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Cardiovascular implantable 
electronic device infection: 
A complication of medical 
progress

T he term cardiovascular implantable elec-
tronic device (CIED) includes both per-

manent pacemakers and implantable cardio-
verter-defibrillators. These devices are being 
implanted in more people every year.1 They 
have also become increasingly sophisticated, 
with newer devices capable of both pacing 
and cardioversion-defibrillation functions.2 
Patients receiving these devices are also in-
creasingly older and have more comorbid con-
ditions.3,4 As more CIEDs are placed in older 
and sicker patients, infections of these devices 
can be expected to be encountered with in-
creasing frequency.

See related article, page 529

 In this issue of the Cleveland Clinic Journal 
of Medicine (page 529), Dababneh and Sohail5 
review CIED infections and provide a stepwise 
approach to their diagnosis and treatment.

 ■ how the devices become infected

CIEDs can become infected during implanta-
tion, in which case the infection presents ear-
ly on, usually with pocket manifestations, or 
by secondary hematogenous seeding, in which 
case the infection generally presents with 

endovascular manifestations. Dababneh and 
Sohail have elegantly outlined the risk factors 
that predispose to infection of these devices. 
 If there are no early complications, patients 
generally do well with these devices. However, 
many patients do fine with their first device 
but develop a pocket infection when the pulse 
generator is changed because of battery deple-
tion or other reasons. When patients with a 
CIED develop bacteremia as a complication 
of a vascular catheter infection or other infec-
tion, particularly with Staphylococcus aureus, 
they are at increased risk of having the intra-
vascular portion of their device seeded.

 ■ Patients may not aPPear very ill  
at Presentation

Dababneh and Sohail divide the clinical pre-
sentations of CIED infection into two broad 
categories: pocket infection and endovascu-
lar infection with an intact pocket. This is a 
useful categorization, as it provides a clue to  
pathogenesis.
 As the authors point out, most patients 
with CIED infection present first to their pri-
mary care physician when they develop symp-
toms. An understanding of this infection by 
primary care physicians will allow for early 
recognition and more timely treatment, thus 
avoiding unnecessary complications.
 Patients with pocket infection may not 
appear ill, but this should not lead a clinician 
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away from the diagnosis. A pocket hematoma 
is an important differential diagnosis in the 
early postoperative period after device implan-
tation or pulse generator change, and it may be 
difficult to decide if pocket changes are from an 
uninfected hematoma or from an infection. 
 Patients with endovascular infection are 
more likely to have systemic symptoms such 
as fever, fatigue, and malaise. However, ab-
sence of systemic features does not necessarily 
exclude endovascular infection.

 ■ blood cultures and tee 
are Key diagnostic tests

All patients with suspected CIED infection 
should have at least two sets of blood cultures 
checked, even if they appear to be reasonably 
well. If there is any suspicion of endovascular in-
fection, echocardiography should be performed. 
 Transesophageal echocardiography (TEE) 
is far superior to transthoracic echocardiog-
raphy (TTE) for detecting lead vegetations.6 
TEE should be carefully performed whenever 
endovascular infection is suspected, including 
all patients with positive blood cultures and 
all patients with systemic signs and symptoms. 
 Purulent drainage should be cultured, and 
when the device is removed, cultures of lead 
tips and pocket tissue should be done as well.

 ■ treatment usually requires  
comPlete device removal

A superficial infection in the early postopera-
tive period may respond to antibiotic therapy 
alone. But in all other patients, the device 
must be removed to cure the infection. In refer-
ral centers, it is not unusual to see patients who 
have been referred after having been treated 
with antibiotics for weeks and sometimes 
months in the mistaken belief that the infec-
tion would be cured with antibiotics alone.
 In some patients presenting with only 
pocket findings in the early postoperative pe-
riod, it may be difficult indeed to tell if there 
is pocket infection. In such patients, it is not 
necessary to make a hasty decision to remove 
the device, but it is important to monitor 
them closely until the presence or absence of 
infection becomes clear. Also, erosion of the 
device through the skin represents pocket in-

fection even if the patient appears otherwise 
healthy.
 When removing the device, it is necessary 
to remove the generator and all leads to treat 
the infection effectively. 
 If patients are device-dependent, it is usu-
ally safe to place a new device with the new 
pulse generator pocket in a different location 
from the infected one a few days after the in-
fected device is removed.

 ■ areas of uncertainty  
and challenge

Although there is no controversy about the 
need for complete removal of infected devices  
in order to effect a cure, the appropriate dura-
tion of antibiotic therapy after device removal 
is less clear. Dababneh and Sohail provide a 
useful algorithm to help with this decision. Pa-
tients usually need a new device to replace the 
infected one and there is a legitimate reason for 
concern about undertreating, since one would 
not want the new device to become infected 
because of inadequate antibiotic therapy. 
When endovascular infection is suspected or 
documented, patients are probably best treated 
as they would be for infective endocarditis.
 Difficulties arise when patients with a 
CIED develop bacteremia with no echo-
cardiographic evidence of device infection. 
Finding the source of bacteremia is very im-
portant because a diagnosis of CIED infection 
indicates that the device has to be removed. 
When there is a clear alternative explanation 
for the bacteremia, the CIED does not have to 
be removed. The type of bacterium helps cli-
nicians to gauge the likelihood of CIED infec-
tion and to decide on the appropriate course 
of action. These cases should always be man-
aged in conjunction with an infectious disease 
specialist and a cardiac electrophysiologist.
 Another concern is secondary seeding of 
an uninfected CIED caused by bacteremia 
from another source. This concern is particu-
larly acute with S aureus bacteremia. When 
patients with a CIED and S aureus bacteremia 
have been studied, endovascular CIED infec-
tion was documented in about half, although 
only a few had evidence of pocket inflamma-
tion.7,8 This suggests that the devices were 
seeded via the endovascular route.
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 Medical procedures such as dialysis and 
total parenteral nutrition require frequent in-
travascular access—often facilitated by leav-
ing an indwelling vascular catheter in place. 
Frequent entry into the intravascular com-
partment puts patients at substantial risk of  
bloodstream infection, and in patients with a 
CIED this can be complicated by device infec-
tion. In patients with a CIED and an indwell-
ing vascular catheter who develop bacteremia, 
determining the source of the bacteremia is 
particularly challenging, as is the treatment. 
Thus, preventing endovascular infection in 
such patients is extremely desirable, but there 
are no easy solutions.

■ Placing cied infections
in PersPective

The vast majority of patients with a CIED 
never develop a device infection. Those unfor-
tunate enough to have a CIED infection have 
little choice other than to have the device re-
moved, but those diagnosed early and treated 
appropriately generally do well. The develop-
ment of CIEDs has been an important advance 
in the practice of cardiac electrophysiology. An 
appropriate understanding of CIED infection 
and its treatment will help optimize the diag-
nosis and management of this complication 
when it does occur.	 ■
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