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1  |   INTRODUCTION

Iatrogenic perforation of the right ventricle by pacemaker 
(PM) or implantable cardioverter defibrillator (ICD) leads is 
rare, accounting for 0.3%-0.8% of all pacing procedures.1,2 
It usually occurs <24 hours after device implantation; how-
ever, late-onset (>1  month) cardiac perforations have been 
described.1 While percutaneous lead removal by simple trac-
tion can be uneventfully performed in some cases,1 far less 
clear is the proper management of lead migration in the left 
hemithorax, since no straightforward recommendations are 
available in this setting.

In this case report, we described the uneventful manage-
ment of this rare complication. We also endeavored to ex-
plore the pathophysiological mechanisms and risk factors 
associated with this condition.

2  |   CASE REPORT

A 78-year-old woman with nonrevascularizable multivessel 
coronary artery disease (Figure 1A,B) was implanted with a 
dual-chamber PM (Biotronik Edora 8 DR-T) for symptomatic 
sick sinus syndrome at our institution. Briefly, after cephalic 
vein access, the two active fixation leads were placed at the 
middle portion of the right interventricular septum (Biotronik 
Solia S 60) and the right atrial appendage (Biotronik Solia S 
53), respectively, with excellent pacing parameters and no 
peri-procedural complications (Figure  2A). Pre-discharge 
transthoracic echocardiogram showed no signs of structural 
heart disease.

Two months after discharge, the patient referred to the emer-
gency department for syncopal episodes and unrelenting left 
chest pain. PM interrogation showed loss of ventricular capture 
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and urgent chest X-ray identified the ventricular lead tip at ap-
proximately 3.5 cm from the left cardiac margin, abutting the 
left chest wall (Figure 2B). Similar findings were reported on 
the thoracic computed tomography (CT) scan, which showed 
the passage of the left ventricular lead from the interventricular 
septum to the left ventricular free wall, reaching the left pleural 
cavity but with no clear signs of left hemothorax (Figure 3).

The subsequent patient's management was thoroughly 
debated. However, after a thorough research of the available 
literature (Table 1) and given the potentially life-threatening 
complications due to transvenous lead removal, the pa-
tient was moved to the surgical theater for off-pump lead 
extraction. The surgical intervention is fully depicted and 
described in Figure 4A-D. Surgical extraction was uncompli-
cated, and the patient was discharged home 7 days after the 
procedure with an uneventful 6-month follow-up.

3  |   DISCUSSION

Late-onset lead migration beyond the left cardiac margin is a 
rare event, and, to our knowledge, no clear recommendations 

F I G U R E  1   A-B, Coronary angiogram. 
The left anterior descending and circumflex 
coronary arteries display a diffuse 
atherosclerotic disease with multiple focal 
stenoses (A), and the right coronary artery 
is slender (B). Of note, poor coronary blood 
flow is observed on the mid-apical portion 
of the interventricular septum in this patient 
(A)

(A) (B)

F I G U R E  2   A-B, Chest X-rays 
performed 1 day (A) and 60 days (B) after 
pacemaker implantation. The day after 
the procedure, both atrial and ventricular 
pacemaker leads were properly positioned 
at the right atrial appendage and septal 
mid-wall, respectively (A). B, shows the 
same postero-anterior view of the patient's 
heart 60 days after the procedure: while 
the atrial lead is located at the same place 
as compared with (A), the ventricular lead 
is well beyond the left cardiac margin and 
clearly migrated in the left hemithorax 
(arrow)

(A) (B)

F I G U R E  3   Thoracic computed tomography scan. The 
radiological scan clearly shows the ventricular lead course from the 
right ventricle (1) to the left chest wall (4) in this patient. Perforation 
of both the interventricular septum (2) and the left ventricular free 
wall (3) are well evident, posing the non-surgical lead extraction at 
an exceedingly high procedural risk. Computed tomography scan 
should therefore be regarded as the gold standard for the strategical 
management of this complication
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do exist in this setting. Moreover, the involved pathophysio-
logical mechanisms have not been thoroughly investigated yet.

Table  1 displays lead type, position, migration course, 
pacing parameters, together with the clinical features, man-
agement, and follow-up of all the available clinical cases re-
ported in literature experiencing this troublesome iatrogenic 
complication.3-10

As previously reported,2 active fixation leads placed on 
the thin-walled right ventricular apex seem associated with 
an increased risk of cardiac perforation together with lead 
migration in the left pleural cavity on account of the close 
anatomical location of these two anatomical structures. 
However, as shown in Table 1, left-sided migration of ven-
tricular lead could be also due to double perforation of both 
the thick-walled interventricular septum and the left ventric-
ular free wall.6,9,10 Although the mechanisms underpinning 
septal perforation are far from being established, the beat-to-
beat twisting motion of the septal musculature together with 
poor blood supply in this very anatomical region may have 
played a pivotal role in the reported clinical case. Indeed, in 
this regard, the ventricular lead was placed at the mid-septum 
where the coronary angiogram had previously showed poor 
coronary flow (Figure 1A).

Furthermore, as shown in Table 1, only right ventricular 
apex perforation seems to be associated with a greater risk 

of life-threatening hemithorax than septal perforation, poten-
tially due to the iterative, beat-to-beat, thrusting movements 
of the ventricular lead against the left lung parenchyma and 
through the pierced right ventricular apex.5,7,8 The reason 
why double perforation seems associated with less pleural 
and/or lung parenchymal damage6,9,10 is not clear.

Whatever the mechanism underpinning lead migration in 
the left hemithorax, as shown in Table 1, off-pump surgical 
extraction was uneventfully performed in all cases, our pa-
tient included. Therefore, chest X-ray and thoracic CT scans 
are mandatory to assess whether pleural or septal/left ven-
tricular free wall is involved, since these patients, despite the 
paucity of symptoms, should be promptly taken to the surgi-
cal theater for lead extraction. In case of involvement of right 
ventricular perforation only, transvenous lead extraction can 
be feasible,4 provided that a surgical back-up is warranted.

4  |   CONCLUSIONS

Cardiac perforation and PM migration in the left hemithorax 
is a rare but potentially deadly complication. Radiological 
tests are mandatory to diagnose left pleural and/or septal/left 
ventricular involvement, prompting immediate surgical treat-
ment in this setting. Finally, less traumatic passive-fixation 

F I G U R E  4   A-D, Off-pump surgical extraction of the ventricular lead. After median sternotomy and excision of the pericardial sack, the 
ventricular lead tip was found projecting from the left ventricular free wall (A, white arrow) and 2 cm from the left anterior descending coronary 
artery (black arrow). No damage to the lung parenchyma was observed. The right ventricular lead was then extracted, and the injured myocardium 
repaired with U stitches reinforced by Teflon-pledgets (B, dotted white arrows). A new epicardial bipolar lead (Medtronic 4968–60 cm) was 
fixed on the right ventricular wall (C, dotted white arrows) and tunneled through the subcutaneous layers to reach the surgical pocket in the 
infraclavicular region where it was connected to the old pulse generator (D)

(A) (B)

(C) (D)
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leads might be used in these high-risk patients with evidence 
of nonrevascularizable myocardial ischemia and clear indica-
tion for PM/ICD implantation.
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