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Follow-Up and Prognosis After System 8
Removal for Cardiac Device Infection
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8.1 Reimplantation

Complete device removal is a class I recommendation in all cases of pocket infec-
tion and endocarditis, regardless of whether there is definitive evidence of device
involvement [1]. When considering device reimplantation after infection, there is a
variety of reimplantation strategies. The vast majority of patients who underwent
CIED extraction undergo device reimplantation. However, up to 40% of patients do
not require reimplantation as reported in several series [2—6]. The Multicenter
Electrophysiologic Device Infection Cohort (MEDIC) prospective registry enrolled
434 patients with device infections [3]. Of these, device removal was completed in
381 patients (88%) and 53 patients (12%) did not undergo device removal due to
various physician justifications. Among the 381 patients who had device removal,
220 (58%) underwent reimplantation and 161 (42%) did not require reimplantation.
Reasons for not reimplanting devices include improved ejection fraction, recovery
of sinus function and improvement of symptomatic bradycardia. The study by
Al-Hijji et al. reported that approximately 14% of patients do not receive CIED
reimplant after extraction [2]. Approximately 70% of the patients without reimplant
either did not meet any indication for ongoing device therapy or their device was not
indicated at the index implantation according to current guidelines. During follow-
up, the mortality rate was higher in the no-reimplant group compared to the reim-
plant group. However, the higher mortality rate was mainly driven by noncardiac
comorbidity, device complications and infection (Fig. 8.1).

The timing and approach to reimplant devices are major concerns in managing
CIEDI. The 2017 HRS expert consensus report on transvenous lead extraction
(TLE) recommends new device implantation in patients treated by antimicrobial
therapy for 3 to 14 days after extraction [1]. In fact, new CIED implantation can
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Fig.8.1 Survival and cause of death of reimplanted versus not reimplanted patients after TLE for
CIEDI (Kaplan-Meier curve figure reproduced from Al-Hijji et al [2] with permission). The table
on the right shows the cause of deaths reported by authors and the result of multivariate analysis as
reported in the paper (main independent predictors of mortality were CIED-related complication
and extraction for infective cause). Legend: HR, hazard ratio; TLE, transvenous lead extraction

reasonably be postponed until blood cultures are negative for 3 days. The timing of
reimplantation in the MEDIC registry varied considerably among the study popula-
tion [3]. The median time was 10 days, interquartile range of 6 to 19 days; in all,
70% of patients were reimplanted within 2 weeks. As suggested by existing guide-
lines, patients were treated differently when they had confirmed infective endocar-
ditis (IE). Patients with IE were reimplanted at a median of 13 days, while those
without IE were treated at a median of 8 days. Considering the potential gravity of
prosthetic material infections, CIED should be reimplanted while taking the great-
est precautions to prevent recurrent infections. [For additional information on CIED
reimplant approaches see Chap. 7.]

8.2 Recurrent Infection After Transvenous Lead Extraction

The true incidence of recurrent infection after TLE for infection is hampered due to
limited data on long-term outcome after TLE [7-9]. Reported data are primarily
based on single-centre studies (Fig. 8.2). A recent single-centre study demonstrated
an overall repeat TLE rate of 6% (including all indications) during a mean follow-
up of 5.5 years [9]. Of the patients who underwent initial TLE for infection, the
incidence of recurrent infection requiring TLE was 4% (15 of 419 patients). Maytin
et al. demonstrated an incidence of recurrent infection requiring TLE of 2% (10 of
520 patients) during a mean follow-up of 3.7 years [7]. Patients underwent the
repeat TLE procedure for infection at a mean of 21 months (range 1-53 months)
after the initial procedure. It is important to realize that not all patients experiencing
a CIED recurrent infection undergo TLE due to poor candidacy (e.g., elderly
patients with multiple comorbidities) or patient refusal. Therefore, the true
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Fig. 8.2 Main studies on follow-up after TLE. Main studies on long-term follow-up for reinfec-
tion after TLE [7-9]. The graphic reports the size of the cohort, the rate of patients with an indica-
tion of TLE for infection (splitted by local or systemic infection when data were provided from the
paper), the rate of relapse (among those admitted for infection) and the percentage of patients who
repeated TLE. Legend: LI, local infections; N, number of patients; SI, systemic infections; TLE,
transvenous lead extraction

incidence of CIED recurrent infection post-TLE may be higher. This is demon-
strated by a single-centre study from Australia [8]. In this study, the incidence of
recurrent device infection was 6% (20 of 331 patients) post-TLE for infection. Of
the patients with recurrent device infection, 7 (35%) were medically managed and
13 (65%) underwent repeat TLE (thus 4% repeat TLE rate for infection). Based on
above-mentioned data from high-volume centres, the incidence of CIED recurrent
infection post-TLE is estimated at 6% and the CIED reinfection rate requiring
repeat TLE is around 2—4%.

Considering the risk of recurrent infection, one may wonder whether this is due
to an ongoing (latent) infection despite initial TLE. In a retrospective single-centre
study, five patients had positive microbiology at initial and repeat TLE of which the
same organism was identified at initial and repeat TLE in the same individual in
only two cases (coagulase-negative staphylococcus in both cases) [9]. Thus, it is
more likely that patients have a predisposition to infection even if there is apparent
sterilization at the initial procedure [9, 10]. There are several clinical and procedural
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factors associated with CIEDI, including end-stage renal disease, diabetes mellitus,
chronic obstructive pulmonary disease, use of immunosuppressive drugs, older age,
pocket hematoma and longer procedure duration [11, 12]. It is likely that these risk
factors are also important for reinfection after TLE for infection. With regard to the
TLE procedure, it is important to aim for complete lead removal. Retained lead
fragments have been associated with a higher reinfection rate [3, 8].

The occurrence of reinfection requiring TLE seems to be associated with a
poorer outcome (Fig. 8.3) [13]. In a single-centre study, all-cause mortality was
36% for those who underwent repeat TLE for infection compared to 5% in those
where repeat TLE was indicated for lead problems [9]. The 36% mortality rate was
also higher when compared with patients who had undergone a single TLE for
infection (23%, P = 0.02). In addition, multiple studies have shown a higher all-
cause mortality in patients undergoing initial TLE for infectious indications in com-
parison to patients undergoing TLE for other indications [3, 7, 8]. Thus, the
prognosis of patients undergoing a repeat TLE for infection is poor. Every effort
should be taken to lower the risk of recurrent infection. This could be achieved with
early diagnosis of CIEDI and performing complete device and lead removal within
a relatively short time after diagnosis.

8.3  Mortality After Transvenous Lead Extraction

Transvenous lead extraction has been associated with a risk of major adverse events,
including vascular laceration, cardiac avulsion, pericardial effusion, hemothorax
and death [1]. Recently, data of 11,304 extraction procedures from the National
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Cardiovascular Data Registry ICD Registry were analysed [14]. In-hospital mortal-
ity during TLE was observed in 98 (0.9%) patients. Among these, 44 (44%) patients
underwent TLE for CIEDI. Urgent cardiac surgery was required in 41 (0.36%)
patients, of which 14 died either during surgery or immediately post-op. The
European Lead Extraction ConTRolled Registry (ELECTRa) reported on the out-
comes of 3555 patients who underwent TLE [15]. The in-hospital procedure-related
major complication rate was 1.7% including a mortality rate of 0.5%. Major conclu-
sions of both registries were high success rates and low major procedure-related
complications. Most importantly, it was clearly demonstrated that procedure-related
complication and peri-procedural mortality rates are the lowest among high-volume
and experienced centres.

Data concerning short- and long-term outcomes is steadily increasing. In a retro-
spective cohort analysis of 176 patients who required TLE, mortality rates of 3.4%
at 30 days and 8.5% at 1 year were reported [16]. Among patients who required TLE
because of CIED systemic infection, mortality rates increased to 19% at 30 days,
32% at 1 year and 39% during long-term follow-up, as compared with a long-term
mortality of only 12% in patients who required TLE for other reasons. In a similar
study, Maytin et al. also demonstrated an increased risk of mortality associated with
CIEDI [7]. In their cohort, mortality at 1 year was nearly 25% among patients with
systemic infection compared to less than 10% among those with local infection.
Henrikson et al. reported the outcomes of 67 patients undergoing TLE because of
infective indications [17]. The overall mortality rate of patients with systemic infec-
tion was 44%. Considering the data from NCDR ICD registry and ELECTRa, mor-
tality risk directly related to the TLE procedure is relatively low (<1%), but 1-year
mortality rate as observed in single-centre studies is high, particularly in patients
with systemic infection. Risk assessment in patients undergoing TLE is underesti-
mated and may be related to the focus on procedural risk. A few studies focused on
predictors for long-term outcome after TLE.

Tarakji et al. evaluated risk factors for 1-year mortality among patients with
CIEDI and examined the association between the type of infection and the mortality
risk [18]. Data of 502 consecutive patients who underwent CIED removal for the
indication of device-related infection were analysed. A total of 102 (20.3%) patients
died within the first year after CIED removal. Risk factors for 1-year mortality
among patients with CIEDI undergoing system removal include dementia, renal
insufficiency, worse functional class, use of anticoagulation, bleeding requiring
transfusion and CIED-related systemic infection as opposed to pocket infection.
Higher mortality risk among patients with systemic infection seems unrelated to the
presence of vegetations on TEE. Habib et al. evaluated data of 415 patients with
CIEDI in order to identify risk factors associated with short-term (30 days) and
long-term (>30 days) mortality [19]. Factors associated with long-term mortality
included patient age, heart failure, metastatic malignancy, corticosteroid therapy,
renal failure and CIED-related systemic infection. Another study found the pres-
ence of chronic kidney disease, increased numbers of leads to extract, lower ejec-
tion fraction and procedural failure as predictors of mortality [20]. Caution must be
taken as in this study, the majority of patients underwent TLE particularly for
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non-infectious reasons. Taken the studies together, the data suggest that the devel-
opment of CIED-related systemic infection and the presence of co-morbid condi-
tions are associated with short- and long-term mortality in patients with CIEDI
(Table 8.1) [7, 13, 16-21].

When most risk factors are taken into account such as in the IKAR risk score
model, mortality can be predicted with a reasonable accuracy [21]. The IKAR risk
score was derived in a single-centre cohort of 130 patients; the abbreviation of
IKAR stands for: I, infectious; K, kidney; A, age; and R, removal of high-voltage
leads. Patients with IKAR score >3 points were characterized by 79% mortality as
compared to 16% for those with a score of 1-2 points. The proposed risk score may
be helpful in making individual statements on mortality risk prior to TLE. However,
the proposed risk should not disqualify patients from the TLE procedure. To deter-
mine the performance of this score, analysis in a larger multicentre series is
warranted.

8.4  Strategies to Minimize the Risk of Adverse Outcomes

In clinical practice, CIED removal is often delayed in favour of initial trials of anti-
microbial therapy alone. The consequences of sustained infection despite appropri-
ate antimicrobial therapy and recurrent infection are well recognized. Early
diagnosis of CIED-related infection and performing TLE within 3 days of diagnosis
has been associated with lower in-hospital mortality. Based on this, early and com-
plete CIED removal is critical in the management of CIED-related infection, regard-
less of the timing of the start of antimicrobial therapy.

Patients requiring TLE should be referred to dedicated centres with appropriate
training and experience. Optimal cardiothoracic surgical backup at centres perform-
ing is imperative as a 16% incidence of requiring urgent cardiac surgery with a high
mortality rate among these patients was observed in the NCDR ICD registry.

After CIED removal, reassessment of the need for a new CIED is imperative.
Some patients may no longer meet guideline indications for permanent bradycardia
pacing, ICD or CRT, and some patients might not wish to receive a new device. A
new CIED implantation can reasonable be postponed until blood cultures are nega-
tive for 3 days. Reimplantation should be performed in an alternative location such
as the contralateral side or using epicardial or subcutaneous implantation. Patients
without the indication for bradycardia pacing, antitachycardia pacing or CRT are
eligible for a subcutaneous ICD (S-ICD) system. The S-ICD involves no hardware
exposed to the intravascular system, which reduces the risk of systemic infection. In
a sub-analysis of the EFFORTLESS registry (Fig. 8.4), the S-ICD is a viable alter-
native for patients who underwent removal of a transvenous ICD system [22]. The
risk of recurrent infection remains low even in patients whose devices were removed
because of infection. [For additional information on new CIED devices to minimize
CIEDI see Chap. 10.]
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Fig. 8.4 Subcutaneous implantable defibrillator (S-ICD) represents a safe option for reimplanta-
tion of patients after transvenous lead extraction. Kaplan-Meier curves for freedom from infection
and for mortality show a favourable outcome in patients implanted with S-ICD after a lead extrac-
tion for infection (blue line). From Boersma et al [22] (Reproduced with permission)

A method to reduce recurrent infection after TLE may be the use of antibacterial
envelope (TYRX™) in patients at high risk for mortality. Data from non-random-
ized cohort studies have indicated that the use of an antibacterial envelope can
reduce the incidence of CIEDI by more than 80% in high-risk patients. Data from
the Worldwide Randomized Antibiotic Envelope Infection Prevention Trial
(WRAP-IT) demonstrated that the use of an antibacterial envelope resulted in a
40% lower incidence of CIEDI compared to standard-of-care infection prevention
strategies alone [23]. However, the antibacterial envelope was used at initial implant,
replacement, or upgrade. Data regarding implantation after TLE is lacking. [For
additional information see Chap. 11.]
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