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has changed the surgical management of CIED lead extrac-
tion. Recent surgical management approaches for CIED 
lead complications incorporate advantages of both trans-
venous and surgical treatments. Although transvenous 
approaches are mainstream for CIED lead treatment, sur-
gical procedures can guarantee safety for those at high risk 
of CIED complications. Few studies have reported combina-
tion management with transvenous and surgical approaches 
for high-risk lead extractions;7,11 however, additional eval-
uation of the combined procedures is needed. We believe 
that joint management with transvenous and surgical 
approaches may have the potential to safeguard patients 
with CIEDs.

The purpose of this study was to verify the feasibility of 
surgical CIED management for device extraction in high-
risk patients for transvenous lead extraction.

R ecently, the incidence of cardiac implantable elec-
tronic device (CIED) implantations has increased, 
as has the number of CIED-related complica-

tions.1,2 Before the development of transvenous tools, open 
heart surgery with cardiopulmonary bypass (CPB) was 
performed to extract CIED leads as the first-line therapy 
for CIED complications.3 Surgical approaches in the 1990 s 
resulted in relatively higher mortality from CIED infection 
than recently reported.4,5 Over the past 2 decades, transve-
nous lead extraction tools have established a state-of-the-
art strategy for infected or failing CIED leads.6,7 Nevertheless, 
a surgical approach is still required for some patients with 
CIED complications. In particular, patients at a high risk 
of experiencing life-threatening complications following the 
transvenous approach still require open heart surgery.3,6,8–10 
The development of transvenous equipment and approaches 
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Background: Although surgical approaches for infected or failing cardiac implantable electronic device (CIED) leads are more 
invasive than transvenous approaches, they are still required for patients considered unsuitable for transvenous procedures. In this 
study, surgical management with transvenous equipment for CIED complications was examined in patients unsuitable for transve-
nous lead extraction.

Methods and Results: We retrospectively examined 152 consecutive patients who underwent CIED extraction between April 2009 
and December 2021 at the Department of Cardiovascular Surgery, Nippon Medical School. Nine patients (5.9%; mean [±SD] age 
61.7±16.7 years) who underwent open heart surgery were identified as unsuitable for the isolated transvenous approach. CIED types 
included 5 pacemakers and 4 implantable cardioverter-defibrillators; the mean [±SD] lead age was 19.5±7.0 years. Indications for 
surgical management according to Heart Rhythm Society guidelines included failed prior to transvenous CIED extraction (n=6), 
intracardiac vegetation (n=2), and severe lead adhesion (n=1). Transvenous CIED extraction tools were used in all patients during 
or before surgery. Additional surgical procedures with CIED extraction included epicardial lead implantation (n=4) and tricuspid valve 
repair (n=3). All patients were discharged; during the follow-up period (mean 5.7±3.7 years), only 1 patient died (non-cardiac cause).

Conclusions: Surgical procedures and transvenous extraction tools were combined in the removal strategy for efficacious surgical 
management of CIED leads. Intensive surgical procedures were safely performed in patients unsuitable for transvenous extraction.
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attempts; perforated leads; and lead extraction with con-
comitant open heart surgery.3,6,8–10,14 The decision to per-
form open heart surgery was made via consensus in a 
meeting with the treatment team.

Surgical Procedures
In cases of a failed prior transvenous approach, a surgical 
approach was planned for the day after the first lead 
extraction procedure. All patients were operated on under 
general anesthesia, and median sternotomy was performed 
as an approach incision to the heart during open heart 
surgery, as described previously.15 CPB settings depended 
on the number of CIED leads, occlusion of the superior vena 
cava (SVC), and tissue adhesions. Either cardiac arrest or 
beating heart was selected during CPB. Cardiac arrest was 
used in patients who had undergone additional procedures 
(i.e., tricuspid repair) and had complicated leads.

Statistical Analysis
All continuous variables are presented as the mean ± SD. 
Analyses were performed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA).

Results
Patient Population
Between April 2009 and December 2021, 152 consecutive 
patients underwent CIED extraction at Nippon Medical 
School Hospital (Figure 1). We previously reported that 
over 80% of these patients underwent device removal due 
to CIED-related infection, which is a criterion for Class I 
indications at Nippon Medical School Hospital.6,8–10,13,14 In 
all, 137 patients underwent CIED lead extraction via the 
transvenous approach with powered sheaths and lead 
extraction equipment or simple extraction (90.8%). Fifteen 

Methods
Patient Population
In this retrospective study we reviewed the clinical records 
of patients who underwent CIED extraction between April 
2009 and December 2021 in the Department of Cardiovas-
cular Surgery, Nippon Medical School. All treatments 
were performed in accordance with the Declaration of 
Helsinki,12 and were approved by the Ethics Committee of 
Nippon Medical School, Tokyo, Japan (Reference no. 
B-2022-505). The requirement for informed consent was 
waived by the institutional review board because the 
researchers retrospectively accessed a deidentified database 
for analytical purposes.

The records of all candidates were examined retrospec-
tively; cases with clinical consensus for an infected and a 
failing CIED treated with any treatment modality were 
included in this study. Surgical approach, as such, was not 
an exclusion criterion, and the study included patients who 
underwent procedures via any surgical approach, such as 
sternotomy and thoracotomy. In contrast, off-pump cases 
(i.e., simple lead extraction for a perforated lead) and con-
comitant non-CIED-related surgical cases were excluded 
from this study (Figure 1).

Indications for Surgery
All patients were managed by cardiologists, cardiovascular 
surgeons, and infectious disease control specialists. The 
indications and procedures for lead and device removal 
were in accordance with the 2010 and 2017 Heart Rhythm 
Society consensus documents6,8 and Japanese Circulation 
Society (JCS)/Japanese Heart Rhythm Society (JHRS) 
guidelines.13 Indications for surgery were vegetation attached 
to CIED leads and cardiac tissue; leads inaccessible by any 
transvenous approaches; failed prior lead extraction 

Figure 1.  Open-heart surgery for high-risk patients among all cases of cardiac implantable electronic device removal. RV, right 
ventricle.



Circulation Journal Vol.87, January 2023

105Surgical Management for CIED Complications

Patient Baseline Characteristics and CIED-Related Data
The baseline characteristics and CIED-related data of the 
9 patients (6 males, 3 females) are presented in Table 1; the 
mean patient age was 61.7±16.7 years (range 37–79 years). 
Primary diseases and diseases indicating CIED implanta-
tion are also presented in Table 1.

Five patients initially underwent pacer implantation. 
Patients with complete atrioventricular block (n=4) were 
initially implanted with dual-chamber pacemakers, whereas 
1 patient with sick sinus syndrome was implanted with a 
single-chamber pacer; patients with Brugada syndrome 
(n=3) and 1 patient with arrhythmogenic right ventricular 
cardiomyopathy underwent implantable cardioverter-defi-
brillator (ICD) implantation. CIED lead characteristics 
are also presented in Table 1. In all, 19 target leads were 
removed: 6 right atrium (RA) leads, 8 right ventricle (RV) 
leads, and 5 ICD leads. All ICD leads were the dual-shock 
coil type; the mean lead age was 19.5±7.0 years (range 
3.9–37.1 years). Individual lead ages for RA, RV, and ICD 
leads were 19.5±5.9, 22.8±7.0, and 14.2±5.8 years, respec-
tively. Comorbidities included valve disease (tricuspid valve 
regurgitation: 11.1%), congestive heart failure (33.3%), 
hypertension (44.4%), atrial fibrillation (22.2%), and 
chronic obstructive pulmonary disease (22.2%). Notably, 
4 patients had a prior history of endocarditis before surgi-
cal intervention (44.4%).

Indications for CIED Lead Extraction
The most common indication for CIED extraction was 
CIED infection (n=7). Other indications for CIED removal 
were lead malfunction and RA lead-related tricuspid valve 
regurgitation (n=1).

Indication for Open Heart Surgery
The indications for open heart surgery are presented in 
Table 2. Indication for CIED extraction with open heart 
surgery included failed prior transvenous lead extraction 
in 6 patients. Two patients had intracardiac vegetations as 
an indication for open heart surgery. One patient under-
went perforated ICD lead with transvenous lead extraction 
under open chest observation. After transvenous lead 
extraction, a 1.5-cm oscillating vegetation persisted on the 
tricuspid orifice. The other case had a lead attached to 3.6-
cm vegetation with CIED infection. Preoperative lead adhe-
sion was evaluated multidirectionally based on the findings 
of preoperative computed tomography, lead age, lead type, 
and patient age. One patient with an indication of severe 

patients required a surgical approach for CIED extraction 
(9.9%): 11 patients underwent planned open heart surgery 
via CPB (7.3%), 3 patients required surgical treatment for 
lead perforations that occurred during lead implantation 
and were eventually repaired by direct sutures without 
CPB via median sternotomy or thoracotomy, and 1 patient 
required open heart surgery due to vascular injury during 
transvenous lead extraction. Two patients underwent open 
heart surgery due to concomitant surgery (one for ven-
tricular tachycardia surgery and one for atrial reduction 
surgery) and were excluded from the study. Therefore, we 
retrospectively examined the medical and surgical records 
of 9 consecutive high-risk patients who underwent open 
heart surgery (Figure 1).

Table 1. High-Risk Patients’ Demographics and Basic 
Cardiac Implantable Electronic Device Data

Age (years) 61.7±16.7

No. males/females 6/3

Primary disease

  Complete AV block 4 (44.4)

  Brugada syndrome 3 (33.3)

  ARVC 1 (11.1)

  Giant atrium 1 (11.1)

Disease indicated for CIED

  Complete AV block 4 (44.4)

  Brugada syndrome 3 (33.3)

  ARVC 1 (11.1)

  Sick sinus syndrome 1 (11.1)

CIED device

  Pacemaker 5 (55.5)

  ICD 4 (44.4)

Total target lead (n) 19

  RA lead   6

  RV lead   8

  ICD lead   5

Lead age (years) 19.5±7.0　　
Comorbidity

  Coronary artery disease 1 (11.1)

  Valve disease

    TR severe 1 (11.1)

  Congestive heart failure 3 (33.3)

  Hypertension 4 (14.4)

  Diabetes 1 (11.1)

  Prior stroke 0 (0)　　　　　
  Atrial fibrillation 2 (22.2)

  CRF (Cr>1/3) 0 (0)　　　　　
  Hemodialysis 0 (0)　　　　　
  Prior CABG 0 (0)　　　　　
  Prior valve surgery 0 (0)　　　　　
  Prior endocarditis 4 (44.4)

  COPD 2 (22.2)

  Steroid use 0 (0)　　　　　

Unless indicated otherwise, data are given as the mean ± SD or n 
(%). ARVC, arrhythmogenic right ventricular cardiomyopathy; 
AV, atrioventricular; CABG, coronary artery bypass grafting; 
CIED, cardiac implantable electronic device; COPD, chronic 
obstructive pulmonary disease; CRF, chronic renal failure; ICD, 
implantable cardioverter-defibrillator; RA, right atrium; RV, right 
ventricle; TR, tricuspid valve regurgitation.

Table 2. Surgical Procedure Data

Approach (n)

  Median sternotomy 9

Additional surgery after lead extraction (n)

  Epicardial lead implantation 4

  TVP 3

Operative plan (n)

  One stage operation 3

    Vegetation 2

    Severe lead adhesion 1

  Two-stage operations 6

    Failed prior TV extraction 6

TV, transvenous approach; TVP, tricuspid valve pasty.
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Figure 2.  Cardiac implantable electronic device (CIED) extraction procedures. Transvenous equipment was primarily used in the 
vascular portion, whereas direct surgical release was primarily used for the cardiac portion. In the superior vena cava (SVC)-right 
atrium (RA) junction, both procedures could be used depending on lead adhesion. All leads were successfully extracted. TV, 
transvenous approach.

Figure 3.  Cardiopulmonary bypass (CBP) pump settings and data. Various CPB pump settings were used depending on the 
cardiac implantable electronic device (CIED) leads and patient condition. (A) Conventional CPB established via perfusion of the 
ascending aorta and bicaval venting. (B) CPB established by perfusion of the ascending aorta with right jugular vein and inferior 
vena cava (IVC) venting. (C) CPB established by perfusion of the ascending aorta with superior vena cava (SVC; or subclavian 
vein [SCV]) and femoral vein (FV) venting. (D) Femoral artery-femoral vein (F-F) bypass.
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Perioperative Complications and Outcomes
Postoperative complications were examined in all patients 
(Table 3). Major morbidities were defined as prolonged 
ventilation (>72 h), acute renal failure, permanent stroke, 
deep sternal wound infection, and all-cause reoperation.16 
One patient was on mechanical respirator management for 
>72 h; this patient had congestive heart failure before the 
surgical procedures. Minor complications included upper 
gastrointestinal bleeding (n=1) and phrenic nerve palsy 
(n=1).

Outcomes are presented in Table 3; the mean follow-up 
period was 5.7±3.7 years (range 1.5–12.1 years), and all 9 
patients were discharged. Throughout the follow-up 
period, 1 patient died of non-cardiac disease (pneumonia); 
the remaining 8 patients survived. One patient underwent 
tricuspid valve replacement due to severe tricuspid valve 
regurgitation, occurring 3.8 years after the initial opera-
tion; 1 patient experienced pericarditis a few months after 
discharge and another patient underwent leadless pace-
maker implantation due to pacing failure of the epicardial 
pacing lead, occurring 2.8 years after the operation. In 7 
patients with CIED infection, there was no recurrence of 
infection during the follow-up period.

Discussion
Approximately 10% of our cohort required a surgical 
approach for CIED-related complications. Nine patients 
who underwent open heart surgery during the study period 
were considered unsuitable for transvenous lead extrac-
tion. Open heart surgeries were performed for failed prior 
transvenous approaches (n=6), intracardiac vegetation 
(n=2), and severe lead adhesion (n=1). For open heart 
surgery, extracorporeal circulation settings were decided 
on a case-by-case basis due to complicated CIED lead 
positions. We used both surgical and transvenous CIED 
lead extraction procedures without intraoperative proce-

lead adhesion underwent open heart surgery.

CIED Lead Extraction Procedures
CIED lead extraction procedures and extraction results are 
presented in Figure 2. In all patients, transvenous lead 
extraction equipment was used to ablate lead adhesion 
before and during surgical treatment. The areas of CIED 
lead adhesion were divided into 3 parts according to the 
lead tracts (Figure 2, Left): the vascular portion was defined 
as the region from the lead vascular entry site to the SVC, 
including the subclavian vein (SCV); the SVC-RA junction 
was defined as the region from the SVC-SCV confluence to 
the RA junction; and the cardiac portion was defined as 
the RA and RV.

For the vascular portion, intraoperative transvenous 
tools were used to release the lead adhesions in 4 patients; 
in the other 2 patients, both intraoperative transvenous and 
direct visual elimination were used to release lead adhe-
sions. Even in the 5 patients who experienced failed prior 
transvenous approaches, remaining CIED leads were 
released from the vasculature in their vascular portions 
(Figure 2, Right). For the SVC-RA junction, intraoperative 
transvenous equipment was used in 2 patients, and direct 
visual eliminations were applied in 3 patients. Both trans-
venous and direct visual methods were used in the SVC of 
4 patients (Figure 2, Right). For the cardiac portion, the 
intraoperative transvenous approach was applied in 1 
patient; in the remaining 8 patients, direct visual approaches 
were used to release lead adhesions to the SVC (Figure 2, 
Right). All leads were completely removed in these patients 
(Figure 2, Right).

Surgical Data and Additional Surgical Procedures
Surgical procedural data are presented in Table 2. In all 
cases, surgical treatments were instituted through a median 
sternotomy; epicardial lead implantation (n=4) and tricuspid 
valve repair (n=3) were performed as additional surgical 
procedures after lead extraction. In 3 patients, lead extrac-
tion procedures were performed in 1 stage (vegetation: 2; 
severe lead adhesion: 1). In the other 6 patients, planned 
lead extraction with open heart surgery was conducted on 
a different day after the failed prior transvenous approach.

CPB pump settings and data are presented in Figure 3. 
Essentially, conventional bicaval venous cannulations were 
used during the open heart procedures (Figure 3A); how-
ever, when CIED leads and their adhesions encumbered 
the CPB pump settings, pump settings were changed based 
on lead positions, venous occlusions, and lead adhesions. 
Conventional CPB, established by ascending aorta perfu-
sion and bicaval venting was used in 5 patients (Figure 3A). 
CPB established via ascending aorta perfusion with right 
jugular vein and inferior vena cava venting was used in 2 
patients with severe lead adhesion at the SVC (Figure 3B). 
CPB established via ascending aorta perfusion with SVC 
(or SCV) and femoral vein venting was used in a patient 
with many leads in the RA or repeat median sternotomy 
after prior cardiac surgery (Figure 3C). Femoral-femoral 
bypass was used in 1 patient with severe adhesion at the 
pericardium due to CIED-related pericarditis (Figure 3D). 
The cardiac arrest technique with aortic cross-clamping was 
performed in 3 patients, with a mean cross-clamping time 
of 62.0±54.8 min (range 20–124 min). The remaining 6 patients 
underwent surgical procedures, including on-pump beat-
ing; overall, the mean pump time was 115.2±57.8 min 
(range 20–194 min).

Table 3. Preoperative Complications and Outcomes

Follow-up period (years) 5.7±3.7

Perioperative complications

  Major

    Prolonged ventilator (>48 h) 1

  Minor

    Upper gastrointestinal bleeding 1

    Phrenic nerve palsy 1

Outcome

  Death at 30 days 0

  Death in hospital 0

  Alive (discharge) 9

Follow-up findings

  Death  1A

  Alive 8

    Events

      Pericarditis 1

      Additional operation 2

        TVR 1

        Leadless PM implantation 1

Data are given as the mean ± SD or n. ANon-cardiac cause. PM, 
pacemaker; TVR, tricuspid valve replacement.
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patients during and/or before open heart surgery. Com-
bined procedures may provide some advantages as thera-
peutic strategies in high-risk patients.

The first advantage of the surgical approach is safety in 
high-risk patients due to direct visualization. Although 
transvenous approaches are less invasive for CIED extrac-
tion, surgical approaches are safer. This is because a surgical 
approach with a median sternotomy provides direct access 
to the SVC and the RV free wall, which are sites where 
life-threatening complications frequently occur in the trans-
venous approach.24 The SVC is at a high risk of vascular 
tear due to severe adhesion between the lead and vessel 
tissue, especially in the case of ICD leads with an SVC 
coil,19,24–27 whereas the RV free wall is at high risk of RV 
perforation due to long-dwelling leads with tinned tips.25

The second advantage is that both direct and transve-
nous procedures can be used for lead extraction in the 
current era of widespread transvenous equipment. We divided 
the CIED lead pathway into 3 portions: the vascular por-
tion, the SVC-RA junction, and the cardiac portion. The 
vascular portion included the vascular entry site and SCV, 
and transvenous tools were suitable for releasing lead 
adhesion. Because the SCV beneath the clavicle is ana-
tomically difficult to expose directly, the SVC-RA junction 
posed the most frequent life-threatening complications and 
most severe lead adhesion.24–27 In this section, direct surgi-
cal dissection of the lead adhesion is safe in high-risk 
patients who are expected to experience severe lead adhe-
sion. Rather than surgical procedures, transvenous equip-
ment can be used at the SVC-RA junction under direct 
visualization with sternotomy. In the cardiac portion, sur-
gical treatment is suitable for releasing lead tip adhesion; 
lead tips, especially the tinned type, can adhere to cardiac 
tissue. In the surgical approach, direct repair is possible 
without RV free wall perforation.25

Some studies have reported the use of transvenous 
sheaths in the retrograde approach.28 The transvenous ret-
rograde approach is an advanced surgical approach that 
may be a less invasive surgical procedure than cutting and 
sawing the vascular portion. However, surgical and trans-
venous treatments do not need to be performed at the same 
time. Of note, failed transvenous approach attempts can 
prolong the operative time.29 Moreover, prolonged trans-
venous sessions may result in increased anesthesia duration 
during open heart surgery, which may induce further com-
plications. In this series, all patients underwent both 
approaches during and/or before open heart surgery, and 
all CIED systems were completely removed without pro-
cedural complications.

The third advantage of the surgical approach is that 
additional CIED operations can be performed during the 
procedure. Epicardial lead implantations are useful for 
both pacing-dependent and infection cases. Some patients 
exhibit tricuspid valve regurgitation after the transvenous 
approach.30 The surgical approach has the potential to 
repair the tricuspid valve (i.e., leaflet repair, orifice repair) 
after lead extraction; in the present sample, 4 epicardial 
lead implantations and 3 tricuspid valve repairs were per-
formed during the surgical approach.

Establishing Extracorporeal Circulation Settings for 
Patients With a CIED
Establishing CPB is an important procedure for safe open 
heart surgery; however, in patients with CIED, extracor-
poreal circulation settings needed to be decided on a case-

dural complications. Over 80% of candidates survived 
throughout long-term follow-up. Surgical management for 
CIED lead extraction was therefore safely achieved for 
patients who were unsuitable for the transvenous approach.

Surgical Approach for Unsuitable Isolated CIED Lead 
Extraction
In most CIED lead extraction cases, transvenous approaches 
are preferred because they are less invasive.9 The success 
rate of transvenous lead extraction is reported to be >90%;7 
according to a Japanese study, 96.7% of target leads were 
completely removed.17 Despite the high success rate of the 
transvenous approach, there are still some patients who 
require open heart surgery for CIED lead extraction.6 
Open heart lead extractions are preferred in high-risk 
patients to prevent potentially life-threatening complica-
tions, such as vascular injury and cardiac perforation.6,8–10 
Expert statements and previous studies have defined high-
risk patients for transvenous lead extraction.6,8–10,18 Indica-
tions for open heart surgery are failed transvenous lead 
extraction and leads attached to large vegetations.17 In 
ICD and pacing leads, transvenous lead extraction can fail 
due to long-dwelling leads (≥10 years).3 In addition, large 
vegetations have the potential to cause pulmonary embo-
lization. In cases of vegetation-attached leads, open heart 
surgery is indicated for patients with a patent foramen 
ovale and atrial septal defect.3 Surgical lead removal is the 
preferred approach for patients with leads attached to 
vegetations with diameters >2 cm.6 The impacts of the size 
and shape of the vegetations remain undetermined. With 
regard to right-sided endocarditis, surgical procedures with 
a pump are warranted in some cases, such as those with 
persistent tricuspid valve vegetations (>2 cm), right heart 
failure secondary to severe tricuspid regurgitation, recur-
rent pulmonary emboli, or right heart failure secondary to 
severe tricuspid regurgitation.19 In addition, the transve-
nous approach is a high-risk procedure for patients with 
potential extracardiac or extravascular leads on preopera-
tive computed tomography or echocardiography.11

In our cohort, 9 of the 152 patients who underwent 
CIED lead extractions were considered high risk (5.9%); 
these patients included 6 with prior failed transvenous lead 
extractions, 2 with vegetation, and 1 with severe lead adhe-
sion on preoperative evaluation. Mean lead age was very 
high (19.5±7.0 years; range 3.9–37.1 years). Long-dwelling 
leads cause the transvenous lead extraction procedure to 
fail due to hard lead adhesion.20

Advantages of Combining Open Heart Surgery and 
Transvenous Tools
In most previous reports regarding open heart CIED extrac-
tion, direct surgical procedures were used to release all 
parts of lead adhesion.4,5,18,21–23 These procedures enabled 
exfoliation of adhered tissue from the leads under direct 
visualization; however, the surgical approach cannot 
always to access all parts of the CIED lead. For example, 
the SCV is covered by the clavicle and anatomically diffi-
cult to expose directly; here, transvenous tools have the 
potential to access and release lead adhesion. Transvenous 
extraction tools are used globally, with endovascular 
equipment used during and/or before open heart surgical 
procedures.

Surgical management for CIED complications should 
include seamless coalescence of transvenous and surgical 
treatments. In this study, transvenous tools were used in all 
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