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ABSTRACT

A 46-year-old man presented to our institution with inappropriate implantable cardioverter-defibrillator (ICD) shock deliv-
ery. The ICD (single chamber, dual shock coils) was implanted for sustained monomorphic ventricular tachycardia with un-
stable hemodynamics and underlying systolic left ventricular dysfunction. ICD interrogation revealed recurrent episodes of 
ICD shock due to noise sensing and increased impedance of right ventricular-lead. With the impression of lead fracture, ICD 
lead extraction was performed. The fractured ICD lead was completely removed by traction of locking stylet and counter-
traction of polypropylene dilator sheath. A new lead was inserted and the patient was discharged without complications af-
ter 2 days. To our knowledge, this is the first report on ICD lead extraction by conventional traction and counter-traction tech-
nique in Korea. (Korean Circ J 2011;41:164-166)
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Introduction 

Implantable cardioverter defibrillator (ICD) implantation 
is performed at many centers in Korea,1)2) however, ICD lead 
extraction has not yet been reported. We report our experi-
ence of ICD lead extraction using locking stylet and poly-
propylene dilator sheath in a patient with recurrent inappro-
priate shocks due to lead fracture. 

Case 

A 46-year-old man presented to our institution for evalu-
ation of repeated, inappropriate, ICD shocks. He underwent 
aortic valve replacement 23 years ago. ICD (single chamber, 
dual coils, Vitruso DR® D164AWG, Medtronic Inc., Minne-

apolis, MN, USA) was implanted for sustained monomor-
phic ventricular tachycardia associated with unstable hemo-
dynamics and underlying systolic left ventricular dysfunction. 
The ejection fraction of 30% was recorded two years ago at 
another hospital. During ICD implantation, ventricular fibrill-
ation was induced by T-shock and successfully terminated by 
biphasic shock at 10 J. ICD interrogation revealed 33 episodes 
of shock delivery due to noise sensing. The impedance of ICD 
lead increased abruptly over 2,500 ohms (Fig. 1). However, a 
definite break point of ICD lead was not detected on chest X-
ray. ICD therapy was switched off based on a clinical diagno-
sis of ICD lead fracture, and the patient was transferred to our 
hospital. The ICD lead (Sprint Quattro® 6944, Medtronic Inc.) 
was tined, and the diameter of lead tip and shaft (comprising 
shock coil) was 2.7 mm. ICD lead extraction was performed 
with support from the cardiac surgery team. Following rou-
tine preparation for generator removal, skin was opened and 
ICD generator was disconnected from the leads. The dis-
connected lead was tested again to exclude connection pro-
blem between ICD lead and the generator, which showed high 
impedance over 2,500 ohms. Lead extraction was performed 
after confirming ICD lead fracture. A locking stylet (Libera-
tor® Locking Stylet 016-032, Cook Vascular Inc., Vandergrift, 
PN, USA) was inserted into the central core of the ICD lead 
to prevent lead disruption. The stylet was advanced and lock-
ed at the tip of the ICD lead. A 12 Fr (4 mm) polypropylene di-
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lator sheath (Byrd® Dilator Sheath Sets, Cook Vascular Inc.) 
was inserted over the ICD lead for counter-traction. Mild tr-
action force was applied to the locking stylet to straighten 

the alignment of the ICD lead and the dilating sheath. The 
dilator sheath was advanced with bidirectional (clockwise and 
counter-clockwise) rotation to dissect adhesive fibrous bands 
formed around the ICD lead. When the dilator sheath was 
placed 1-2 cm below the tip of right ventricular (RV)-lead, the 
locking stylet was pulled gently with gradually increasing 
traction forces. Counter-traction force was applied by the di-
lator sheath to prevent myocardial inversion. The ICD lead 
and dilator sheath were successfully removed without evid-
ence of lead fragments remaining in the right ventricle (Fig. 2). 
Hemodynamic monitoring and fluoroscopic examination of 
the cardiac silhouette were repeated during the procedure. 
There was no evidence of major complications, such as hemo-
pericardium, hemothorax, and myocardial inversion. After 
confirming successful ICD lead extraction, a new ICD lead 
was inserted into right ventricle followed by skin closure. 

Discussion

Pacemaker or ICD RV-lead extraction is a high risk proce-
dure with a morbidity of 1.4-2.5%.3)4) Fibrous tissues encap-
sulate implanted leads and cause adhesion to major veins, the 
right atrial or the ventricular wall.5) Major complications such 

Fig. 1. Intracardiac ventricular electrogram shows fast and irregularly irregular ventricular activities (VS) unmatched by normal ventricular ac-
tivities (regular QRS complexes on surface electrocardiography). A: noise sensing caused by lead fracture was interpreted as ventricular fibril-
lation by ICD. B: impedance of ICD lead increased abruptly from baseline 650 ohms to >2,500 ohms within 3 weeks, suggestive of lead frac-
ture. ICD: implantable cardioverter-defibrillator, V-EGM: ventricular electrogram, Marker: marker channel.
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Fig. 2. The fractured ICD lead (tined type, diameter: 2.7 mm) was 
completely removed by traction and counter-traction technique us-
ing locking stylet and a 12 Fr (diameter: 4 mm) polypropylene dila-
tor sheath. ICD: implantable cardioverter-defibrillator. 
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as hemopericardium, hemothorax and death occur during 
fibrous tissues dissection around the implanted leads.6) Incom-
plete lead removal or procedure failure is another clinical pro-
blem that occurs in 7-13.2% of cases.3)4) If an infected lead is 
retained, the risk of treatment failure with antibiotics will be 
very high.7) Even non-infected lead fragment may cause em-
bolic complications.8)9) Therefore, various extraction techni-
ques have been tried to improve the success rate of complete 
lead removal. They include direct traction with rotational for-
ces,10) traction with locking stylet,11) counter-traction with di-
lating sheath,3)4) femoral workstation,12) laser sheath,13) and elec-
trosurgical sheath.14) Traction and counter-traction using lock-
ing stylet and dilating sheath is a conventional technique for pa-
cemaker and ICD lead extraction. It has been proven to be 
effective and safe in clinical trials.3)4) Although newly devel-
oped techniques such as electrosurgical or laser sheath are 
in clinical use, they have not been introduced in Korea, and 
the conventional technique using locking stylet and dilator 
sheath is still useful if performed by experienced opera-
tors.14) The authors tried 25 pacemaker and one ICD lead ex-
tractions associated with lead malfunction or infection since 
2004. Of the 26 cases, 24 cases were successfully managed 
with the conventional traction and counter-traction techni-
que using locking stylet and dilator sheath. In the two failed 
attempts, the operators could not advance the dilator sheath 
to the ICD lead tip due to severe fibrous adhesion at the sub-
clavian vein and in the superior vena cava. Of the 24 success-
ful cases, open heart surgery was performed in one case due 
to cardiac tamponade following complete pacemaker ven-
tricular lead extraction. ICD lead extraction is known to have 
higher complication rate than pacemaker lead extraction.6) 
However, it can be removed successfully with the same tech-
niques. To our knowledge, this is the first ICD lead extraction 
case reported in Korea. 

REFERENCES
1)	Kim DH, Kim SY, Lee KH, et al. Follow-up of a group of patients 

with automatic implantable defibrillator. Korean Circ J 2005;35:69-83. 
2)	Kim YH, Kim JS. Clinical characteristics in patients with implantable 

cardioverter-defibrillator (ICD). Korean Circ J 2004;34:395-404. 
3)	Smith HJ, Fearnot NE, Byrd CL, Wilkoff BL, Love CJ, Sellers TD. 

Five-years experience with intravascular lead extraction. U.S. Lead 
Extraction Database. Pacing Clin Electrophysiol 1994;17:2016-20. 

4)	Byrd CL, Wilkoff BL, Love CJ, et al. Intravascular extraction of pro-
blematic or infected permanent pacemaker leads: 1994-1996. U.S. Ex-
traction Database, MED Institute. Pacing Clin Electrophysiol 1999; 
22:1348-57.  

5)	Becker AE, Becker MJ, Claudon DG, Edwards JE. Surface thrombosis 
and fibrous encapsulation of intravenous pacemaker catheter electro-
de. Circulation 1972;46:409-12.

6)	Hauser RG, Katsiyiannis WT, Gornick CC, Almquist AK, Kallinen 
LM. Deaths and cardiovascular injuries due to device-assisted implan-
table cardioverter-defibrillator and pacemaker lead extraction. Euro-
pace 2010;12:395-401.

7)	Molina JE. Undertreatment and overtreatment of patients with infect-
ed antiarrhythmic implantable devices. Ann Thorac Surg 1997;63: 
504-9. 

8)	Eckart RE, Hruczkowski TW, Landzberg MJ, Ames A, Epstein LM. 
Pulmonary arterial embolization of pacemaker lead electrode tip. 
Pacing Clin Electrophysiol 2006;29:784-7.

9)	Böhm A, Bányai F, Komáromy K, Pintér A, Préda I. Cerebral embo-
lism due to a retained pacemaker lead: a case report. Pacing Clin Elec-
trophysiol 1998;21:629-30. 

10)	Rosenheck S, Weiss A, Leibowitz D, Sharon Z. Noninstrumental pa-
cemaker and defibrillator lead removal: the importance of the rotation 
forces. Pacing Clin Electrophysiol 2002;25:1029-36. 

11)	Alt E, Neuzner J, Binner L, et al. Three-year experience with a stylet 
for lead extraction: a multicenter study. Pacing Clin Electrophysiol 
1996;19:18-25. 

12)	Klug D, Jarwé M, Messaoudéne SA, et al. Pacemaker lead extraction 
with the needle’s eye snare for countertraction via a femoral approach. 
Pacing Clin Electrophysiol 2002;25:1023-8. 

13)	Byrd CL, Wilkoff BL, Love CJ, Sellers TD, Reiser C. Clinical study 
of the laser sheath for lead extraction: the total experience in the Unit-
ed States. Pacing Clin Electrophysiol 2002;25:804-8.

14)	Neuzil P, Taborsky M, Rezek Z, et al. Pacemaker and ICD lead ex-
traction with electrosurgical dissection sheaths and standard trans-
venous extraction systems: results of a randomized trial. Europace 
2007;9:98-104. 


