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Drs. Blank and El-Chami comment

Ahmad et al.1 present an interesting case of a patient 
undergoing leadless pacemaker placement with subse-
quent ventricular fibrillation (VF) induced cardiopulmo-
nary arrest. As they mention, there are several published 
case reports of ventricular tachycardia (VT) and VF prox-
imate to implantation of the Micra™ device (Medtronic, 
Minneapolis, MN, USA). In their clinical scenario, a lead-
less pacemaker appears to have been the ideal device 
choice given the presence of complete heart block in a 
patient with end-stage renal disease on hemodiaysis, 
Staphylococcous aureus bacteremia, suspected endocar-
ditis, and limited upper-extremity access. All reported 
device parameters that were observed upon implant 
appear to be acceptable but not ideal, and single-view 
X-ray suggested appropriate device positioning. A few 
concerning electrical parameters included an impedance 
of less than 800 Ω, which has been demonstrated to be 
an independent predictor of elevated Micra™ thresh-
olds at 12 months,2 and an initial threshold of 1.3 mV, 
which is also a predictor of elevated thresholds during 
follow-up.3 These suboptimal numbers, while acceptable, 
could imply that the Micra™ device had suboptimal tis-
sue contact.

Without any other clear inciting cause, the patient devel-
oped VF five hours after Micra™ implantation. The pos-
tarrest workup, including transthoracic echocardiogra-
phy, was appropriate given the known risk for pericardial 
effusion and tamponade post–Micra™  implantation. 
While the rate of cardiac perforation associated with 
leadless pacing systems has been found to be less than 
1% (0.77% in the Micra™ PAR population and 0.8% in the 
Micra™ CED population, respectively), this rate appears 
to be higher than that associated with transvenous pace-
maker implantation (0.4% in the control group of the 

Micra™ CED study).4 In a report of the MAUDE data-
base, three episodes of VF/VF were reported, all in the 
setting of perforation and effusion.5

While the authors state that the premature ventricular 
complex (PVC) that initiated the run of VF was of a dif-
ferent morphology that the paced QRS, it does appear in 
fact to be similar, with a rightward inferior axis and simi-
lar pre-cordial transition.

It is unclear whether the development of ventricular 
arrhythmia after leadless pacemaker implantation is due 
to the unique properties of the Micra™ fixation system 
(nitinol tines) or may be seen with all leadless pacemaker 
systems. While we have not seen this phenomenon in 
our clinical practice, this case report and others suggest 
that one might need to observe patients post–Micra™ 
implantation for 24 hours, calling our practice of same-
day discharge into question.6 There are several potential 
explanations for the occurrence of VT/VF post–Micra™ 
implantation, as follows:

1. Poor tissue contact between the Micra™ and the right 
ventricular myocardium. If only two tines are engaged 
with the myocardium and are on the same side rather 
than opposite sides of the device, the Micra™ device 
could oscillate sideways and trigger early coupled 
PVCs, which could lead to VF.

2. There are some case reports7 of the Micra™ tines 
compressing a left anterior descending artery branch, 
which could lead to ischemia and VT/VF.

3. In patients with structural heart disease, right ventricu-
lar irritation could potentially lead to VT/VF.

When this occurs, the main treatment approach will 
require retrieval of the Micra™ and possible placement 
of a transvenous pacemaker or another Micra™ device 

The Journal of Innovations in Cardiac Rhythm Management, November 2021 4761



in a different location. While there are no specialized 
tools available for Micra™ explantation, successful case 
reports documenting the use of standard sheaths and 
snares to remove the Micra™ device have been pub-
lished.8 A recent report of outcomes comparing trans-
venous pacemakers and the Micra™ device as part of the 
Micra™ CED study did not compare rates of ventricular 
arrhythmias after implantation.3

We agree that further study of ventricular arrhythmias 
occurring after leadless pacemaker implantation require 
additional exploration and elucidation of the mechanism.
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Dr. Orlov considers

VF following implantation of a leadless pacemaker is a 
rare complication; I have to admit that I have not seen this 
to date in our clinical practice. Proarrhythmic effects of 
cardiac rhythm management devices with leads, and car-
diac resynchronization therapy in particular, have been 

reported by our group in the past.1 Details of the case 
presented by Ahmad et al.2 are fascinating, and several 
aspects require a specific comment. The patient’s initial 
electrocardiogram not only shows sinus rhythm but also 
a 2:1 atrioventricular block and Wenckebach periodic-
ity, as well as significant QT prolongation. The corrected 
QT interval is not reported but seems to be prolonged to 
approximately 589 ms. It is unclear why this was present 
and whether QT prolongation could have contributed 
to the subsequent arrhythmic events. Additionally, the 
patient had end-stage renal disease, raising the possibil-
ity of causative electrolyte disturbances (although they 
seem to have been excluded by testing). It is also unclear 
whether the patient was paced at faster rates following 
device implantation to avoid bradycardia and polymor-
phic VT in the setting of a prolonged QT interval. Could 
this observation explain the subsequent ventricular 
arrhythmias and difficulty in resuscitating the patient? 
The authors’ Figure 2 demonstrates right ventricular 
pacing immediately prior to the initiation of polymor-
phic VT, suggesting that the patient was indeed paced 
consistently.

The initial electrocardiogram during pacing is suggestive 
of the Micra™ device location being close to the outflow 
tract, which is frequently the case. The PVC morphology 
is not exactly the same, but very similar. I actually disa-
gree that the triggering PVC is much different from the 
preceding right ventricular pacing morphology; instead, 
it seems to be a 6/7 leads match. Additionally, the Micra™ 
device can probably irritate nearby sites and not only the 
implant location due to its physical shape and length. 
Therefore, an inexact electrocardiogram match may rep-
resent mechanical irritation by the Micra™ device of a 
nearby site, resulting in a PVC and triggering ventricular 
arrhythmia.

The site of stimulation matters, and there are sev-
eral observations to support this. In an animal model, 
high-frequency stimulation of the outflow tract was 
shown to be proarrhythmic and capable of causing out-
flow tract PVCs and ventricular arrhythmias.3 Arrhyth-
mia inducibility was successfully suppressed by esmo-
lol.3 Additionally, there is sufficient literature to support 
proarrhythmic effects of both left ventricular epicardial 
as well as right ventricular endocardial pacing during 
biventricular stimulation. In several cases, the arrhyth-
mia was only abolished by discontinuation or modifi-
cation of pacing (both left and/or right ventricular).1,4 
Some cases have been successfully managed with abla-
tion, frequently close to the stimulation site5,6 or pharma-
cologically with antiarrhythmic drugs, β-blockers, and/
or steroids.1 Closer proximity of the pacing site to the 
putative reentry circuit is known to be proarrhythmic as 
demonstrated by pacing protocols from the right and left 
ventricular pacing sites.7 Right ventricular pacing was 
implicated as being proarrhythmic in several reports, 
including large database observations.8–11  Therefore, 
site-specific stimulation is likely to be proarrhythmic in 
some rare cases. These considerations are more pertinent 
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to cases of scar-related VT where the reentry location is 
more defined. This does not seem to be the case in the 
case under discussion as no obvious scar substrate was 
present. However, Micra™ device location and proar-
rhythmia, either due to the proximity to the arrhythmo-
genic area or right ventricular pacing itself, seem to be 
the likely cause (in the setting of prior QT prolongation, 
possibly). It is unclear whether leadless device reposi-
tioning could be utilized as a strategy in the future if sim-
ilar complications occur. Certainly, during the implan-
tation procedure, particularly while the device is still 
tethered, repositioning in case of a sustained ventricular 
arrhythmia could be considered. Of note, the Postap-
proval Micra™ Registry has not reported ventricular 
arrhythmias as a complication, while smaller studies did 
(see discussion of the case report by Ahmad et al.). The 
role of antiarrhythmic drugs and β-blockers that have 
been reported to mitigate lead-related proarrhythmia in 
some cases remains to be determined.

It seems that leadless pacemakers are safe and associated 
with few side effects, possibly less than cardiac rhythm 
management devices with leads. Certainly, some specific 
lead-related complications will not occur with leadless 
devices. Other complications may be much more likely to 
occur with leadless devices (for example, retrieval of a dis-
lodged device) compared to leads. This specific Micra™ 
case highlights the importance of vigilance and possibly 
more extensive monitoring immediately after leadless 
device implantation. At the very minimum, same-day 
discharge may seem less attractive after this and similar 
case reports. Additionally, physiologic pacing, which was 
successfully used to mitigate the proarrhythmic effects of 
right ventricular pacing,12 is being increasingly utilized 
and may be less likely to result in life-threatening ven-
tricular arrhythmias.
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