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Key Clinical Message

Right ventricular perforation leading to cardiac tamponade can occur during
the chronic phase after cardiac device implantation. Physicians who manage the
pacemaker clinic must be alert to the wide range of symptoms and signs that

can accompany delayed right ventricular perforation. Surgical rather than
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Introduction

Implantable cardioverter defibrillator lead perforation of
the right ventricle is a well-known complication, occur-
ring most often during or soon after the implantation
[1]. Delayed perforation is, on the contrary, quite rare,
and various time frames, symptoms, and clinical findings
are reported [2]. Appropriate management of such
delayed perforation has, to date, not been thoroughly
explored in the literature. Once delayed perforation is dis-
covered, a decision must be made to extract the perforat-
ing lead either percutaneously or surgically, depending on
the case particulars. We report a case in which cardiac
tamponade resulted from perforation of the right ventric-
ular wall that occurred during the chronic period after
cardiac resynchronization therapy defibrillator implanta-
tion and for which we chose to extract the lead surgically.

Case Report

A 62-year-old woman with dilated cardiomyopathy was
referred to our hospital with acute congestive heart failure.
Despite appropriate medical therapy, she remained in New
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percutaneous lead extraction may be prudent.

Defibrillator lead, delayed perforation, pericardial effusion.

York Heart Association (NYHA) class III. Electrocardiog-
raphy revealed complete left bundle branch block with a
QRS width of 200 msec (Fig. 1). Echocardiography
showed poor left ventricular function (ejection fraction:
20%) with intraventricular dyssynchrony. We implanted a
cardiac resynchronization therapy defibrillator (CRT-D)
(Quadra Assura MP CRT-D, St. Jude Medical, St. Paul,
MN) with a transvenous active fixation implantable car-
dioverter defibrillator lead (Durata, St. Jude Medical).
Leads were inserted via the left subclavian vein. The defib-
rillation lead was implanted in the right ventricular apex
(Fig. 2A). After the procedure, all lead measurements were
within normal range. One week after the procedure, we
noted at the time that the R-wave amplitude had decreased
to 3.3 mV. Echocardiography confirmed absence of peri-
cardial effusion, a complication that can result from lead
perforation, and the patient was discharged.

The patient visited our pacemaker clinic 3 weeks after
the CRT-D implantation, and her heart failure had
improved to NYHA class I. The cardiothoracic ratio mea-
sured on a chest X-ray film had decreased slightly, and the
cardioverter defibrillator lead was in its proper place
(Fig. 2B). Echocardiography was again performed, and no
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Figure 1. Electrocardiogram showing complete left bundle branch block with a QRS width of 200 msec.

Figure 2. Serial posterior—anterior (upper row) and left lateral chest (bottom row) X-ray films showing the ICD lead position. (A) Films obtained
at the time of the patient’s initial discharge. (B) Films obtained at the time of the first outpatient visit after implantation. (C) Films obtained at the
time of re-admission. At this time, the cardiothoracic ratio had clearly increased.

© 2017 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd. 459



Delayed right ventricular perforation

pericardial effusion was detected. At 51 days after device
implantation, however, the patient returned to our hospital
complaining of nausea, loss of appetite, and breathlessness,
all of which had come on suddenly. Her blood pressure,
which was usually 120/70 mmHg, had decreased to 103/
53 mmHg. A blood test revealed a hemoglobin concentra-
tion of 7.9 g/dL and hematocrit of 24.4% (down from
10.6 g/dL and 31.6%, respectively, at the time of dis-
charge). Chest X-ray showed that the cardiothoracic ratio
had increased from 59% to 71% (Fig. 2C). Echocardiogra-
phy revealed a large pericardial effusion and protrusion of
the defibrillation lead into the pericardial space (Fig. 3A).
Chest computed tomography (CT) was also performed,
and it showed that the tip of the defibrillation lead had
perforated the right ventricular wall and penetrated the
epicardium (Fig. 3B). CRT-D interrogation revealed no
ventricular arrhythmia, but the sensed R-wave amplitude
had dropped to 0.2 mV. Cardiac tamponade seen on
echocardiography, the severe anemia, and the decreased
blood pressure led to a decision to remove the defibrilla-
tion lead surgically under fluoroscopic and transesophageal
echocardiographic guidance. Intercostal thoracotomy was
performed, and 450 mL of bloody pericardial fluid was
drained from the pericardial space. We confirmed that the
defibrillation lead had perforated the right ventricular wall
(Fig. 3C), and we wondered whether the marked decrease
in R-wave amplitude at the time of the patient’s discharge
was an indication that some micro-dislodgment had
already occurred. We disconnected the defibrillation lead
from the CRT-D generator and extracted it. A new defibril-
lation lead was implanted in the ventricular apex near the
interventricular septum under fluoroscopic and trans-
esophageal echocardiography guidance. We encountered
no complications. The patient was discharged 4 weeks after
the procedure. One year and 3 months has passed since
discovery of the perforation, and she continues to do well.

Discussion

Right ventricular perforation by a defibrillator lead is a
rare but serious complication that occurs in 0.6-5.2% of
patients who receive an implantable cardioverter defibril-
lator (ICD) [1]. Acute perforation occurs during or soon
after the implantation and results in hemodynamic com-
promise presenting as cardiac tamponade. Delayed perfo-
ration, that is, perforation occurring more than 1 month
after implantation, is associated with various symptoms,
and some asymptomatic cases have been reported [2].
Because of the low incidence of delayed right ventricular
perforation, the clinical presentation and optimal man-
agement have not been clearly defined.

In the case described herein, we learned two important
lessons. The first is that we should be aware that delayed
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right ventricular perforation can result in sudden-onset
hemodynamic compromise indicative of cardiac tamponade
in the chronic phase after device implantation. We do not
expect acute perforation to be asymptomatic, and although
delayed perforation is often asymptomatic, it can produce
overt manifestations of cardiac tamponade. According to
one report, as many as 15% of patients with CT-confirmed
delayed perforation are asymptomatic [2]. In our case,
3 weeks after the CRT-D implantation, chest X-ray per-
formed in the outpatient clinic showed no lead dislodge-
ment. Careful follow-up for up to 3 months is necessary
because of the possibility of delayed right ventricular perfo-
ration in the chronic phase after device implantation. Our
patient’s activity level had increased dramatically to the
point that she was using her bicycle regularly, and her heart
had decreased somewhat in size. We believe these changes
increased the risk of lead perforation. Interestingly, a group
of patients reported recently all showed altered electrical
measurements upon device interrogation [3]. Therefore, use
of a home-monitoring system might be effective for early
detection of the lead malfunction characteristic of lead per-
foration, whether it be a decrease in R-wave amplitude, a
decrease in pacing impedance, a loss of capture at maximal
pacing output, or an increase in the ventricular pacing
threshold [4]. The causes of lead perforation vary, from
individual patient characteristics to tip position, to lead type
[3], to concomitant therapy [5]. The perforation in our case
might have derived from the patient’s dilated cardiomyopa-
thy, which causes thinning of the right ventricular wall. The
data are insufficient regarding the safety of positioning
the defibrillator lead in the right ventricular septum versus
the right ventricular apex. We also think it is possible that
use of an anticoagulant for prevention of left ventricular
thrombosis contributed to our patient’s cardiac tamponade
once the perforation occurred.

The second lesson is that we should carefully decide to
extract perforating leads either percutaneously or surgi-
cally. Laborderie et al. reported that leads can safely be
extracted under fluoroscopic guidance with close moni-
toring and backup surgical support in most patients with
subacute or delayed right ventricular perforation [6].
However, the risk of bleeding increases rapidly in
instances of delayed perforation [7]. If the tip of the lead
has migrated beyond the epicardium, surgical extraction
is safer than percutaneous extraction because the surgical
procedure allows us to visualize and repair the perfora-
tion defect and any other injuries. In our case, the tip of
the defibrillator lead was outside the epicardium. We
observed this on CT images and were able to extract the
lead without complications.

It is important for clinicians to be aware that delayed
right ventricular perforation can result in sudden hemody-
namic compromise indicative of cardiac tamponade. Once
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Figure 3. Investigation and confirmation of the cause of the patient’s sudden complaints. (A) Echocardiogram showing severe pericardial effusion
and the ICD lead (white arrow) extending beyond the ventricular apex. (B) Chest computed tomography image showing that the tip of the ICD
lead (white arrow) had perforated the right ventricular wall and migrated beyond the epicardium. (C) Intraoperative photograph. Visual inspection

confirmed that the ICD lead had perforated the right ventricular wall.

right ventricular perforation beyond the epicardium is sus-
pected, we should not hesitate to intervene surgically.
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