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1  | INTRODUC TION

Cardiac implantable electronic devices (CIEDs) are widely used for 
the treatment of electrophysiological disorders, being implanted 
in 1.2- 1.4 million patients per year.1- 3 Accordingly, the number of 
lead explants or extractions owing to infections caused by CIEDs, 
lead malfunctions, and recalls has increased up to 30 000 per 
year.3,4

Compared with surgical lead removal, lead removal using a trans-
venous approach is less invasive and associated with lower risk of 
complications.5 However, transvenous lead extraction (TLE), defined 
as transvenous removal of leads which have been in place for longer 
than a year or complicated leads requiring the assistance of specialized 
equipment, is often complicated by lead break followed by incomplete 
lead removal and/or further complications such as cardiac tamponade. 
While passive leads and older leads are reported to be at high risk of 
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Abstract
Background: The incidence, predictors, and clinical impact of lead break during trans-
venous lead extraction (TLE) were previously unknown.
Methods: We included consecutive patients who underwent TLE between September 
2013 and July 2019 at our institute. Lead break during removal was defined as lead 
stretching and becoming misshapen, as assessed by fluoroscopy.
Results: A total of 246 patients underwent TLE for 501 leads. At a patient level, com-
plete success was achieved in 226 patients (91.9%). At a lead level, 481 leads (96.0%) 
were completely removed and 101 leads (20.1%) were broken during the procedure. 
Of 392 identified pacemaker leads, 71 (18.3%) were broken during the TLE proce-
dure. A multivariable analysis confirmed high lead age (odds ratio [OR] 1.12, 95% 
confidence interval (CI) 1.07- 1.17; P < .001), passive leads (OR 2.29 95% CI 1.09- 4.80; 
P = .028), coradial leads (OR 3.45 95% CI 1.72- 6.92; P < .001), and insulators made 
of nonpolyurethane (OR 2.38 95% CI 1.03- 5.26; P = .04) as predictors of lead break. 
Broken leads needed longer procedure times and were associated with a higher rate 
of cardiac tamponade.
Conclusions: Lead age, coradial bipolar leads, passive leads, and leads without polyu-
rethane insulation were predictors of lead break and could increase the difficulty of 
lead extraction.
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lead break,6 the impact on break during TLE of detailed lead structure 
such as insulator, coil, and lead size remained unknown.

We therefore conducted a single- center observational registry 
study of lead removal including detailed information on lead struc-
ture and procedure outcomes.

2  | METHODS

2.1 | Patients population

We recruited consecutive patients who underwent either surgical or 
transvenous lead removal between September 2013 and July 2019 
at our institute. Of these patients, we included those who underwent 
TLE, and excluded those who underwent lead explant (removal of 
leads within 1 year of implantation by manual traction) and those 
who underwent lead removal for a subcutaneous implantable car-
dioverter defibrillator (S- ICD). TLE was defined as any TLE in which 
at least one lead required the assistance of equipment not typically 
required during implantation or at least one lead had been in place 
for longer than 1 year.3

2.2 | Extraction procedure and lead break

The procedures were performed under general or intravenous an-
esthesia according to the patient's condition. TLE was performed as 
previously described, using a variety of approaches and tools including 
simple manual traction, locking stylets, laser sheaths, femoral snares, 
mechanical sheaths, and rotational mechanical sheaths.3,7,8 Minimum 
traction with a regular pacemaker stylet was applied to all leads at the 
beginning of each case. If manual traction did not result in successful 
lead extraction, an SLS II Excimer Laser Sheath (Spectranetics) with a 
locking stylet was normally used. Our method of using a laser sheath 
required two operators. One operator pushed the laser sheath while 
the other operator pulled the locking stylet. All extraction procedures 
were performed by one of the two experienced operators: operator 
A and B had an experience of performing TLE for 3 and 4 years, re-
spectively. In some instances, different techniques and tools were used 
at the discretion of the operating physician, including an Evolution 
Mechanical Dilator Sheath (Cook Medical), adapted mechanical 
sheaths, and snares using a femoral approach. Lead break during re-
moval was defined as the lead stretching and becoming misshapen, as 
assessed by fluoroscopy (Figure 1).

2.3 | Clinical outcomes

Outcomes of TLE were defined in accordance with the 2017 HRS 
consensus statement and 2018 European Heart Rhythm Association 
(EHRA) expert consensus statement.3,7 Complete success was 
defined as the complete extraction of all the targeted leads from 
the body of the patient with the absence of any complication or 

procedure- related death. Partial success was defined as removal of 
all targeted leads with the retention of no more than a small por-
tion (<4 cm) of lead without any complication or procedure- related 
death. Failure was defined as the inability to achieve either complete 
or partial success. Complete lead removal was defined as the suc-
cessful removal of all targeted lead material. Partial lead removal was 
defined as retention of a small part (<4 cm) of the lead and incom-
plete lead removal as a result of retention of the lead part ≥4 cm.

2.4 | Statistical analysis

Categorical variables are presented as number and percentage and 
were compared using the chi- square test. Continuous variables are 
expressed as mean ± SD or median with interquartile range and were 
compared using the Student t test or the Wilcoxon rank- sum test 
depending on their distributions. Multivariable logistic regression 
analysis was used to identify risk factors for lead break. Odds ratios 
(OR) and their 95% confidence interval (95% CI) were reported. All 
analyses were performed with JMP software version 13.2.1 (SAS 
Institute Inc). All reported P values were two- tailed, and P < .05 were 
considered statistically significant.

3  | RESULTS

3.1 | Clinical outcomes

During the study period, a total of 265 patients with 532 leads 
 underwent lead removal. Of those, we excluded 1 patient (2 leads) 

F I G U R E  1   Lead break during transvenous lead extraction as 
assessed by fluoroscopy
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who underwent elective open heart surgery, 2 patients (2 leads) with 
S- ICD, and 16 patients (27 leads) with leads placed within 1 year and 
removed by manual traction (ie, lead explant). Ultimately, 246 pa-
tients who underwent TLE for 501 leads were included (Figure 1). 
The patient characteristics are summarized in Table 1. TLE was indi-
cated because of infection in 204 patients (83%) (pocket infection: 
156 patients [63%]; endocarditis: 48 patients [20%]), abandoned lead 
in 38 patients (15%), thrombosis/vascular issues in 8 patients (3%), 
recalled lead in 3 patients (1%), lead perforation in 2 patients (1%), to 
facilitate access for magnetic resonance imaging in 2 patients (1%), 
and tricuspid regurgitation caused by a malapposed lead in 1 patient 
(0.4%). The implanted device was a pacemaker in 166 patients (67%), 

an ICD in 49 patients (20%), cardiac resynchronized therapy and de-
fibrillator in 27 patients (11%), and cardiac resynchronized therapy 
and pacemaker in 4 patients (2%).

Regarding patient- level outcome, complete success was achieved 
in 226 patients (91.9%) while procedure failure occurred in a total 
of 11 patients (4.5%) (Figure 2). Cardiac tamponade occurred in 7 
patients (2.8%), of whom 2 patients with 7 leads required surgical 
repair. Retention of part of lead (≥4 cm) occurred in a total of 8 pa-
tients (3.3%).

Regarding lead- level outcome, 481 leads were completely re-
moved (96.0%) and 101 leads (20.1%) were broken during the pro-
cedure. Of the 101 broken leads, partial lead removal (retention of 

TA B L E  1   Baseline characteristics of patients who underwent transvenous lead extraction

All patients (n = 246)
Patients with at least one 
lead break (n = 76)

Patients without lead break 
(n = 170)

P 
value

Age, y 72 ± 16 73 ± 16 69 ± 16 .13

Male gender 181 (74) 60 (79) 121 (71) .20

Height, cm 160 ± 10 162 ± 11 159 ± 10 .047

Body weight, kg 57 ± 14 60 ± 13 56 ± 14 .07

Hypertension 148 (60) 45 (59) 103 (61) .84

Diabetes 62 (25) 17 (22) 45 (26) .49

Coronary artery disease 45 (18) 9 (12) 36 (21) .08

Valvular disease 36 (15) 11 (14) 25 (15) 1.0

Hemodialysis 15 (6) 3 (4) 12 (7) .40

Atrioventricular block 81 (33) 21 (28) 60 (35) .24

Sick sinus syndrome 74 (29) 22 (29) 52 (31) .07

Left ventricular ejection fraction, % 55 ± 13 54 ± 14 56 ± 13 .33

Pacemaker 166 (67) 46 (61) 120 (71) .12

CRT- P 4 (2) 1 (1) 3 (2) 1.0

ICD 49 (20) 19 (25) 30 (18) .18

CRT- D 27 (11) 10 (13) 17 (10) .46

Number of extracted leads

1 67 (27) 15 (20) 52 (31) .08

2 123 (50) 37 (49) 86 (51) .78

3 39 (16) 16 (21) 23 (14) .14

4 13 (5) 7 (9) 6 (4) .07

5 4 (2) 1 (1) 3 (2) 1.0

Infection 204 (83) 70 (92) 134 (79) .01

Pocket infection 156 (63) 54 (71) 102 (60) .1

Sepsis/endocarditis/bacteremia 48 (20) 16 (21) 32 (19) .68

Noninfection 42 (17) 6 (8) 36 (21) .01

Abandoned lead 38 (15) 6 (8) 32 (19) .03

Thrombosis/Vascular issues 8 (3) 1 (1) 7 (4) .44

Recalled lead 3 (1) 0 (0) 3 (2) .55

Lead perforation 2 (1) 0 (0) 2 (1) 1.0

Tricuspid regurgitation 1 (0.4) 0 (0) 1 (0.6) 1.0

Facilitate access to MRI 2 (1) 0 (0) 2 (1) 1.0

Abbreviations: CRT- P, cardiac resynchronization therapy pacemaker; ICD, implantable cardioverter defibrillator; CRT- D, cardiac resynchronization 
therapy defibrillator; MRI, magnetic resonance imaging.
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<4 cm lead) occurred in 10 leads and incomplete lead removal (reten-
tion of ≥4 cm lead) occurred in 8 leads. There were no differences in 
the complete success rate (90.4% vs 92.1%, P =.66) or complication 
rate (3.8% vs 2.6%, P =.34) between operators A and B.

3.2 | Nonbroken versus Broken leads

After excluding 75 ICD leads, 27 LV leads, 2 leads which needed to 
be removed surgically, and 5 unknown pacemaker leads, we divided 
392 pacemaker leads into 2 groups: 318 nonbroken (81.1%) and 74 
broken (18.9%) leads. The characteristics of these pacemaker leads 
are summarized in Table 2. The mean lead age was 9.4 ± 6.6 years. 
There were 212 passive leads (54.1%) and 180 active leads (46.0%), 
and 264 coaxial leads (68.2%) and 119 coradial leads (30.4%). A total 
of 186 leads (47.5%) had insulators made of only silicon and 84 leads 
(21.4%) were made of only polyurethane.

The multivariable analyses revealed that older lead age (OR 
1.12, 95% CI 1.08- 1.17, P <.001), passive leads (OR 2.36, 95% 
CI 1.13- 4.91, P =.02), coradial leads (OR 3.33, 95% CI 1.67- 6.65; 
P <.001), and insulators made of nonpolyurethane (OR 2.46, 95% 
CI 1.08- 5.62; P =.03) were independent predictors of lead break 
(Table 3). Extraction tools were more often used for broken leads 
(100% vs 72.6%, P <.001). Broken leads were associated with a lon-
ger procedure time (from insertion of locking stylet to extraction: 
25.1 ± 41.2 minutes vs 5.2 ± 11.6 minutes, P <.001) and a higher rate 
of cardiac tamponade (14.9% vs 1.6%, P <.001) (Table 4). Table S1 
includes the results of lead breaks for each lead product. ThinLine/
Fineline (passive; Boston Scientific) had the highest lead break rate 
of all lead products (52.9%).

3.3 | Risk factors of cardiac tamponade or fragment 
retention of broken leads

Of the 74 broken leads, cardiac tamponade or fragment retention 
occurred in 25 leads. The characteristics of the broken leads are 

summarized in Table 5. The mean age of leads was 15.2 ± 7.2 years. 
There were 62 passive leads (83.8%) and 38 coaxial leads (51.4%). A 
total of 33 leads (44.6%) had insulators without polyurethane. There 
were no significant differences in the lead characteristics between 
with and without cardiac tamponade and retained fragment. Among 
broken leads, univariate analysis showed that there were no signifi-
cant differences between the 2 groups (Table 6). Table S2 includes 
the results of broken leads with retained fragments or cardiac tam-
ponade for each lead product. The complication rates of CapSure Z 
(passive; Medtronic), ThinLine/Fineline (passive; Boston Scientific), 
ThinLine/Fineline II (passive; Boston Scientific), and ThinLine/
Fineline (active) were 100% (1/1), 33.3% (3/9), 83.3% (5/6), and 20% 
(1/5), respectively.

4  | DISCUSSION

This single- center observational study had the following salient find-
ings. First, the incidence of pacemaker leads break during TLE was 
18.9%. Second, older lead age, coradial leads, passive leads, and non-
polyurethane leads were independently associated with lead break. 
Third, 24.3% of lead break resulted in incomplete lead removal, and 
lead break had long procedure times and occasionally resulted in 
cardiac tamponade.

4.1 | Structure and materials of lead break

Pacing leads have major components: electrodes, conductors, insu-
lation, and fixation mechanism, which could cause break owing to 
strong stress. Lead break that occurred during TLE was defined as 
lead stretching and becoming misshapen, as assessed by fluoros-
copy. The introduction of powered sheaths including laser sheaths 
has facilitated the removal of leads with a high age.9- 11 de Bie 
et al reported that the incidence of lead break was 14.7% in 251 
patients who underwent manual traction or use of snares to remove 
leads with an age of 4.2 years.6 However, the rate of lead break 

F I G U R E  2   Study flowchart
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All leads 
(n = 392) Break (n = 74)

No break 
(n = 318)

P 
value

Lead age, years 9.4 ± 6.6 15.5 ± 0.7 7.8 ± 0.4 <.001

Number of leads extracted 2.4 ± 0.9 2.5 ± 1.0 2.4 ± 0.9 .38

Indication

Infection 360 (91.8) 71 (96.0) 289 (90.9) .24

Pocket infection 262 (66.8) 50 (67.6) 212 (66.7) .88

Sepsis/endocarditis/
bacteremia

98 (25.0) 21 (28.4) 77 (24.2) .46

Vegetation 54 (13.8) 13 (17.6) 41 (12.9) .29

Noninfection 32 (8.2) 3 (4.1) 29 (9.1) .24

Abandoned lead 29 (7.4) 3 (4.1) 26 (8.2) .32

Thrombosis/Vascular issues 9 (2.3) 1 (1.4) 8 (2.5) 1.0

Lead perforation 2 (0.5) 0 (0) 2 (0.63) 1.0

Tricuspid regurgitation 1 (0.26) 0 1 (0.31) 1.0

Facilitate access to MRI 1 (0.26) 0 1 (0.31) 1.0

Lead type

Passive lead 212 (54.1) 62 (83.8) 150 (47.2) <.001

Active lead 180 (46.0) 12 (16.2) 168 (52.8) <.001

Bipolar lead 388 (99.0) 71 (96.0) 317 (99.7) .02

Co- axial lead 264 (68.2) 35 (49.3) 229 (72.5) <.001

Co- radial lead 119 (30.4) 33 (44.6) 86 (27.0) .003

Lead body size, mm 1.99 ± 0.3 2.0 ± 0.3 1.99 ± 0.3 .76

Silicon insulator 186 (47.5) 30 (40.4) 156 (49.1) .19

Polyurethane insulator 84 (21.4) 9 (12.2) 75 (23.6) .03

Polyurethane and ETFE insulator 65 (16.6) 17 (23.0) 48 (15.1) .06

Silicon and optim insulator 29 (7.4) 10 (13.5) 19 (6.0) .07

Silicon and polyurethane 
insulator

20 (5.1) 6 (8.1) 14 (4.4) .14

Other insulator 8 (2.0) 2 (2.7) 6 (1.9) .65

Location

Right atrium 196 (50.0) 38 (51.4) 158 (49.7) .80

Right ventricle 196 (50.0) 36 (48.7) 160 (50.3) .80

Abbreviations: ETFE, ethylene tetrafluoroethylene; MRI, magnetic resonance imaging.

TA B L E  2   Baseline lead characteristics 
according to broken leads

Variables

Univariable Multivariable

OR (95% CI) P value OR (95% CI)
P 
value

Lead age, per 1- y 
increase

1.13 (1.09- 1.17) <.001 1.12 (1.08- 1.17) <.001

Vegetation 1.33 (0.79- 2.26) .29 1.56 (0.69- 3.54) .28

Passive lead 4.39 (2.44- 7.88) <.001 2.36 (1.13- 4.91) .02

Co- radial lead 1.85 (1.23- 2.77) .003 3.33 (1.67- 6.65) <.001

Nonpolyurethane lead 1.97 (1.02- 3.79) .03 2.46 (1.08- 5.62) .03

Lead body size, per 1 mm 
increase

1.16 (0.45- 2.98) .76 1.12 (0.37- 3.47) .84

Number of leads 
extracted

1.13 (0.86- 1.48) .38 1.02 (0.74- 1.40) .83

Abbreviations: CI, confidence interval; OR, odds ratio.

TA B L E  3   Univariate and multivariate 
analysis of predictors of lead breaks 
during transvenous lead extraction
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using a powered sheath was unknown. In our study, 77.8% of leads 
were removed using a powered sheath and the mean lead age was 
9.4 ± 6.6 years. Lead break occurred in 29.2% of passive leads, and 
passive leads were an independent predictor of lead break. Over 
time, fibrous tissue develops in the electrode- myocardial interfaces 
of the heart, especially in the tip of the electrode.12,13 In studies 
analyzing passive leads, old leads were more difficult to extract 
and passive leads were also easy to be broken.6,14- 16 These studies 
and our data suggest that passive leads develop stronger adhesion 
to the fibrous tissue and could be more easily broken than active 
leads. Lead break occurred in only 10.7% of polyurethane insulator 
leads. Insulators of pacing leads are generally made of polyurethane 
or silicon. Polyurethane leads have higher tear strength and lower 

friction coefficient than silicon leads.17 A relationship between lead 
insulator and TLE has rarely been reported, but one small previous 
study reported that polyurethane insulation was a predictor of pro-
cedure difficulty in lead removal.18 However, in the present study, 
polyurethane insulators had a low risk of break. In our opinion, the 
insulator is stressed during TLE and stronger polyurethane leads are 
less likely to be broken. Lead break occurred in 27.7% of coradial 
leads. There are two kind of bipolar lead design: coradial lead and 
coaxial lead. Coaxial leads have an outer anode coil and inner cath-
ode coil separated with inner insulation and the lead is covered in 
outer insulation, whereas coradial leads have individually insulated 
wires wound together around the center lumen and outer insula-
tion. Thus, there is no inner insulation or outer coil as found in the 

All leads 
(n = 392) Break (n = 74)

No break 
(n = 318)

P 
value

Simple traction with standard 
or locking stylet

87 (22.2) 0 (0) 87 (27.4) <.001

Laser 288 (73.4) 72 (97.3) 216 (68.0) <.001

Mechanical sheath 22 (5.6) 14 (18.3) 8 (2.5) <.001

Snare 28 (7.1) 17 (23.0) 11 (3.2) <.001

Rotational mechanical sheath 16 (4.1) 4 (5.4) 12 (3.8) .51

Procedure time per lead, 
minutes

9.4 ± 21.5 25.1 ± 41.2 5.2 ± 11.6 <.001

Cardiac tamponade 16 (4.1) 11 (14.9) 5 (1.6) <.001

Complete lead removal 374 (95.4) 56 (75.7) 318 (100) <.001

TA B L E  4   Device type, procedure time, 
and procedure outcomes of transvenous 
lead extraction

TA B L E  5   Baseline lead characteristics according to broken leads with cardiac tamponade or retained fragments

Broken lead 
(n = 74)

Cardiac tamponade or lead 
retention (n = 25)

Without cardiac tamponade or 
lead retention (n = 49)

P 
value

Lead age, y 15.2 ± 7.2 15.6 ± 7.6 15.0 ± 7.0 .72

Number of leads extracted 1.8 ± 0.9 1.8 ± 1.0 1.8 ± 0.8 .84

Indication

Infection 71 (96.0) 24 (96.0) 47 (96.0) 1.0

Pocket infection 50 (67.6) 16 (64.0) 34 (69.4) .64

Sepsis/endocarditis/bacteremia 21 (28.4) 8 (32.0) 13 (26.5) .62

Vegetation 13 (17.6) 5 (20.0) 8 (16.3) .7

Lead type

Passive lead 62 (83.8) 22 (88.0) 40 (81.6) .74

Active lead 12 (16.2) 3 (12.0) 9 (18.4) .74

Co- axial lead 38 (51.4) 9 (36.0) 29 (59.2) .06

Co- radial lead 33 (44.6) 14 (56.0) 19 (38.8) .16

Lead body size, mm 2.0 ± 03 2.0 ± 0.3 2.0 ± 0.3 .24

Silicon insulator 30 (40.5) 8 (32.0) 22 (44.9) .29

Polyurethane insulator 9 (12.2) 5 (20.0) 4 (8.2) .16

Polyurethane and ETFE insulator 21 (28.4) 9 (36.0) 12 (24.5) .3

Silicon and polyurethane insulator 11 (14.9) 3 (12.0) 8 (6.3) .74

Nonpolyurethane lead 33 (44.6) 8 (32.0) 25 (51.0) .12

Abbreviation: ETFE, ethylene tetrafluoroethylene.
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conventional coaxial bipolar pacing in coradial leads.19,20 Although 
the reason for the risk of break of coradial leads is unknown, having 
only one layer of insulation and coil may cause weakness susceptible 
to the stress caused by pulling.

4.2 | Complications of TLE

To our knowledge, the present study is the first to assess procedure 
outcomes in lead extraction where break occurs. Procedure time 
of the broken lead was significantly longer than that of the non-
broken lead. There are some possible reasons that procedure times 
are longer in cases of lead break. First, lead breaks require switch-
ing to a femoral approach, and therefore a longer procedure time. 
Second, when a lead breaks, the procedure must be gentle to avoid 
cutting off the lead. In the present study, the rate of cardiac tam-
ponade of the break lead was significantly higher than that of the 
nonbroken lead. The adhesion between the lead and the myocardium 
is generally strong when lead break occurs. Removing the tip of the 
lead, which has strong adhesion to the myocardium, could result in 
the surrounding tissue to tear off. This is the hypothesis that the risk 
of cardiac tamponade is high when lead break occurs. The result of 
this study suggests that lead type should be considered during im-
plantation of a new pacemaker. We should be careful of the risks of 
lead break and consider a femoral approach and gentle extraction if 
leads being extracted are old or passive, coradial, or without polyure-
thane. Furthermore, there were no significant risks of complications 
related to TLE in this study. However, surgical removal might be con-
sidered instead of TLE if coradial or nonpolyurethane leads are being 
extracted to prevent complications, such as retained fragments and 
cardiac tamponade.

4.3 | Limitations

The present study had some limitations, being a retrospective 
analysis in a single center. First, a larger study population and mul-
tiple centers are necessary to further validate the current findings. 
Second, the method of TLE was determined at the discretion of the 

operating physician. Third, the usage rate of the rotational mechani-
cal sheath was low at 4.1% because it was not approved for regular 
use in Japan until September 2018. Fourth, lead break was defined 
by fluoroscopy, and it is possible that a few cases of partial lead 
break were not detected by this method. The clinical result is appli-
cable to fluoroscopy- apparent lead break. Last, unknown leads and 
leads which required conversion to sternotomy were excluded from 
this study. This is unlikely to have an impact on the results, as the 
number of excluded lead was small.

5  | CONCLUSIONS

In TLE, break occurred in 18.3% pacemaker leads. Lead age, coradial 
bipolar leads, passive leads, and leads without polyurethane insu-
lation were predictive of pacemaker lead break and could increase 
difficulty of lead extraction.

When leads being extracted are old or passive, coradial, or with-
out polyurethane, we should be careful of the risks of lead break and 
consider a femoral approach and gentle extraction.
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