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Influence of the type of pathogen 
on the clinical course of infectious 
complications related to cardiac 
implantable electronic devices
Anna Polewczyk 1,2*, Wojciech Jacheć3, Luca Segreti4, Maria Grazia Bongiorni4 & 
Andrzej Kutarski5

The specific role of the various pathogens causing cardiac implantable electronic devices-(CIEDs)-
related infections requires further understanding. The data of 1241 patients undergoing transvenous 
lead extraction because of lead-related infective endocarditis (LRIE-773 patients) and pocket infection 
(PI-468 patients) in two high-volume centers were analyzed. Clinical course and long-term prognosis 
according to the pathogen were assessed. Blood and generator pocket cultures were most often 
positive for methicillin-sensitive Staphylococcus aureus (MSSA: 22.19% and 18.13% respectively), 
methicillin-sensitive Staphylococcus epidermidis (MSSE: 17.39% and 15.63%) and other staphylococci 
(11.59% and 6.46%). The worst long-term prognosis both in LRIE and PI subgroup was in patients 
with infection caused by Gram-positive microorganisms, other than staphylococci. The most common 
pathogens causing CIED infection are MSSA and MSSE, however, the role of other Gram-positive 
bacteria and Gram-negative organisms is also important. Comparable, high mortality in patients with 
LRIE and PI requires further studies.

Abbreviations
CIED  Cardiac implantable electronic device
CoNS  Coagulase-negative staphylococci
CKD  Chronic kidney disease
CRT   Cardiac resynchronization therapy
ICD  Implantable cardiac defibrillators
LRIE  Lead related infective endocarditis
LVEF  Left ventricle ejection fraction
MSSA  Methicillin sensitive Staphylococcus aureus
MRSA  Methicillin resistant Staphylococcus aureus
MSSO  Methicillin sensitive other staphylococcus
MRSA  Methicillin resistant other staphylococcus
NYHA  New York Heart Association class
TLE  Transvenous lead extraction

Cardiac implantable electronic device (CIED) infection is one of the most dangerous complications in patients 
with pacemakers (PM), implantable cardiac defibrillators (ICD) and cardiac resynchronization therapy (CRT) 
devices. The rate of infections in patients with PM/ICD/CRT devices ranges between 0.5 and 2.2% that is approxi-
mately 10% of all infective endocarditis  cases1,2. Several studies suggest that rate of infectious complications have 
been increasing over the last two decades and the rate of increase was disproportionate to number of implanta-
tions. Patients with PMs and ICDs showed a 2.5-fold and 1.9-fold increase in CIED infection, when comparing 
1988–1994 and 1995–20013. The incidence of isolated pocket infection (PI) is estimated to be 1.9/1000 device-
years, whereas the incidence of pocket infection with bloodstream infection is 1.14 per 1000 device-years4. The 
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most common pathogens isolated from blood and CIED pocket are staphylococci especially coagulase-negative 
staphylococci (CoNS) with predominantly Staphylococcus epidermidis (S. epidermidis) and Staphylococcus aureus 
(S. aureus), less frequently other than staphylococci Gram-positive bacteria (the most common: streptococci, 
corynobacteriacae and micrococci), Gram-negative pathogens and fungi. Most available  reports5–14 evaluate 
differences between CoNS and infections caused by S. aureus. This paper investigates the clinical and proce-
dural factors that may influence a particular pathogen in blood and generator pocket, and analyses the impact 
of pathogen type on the clinical course and survival in patients undergoing transvenous lead extraction (TLE) 
because of infectious complications.

Methods
Study population and design. We retrospectively analysed data from 3810 patients undergoing TLE in 
two high-volume centres (Poland and Italy) between 2006 and 2017 for infectious (1758; 46.1%) and noninfec-
tious (2052; 53.9%) indications. Because of incomplete blood and pocket culture results, we excluded 517 infec-
tious patients from further analysis. We assessed clinical data from 1241 patients with infectious indications (773 
with lead-related infective endocarditis-LRIE and 468 with isolated pocket infection-PI). The following clinical 
factors were taken into account: left ventricular ejection fraction (LVEF), NYHA class, prior sternotomy, pres-
ence of valvular implants, hypertension, diabetes, history of chronic kidney disease (CKD), permanent atrial 
fibrillation, and permanent anticoagulation or permanent antiplatelet therapy. The following TLE-related fac-
tors were analysed: device type, dwell time of the oldest lead, number of CIED-related procedures before TLE, 
presence of intracardiac lead abrasion, presence and size of vegetations and number of leads including the aban-
doned ones. We also compared LRIE and PI subgroups regarding the course and efficacy of TLE: procedure 
duration, technical difficulty, complete procedural and clinical success, and major and minor complications. 
Based on the microbiological culture results from removed leads and device pocket we compared clinical and 
procedural data in patients with infectious complications caused by S. aureus (methicillin-sensitive (MSSA) and 
methicillin-resistant (MRSA), S. epidermidis (methicillin-sensitive (MSSE) and methicillin-resistant (MRSE), 
other coagulase-negative staphylococci (methicillin-sensitive (MSSO) and methicillin-resistant (MRSO), other 
Gram-positive cocci, Gram-negative bacilli, Candida and Aspergillus (fungi), and in patients with negative 
blood and pocket cultures.

Using survival data obtained from the National Health Service Registry in Italy and from the National Health 
Fund Registry in Poland, we analysed risk factors for mortality in LRIE and PI subgroups, with particular 
consideration of pathogen and its impact on long-term prognosis. We constructed survival curves using the 
Kaplan–Meier method in a group of 3369 patients (infectious and noninfectious cases with complete follow-up).

All patients provided written informed consent prior to study enrollment. The study protocol was approved 
by the Bioethics Committee at the University in Lublin—ref. number 288/2018/KB/VII and complied with the 
Declaration of Helsinki.

Definitions. Lead-related infective endocarditis was diagnosed using modified Duke criteria according to 
the 2015 ESC guidelines for the management of infective  endocarditis15 and the European Heart Rhythm Asso-
ciation international consensus  document16. The diagnosis of lead-related infective endocarditis was definite 
in the presence of two major criteria or one major criterion and three minor criteria. According to the current 
 guidelines16, cultures from extracted leads were considered as a minor criterion in the diagnosis of LRIE. Pos-
sible LRIE was diagnosed in patients with one major and one minor criterion or 3 minor criteria. Possible LRIE 
was also included in the current analysis.

A pocket infection was defined as local warmth, erythema, swelling, edema, and pain in or discharge from 
the device pocket or an erosion or impending erosion of the device without lead-related infective  endocarditis15.

Intracardiac lead abrasion was defined as outer insulation macroscopic damage, in the intracardiac portion 
of the lead, usually in the first 15–20 cm from the tip, with visible discolouration, frequently with conductor 
externalisation, and not infrequently with purulent  discharge17.

Transvenous lead extraction was defined according to HRS and EHRA  statements18–20 as a procedure involv-
ing the removal of a lead implanted for over one year or when more than just a standard stylet was required to 
remove the lead, or the non-implant vein approach had to be utilised. Complete procedural success of TLE was 
defined as removal of all targeted leads and material, with the absence of any permanently disabling complication 
or procedure-related death. Clinical success was achieved in patients with retention of a small part of the lead 
that did not negatively affect the outcome goals of the  procedure18–20.

Major and minor complications were defined according to the 2018 EHRA Expert Consensus Statement on 
Lead  Extraction20. They defined major complications as any of the outcomes related to the procedure, which 
was life-threatening or resulted in death or any unexpected event that caused persistent or significant disability. 
Minor complications were defined as any undesired event related to the procedure that required medical inter-
vention or minor procedural intervention to remedy, and did not limit persistently or significantly the patient’s 
function, threaten life or cause death.

Microbiology. In all patients with infectious complications, at least three aerobic and anaerobic blood cul-
tures were performed before TLE. In order to exclude contamination, the criterion of a minimum of two positive 
cultures was used in the case of the physiological flora. In patients with the symptoms of local infection, a swab 
specimen was obtained from the generator pocket during TLE. The material drawn from the pocket was spread 
directly on the culture plate. In patients with suspected generalised infection, without PI symptoms, cultures 
from extracted leads were also done. A segment of the lead was rolled onto the solid media (Chocolate agar, 
McConkey agar, mannitol salt agar, and Sabouroud agar).
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Transvenous lead extraction. The TLE procedures in the two high-volume Polish and Italian centres 
were performed with the mechanical system based on cutting-rotation forces of telescopic polypropylene Byrd 
dilators (Cook Medical, Bloomington, IN, USA) of various lengths and sizes.

Leads were usually extracted by simple traction or mechanical dilatation using polypropylene sheaths through 
the implant vein. Sometimes, in more complicated cases, other venous approaches (jugular and/or femoral) 
or Evolution Mechanical Dilator Sheath (Cook Medical, Bloomington, IN, USA) or TightRail (Spectranetics 
Corporation, Colorado Springs) systems were used. We have never used laser energy or radiofrequency wave 
technology.

Statistical methods. Normality was checked using the Shapiro–Wilk test, which showed that most 
continuous variables followed normal distribution. For uniformity, all continuous variables are presented as 
mean ± standard deviation and were compared using the Kruskal–Wallis ANOVA and Mann–Whitney U test. 
Categorical data are presented as absolute numbers and percentage and were compared using the Chi-square 
test with Yates correction.

A stepwise multivariable Cox regression model was used to evaluate the role of pathogens as risk factors 
for long-term mortality after TLE and included the following variables: gender, patient age at the time of TLE, 
NYHA class, LVEF, presence of artificial valve, arterial hypertension, diabetes mellitus, creatinine concentration, 
haemoglobin concentration, atrial fibrillation, anticoagulant and antiplatelet therapy, TLE of ICD leads (single 
or dual coil), presence of vegetations (LRIE), radiological success, pathogen type (MSSA, MRSA, MSSE, MRSE, 
MSSO, MRSO, other Gram-positive, Gram-negative pathogens, and fungi). Analyses were performed for patients 
with LRIE and pocket infection. In multivariable analysis, the results were presented as hazard ratio (HR) with 
95% confidence interval (CI).

The Kaplan–Meier method was used to calculate the probability of event free survival depending on culture 
results from blood (LRIE) or pocket (PI) and in all subgroups divided according to indications for TLE (nonin-
fectious, PI or LRIE). The log-rank test, including complete and censored data, was used to test for differences 
between survival curves.

A two-tailed p value < 0.05 was considered statistically significant. Statistical analysis was performed using 
STATISTICA 13.1 PL (TIBCO, Cracow, Poland).

Results
The study population comprised 1241 patients with infectious complications, including 773 (62.29%) with LRIE, 
and 468 (37.71%) with isolated PI. The distribution of bacterial isolates from blood cultures in patients with 
LRIE was: MSSA: 22.19%, MSSE: 17.39%, MSSO: 11.59%, MRSE: 9.74%, Gram-negative: 9.12%, MRSA: 1.73%, 
MRSO: 2.10%, other Gram-positive: 2.34%, fungi 0.74%. Blood cultures were negative in 23.06% of cases (Fig. 1). 

Figure 1.  LRIE subgroup—list of pathogens.
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Gram-negative were concurrent with other bacteria in 20 cases, while staphylococci were concurrent with other 
bacteria in 14 cases, but there was no concurrent infection of S. aureus or S. epidermidis with other pathogens 
(Fig. 1, Table S1).

In PI patients pocket cultures were positive for MSSA in 18.13%, MSSE in 15.63%, MSSO in 6.46%, Gram-
negative in 5.00%, MRSE in 4.79%, MRSA in 2.08%, MRSO in 0.63%, other Gram-positive in 0.41% and fungi 
in 0.41%. The rate of negative cultures was 46.46% (Fig. 2). Staphylococci were concurrent with other bacteria 
in 5 cases, whereas Gram-negative bacteria were isolated with other pathogens in 7 patients (Fig. 2, Table S1).

In patients with suspected LRIE, besides blood cultures, 657 lead cultures from the extracted leads were 
analysed. Lead cultures were positive in 504 patients, including 24 patients with negative blood cultures. In 
these 24 patients with negative blood cultures, we identified 27 pathogens: S. epidermidis (51.85%) and other 
staphylococci (44.44%) were predominant.

Comparison of clinical and procedural factors in patients with LRIE and PI. Patients in LRIE sub-
group were more likely to have higher NYHA class (1.699 ± 0.774 vs. 1.574 ± 0.707; p = 0.008), diabetes mellitus 
(23.88% vs. 18.92%; p = 0.039) and renal failure (6.77% vs. 3.15%; p = 0.039), but permanent atrial fibrillation 
(21.76% vs. 26.82%; p = 0.042) was less common than in PI patients. The remaining clinical parameters were 
similar in both subgroups (Table 1).

About device-related and procedural factors, patients with LRIE had older leads (89.187 ± 69.686 vs. 
82.011 ± 68.717 dwelling time, in months; p = 0.047) and more frequent intracardiac lead abrasion (29.37% vs. 
21.19%; p = 0.017), whereas patients with PI underwent more CIED-related procedures (upgrading, revision of 
the pocket) (0.868 ± 1.065 vs. 0.816 ± 1.266; p = 0.016). The remaining factors that might influence the course of 
TLE did not differ between LRIE and PI subgroups. Course of the extraction procedure, radiological and clinical 
success rates, technical complications and major and minor complications, and mortality during follow-up did 
not differ between subgroups (Table 1).

LRIE patients: analysis of clinical and procedural factors according to pathogens isolated 
from blood. Among patients with LRIE divided according to pathogen type, males were most likely to have 
staphylococcal infection (especially S. aureus; 82.99%). Patients with infection caused by S. aureus were the 
oldest at the time of first device implantation (mean age 63.902 ± 13.664 years), whereas patients with S. epider-
midis and with other staphylococci in blood cultures were the youngest at implantation (58.973 ± 14.707 and 
58.320 ± 15.184 years, respectively). Mean age of all patients with LRIE during TLE was similar, regardless of 
the pathogen type. Patients with infection caused by S. aureus were most likely to have chronic kidney disease, 
whereas in patients with S. epidermidis and other staphylococci, CKD was less common. Patients with Gram-

Figure 2.  PI subgroup—list of pathogens.



5

Vol.:(0123456789)

Scientific Reports |        (2021) 11:14864  | https://doi.org/10.1038/s41598-021-94168-7

www.nature.com/scientificreports/

All group (patients with CIED related infections)
N = 1241

LRIE 
N = 773
(62.29)

PI 
N = 468
(37.71)

p
“U” Mann–Whitney/Chi2

Demographics

Male 
n (%)

908
(73.00)
n = 1241

559
(72.32)
n = 773

349
(74.15)
n = 468

p = 0.389

Female
n (%)

333
(26.99)
n = 1241

214
(27.68)
n = 773

119
(25.85)
n = 468

p = 0.389

Mean age (first implantation)
mean ± sd

60.811 ± 14.966
n = 1241

60.435 ± 14.693
n = 773

61.365 ± 15.278
n = 468 0.107

Mean age (TLE), mean, SD
Mean ± SD

67.947 ± 13.662
n = 1241

67.802 ± 13.378
n = 773

68.130 ± 14.053
n = 468 0.380

BMI [kg/m2]
Mean ± SD

27.105 ± 4.028
n = 1199

27.205 ± 4.252
n = 710

26.917 ± 3.583
n = 389 0.250

Clinical data

LVEF [%]
Mean ± SD

48.114 ± 14.363
n = 1190

48.107 ± 14.226
n = 750

48.050 ± 14.249
n = 440 p = 0.806

NYHA class
Mean ± SD

1.740 ± 3.143
n = 1235

1.699 ± 0.774
n = 770

1.574 ± 0.707
n = 465 0.008

Presence of valvular implants
n (%)

75
(6.04)
n = 1241

46
(5.95)
n = 773

29
(6.20)
n = 468

p = 0.857

Prior sternotomy
n (%)

194
(15.84)
n = 1225

122
(15.80)
n = 759

72
(16.14)
n = 466

p = 0.881

Arterial hypertension
n (%)

774
(62.37)
1241

486
(62.87)
773

288
(61.54)
468

p = 0.682

Diabetes
n (%)

270
(22.00)
n = 1227

182
(23.88)
n = 762

88
(18.92)
n = 465

p = 0.039

History of CKD or eGFR < 60 ml/min/1.73  m2

n (%)
62
(5.45)
n = 1137

49
(6.77)
n = 724

13
(3.15)
n = 413

p = 0.014

Creatinine concentrations [mg/dl]
Mean ± SD

1.264
 ± 0.831
n = 1137

1.308
 ± 0.865
n = 724

1.186
 ± 0.762
n = 413

p = 0.021

Permanent atrial fibrillation
n (%)

291
(23.68)
n = 1229

166
(21.76)
n = 763

125
(26.82)
n = 466

p = 0.042

Permanent anticoagulation
n (%)

391
(32.58)
n = 1200

248
(32.98)
n = 752

144
(32.14)
n = 448

p = 0.810

Permanent antiplatelet therapy
n (%)

476
(39.67)
n = 1200

304
(40.43)
n = 752

172
(38.39)
n = 448

p = 0.447

Preoperative pacing system information

Device without ICD lead
n (%)

794
(63.98)
n = 1241

499
(64.55)
n = 773

295
(63.03)
n = 468

p = 0.550

Device with ICD lead
n (%)

447
(36.02)
1241

274
(35.45)
773

173
(36.97)
468

p = 0.550

Dwelling time for oldest lead [months], Mean ± SD 86.525 ± 69.373
n = 1241

89.187 ± 69.686
n = 773

82.011 ± 68.717
n = 468 p = 0.047

Number of CIED-related operative procedures before 
TLE (upgrading, pocket revision) Mean ± SD

0.838 ± 1.197
n = 1241

0.816 ± 1.266
n = 773

0.868 ± 1.065
n = 468 p = 0.016

Number of all operative procedures before TLE 
(implantations, reimplantation, upgrading, pocket 
revision) Mean ± SD

2.413 ± 1.561
n = 1241

2.425 ± 1.654
n = 773

2.385 ± 1.389
n = 468 p = 0.306

Presence of intracardiac lead abrasion
n (%)

213
(26.93)
n = 791

163
(29.37)
n = 555

50
(21.19)
(n = 236)

p = 0.017

Number of leads in system
Mean ± SD

1.956 ± 0.673
n = 1241

1.948 ± 0.670
n = 773

1.970 ± 0.679
n = 468 p = 0.559

Number of patients with abandoned leads
n (%)

246
(19.82)
N = 1241

162
(20.95)
N = 773

84
(17.95)
N = 468

p = 0.224

Mean number of abandoned leads in patients 
Mean ± SD

0.255 ± 0.627
n = 1241

0.267 ± 0.613
n = 773

0.235 ± 0.639
n = 468 p = 0.304

Continued
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negative bacteria in blood cultures were more often on chronic anticoagulation (51.92%) as compared with other 
subgroups. The remaining clinical parameters were similar for all pathogens (Table S2).

On device-related factors, patients with infection caused by S. aureus had shorter lead dwell times (dwell 
time of the oldest extracted lead was 75.954 ± 70.027 months) whereas patients with other staphylococci and S. 
epidermidis had the oldest leads (lead dwell times of 98.711 ± 67.54 and 93.740 ± 65.033 months, respectively).

The highest number of CIED-related procedures before TLE (2.785 ± 1.778) characterised patients with infec-
tion caused by S. epidermidis. Patients with Candida/Aspergillus and other staphylococci had the least number of 
leads in the system (1.333 ± 0.516 and 1.814 ± 0.565, respectively). Rates of complete procedural success, clinical 
success, major and minor complications were similar in all LRIE subgroups. Vegetations were most common in 
patients with infections caused by S. aureus (67.01%) (Table S2).

PI patients: analysis of clinical and procedural factors according to pathogens isolated from 
generator pocket. S. epidermidis (20.94%), S. aureus (20.73%) and other staphylococci (6.62%) were 
the predominant pathogens in patients with PI, while other Gram-positive bacteria (0.43%) were the least 
common organisms. S. aureus was most present in males (83.51%), since Gram-negative bacteria were more 
common in women (64.71%). Patients with other Gram-positive bacteria in pocket cultures were the oldest 
(80.000 ± 4.243 years), whereas patients with other staphylococci were the youngest (59.323 ± 17.213 years) at the 
time of device implantation. The subgroups did not differ in patient age during TLE. There were no subgroup 
differences in left ventricular ejection fraction, but patients with other Gram-positive bacteria in cultures were in 
the highest NYHA class (3.000 ± 0.000 on average), whereas the lowest NYHA class was observed in patients with 
other staphylococci (1.355 ± 0.551). Gram-negative bacteria in pocket cultures were more common in patients 
after sternotomy (41.18% patients). The remaining clinical factors did not differ between subgroups (Table S3).

Among procedural factors, lead dwell times were shorter in patients with local infection because of Gram-
negative bacteria (41.412 ± 44.626 months). Patients with other staphylococci had a higher number of implanted 
leads (2.226 ± 0.735) as compared with S. aureus and S. epidermidis subgroups. Abandoned leads were most 

All group (patients with CIED related infections)
N = 1241

LRIE 
N = 773
(62.29)

PI 
N = 468
(37.71)

p
“U” Mann–Whitney/Chi2

Total number of leads in patient
Mean ± SD

2.211 ± 0.859
n = 1241

2.214 ± 0.873
n = 773

2.205 ± 0.820
n = 468 p = 0.889

Vegetations presence
n (%)

522
(42.06)
n = 1241

522
(67.53)
n = 773

0
(0.00)
n = 468

p < 0.001

Presence of large vegetation > 2  cm2

n (%)
146
(11.76)
n = 1241

146
(18.89)
n = 773

0
(0.00)
n = 468

p < 0.001

TLE procedure

Technical problems or complications during TLE
Mean ± SD

0.152 ± 0.359
n = 1241

0.145 ± 0.352
n = 773

0.163 ± 0.370
n = 468 p = 0.401

Number of patients with technical problems or compli-
cations during TLE n(%)

188
(15.15)
n = 1241

112
(14.45)
n = 773

76
(16.24)
n = 468

p = 0.401

Procedure duration time [min]
Mean ± SD

105.280 ± 50.684
n = 1241

107.854 ± 50.017
n = 766

100.869 ± 44.346
n = 464 p = 0.077

Radiological success
n (%)

1172
(94.44)
n = 1241

732
(94.70)
n = 773

441
(94.23)
n = 468

p = 0.254

Clinical success
n (%)

1199
(96.62)
n = 1241

749
(96.90)
n = 773

450
(96.15)
n = 468

p = 0.594

Major complications
n (%)

18
(1.45)
n = 1241

14
(1.81)
n = 773

4
(0.85)
n = 468

p = 0.175

Minor complications
n (%)

69
(5.56)
n = 1241

48
(6.21)
n = 773

21
(4.49)
n = 468

p = 0.200

Periprocedural deaths
n (%)

7
(5.46)
n = 1241

6
(0.78)
n = 773

1
(0.21)
n = 468

p = 0.200

Follow-up [days]
Mean ± SD

1589,0
 ± 1041,2
n = 1071

1543,9
 ± 1042,1
n = 696

1672,7
 ± 1035,7
n = 375

p = 0.732

Death during follow-up
n (%)

369
(34.45)
n = 1071)

254
(36.49)
n = 696)

115
(30.67)
n = 375

p = 0.065

Table 1.  Demographic and clinical data of patients admitted for lead extraction due to infection. AF, atrial 
fibrillation; CIED, cardiac implantable electronic devices; CKD, chronic kidney disease; eGFR, glomerular 
filtration rate; ICD, implantable cardioverter defibrillator; LRIE, lead related infective endocarditis, LVEF, left 
ventricular ejection fraction, PI, pocket infections, SD, standard deviation, TLE, transvenous lead extraction.
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common in S. aureus subgroup i.e. in 23.71% of patients. The efficacy of TLE and major and minor complications 
were similar in all subgroups (Table S3).

Long-term survival after TLE: analysis according to type of infectious complications. During 
long-term follow-up (median: 4.121 years; IQR 2.041–6.648) there were 254 (36.49%) deaths in LRIE subgroup 
and 115 (30.67%) deaths in PI patients (p = 0.065) (Table 1). Mortality in patients with LRIE and PI was signifi-
cantly higher than in patients undergoing TLE for noninfectious indications (p < 0.001) (Fig. 3).

Long term survival after TLE in LRIE patients: analysis according to pathogen. At long-term 
follow-up the highest mortality was observed in patients with other than staphylococci Gram-positive bacteria 
(62.5% of deaths during mean follow-up of 1503.8 ± 1265.8 days) and with Gram-negative bacteria (mortality of 
43.75% during mean follow-up of 1291.2 ± 450.0 days). Fungal infection was associated with high mortality rates 
(60% of deaths during mean follow-up of 1291.2 ± 450.0 days) during a short follow-up. The lowest mortality 
rate was observed in patients with negative blood cultures (32.56% during 1368.3 ± 1024.8 days of follow-up) and 
with S. epidermidis infection (34.33% of deaths during mean follow-up of 1867.4 ± 1044 days) (Table S2, Fig. 4).

Long term survival after TLE in LRIE patients: Multivariable analysis of mortality risk fac-
tors. Factors that increased mortality risk during long-term follow-up were heart failure (higher NYHA class 
and lower LVEF), permanent atrial fibrillation, renal failure (higher creatinine levels), anaemia and older patient 
age. Infection due to MSSE was associated with better long-term survival rates (Table 2).

Long term survival after TLE in PI patients: analysis according to pathogen. During follow-up 
of 407.00 ± 26.87 days, the highest mortality (100%) was observed in patients with Candida albicans (mean fol-
low-up of 602.00 ± 374.767 days) and other than staphylococci Gram-positive bacteria in pocket cultures. Death 
rates were also high in patients with Gram-negative bacteria in pocket cultures (57.14% of deaths during mean 
follow-up of 1430.5 ± 1077.1 days). We observed best survival outcomes in patients with other than S. aureus and 
S. epidermidis organisms in pocket cultures (13.3% mortality during mean follow-up of 2091.1 ± 1221.3 days) 
(Table S3, Fig. 5).

Long-term survival after TLE in PI patients: multivariable analysis of mortality risk factors. At 
long-term follow-up Candida albicans isolated from pocket cultures, diabetes, heart failure (higher NYHA class 
and lower LVEF), arterial hypertension, anaemia and older patient age were the risk factors for mortality in 
patients with PI (Table 3).

Figure 3.  Kaplan–Meier probability of survival depending on indications for transvenous lead extraction 
procedure.
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Discussion
Infectious complications in patients with CIEDs have specific characteristics related to the foreign body reaction. 
There are two mechanisms of CIED infection. One mechanism involves contamination at the time of first implan-
tation or other CIED-related procedures before TLE, with subsequent bacterial colonisation and infection spread 
along the leads to the endocardium. The other mechanism is associated with primary bloodstream  infection4,21. 
Infectious complications in CIED patients can be divided into local pocket infection and a generalised response 
i.e. lead-related infective endocarditis. Comparative analysis of patients with PI and LRIE in this study, similar to 
earlier  reports22–24, showed that patients with generalised infection were most likely to have concomitant diseases 
(heart failure, diabetes, renal failure, permanent atrial fibrillation), and specific procedural factors: longer lead 
dwell times and intracardiac lead abrasions. PI, as compared with LRIE, was associated with a higher number of 
CIED-related procedures before TLE. Detailed microbiological analysis in the study population confirmed that 
MSSA and MSSE were the most frequent pathogens, causing infectious complications in patients with CIEDs. 
The incidence of these organisms has been reported to range between 17 and 45% and between 20.5 and 67%, 
which is comparable to that in the present  study5–14. Our analysis also revealed a relatively frequent (11.59%) 
incidence of MSSO, with coagulase-negative strains such as S. hominis, S. capitis, S. haemolyticus being predomi-
nant. Isolation of CoNS usually represents a challenge for the clinician since it may result from contamination, 
given the generally low pathogenicity of CoNS except for S. lugdunensis which causes infections with a more 
severe course, resembling that of S. aureus8. These considerations may explain the different outcome of patients 
with isolation of other staphylococci in case of PI or LRIE (Figs. 4, 5).

Figure 4.  Probability of survival in patients with LRIE depending on pathogen type.

Table 2.  Risk factors for deaths after TLE in LRIE patients. Results of multivariable stepwise Cox regression 
model. LRIE, lead related infection endocarditis, LVEF, left ventricular ejection fraction, MSSE, methicillin 
sensitive S. epidermidis; NYHA, New York Heart Association (class), TLE, transvenous lead extraction.

n = 641 (complete data) HR 95% CI p

Age of patients during TLE (1 year) 1.031 1.019–1.044 < 0.001

NYHA (1 class) 1.500 1.250–1.800 < 0.001

Lower LVEF (1%p) 1.017 1.007–1.027 < 0.001

Permanent atrial fibrillation 1.389 1.050–1.837 0.021

Lower haemoglobin concentration (1 g/dl) 1.075 1.005–1.149 0.035

Creatinine (1 mg %) 1.277 1.134–1.439 < 0.001

Pathogen other than MSSE 1.876 1.256–2.703 < 0.001
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Similar to earlier  studies10,14,25 this investigation confirmed the observations on risk factors and course of 
infections caused by S. aureus and other CoNS. S. aureus infection occurred in patients with shorter lead dwell 
times, whereas infection caused by S. epidermidis was more common in patients with earlier CIED-related 
procedures.

Apart from the most typical staphylococcal etiology in CIED infection, in this study Gram-negative bacteria 
caused infection in 9.12% of LRIE patients and in 5% of PI patients. Similar levels of incidence rates have been 
reported in recent  years26,27. According to earlier studies, Gram-negative bacteria were rarely the primary cause 
of CIED infection, a milder course and lower long-term mortality characterised which, as compared with typi-
cal staphylococcal  infection28. However, recent reports have showed that CIED is one of significant risk factors 
for the development of infective endocarditis because of Gram-negative  organisms26. This study showed that 
Gram-negative bacteria was associated with a high rate of death among patients with LRIE and PI (43.75% and 
57.14%, respectively) during 4-year follow-up after TLE. Observations about long-term prognosis in patients 
with CIED infection due to Gram-negative bacteria are very rare. Recent studies in populations with infective 
endocarditis including LRIE have shown the 15%-30% mortality rate at one-year follow-up26,29. The worse sur-
vival rate of patients with Gram negative infections in the current population may be related to the relatively 
high coexistence of other bacteria in cultures.

Analysis of long-term survival data from patients undergoing TLE because of CIED infection in our study 
showed the highest death rates in patients with other than staphylococci Gram positive infections (62.5% in 
LRIE and 100% in PI subgroup). This pathogenic group has first streptococci, corynobacteriacae and micrococci. 

Figure 5.  Probability of survival in patients with PI depending on pathogen type.

Table 3.  Risk factors for deaths after TLE in PI patients. Results of multivariable stepwise Cox regression 
model. LVEF—Left ventricular ejection fraction; NYHA—New York Heart Association (class); PI—pocket 
infection; TLE—transvenous lead extraction.

n = 325 (complete data) HR 95% CI p

Age of patients during TLE (1 year) 1.023 1.003–1.043 0.022

NYHA (1 class) 1.705 1.251–2.324 < 0.001

Lower LVEF (1%p) 1.018 1.003–1.034 0.018

Arterial hypertension 1.671 1.019–2.738 0.042

Diabetes 1.809 1.136–2.879 0.012

Lower haemoglobin concentration (1 g/dl) 1.311 1.166–1.473 < 0.001

Creatinine (1 mg %) 1.144 0.992–1.319 0.065

Candida albicans pocket culture 15.630 3.451–70.798 < 0.001
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The subgroup size in our study was small (16 patients with LRIE and 2 patients with PI), but these results are 
consistent with other research which found high mortality in patients with less typical CIED infection, caused 
by  streptococci25,30. Detailed microbiological analysis of CIED infections in this study showed also best long-
term prognosis for patients with MSSE in blood cultures. These findings match those observed in earlier studies 
which compared first survival in patients with S. aureus and  CoNS14. Most of the studies focused on in-hospital 
and 12-month mortality showing that S. aureus infection was associated with about 20–25% of deaths at one 
year and the shortest  survival14,30,31. It should be emphasised that there are only single reports assessing mortal-
ity over a longer follow-up period. Analysis of survival in 5817 patients with CIED infection showed a 53.8% 
rate of death in patients after PM implantation during 3-year follow-up vs. 33% in patients without infection 
(p < 0.001), 47.7% vs. 31.6% (p < 0.001) in patients with ICDs, and 50.8% vs. 36.5% (p < 0.001) in patients with 
CRT devices. The investigators emphasise that the cause of such high mortality rates is unknown and requires 
further  research32. In contrast, a study in 197 patients with CIED infection showed a 35.4% mortality rate at 
5 years (mean follow-up 25 months (12–70) and the rate was like that in the noninfectious control  group9. Our 
study during mean follow-up of 1589.0 ± 1041.2 days showed a 36.49% rate of death in patients with LRIE and 
30.67% in patients with PI, which was higher than compared with death rates in patients undergoing TLE for 
noninfectious reasons. Although direct comparison showed that differences in death rates between PI and LRIE 
subgroups approached borderline statistical significance (Chi2 p = 0.065), survival curves differed between sub-
groups (log rank p < 0.001). Most of the available studies show better survival in patients with local infection than 
in those with generalised  infection30,33,34. A recent study has documented similar survival rates in patients with 
PI and LRIE during over 2-year follow-up (p = 0.791), but the study was carried out in a small group of patients 
(107 subjects)35. We need further research to explain reasons behind poor long-term survival in PI patients in 
our study; this result can be attributed to difficulties in evaluating infection spread. This is likely because the 
present study documented high mortality in the PI and LRIE subgroups with the same cultures: other than 
Gram-positive and Gram-negative bacteria. Another important issue is the try to explain the reasons for the 
worse long-term survival in patients after treatment because of CIED infection. Both in LRIE and PI patients 
the predominant risk factors for mortality were clinical factors: patient age, heart failure, atrial fibrillation, renal 
failure, anaemia. In PI subgroup it was arterial hypertension, diabetes and local infection with Candida albicans. 
Several reports have shown a similar relationship between clinical factors and long-term survival after CIED 
 infection9,30,34,36,37, but detailed analysis of risk adjusted for age, gender, race/ethnicity, and the 28 comorbidities 
from the Elixhauser system in a large population of PM/ICD/CRT-D  recipients32 showed that high mortality in 
patients with CIED infection can persist for at least 1–3 years after the infection and is device-dependent. The 
worse long-term prognosis in patients after treatment for CIED infection prompts us to continue looking for 
the causes of low efficacy of the therapy.

Study limitations
This is a retrospective analysis, and we collected the data only in two high-volume centres of TLE. Because 
of this limitation it is not possible to assess the causes of the high rates of negative blood and pocket cultures, 
which is probably related to sampling during antibiotic therapy in institutions referring patients for TLE. There 
is no possibility of evaluating the post-TLE course (as we refer patients to the sending institution)–duration of 
antibiotic treatment, which may affect long-term survival, is unknown. It is not possible, either, to test the direct 
causes of death during long-term follow-up.

Conclusions
CIED infection contributes to a poorer clinical course and long-term prognosis in patients undergoing trans-
venous lead extraction. The most common pathogens causing CIED infection are MSSA and MSSE, however 
special attention should be given to the adverse effects on the long-term survival in patients with other Gram-
positive bacteria and Gram-negative organisms in blood or pocket cultures. Clinical assessment of patients with 
local infection is important, as the long-term prognosis in this group is comparable to that in LRIE patients.
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