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Incidence: 1:11,000 – 1:22,000 live births 

 

Generally found in two settings: 

1.) Maternal autoimmune disease 

2.) Associated congenital heart disease 

(Heterotaxy / polysplenia) 

 

 

 

Fetal Heart Block 

Michaelsson et al. Cardiovasc Clin 1972;4:85 - 101. 

Siren et al. J Rheumatol 1998;25:1862 - 1864. 



Antibodies cross the placenta, enter the fetal circulation and 

cause fetal injury, most often during the 16–24th gestational 

weeks. 

 

Mortality rate varies from 10% - 29%. 

 

Treatments: Fluorinated steroids, IVIG, plasmaphoresis, 

hydrochloriquine, b2-Agonists 

 

Mortality rates in setting of hydrops fetalis extremely high 

 
Buyon et al. Systemic Lupus Erythematosus. 2011. p. 541-571. 

Lee et al. Bailliere’s Clinical Rheumatology, Pregnancy and the Rheumatic Diseases. 1990. p. 69-84. 

Lopez et al. Circulation. 2008; 118:1268–1275. 

Jaeggi et al. Ultrasound Obstet Gynecol. 2005; 26:16–21.  

Maternal Autoimmune Disease 



• 24 year old mother. 27 ½ weeks, Sjorgen’s, 44 bpm. 

• Bipolar pigtail pacing catheter placed through 19 gauge needle 

into right ventricle 

• Medtronic external pulse generator 

• Paced at 120 bpm. Threshold was 1.5 mA (paced at 6 mA) 

• 4 hours and 15 minutes later, intermittent heart tones 

– increased output to 20 mA, but asystole seen on ultrasound. 

• Autopsy: Lead remained in the right ventricle.  No thrombi 

– Sero-sanguinous pericardial effusion. 

 



• 30 year old mother. 24 weeks, SLE 

• Fetal umbilical vein punctured using 20 gauge needle. Teflon coated pacing lead (0.009 inch) placed 

into IVC 1 cm below diaphragm – then into right atrium and then right ventricle. 

• Paced at 140 bpm - 5V at 0.5 ms.  (0.5 V threshold) 

• Lead loops in amniotic fluid.  Medtronic Legend II pacemaker placed subcutaneously in the maternal 

abdominal wall. 

• After 8 hours, heart rate 140 bpm.  Soon thereafter, slow heart rate.  Lead dislodgement suspected. 

• 5 days later:  Placental cord was punctured using 18 gauge Cook needle.  Larger pacing wire placed 

(to possibly reduce risk of dislodgement).  After puncture, while pushing pacing lead, heart rate fell 

and poor ventricular contraction seen on ultrasound.  Asystole followed. 

• Cord with no hemorrhage or tamponade.  Bright yellow spot at RV apex (site of pacing contact). 



Pacemaker implantation in 1 fetus (direct epicardial 

pacemaker placement) 

 

Silverman NH, Kohl T, Harrison MR, Hanley FL. Experimental fetal surgery in the animal model 
and in the human fetus. In: Imai Y, Momma K, editors. Proceedings of the Second World 
Congress of Pediatric Cardiology and Cardiac Surgery. Armonk (NY): Futura Publishing Co; 
1998. p. 622-3. 

Pacing via Open Fetal Surgery 

Fetus did not survive the procedure 



• Implanted in 11 rats 

• Subcostal incision, diaphragm exposed, J-wire then lead 

advanced through diaphragm into thorax 

• Placed close to mediastinum 

• Connected to external pacemaker 

• Pacing successful in 10 of 11 

 



• 36-year-old, 24 weeks gestation. HR 47 bpm. 

• Hydrops, left atrial isomerism, AV septal defect. 

• 15 cm, 18 gauge needle placed into left ventricular myocardium (4 attempts). 

• A second lead placed in thoracic wall for bipolar stimulation. 

• External Biotronic ERA 300 pacemaker (Subcutaneously in the maternal abdominal wall). 

– Paced at 140 bpm. 

• Cardiac tamponade during procedure, managed with pericardiocentesis.   

• First post-op day: recovery of myocardial function, mild pericardial effusion 

• After 36 hours of pacing, ultrasound showed ventricular asystole and large effusion 

• Autopsy: myocardial lead in place (as well as other lead in thoracic wall).  

J Thorac Cardiovasc Surg. 2003 Jul;126(1):300-2. 



• 32-year-old, 29 weeks gestation, Heart rate mid-40’s 

• Open fetal surgery 

• St. Jude Microny pacemaker 

– Pacing at 65 bpm 

• POD 1: Reaccumulation of small ascites. 

– Cardiac output up 150% 

• POD 2: Continued oligohydramnios 

– Tried to accelerate pacing – unable to interrogate 

• POD 5: fetal demise 

 

 

- , 2011 

HR 



21 year-old: Heart block at 18 6/7 weeks. 

   No response to IVIG / dexamethasone 

26 weeks: HR 51; terbutaline started 

36 weeks: HR 47 bpm.  New small pericardial effusion 

Ex utero intrapartum treatment (EXIT) 

Temporary right ventricular lead placed through subxiphoid 
incision – pacing at 70 bpm  

Delivered 55 minutes later 



•Place lead in fetus 

•Attach to “standard” pacemaker in 

mother 

•Failures presumed to be due to 

fetal movement and complications 

of fetal surgery 

History of Fetal Pacing: 

Extracorporeal pacing system 



Challenges 

• Pacing system needs to reside entirely within the fetus (not 

extracorporeal) 

• Implant percutaneously in the fetus without open surgery 

• Preferably using tools already available for fetal interventions 

• Adequate myocardial contact for capture 

• Robust enough lead to tolerate >10,000,000 cardiac contractions (2-3 

months) 

• Adequate battery longevity 

 

 





Implanted 

percutaneously in 

an adult rabbit via 

subxyphoid 

approach using 

ultrasound 

guidance 



Battery Longevity: Wireless Recharging System 



 7 fetal sheep 

 112-128 days gestation (normal gestation is 145-150 days) 

 Micropacemaker: VOO 100-110 bpm 

 Uterus surgically exposed for procedures 

Leads sewn on fetal chest for fetal ECG (to determine pacing / capture) 

 
Heart Rhythm 2015; 12:1683-1690 



Device and Equipment 

4.5 mm external diameter (3.8 mm internal diameter) implantation trocar and cannula 

 



3.3mm 

18mm 

glass + epoxy Li cell 
Friction disk 

Ir electrode 

flexlead 
circuitry RF coil 

After Deployment 



Sheep Model Limitations 

 Lack of pericardial effusion 

 

 Shape of fetal sheep thorax 

 

 No heart block 

 

 More invasive (opening of uterus for placement of ECG 

electrodes) 

 



Implantation 

Major Challenge = No pericardial effusion 



Creation of pericardial effusion 

• Insertion of Touhy needle into pericardial space 

• Saline hand infused in slow boluses 

• Improved access to epicardial surface 

• Improved imaging 

 

• Performed in last 4 sheep 



Sheep Model Limitations 

 Lack of pericardial effusion 

 

 Shape of fetal sheep thorax 

 

 No heart block in model 

 

 More invasive (opening of uterus for placement of ECG 

electrodes) 

 



Capture demonstrated (VOO) 



Fetal Sheep Outcomes 







Significant inflammatory 

response seen at electrode-

myocardial interface 

 

Lesson learned: need 

steroid-eluting plug 



Device Challenges and Solutions 

 Electrical failure in first experiment  Circuit board optimized 

 

 Screw electrode blunted  Modified tip bevel and storage container for device 

 

 Broken flexible lead  Modified welding technique 

 

 Inflammation at electrode-myocardium interface  Steroid eluting plug 

 

 Recharging challenges  Engineering modifications performed to ferrite (RF) coil 
 

 



Standard Pacing 

Belott et al. Clinical Cardiac Pacing: Defirillation and 

Resynchronization Therapy (Fifth Edition) 2017 

http://heartcenteraz.com/cardiovascular-

services/electrophysiology-procedures/ 

Epicardial Transvenous 



Lead challenges 

Complications after pacemaker 

placement: 

 Within 2 months: 12.4% with 

complications 

 Later complications: 9.4% (majority 

lead-related) 

Udo et al. Heart Rhythm. 2012;9:728–735 



Udo et al. Heart Rhythm. 2012;9:728–735 



Standard Pacing 

 Implantation of a myocardial lead attached to a remote pacing device 

 Leadless Pacemakers have been added 

 Pacing devices attached to the right ventricular myocardium and reside in endovascular space 

 Complications include device dislodgement, perforation at implant 





Implantation Equipment 



Implantation Steps 

 Access Pericardial Space via subxyphoid needle puncture 

 

 Place long sheath into pericardial space 

 

 Deploy sheath retaining loops to secure placement within pericardial sheath 

 

 Position tip of long sheath at desired implantation site 

 

 Place miniature camera catheter into sheath to visualize epicardial surface 

 

 Insert implantation sleeve (with micropacemaker) and rotate clockwise to implant electrode 

 

 Pull on secured long sheath and push out micropacemaker into pericardial space using pushrod  

 

 Release retaining loops and remove long sheath 
 



Procedure Results: 6 pigs 
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Conclusion 

• Percutaneously implantable fetal micropacemaker may offer 

solution for hydropic fetuses with complete AV block 

– First human implantation is hopefully near 

– Requirements: Hydropic fetus with pericardial effusion, no significant 

CHD, ~18-32 weeks gestation, single gestation 

 

• Percutaneously implantable pericardial micropacemaker may 

offer less invasive pacing solution for children and adults, 

especially those requiring epicardial pacemakers 

 



Thank you! 


