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Introduction
Approximately 180,000 patients undergo permanent pace-
maker (PPM) implantation in the United States each year.1

Although pacemaker implantation usually is considered a
safe procedure, it can be associated with potential compli-
cations such as pocket hematoma, infection, lead dislodg-
ment, pneumothorax, and cardiac tamponade.
Pneumothorax, which has been reported to occur in 1%
of pacemaker implantations,2 usually is caused by needle
injury while gaining entry to the axillary or subclavian
vein. As such, pneumothorax almost always is ipsilateral
to the pacemaker. Pneumothorax of the contralateral lung
is uncommon unless attempts for vascular entry were
made on that side as well. We present a rare case of
concomitant contralateral pneumothorax and pneumoperi-
cardium after pacemaker implantation.
Case report
An 83-year-old man with a history of coronary artery dis-
ease and paroxysmal atrial fibrillation presented with syn-
cope due to tachycardia-bradycardia syndrome. He
underwent dual-chamber PPM implantation via the left
axillary vein. A right atrial (RA) lead (Ingevity 7740
active fixation lead, Boston Scientific, Marlborough,
MA) was positioned at the anterolateral RA free wall.
A right ventricular lead was positioned at the apical
septum. At implantation, the RA lead pacing threshold
was 0.5 V at 0.5 ms, sensing was 8.0 mV, and impedance
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was 668 U. Right ventricular lead pacing threshold was
0.4 V at 0.5 ms, sensing was 12.2 mV, and impedance
was 915 U. Postprocedure chest radiography showed
normal lead position and no evidence of pneumothorax.

Approximately 24 hours later, the patient developed
sudden onset of severe neck and jaw pain that radiated
to the anterior chest and worsened with inspiration. His vi-
tal signs at that time were blood pressure 157/91 mm Hg,
heart rate 79 bpm, respiratory rate 16/min, temperature
98.3�F, and oxygen saturation 98%. On physical examina-
tion, no subcutaneous crepitus was noted. Lungs were
clear with equal breath sounds. Heart rhythm was regular,
without distant heart sounds or pericardial friction rub.
Chest radiography showed no pneumothorax and normal
lead position (Figure 1). Device interrogation demon-
strated no significant change in sensing, pacing threshold,
or impedance. Echocardiography showed no pericardial
effusion. However, computed tomography (CT) of the
chest, performed to exclude pulmonary embolus, revealed
that the atrial lead tip had perforated the RA free wall
(Figure 2) and caused a small right-sided pneumothorax
and pneumopericardium (Figure 3). There was no evi-
dence of pericardial effusion, chronic lung disease, or
bullae on CT.

After a multidisciplinary discussion, conservative treat-
ment strategy was pursued because of the small size of the
pneumothorax/pneumopericardium and stable hemody-
namics. The patient was hospitalized and given oxygen sup-
plementation to facilitate reabsorption of the pneumothorax.
Repeat CT after 2 days of observation showed resolution of
the pneumothorax and pneumopericardium. The patient
was discharged home and has been free of symptoms during
1-year follow-up.
Discussion
A large number of patients undergo pacemaker implantation
for various indications.3 This case demonstrates that contra-
lateral pneumothorax and pneumopericardium may occur af-
ter pacemaker implantation as a result of RA lead perforation
an open access
nc-nd/4.0/).
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KEY TEACHING POINTS

� Contralateral pneumothorax and
pneumopericardium commonly present with
pleuritic chest pain and/or shortness of breath.
Less commonly, patients may report syncope,
diaphragmatic stimulation, hypotension, or they
maybe asymptomatic.

� Electrocardiography, echocardiography, chest
radiography, and device interrogation can be
normal. Computed tomography is the test of choice
to detect contralateral pneumothorax,
pneumopericardium, or lead perforation.

� Management of contralateral pneumothorax and
pneumopericardium should be guided by the
amount of air leakage, the patient’s
hemodynamics status, and lead parameters.
Conservative treatment may be sufficient in
patients with stable vital signs, stable lead
parameters, and small pneumothorax and
pneumopericardium.

� The anteromedial tip of the right atrial appendage
and the medial right atrial wall have a thicker wall
and might be safer locations for lead
implantation.
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and can be managed conservatively in a hemodynamically
stable patient. Concomitant contralateral pneumothorax and
pneumopericardium after device implantation is an
extremely rare complication, with only 2 previous cases re-
ported in the literature (Table 1).
Figure 1 Chest radiographs in the anteroposterior (left) and lateral (right) views s
right ventricular lead in the apical septum. No pneumothorax or hemothorax is see
Etiology and mechanism
All cases listed in Table 1 could possibly be explained by one
common mechanism, in which the lead and/or helix
perforated through the RA free wall, pericardium, and right
pleura, resulting in contralateral pneumothorax.

Both the pneumothorax and the pneumopericardium in
our case seemed to result from the RA free wall perforation,
with air from the pleural space tracking along the lead back to
the pericardial space. No pericardial effusion was seen in the
patients listed in Table 1, likely because the lead tip plugged
the small perforation and prevented blood leaking out of the
RA into the pericardial space.
Signs, symptoms, and diagnosis
Patients with contralateral pneumothorax commonly present
with pleuritic chest pain and/or shortness of breath. Less
commonly they present with syncope, diaphragmatic stimu-
lation, hypotension, or they may be asymptomatic. In pub-
lished reports, symptoms mostly occurred within 1–4 days
after device implantation.

Electrocardiography may show loss of atrial sensing or
capture. Echocardiography may reveal new pericardial effu-
sion or the pacemaker lead in the pericardial space. Chest
radiography could demonstrate pneumothorax, pneumoper-
icardium, or lead tip seen out of cardiac silhouette. Device
interrogation may reveal a change in sensing, pacing
threshold, or impedance. However, not all tests are equally
sensitive. In a report by Srivathsan et al,4 device interroga-
tion was unchanged despite pneumothorax and pneumoper-
icardium. In another report by Sebastian et al,5

electrocardiogram, echocardiogram, and device interroga-
tion were all normal. The sensitivity of chest radiography
in detecting pneumothorax is approximately 46%.6

Abnormal lead parameters on device interrogation also
depend on whether the protruded helix is active (serves as
a cathode) or passive. If the helix is not active, lead
how the right atrial lead in the anterolateral position of the right atrium and the
n. The implantable loop recorder is in an unusual position.



Figure 2 Computed tomography in the coronal view reveals the right
atrial lead tip perforated the anterolateral wall of the right atrium (arrow).
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parameters may not change. Interestingly, our RA lead
(Boston Scientific Ingevity 7740) has an active helix but
lead parameters did not change. It could be that a large
part of the electrode remained in contact with the atrial
myocardium.

CT scan revealed abnormalities in all cases of contra-
lateral pneumothorax, pneumomediastinum, pneumoperi-
cardium, and/or lead perforation after device implant.7

Although clinical cardiac lead perforation occurs in
0.3% of new pacemaker implants,8 15% of RA leads
and 6% of ventricular leads showed asymptomatic perfo-
ration on CT.9 Therefore, we recommend CT chest radiog-
raphy when there is clinical suspicion of cardiac lead
perforation.
Figure 3 A:Computed tomographic chest axial view lung window reveals a smal
B: Computed tomographic coronal view shows pneumopericardium posterior to th
Treatment
Because of the rarity of concomitant pneumothorax and
pneumopericardium after device implant, management
strategy is not well established. Sebastian et al5 demon-
strated resolution of both pneumothorax and pneumoperi-
cardium after chest tube insertion alone without the need
for RA lead extraction. Srivathsan et al4 performed both
chest tube insertion and atrial lead extraction successfully
and uneventfully. Our case demonstrated a successful
outcome with conservative treatment. These case reports
suggest that pneumopericardium by itself does not signify
severe cardiac perforation, and cardiac lead perforations
are not uniformly detrimental. Some factors, such as previ-
ous cardiac surgery, may mitigate the risk of gross cardiac
perforation because of intrapericardial adhesions. Manage-
ment should be guided by the amount of air or blood
leakage, the patient’s hemodynamic status, and lead pa-
rameters. A chest tube should be considered when pneu-
mothorax involves .10% of the pleural space, the
patient has continued respiratory distress, or hemopneumo-
thorax is present.10

The helical screw in the ventricular lead was associated
with a 2.5-fold higher risk of ventricular perforation.11 In a
CT study, an active fixation RA lead had a trend for a lower
rate of perforation than a passive fixation lead.9 However,
this difference was not statistically significant because of
the small sample size. J-shape and straight RA leads had
similar pericardial complications (1%).12 Concerns have
been raised regarding an increased incidence of cardiac
perforation by magnetic resonance imaging–compatible
leads because of increased diameter and stiffness.13

However, objective data on the Ingevity MRI lead are
limited. RA leads were all positioned on the anterolateral
wall or the RA appendage (Table 1). These findings are
consistent with those of Greene et al,14 who described acute
pericarditis with pericardial effusion developing in 4.9% of
l pneumothorax along the medial aspect of the right upper lobe (arrowheads).
e aorta (arrow).



Ta
bl
e
1

Pu
bl
is
he
d
ca
se

re
po

rt
s
w
it
h
co
nt
ra
la
te
ra
lp

ne
um

ot
ho

ra
x
an
d
pn

eu
m
op

er
ic
ar
di
um

Au
th
or
s

Pa
ti
en
t

At
ria

ll
ea
d
an
d
po

si
ti
on

Sy
m
pt
om

s/
si
gn

s
Po

st
im
pl
an
t

Ab
no

rm
al
te
st

re
su
lt
s

Se
ve
rit
y

Tr
ea
tm

en
t

Se
ba
st
ia
n
et

al
5

73
-y
r-
ol
d
m
an

w
it
h

CO
PD

an
d
M
ob

it
z

ty
pe

II
AV

bl
oc
k

Ac
ti
ve

fi
xa
ti
on

(C
ap
Su
re
Fi
x
No

vu
s,

M
ed
tr
on

ic
)

An
te
ro
la
te
ra
lR

A

Su
dd

en
pl
eu
rit
ic
ch
es
t

pa
in

2
da
ys

CX
R:

Ye
s

CT
:Y

es
In
te
rr
og

at
e:

No

50
%

PT
x,

m
od

er
at
e-

si
ze
d

pn
eu
m
op

er
ic
ar
di
um

Ch
es
t
tu
be

Sr
iv
at
hs
an

et
al
4

77
-y
r-
ol
d
w
om

an
w
it
h

CO
PD

an
d
4.
5-
s
si
nu

s
pa
us
e

Ac
ti
ve

fi
xa
ti
on

(M
od

el
50

76
,M

ed
tr
on

ic
)

An
te
ro
la
te
ra
lR

AA

Sh
or
tn
es
s
of

br
ea
th

8
ho

ur
s

CX
R:

Ye
s

CT
:Y

es
In
te
rr
og

at
e:

No

30
%

PT
x,

m
od

er
at
e-

si
ze
d

pn
eu
m
op

er
ic
ar
di
um

Ch
es
t
tu
be
,a

tr
ia
ll
ea
d

ex
tr
ac
ti
on

Na
nt
su
pa
w
at

et
al

(o
ur

ca
se
)

83
-y
r-
ol
d
m
an

w
it
h

CA
D,

CM
P,

ta
ch
y-

br
ad
y
sy
nd

ro
m
e

Ac
ti
ve

fi
xa
ti
on

(I
ng

ev
it
y7
74

0,
Bo

st
on

Sc
ie
nt
ifi
c)

An
te
ro
la
te
ra
lR

A

Ne
ck

an
d
pl
eu
rit
ic
ch
es
t

pa
in

1
da
y

CX
R:

No
CT
:Y

es
In
te
rr
og

at
e:

No

,
10

%
PT
x,

sm
al
l

pn
eu
m
op

er
ic
ar
di
um

Ox
yg
en
,o

bs
er
ve

CA
D
5

co
ro
na
ry

ar
te
ry

di
se
as
e;

CM
P
5

ca
rd
io
m
yo
pa
th
y;
CO

PD
5

ch
ro
ni
c
ob

st
ru
ct
iv
e
pu

lm
on

ar
y
di
se
as
e;

CT
5

co
m
pu
te
d
to
m
og
ra
ph

y;
CX
R
5

ch
es
t
x-
ra
y
(r
ad
io
gr
ap
hy
);
PT
x
5

pn
eu
m
ot
ho

ra
x;
RA

5
rig

ht
at
riu

m
;

RA
A
5

rig
ht

at
ria

la
pp
en
da
ge
.

Nantsupawat et al Pneumothorax and Pneumopericardium After Device Implant 259
patients, especially when the lead was placed in the lateral
and anterolateral RA. Ueda et al15 demonstrated that the an-
teromedial tip of the RA appendage and the medial RA wall
have a thicker wall and might be safer for lead implant
compared to the posterolateral tip of the RA appendage or
the lateral RA wall, which have a very thin membrane-like
wall between pectinate muscles.

Conclusion
Contralateral pneumothorax and pneumopericardium is a
rare complication after PPM implantation and may not be
evident on chest radiography and device interrogation. Con-
servative treatment, without the need for a chest tube or atrial
lead extraction, may be sufficient in patients with stable vital
signs, stable lead parameters, and small pneumothorax and
pneumopericardium. However, because of the rarity of this
condition, the ideal treatment is unknown and deserves
further study.
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