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2021  PACES Expert Consensus Statement:
Pediatric and Congenital Electrophysiology Society

• The high technology and development of the devices has necessitated 

classification according to the age of the patient.

• Pacemaker: PM implant indications should be based on symptom-

bradycardia correlation and not absolutely based on heart rate alone

• Indications for ICD implantations are mainly based on data from adult 

patients, revised in certain respects for pediatric pcs.



• implants currently make up less than 1% of all implants

• The desire to avoid lead-related complications associated with transvenous

systems influences the decision-making process.

• Infants and small children typically undergo epicardial pacemaker

implantation to allow for growth and eventual transition to a transvenous

system, although infant transvenous pacemakers are implanted at some

centers.

Pediatric pacemaker 



Indication of pace maker implantation in pediatrics

• Complete A-V block following cardiac surgery

• Symptomatic congenital complete heart block

• Asymptomatic congenital complete heart block in association with:
• Low mean heart rate <50–55 bpm in neonates

• Nocturnal pauses

• Bradycardia related arrhythmias

• Acquired heart block in myopathies

• Symptomatic bradycardias in:
• Sick sinus syndromes

• Long QT syndromes

• Reflex anoxic seizures with secondary anoxic epileptic seizures



PM: Transvenous or Epicardial?

TV PM  in infants (<10 kg) is associated with a high 

incidence of vascular occlusion, thrombosis, 

severe  valve regurgitation IN long-term FU. We 

advocate an epicardial approach for PM 

implantation in small children1.

1) Long-term outcome of transvenous pacemaker implantation in infants: a retrospective cohort study-Laura M Vos, Janneke A E Kammeraad, Matthias W Freund
2) Permanent epicardial pacing in children: long-term results and factors modifying outcome-EP Europace, Volume 14, Issue 4, April 2012

Chirurgia mininvasiva

Rischio di occlusione vascolare

The choice depends mainly on the patient's anatomy, size, previous clinical interventions that may inlfuence
access to certain cardiac structures



PM: Transvenous or Epicardial?
The probability of continued 
epicardial pacing in children was 
76% at 10 years after implantation, 
increased for implantation in recent 
years, and allowed transvenous 
pacing to be deferred to a 
significantly greater age. The use of 
bipolar steroid-eluting leads and of a 
beat-to-beat capture tracking 
feature significantly increased pacing 
system longevity and decreased the 
need for surgical reinterventions2

1) Long-term outcome of transvenous pacemaker implantation in infants: a retrospective cohort study-Laura M Vos, Janneke A E Kammeraad, Matthias W Freund
2) Permanent epicardial pacing in children: long-term results and factors modifying outcome-EP Europace, Volume 14, Issue 4, April 2012

Non dipendente 
dalla crescita 
fisiologica del pz



• <15 kg

• In the presence of intracardiac shunts

• With limited access to ventricular chambers

• In the presence of prosthetic tricuspid valves

Implantation requires:

• Sternotomy/thoracotomy orSubxiphoid access

• Steroid-eluting catheters To preserve Threshold over time

• Epicardial catheters placed  Preferably on LV

When to choose an epicardial PM?



Some limitations...

High risk of catheter rupture

Early battery discharge due even to high stimulation 

thresholds

Risk of device migration!

When to choose an epicardial PM?
Example of epicardial implantation, 6-
month-old infant, mitral porthesis



• It is preferable excluding cases for which PM EPI is chosen

• Advantages: NO surgery 

• Disadvantages: 

• Risk of catheter migration

• Endocarditis

• venous occlusion

• embolic events

• Bicameral above >25kg

When to choose a PM via transvenous route?



• Subcutaneous or submuscular pocket creation for very

thin pcs

• Subclavian or axillary vein access to reduce risk of pnx

• pts with cardiac malformation, other veins such as

cephalic, transhepatic etc. can be opted for.

• Venogram

• Catheter placement on septumRV

Implantation Technique 



ICD in pediatric PTS

Lead implantation posteriorly

behind the heart and superiorly 

toward the transverse sinus by 

a subxiphoid incision through a 

pericardial window

Transvenous 

lead implantation with the lead looped 

or curved in the right ventricle to allow 

for a sufficient length of the lead to 

account for the growth of the child. 
Epicardial lead implantation 



ICD in pediatric PTS

Endocardial lead 

implantation through the 

right atrial appendage

Lead implantation in a 

substernal position with the 

ICD placed in the left 

abdomen

Lead implantation in a left 

subcutaneous position with the 

ICD placed in the right abdomen. 











Trad
itio

n
al P

ace
m

ake
rs

Complication Occurrence

Lead dislodgement 2.2% to 3.7%1

Pneumothorax 1.6% to 2.6%1,2,3,4,5

Lead perforation < 1%1,2

Venous thrombosis 1%-3%2,3,4,5

Chronic Lead failure 2%-4% at  5 ys2,3,

Hematoma <0.5%2

Skin erosion 0.8-0.9%2,6 

Infection 1% - 2%
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•Preserve sensing e pacing functions for a long time

•Preserve High Voltage circuit 

•Endure 31 MLN of heart beats / year

•Keep intact in an aggressive background

In patients ever more longer life expectancy
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Insulation defect due to abrasion insulation defect due to traction from lead migration

PU insulation with sign of metal ion oxidation PU insulation with environmental stress cracking

Conductor fracture secondary to compression Conductor fracture and insulation defect due to pinching
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Complications, both acute and chronic, are more prevalent than generally acknowledged

* Complication either: implant related, system/ lead related or infection (Infection, Device malfunction, Lead malfunction, Lead dislodgment, Pericardial effusion, 

Thrombotic event, Reintervention for pocket complication, Hematoma, Pneumothorax. Based on 4890 patients) 

Risk of complication* at 6 years: 

15.5%

Infection

Lead failure
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• The idea of a pacemaker that could be implanted directly in the 
heart is something that physicians have long considered. 

• This kind of super-small pacemaker would eliminate the need for 
transvenous leads. 

• It could be implanted without the need for a pulse generator 
pocket.
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Redefined Pts Experience
• No chest scar
• No bump
• No visible or physical 

reminder of a PM
▪ Fewer post-implant 

activity restrictions

No Pocket-related 
Complications

▪ Infection
▪ Hematoma
▪ Erosion

No Lead-related 
Complications

▪ Fractures
▪ Insulation breaches
▪ Venous thrombosis 

and obstruction
▪ Tricuspid 

regurgitation 

ADVANTAGE leadless pacing

• Lead- and pocket-related complications can be costly to the hospital and patient.10, 68-70

• ~1 in 8 patients treated with a traditional PM a  complication attributed to the pocket or leads.11, 

68-

SAVE & SAFETY



Micra™ Pacing Capsule

2 Medtronic Micra MC1VR01 Clinician Manual, November 2014

Cathode

18mm electrode to ring 
spacing 

MICRA™ PACING CAPSULE

Micra 
Delivery Catheter Micra Introducer

▪World’s smallest pacemaker2

▪93% smaller than conventional 
pacemakers3

▪63% fewer major 
complications than traditional 
pacemakers4

▪4,000+ Micra VR* patients 
studied in global clinical trials4-6



Micra™ AV and Micra™ VR Transcatheter 
Pacing Systems

leadless pacing experience • Flexfix™ nitinol tines

▪Multidimensional redundancy: Two tines have 15x the 

holding force necessary to hold the device in place20

▪Designed to minimize tissue trauma during 

deployment, repositioning, and retrieval21

▪Optimal electrode-tissue interface allows for low and 

stable chronic thresholds22

▪Low dislodgement rate (0.00-0.06%)4,5
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Parameter Micra™ AV9 Micra™ VR16

Pacing Mode VVI, VVIR, VOO, OVO, VDD, VDI, ODO, OFF VVI, VVIR, VOO, OVO, OFF

Mass 1.75 g 1.75 g

Volume 0.8 cc 0.8 cc

Electrode Spacing 18 mm 18 mm

Battery Longevity 8-13 years*8,9 12 years†17

Programmer
▪ CareLink 2090
▪ Encore™ Programmer

▪ CareLink 2090
▪ Encore Programmer

Accelerometer-based Mechanical Atrial Sensing Yes N/A

Accelerometer-based Rate Response Yes Yes

MRI SureScan™ 1.5T & 3T 1.5T & 3T

Capture Management™ Yes Yes

FlexFix™ Nitinol Tines Yes Yes

CareLink™Remote Monitoring Yes Yes

Proximal Retrieval Feature

Anode
▪ Bipolar pacing

Cathode
▪ Steroid-eluting electrode
▪ Separated from FlexFix tines to ensure optimal 

contact with myocardium

*Use conditions include:
8 years = 100% VDD pacing, 60 bpm, pacing threshold 1.5 V, impedance 500 Ω, pulse width 0.24 ms.
13 years = 15% VDD pacing, 70 bpm, pacing threshold 1.5 V, impedance 600 Ω, pulse width 0.24 ms.

†Use conditions included: median pacing 53.5%, median pacing threshold 0.50 V, median impedance 543 Ω; 
89% of patients with > 10-year projected longevity; 99% of patients with > 5-year longevity.18

Leadless Pacing Experience

SAME  PROCEDURE

▪> 99% implant success4,5

▪Low dislodgement & infection rates4,5

▪Same implant tools for delivery and deployment



Micra™ AV and Micra™ VR Transcatheter Pacing Systems

IMPROVED 
PATIENT ACCESS

REDUCTION IN 
COMPLICATIONS

REDUCTION IN 
INFECTIONS

24% of patients with 
a Micra VR implant 
had a condition that 
the implanting 
physician felt 
precluded them from 
receiving a 
transvenous device.4

Leadless pacing 
provides the 
potential to reduce 
pacemaker 
complication rates 
and the associated 
healthcare 
utilization costs.4,10, 

68-70

Leadless pacing 
provides the potential 
to avoid the 
healthcare utilization 
costs related to 
infections.10,12-15, 68-70
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Micra™ AV and Micra™ VR Transcatheter 
Pacing Systems
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*AVB-only patients who would benefit from leadless pacing per the indications for use.

15-20%

Micra AV expands the potential pool of patients to AV block-only patients, 
who could benefit from AV synchrony. 



Micra™ AV and Micra™ VR Transcatheter Pacing Systems

AV SYNCHRONY 
REIMAGINED
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Atrioventricular synchronous pacing using a leadless 
pacemaker: Results from the MARVEL 2 study7

Objective 
To demonstrate AV synchronous pacing in existing Micra™

VR devices.

Analysis Design
Multicenter, pivotal IDE study, the MARVEL 2 algorithm 
was downloaded into 75 patients who 
had AV block and an existing Micra VR. The primary 
efficacy objective was to characterize the rate of 
AV synchrony at rest for 20 minutes in patients 
with complete heart block and normal sinus rhythm 
(N = 40). The primary safety objective was to 
demonstrate freedom from pauses and inappropriate 
tracking > 100 bpm among all 75 patients.

Results
▪ 94.3% median AV synchrony at rest in complete AV 

block patients with normal sinus rhythm (n = 40).

▪ Mean AV synchrony increased from 26.8% during VVI 
pacing to 89.2%.

▪ 95% of patients (38 of 40) with complete heart block 
and normal sinus rhythm had ≥ 70% AV synchrony.

▪ 8.8% improvement in stroke volume as measured by 
LVOT VTI (n = 39).

94.3%

Median AV synchrony 
at rest in complete AV 
block patients with 
normal sinus rhythm 
(n = 40).

89.2%

Mean AV synchrony 
increased from 
26.8% during VVI 
pacing to 89.2%.
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intermediate-term results across a large pts population in the real-world
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Low and stable pacing thresholds17

Battery Longevity Estimate
Based on use conditions at 12 months, median battery longevity estimate is 12.1 years.*
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PACING CAPTURE THRESHOLD

*Use conditions included: median pacing 53.5%, median pacing threshold 0.50 V, median impedance 543 Ω; 89% of patients with > 10-year projected longevity; 99% of patients with > 5-year longevity.18

Mean ± standard deviation

Heart Rhythm, Vol 15, No 12, December 2018



Micra™ AV and Micra™ VR Transcatheter 
Pacing Systems
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High thresholds at implant tend to decrease

*Significantly different from implant value (p < 0.05).

Heart Rhythm, Vol 15, No 12, December 2018



Micra™ AV and Micra™ VR Transcatheter 
Pacing Systems
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Micra™ VR electrical performance17
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Heart Rhythm, Vol 15, No 12, December 2018



Micra™ AV and Micra™ VR Transcatheter 
Pacing Systems
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Major complication rates through 24 mths post-implantation

Heart Rhythm, Vol 15, No 12, December 2018



Micra™ AV and Micra™ VR Transcatheter 
Pacing Systems
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SAME, STREAMLINED procedure

• Implant tools

Micra Integrated Delivery Catheter

105 cm long catheter system with a handle that 
controls deflection and deployment of the Micra 
pacing capsule16

> 99%

Implant success 
in Micra VR 
clinical studies4,5

Smooth Vessel Navigation with the Micra™ Introducer

▪ Lubricious hydrophilic coating

▪ 23 Fr inner diameter (27 Fr outer diameter)

▪ Silicone oil-coated dilator tip



Micra™ AV and Micra™ VR Transcatheter 
Pacing Systems

43

• PROCEDURE

Delivery catheter provides 
visual feedback when adequate 
tip pressure has been achieved, 
and retracts during 
deployment.16

Linear, one-step deployment 
facilitates consistent capsule 
placement; no torque required.20



• Literature regarding the use of leadless pacemakers in pediatric 
patients is scarce.

• Breatnach et al. reported on the successful implantation of the 
Micra™ TPS in nine pediatric patients ranging in weight from 31 to 50 
kg via the right femoral vein.

• A limitation to the use of the Micra™ TPS in the pediatric population 
is the large size of the delivery sheath. 

• Limited case reports have described the placement of the Micra™ TPS 
via the right internal jugular vein in a patient as small as 18 kg.

• However, procedures reported in the literature using the right 
internal jugular vein due to small patient size have been limited to in 
patients with concurrent medical conditions that render the use of 
traditional systems unfavorable or contraindicated.6,7 

MICRA in pediatric patients 



• pt is a 27-year-old
• obesity, pre-diabetes, and L-TGA
• epicardial PM DDD  placement within the 1 yr of life, 

ventricular septal defect requiring patchclosure
at 5 years of age, and severe valvular and subvalvular
pulmonic stenosis requiring valvuloplasty and subseque



CASE REPORT
Percutaneous jugular leadless pacemaker implantation in a pediatric patient
Rohan N. Kumthekar MD,Ralph S. Augostini MD,Anna N. Kamp MD,Naomi J. Kertesz MD
First published: 16 July 2022 https://doi.org/10.1111/jce.15620





. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
EP CASE REPORT 
https://doi.org/10.1093/europace/euac093



Review data on Micra pacemaker insertion in a pediatric population

Conclusion

This case series highlights the feasibility of implanting this

device in a younger patient group. Long-term follow-up

studies with larger patient numbers are required to establish 

data on efficacy and complication rates in children.



patient with single ventricle
physiology 

Indian Pacing and Electrophysiology Journal 16 (2016) 201e204





Journal of Cardiovascular Electrophysiology Vol. 27, No. 9, Sept .2016



Pre-implantation plain chest X-ray 
abandoned transvenous lead 

Feb-Mar 2017| Volume 9| Issue 5 





Micra™ AV and Micra™ VR Transcatheter Pacing Systems 55

Navigation to target location 
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Minimally invasive, integrated delivery system facilitates a streamlined 
implant procedure.
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S-ICD : subcutaneous defibrillators Valid 
alternative for pediatric patients



•LEADLESS PACEMAKERS :

•PTS VVI /VDD pacing indications (no pocket, no lead)

•SUBCUTANEOUS ICD :

• Pts no pacing indications

•No endovascular components

•Similar poket infection risk of traditional device 

New technology
in pacing and defibrillation devices
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OTHER EPICARDIAL SYSTEM



Low mortality rates in patients re-implanted with 
an S-ICD following explant of a TV-ICD

S-ICD  implant following TV-ICD extraction did not 
result in higher risk of re-infection

Re-implantation with S-ICD following explant of a TV-ICD results in 
low rates of major complications and mortality compared to 

published data for TV-devices2, suggesting that the S-ICD is a suitable 
alternative for TV-ICD replacement.  

2. . Maytin M et al. Circ Arrhythm Electrophysiol. 2012;  Tarakji et al; Europace, 2014;16:1490-1495

1.Heart Rhythm 2016;13:157–164)



S-ICD LEAVES THE HEART UNTOUCHED

In the EFFORTLESS registry of almost

there were:

25

25

25
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• S-ICD is recommended in AHA/ACC/HRS guidelines with a 

Class I and a Class IIa recommendation, and a Class IIa in ESC 

guidelines

• S-ICD is a suitable solution for the majority of the patients at 

risk for SCD any endovascular and systemic infection are 

reported studies

• Studies showed that implant an S-ICD after removal of an 

infected TV-ICD did not result in higher risk of re-infection
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•Reduction of hospitalization times

•Reducing Costs

•Reduction of saturation of high volume centres
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The  a novel pacing – icd system 

• Minimizing the risks of infection and other complications associated 

with a lead and/or device pocket (pneumothorax, dislodgement, 

long-term infection,malfunction)

• Improving patient comfort

• Useful in PEDIATRIC patients IS STILL debate 
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