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1. Introduction and Background

Congenital complete heart block (CCHB) is a rare cardiac disorder affecting 1 in 15–20,000 

patients (Michaëlsson & Engle, 1972). It is one of the most dangerous fetal 

bradyarrhythmias due to the increased risk of fetal hydrops and fetal loss (Brucato, Cimaz, 

Caporali, Ramoni, & Buyon, 2011; Eliasson et al., 2011). CCHB implies third degree heart 

block, which involves complete atrioventricular (AV) dissociation secondary to disruption of 

the AV node and results in significant fetal bradycardia with heart rates of generally 40–90 

beats per minute (bpm), depending on the ventricular escape rhythm (Brito-Zerón, Izmirly, 

Ramos-Casals, Buyon, & Khamashta, 2015; Buyon et al., 1998). Maternal risk factors for 

the development of CCHB include metabolic disease (i.e. type 2 diabetes mellitus), 

medication exposures (i.e. anti-convulsants and retinoic acids), viral infections, and 

autoantibody transfer. CCHB is also associated with structural heart abnormalities including 

diagnoses such as congenitally corrected transposition of the great arteries (CCTGA), 

complete AV canal defects, and left atrial isomerism (heterotaxy syndrome) in ~14–42% of 

cases (Brucato et al., 2003). Channelopathies represent a rare cause of CCHB, which can 

involve genetic variants of ion channel genes including mutations in SCN5A, SCN1B, 

SCN10A, TRPM4, KCNK17, and the genes encoding connexin proteins (Baruteau, Probst, 

& Abriel, 2015; Makita et al., 2012; Schott et al., 1999) (Baruteau, Behaghel, et al., 2012; 

Baruteau, Fouchard, et al., 2012). Overall, the most common cause of isolated CCHB block 

is fetal exposure to autoimmune maternal antibodies, which accounts for up to 91% of 

isolated CHB (Brucato et al., 2011; Buyon et al., 1998). (Figure 1)

Immune mediated CCHB is caused by passive placental transfer of maternal autoantibodies 

specific for Ro (Sjögren-syndrome-related antigen A, SSA) and LA antigens (Sjögren-

syndrome-related antigen B, SSB) and can occur as early as 11 weeks gestation. It is 
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hypothesized that the autoantibodies bind to L-type calcium channels in the fetal conduction 

tissue, thereby increasing the internalization of calcium channels, which in turn disturbs 

cytoplasmic calcium metabolism. This leads to non-physiologic apoptosis and results in 

inflammation (Baruteau et al., 2016). An alternative hypothesis suggests fetal SSA/Ro and 

SSB/La ribonucleoproteins are brought to the cell surface during physiologic cell apoptosis 

and opsonized by maternal anti-SSA/Ro and anti-SSB/LA antibodies then phagocytosed by 

fetal macrophages. The ssRNA associated with these ribonucleoproteins activates the toll-

like receptor (TLR) 7/8 pathway triggering secretion of proinflammatory and profibrotic 

cytokines resulting in inflammation (Alvarez et al., 2011; Clancy et al., 2010; Izmirly et al., 

2017). Both of these hypotheses result in a common pathway of inflammation leading to 

fibrosis and scarring of the fetal conduction system, which can result in CCHB. (Figure 2) 

Fetal heart block usually develops between 16 and 24 weeks of gestation although later 

onset can occur (Rein et al., 2009) . Only 2–5% of fetuses will develop CHB in autoantibody 

positive mothers. The risk increases to 12–15% in fetuses of mothers with previous children 

with CCHB. In general, only a third of mothers of CCHB fetuses have an identified 

autoimmune disorder such as Sjogren’s or Lupus at the time of CCHB diagnosis in their 

fetus (Buyon et al., 1998).

Autoimmune CCHB has a reported cumulative mortality of around 19% of which 

approximately 70% die in utero according to aggregate data taken from a systematic review 

of the literature (Brito-Zerón et al., 2015). Mortality is increased when there is antibody-

associated myocardial inflammation in addition to CCHB (Brito-Zerón et al., 2015; Buyon 

et al., 1998; Jaeggi, Hamilton, Silverman, Zamora, & Hornberger, 2002; Schmidt, Ulmer, 

Silverman, Kleinman, & Copel, 1991). Specific risk factors associated with in utero 
mortality include fetal hydrops, diagnosis of CHB at <20 weeks, ventricular escape rate <55 

bpm, and impaired left ventricular function (Eliasson et al., 2011). Atrioventricular valvar 

tensor apparatus dysfunction is a severe complication seen in 1.6% of patients with 

autoimmune CCHB and leads to significant valve regurgitation (Cuneo et al., 2011). The US 

Research Registry for Neonatal Lupus found that cases of CCHB had a mortality rate >50% 

when the fetus had either dilated cardiomyopathy or endocardial elastofibriosis (EFE) and a 

mortality of 100% when the fetus had both risk factors (Izmirly et al., 2011). Postnatally 

these patients require close monitoring as their mortality risks continue after birth. Almost 

two thirds of these patients will require a pacemaker, the majority within the first 10 days of 

life (Brito-Zerón et al., 2015; Eliasson et al., 2011). However, with pacemaker implantation, 

most of these children have an overall good prognosis and can be expected to have a near 

normal life expectancy if ventricular function is preserved (D. Friedman, Duncanson, 

Glickstein, & Buyon, 2003).

2. Prenatal evaluation of complete heart block

Fetal echocardiography is the standard tool for diagnosis and management of fetal 

bradyarrhythmias including CCHB. Fetal echocardiography evaluates the mechanical 

consequences of the arrhythmia rather than directly detecting the conduction itself. This is 

achieved through M-mode and/or Doppler echocardiography. In M-Mode, the atrial (a-wave) 

and ventricular (v-wave) wall motion during contraction are measured simultaneously and 

displayed along a continuous time scale in order to identify the ratio of a- to v-waves, thus 
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allowing for measurement of time intervals (a–v time, v–a time). Fetal movement and 

position can make accurate M-mode cursor alignment difficult, and M-mode is also limited 

in its ability to evaluate the onset and peak of atrial and ventricular contractions. Pulsed 

wave Doppler echocardiography measures simultaneous flow across the mitral and aortic 

valve and, in the case of CCHB, demonstrates dissociation of atrial inflow and ventricular 

outflow. This can also be done with simultaneous Doppler flows in the superior vena cava 

and aorta as well as in the pulmonary vein and pulmonary artery. For patients with lower 

degrees of heart block (including first degree and second degree), measurements of the 

difference between the onset of the atrial and ventricular waveforms are used to calculate PR 

intervals. Color Doppler M-mode incorporates color flow Doppler superimposed on the 2D 

wall motion across a continuous time scale which is another helpful tool in the evaluation of 

CCHB (Fyfe, Meyer, & Case, 1993), (Dancea, Fouron, Miró, Skoll, & Lessard, 2000; 

Strasburger & Wakai, 2010; Wacker-Gussmann, Strasburger, Cuneo, & Wakai, 2014). Tissue 

Doppler imaging can directly record the mechanical activity of the atria and ventricles 

during the cardiac cycle allowing for more accurate measurement of cardiac intervals and 

localization of arrhythmias (Rein et al., 2002). (Figure 3)

Diagnosing progression to CCHB in at-risk pregnancies is challenging due to its sudden and 

unpredictable progression from normal sinus rhythm to first degree heart block and then 

further to CCHB. It is due to this rapid conversion to CCHB that serial fetal 

echocardiography has been shown to be an imperfect tool even with weekly screening 

(Cuneo et al., 2010). Fetal electrocardiography (fECG) via direct placement of electrodes on 

the maternal abdomen can be used to directly assess fetal conduction as early as 17 weeks, 

but is not a tool used commonly in clinical practice. This technique is limited by fetal 

movement leading to loss of signal as well as difficulty in distinguishing fetal from maternal 

ECG signals. A fECG can also be performed by placing a scalp lead on patients with GA 

>36wks (Budin & Abboud, 1994) which is helpful in peripartum CCHB management, but 

not useful for screening or monitoring CCHB earlier in gestation. Another technique called 

fetal magnetocardiography records the magnetic field produced by the fetal heart to produce 

high quality ECG like waveforms. This technology is restricted by the requirement of 

expensive and specialized equipment only available at a select few locations (Donofrio et al., 

2014; Hornberger & Collins, 2008; Zhao et al., 2008).

Another promising approach to diagnosing CCHB is institution of a home monitoring 

program in which the mother is trained to measure fetal heart rate twice a day using a simple 

handheld Doppler system. These studies have been shown to be feasible with up to 87% of 

patients completing the monitoring protocol (Cuneo et al., 2010; Cuneo, Moon-Grady, et al., 

2017; Cuneo et al., 2018). In one study, this was used to successfully identify progression to 

CCHB in the at-risk fetus allowing for emergent steroid treatment and reversion to sinus 

rhythm in one of the patients (Cuneo, Ambrose, & Tworetzky, 2016; Cuneo et al., 2018). A 

wearable, transabdominal wireless fetal monitor has been developed which is able to 

differentiate maternal and fetal heart rates allowing for continuous fetal ECG monitoring for 

gestational ages greater than 20 weeks with decreased accuracy after 26 weeks (Graatsma, 

Jacod, van Egmond, Mulder, & Visser, 2009). The monitor was able to accurately identify 

fetal bradycardia in seven of nine tracings in patients with CHB and was also able to identify 

p waves in addition to QRS complexes in one of the patients (Narayan, Vignola, Fifer, & 
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Williams, 2015). Further work is needed to confirm the usefulness and accuracy of this 

device in diagnosing fetal arrhythmias.

3. Fetal Pharmacotherapy for CHB

Despite advances in technology allowing for earlier and more accurate identification of 

CCHB, there remains no standardized medical therapy for treating this disease. The goal of 

fetal therapy is multi-fold: 1) prevent progression to higher degrees of AV block; 2) decrease 

risk for clinical deterioration and progression to hydrops resulting in reduced morbidity and 

mortality. The mainstay of pharmacological management in CCHB is corticosteroids, 

specifically fluorinated glucocorticoids such as dexamethasone or betamethasone, which are 

anti-inflammatory drugs with the ability to cross the placenta. Corticosteroids may reduce 

immune-mediated damage to the AV conduction tissue and myocardial tissue that leads to 

myocarditis and cardiomyopathy in CCHB. Corticosteroids are often initiated when a fetus 

develops first or second degree block in attempts to prevent progression to CCHB, though 

there is limited evidence for regression or resolution of heart block in these populations 

(Ciardulli et al., 2018; Eliasson et al., 2011). Corticosteroid administration can have negative 

side effects on the mother and fetus, such as increased risks of maternal diabetes, maternal 

hypertension and hyperaldosteronism. Additionally, there is evidence that exposure to in 
utero corticosteroids can impair fetal neurological development (Costedoat-Chalumeau et 

al., 2003; Modi et al., 2001; Whitelaw & Thoresen, 2000) .

Once a fetus has developed CCHB, it is generally found to be irreversible. Thus, 

pharmacological therapy for CCHB is aimed at limiting further immune mediated damage 

through the use of corticosteroids, and at times augmenting cardiac output via beta 

stimulation of heart rate. Two contemporary retrospective cohort studies evaluated the 

treatment of patients with congenital heart block with dexamethasone plus beta stimulation 

for HR <55bpm versus no treatment. One study found this treatment strategy improved 1 

year survival and showed that half of beta stimulated fetuses had a small increase in heart 

rate during treatment (Jaeggi et al., 2004). Conversely, the other study found no difference in 

outcomes(Rosenthal, Gordon, Simpson, & Sharland, 2005). Both studies were limited by 

small size and lack of standardized treatment protocols. Another retrospective study used 

similar pharmacologic treatment strategy of corticosteroids plus beta-agonist stimulation for 

HR <56bpm and added digoxin +/− IVIG treatment for heart failure progression in fetuses 

of SSA/SSB antibodies. They also instituted strict fetal monitoring guidelines including 

weekly echocardiograms and defined early delivery indicators including progression of fetal 

hydrops. This cohort had significant improvement in mortality in comparison to historical 

controls, potentially due to close monitoring of the fetuses and delivery for signs of fetal 

compromise (Cuneo et al., 2010). A large multinational, multicenter retrospective study of 

patients with second degree heart block or CCHB found no difference in mortality between 

those treated with corticosteroids +/− beta stimulation versus untreated populations 

(Eliasson et al., 2011). Additionally, a recent meta-analysis comparing data from 8 studies 

for a total of 162 fetuses found no difference in mortality or pacemaker implantation in 

steroid-treated versus non-treated patients (Ciardulli et al., 2017). Despite these generally 

negative findings, corticosteroid +/− beta stimulation may prove to be advantageous in 

certain CCHB subsets such as those with fetal hydrops (Ciardulli et al., 2017) or those 
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treated during emergent CCHB (Cuneo et al., 2016). Thus, ongoing investigation is 

important to identify CCHB patients who may possibly benefit from optimal 

pharmacotherapy.

Alternative therapeutic strategies to fetal corticosteroids such as plasmapheresis and 

intravenous gamma globulin (IVIG) are aimed at reducing circulating levels of maternal 

autoimmune antibodies and decreasing placental transmission. These treatments may also 

accelerate maternal IgG catabolism (Tran, Cavill, Buyon, & Gordon, 2004). A case-control 

study of anti SSA/SSB antibody positive pregnant women treated with fluorinated 

corticosteroids and/or plasmapheresis started prior to pregnancy suggested treatment may 

help decrease the risk of developing CHB (Makino, Yonemoto, Itoh, & Takeda, 2007). In a 

multicenter open label study of preventative IVIG Therapy for Congenital Heart Block 

(PITCH study), pregnant women with anti-SSA or anti-SSB antibodies and previous 

pregnancy with fetal CHB or neonatal lupus rash were treated with IVIG every 3 weeks. 

However, the study was halted early as IVIG was not effective in preventing CHB (D. M. 

Friedman et al., 2010). A similar study performed in London also showed no difference in 

the development of CHB in patients treated with IVIG compared to controls (Pisoni et al., 

2010). Conversely, a prospective study of anti SSA/SSB antibody positive pregnant females 

treated with a protocol of weekly plasmapheresis, biweekly IVIG, and daily betamethasone 

with IVIG also administered after delivery found half of the patients with second degree 

heart block reverted to first degree heart block or normal sinus rhythm (Ruffatti et al., 2016; 

Ruffatti et al., 2012). Both IVIG and plasmapheresis have been demonstrated to be safe in 

pregnant women with autoimmune diseases, but are expensive, difficult to administer, and 

can lead to hemodynamic compromise as well as risks of immunosuppression (El-Haieg, 

Zanati, & El-Foual, 2007; Gürcan, Keskin, & Ahmed, 2010; Perricone et al., 2008). The 

variable results and lack of reproducibility of these studies, potentially in part secondary to 

low numbers of subjects, do not provide strong enough evidence for use as primary therapy 

for preventing CCHB at this time.

Another approach to decreasing the risk for developing fetal CHB in pregnancies 

complicated by autoimmune antibodies is through the use of hydroxychloroquine (HCQ). 

This antimalarial agent used to treat systemic lupus erythematous inhibits several TLR 

pathways suggested to be important in the macrophage induced fibrosis and inflammation 

seen in immune mediated CCHB (Lafyatis, York, & Marshak-Rothstein, 2006). A recent 

case-control study suggested it may decrease the risk of CHB (Izmirly et al., 2010). A 

multinational historical cohort study further showed a 70% reduction in CHB recurrence in 

pregnant patients with a previous child with CHB treated with HCQ. No fetal deaths were 

seen in the group treated with HCQ in comparison with 21.7% death in non-treated fetuses 

(Izmirly et al., 2012; Izmirly et al., 2010). Based on these results, a prospective trial called 

the “Preventative approach to congenital heart block with HCQ (PATCH)” study was 

launched to evaluate the role for HCQ in the prevention of CHB in pregnant women with a 

previous CHB child. Only one of 19 fetuses developed CCHB in Stage 1 of the trial, and 

Stage II testing is underway. HCQ interferes with lysosomal metabolism and may affect 

retinal development and so this trial is also further evaluating HCQ safety in utero (http://

grantome.com/grant/NIH/R01-HD079951-01A1).
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4. Historical Attempts at Fetal Pacing

Patients who are refractory to standard medical therapy for CCHB have few therapeutic 

options especially when fetal hydrops develops at a time when risks of delivery are high. 

Fetal pacing has the potential to increase the fetal heart rate and therefor augment cardiac 

output. Initial studies of chronic epicardial ventricular pacing in fetal sheep with CCHB 

showed that pacing was well tolerated and potentially a safe therapeutic option (Liddicoat et 

al., 1997). A number of attempts to pace fetuses with CCHB have been described, both via 

open uterus procedures as well as by approaches generally considered to be minimally 

invasive. The first attempts used minimally invasive techniques to place pacing leads either 

directly into the ventricle (Assad et al., 2003; Carpenter et al., 1986) or guided through the 

umbilical vein to the right ventricle (Walkinshaw, Welch, McCormack, & Walsh, 1994). 

These leads were attached to an external pacemaker. All three studies successfully paced the 

ventricle for short periods of time ranging from 4–36 hours, but failed secondary to lead 

dislodgement and complications of lead placement such as pericardial effusion (Assad et al., 

2003; Carpenter et al., 1986; Walkinshaw et al., 1994) (Table 1).

Invasive approaches to placement of pacing leads include open fetal surgery for patients with 

CCHB who were refractory to medical therapy. In the first attempt at fetal pacing performed 

via open surgery for direct epicardial pacemaker implantation, a unipolar pacemaker was 

successfully implanted in a fetus with CCHB suffering from fetal hydrops and multi-organ 

failure via open fetal surgery. Pacing was successful for 5 days prior to demise secondary to 

end organ damage. This study suggested that increasing the fetal HR indeed increased 

cardiac output and that continuing augmentation of the cardiac output could potentially 

reverse end-organ damage; however, there was loss of communication with the device post 

implantation and this possibility could not be proven (Eghtesady et al., 2011). More recently, 

a novel ex utero intrapartum treatment (EXIT) was performed on a 36-week fetus exposed 

via uterine incision. A temporary epicardial pacing wire was sutured into the RV through a 

subxyphoid approach. The umbilical cord was then clamped, and the patient was delivered 

immediately with a permanent pacemaker placed on the third day of life (Cuneo, Mitchell, et 

al., 2017) (Table 1). Invasive surgical placement of fetal pacemakers comes with significant 

surgical and medical risks, but these studies encouragingly demonstrate that fetal pacing is 

possible. They also support the hope that early intervention prior to severe end-organ 

damage might allow for reversal of disease and thus decrease the risk of in utero demise.

5. Novel Fetal Pacing Therapies

A potential therapy on the horizon for fetal pacing in CCHB is a self-contained 

percutaneously implantable micropacemaker developed by our group. The complete 

implanted device is 3.48 mm in diameter and 2.4 cm in length. It includes an encapsulated 

circuit board, corkscrew electrode tip, flexible lead, and lithium power cell. The device 

paces in a fixed rate VOO mode at 100–110 bpm. An inductive recharging system further 

allows the lithium cell to be recharged in utero until delivery via a transmitting coil placed 

over the mother’s abdomen (Loeb et al., 2013; Zhou et al., 2014). This recharging capacity 

allows the pacemaker to be far smaller than other miniaturized pacemakers being developed 

for adults and large children. These other miniaturized pacemakers, known as “leadless” 
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pacemakers, are generally used in adults and are delivered percutaneously through the 

femoral vein to the apex of the right ventricle. While the utility of these leadless pacemakers 

has been demonstrated in adults, they are 5–7 times larger than the fetal micropacemaker 

and use a lead configuration that cannot be extrapolated to the fetus (Tjong & Reddy, 2017). 

The fetal micropacemaker is held in a sheath and implanted through a surgical trocar via 

subxiphoid epicardial approach (Figure 4). The micropacemaker was first validated in adult 

rabbits hearts (Loeb et al., 2013) and then optimized through trials in pregnant ewes with 

successful capture in the final four sheep fetuses (Bar-Cohen et al., 2015). A somewhat 

larger version of the fetal micropacemaker has been further adapted for pediatric use and 

successfully deployed into the pericardial space via the subxiphoid approach in an adult pig 

model (Bar-Cohen et al., 2018). In the near future, such minimally invasive pericardial 

pacing could offer a definitive treatment for CHB in both fetus and infant and might offer 

another pacing option for pediatric and adult patient populations for whom a conventional 

pacemaker or intraventricular leadless pacemaker is not an option. The fetal 

micropacemaker devices will be studied under a Humanitarian Use Designation (HUD) from 

the Food and Drug Administration, and the first human implant is expected soon.

6. Conclusions

CCHB is a life-threatening medical condition without proven therapies. Current medical 

therapies aimed at decreasing inflammation through the maternal administration of anti-

inflammatory treatments and increasing fetal cardiac output through maternal administration 

of beta-agonists have shown, at most, only marginal benefits (Jaeggi et al., 2004). These 

anti-inflammatory therapies cannot reverse CCHB although they may help decrease 

myocarditis and the development of cardiomyopathy (Cuneo et al., 2016). Advances in 

diagnosis and introduction of strict surveillance protocols with early delivery indications 

have demonstrated small improvements in morbidity and mortality, but are still woefully 

inadequate (Cuneo et al., 2010). Ambulatory surveillance programs and wearable fetal heart 

rate monitors may hold the key to early identification of fetal bradyarrhythmias and evolving 

fetal heart block allowing for emergent treatment for potential conversion back to 1:1 

conduction (Cuneo et al., 2016; Graatsma et al., 2009; Narayan et al., 2015). There is also 

preliminary data suggesting a role for prophylactic treatment with HCQ, but the study is still 

in process and the safety profile of the medication needs to be further evaluated (Izmirly et 

al., 2012; Izmirly et al., 2010). To date, intrauterine fetal pacing has not been successful 

potentially due to the high-risk invasive placement techniques and problems with lead 

dislodgement. The development of a fully implantable micropacemaker via a minimally 

invasive approach may hold the potential to pace fetal patients with CCHB and reverse fetal 

hydrops. This could allow for survival to a full-term delivery and change CCHB from one of 

the most dangerous fetal arrhythmias to one that can be successfully managed in utero until 

permanent pacemaker placement postnatally.
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Figure 1: 
Congenital complete heart block is associated with congenital heart disease in ~14–42% of 

cases (Brucato et al., 2003). The rest are isolated congenital heart block. 91% of isolated 

congenital heart block cases are associated with autoimmune mediated fetal heart block 

(Brucato et al., 2011; Buyon et al., 1998).
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Figure 2: 
Maternal Anti-Ro/SSA and/or anti-La/SSB autoantibodies pass through the placenta . It is 

hypothesized that they A: bind to L-type Calcium Receptors on fetal cardiomyocytes 

preventing uptake of calcium possibly leading to cellular apoptosis. Alternatively, B: they 

may bind to internal target antigens released during physiologic apoptosis which are then 

opsonized by maternal circulating antibodies. This leads to activation of the TLR 7/8 

cascade. Both hypotheses result in inflammation, fibrosis and eventual calcification of the 

cardiac system resulting in CHB.
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Figure 3: 
Prenatal evaluation for CCHB A: Pulsed Wave Doppler. B: M- mode C: Color Doppler M-

mode. D: Tissue Doppler Imaging. A, atrial; V, ventricular.
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Figure 4: 
Fetal micropacemaker and its implantation system. (a): Implantation cannula (4.5 mm o.d. × 

3.8 mm i.d.) with sharpened tip of the trocar protruding from the tip. (b): Configuration 

during implantation with the micropacemaker inside a polyimide plastic sheath that slides 

through the cannula. The friction disk is wedged into the end of the sheath, allowing the 

protruding Ir electrode to be turned into the myocardium (pre-deployment). The pacemaker 

is deployed from the sheath by a pushrod after confirming ventricular capture by ultrasound. 

(c): The fetal pacemaker as deployed. Features from left to right: battery case of lithium cell, 

which functions as return electrode; glass sleeve for epoxy encapsulation; printed circuit 

board with discrete surface-mount circuitry and RF coil for inductive recharging; flexible 

lead (75 μm Pt-30Ir with Parylene-C insulation; epoxy friction disk over welded joint, 

corkscrew electrode (254 μm Ir with Parylene-C insulation).
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Table 1:

Fetal Pacing Outcomes

Study Year Pacing strategy Time Paced Outcomes

Carpenter et al 1986 Bipolar pigtail pacing catheter placed directly 
into RV via 19G needle

4 hrs and 15 
min

Fetal demise for unknown reasons. 
Autopsy revealed pericardial effusion.

Walkinshaw et al 1994
Teflon coated pacing lead guided through fetal 
umbilical vein and guided through IVC and RA 

into RV
8 hrs

Initial lead dislodgement. Fetal demise 
possibly secondary to injury to 

myocardium during second attempted lead 
placement.

Silverman et al 1998 Direct epicardial pacemaker placement in fetus Unknown Fetal demise from surgical complications

Assad et al 2003
18G needle used to place lead directly into LV 
myocardium and 2nd lead in thoracic wall with 

pacemaker in maternal abdominal wall
36 hrs

Fetal demise possibly secondary to large 
pericardial effusion likely from lead 

placement complication.

Eghtesady et al 2011 Open fetal surgery for placement of unipolar 
pacemaker 5 days

Loss of communication with pacemaker 
and inability to increase rate. Fetal demise 

from chronic multi-organ failure

Cuneo et al 2017
“EXIT” ex utero intrapartum treatment. Uterus 

opened and temporary epicardial RV pacing wire 
placed into RV via subxiphoid incision

3 days Successfully delivered and transitioned to 
permanent pacemaker on DOL3
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