

abnormally fast fetal heart rate. The vast majority of fetal
SVT is produced by atrioventricular reentrant tachycardia
(AVRT), whereas atrial ectopic tachycardia (AET) and per-
manent junctional reciprocating tachycardia (PJRT) are infre-
quently observed. Although the tachycardia may be well
tolerated, at the more severe end of the spectrum, it may cause
low cardiac output and demise. Fetal hydrops is associated
with a mortality rate as high as 35% compared with 0% to 4%
in nonhydropic fetuses.1 The risk of fetal hydrops increases if
the arrhythmia presents at a younger gestational age and is
rapid, incessant, and enduring, although even intermittent
rhythm disorders may have serious consequences.2,3 Drug

treatment to prevent or treat heart failure is therefore offered
to most mothers who present with frequent or persistent fetal
AF/SVT.

Editorial see p 1703
Clinical Perspective on p 1754

Numerous retrospective studies have demonstrated that
transplacental therapy with digoxin, flecainide, sotalol, or
amiodarone is useful in terminating fetal tachyarrhyth-
mias.4–18 Nonetheless, in the absence of comparative drug
studies, the optimal treatment remains contentious. Digoxin is
the most often used first-line antiarrhythmic drug,5,6,8,9,13,14

albeit its efficacy in controlling fetal SVT within a reasonable
time frame has been questioned.7 Others have suggested that

Continuing medical education (CME) credit is available for this article. Go to http://cme.ahajournals.org to take the quiz.
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Les	associations?	

En cas d�hydrops, l�urgence est de restaurer une 
hémodynamique correcte 
 
• Digoxine + Flécaïne: 

Digoxine ralentit nœud AV – peut favoriser la conduction 
antérograde sur la voie accessoire 
 

Flecaine: impact sur la conduction auriculaire et 
ventriculaire, ralentit voie accessoire, pas d’impact sur le 
noeud AV 
 

 

Orhan	Uzun.	Circulation	2012;125:e956	
 



Notre	attitude	aujourdhui	

TSV sans retentissement hémodynamique :  
• Digoxine seule (2cp/j puis 3 si échec) 
• En absence de réduction : + flécaïne (3cp/j) 

TSV avec épanchement :  
§ Flécaïne (TJ) ± digoxine (Flutter) 
 

TSV résistante :  
• Cordarone 10 cp après arrêt de la digoxine et de la flécaïne 

En dehors du flutter facilement réduit, poursuivre le traitement 
(flécaïne arrêt à 36 SA, relayé par digoxine)  



intermittent atrial fibrillation, auguring
restoration of sinus rhythm, was consid-
ered a successful result5; the probe was
retrieved, and the fetoscope was rein-
serted to visualize the absence of local
damage on the esophageal walls. The
complete intrauterine procedure lasted 18
minutes.

Postoperative follow-up evaluation 2
hours later found continuous sinus
rhythm, without any paroxystic bursts of
atrial fibrillation, as confirmed by a
normal cardiotocography (Figure 3). The
rest of the postoperative course was un-
eventful. The mother was discharged 4
days after surgery with signs of regressing
hydrops and persistent sinus rhythm
(Figure 1, C). Amiodaronewas continued
for 7 days and then replaced with digoxin
that was continued up until delivery, with
maternal serum levels within the lower
therapeutic range.

Weekly ultrasound follow-up evalua-
tion consistently found sinus rhythm at
140 beats/min, with a gradual resolution
of hydrops over 2 weeks. At 32 weeks of
gestation, hydrops had resolved com-
pletely, as did mitral and tricuspid
regurgitations.

Labor was induced at 38 2/7 weeks of
gestation that resulted in the vaginal de-
livery of a healthy 3660 g male neonate
(Apgar score was 10 at 5 minutes; umbil-
ical artery pH¼7.25). Immediate neonatal
cardiac assessment with electrocardio-
gram and echocardiography was consid-
ered normal. No antiarrhythmic
treatment was indicated, and mother and
child were discharged 2 days after delivery.
At 1 month, Holter monitoring showed
permanent sinus rhythm.

Commentary
Although postnatal management of
tachyarrhythmia is well-established, its
prenatal management is often chal-
lenging. Postnatal treatment options
comprise antiarrhythmic drugs, external,
intracardiac and transesophageal pacing,
and even radiofrequency catheter abla-
tion in older children.8 In the newborn
infant, transesophageal pacing or external
cardioversion are effective methods to
restore sinus rhythm in drug-resistant or
hemodynamically compromised cases,
whereas prenatally, antiarrhythmic drugs
are the only option so far, with an overall
success of 50e80%.2

Attribution of success to in utero
pacing
This case demonstrates the technical
feasibility and possible efficacy of IUTP
for atrial flutter. Given the evolution
before surgery and the immediate
effects of the procedure, IUTP can be
credited for the successful outcome in
our case.

The coincidence of a delayed effect of
medical therapy exactly when pacing was
performed is highly unlikely in our case.
Conversion from atrial flutter to atrial
fibrillation during antitachycardia pac-
ing is a well-documented phenomenon,
usually preceding the return to sinus
rhythm,5,6 especially in the smallest in-
dividuals whose atrial myocardiummass
is not sufficient to support sustained
atrial fibrillation.9 Nonetheless, the suc-
cess of pacing probably was potentiated
by the 2 lines of preoperative antiar-
rhythmic drugs given over 2 weeks.

We acknowledge that the choice of
drugs that was adopted in our case is
debatable and that we cannot rule out
the possibility that a different set of drugs
could have avoided the need for IUTP.
Indeed, uncertainties remain regarding

FIGURE 1
M mode echocardiography

Mmode echocardiography at referral demonstrates A, atrial flutter, B, right after in utero transesophageal pacing demonstrating atrial fibrillation, and C, on
day 1 after in utero transesophageal pacing that demonstrated normal ventricular rate. Arrows indicate ventricle systole; stars indicate auricular systole.
Stirnemann. Successful IUTP for severe drug-resistant tachyarrhythmia. Am J Obstet Gynecol 2018.
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Successful in utero transesophageal pacing
for severe drug-resistant tachyarrhythmia
Julien Stirnemann, MD; Alice Maltret, MD; Ayman Haydar, MD; Bertrand Stos, MD; Damien Bonnet, MD;
Yves Ville, MD

A 28-year-old pregnant mother, at 27
5/7 weeks of gestation in her sec-

ond pregnancy was referred after the
discovery of a fetal tachyarrhythmia that
had been discovered by fetal ausculta-
tion at routine follow-up evaluation.
This pregnancy had been uneventful:
ultrasound examinations were normal
in the first and second trimester, and
fetal movements remained normal.
Fetal echocardiography diagnosed atrial
flutter as the cause of tachyarrhythmia,
with atrial and ventricular frequencies
of 440 and 220 bpm, respectively, that
were compatible with a 2:1 atrial flutter
(Figure 1, A) and moderate mitral and
tricuspid regurgitations, which were
considered functional in the context.

The fetus was hydropic with moderate
pericardial, thoracic, and peritoneal ef-
fusions. After a normal electrocardio-
gram and routine blood tests, the
mother was hospitalized and given
digoxin and flecainide.1e3 Serial follow-
up echocardiography showed wors-
ening of hydrops without return to si-
nus rhythm. On day 7, treatment was
switched for amiodarone.4 Steroids
(betamethasone) were also given for
fetal lung maturation.
After 5 days of amiodarone, at 29 3/7

weeks of gestation, hydrops had wors-
ened, with associating subcutaneous
edema, with persisting atrial flutter, and
with worsening tricuspid and mitral
regurgitations. Given the failure of 2
lines of medical treatment and pro-
gressive hydrops, in utero trans-
esophageal pacing (IUTP) was
considered as a third-line option, along
with elective delivery and third-line
antiarrhythmic drugs by direct intra-
cordal administration. The mother was
counselled based on efficacy and safety
of transesophageal pacing in newborn
infants with atrial flutter5,6 and on the
possible adverse events and inefficacy of
third-line medical therapies and the
growing risk of intrauterine fetal
death.2,4 Preterm elective delivery was
not considered a choice, given the early
gestational age. Despite the associated
risk of iatrogenic preterm premature
rupture of the membranes and the

recent concerns raised by fetal anes-
thesia,7 this innovative treatment was
advised by both cardiologists and peri-
natologists; the patient opted for feto-
scopic IUTP.

At 29 4/7 weeks of gestation, after 2
weeks of antiarrhythmic therapy, a fe-
toscopy was performed under maternal
epidural analgesia, continuous infusion
of atosiban, and antibiotic prophylaxis by
cefazolin. The video of the whole pro-
cedure is presented in the Appendix. Fetal
anesthesia and paralysis were obtained by
an injection of sufentanil and atracurium
besylate (a curare) in the umbilical vein
under ultrasound guidance. A 10F (3.3
mm) introducer (Pinnacle introducer;
Terumo Medical Corporation, Sommer-
set, NJ) was inserted in the amniotic
cavity with a Seldinger technique, under
continuous ultrasound guidance and
aiming towards the fetal mouth. A 3-mm
curved cannula receiving a 2-mm 0-
degree semirigid fetoscope (Karl Storz
Gmbh, Tuttlingen, Germany) was inser-
ted in the fetal esophagus. The position of
the distal tip of the cannula was placed
right above the heart under ultrasound
guidance (Figure 2). The fetoscope was
then retrieved from the cannula and
replaced by a 6F (2 mm) bipolar pacing
esophageal lead (FIAB Esokid 4S, Firenze,
Italy) and positioned right behind the left
atrium. The lead was connected to an
asynchronous esophageal pacemaker
(FIAB 2007, Firenze Italy). Pacing rate
was increased incrementally until atrial
capture, monitored by continuous echo-
cardiography, and then increased to 640
beats/min at a pulse amplitude of 5 mA
with 2-millisecond pulse width. Two 6-
second bursts with these settings were not
effective. Pacing parameters were then set
at 10 mA/5 millisecond at the same cycle
length. Two bursts of 6 seconds with these
settings converted the rhythm to atrial
fibrillation along with periods of sinus
rhythm (Figure 1, B). Conversion to
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Sustained fetal tachyarrhythmia can evolve into a life-threatening condition in 40% of cases
when hydrops develops, with a 27% risk of perinatal death. Several antiarrhythmic drugs can
be given solely or in combination to the mother to achieve therapeutic transplacental con-
centrations. Therapeutic failure could lead to progressive cardiac insufficiency and restrict
therapeutic options to either elective delivery or direct fetal administration of antiarrhythmic
drugs, which may increase the risk of death. We report for the first time successful fetal
transesophageal pacing to treat a hydropic fetus with drug-resistant tachyarrhythmia.

Key words: fetal, fetoscopy, pacing, surgery, tachyarrhythmia
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FIGURE 2
Schematic view

Schematic view of the fetoscopic approach of the fetal esophagus for in utero pacing.
Stirnemann. Successful IUTP for severe drug-resistant tachyarrhythmia. Am J Obstet Gynecol 2018.
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•  Approche novateur en cas d’hydrops sévère 
•  Echec du traitement antiarrythmique 
•  Menace du pronostic vital 
 



Algorithme	de	PEC	pratique	
Arythmies cardiaques fœtales 9

! écaïne, seule ou associée à la digoxine en particulier en cas 
de ! utter, en raison d’une ef" cacité souvent précoce (dès trois 
jours) et d’une demi- vie courte qui permet des changements 
thérapeutiques rapides si nécessaire. Une réduction est alors 
obtenue dans 60 à 80 % des cas, parfois tardivement (deux 
semaines) ce qui peut être acceptable si la fréquence ventricu-
laire se ralentit de façon signi" cative [15,22,24]. L’amiodarone 
pourra être également utilisée en cas d’inef" cacité ou comme 
alternative à la ! écaïne en particulier en cas de dysfonction 
ventriculaire et/ou de fuites valvulaires sévères [16,18]. En cas 
de ! utter résistant, des associations thérapeutiques peuvent 
être utilisées : ! écaïne- digoxine, digoxine- sotalol ou cordarone. 
Le traitement ef" cace est maintenu jusqu’en " n de grossesse 
avec une surveillance cardiologique fœtale hebdomadaire. 
L’anasarque se corrige habituellement en 2 à 3 semaines.

Après la naissance, un traitement par amiodarone est 
donné pour une durée de 6 à 12 mois en cas de tachycardie 
jonctionnelle traitée in utero. Les ! utters ne récidivent 
habituellement pas et un traitement de quelques mois par 
digoxine ou amiodarone peut se discuter. Les tachycardies 
hissiennes justi" ent un traitement prolongé par amiodarone. 
Des séquelles neurologiques sont rares mais décrites plus 
fréquemment en cas d’antécédent d’anasarque [25,26].

BAV

Des traitements maternels ont été proposés pour améliorer 
le pronostic des BAV immunologiques mais restent contro-
versés en l’absence d’études prospectives randomisées. Un 
traitement préventif par corticoïde chez une primipare avec 
anticorps anti- SSA ne paraît pas justi" é. Une corticothérapie 
maternelle transitoire par fortes doses de dexaméthasone 
(4 mg/jour) a été utilisée, notamment en cas d’apparition 
ou d’évolution récente d’un trouble conductif ou en cas 
d’association à une myocardite fœtale ou une anasarque 
avec une amélioration de la survie fœtale [27]. La régression 
d’un BAV du 1er degré découvert entre 21 et 34 SA sous ce 

à 320 mg (dose maximale utilisée : 480 mg en trois fois) par 
jour en cas d’anasarque, seul ou associé à de la digoxine. Une 
surveillance de l’ECG maternel est nécessaire (allongement 
de PR et QT) pour prévenir un risque pro- arythmogène 
ventriculaire [19].

L’administration fœtale directe d’adénosine et d’ATP, 
de digoxine ou de cordarone par voie veineuse ombilicale 
mais aussi par voie péritonéale ou musculaire fœtale a été 
tentée par certaines équipes lors de situations critiques 
avec anasarque sévère et résistance aux traitements 
maternels [20,21].

Indications thérapeutiques

De nombreuses observations ont été rapportées dans la 
littérature, mais les séries comportent un nombre de patients 
relativement faible. L’intérêt des traitements détaillés ci- 
dessus a été démontré dans les tachycardies fœtales. Leur 
but est une réduction rapide de l’arythmie, ou au moins un 
ralentissement de la fréquence ventriculaire, pour éviter la 
survenue d’une insuf" sance cardiaque fœtale. En l’absence 
d’étude randomisée, les indications thérapeutiques restent 
controversées et varient sensiblement selon les équipes. La 
décision de mettre en route un traitement médicamenteux 
doit être soigneusement discutée. Elle doit toujours tenir 
compte du terme de la grossesse, de l’existence ou non 
d’une défaillance cardiaque, des risques d’une naissance 
prématurée par rapport au risque thérapeutique.

Une simple surveillance peut se discuter pour des tachy-
cardies intermittentes, proche du terme et sans aucun reten-
tissement hémodynamique [22]. En l’absence d’anasarque, 
le risque de mort fœtal est faible (0 % dans l’étude récente 
de Jaeggi) quel que soit le traitement utilisé en première 
intention [12]. Celui- ci reste donc la digoxine pour la majorité 
des équipes en cas de ! utter auriculaire ou de tachycardie 
jonctionnelle avec délai ventriculo- auriculaire court, avec une 
réduction obtenue en moyenne chez 50 à 70 % des fœtus sans 
différence statistique en fonction du type d’arythmie [10]. La 
digoxine est habituellement administrée par voie orale avec 
une surveillance maternelle stricte. L’ef" cacité du traitement 
doit être rapide. Habituellement, en cas d’échec après une 
semaine de traitement, la prise en charge thérapeutique doit 
être rediscutée. La digoxine peut ralentir suf" samment la 
fréquence cardiaque fœtale pour limiter les risques d’insuf-
" sance cardiaque et d’anasarque. Dans ce cas le béné" ce/
risque de la mise en place d’un autre antiarythmique n’est 
pas nécessairement favorable. En cas d’échec de la digoxine, 
le choix est discuté entre le remplacement ou l’association à 
un autre traitement tel que la ! écaïne (associé à la digoxine 
en cas de ! utter), le sotalol ou l’amiodarone majorant le 
taux de réduction à près de 80 %. Le sotalol pourrait être plus 
ef" cace que la digoxine ou la ! écaïne pour réduire un ! utter. 
Une extraction fœtale prématurée peut se discuter au cas par 
cas en l’absence d’anasarque pour des tachycardies résistantes 
au traitement ou proche du terme (> 35 SA) (Fig. 4).

En cas d’anasarque, le risque de mort fœtale reste élevé 
(17 % dans l’étude de Jaeggi) mais la mortalité périnatale peut 
être signi" cativement abaissée si l’on parvient à contrôler le 
trouble du rythme in utero [12,14,23]. La digoxine est peu 
ef" cace et le traitement de première intention est souvent la 

Surveillance

Maintien
du traitement

efficace

Réduction ou TSV 
< 200/min

Maintien
digoxine

Digoxine + 
amiodarone
ou sotalol

(flutter)

Flécaïne ± digoxine
ou sotalol – digoxine

(flutter)

Réduction 
ou TSV 

< 200/min

Échec ou TSV 
> 210/min

Digoxine

Échec

Extraction ?
(> 35 SA)

Traitement fœtal
direct ?

Flécaïne ± digoxine

Non soutenue

TSV fœtale

Soutenue
sans 

anasarque

Anasarque

Figure 4. Traitement des TSV fœtales : exemple d’algorithme.
Dulac et al. ACVD 2012  



Troubles	du	rythme	ventriculaires	

• Diagnostic	difficile	
• Cardiopathie?	
• Fréquence	plus	lente	que	les	TSV	
• Rechercher	une	anomalie	du	QT	à	la	naissance	



TROUBLES	DE	LA	
CONDUCTION	



Les bradycardies 

• Fausse	bradycardie	:	ES	bloquées	
• QT	long	congénital	
• BAV	:	immunologique	ou	cardiopathie	



Mère 

BAV 
• Syndrome de Gougerot-Sjögren 

• Lupus érythémateux disséminé 

• Polyarthrite rhumatoïde 

    Anti-SSa 
    Anti-SSb 

Foetus 
Placenta 

Blocs	auriculoventriculaires	

• Cardiopathies congénitales :  doubles discordances  
 isomérisme gauche 

 
• Conflit immunologique maternofœtal : 



Pathophysiologie supposée 

another cohort, they may provide clues for the design of 
functional studies addressing the pathogenic mechanisms 
of CHB and the role of the identifi ed SNPs in suscep-
tibility to CHB. However, one should be careful in the 
interpretation of the observed genetic associations from 
the case control studies, as these are performed by com-
paring CHB cases with healthy controls from the general 
population. Th erefore, the associations may refl ect simply 
the genetic bias present in the mothers, who may have 
SLE or SS or, even if asymptomatic, are genetically and 
immunologically distinct from the general population in 
terms of MHC haplotype and autoantibodies to the Ro/
La autoantigens.

Given the rarity of CHB in the general population, 
studies of genetic infl uences in the human disease are 
diffi  cult and may not be powerful enough to identify rare 

variants associated with the condition. Th erefore, animal 
models may provide another source of information, an 
approach used by Strandberg and colleagues [55], who 
recently demonstrated an infl uence of both maternal and 
fetal MHC genes in the development of CHB. Using 
congenic rat strains and a Ro52 immunization model of 
heart block, the authors showed that generation of 
pathogenic anti-Ro52 antibodies is restricted by maternal 
MHC and that the fetal MHC locus regulates suscep-
tibility and determines the fetal disease outcome in anti-
Ro52-positive pregnancies [55].

Maternal and fetal factors other than genetic diff er-
ences have also been suggested to contribute to the 
develop ment of heart block. Although neither fetal 
gender nor maternal disease severity has been associated 
with CHB [22,28], it has been proposed that maternal age 

Figure 1. A two-phase model for the development of congenital heart block. Maternal autoantibodies are transferred to the fetus via the 
placenta during pregnancy. In a fi rst step, anti-Ro52 antibodies may cross-react to a fetal cardiac molecule involved in calcium regulation and 
initiate cardiac conduction disturbances, detected as fi rst-degree atrioventricular (AV) block (1). Prolonged disruption of calcium homeostasis 
may result in increased apoptosis in the fetal heart and subsequent exposure of the Ro and La autoantigens to circulating maternal anti-Ro/La 
antibodies (2). Engulfment of opsonized apoptotic debris by macrophages (3) may then lead to production of pro-infl ammatory and pro-fi brotic 
cytokines, which, together with antibody deposits and recruitment of complement components, will generate a sustained infl ammatory reaction in 
the fetal heart, eventually leading to permanent damage and complete AV block.

antibody deposition 
opsonization 

first-degree AV block 
(ƉŽƚĞŶƚŝally transient) 

calcium dysregulation 
apoptosis 

2) anti-Ro/la antibodies bind 
to apoptotic cells 

1) anti-Ro52 antibodies bind 
to a cross-reactive molecule 

on fetal cardiac cells 

3) macrophages engulf 
apoptotic debris 

establishment of an inflammatory reaction 
in the fetal heart, fibrosis and calcification 

second/third-degree AV block permanent damage to 
the fetal heart 

Ambrosi and Wahren-Herlenius Arthritis Research & Therapy 2012, 14:208 
http://arthritis-research.com/content/14/2/208

Page 7 of 11
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BLOCS AURICULO-VENTRICULAIRES 
•  Lupus maternel (anticorps anti SSA et SSB) 

-  maladie maternelle connue ou non 
-  risque si Ac ant SSA-SSB + environ 1-3% 
-  risque de récurrence 19% 
-  passage placentaire entre 16 et 26 SA 

 
  Cardiopathies associées 
 

-  CAV 
-  larges CIV 
-  ventricule unique 
-  complexes (double discordance) 
-  Isomérisme gauche 



BLOC AURICULO-VENTRICULAIRE 



Classification	BAV		

BAV	1:		
• allongement	du	PR	ou	du	délais	AV	

BAV	2	:		
•  Luciani	Wenckebach	ou	blocage	inopiné	d’une	onde	P	

BAV	3	:		
• dissociation	auriculo-ventriculaire.		
•  Les	ondes	P	ne	conduisent	pas.	
•  	Automatisme	ventriculaire	



Mesure de l�espace PR :  
onde A mitrale – éjection aortique 

E A 

Ao 



Jaeggi ET et al.J Am Coll Cardiol. 2011;57:1487-92. 

BAV 1 



Luciani	Wenckebach	BAV	II	

•  Allongement	progressif	du	PR;	
•  puis	onde	P	bloquée;	
•  Puis	PR	normal	….	



BAV	3	

V V V V 

A A A A A A 



CONDUITE PRATIQUE 
  
Diagnostic du type de BAV et du 
retentissement hémodynamique initial 

• Etiologie : Auto-immun / échocardiographie +++ 

• Surveillance échographique régulière 
-  échappement ventriculaire 
-  signes insuffisance cardiaque (hydrops) 
-  seuil critique < 40-45/min 



multivariable analysis of predictors in offspring born alive
using Cox models, the only significant predictors of mortality
were hydrops (HR!7.83; P!0.0007), EFE (HR!17.31;
P"0.0001), and a maternal diagnosis of SLE and/or SS at the
time of pregnancy (HR!2.85; P!0.02). A higher ventricular
nadir rate was protective (HR!0.94; P"0.0001). There was
a trend toward a later week of delivery (HR!0.88; P!0.06)
associating with a decrease in mortality.

Table 4 displays the case fatality rates for various
cardiac NL manifestations. Overall, isolated advanced
congenital heart block was associated with a 7.8% (15 of
193) case fatality rate, whereas the concomitant presence
of DCM or EFE more than quadrupled the case fatality
rate.

Higher Case Fatality Rate Among
Nonwhite Mothers
Table 5 shows the case fatality rate stratified by race/ethnicity.
Specifically, 14.3% of children with cardiac NL born to white
mothers died compared with a case fatality rate of 32.1%
observed for black mothers, 25.0% for Hispanic mothers, 26.7%
for Asian mothers, and 22.2% for mixed-race mothers. There
was a significantly higher case fatality rate in minorities com-
pared with whites in the overall group and for the children who
died after birth, but not for fetuses dying in utero. Although the
association of race/ethnicity and mortality was not maintained in

multivariable analyses, white fetuses were at lower risk of
hydrops (P!0.05), EFE (P!0.05), and carditis (P!0.03), vari-
ables highly predictive of mortality.

Morbidity Associated With Cardiac NL
Represented in Figure 2 is the cumulative probability of
pacemaker implantation after a live birth. By 1 year, #50% of
the patients were paced, the majority occurring in the first
month of life. At 10 years, the cumulative probability of

Figure 1. A, Kaplan-Meier survival estimates of
fetal cardiac neonatal lupus (NL) in utero. Of
note, the exact gestational age at birth was
unknown for 2 cases, which were excluded
from the analysis. The x axis represents the
number of cases at the corresponding gesta-
tional age. B, Kaplan-Meier survival estimates
of children with cardiac NL born alive.

Table 2. Cause of Cardiac Neonatal Lupus Death

Outcome (n!57) n (%)

Cardiac related 40 (70.2)

Cardiomyopathy (hydrops/EFE/DCM) 37

Transplant rejection 1

Complications from pacemaker 2

Infectious complications 5 (8.8)

RSV 3

Pneumonia/sepsis 2

Unknown 8 (14.0)

Elective pregnancy termination with evidence of hydrops on
echocardiography

4 (7.0)

EFE indicates endocardial fibroelastosis; DCM, dilated cardiomyopathy; and
RSV, respiratory syncytial virus.

1930 Circulation November 1, 2011

 at INSERM - DISC on March 12, 2016http://circ.ahajournals.org/Downloaded from 

Maternal and Fetal Factors Associated With Mortality and
Morbidity in a Multi–Racial/Ethnic Registry of

Anti-SSA/Ro–Associated Cardiac Neonatal Lupus
Peter M. Izmirly, MD; Amit Saxena, MD; Mimi Y. Kim, ScD; Dan Wang, MS; Sara K. Sahl, MPH;

Carolina Llanos, MD; Deborah Friedman, MD; Jill P. Buyon, MD

Background—Cardiac manifestations of neonatal lupus include conduction disease and, rarely, an isolated cardiomyop-
athy. This study was initiated to determine the mortality and morbidity of cardiac neonatal lupus and associated risk
factors in a multi–racial/ethnic US-based registry to provide insights into the pathogenesis of antibody-mediated injury
and data for counseling.

Methods and Results—Three hundred twenty-five offspring exposed to maternal anti-SSA/Ro antibodies with cardiac
neonatal lupus met entry criteria. Maternal, fetal echocardiographic, and neonatal risk factors were assessed for
association with mortality. Fifty-seven (17.5%) died, 30% in utero. The probability of in utero death was 6%. The
cumulative probability of survival at 10 years for a child born alive was 86%. Fetal echocardiographic risk factors
associated with increased mortality in a multivariable analysis of all cases included hydrops and endocardial
fibroelastosis. Significant predictors of in utero death were hydrops and earlier diagnosis, and of postnatal death were
hydrops, endocardial fibroelastosis, and lower ventricular rate. Isolated heart block was associated with a 7.8% case
fatality rate, whereas the concomitant presence of dilated cardiomyopathy or endocardial fibroelastosis quadrupled the
case fatality rate. There was a significantly higher case fatality rate in minorities compared with whites, who were at
a lower risk of hydrops and endocardial fibroelastosis. Pacing was required in 70%; cardiac transplantation was required
in 4 children.

Conclusion—Nearly one fifth of fetuses who develop cardiac neonatal lupus die of complications predicted by
echocardiographic abnormalities consistent with antibody-associated disease beyond the atrioventricular node. The
disparity in outcomes observed between minorities and whites warrants further investigation. (Circulation. 2011;
124:1927-1935.)

Key Words: antibodies ! cardiomyopathy ! heart block ! morbidity ! mortality

Neonatal lupus (NL), initially described in the late 1970s,
represents a pathological readout of passively acquired

autoimmunity.1–4 Identification of advanced fetal heart block
in the absence of structural abnormalities predicts the pres-
ence of maternal autoantibody responses against the ribo-
nucleoproteins SSA/Ro and SSB/La in !85% of cases.5 Of
the affected offspring, 10% to 15% will have a life-
threatening cardiomyopathy, occasionally without associated
conduction disease.6–9 Prospective studies of pregnancies in
women with the candidate antibodies have estimated the risk
of cardiac NL at "2% if the mother has had no previously
affected pregnancies.10–13 Recurrence rates in subsequent
pregnancies are approximately 8- to 9-fold this risk.14–19 In
addition, the occurrence rate of cardiac NL after a child with
cutaneous NL is "6-fold higher.20 Maternal health status

does not appear to be a contributing factor to the risk of
having a child with cardiac NL, but the relationship to
severity of disease has not been addressed.14,21

Editorial see p 1905
Clinical Perspective on p 1935

Available data on estimates of the morbidity and mortality
associated with cardiac NL have been derived from several
groups in different countries, spanning 2 decades.5,14,15,22–25

These studies differ in cohort size, ranging from 55 fetuses14

to 175 fetuses.25 The overall case fatality rates range from
11%22 to 29%.5 The percentages of children receiving pace-
makers vary from 63%15 to 93%.22 However, these studies
did not uniformly require the presence of maternal anti-
SSA/Ro or SSB/La antibodies as an inclusion criterion. For
several studies, up to 40% of the cases included were not
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ities. Candidate neonatal factors could include genetics, a
possibility difficult to explore given the low number of
affected children in each minority group. To date, genetic
studies have been limited to whites.31 The absence of racial/
ethnic information in any of the published cohorts precludes
comparison of these data with other studies. Further studies
are needed to validate this association and to determine
whether access to medical care accounts for this disparity.

Another previously unreported finding in this study is that
associated hepatic/hematologic NL, but not cutaneous NL, is
associated with an increased morbidity in live-born children.
The liver abnormalities may have been due to hepatic
congestion secondary to cardiac failure. However, the finding
of a mononuclear infiltrate in several livers evaluated on
autopsy supports an organ-specific inflammatory process
similar to that proposed for the initial phase of cardiac injury.
Cytopenias may add to the overall burden of disease by
decreasing oxygenation of tissues, increasing the risk of
bleeding and the risk of infection. Moreover, cytopenias may
represent increased pathogenicity of the autoantibodies. In
addition, mortality was associated with a maternal diagnosis
of SLE or SS at the time of pregnancy. This observation was
unexpected because it predicted that mothers with known
rheumatic disease and the presence of autoantibodies before
pregnancy might be more likely to have had optimal surveil-
lance. Although medications such as nonfluorinated steroids,
which would more often have been prescribed to patients
with established rheumatic disease, might have explained
the increased mortality rates, this was not found to be the
case. Perhaps maternal illness per se conferred a less
favorable in utero environment; it is generally accepted
that SLE is associated with premature birth.32 Finally, the
association of SLE and/or SS with mortality could possibly
have been a reflection of maternal race/ethnicity because
nonwhites may be more frequently represented in mothers
with SLE.33,34 However, this was not observed; SLE
mothers in this study were equally distributed between
whites and nonwhites.

There are several limitations to this study, all of which are
inherent in rare diseases. The low numbers of minorities
make it difficult to discern why they have a higher case
fatality rate. The race/ethnicity of the mother was used as a
proxy for the child given the data available because the
father’s race/ethnicity was not a mandate of the RRNL and
not systematically solicited. The low numbers of in utero
deaths (18) limit the statistical power for related analyses.
Although the data presented suggest that the probability of in
utero death occurring before 20 weeks is zero, this observa-
tion may be misleading, because women enrolled in the
registry are often totally asymptomatic and unaware of the
presence of anti-SSA/Ro antibodies until detection of cardiac
NL. Thus, obstetric evaluation beyond routine care may not
have occurred before the early to mid second trimester.
Moreover, death before 20 weeks may be due to many causes,
and without proof of a cardiac disorder, unambiguous attri-
bution to cardiac NL was not possible. The data in this study
were largely collected in a retrospective manner, and in some
pregnancies, not all of the data were available, which reduced
the available sample size for the multivariable analyses. In
addition, patients with available data may not be a random
sample of the underlying study population, which could
potentially lead to biased estimates of relative risk. The exact
cause of the cardiac NL death was unknown in 7 cases;
however, 5 deaths occurred within 6 months of birth, sug-
gesting that cardiac NL was a contributing cause.

The significant influence of carditis on mortality is poten-
tially biased because its diagnosis is dependent on histolog-
ical evaluation of tissue. Predictably, biopsies were largely
performed in the sickest of cases, the vast majority of whom
had associated DCM and/or EFE on echocardiography. Of
the 5 children with carditis who lived, 1 required cardiac
transplantation. In addition, carditis was seen on several
autopsies. The finding of a mononuclear infiltrate supports
the hypothesis that an inflammatory process involving
more than the conduction system contributes to the in-
crease in mortality.

Figure 2. The Kaplan-Meier curves
reflecting the probability of pacemaker
implantation. Of note, 2 cases of cardiac
neonatal lupus that were paced in utero
were omitted from the analysis.
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Mortalité globale: 17,5 %; décès in utero 6% 
FdR mortalité in utero: anasarque, inflammation myocardite 

FdR mortalité postnatale: anasarque, lupus maternel, endofibroelastose 
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Traitement	des	BAV	

• Corticoïdes, ni prouvé ni vérifié: 
§ BAV complet constitué: effet sur inflammation 
§ BAV partiel : prévention BAV complet? 

• Césarienne conseillée  

• Pacemaker néonatal  
•  dès la salle de naissance si FC< 50/mn 
•  rapide en postnatal si FC < 60/min 



progressively tapered, with a median total duration of treatment of
56 days [10 to 126 days].

We analyzed the effects of steroids on the 24 second-degree CHB, in-
cluding 13 treated and 11 untreated with fluorinated steroids. Among
the 13 treated fetuses, 9 progressed to third degree, 2 had stable
second-degree CHB, 1 changed from second-degree to variable CHB
(alternating between first and third degree), and 1 regressed from
second-degree to no CHB at last follow-up. By comparison, among the
11untreated fetuses, 8 progressed to third degree, 2 regressed from sec-
ond to first-degree, and 1 regressed to no CHB in 1. When CHB reached
third degree at one point, no regression was observed, whatever the
treatment, except for one untreated case. This fetus had second-
degree CHB at 27 WG that worsened to third degree in utero and was
confirmed on electrocardiography at birth. Later, the CHB progressively
reversed to first degree without any treatment during pregnancy or
childhood. The child still had first-degree CHB at 11 years of age.

3.4. Description of CHB diagnosed in the neonatal period

Twelve of all cases of CHB (5.6%) were diagnosed in the neonatal
period at a median age of 0 day [birth to 8 days]: 10 were diagnosed
at birth, 1 at 1 day and 1 at 8 days of age. Seven cases had third-
degree CHB at discovery. The others had incomplete CHB, which proba-
bly explained why they were missed in utero: 1 had first-degree CHB
that progressed to second-degree CHB, 2 had variable CHB, and 2 had
second-degree CHB.

Among these 12 children and after a follow-upof 12.7 years [2months
to 36 years], 10 had received a pacemaker, 3 had developed DCM (2 at
1.6 years, and 1 at 19.6 years of age), and 2 had died (at 2 months
from an infection and at 1.7 years from DCM).

3.5. Outcome of children with CHB

The subsequent analyses refer to the 187 surviving children with
CHB (175 fetuses with CHB who were born alive plus 12 children with
CHB diagnosed in the neonatal period).

3.5.1. Pacemaker implantation
In total, 148 children (79.1%) had a pacemaker implanted at a medi-

an age of 1.8 months [birth to 17.3 years]. The cumulative probability of
pacemaker implantation at 1, 5 and 10 years was 46.8%, 66.7% and
75.3%, respectively.

Sixteen children with a pacemaker died, 4 in the 3 days after pace-
maker implantation. Three of the 4 were neonates with severe DCM,
and death occurred despite pacemaker implantation. By contrast, in
one otherwise healthy child with a pacemaker at 1 year, severe DCM
was diagnosed immediately after the pacemaker implantation, which
led to his death in 3 days. The 12 other children died at a median of 9
months [46 days to 4 years] after pacemaker implantation. Among
these 12 children, 10 had DCM, diagnosed before the pacemaker

Legends: Data are median [range]. CHB: congenital heart block; WG: weeks’ gestation.

Fig. 1. Flow chart of the 214 cases of congenital heart block. Legends: Data are median [range]. CHB: congenital heart block; WG: weeks' gestation.

Table 1
Mortality of the 214 cases of congenital heart block (CHB) and causes of death.

Prenatal death (among 202 fetuses) 27
(13.4%)

Fetal death, no. 13
Elective termination of pregnancy (TOP), no. 14

Requested by parent(s), no. 4
Postnatal deaths during a median follow-up period of 7 years
[birth to 36 years] (among 185 children)

22 (11.9%)

Neonatal period, no. 8
Age at death (days), no. 1.5 [0–6]
Causes of death
- Postnatal dilated cardiomyopathy (DCM), no. 8

Later in life, no. 14
Age at death (months), median [range] 11.7 [2–62]
Causes of death
- Postnatal dilated cardiomyopathy (DCM), no. 9
- Infection, no. 3
- Both, no. 2

Overall mortality (among 214 cases of CHB), no. (%) 49 (22.9%)
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progressively tapered, with a median total duration of treatment of
56 days [10 to 126 days].

We analyzed the effects of steroids on the 24 second-degree CHB, in-
cluding 13 treated and 11 untreated with fluorinated steroids. Among
the 13 treated fetuses, 9 progressed to third degree, 2 had stable
second-degree CHB, 1 changed from second-degree to variable CHB
(alternating between first and third degree), and 1 regressed from
second-degree to no CHB at last follow-up. By comparison, among the
11untreated fetuses, 8 progressed to third degree, 2 regressed from sec-
ond to first-degree, and 1 regressed to no CHB in 1. When CHB reached
third degree at one point, no regression was observed, whatever the
treatment, except for one untreated case. This fetus had second-
degree CHB at 27 WG that worsened to third degree in utero and was
confirmed on electrocardiography at birth. Later, the CHB progressively
reversed to first degree without any treatment during pregnancy or
childhood. The child still had first-degree CHB at 11 years of age.

3.4. Description of CHB diagnosed in the neonatal period

Twelve of all cases of CHB (5.6%) were diagnosed in the neonatal
period at a median age of 0 day [birth to 8 days]: 10 were diagnosed
at birth, 1 at 1 day and 1 at 8 days of age. Seven cases had third-
degree CHB at discovery. The others had incomplete CHB, which proba-
bly explained why they were missed in utero: 1 had first-degree CHB
that progressed to second-degree CHB, 2 had variable CHB, and 2 had
second-degree CHB.

Among these 12 children and after a follow-upof 12.7 years [2months
to 36 years], 10 had received a pacemaker, 3 had developed DCM (2 at
1.6 years, and 1 at 19.6 years of age), and 2 had died (at 2 months
from an infection and at 1.7 years from DCM).

3.5. Outcome of children with CHB

The subsequent analyses refer to the 187 surviving children with
CHB (175 fetuses with CHB who were born alive plus 12 children with
CHB diagnosed in the neonatal period).

3.5.1. Pacemaker implantation
In total, 148 children (79.1%) had a pacemaker implanted at a medi-

an age of 1.8 months [birth to 17.3 years]. The cumulative probability of
pacemaker implantation at 1, 5 and 10 years was 46.8%, 66.7% and
75.3%, respectively.

Sixteen children with a pacemaker died, 4 in the 3 days after pace-
maker implantation. Three of the 4 were neonates with severe DCM,
and death occurred despite pacemaker implantation. By contrast, in
one otherwise healthy child with a pacemaker at 1 year, severe DCM
was diagnosed immediately after the pacemaker implantation, which
led to his death in 3 days. The 12 other children died at a median of 9
months [46 days to 4 years] after pacemaker implantation. Among
these 12 children, 10 had DCM, diagnosed before the pacemaker

Legends: Data are median [range]. CHB: congenital heart block; WG: weeks’ gestation.

Fig. 1. Flow chart of the 214 cases of congenital heart block. Legends: Data are median [range]. CHB: congenital heart block; WG: weeks' gestation.

Table 1
Mortality of the 214 cases of congenital heart block (CHB) and causes of death.

Prenatal death (among 202 fetuses) 27
(13.4%)

Fetal death, no. 13
Elective termination of pregnancy (TOP), no. 14

Requested by parent(s), no. 4
Postnatal deaths during a median follow-up period of 7 years
[birth to 36 years] (among 185 children)

22 (11.9%)

Neonatal period, no. 8
Age at death (days), no. 1.5 [0–6]
Causes of death
- Postnatal dilated cardiomyopathy (DCM), no. 8

Later in life, no. 14
Age at death (months), median [range] 11.7 [2–62]
Causes of death
- Postnatal dilated cardiomyopathy (DCM), no. 9
- Infection, no. 3
- Both, no. 2

Overall mortality (among 214 cases of CHB), no. (%) 49 (22.9%)
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Conclusion:	troubles	du	rythme		
Troubles	du	rythme	supraventriculaires	
•  bien	déterminer	la	séquence	atrio-ventriculaire		
•  traiter	selon	l�écho	avec	protocole	établi	à	initier	en	
hospitalisation	(digoxine	souvent	suffisant)	

ESA		
•  bénignes,	
•  ne	doivent	pas	conduire	à	un	diagnostic	erroné	de	bradycardie	ni	
à	une	extraction	prématurée	

Bradycardies		
•  Problème	immunologique	
•  PM	néonatal	certain	si	FC	<	50/min	



CATHÉTERISME 
CARDIAQUE FOETAL 



Sténose aortique: intervention foetale 
• Bénéfice théorique pour permettre une réparation 
biventriculaire ? 

• Score eHLHS «evolving HLHS» pour identifier les 
fœtus avec St. aortique avec un potentiel 
d’évoluer vers l’HypoVG  (Maekikallio et al. 2006 Circ) 

• «threshold score» pour fœtus avec sténose 
aortique et score eHLHS > 3: si élevé peu/pas de 
chance d’obtenir une circulation biventriculaire  

    (McElhinney et al. 2009, Circ) 



Déroulement de l’intervention 
•  Procédure 
•  Anesthésie maternelle: locale 
•  1ère étape: anesthésie générale du fœtus  
•  Ponction écho guidée 

•  Aiguille 18 Gauge 
•  Ratio diamètre du ballon/anneau aortique 1/1  
•  Inflation à haute atmosphère pour avoir un ratio proche de 1,2 

•  Déflation du ballonnet  
•  Retrait de l’aiguille 
•  Contrôle écho: péricarde, fonction VG, fuite aortique   

Expérience NEM 
Courtesy of Y Boudjemline et G. Milani 



Procédure 



Risques 
•  Après ponction dégradation fonction VG: 

procédure rapide+++ 
•  Procédure traumatique:  
    Hémopéricarde fréquent 

Expérience NEM 
Courtesy of Y Boudjemline 



Lindsay 2014 Circ 

03/2000-01/2013 

15 pts (39%):  
remplacement aortique 
(Ross, mécanique) 
 
8 pts (21%):  
remplacement mitral 
Bioprothese, mécanique, 
melody) 



Conclusion: KT foetal 
• Cathétérisme cardiaque fœtal est une option de dernier 

recours pour les formes sévères de sténoses aortiques 
fœtales 

•  La sélection des patients est primordial (critères en 
constante évolution pour l’instant) 

•  L’amélioration progressive de la procédure et les succès 
récents sont des éléments encourageants pour poursuivre 
ce programme 


