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Abstract

End-stage heart failure patients with implantable cardioverter-defibrillator (ICD) with/without

cardiac resynchronization therapy (CRT-D) often require heart transplantation (HTPL) as a

last-resort treatment. We aimed to assess the frequency and clinical impact of retained ICD

lead materials in HTPL patients. In this retrospective single center study, we examined the

clinical records and chest radiographs of patients with ICD and CRT-D who underwent

HTPL between January 1992 and July 2014. Of 40 patients with ICD and CRT-D at HTPL,

19 (47.5%) patients had retained ICD lead materials within the central venous system.

Retained ICD lead materials following HTPL were more frequently noted in patients with lon-

ger implantation durations until HTPL. None of the patients underwent extraction proce-

dures after HTPL. All patients were asymptomatic and did not exhibit significant

complications or death related to the retained ICD lead materials. Seven (7/40, 17.5%)

patients without any retained ICD lead materials underwent magnetic resonance imaging

(MRI) during the follow-up period (median, 29.5 months); none of the patients with retained

lead materials were given MRI. Considering the common use of MRI in HTPL patients, fur-

ther studies on the prophylactic extraction of retained ICD lead materials and safety of MRI

in these patients are needed.

Introduction

Implantable cardiac devices are used in advanced heart failure patients to improve the symp-

tom, and prognosis. Implantable cardioverter-defibrillators (ICD) can prevent sudden cardiac

death attributed to ventricular tachyarrhythmia, and cardiac resynchronization therapy

(CRT), usually with defibrillation capability (CRT-D), can reduce symptoms and hospitaliza-

tions due to ventricular dyssynchrony in these patients [1–3]. Despite the beneficial effects of

this therapy, end-stage heart failure patients often require heart transplantation (HTPL)
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because it is the regarded as the last-resort treatment option in these patients, and is associated

with excellent long-term survival [4, 5]. The implanted ICD/CRT-D is usually removed at the

time of HTPL operation. The generator is removed from the pocket and the portion of the

leads dwelling within the atrium, ventricle, and lower part of the superior vena cava (SVC) are

removed with the excision of the recipient’s heart. However, the leads within the central

venous system can be difficult to remove without specialized extraction tools or techniques.

This is particularly the case because ICD/CRT-D leads contain defibrillating coils. In this situa-

tion, tissue ingrowth and adhesion around coils act as binding points to the walls of large veins

and hence complete endothelialization of lead materials into the vessel wall occurs more fre-

quently [6]. As heart transplantation is never an elective procedure, it is not feasible to provide

an additional team for lead removal, which might prolong the operation time. Evaluating

whether lead materials have been completely removed requires fluoroscopic imaging of the

procedural field, but surgical rooms are usually not equipped with an X-ray machine [7].

Therefore, complete removal of previously-implanted ICD/CRT-D during HTPL operation

presents quite a clinical challenge, and, as a result, parts of the lead materials especially within

the central venous system are often retained after the surgery [8].

Recently, indications for ICD/CRT-D have expanded, so the number of patients undergo-

ing HTPL with implanted device is expected to increase. But the published literature regarding

the frequency and clinical implications of retained ICD/CRT-D lead materials following

HTPL is still lacking. The purpose of this study is to investigate the frequency of retained ICD/

CRT-D lead materials in the central venous system after HTPL operation and to assess its clini-

cal sequelae. In addition, we evaluated the proportion of patients who underwent magnetic

resonance imaging (MRI) examination, which is one of the most important clinical issues in

these patients due to the possible hazardous complications by retained lead materials [9].

Methods

Study patients

From November 1992 to December 2014, 474 consecutive patients underwent orthotopic

HTPL at Asan Medical Center, Seoul, South Korea. Of these, 40 patients with ICD or CRT-D

in situ at the time of HTPL were included in this study. Baseline demographic, historical, and

procedural data were obtained from electronic medical records.

HTPL operation, postoperative management, and follow-up

Prior to January 1999, standard anastomosis was performed. However, since then, all HTPL

procedures have involved bicaval anastomosis. The details of the HTPL surgical procedures

have been described previously [10]. At the time of HTPL operation, only manual traction

from the implant site was made to remove the leads, with no further attempt to extract using

extraction tools such as a locking stylet, mechanical sheaths, or snares. After the operation, all

recipients were managed according to protocols that included immunosuppression, infection

prophylaxis, endomyocardial biopsy, and coronary angiography; the details of these proce-

dures have been described previously [5]. All HTPL patients received regular clinical follow-

up at Asan Medical Center.

Determination of retained lead materials

Chest radiographs were obtained in all patients after HTPL, and were reviewed independently

by 2 cardiac electrophysiologists for the presence of retained ICD/CRT-D lead materials.

Retained materials were classified based on the extent of remnants in the central venous
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system, and were classified into those localized to the SVC, those exist from SVC to left or

right brachiocephalic vein, and those exist from SVC to left or right subclavian vein.

Assessment of clinical implications

We retrospectively reviewed the data of study patients with focus on the following topics to

assess the clinical implications: (1) any subsequent procedure performed to remove the

retained lead not removed during HTPL, (2) any infection related to the retained lead, (3) evi-

dence of embolization or erosion of the retained lead materials, and (4) mortality. In addition,

the frequency and sites of the MRI examination after HTPL regardless of whether it was per-

formed at our institution or not, were also investigated.

Statistical analysis

SPSS version 18.0 (SPSS Inc., Chicago, IL) was used for all statistical analyses. Continuous vari-

ables are presented as means (±SD) or medians (quartiles, Q1–Q3) and categorical variables as

numbers and percentages. Continuous variables were compared using the t-test or Mann–

Whitney U test, and categorical variables were compared using χ2 statistics or Fisher’s exact

tests. A p value of<0.05 was considered statistically significant.

Ethics statement

The study protocol was reviewed and approved by the institutional review board of Seoul Asan

Medical center (IRB No. 2015–0068), which waived the requirement for informed consent

based on the retrospective nature of the study. None of the transplant donors were from a vul-

nerable population and all donors or next of kin provided written informed consent that was

freely given.

Result

Clinical characteristics of the study population

Of 474 patients who underwent heart transplantation (HTPL) at our institution, 40 patients

had ICD or CRT-D in situ at the time of HTPL. The mean age was 50±9.63 years, and 30

patients (75%) were male. The underlying cardiac diseases that led to the HTPL included

dilated cardiomyopathy in 27 patients (67.5%), ischemic cardiomyopathy in 7 patients

(17.5%), and other causes in 6 patients (15%). Among 40 patients, 35 patients (87.5%) had an

ICD, whereas 5 patients (12.5%) had a CRT-D. The median duration between ICD/CRT-D

implantation and HTPL was 30 months (17–62 months), and the median number of leads was

2 (1–4).

Nineteen out of 40 patients (47.5%) had retained ICD/CRT-D lead materials within the

central venous system after HTPL, as confirmed by postoperative chest radiography. The

clinical characteristics of those with and without retained lead materials are shown in Table 1

(Individual-level data are presented in the S1 Table). Patients with retained lead materials had

a longer interval from device implantation to HTPL than those without (p = 0.01).

Retained ICD/CRT-D lead materials

Table 2 describes the nature of the retained ICD/CRT-D lead materials and their extent (Indi-

vidual-level data are presented in the S1 Table). All of the lead materials retained in the central

venous system involved defibrillator coil, with or without lead. The lead materials were

retained in SVC only in 7 patients (7/19, 36.8%), retained from SVC to left or right
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brachiocephalic vein in another 7 patients (7/19, 36.8%), and retained from SVC to left or

right subclavian vein in 5 patients (5/19, 26.3%).

Clinical sequelae of retained ICD/CRT-D lead materials

During the follow up period, no subsequent procedure was performed to remove the retained

lead materials not removed during HTPL. Infection related to the retained lead and emboliza-

tion or erosion of the retained lead materials did not occur. The overall mortality rate was

7.5% (3/40) during the study period. In one patient with retained lead materials, the cause of

Table 1. Baseline characteristics of patients at the time of heart transplantation.

Overall

(n = 40)

With retained ICD/CRT-D lead

materials (n = 19)

Without retained ICD/CRT-D lead

materials (n = 21)

p

value

Age at heart transplantation, years 51.6±9.6 52.3±9.5 50.9±9.9 0.650

Male, n (%) 30 (75%) 15 (78.9%) 15 (71.4%) 0.583

BMI 22.8±4.2 22.6±3.7 22.9±4.7 0.830

Etiology, n (%)

Dilated CMP 27 (67.5%) 11 (57.9%) 16 (76.2%) 0.314

Ischemic CMP 7 (21.1%) 4 (21.1%) 3 (14.3%) 0.574

Hypertrophic CMP 3 (7.5%) 3 (15.8%) 0 (0%) 0.058

Others 3 (7.5%) 1 (5.3%) 2 (9.6%) 0.335

History of AF, n (%) 14 (35.0%) 9 (47.4%) 5 (23.8%) 0.186

History of ventricular arrhythmia, n (%) 31 (77.5%) 17 (89.5%) 14 (66.7%) 0.085

Type of device, n (%)

ICD 35 (87.5%) 18 (94.7%) 17 (81.0%) 0.188

CRT-D 5 (12.5%) 1 (5.3%) 4 (19.0%) 0.188

Type of defibrillator lead, n (%) 0.335

Single coil 1 (2.5%) 0 (0%) 1 (4.8%)

Dual coil 39 (97.5%) 19 (100%) 20 (95.2%)

Number of leads at the time of heart transplantation,

median (range)

2 (1–4) 2 (1–3) 2 (1–3) 0.415

Duration from device implant to heart transplantation,

median (range), months

26 (1–154) 31 (18–154) 18 (1–146) 0.010

Data are presented as mean ± SD, median (interquartile range), or number (%). Abbreviations: BMI, body mass index; CMP, cardiomyopathy; AF, atrial

fibrillation; ICD, implantable cardioverter defibrillator; CRT-D, cardiac resynchronization therapy (CRT) with defibrillation capability.

https://doi.org/10.1371/journal.pone.0176925.t001

Table 2. Characteristics of the retained ICD/CRT-D lead materials following heart transplantation.

Components of retained lead materials, n (%)

Coil 14 (73.7%)

Lead 0 (0%)

Coil and lead 5 (26.3%)

Extent of the retained lead materials, n (%),

SVC 7 (36.8%)

From SVC to justify or Right brachiocephalic vein 7 (36.8%)

From SVC to justify or Right subclavian vein 5 (26.3%)

Data are presented as number (%). Abbreviations: ICD, implantable cardioverter defibrillator; CRT-D,

cardiac resynchronization therapy (CRT) with defibrillation capability; SVC, superior vena cava.

https://doi.org/10.1371/journal.pone.0176925.t002

Retained ICD/CRT-D lead materials after heart transplantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0176925 May 2, 2017 4 / 9

https://doi.org/10.1371/journal.pone.0176925.t001
https://doi.org/10.1371/journal.pone.0176925.t002
https://doi.org/10.1371/journal.pone.0176925


death was pneumonia-related sepsis. In two patients without retained lead materials, lung can-

cer and sepsis due to opportunistic infection were the cause of death, respectively.

MRI examination after HTPL

Of 21 patients without retained ICD/CRT-D lead materials, 7 patients were examined by MRI.

The sites of the MRI scan were as follows: brain in 12, lumbar spine in 1, and liver in 1 patient.

None of the patients with retained ICD/CRT-D lead materials underwent MRI during the fol-

low-up period. Of 474 patients who underwent HTPL at our institution from January 1992 to

July 2014, 168 underwent 308 MRI procedures during the follow-up period. The sites of the

examinations are described in Table 3 (Individual-level data are presented in the S2 Table).

Discussion

In the present study, we observed that 47.5% (19/40) of patients who had ICD/CRT-D at the

time of HTPL had retained ICD/CRT-D lead materials within their central venous system. No

subsequent procedures were undertaken to remove retained lead materials, and there were no

retained lead materials related complications such as lead fragment embolization, migration,

erosion, and infection. All patients who had retained lead materials were asymptomatic and

did not display adverse clinical sequelae. None of these patients were permitted to undergo

MRI.

Despite advances in techniques and tools for transvenous lead extraction, the extraction of

defibrillator leads including coils remains challenging, and is associated with minimal, but sig-

nificant, mortality [11, 12]. The coils of ICD leads induce extensive growth of scar tissue,

which surrounds and entraps the lead; hence, complex extraction procedures are required

[13, 14]. A previous study showed that areas of adherence of the ICD lead were detected in the

subclavian vein (78%), brachiocephalic vein (65%), SVC (66%), and heart (73%) [8]. Dwell

time, passive fixation, and dual-coil lead design were independently associated with adherence

[8]. Dual coil ICD is a risk factor for extraction difficulty, and is associated with SVC rupture

[15]. In the present study, patients with retained ICD/CRT-D lead materials showed longer

Table 3. MRI examination in HTPL patients.

Patients without ICD/CRT-D

at HTPL (n = 434)

Patients without remnant ICD/CRT-D lead

materials after HTPL (n = 21)

Patients with remnant ICD/CRT-D lead

materials after HTPL (n = 19)

Number of patients who

underwent MRI

168 (38.7%) 7 (17.5%) 0

Total number of MRI

procedures

294 14 0

Site of MRI 0

Brain 211 12 0

Lumbar spine 25 1 0

Lower extremities 17 0 0

Hip 15 0 0

Abdomen 12 1 0

Cervical spine 9 0 0

Upper extremities 4 0 0

Heart 1 0 0

Data are presented as number or number (%). Abbreviations: MRI, magnetic resonance imaging examination; HTPL, heart transplantation; ICD,

implantable cardioverter defibrillator; CRT-D, cardiac resynchronization therapy (CRT) with defibrillation capability.

https://doi.org/10.1371/journal.pone.0176925.t003
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interval from device implantation to HTPL than those without. This finding is consistent with

that in previous studies, wherein long dwell time was found to be associated with the need for

advanced tools during ICD extraction [16–18] and lead extraction failure during HTPL [6].

Non-functioning leads themselves may be associated with a small risk of complications

such as infection, venous occlusion, lead migration, and skin erosion [19–22]. In the present

study, there were no long-term sequelae related to retained ICD/CRT-D lead materials, such

as lead-related infection, thrombosis, vascular obstruction, and embolization. The absence of

vascular obstruction can be attributed to the small number of ICD/CRT-D lead(s) (1 to 2) in

each patient, because the risk of vascular obstruction is positively related to the number of

retained leads. Moreover, the absence of ICD/CRT-D lead material embolization can be attrib-

uted to severe fibrosis around the SVC coil. These data are consistent with the results of previ-

ous studies on patients with and without HTPL [6, 23]. Considering that the presence of

abandoned ICD/CRT-D leads is not associated with risks to patients, abandoning the retained

lead materials may represent a reasonable strategy, particularly in institutions where laser

sheaths are not available [23, 24]. However, recent data have suggested the feasibility and safety

of lead extraction after HTPL using laser sheath and snares [7].

HTPL has evolved into a treatment modality for end-stage heart failure. Although this

method is associated with excellent long-term survival, graft vasculopathy, infection, and

malignancy are the leading causes of death [4]. Moreover, MRI is an indispensable clinical

diagnostic tool for the diagnosis of cardiac and non-cardiac diseases due to the excellent spatial

resolution and multiplanar 3-dimensional analysis, as well as the absence of risk of exposure to

ionizing radiation and potentially nephrotoxic iodinated contrast agents [25–28]. In our heart

transplant cohort, 35.4% (168/474) of patients required MRI for various reasons. The most

common examination sites included the brain (72.4%), spine (11.3%), and extremities (6.8%).

During the follow-up duration of 30 months, there were no difference in clinical outcome

between patients with and without retained ICD/CRT-D lead materials; however, it should be

noted that a greater need for MRI in heart transplant recipients increases management issues

related to these retained lead materials. A remnant nonfunctional lead is a contraindication for

MRI due to the potential hazard for patients [29, 30]; this supports practicing routine extrac-

tion of retained lead materials in HTPL recipients. Although previous case series have sug-

gested the safety of MRI in patients with retained leads [6, 9], experimental data have indicated

the potential harm of MRI in patients with abandoned pacemaker leads [31, 32]. Nevertheless,

there is a paucity of data on the hazards of MRI, particularly in cases with retained ICD/

CRT-D lead materials.

Limitations

Our current study is partially and inherently limited in that it is a retrospective investigation.

However, to our knowledge, this is the largest study on heart transplant recipients with

retained ICD/CRT-D lead materials in Asia; for this reason, we believe that our study holds

considerable value for clinicians. Second, the use of advanced extraction tools might continue

to diminish this clinical dilemma of retained lead. However, considering the advanced disease

stage of the recipients, the emergency nature of HTPL, and the potential risk in lead extraction

procedure, it is possible that lead extraction with advanced extraction tools should not be per-

formed simultaneously or after HTPL. Third, the overutilization of MRI in these cases has

been suggested. Our current study reflects the real-world practice of a dedicated heart trans-

plant care team. Considering the various post-HTPL complications, MRI examination is

essential in caretaking of HTPL patients, especially to exclude central nervous system infection
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and to evaluate spine or joints disorders. However, due to the retrospective nature of our anal-

ysis, we could not assess the appropriateness of the MRI examination in all the patients.

Conclusion

Advanced heart failure patients require implantable cardiac devices such as ICD/CRT-D to

improve their disease status and prognosis. Some of those patients, however, eventually require

HTPL at the end stage of heart failure as a last-resort treatment. These implanted devices are

usually removed at the time of HTPL operation. However, the defibrillating lead coils within

the central venous system are difficult to be completely removed due to adhesion to host tissue.

Therefore, ICD/CRT-D lead materials are frequently retained in the central venous system of

HTPL patients. Although there were no clinical sequelae related to retained ICD/CRT-D lead

materials in our study patients, the greater need for MRI in HTPL patients warrant further

studies geared toward recommending routine extraction of retained lead materials for the

safety of MRI procedure in this group of patients.

Supporting information

S1 Table. Individual-level data underlying results presented in the Tables 1 and 2.

(XLSX)

S2 Table. Individual-level data underlying results presented in the Table 3.

(XLSX)

Acknowledgments

The authors are grateful to the biostatistician Seunghee Baek, Ph.D, working at Department of

Clinical Epidemiology and Biostatistics in Asan Medical Center for statistical assistance.

Author Contributions

Conceptualization: JK JJK.

Data curation: JK JH JHC HIC MSK.

Formal analysis: JK JH JHC.

Investigation: JK JH JHC JJK MSK SHJ JWL.

Methodology: JK JH JHC JJK.

Project administration: JJK JWL GBN KJC YHK.

Resources: JK JJK SHJ JWL GBN KJC YHK.

Supervision: JK JJK JWL GBN KJC YHK.

Validation: JK JJK SHJ.

Visualization: JK JH JHC HIC MSK.

Writing – original draft: JK JH JJK.

Writing – review & editing: JK JH JJK.

Retained ICD/CRT-D lead materials after heart transplantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0176925 May 2, 2017 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176925.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176925.s002
https://doi.org/10.1371/journal.pone.0176925


References
1. Investigators TAvIDA. A comparison of antiarrhythmic-drug therapy with implantable defibrillators in

patients resuscitated from near-fatal ventricular arrhythmias. The Antiarrhythmics versus Implantable

Defibrillators (AVID) Investigators. N Engl J Med. 1997; 337: 1576–1583. https://doi.org/10.1056/

NEJM199711273372202 PMID: 9411221

2. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, et al. Prophylactic implantation of a defi-

brillator in patients with myocardial infarction and reduced ejection fraction. N Engl J Med. 2002; 346:

877–883. https://doi.org/10.1056/NEJMoa013474 PMID: 11907286

3. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et al. Amiodarone or an implantable car-

dioverter-defibrillator for congestive heart failure. N Engl J Med. 2005; 352: 225–237. https://doi.org/10.

1056/NEJMoa043399 PMID: 15659722

4. Stehlik J, Edwards LB, Kucheryavaya AY, Benden C, Christie JD, Dipchand AI, et al. The Registry of

the International Society for Heart and Lung Transplantation: 29th official adult heart transplant report—

2012. J Heart Lung Transplant. 2012; 31: 1052–1064. https://doi.org/10.1016/j.healun.2012.08.002

PMID: 22975095

5. Jung SH, Kim JJ, Choo SJ, Yun TJ, Chung CH, Lee JW. Long-term mortality in adult orthotopic heart

transplant recipients. J Korean Med Sci. 2011; 26: 599–603. https://doi.org/10.3346/jkms.2011.26.5.

599 PMID: 21532848

6. Martin A, Voss J, Shannon D, Ruygrok P, Lever N. Frequency and sequelae of retained implanted car-

diac device material post heart transplantation. Pacing Clin Electrophysiol. 2014; 37: 242–248. https://

doi.org/10.1111/pace.12274 PMID: 24428516

7. Kusmierski K, Przybylski A, Oreziak A, Sobieszczanska-Malek M, Kolsut P, Rozanski J. Post heart

transplant extraction of the abandoned fragments of pacing and defibrillation leads: proposed manage-

ment algorithm. Kardiol Pol. 2013; 71: 159–163. https://doi.org/10.5603/KP.2013.0009 PMID:

23575709

8. Segreti L, Di Cori A, Soldati E, Zucchelli G, Viani S, Paperini L, et al. Major predictors of fibrous adher-

ences in transvenous implantable cardioverter-defibrillator lead extraction. Heart Rhythm. 2014; 11:

2196–2201. https://doi.org/10.1016/j.hrthm.2014.08.011 PMID: 25111324

9. Higgins JV, Gard JJ, Sheldon SH, Espinosa RE, Wood CP, Felmlee JP, et al. Safety and outcomes of

magnetic resonance imaging in patients with abandoned pacemaker and defibrillator leads. Pacing Clin

Electrophysiol. 2014; 37: 1284–1290. https://doi.org/10.1111/pace.12419 PMID: 24809591

10. Choo SJ, Kim JJ, Kim SP, Lee JW, Wan RS, Park NH, et al. Heart transplantation: a retrospective anal-

ysis of the long-term results. Yonsei Med J. 2004; 45: 1173–1180. https://doi.org/10.3349/ymj.2004.45.

6.1173 PMID: 15627315

11. Brunner MP, Cronin EM, Duarte VE, Yu C, Tarakji KG, Martin DO, et al. Clinical predictors of adverse

patient outcomes in an experience of more than 5000 chronic endovascular pacemaker and defibrillator

lead extractions. Heart Rhythm. 2014; 11: 799–805. https://doi.org/10.1016/j.hrthm.2014.01.016

PMID: 24444444

12. Gomes S, Cranney G, Bennett M, Li A, Giles R. Twenty-year experience of transvenous lead extraction

at a single centre. Europace. 2014; 16: 1350–1355. https://doi.org/10.1093/europace/eut424 PMID:

24554523

13. Kennergren C, Bjurman C, Wiklund R, Gabel J. A single-centre experience of over one thousand lead

extractions. Europace. 2009; 11: 612–617. https://doi.org/10.1093/europace/eup054 PMID: 19329797

14. Epstein AE, Kay GN, Plumb VJ, Dailey SM, Anderson PG. Gross and microscopic pathological changes

associated with nonthoracotomy implantable defibrillator leads. Circulation. 1998; 98: 1517–1524.

PMID: 9769305

15. Epstein LM, Love CJ, Wilkoff BL, Chung MK, Hackler JW, Bongiorni MG, et al. Superior vena cava defi-

brillator coils make transvenous lead extraction more challenging and riskier. J Am Coll Cardiol. 2013;

61: 987–989. https://doi.org/10.1016/j.jacc.2012.12.014 PMID: 23449433

16. Bracke F, Meijer A, Van Gelder B. Extraction of pacemaker and implantable cardioverter defibrillator

leads: patient and lead characteristics in relation to the requirement of extraction tools. Pacing Clin Elec-

trophysiol. 2002; 25: 1037–1040. PMID: 12164443

17. Jones SOt, Eckart RE, Albert CM, Epstein LM. Large, single-center, single-operator experience with

transvenous lead extraction: outcomes and changing indications. Heart Rhythm. 2008; 5: 520–525.

https://doi.org/10.1016/j.hrthm.2008.01.009 PMID: 18325849

18. Roux JF, Page P, Dubuc M, Thibault B, Guerra PG, Macle L, et al. Laser lead extraction: predictors of

success and complications. Pacing Clin Electrophysiol. 2007; 30: 214–220. https://doi.org/10.1111/j.

1540-8159.2007.00652.x PMID: 17338718

Retained ICD/CRT-D lead materials after heart transplantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0176925 May 2, 2017 8 / 9

https://doi.org/10.1056/NEJM199711273372202
https://doi.org/10.1056/NEJM199711273372202
http://www.ncbi.nlm.nih.gov/pubmed/9411221
https://doi.org/10.1056/NEJMoa013474
http://www.ncbi.nlm.nih.gov/pubmed/11907286
https://doi.org/10.1056/NEJMoa043399
https://doi.org/10.1056/NEJMoa043399
http://www.ncbi.nlm.nih.gov/pubmed/15659722
https://doi.org/10.1016/j.healun.2012.08.002
http://www.ncbi.nlm.nih.gov/pubmed/22975095
https://doi.org/10.3346/jkms.2011.26.5.599
https://doi.org/10.3346/jkms.2011.26.5.599
http://www.ncbi.nlm.nih.gov/pubmed/21532848
https://doi.org/10.1111/pace.12274
https://doi.org/10.1111/pace.12274
http://www.ncbi.nlm.nih.gov/pubmed/24428516
https://doi.org/10.5603/KP.2013.0009
http://www.ncbi.nlm.nih.gov/pubmed/23575709
https://doi.org/10.1016/j.hrthm.2014.08.011
http://www.ncbi.nlm.nih.gov/pubmed/25111324
https://doi.org/10.1111/pace.12419
http://www.ncbi.nlm.nih.gov/pubmed/24809591
https://doi.org/10.3349/ymj.2004.45.6.1173
https://doi.org/10.3349/ymj.2004.45.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/15627315
https://doi.org/10.1016/j.hrthm.2014.01.016
http://www.ncbi.nlm.nih.gov/pubmed/24444444
https://doi.org/10.1093/europace/eut424
http://www.ncbi.nlm.nih.gov/pubmed/24554523
https://doi.org/10.1093/europace/eup054
http://www.ncbi.nlm.nih.gov/pubmed/19329797
http://www.ncbi.nlm.nih.gov/pubmed/9769305
https://doi.org/10.1016/j.jacc.2012.12.014
http://www.ncbi.nlm.nih.gov/pubmed/23449433
http://www.ncbi.nlm.nih.gov/pubmed/12164443
https://doi.org/10.1016/j.hrthm.2008.01.009
http://www.ncbi.nlm.nih.gov/pubmed/18325849
https://doi.org/10.1111/j.1540-8159.2007.00652.x
https://doi.org/10.1111/j.1540-8159.2007.00652.x
http://www.ncbi.nlm.nih.gov/pubmed/17338718
https://doi.org/10.1371/journal.pone.0176925


19. Furman S, Behrens M, Andrews C, Klementowicz P. Retained pacemaker leads. J Thorac Cardiovasc

Surg. 1987; 94: 770–772. PMID: 3669704

20. Zerbe F, Ponizynski A, Dyszkiewicz W, Ziemianski A, Dziegielewski T, Krug H. Functionless retained

pacing leads in the cardiovascular system. A complication of pacemaker treatment. Br Heart J. 1985;

54: 76–79. PMID: 3893487

21. Suga C, Hayes DL, Hyberger LK, Lloyd MA. Is there an adverse outcome from abandoned pacing

leads? J Interv Card Electrophysiol. 2000; 4: 493–499. PMID: 11046188

22. Bohm A, Pinter A, Duray G, Lehoczky D, Dudas G, Tomcsanyi I, et al. Complications due to abandoned

noninfected pacemaker leads. Pacing Clin Electrophysiol. 2001; 24: 1721–1724. PMID: 11817804

23. Amelot M, Foucault A, Scanu P, Gomes S, Champ-Rigot L, Pellissier A, et al. Comparison of outcomes

in patients with abandoned versus extracted implantable cardioverter defibrillator leads. Arch Cardio-

vasc Dis. 2011; 104: 572–577. https://doi.org/10.1016/j.acvd.2011.08.004 PMID: 22117909

24. Bode F, Himmel F, Reppel M, Mortensen K, Schunkert H, Wiegand UK. Should all dysfunctional high-

voltage leads be extracted? Results of a single-centre long-term registry. Europace. 2012; 14:

1764–1770. https://doi.org/10.1093/europace/eus202 PMID: 22753865

25. Borhani AA, Hosseinzadeh K, Almusa O, Furlan A, Nalesnik M. Imaging of posttransplantation lympho-

proliferative disorder after solid organ transplantation. Radiographics. 2009; 29: 981–1000; discussion

1000–1002. https://doi.org/10.1148/rg.294095020 PMID: 19605652

26. Chitsaz S, Bagheri J, Mandegar MH, Rayatzadeh H, Razavi J, Azadi L. Extensive sino-orbital zygomy-

cosis after heart transplantation: a case report. Transplant Proc. 2009; 41: 2927–2929. https://doi.org/

10.1016/j.transproceed.2009.07.001 PMID: 19765477

27. Drachman BM, DeNofrio D, Acker MA, Galetta S, Loh E. Cortical blindness secondary to cyclosporine

after orthotopic heart transplantation: a case report and review of the literature. J Heart Lung Trans-

plant. 1996; 15: 1158–1164. PMID: 8956125

28. Taillandier J, Alemanni M, Cerrina J, Le Roy Ladurie F, Dartevelle P. Aspergillus osteomyelitis after

heart-lung transplantation. J Heart Lung Transplant. 1997; 16: 436–438. PMID: 9154954

29. Levine GN, Gomes AS, Arai AE, Bluemke DA, Flamm SD, Kanal E, et al. Safety of magnetic resonance

imaging in patients with cardiovascular devices: an American Heart Association scientific statement

from the Committee on Diagnostic and Interventional Cardiac Catheterization, Council on Clinical Cardi-

ology, and the Council on Cardiovascular Radiology and Intervention: endorsed by the American Col-

lege of Cardiology Foundation, the North American Society for Cardiac Imaging, and the Society for

Cardiovascular Magnetic Resonance. Circulation. 2007; 116: 2878–2891. https://doi.org/10.1161/

CIRCULATIONAHA.107.187256 PMID: 18025533

30. Nazarian S, Hansford R, Roguin A, Goldsher D, Zviman MM, Lardo AC, et al. A prospective evaluation

of a protocol for magnetic resonance imaging of patients with implanted cardiac devices. Ann Intern

Med. 2011; 155: 415–424. https://doi.org/10.7326/0003-4819-155-7-201110040-00004 PMID:

21969340

31. Langman DA, Goldberg IB, Finn JP, Ennis DB. Pacemaker lead tip heating in abandoned and pace-

maker-attached leads at 1.5 Tesla MRI. J Magn Reson Imaging. 2011; 33: 426–431. https://doi.org/10.

1002/jmri.22463 PMID: 21274985

32. Mattei E, Gentili G, Censi F, Triventi M, Calcagnini G. Impact of capped and uncapped abandoned

leads on the heating of an MR-conditional pacemaker implant. Magn Reson Med. 2015; 73: 390–400.

https://doi.org/10.1002/mrm.25106 PMID: 24436030

Retained ICD/CRT-D lead materials after heart transplantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0176925 May 2, 2017 9 / 9

http://www.ncbi.nlm.nih.gov/pubmed/3669704
http://www.ncbi.nlm.nih.gov/pubmed/3893487
http://www.ncbi.nlm.nih.gov/pubmed/11046188
http://www.ncbi.nlm.nih.gov/pubmed/11817804
https://doi.org/10.1016/j.acvd.2011.08.004
http://www.ncbi.nlm.nih.gov/pubmed/22117909
https://doi.org/10.1093/europace/eus202
http://www.ncbi.nlm.nih.gov/pubmed/22753865
https://doi.org/10.1148/rg.294095020
http://www.ncbi.nlm.nih.gov/pubmed/19605652
https://doi.org/10.1016/j.transproceed.2009.07.001
https://doi.org/10.1016/j.transproceed.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19765477
http://www.ncbi.nlm.nih.gov/pubmed/8956125
http://www.ncbi.nlm.nih.gov/pubmed/9154954
https://doi.org/10.1161/CIRCULATIONAHA.107.187256
https://doi.org/10.1161/CIRCULATIONAHA.107.187256
http://www.ncbi.nlm.nih.gov/pubmed/18025533
https://doi.org/10.7326/0003-4819-155-7-201110040-00004
http://www.ncbi.nlm.nih.gov/pubmed/21969340
https://doi.org/10.1002/jmri.22463
https://doi.org/10.1002/jmri.22463
http://www.ncbi.nlm.nih.gov/pubmed/21274985
https://doi.org/10.1002/mrm.25106
http://www.ncbi.nlm.nih.gov/pubmed/24436030
https://doi.org/10.1371/journal.pone.0176925

