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Abstract
An increase in cardiovascular implantable electronic devices (CIEDs) and undoubtedly the complications
brought on by these devices coincide with an increase in cardiovascular disorders, particularly heart rhythm
abnormalities. The safest procedure to extract these devices is transvenous lead extraction (TLE). Thus, this
systematic review aimed to summarize the possibility of success rates and the common complications that
could arise during the surgery. Full-text publications in PubMed, MEDLINE, PubMed Central (PMC), and
ScienceDirect were used in this study, which was conducted using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Seventeen studies were reviewed for this
systematic review after being screened by title, abstract, full-text availability, and quality appraisal
assessment. Heart and vascular tears, along with tricuspid regurgitation (TR), are common adverse events.
Pulmonary embolism, hemothorax, hemopericardium, and ghost appearance in echo are less common
consequences. In addition, the longer the dwelling time of the leads, the greater the chance of infection due
to an increase in lead adhesions and fibrous tissue that has made the procedure unsafe as time passes.
However, we concluded that TLE is a successful method across all age groups with an excellent probability of
clinical and procedural success in a majority of studies.

Categories: Cardiac/Thoracic/Vascular Surgery, Cardiology, Internal Medicine
Keywords: complications, prognosis, transvenous lead extraction, defibrillator, implantable pacemakers, cardiac
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Introduction And Background
It is estimated that there are currently 3.5 million cardiac implantable electronic devices (CIED) implanted
worldwide, and between 500,000 and 1,000,000 new leads are implanted yearly [1,2]. CIEDs decrease the
prevalence of mortality and morbidity in patients with cardiovascular diseases, such as bradycardias, heart
failure, and ventricular arrhythmias [3,4]. The more implantable CIEDs there seems to be, the more
complications we encounter. The prevalence of CIEDs is rising globally, and problems, such as infection,
venous stenosis, or lead malfunction, are more likely to occur [3].

The cornerstone of the management of infected CIEDs and malfunctioning leads is transvenous lead
extraction (TLE) [5]. In 1980, the first operational cases of lead extraction by continuous traction were
carried out [6]. In the early 1990s, a different intravascular approach for CIED lead extraction was used along
with the outer sheaths to break down fibrotic adhesion and extract the lead [7]. TLE has undergone many
advances since the start of the 21st century, including the use of rotating mechanical dilator sheaths and
ablative energy sources, such as excimer laser sheaths. Despite the development of new techniques, many of
these interventions may have adverse outcomes, such as lead infection and lead failure [8-10].

Because of its excellent success rates and low risk of complications, percutaneous TLE is now favored over
surgical lead extraction [4]. However, there is a slight chance of serious consequences, such as cardiac
avulsion, vascular rupture, and death, with percutaneous TLE [4]. Therefore, TLE is an extremely difficult
procedure. An experienced surgical team, including an electrophysiologist, cardiac surgeon,
anesthesiologist, and cardiac radiologist, is necessary for a safe and effective procedure [11].

Several risk factors, including chronic kidney disease (CKD), chronic heart failure (CHF), anemia, and
significant weight loss, can raise the chance of CIED extraction complications [12]. In addition, it has been
observed that removing implantable defibrillators can result in more complications than any other types of
CIEDs [13]. It is also crucial to mention that the clinical and procedural success rates of TLE in elderly people
(>65 years old) are approximately the same as those in non-elderly people (<65 years old). It concludes that
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being elderly is not a risk factor for TLE problems [14]. Considerable intravascular lead adhesion, calcium
buildup, and vascular occlusions may be caused by many leads and their prolonged dwell time, which raises
the perceived risk of complications [15].

The costs and burdens of CIED infection only, without including other indications of TLE, are now the focus
of much research, and it is estimated to range between $16,651 to $362,606 in the USA and €36,931 in the
UK [16]. The mean cost for TLE is £10,727, and when device reimplantation is considered as well, the cost
rises to £22,615 [17]. These massive costs motivated us to conduct this systematic review study and discuss
the prognosis and the most common and potentially fatal complications of the procedure so that doctors can
anticipate the conditions they may encounter and try to avoid them if at all possible.

Review
Methods
This systematic review was written according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 guidelines [18]. Keywords, including "cardiac implantable electronic devices,"
"implantable pacemakers," "defibrillator," "transvenous lead extraction," "prognosis," and "complications,"
were used. 

The literature search was performed on February 2023. We conducted our search using the following
databases: PubMed, MEDLINE, PubMed Central (PMC), PubMed Medical Subject Heading (MeSH), and
ScienceDirect. "Cardiac implantable electronic devices (CIED)," "transvenous Lead Extraction (TLE),"
"prognosis," and "complications" were the search terms selected. Furthermore, the following were included
in the PubMed MeSH search (Table 1):

(((( "Defibrillators, Implantable/adverse effects"[Mesh] OR "Defibrillators, Implantable/microbiology"[Mesh] )) OR ( "Pacemaker, Artificial/adverse effects"[Mesh] OR "Pacemaker, Artificial/microbiology"[Mesh] )) OR (

"Cardiac Resynchronization Therapy Devices/adverse effects"[Mesh] OR "Cardiac Resynchronization Therapy Devices/microbiology"[Mesh] ) OR "artificial pacemakers" OR "Cardiac Resynchronization Therapy

Devices" OR "Implantable Cardioverter Defibrillators" OR ICD OR "cardiac implantable electronic devices" OR CIED AND ((y_5[Filter]) AND (humans[Filter]) AND (english[Filter]))) AND ("Transvenous lead extraction"

OR "lead removal" OR TLE AND ((y_5[Filter]) AND (humans[Filter]) AND (english[Filter])))) AND ("Prognosis"[Majr] OR Prognosis AND ((y_5[Filter]) AND (humans[Filter]) AND (english[Filter])))

112

((((( "Defibrillators, Implantable/adverse effects"[Mesh] OR "Defibrillators, Implantable/microbiology"[Mesh] )) OR ( "Pacemaker, Artificial/adverse effects"[Mesh] OR "Pacemaker, Artificial/microbiology"[Mesh] )) OR ( "Cardiac

Resynchronization Therapy Devices/adverse effects"[Mesh] OR "Cardiac Resynchronization Therapy Devices/microbiology"[Mesh] ) OR "artificial pacemakers" OR "Cardiac Resynchronization Therapy Devices" OR "Implantable

Cardioverter Defibrillators" OR ICD OR "cardiac implantable electronic devices" OR CIED AND ((y_5[Filter]) AND (humans[Filter]) AND (english[Filter]))) AND ("Transvenous lead extraction" OR "lead removal" OR TLE AND

((y_5[Filter]) AND (humans[Filter]) AND (english[Filter])))) AND ("complications" [Subheading] OR complications OR "Adverse events" OR "Side effects" AND ((y_5[Filter]) AND (humans[Filter]) AND (english[Filter])))

159

TABLE 1: PubMed Medical Subject Heading (MeSH) strategies

After collecting publications that met the inclusion and exclusion criteria, the authors further focused their
selection depending on the requirements of the study (Table 2). Manual duplicate detection and deletion
were done. At this stage, abstracts, titles, and full-text availability were reviewed. The chosen candidates
were then evaluated for quality (Figure 1).

Inclusion criteria     Exclusion criteria

Papers written and published in English language or translated from another language into English Gray literature

Papers focussing on patients of all age groups Papers published before 2018

Papers focusing on humans only Opinion texts 

Papers discussing the three types of CIEDs: pacemakers, defibrillators, and cardiac resynchronization therapy Papers discussing leadless pacemakers 

Full text articles  

TABLE 2: Inclusion and exclusion criteria
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FIGURE 1: Identification of studies via databases and registers

Results
Article selection, evaluation, and analysis were carried out at each stage. The team's decision was used to
review an article's full text if there were any discrepancies in its findings about its suitability for inclusion.
AXIS Scale was used to evaluate the cross-sectional studies (Table 3). The Newcastle-Ottawa Scale was used
to assess observational studies, including case-control and cohort studies (Tables 4, 5, 6). The Joanna Briggs
Institute (JBI) checklist was implemented to evaluate case-report studies (Table 7).
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Monsefi et al. (2019)

[3]

Mkoko et al. (2021)

[4]
 Tułecki et al. (2021) [19]

1. Are the aims/objectives of the study clear? Yes Yes Yes 

2. Was the study design appropriate for the stated aim? Yes Yes Yes 

3. Was the sample size justified? Yes No Yes 

4. Was the target/reference population clearly defined? Yes Yes Yes 

5. Was the sample frame taken from an appropriate population base so that it closely represented the target/reference population under investigation? Yes Yes Yes 

6. Was the selection process likely to select subjects/participants that were representative of the target/reference population under investigation? Yes Yes Yes 

7.  Were measures undertaken to address and categorize non-responders? No No No 

8. Were the risk factor and outcome variables measured appropriate to the aims of the study? Yes Yes Yes 

9. Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialed, piloted, or published

previously?
Yes Yes Yes 

10. Is it clear what was used to determine statistical significance and/or precision estimates? No Limited Yes 

11. Were the methods (including statistical methods) sufficiently described to enable them to be repeated? No Limited Yes 

12. Were the basic data adequately described? Yes Yes No 

13. Does the response rate raise concerns about non-response bias? No No No 

14. If appropriate, was information about non-responders described? No No No 

15. Were the results internally consistent? Yes Yes Yes 

16 Were the results presented for all the analyses described in the methods? Yes Yes Yes 

17 Were the authors' discussions and conclusions justified by the results? Yes Yes Yes 

18 Were the limitations of the study discussed? No No Yes 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results? Yes No Yes 

20 Was ethical approval or consent of participants attained? Yes Yes Yes 

Score 14/20 12/20 16/20 

TABLE 3: Three cross-sectional studies were selected after the quality appraisal phase
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 Aleong et al. (2020) [13] Chung et al. (2022) [20]   Burger et al. (2021) [21]   Zabak et al. (2023) [22]   Segreti et al. (2019) [23]

Exposed people defined Yes Yes Yes Yes Yes 

Non-exposed people defined No No No No No 

Was the exposure and outcome clearly explained? Yes Yes Yes Yes Yes 

Was the outcome of interest present at the start of the study?  Yes Yes Yes Yes Unclear 

Were the groups similar? No No No Yes Unclear 

The exposure and the outcomes measured the same way in both groups No No No Yes Yes 

Follow-up done correctly Yes Yes Yes Yes Yes 

Is the study published in an indexed journal? Yes Yes Yes Yes Yes 

Score 5/8 5/8 5/8 7/8 5/8

TABLE 4: Five cohort studies were selected after the quality appraisal phase

 Zhou et al. (2021) [14] Zabak et al. (2020) [24]

Case defined properly Yes Yes 

Control defined properly Yes Yes

Exposure and outcome defined properly Yes Yes  

Similarities between the groups No No 

Chances of the groups being exposed to the exposure Yes Yes 

The exposure and outcomes measured the same way in both groups Yes Yes 

Follow-up done correctly Yes No 

Is the study published in an indexed journal? Yes Yes 

Score 7/8 6/8

TABLE 5: Two cases of case-control studies were selected after the quality appraisal phase
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Representative

of the

population

Exposure of

interest clearly

defined

Comparison

group clearly

defined

Selection of

the non-

exposed 

Confounding factors

adjusted for in the

analysis

Outcome of

interest clearly

defined

Follow-up periods

similar across all

participants

Ascertainment

of exposure

Outcome was not

known at the start

of the study 

Published in

an indexed

journal

Score 

Park et al.

(2018) [25]
Yes Yes No  No No Yes Yes Yes No Yes 6/10

Polewczyk et

al. [26]
Yes Yes No No Yes Yes Yes Yes Unclear Yes 7/10

Nowosielecka

et al. (2022)

[27]

Yes Yes No No  Yes Yes Yes Yes No Yes 7/10

Pecha et al.

 (2021) [28]
Yes Yes Yes Yes No Yes Yes Yes No Yes 8/10

TABLE 6: Four cases of observational studies were selected after the quality appraisal phase

 Hayashi et al. (2022) [29] Dunn et al. (2022) [30] El- zein et al. (2020) [31]

Patients demography No No No 

Patients’ history clearly defined  Yes Yes Yes 

Current clinical condition clearly described Yes Yes Yes 

Diagnostic tests results clearly described Yes Yes Yes 

Intervention/treatment clearly described No Yes No 

Post-intervention clinical condition clearly described Yes Yes Yes 

Adverse events identified Yes Yes Yes 

Does the case report have a takeaway message? Yes Yes Yes 

Is the study ethically approved? Yes Yes Yes 

Score 7/9 8/9 7/9

TABLE 7: Three cases of case report studies were selected after the quality appraisal phase

Discussion
Clinical success was defined as the accomplishment of all clinical targets related to the rationale for TLE or
the retention of a little portion of lead (less than 0.4 cm) that has no detrimental effects on the procedure's
intended results with the absence of any major complications [3,4]. Clinical failure was defined as a major
procedure-related complication or as failing to achieve the intended clinical outcome of TLE [3,4]. Complete
procedural success is referred to as extracting all targeted leads and all lead materials from the vascular space
without any permanent debilitating complications or mortality [3]. Clinical success rates in the majority of
the above studies, which exceed 90%, demonstrate that the procedure is generally safe [3,4,13,19,20].

Several risk factors may increase the risk of CIED extraction complications, such as CKD, CHF, anemia, and
significant weight loss [20]. In-hospital mortality was more than two times more likely in patients with CKD,
3.6 times more likely in patients with CHF, and 3.8 times more likely in patients with previous records of
significant weight loss [20].

As seen in studies number three, four, and 20, infection, whether local or systemic, is the most common
indication of the procedure (Table 8). Study number 13 revealed, by contrast, that 59.8% of the patients have
undergone TLE due to non-infectious causes [13]. Staphylococcus aureus is the most frequent organism of
device-related infection bacterium [13]. When infected leads were extracted by TLE, there was a significant
risk of mortality and morbidity if S. aureus was the source of infection. According to Aleong et al., S. aureus
infections were the main cause of death in 40 patients and 149 serious complications [13]. 
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Year of

publication 

Number of patients

with leads extracted

Number of

leads extracted

Number of patients with

infection indication / %

Number of patients with non-

infection indication / % 

Clinical

success

rate

Procedure

success rate

Major complication

 number / (%)

Minor complication

number / (%)

Tułecki et al.

(2021) [19]
2021 1500  230 (15.33%) 1,270 (84.6%) 98.93% 96.13% 33 (2.20%) 115 (7.67%)

Monsefi et al.

(2019) [3]
2018 108 277 79 (73.1%) 27 (26.9%) 98% 98.7% 15  

Mkoko et al.

(2021) [4]
2021 53 75 69.2% 30.8% 96.2% 84.6% 1 (1.9%) 1(1.9%)

Aleong et al.

(2020) [13]
2020 8304 57220 9,196 (16.1%) 34,240 (59.8%)   3,298 (5.8%)  

Chung et al.

(2022) [20]
2022 510 1181 387 (75.9%) 123 (24.1%) 496 (97.1%) 471 (92.4%) 9 (1.80%) 9 (1.80%)

TABLE 8: Prevalence of indications, success, and complication rates of TLE

There have been reports of minor complications, such as pericardial effusion, blood transfusion, surgical site
hematoma, and pneumothorax [19]. Major consequences include hemopericardium, hemothorax, severe
TV damage, and vascular and cardiac tear and damage [19]. Tricuspid regurgitation (TR), which is considered
minor if it diminishes valve function by two grades or less, is the most frequent minor complication of TLE
according to study number 19. In addition, in the same study, hemopericardium is the major procedural
consequence [19]. According to Chung et al., seven out of nine patients developed a pocket hematoma as a
mild complication, and six out of nine patients experienced cardiac and vascular avulsion or tear [19]. 

According to study number three and 32, the 30-day mortality rates are 3.7% and 2.1%, respectively [3,32].
There is also a 1.9% hospital mortality rate in study number four [4]. In study number 32, the death rates are
8.4% and 46.8%, respectively, after one year and 10 years [32]. According to Chung et al., there are 30
patients with all-cause death or 5.9%, and septic shock is the leading cause of death, accounting for 60% of
all fatalities, while procedure-related mortality comprised 1% of the total deaths in the same study [20]. 

Tricuspid Regurgitation

TR is one of the most prevalent TLE complications. Compared to implantable cardioverter defibrillators
(ICDs), pacemaker lead extraction is more susceptible to causing TR [25,26]. Moreover, the extraction of two
or more leads, the use of three or more extraction tools, and the indwelling duration of right ventricular (RV)
leads are the main risk factors causing TR [25]. The lead is attached to the TV or right ventricle wall by a
strong connective scar tissue [26]. Moreover, a higher proportion of those suffering from acute TR had longer
post-extraction hospital stays and experienced more frequent TV apparatus damage [25].

Patients with extensive TV damage had much lower rates of full clinical success and full procedural success,
but there was no connection between the decline in TV function and long-term survival [26]. According to
Polewczyk et al., 90.31% who underwent TLE did not develop TR [26]. However, 9.70% of the patients
experienced insignificant worsening degrees of TR. Only 2.54% of the patients developed notable decreases
in TV function [26]. Similarly, 24 out of 208 patients (11.5%) in study number 25 experienced TR after TLE
[25]. Only one patient needed urgent TV replacement surgery for new-onset TR caused by the avulsion of the
TV septal leaflet [25]. Diuretics were used to treat the remaining 23 patients [25]. 

According to Tułecki et al., 115 (7.67%) patients experienced modest TLE-related complications [19]. TV
damage, which progressed by two or three degrees in 43 patients (2.91%), was the most frequent
complication [19]. One degree of deterioration was not considered a modest consequence because it could be
quite subtle and lead to fluid accumulation [19]. 

Vascular Complications 

The most terrifying complications of TLE include cardiac avulsion or tear (CA/T) with tamponade and
vascular avulsion or tear (VA/T) due to superior vena cava (SVC) laceration [33]. The most frequent sites of
cardiac laceration/vascular wall tear (CVWT) are the connection of the SVC to the right atrium
(RA) [19]. Among the 58 patients, 49 (84.5%) had a CVWT (30 cardiac and 19 vascular) [33]. The success rates
for treating cardiac avulsion with tamponade and vascular tears were 83.33% and 85.37%, respectively, while
the mortality rates for patients with CA/T and VA/T were 20% and 31.6%, respectively [33].
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Pericardiocentesis, sternotomy, or thoracotomy may be necessary in certain cases when cardiac tamponade
complicates CA/T [33]. 

Numerous risk factors, such as implanting the device on the right side, maintaining leads in place for longer
than 10 years, removing three or more leads, and using the femoral approach during the procedure, may
increase the likelihood of VA/T [33]. Contrarily, patients using anticoagulants demonstrated less occlusive
consequences after laser lead extraction, as the laser can cause vascular abrasions, which can enhance the
formation of clots and occlusion [34]. Using anticoagulants makes it easier and more successful for
cardiologists to implant new CIEDs [34].

Pseudoaneurysm of the SVC or inferior vena cava (IVC) is one of the most uncommon vascular
complications of TLE [29]. Hayashi et al. revealed two cases of this condition, and possible explanations
include the pressure differential between the venous and arterial systems or adhesions between the pleura
and mediastinal tissues [29]. Physicians recommend conservative treatment for this condition. However, if it
ruptures, it could cause sudden death, so a computed tomography (CT) scan is advised to check for any SVC
damage and determine whether it has expanded [29].

Only a single case of disseminated intravascular coagulopathy (DIC) being a complication of CIED lead
extraction has been documented [30]. It has been noted that the primary causes of DIC, in this case, include
surgery itself, infection, and especially sepsis [30]. An inflammatory response to infection and sepsis known
as DIC causes the immune system to become activated, producing cytokines and chemokines and activating
the coagulation cascade, which ultimately results in organ failure [30]. In the case of uncontrolled bleeding
post CIED extraction, you should suspect DIC especially when multiple sites are oozing blood [30]. Early
diagnosis and treatment with packed red blood cells, fresh frozen plasma, platelets, and cryoprecipitate will
decrease mortality and morbidity [30].

Ghost Appearance in Echo 

The primary pathophysiology of ghost development is the invasion of lead capsules by fibrous tissue and
blood vessel migration [31]. It is difficult for leads to move because of this interaction between heart tissues
and leads, which also makes thrombus formation possible [31,35,36]. The most reliable indicator of ghosts is
how much the connective tissue surrounding the lead has grown and developed before TLE [27].
Transesophageal echocardiogram (TEE) proved to be an appropriate tool for imaging scar tissue
encompassing the leads [27].

The newly removed masses that may be seen by TEE before or after extraction are known as stable ghosts
[27]. They are tubular and echogenic, with one end connected to any part of the heart and the other floating
freely [27,37]. However, flying ghosts are formed when the leads are released and the surrounding fibrous
tissues are severed. The masses either stay attached to the cardiovascular structures as the dilating sheath is
moved downward or they become free after many circular rotations [27].

The study's most important finding is that the existence of the two types of ghost had no impact on how
long people survived after TLE [27]. In addition, it has been observed that freed ghosts migrate to the
pulmonary vascular bed and disappear in around 15% of the cases [27]. However, stable ghosts remain stuck
to the CVS wall in about 30% of patients [27].

The current findings demonstrate that the number of leads and implant dwelling time were the main
predictors of ghost formation after TLE if the cause of TLE was not the infection [27]. However, a higher
NYHA class, the presence of any renal failure, and resynchronization therapy before TLE were all linked with
shorter survival in the infected group [27]. Moreover, patients with higher left ventricular ejection fraction
(LVEF) and female patients seemed to have better outcomes [27].

Old Age

The number of older people with CIED is steadily increasing as the world's population ages [14]. Due to their
potentially worse overall health, higher rates of concurrent disorders, and added challenges during surgery,
TLE safety is a significant issue for discussion [14]. According to Zhou et al., the most common indication for
TLE Is device-related infection (93.5%) in octogenarians [14]. Similarly, study number 21 showed that
infection-related devices, whether pocket infection or systemic infection, had an indication for TLE in 77.5%
of the study population [21]. By contrast, Zabak et al. demonstrated that infection indications of TLE
represent 33.3% of the octogenarian population [24]. In study number 24, even though octogenarians have
lower ejection fraction, hemoglobin levels, and kidney function along with associated comorbidities, such as
CAD, atrial fibrillation, cerebrovascular diseases, and diabetes mellitus [24]. The proportions (98.9% and
96.7%) of the patients in study number 14 showed clinical and procedural success, respectively, which is
nearly identical to that of the non-octogenarian group (Table 9).

Major complications included cardiac tamponade requiring pericardiocentesis and right atrial perforation
with pericardial effusion, which was managed by emergent sternotomy [14,21]. Moreover, hemothorax and
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pocket infection were reported as minor complications [14,21]. Meanwhile, study number 24 identified no
major complications, which illustrate that TLE is a safe procedure in the elderly regardless of all
comorbidities [24]. However, we noticed that 30-day all-cause mortality was greater in octogenarians than
in the younger population in our study (study number 8). Proportions of 5.6% and 1.9% were reported in the
octogenarians and the younger group, respectively [24]. LVEF decline, anemia, the number of leads extracted
in the procedure, and device-related infective endocarditis are the reported factors that have an impact on
the 30-day all-cause death rate [24].

 
Year of

publication 

Number of patients

with leads extracted

Number of leads

extracted

Number of patients

with infection

indication / %

Number of patients

with non-infection

indication /  % 

Clinical success rate
Procedure success

rate

Major complication

 number / (%)

Minor complication

number / (%)

Zhou

et al.

[14]

2021

Non-octogenarian: 922

patients; octogenarian:

184 patients

Octogenarian:378

leads; non-

octogenarian: 2004

leads

Non-octogenarian: 810

(87.8%); octogenarian:

172 (93.5%)

Non-octogenarian: 112

(12.2%); octogenarian:

12 (6.5%)

Non-octogenarian: 909

(98.6%); octogenarian:

182 (98.9%)

Non-octogenarian: 879

(95.3%); octogenarian:

178 (96.7%)

Non-octogenarian:

10 (1.1%);

octogenarian: 2

(1.1%)

Non-octogenarian: 18

(1.9%); octogenarian:

3 (1.6%)

Zabek

et al.

[24]

2020

Non-octogenarian: 577

patients; octogenarian:

90 patients

 

Non-octogenarian: 99

(17.1%); octogenarian:

30 (33.3%)

Non-octogenarian: 478

(82.9%); octogenarian:

60 (66.7%)

 

Non-octogenarian: 554

(96%); octogenarian:

88 (97.8%)

Non-octogenarian: 9

(1.6%);

octogenarian: 0

Non-octogenarian: 9

(1.6%); octogenarian:

2 (2.2%)

Burger

et al.

[21]

2021 71 152 32 (45.1%) 39 (54.9%) 70 (98.6%) 66 (92.9%) 1 (1.4%) 2 (2.8%)

TABLE 9: Prevalence of indications, success, and complications rates of TLE in the elderly

Old Leads 

There is a higher possibility of extraction failure, incomplete procedural success, and generally more
complications, especially in extremely old leads. However, using several extraction tools could boost the
success rate of the technique [28]. Using mechanical rotational sheaths or snares was not associated with a
higher incidence of serious complications [28]. According to Ząbek et al., the procedural success rate was
95.6% for leads implanted over 10 years (Group A) and 99.6% for leads implanted within 10 years (Group B)
[22]. Similarly, in research number 23, the clinical success rate for the older lead was lower than for the
younger ones (89.81% vs. 96.60%) (Table 10). 

Major complications, including SVC perforation, laceration of the RA at the level of the SVC, perforation of
the right atrial appendage, pericardial effusion requiring a pigtail catheter, and TV damage indicating
surgery, were reported [28]. A significant increase compared to earlier trials (0.9-2.5%), this research had a
higher major complication rate of 3.3% [28]. 

In study number 22, infection-related problems formed 20.6% of the patients [22]. The probability of
infection increases with the length of the leads' dwell time. In addition, the procedure itself has shown to be
riskier over time, especially when there is evidence of an infection, due to a rise in lead adhesions and
fibrous tissue [23]. According to Segreti et al., infection was the primary reason to perform TLE in 78.81% of
cases, compared to non-infection causes in 21.56% of cases [23]. This guarantees the connection between
lead aging and infection and how it may impact results.
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Year of

publication 

Number of patients with leads

extracted

Number of

leads

extracted

Number of patients

with infection

indication / (%)

Number of patients with

non-infection indication /

(%) 

Clinical success rate
Procedure

success rate

Major

complication

 number/ (%) 

Minor complication

number / (%)

Ząbek

et al.

[22]

2023

Patient with old leads (A): 46;

patient with younger leads (B):

272

Group A:

66; Group

B: 439 

Group A: 9 (20.6%);

Group B: 92 (33.8%)

Group A: 37 (80.4%);

Group B: 180 (66.2%)
 

Group A: 44

(95.6%); Group B:

271 (99.6%)

Group A: 3 (6.5%);

Group B: 4 (1.5%)

Group A: 1 (2.2%),

Group B: 5 (1.8%)

Segreti

et al.

[23]

2019

Patient with old leads (A): 422;

patient with younger leads (B):

3,088 

 
Group A: 331 (78.81%);

Group B: 1,534 (49.82%)

Group A: 91 (21.56%);

Group B: 1,554 (50.32%)

Group A: 379

(89.81%); Group B:

2,983 (96.60%)

 

Group A: 23

(5.45%); Group B:

72 (2.33%)

Group A: 35

(8.29%); Group B:

139 (4.50%)

Pecha

et al.

[28]

2021 154 patients with old leads 362 98 56 149 (96.8%) 141 (91.6%) 5 (3.3%) 2 (1.3%)

TABLE 10: Comparing patients with leads implanted over 10 years (Group A) to leads within 10
years (Group B)

Limitation
Some of the studies that were excluded during screening should have been discussed, but the full texts for
these papers were not readily available. In addition, long-term prognosis and complications after years of
TLE were not broadly covered in the studies. Furthermore, details of the treatment and interventions taken
to treat the complications need to be addressed.

Conclusions
TLE is the best option for treating leads with an infection or malfunction. It is crucial to list all the common
and rare complications that might come up during the procedure and the postoperative complications to get
ready for such situations. TLE is a safe procedure that has a high chance of procedural and clinical success in
both young and elderly patients. Even if cardiac and vascular tear, as well as TR, are the most common
complications during TLE, their prevalence compared to success rates remains too low. In addition, as time
passes after implantation, extraction complications become more likely due to fibrotic adhesions between
the leads with the heart and vascular tissues. Future studies should evaluate and assess complications and
mortality rates after the surgery has been performed for an extended period of years.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
LD located relevant studies and contributed to the initial draft of the manuscript. MT and PD helped with
the introduction and background sections. ST and TS aided with the method section, including defining the
eligibility criteria and devising the search strategy. ZZ, KD.S, and AA contributed to the result section,
including the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
Furthermore, KS and SK provided valuable insights and expertise during the development of the discussion
section and the exploration of limitations associated with the study. All authors read and approved the final
manuscript.

References
1. Diemberger I, Biffi M, Lorenzetti S, et al.: Predictors of long-term survival free from relapses after extraction

of infected CIED. Europace. 2018, 20:1018-27. 10.1093/europace/eux121
2. Diemberger I, Biffi M, Martignani C, Boriani G: From lead management to implanted patient management:

indications to lead extraction in pacemaker and cardioverter-defibrillator systems. Expert Rev Med Devices.
2011, 8:235-55. 10.1586/erd.10.80

3. Monsefi N, Waraich HS, Vamos M, Erath J, Sirat S, Moritz A, Hohnloser SH: Efficacy and safety of
transvenous lead extraction in 108 consecutive patients: a single-centre experience. Interact Cardiovasc

2023 Salib et al. Cureus 15(9): e45048. DOI 10.7759/cureus.45048 10 of 12

javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1093/europace/eux121?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/eux121?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1586/erd.10.80?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1586/erd.10.80?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/icvts/ivy351?utm_medium=email&utm_source=transaction


Thorac Surg. 2019, 28:704-8. 10.1093/icvts/ivy351
4. Mkoko P, Mdakane NX, Govender G, Scherman J, Chin A: Experience of cardiac implantable electronic

device lead removal from a South African tertiary referral centre. Cardiovasc J Afr. 2021, 32:193-7.
10.5830/CVJA-2021-010

5. Bongiorni MG, Burri H, Deharo JC, et al.: 2018 EHRA expert consensus statement on lead extraction:
recommendations on definitions, endpoints, research trial design, and data collection requirements for
clinical scientific studies and registries: endorsed by APHRS/HRS/LAHRS. Europace. 2018, 20:1217.
10.1093/europace/euy050

6. Schmidt G, Wirtzfeld A, Himmler FC, Klein G, Alt E, Seidl KF, Präuer HW: [Removal of infected entrapped
pacemaker electrodes by continuous traction (author's transl)]. Dtsch Med Wochenschr. 1980, 105:1609-14.
10.1055/s-2008-1070922

7. Jacheć W, Polewczyk A, Polewczyk M, Tomasik A, Janion M, Kutarski A: Risk factors predicting
complications of transvenous lead extraction. Biomed Res Int. 2018, 2018:8796704. 10.1155/2018/8796704

8. Scott PA, Chow W, Ellis E, Morgan JM, Roberts PR: Extraction of pacemaker and implantable cardioverter
defibrillator leads: a single-centre study of electrosurgical and laser extraction. Europace. 2009, 11:1501-4.
10.1093/europace/eup263

9. Mazzone P, Tsiachris D, Marzi A, et al.: Advanced techniques for chronic lead extraction: heading from the
laser towards the evolution system. Europace. 2013, 15:1771-6. 10.1093/europace/eut126

10. Aytemir K, Yorgun H, Canpolat U, Şahiner ML, Kaya EB, Evranos B, Özer N: Initial experience with the
TightRail™ Rotating Mechanical Dilator Sheath for transvenous lead extraction. Europace. 2016, 18:1043-8.
10.1093/europace/euv245

11. Dhawan R, Khan F, Samant S, Asawaeer M, Merritt Genore H, Erickson CC: A 37-year-old woman with
hypertrophic cardiomyopathy with a dual-chamber implantable cardioverter-defibrillator requiring
percutaneous transvenous lead extraction and multidisciplinary management. Am J Case Rep. 2021,
22:e932073. 10.12659/AJCR.932073

12. Hosseini SM, Rozen G, Kaadan MI, Galvin J, Ruskin JN: Safety and in-hospital outcomes of transvenous lead
extraction for cardiac implantable device-related infections: analysis of 13 years of inpatient data in the
United States. JACC Clin Electrophysiol. 2019, 5:1450-8. 10.1016/j.jacep.2019.08.020

13. Aleong RG, Zipse MM, Tompkins C, Aftab M, Varosy P, Sauer W, Kao D: Analysis of outcomes in 8304
patients undergoing lead extraction for infection. J Am Heart Assoc. 2020, 9:e011473.
10.1161/JAHA.118.011473

14. Zhou X, Ze F, Li X, Wang B: Efficacy and safety of transvenous lead extraction in the Chinese octogenarian
patients. Clin Cardiol. 2021, 44:971-7. 10.1002/clc.23629

15. Darden D, Boateng BA, Tseng AS, Alshawabkeh L, Pollema T, Cha YM, Birgersdotter-Green U: Transvenous
laser lead extraction in patients with congenital complete heart block. Heart Rhythm. 2022, 19:1158-64.
10.1016/j.hrthm.2022.02.031

16. Clémenty N, Carion PL, Léotoing L, et al.: Infections and associated costs following cardiovascular
implantable electronic device implantations: a nationwide cohort study. Europace. 2018, 20:1974-80.
10.1093/europace/eux387

17. Brough CE, Rao A, Haycox AR, Cowie MR, Wright DJ: Real-world costs of transvenous lead extraction: the
challenge for reimbursement. Europace. 2019, 21:290-7. 10.1093/europace/euy291

18. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

19. Tułecki Ł, Polewczyk A, Jacheć W, et al.: A study of major and minor complications of 1500 transvenous lead
extraction procedures performed with optimal safety at two high-volume referral centers. Int J Environ Res
Public Health. 2021, 18:10.3390/ijerph181910416

20. Chung DU, Pecha S, Burger H, et al.: Atrial fibrillation and transvenous lead extraction-a comprehensive
subgroup analysis of the GermAn Laser Lead Extraction RegistrY (GALLERY). Medicina (Kaunas). 2022,
58:10.3390/medicina58111685

21. Burger H, Hakmi S, Petersen J, et al.: Safety and efficacy of transvenous lead extraction in octogenarians
using powered extraction sheaths. Pacing Clin Electrophysiol. 2021, 44:601-6. 10.1111/pace.14195

22. Ząbek A, Boczar K, Ulman M, et al.: Mechanical extraction of implantable cardioverter-defibrillator leads
with a dwell time of more than 10 years: insights from a single high-volume centre. Europace. 2023,
25:1100-9. 10.1093/europace/euac272

23. Segreti L, Rinaldi CA, Claridge S, et al.: Procedural outcomes associated with transvenous lead extraction in
patients with abandoned leads: an ESC-EHRA ELECTRa (European Lead Extraction ConTRolled) Registry
Sub-Analysis. Europace. 2019, 21:645-54. 10.1093/europace/euy307

24. Ząbek A, Boczar K, Dębski M, et al.: Indications for transvenous lead extraction and its procedural and early
outcomes in elderly patients: a single-center experience. Pol Arch Intern Med. 2020, 130:216-24.
10.20452/pamw.15182

25. Park SJ, Gentry JL 3rd, Varma N, et al.: Transvenous extraction of pacemaker and defibrillator leads and the
risk of tricuspid valve regurgitation. JACC Clin Electrophysiol. 2018, 4:1421-8. 10.1016/j.jacep.2018.07.011

26. Polewczyk A, Jacheć W, Nowosielecka D, et al.: Tricuspid valve damage related to transvenous lead
extraction. Int J Environ Res Public Health. 2022, 19: 10.3390/ijerph191912279

27. Nowosielecka D, Jacheć W, Polewczyk A, Tułecki Ł, Stefańczyk P, Kutarski A: "Ghost", a well-known but not
fully explained echocardiographic finding during transvenous lead extraction: clinical significance. Int J
Environ Res Public Health. 2022, 19:10.3390/ijerph191912542

28. Pecha S, Ziegelhoeffer T, Yildirim Y, et al.: Safety and efficacy of transvenous lead extraction of very old
leads. Interact Cardiovasc Thorac Surg. 2021, 32:402-7. 10.1093/icvts/ivaa278

29. Hayashi T, Tobita K, Miyashita H, Moriyama N, Murakami M, Saito S: Rare complications of
pseudoaneurysms of the superior vena cava after transvenous lead extraction. JACC Case Rep. 2022, 4:443-
8. 10.1016/j.jaccas.2022.03.001

30. Dunn H, Foreman BW: Disseminated intravascular coagulation as a complication after transvenous lead
extraction for defibrillator-associated endocarditis: a case report. HeartRhythm Case Rep. 2022, 8:330-4.

2023 Salib et al. Cureus 15(9): e45048. DOI 10.7759/cureus.45048 11 of 12

https://dx.doi.org/10.1093/icvts/ivy351?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5830/CVJA-2021-010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5830/CVJA-2021-010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-2008-1070922?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-2008-1070922?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2018/8796704?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2018/8796704?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/eup263?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/eup263?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/eut126?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/eut126?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euv245?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euv245?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/AJCR.932073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/AJCR.932073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacep.2019.08.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacep.2019.08.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.118.011473?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.118.011473?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/clc.23629?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/clc.23629?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.hrthm.2022.02.031?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.hrthm.2022.02.031?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/eux387?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/eux387?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy291?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy291?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.n71?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.n71?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph181910416?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph181910416?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/medicina58111685?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/medicina58111685?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/pace.14195?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/pace.14195?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euac272?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euac272?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy307?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy307?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.20452/pamw.15182?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.20452/pamw.15182?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacep.2018.07.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacep.2018.07.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph191912279?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph191912279?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph191912542?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph191912542?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/icvts/ivaa278?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/icvts/ivaa278?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaccas.2022.03.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jaccas.2022.03.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.hrcr.2022.02.001?utm_medium=email&utm_source=transaction


10.1016/j.hrcr.2022.02.001
31. El-Zein RS, Stelzer M, Hatanelas J, Goodlive TW, Amin AK: A ghost left behind after transvenous lead

extraction: a finding to be feared. Am J Case Rep. 2020, 21:e924243. 10.12659/AJCR.924243
32. Maytin M, Jones SO, Epstein LM: Long-term mortality after transvenous lead extraction. Circ Arrhythm

Electrophysiol. 2012, 5:252-7. 10.1161/CIRCEP.111.965277
33. Zucchelli G, Di Cori A, Segreti L, et al.: Major cardiac and vascular complications after transvenous lead

extraction: acute outcome and predictive factors from the ESC-EHRA ELECTRa (European Lead Extraction
ConTRolled) registry. Europace. 2019, 21:771-80. 10.1093/europace/euy300

34. Al-Maisary S, Kremer J, Romano G, Karck M, De Simone R: Risk of venous occlusion after lead laser
extraction preventing future lead implantation. J Cardiothorac Surg. 2021, 16:321. 10.1186/s13019-021-
01706-5

35. Stokes K, Anderson J, McVenes R, McClay C: The encapsulation of polyurethane-insulated transvenous
cardiac pacemaker leads. Cardiovasc Pathol. 1995, 4:163-71. 10.1016/1054-8807(95)00023-x

36. Esposito M, Kennergren C, Holmström N, Nilsson S, Eckerdal J, Thomsen P: Morphologic and
immunohistochemical observations of tissues surrounding retrieved transvenous pacemaker leads. J Biomed
Mater Res. 2002, 63:548-58. 10.1002/jbm.10306

37. Nowosielecka D, Jacheć W, Polewczyk A, Kleinrok A, Tułecki Ł, Kutarski A: The prognostic value of
transesophageal echocardiography after transvenous lead extraction: landscape after battle. Cardiovasc
Diagn Ther. 2021, 11:394-410. 10.21037/cdt-20-871

2023 Salib et al. Cureus 15(9): e45048. DOI 10.7759/cureus.45048 12 of 12

https://dx.doi.org/10.1016/j.hrcr.2022.02.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/AJCR.924243?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/AJCR.924243?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCEP.111.965277?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCEP.111.965277?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy300?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy300?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13019-021-01706-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13019-021-01706-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/1054-8807(95)00023-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/1054-8807(95)00023-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jbm.10306?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jbm.10306?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/cdt-20-871?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/cdt-20-871?utm_medium=email&utm_source=transaction

	Discussing the Prognosis and Complications of Transvenous Lead Extraction in Patients With Cardiac Implantable Electronic Devices (CIED): A Systematic Review
	Abstract
	Introduction And Background
	Review
	Methods
	TABLE 1: PubMed Medical Subject Heading (MeSH) strategies
	TABLE 2: Inclusion and exclusion criteria
	FIGURE 1: Identification of studies via databases and registers

	Results
	TABLE 3: Three cross-sectional studies were selected after the quality appraisal phase
	TABLE 4: Five cohort studies were selected after the quality appraisal phase
	TABLE 5: Two cases of case-control studies were selected after the quality appraisal phase
	TABLE 6: Four cases of observational studies were selected after the quality appraisal phase
	TABLE 7: Three cases of case report studies were selected after the quality appraisal phase

	Discussion
	TABLE 8: Prevalence of indications, success, and complication rates of TLE
	TABLE 9: Prevalence of indications, success, and complications rates of TLE in the elderly
	TABLE 10: Comparing patients with leads implanted over 10 years (Group A) to leads within 10 years (Group B)

	Limitation

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


