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WHAT’S NEW?
The presence of transvenous lead extractions (TLE) related in-hospital complications
independently increased 12-month mortality.
The acquired data may allow clinicians to better stratify the risk of their patients, emphasize the
importance of referral to experienced extraction centers, and indicate the need for paying close
clinical attention to patients after a complicated TLE procedure.

ABSTRACT
Background: Scant data exist on long-term outcomes including death in patients with
transvenous lead extractions (TLE) related complications.
Aims: We sought to characterize the population and examine the outcomes including risk
factors for in-hospital complications and 12-month mortality and morbidity related to the
complications in a large administrative database of patients undergoing TLE.
Results: From the database of patients hospitalized for cardiovascular diseases and included in
the Silesian Cardiovascular Database (SILCARD) registry, we selected the admissions of those
who underwent TLE according to the appropriate ICD-9 codes. The patients were divided into
two groups based on whether they did or did not manifest any complications during their
hospitalization for the TLE procedure. Between 2007 and 2019, we found a total of 835 patients
who underwent TLE. TLE-related complications occurred in 56 patients (6.7%) of
Complications-Yes, while no complications were recorded in 779 (93.3%) patients of
Complications-No group. A significant difference in the rate of all-cause mortality (23.9% vs
6.5%; P <0.001) and major adverse cardiac events (MACE) (58.7% vs 39.4%; P = 0.01)
between the Complications-Yes and Complications-No group were recorded. A multivariable
analysis of the entire study population revealed that prior dialysis, chronic kidney disease, and
ventricular tachycardia were independent factors of a higher risk of TLE-related in-hospital
complications. A multivariable analysis of the patients discharged from the hospital after the
TLE procedure showed that TLE-related complications, the history of heart failure, and older
age independently affected 12-month mortality.
Conclusions: The presence of TLE-related in-hospital complications increased 12-month
mortality.
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INTRODUCTION
The number of procedures involving the use of cardiac implantable electronic devices (CIEDs)
has increased significantly over recent years as a consequence of clear guidelines of
international societies, an improved access to healthcare, and a higher awareness of patients
and their families [1, 2]. The natural implication of this is that the number of transvenous lead
extractions (TLE) has also increased, as part of an overall lead management strategy, in
response to well-documented primarily infectious, but also non-infectious indications, and a
considerable technical progression of the extraction equipment [3–5].
Although the largest-to-date, prospective European Lead Extraction ConTRolled (ELECTRa)
registry, containing the data of 3 555 patients from 19 European countries, made it possible to
reach many important conclusions in the TLE area [6], as stated in the recently published
European Heart Rhythm Association (EHRA) expert consensus, many issues still remain
unresolved and further clinical researches and maintenance of national registries are needed [7].
An estimated 10 000 to 15 000 leads are extracted worldwide each year [8, 9]. Notwithstanding
the progress in new technologies and the increase in the safety of TLE owing to newer lead
models, TLE is still considered a relatively high-risk and challenging procedure because of
possible life-threatening complications [10]. Moreover, the data on long-term comprehensive
cardiovascular follow-up related to the impact of TLE complications on the prognosis and
major adverse cardiac events (MACE) are scant.
In view of the above, we sought to characterize the population and examine the outcomes,
including the risk factors for in-hospital complications and 12-month mortality and morbidity
relative to the presence or absence of complications, in a large administrative database (Silesian
Cardiovascular Database, SILCARD) of patients undergoing TLE. The identification of risk
factors of in-hospital complications may help clinicians risk stratify patients with indications
for TLE.

MATERIAL AND METHODS
Data source
The purpose of the SILCARD registry (ClinicalTrials.gov identifier, NCT02743533) had been
described elsewhere [11]. In brief, the SILCARD registry was created under the agreement
between the Silesian Center for Heart Diseases in Zabrze and the Silesian branch of the Polish
National Health Fund (Narodowy Fundusz Zdrowia), the only health provider in Poland, to
publish completed analyses of patients with cardiovascular diseases in the Province of Silesia
(with a population of 3.7 million adults and 2 tertiary cardiology hospitals, 3 cardiac surgery
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departments, and 20 catheterization laboratories).
The SILCARD registry database contains data on all consecutive patients hospitalized in
cardiology, cardiac surgery, vascular surgery, or diabetology units for any reason, or
hospitalized in the internal medicine or intensive care units with the principal diagnosis of a
cardiovascular disease or with the diagnosis of a stroke at any neurology department in the
Province of Silesia. A cardiovascular disease was defined as code R52 or J96 or any I code
according to the International Statistical Classification of Diseases, Tenth Revision (ICD‑10)
[11].

Study population and variables
De-identified administrative hospital records were obtained from the Province of Silesia for the
years 2007–2019. The data were harmonized and screened for admissions to identify subjects
who underwent TLE, deﬁned as having at least one of the following International Classiﬁcation
of Diseases, 9th Revision (ICD-9) codes in any of the 14 procedural code variables: 37.75
(revision of leads), 37.77 (removal of leads without replacement), or 37.97 (replacement of
leads), at least one year after the implantation of the first device (pacemaker — ICD‑9: 37.8,
implantable cardioverter‑defibrillator — ICD‑9: 37.941–944; 37.961; 37.962; 37.991) and
cardiac resynchronization therapy (ICD‑9: 00.50; 00.51; 00.53; 0054), without any lead-related
procedure during that period (Supplementary material, Table S1). The patients were divided
into two groups based on any complications reported during the hospitalization for the TLE
procedure: Complications-Yes, n = 56; 6.7% and Complications-No, n = 779; 93.3%. Figure 1
represents the study flow-chart. We excluded from the analysis patients under the age of 18 at
the time of lead extraction. Based on the appropriate ICD-9 and ICD-10 codes (Supplementary
material, Table S1), we analyzed baseline clinical characteristics of patients, the history of
medical procedures, complications during TLE-related hospitalization, as well as MACE
defined as a composite of all-cause death, stroke, or rehospitalization due to cardiovascular
reasons (hospitalization with any principal diagnosis of a cardiovascular disease) and
procedures reported in the 12‑month follow‑up after the TLE procedure for the entire cohort of
patients and as a comparison between the Complications-Yes vs Complications-No group. 12month all-cause mortality was the primary endpoint of the study. All data were gathered
anonymously so that individual cases could not be identified. The study complies with the
Declaration of Helsinki. The locally appointed ethics committee has approved the research
protocol. The manuscript was reviewed and edited by all authors. All authors made the decision
to submit the manuscript for publication and assume responsibility for the accuracy and
5

completeness of the analyses.

Statistical analysis
Continuous variables are presented as means standard deviation (SD) or as medians with
interquartile ranges (IQR). Categorical variables are presented as percentages. Continuous
variables were compared using the T-test or Mann–Whitney U test where appropriate, whereas
categorical variables were compared using a chi-squared test. The 12-month mortality and
MACE rate were analyzed using the Kaplan–Meier method with the log-rank test. A stepwise
multiple logistic regression model was used to determine the predictors of TLE procedurerelated complications and 12-month mortality after discharge, with the model including all the
candidate variables except those with a high number of missing data. A significance level of
≤0.3 was required to allow a variable into the model, and a significance level of ≤0.2 was
required for a variable to remain in the model. No interaction was tested. A two-sided P-value
<0.05 was considered significant. The SAS software, version 9.4 (SAS Institute Inc., Cary, NC,
USA) was used for all calculations.

RESULTS
Between January 2007 and December 2019, we identified a total of 835 patients who underwent
lead extraction within more than 12 months after the first CIED implantation and were reported
to the SILCARD registry (the mean number of 16.1 per million inhabitants, Figure 2). It should
be emphasized that unambiguous indications for TLE were not reported. Baseline demographic
and clinical characteristics, type of lead and department of the whole study group are presented
in Supplementary material, Table S2. It should be emphasized that a typical spectrum of
cardiovascular comorbidities and prior procedures/interventions for TLE patients were
recorded. What is noteworthy, more than 50% of lead extractions concerned patients after a
pacemaker implantation and the mean age of extracted lead was 4.6 years (SD 2.9). In addition,
nearly all TLEs were carried out in cardiology departments.
The 12-month outcomes of the entire study group are revealed in Supplementary material, Table
S3 — 65 deaths (7.8%) were recorded, while a MACE occurred in 334 (40%) cases.
The data concerning complications during TLE hospitalization are listed in Table 1. The
prevalence of all major (death, stroke, myocardial infarction, emergent surgery) and minor
complications (pocket revision, lead revision, a pneumothorax requiring drainage, a
hemothorax, blood transfusion) was 2.4% (n = 20) and 5.8% (n = 49), respectively.
The baseline clinical characteristics, hospitalization length, and lead type in relation to the
6

presence (Complications-Yes, n = 56; 6.7%) or absence (Complications-No, n = 779; 93.3%)
of TLE-related complications are presented in Table 2. Patients in the Complications-Yes group
were more often affected by chronic kidney disease (19.6% vs 3.7%; P <0.001), prior dialysis
(12.5% vs 0.5%; P <0.001,), and prior infective endocarditis (5.4% vs 1.2%; P = 0.01) than
those in the Complications-No group. Additionally, there was a tendency towards a higher
prevalence of heart failure (78.6% vs 66.1%; P = 0.05), arterial hypertension (76.8% vs 63.7%;
P = 0.05), atrial fibrillation (51.8% vs 39%; P = 0.06), and prior ventricular tachycardia (28.6%
vs 17.8%; P = 0.05) in the Complications-Yes group. Hospitalization time was longer in the
Complications-Yes group (median 30 days [IQR: 17–48] vs median 6 days [IQR: 4–10]; P
<0.001).
A multivariable analysis of the entire study population revealed that prior dialysis, chronic
kidney disease, and ventricular tachycardia were independent factors of a higher risk of TLErelated in-hospital complications (Table 3).
The 12-month clinical outcomes in the analyzed groups are shown in Table 4. We observed a
difference in the rate of all-cause mortality (23.9% vs 6.5%; P <0.001) and MACE (58.7% vs
39.4%; P = 0.01) between the Complications-Yes and Complications-No group (Figure 3;
Supplementary material, Figure S1).
A multivariable analysis of patients discharged from hospital after the TLE procedure showed
that TLE-related complications, a history of heart failure, and older age independently affected
12-month mortality (Table 5).

DISCUSSION
Electrotherapy in the form of CIEDs plays an essential role in improving the patients’ prognosis
and outcomes in bradyarrhythmias, conduction blocks, and HF. The number of implantations
in terms of results of randomized trials and current practice guidelines is likely to increase over
time [2, 12]. Unfortunately, a serious challenge for electrotherapy is posed by mainly infectious,
but also non-infectious complications. Therefore, TLE, as a gold standard of treatment in many
of them, has become an inseparable element of electrotherapy and the number of TLE
procedures has been growing. Notwithstanding the technological progress in lead design and
various TLE-dedicated tools, TLE still remains a complex procedure, requiring a high clinical
attention. Consequently, an evaluation of the TLE outcomes based on national registries for the
purpose of understanding the risk/safety ratio may have important implications and may provide
a crucial source of indications regarding decision-making and therapeutic strategies in patients
who are candidates for this procedure.
7

The principal clinical implications from the presented study can be summarized as follows:
first, the number of TLE procedures has increased significantly each year with a mean rate of
16.1 per one million inhabitants in the highly urbanized area of Poland; second, the rate of any
complications and the rate of major complications during TLE-related hospitalization were low
(6.7% and 2.4%, respectively); third, the independent factors of TLE complications included
prior dialysis, chronic kidney disease, and ventricular tachycardia; finally, the occurrence of
any TLE-related in-hospital complications increased the rate of 12-month mortality and MACE.
A total of 835 TLE procedures were performed during the study period in the Province of
Silesia, in three cardiac surgery departments and 20 catheterization laboratories. The mean rate
of 16.1 per one million is quite a bit higher than that included in the EHRA report (14.3 per one
million procedures). However, the difference may be explained by missing or incomplete data,
as stated by the authors of the EHRA document [1].
The baseline demographics including age (median age between 60–70 years), sex (about two
thirds were male), and medical history of this study population were comparable to others
publications in the field of TLE [6, 13–15]. These similarities validate the population included
in this study and allow further reference to prior reports.
The incidence of all major complications (2.4%) including all-cause death (1.2%) was low and
in line with complication rates observed in previously published reports [13, 14, 16]. In the
prospective ELECTRA registry by Bongiorni et al. [6], the rate of all-cause major
complications and the rate of all-cause death were similar to our findings (2.7% and 1.4%,
respectively). Although the prevalence of major complications was higher in some other studies
(as high as 10%), it seems that the difference is linked mostly to the design of other studies,
which focused only on patients with TLE due to a device-related infection, a population that is
no doubt at a higher risk of complications and death resulting from this procedure [17, 18].
Multiple studies have reported the presence of chronic kidney disease (CKD) and previous
dialysis to be independent predictors of complications after TLE [13, 19, 20]. Similarly, we
observed more than 3.9-fold higher odds of in-hospital complications in patients with CKD and
15.3-times higher odds for those with prior dialysis.
Our findings show many similarities to other larger investigations that have reported on risk
factors for adverse events during TLE, but with some substantial exceptions. Although there is
some evidence that women may be more prone to adverse events following TLE, we actually
found no interaction between sex and procedural complications. It should be emphasized that
this is similar to the ﬁndings published by Wazni et al. [13]. Heart failure and lead age have
previously been associated with an increased risk of TLE-related complications [6], although
8

in our multivariable analysis they were not associated with adverse outcomes.
Besides previously identified well known predictors, we discovered that TLE complications
were more common in patients with a history of ventricular tachycardia. Although this is a
novel finding, it is well recognized that patients with malignant ventricular arrhythmias are at
a higher risk of major cardiovascular events [21]. Therefore, such patients may require a more
scrupulous attention before being qualified for a complex TLE procedure, in the form of
antiarrhythmic therapy escalation, electrolytes substitution, and coronary angiography or
ablation procedures.
Several studies assessing long-term outcomes after TLE reported higher long-term mortality in
infectious patients and other well described independent factors affecting prognosis after the
patient’s discharge from hospital [22–24]. Despite that unambiguous indications for TLE were
not reported in the presented study, to the best of our knowledge, none of the previously
published reports focused directly on patients with complications during TLE hospitalization
in terms of its impact on MACE including death in comparison to patients who underwent TLE
without any reported significant events. Our analysis revealed that nearly four times more
patients died within 12 months after discharge in the group with any TLE complications
compared to patients who were complications free. This fact confirms the pivotal role of TLEprocedure navigation, especially when some clinical silent complications occurred [25].
Additional studies are required to better understand the mechanisms by which procedural
complications may adversely impact long-term outcomes.

Limitations
The study has several limitations. There is no unique ICD-9 code dedicated to the TLE
procedure. Therefore, the analysis was performed on the basis of an arbitrary assumption that
indirectly met the criteria of the definition of TLE, which represents a major limitation of the
study. The study is based on the electronic database of a single healthcare provider and it is
limited to core variables, such as demographic data, comorbidities, length of in‑hospital stay,
in‑hospital and long-term morbidity and mortality. It does not cover data regarding laboratory
results, echocardiographic parameters, pharmacotherapy, clear indications for TLE (infectious
vs non-infectious), type of infection, technical lead parameters, procedure details (operating
theater, type of anesthesia, operator specialization, equipment and methods for lead extraction
used, number of extracted leads), the number of TLE procedures per center, and a center’s TLE
success rate. Although, the main diagnosis according to the ICD‑10 classification reported to
the provider most often reflects the real reason for hospitalization, the reporting systems are not
9

standardized and the quality of data is challenged by the discrepancy between the details
reported by different centers and reimbursement bias. Therefore, the data should be interpreted
with caution.

CONCLUSIONS
The number of TLE procedures increased sharply from 2007 to 2013, reaching a plateau in the
latter half of the analyzed period. Our study confirms the safety of the TLE procedures, which
are associated with a low incidence of life-threatening complications. However, the occurrence
of any TLE-related in-hospital complications resulted in an increase of 12-month mortality and
the MACE rate. This latter finding suggests that patients with TLE complications discharged
from hospital require high clinical attention.
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Table 1. In-hospital complications
Variable

Analysed group
(n = 835)
56 (6.7)

All, n (%)
Major, n (%)
All

20 (2.4)

Death

10 (1.2)

Stroke

0 (0)

Myocardial infarction

3 (0.4)

Cardiovascular lesions required pericardiocentesis, emergent surgery

7 (0.8)

Minor, n (%)
All

49 (5.8)

Pneumothorax required drainage

6 (0.7)

Hemothorax

0 (0)

Blood transfusion

43 (5.1)
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Table 2. The baseline clinical characteristics, hospitalization stay length and lead type of the
study groups
Variable

Group 1

Group 2

P-value

Complications-Yes

Complications-No

(n = 56, 6.7%)

(n = 779, 93.3%)

Age, years, median (IQR)

69.8 (64.3–75.1)

68.8 (69.8–76.6)

0.64

Male, n (%)

41 (68.5)

531 (68.2)

0.7

Dwelling time, years, median (IQR)

3.8 (2.1–6.5)

4.0 (2.1–6.5) 0.99

0.99

Hospitalization length, days, median (IQR)

30 (17–48)

6 (4–10)

<0.0001

0.37

Lead type, n (%)
PM

29 (51.8)

409 (52.5)

ICD

21 (37.5)

289 (37.1)

CRT-D

4 (7.1)

73 (9.4)

CRT-P

2 (3.6)

8 (1)

Heart failure

44 (78.6)

515 (66.1)

0.05

Coronary artery disease

42 (75)

514 (76)

0.2

Prior coronary angiography

42 (75)

511 (65.6)

0.15

Prior myocardial infarction

14 (25)

157 (20.2)

0.4

Prior percutaneous coronary intervention

20 (35.7)

236 (30.3)

0.4

Prior coronary bypass

3 (5.4)

46 (5.9)

1.0

Stroke

5 (8.9)

46 (5.9)

0.4

Arterial hypertension

43 (76.8)

496 (63.7)

0.05

Diabetes mellitus

17 (30.4)

194 (24.9)

0.4

Chronic kidney disease

11 (19.6)

29 (3.7)

<0.0001

Prior dialysis

7 (12.5)

4 (0.5)

<0.0001

Prior infective endocarditis

3 (5.4)

9 (1.2)

0.01

Atrial fibrillation/flutter

29 (51.8)

304 (39)

0.06

Valvular heart disease

28 (50)

331 (42.5)

0.2

Hypertrophic cardiomyopathy

2 (3.6)

25 (3.2)

0.9

Sinus node dysfunction

16 (28.6)

227 (29.1)

1.0

Atrio-ventricular block second or

11 (19.6)

185 (23.7)

0.5

Medical history, n (%)
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third degree
Prior ventricular tachycardia

16 (28.6)

139 (17.8)

0.05

Prior ventricular fibrillation

2 (3.6)

40 (5.1)

0.1

Cardiac arrest

3 (5.4)

43 (5.5)

0.9

Prior electrophysiology study

3 (5.4)

25 (3.2)

0.4

Prior ablation

5 (8.9)

47 (6)

0.4

Abbreviations: CRT-D, cardiac resynchronization therapy-defibrillator; CRT-P, cardiac
resynchronization therapy-peacemaker; ICD, implantable cardioverter-defibrillator; IQR,
interquartile range; PM, peacemaker

Table 3. Predictors of risk of transvenous lead extraction related in-hospital complications
(stepwise multiple logistic regression model results)
OR

95% CI

P-value

Prior dialysis

15.35

3.75–16.7

<0.001

Chronic kidney disease

3.9

1.6–9.6

0.003

Prior ventricular tachycardia

2.15

1.14–4.05

0.02

Prior infective endocarditis

4.04

0.93–17.46

0.06

Lead type PM vs ICD/CRT-D

3.19

0.82–12.32

0.09

Heart failure

1.98

0.85–3.92

0.12

Abbreviations: CI, confidence interval; OR, odds ratio. Other — see Table 2
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Table 4. The 12-month outcomes for the study groups
Variable, n (%)

Group 1

Group 2

Complications-Yes

Complications-No

(n=56, 6.7%)

(n=779, 93.3%)

11 (23.9)

54 (6.5)

P-value

Primary endpoint
Deatha

<0.001

Secondary endpointsb
Stroke

2 (3.6)

12 (1.5)

Re-hospitalisation due to cardiovascular reason

22 (39.3)

281 (36.1)

0.12

Major adverse cardiac events

27 (58.7)

307 (39.4)

<0.01

Pulmonary embolism

0 (0)

3 (0.4)

1.0

Pocket revision

3 (5.4)

17 (2.2)

0.13

Lead revision

2 (3.6)

32 (4.1)

0.80

De-novo atrial fibrillation

1 (1.8)

35 (4.5)

0.33

Infective endocarditis

1 (1.8)

10 (1.2)

0.41

a

10 patients who died during transvenous lead hospitalization are excluded from Group

1; bevents that occurred during transvenous lead extraction hospitalization were excluded from
the analysis

Table 5. Predictors of the 12-month morality in patients discharged at home after transvenous
lead extraction procedure (stepwise multiple logistic regression model results)
OR

95% CI

P-value

TLE complications

3.97

1.86–8.47

<0.001

Heart failure

3.65

1.76–7.59

<0.001

Age (per one year more)

1.04

1.015–1.65

0.001

Abbreviations: TLE, transvenous lead extractions. Other — see Table 3
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Figure 1. The study flow-chart
Step-by-step study population extraction
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Figure 2. Number of patients with transvenous lead extraction in the Silesia region
Distribution of TLE procedures in particular years of the analysis.
Abbreviations: TLE, transvenous lead extractions
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Figure 3. Twelve-month mortality of the study groups
The twelve-month mortality rate analyzed using the Kaplan–Meier method with the log-rank
test
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Figure 4. Graphical abstract
The most important findings of the study presented in a graphic form

20

