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ABSTRACT

Objectives To estimate the impact of the organisational
model of transvenous lead extraction (TLE) on
effectiveness and safety of procedures.

Design Post hoc analysis of patient data entered
prospectively into a computer database.

Setting Data of all patients undergoing TLE in three
centres in Poland between 2006 and 2021 were
analysed.

Participants 3462 patients including: 985 patients
undergoing TLE in a hybrid room (HR), with cardiac
surgeon (CS) as co-operator, under general anaesthesia
(GA), with arterial line (AL) and with transoesophageal
echocardiography (TEE) monitoring (group 1), 68
patients—TLE in HR with CS, under GA, without TEE
(group 2), 406 patients-TLE in operating theatre (OT)
using ‘arm-C’ X-ray machine with CS under GA and

with TEE (group 3), 154 patients-TLE in OT with CS
under GA, without TEE (group 4), 113 patients-TLE in

OT with anaesthesia team, using the ‘arm-C’ X-ray
machine, without CS (group 5), 122 patients-TLE in
electrophysiology lab (EPL), with CS under intravenous
analgesia without TEE and AL (group 6), 1614 patients-TLE
in EPL, without CS, under intravenous analgesia without
TEE and AL (group 7).

Key outcome measure Effectiveness and safety of TLE
depending on organisational model.

Results The rate of major complications (MC) was
higher in OT/HR than in EPL (2.66% vs 1.38%), but

all MCs were treated successfully and there was no
MC-related death. The use of TEE during TLE increased
probability of complete procedural succemss achieving
about 1.5 times (OR=1.482; p<0.034) and were
connected with reduction of minor complications
occurrence (0R=0.751; p=0.046).

Gonclusions The most important condition to avoid death
due to MC is close co-operation with cardiac surgery
team, which permits for urgent rescue cardiac surgery.
Continuous TEE monitoring plays predominant role in
immediate decision on rescue sternotomy and improves
the effectiveness of procedure.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study used data from the world’s largest da-
tabase of patients undergoing transvenous lead
extraction to assess the effectiveness and safety of
the procedures.

= The methodology is noteworthy due to the analysis
of as many as seven organisational models of the
procedure.

= The generalisation of this study is limited due to the
presentation of single, very experienced first opera-
tor and very high volume centres.

INTRODUCTION

Background

Transvenous lead extraction (TLE) is
currently considered as a pivotal element of
strategy of lead-related problems.'” TLE is
a complex procedure that sometimes leads
to fatal complications that require urgent
surgical repair.”"" All TLE guidelines recom-
mend cardiac surgeon and anaesthesia team
back-up readiness and various forms of moni-
toring (arterial line (AL) and echocardiog-
raphy) to promptly diagnose and accurately
assess internal bleeding.'” Organisational
difficulties and economic aspects still force
many TLE centres to step up security require-
ments. Simpler extraction procedures (for
low-risk patients) are performed in the elec-
trophysiology lab (EP-LAB) with on-call
cardiac surgery and anaesthesia support. TLE
in high-risk patients is attempted in a hybrid
room (HR) or in an operating theatre (OT)
with the use of a mobile X-ray machine with
the C-arm.'*"® The main problem is the error-
free assessment of the difficulty of the proce-
dure, the complexity and the risk of serious
complications. The effects of these strategies

BM)

Tutecki , et al. BMJ Open 2022;12:2062952. doi:10.1136/bmjopen-2022-062952 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-6632-6551
http://dx.doi.org/10.1136/bmjopen-2022-062952
http://dx.doi.org/10.1136/bmjopen-2022-062952
http://dx.doi.org/10.1136/bmjopen-2022-062952
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-062952&domain=pdf&date_stamp=2022-11-29

in clinical practice have so far been rarely discussed and,
to the best of our knowledge, to date no comparison of
the efficacy of TLE has been carried out according to the
procedural organisational model.

Objective

The aim of this study was to identify the most important
factors in the organisation of TLE affecting the safety of
the procedure.

METHODS

Study design

This post hoc analysis used clinical data of 3462 patients
who underwent TLE by one operator in three high
volume centres in Poland (Medical University of Lublin,
The Pope John Paul II Province Hospital of Zamos¢,
Masovian Specialistic Hospital of Radom) between March
2006 and February 2021. All information concerning
patients and procedures were up to date inserted to
computer database.

Patient and public involvement
No patient involved—post hoc data analysis after giving
informed consent of the patient to data processing.

STUDY SETTING

Organisational models of TLE procedures carried out in
2006-2021

The comparative analysis of seven organisational models
of TLE procedure (1-7) was performed. The difference
between the individual types of organisation concerned:
venue of procedure: EPL, cardiac surgery OT and HR,
type of participation of the cardiac surgeon (on duty in
the hospital or a direct co-operator), type of anaesthesia
(intravenous sedation or general anaesthesia (GA) with
mandatory AL) and monitoring of the procedure using

transoesophageal echocardiography (TEE). These seven
models represent the evolution of the organisation of the
TLE procedure over the past 15 years.

Group 1 (985 patients/procedures) presents the
modern times of TLE since June 2015, when the most
difficult TLE procedures were performed in a HR, with
cardiac surgeon as co-operator, under GA, with manda-
tory AL and with TEE monitoring. Cardiac surgeon was
scrubbed and extracorporeal circulation pump with
perfusion team was in stand-by—ready for action as soon
as the chest is opened.

Group 2 (68 patients/procedures) presents the similar
group of procedures performed in the HR, with scrubbed
cardiac surgeon as co-operator, under GA, with obligatory
AL but without TEE monitoring due to medical contrain-
dications for oesophageal tube or failure of oesophageal
tube or urgent echocardiographer call for another oper-
ating room. Extracorporeal circulation pump with perfu-
sion team was in stand-by—ready for action as soon as the
chest is opened.

Group 3 (406 patients/procedures) represents slight
earlier era when HR was unavailable and TLE was
performed in cardiac surgery OT using ‘arm-C’ X-ray
machine (lower quality of fluoroscopy) but with scrubbed
cardiac surgeon as a co-operator, under GA, with manda-
tory AL and with TEE monitoring. Pump for extracorpo-
real circulation with perfusion team was also in stand-by.
If possible, less difficult procedures were selected for this
group (elements of staging safety precautions).

Group 4 (154 patients/procedures) represents middle
era of TLE (from January 2013). During this period,
limited access to the cardiosurgical operating room was
obtained, and the most difficult procedures were selected
by grading precautionary measures in OT. Cardiac
surgeon was present as scrubbed co-operator, procedures
were performed under GA and with AL but without TEE
monitoring (anaesthesia preferred pharyngeal tube for

Table 1 Diagram of the seven organisational models of transvenous lead extraction
Surgeon on
Surgeon as co- Surgeon as  Surgeon as Surgeon on Surgeon as  stand by only

Surgeon as operator in HR co-operator co-operator, stand-by only but co-operator and TLE in
co-operator in without TEE with in OT with with GAand TLE in OT but in EPL EPL without
HR with TEE, but with GAand TEE,GAand AL inOT with GA and AL  without TEE, TEE, GA and
GA and AL AL AL without TEE = without TEE GAand AL AL

Organisational model 1 2 3 4 5 6 7

of TEE

Venue: EPL/ OT/HR HR HR oT oT oT EPL EPL

Surgeon as co- Yes Yes Yes Yes No Yes No

operator

Anaesthesia, AL Yes Yes Yes Yes Yes No No

TEE monitoring Yes No Yes No No No No

Organisational safety Very high High Very high High Moderate Moderate Low

level

No of patients 985 68 406 154 113 122 1614

AL, aterial line; EPL, electrophysiological lab; GA, general anaesthesia; HR, hybrid room; OT, operating theatre; TEE, transoesophageal

echocardiography; TLE, transvenous lead extraction.
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Table 2 Clinical data of study group

Study group-3462 patients

undergoing TLE Count/average  %/SD
Patient’s age during TLE (years) 65.85 15.69
Patient’s age during first system 57.59 17,15
implantation (years)

Sex (% of female patients) 1346 38.88
Aetiology of implantation: IHD, M 1921 55.49
Aetiology of implantation: 519 14.99
cardiomyopathy, valvular heart

disease

Aetiology of implantation: congenital, 1020 24.46
channelopathies, neurocardiogenic,

postcardiac surgery

LVEF average(%) 49,16 15.15
Renal failure (any) 717 20.71
Previous sternotomy 526 15.19
Carlson’s index (points) 4.64 3.64
Systemic infection (with pocket 774 22.36
infection or not)

Local (pocket) infection 346 9.99
Lead failure (replacement) 1710 49.39
Change of pacing mode/upgrading, 200 5.78
downgrading

Other* indications 430 12.42
Type of implanted system: pacemaker 2446 70.65
(@ny)

System: ICD (VVI, DDD) 768 22.18
System: CRT 246 7.11
Mean dwell time of oldest one lead in  99.90 74.48
the patient before TLE (months)

Cumulative dwell time of leads before 15.03 12.76
TLE (years)

Major complications all 70 2.02
Major complications (with rescue 41 1.18
cardiac surgery)

Major complications (without rescue 29 0.847
cardiac surgery)

Procedure-related death 6 0.17

Other (abandoned lead/prevention of abandonment (AF, overmuch of
leads), threatening/potentially threatening lead (loops, free ending, left
heart, LDTVD) Other (MRI indication, cancer, pain of pocket, loss of
indication for pacing/ICD) recapture venous access.

AF, atrial fibrillation; CRT-D, cardiac resynchronisation therapy
defibrillator; ICD, implantable cardioverter defibrillator; IHD, ischaemic
heart disease; LDTVD, lead dependent tricuspid valve dysfunction;
LVEF, lef ventricular ejection fraction; MI, myocardial infarction; TLE,
transvenous lead extraction.

ventilation). Unfortunately perfusion team was on call
(20 min until arrival).

Group 5 (l13patients/procedures) presents situa-
tions of performing procedures in the operating room
with anaesthesia team (and AL), using the ‘arm-C’ X-ray
machine (with lower quality of fluoroscopy), but without
the close cooperation of the cardiac surgeon (presence

of a cardiac on duty, but without direct participation in
TLE).

Group 6 (122patients/procedures) represents oldest
TLE era, when all procedures were performed only in the
EPL, with scrubbed cardiac surgeon as co-operator but
under intravenous analgesia and sedation without TEE
and AL. Cardiac surgery OT and other staff (anaesthesia,
OT attendant) were on duty and fit for urgent operation
(translocation of patient was necessary).

Group 7 (1614 patients/procedures) represents the
oldest period of TLE (from March 2006 to December
2012) when all TLE procedures were performed in EPL,
without cardiac surgeon as co-operator, only on duty in
hospital. Procedures were performed under intravenous
analgesia and sedation without TEE and AL. Cardiac
surgery OT and staff (anaesthesia, OT attendant) were
on duty and fit for urgent operation (translocation from
EPL to OT of patient was necessary) (table 1).

Variables/definitions

Lead extraction procedure was defined according to
guidelines on cardiovascular implantable electronic
device lead managementand extraction (HRS 200912017
and EHRA 2018).>” All lead extraction procedures in
this study were performed using mechanical systems such
as polypropylene Byrd dilator sheaths (Cook Medical,
Leechburg, Pennsylvania, USA), mainly via extracted lead
venous entry approach. If technical difficulties arose, a
different vascular access and/or additional tools such as
Evolution (Cook Medical, USA), TightRail (Spectranetix,
USA), lassos, basket catheters were used. Laser cutting
sheaths were not used. Indications for TLE and type of
periprocedural complications were defined according to
the 2017 HRS Expert Consensus Statement on Cardiovas-
cular Implantable Electronic Device Lead Management
and Extraction.*

All lead extractions were performed by the same, an
experienced TLE operator. Second operator having expe-
rience with pacing therapy; cardiac surgeon, anaesthesi-
ologist and echocardiographer were present frequently
but not always. The role of cardiac surgeon participation,
availability of OT or HR, kind of anaesthesia, echocardi-
ography monitoring availability evolved during the time.

Indications for TLE, procedure effectiveness and
complications were assessed according to the 2009 and
2017 HRS consensus and 2017 EHRA guidelines.*” The
efficacy of TLE was determined based on the percentage
of procedural success and clinical success including
complete and partial radiographic success. Radiographic
and procedural success was defined as the removal of all
targeted leads and lead material from the vascular space
with the absence of any permanently disabling compli-
cation or procedure-related death. Clinical success was
defined as the removal of all targeted leads or retention of
asmall portion (<4cm) of the lead that did not negatively
impact the outcome goals of the procedure (ie, residual
lead did not increase the risk of perforation, embolic
events, perpetuation of infection or cause any undesired
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Table 5 Continued

Multivariable regression

Multivariable regression

(including components of TLE models)

OR

(without components of TLE models)

OR

Univariable regression

P value

95% ClI

P value

95% ClI

P value

0.517 t0 2.538 0.738
0.749 to 1.237 0.623
0.624 to 1.289 0.557

95% ClI

1.145
1.102
0.897

Surgeon on stand-by (yes/no)

Hybrid operating room (yes/no)

Cardio surgery operating room

(yes/no)

0.585 to 0.981 0.035

0.758

Electrophysiology laboratory

(yes/no)

0.567 to 0.995 0.046

0.751

0.782 to 1.590 0.548

1.115

TLE monitored by TEE

(yes/no)

0.758 to 1.574 0.635
0.675 to 1.237 0.560

1.092
0.914

General anaesthesia (yes/no)

Arterial line presence (yes/no)

Results of univariable and multivariable regression analysis.

TEE, transoesophageal echocardiography; TLE, transvenous lead extraction.

outcome), absence of any permanently disabling compli-
cation or procedure-related death. The complications
of TLE were also defined as major complications (MC)
being those that were life-threatening, resulted in signifi-
cant or permanent disability or death, or required surgical
intervention and minor complications being those that
required medical or minor procedural interventions.””

Estimating of the exact risk of MC was performed using
SAFeTY TLE score.'” The SAFeTY TLE score assesses
the risk for the occurrence of MC related to TLE. The
SAFeTY TLE score calculator, is an online tool available
at http://alamay2.linuxpl.info/kalkulator/.

Statistical analysis

The distribution of numerous data was evaluated with
Shapiro-Wilk test. Most of continuous variables were
normally distributed. For uniformity, all continuous
variables are presented as the mean+SD. The categor-
ical variables are presented as number and percentage.
The significance of differences between groups was
determined using the nonparametric tests: x° test with
Yates correction Pearson’s x” test or the unpaired Mann-
Whitney U test, as appropriate. Univariable and multivari-
able logistic regression was used to assess the predictors
of minor and MC, clinical success and complete proce-
dural success occurrence. For each dependent variable
(minor and MC, clinical success and complete proce-
dural success), two models of multivariate analysis were
constructed; the first one covering clinical data, the
second one supplemented with particular components
of models of TLE (surgeon as co-operator, surgeon on
stand-by, hybrid operating room, cardiosurgery operating
room, electrophysiology laboratory, TEE monitoring, GA
and AL presence). To the multivariable regression anal-
ysis, the variables which in the univariate analysis reached
the value of p<0.1 were included. Statistical analysis was
performed with Statistica V.13.3 (TIBCO Software).

RESULTS

In the period from 2006 to 2021, TLE was carried out
in 3654 patients with an mean age of 65 years (38,88%
females). 70.65% of patients had pacemakers (PM),
22.18% implantable cardioverter defibrillator, 7.11%—
cardiac resynchronisation therapy (CRT). The most often
indications for TLE included: failure of the lead (49.39%)
and systemic infections (22.36%). Dwell time of the
oldest lead in the patient was 74.48 months, cumulative
dwell time of leads before TLE was 12.,76 years. The rate
of MC of TLE in the study population was 2.02%, peripro-
cedural deaths occurred in 0.17% of cases (table 2).

Comparison of patients groups

Implant duration was longer in all groups, in which TLE
was performed in the OT or in the HR (1-5) than in
groups when TLE was performed in the EPL (6 and 7).
Similarly, the rate of MC was higher (46/1726=2.66%)
in OT/HR than in EPL (24/1736=1.38%), but all MCs
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Table 6 Continued

Multivariable regression

Multivariable regression

(including components of TLE models)

OR

(without components of TLE models)

OR

Univariable regression

OR

P value

95% ClI

P value

95% ClI

P value

95% ClI

0.108 t0 9.633 0.988

1.018

Cardio surgery operating room

(yes/no)

0.472 t0 2.334 0.906

1.049

Electrophysiology laboratory

(yes/no)

1.030t0 2.132 0.034

1.482

1.001 to 1.929 0.049

1.389

TLE monitored by TEE

(yes/no)

0.601 to 1.511 0.837

0.953
1.072

General anaesthesia (yes/no)

0.660 to 1.739 0.780

Arterial line presence (yes/no)

Results of univariable and multivariable regression analysis.
TEE, transoesophageal echocardiography; TLE, transvenous lead extraction.

were treated successfully and nobody died: haemoperi-
cardium with acute cardiac tamponade appeared two
times more frequently in groups 1-5 (27/1726=1.56%)
than in groups 6-7 (15/1736=0.86%) but there were no
deaths related to the procedure in groups 1-5. Similarly,
the necessity of rescue cardiac surgery was noted nearly 3
times more frequently in groups 1-5 (29/1726=1.68 %)
than in groups 6-7 (12/1736=0.69%). It confirms, that
patients from groups 1-5 had higher risk of MC.

All 6 procedure-related deaths happened (in groups 6
and 7) when TLE was performed in EPL 6,/1736 (0.35%)
vs 0/1726 (0.00%) when TLE was performed in OT or
HR (Pearson’s X2 p<0.001).

Analysis of the role of quality of fluoroscopy showed
no significant differences in the effectiveness of TLE
between groups: partial radiological success (lead
remnants) in groups 1-2: 40/1053-3.80% vs groups 3-7:
94/2409=3.92%, similarly, procedural success in groups
1-2 and 3-7 1003/1053=95.25% vs 2288/2409=94.98%
was comparable.

It should be pointed, that his 7 groups of patients
represents different periods and organisational possibil-
ities of TLE (availability of OT or HR) and only partial
staging of TLE safety precautions were possible. Operator
always tried to make TLE in risky patients in operating
or HR, ‘arm-to-arm’ with experienced in TLE cardiac
surgeon and under GA. But it was not always possible in
the past (table 3).

Seven organisational models functioning in the period
2006-2021 made it possible to classify the level of safety
as very high (columns 1 and 3), high (columns 2 and 4),
moderate (column 5) and low (column 6). In the years
2006-2015, attempts were made to ensure appropriate
precautions and either the participation of a cardiac
surgeon in the procedures at the EPL or the procedures in
the OT was organised. Table 4 presents the direct compar-
ison especially selected new subgroups of patients: TLE in
OT or HR vs EPL, TLE performed with cardiac surgeon
as co-operator versus TLE without cardiac surgeon as
co-operator and TLE performed with TEE monitoring
versus TEE without TEE monitoring. General anaesthesia
with AL for blood pressure monitoring take place when
TLE was in OT or in HR but never in EPL and they are
inseparable complex. Cardiac surgeon presence and TEE
monitoring were strongly awaited but not always possible.
The only one difference between TLE in HR and OT was
the kind of X-ray machine and quality of fluoroscopy.

Comparison depending on the venue of the procedure

The oldest extracted lead dwell time, cumulative dwell
time of extracted lead and number of points in Safety TLE
score were much higher in OT/HR group. Percentage of
MC: haemopericardium, severe tricuspid valve damage
during TLE and necessity of rescue cardiac surgery was
two times more frequent in these patients. In parallel,
the rates of radiological success, complete clinical success
and procedural success were the same. Mortality rate in
patients undergoing TLE in OT and HR was zero.
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Table 7 Analysis of the influence of patient parameters and organisational parameters on death related to major

complications

Analysis of patients with major complications of TLE
comparing patients with and without complication-

6 patients with major
complications and complication-

64 patients with major complications
and without complication-related

related death related death death Statistic
Patient-related and CIED-related risk factors of major TLE Average+SD no (%) Average+SD no (%)

complications

Female gender 4 (66.67) 44 (68.75) 0.651
Patient’s age during TLE (years) 68.50+10.21 62.72+17.72 0.508
Patient’s age during first system implantation (years) 52.83+13.27 45.98+19.97 0.549
NYHA functional class 1.67+0.82 1.51+0.62 0.702
Permanent AF 1(16.67) 7 (10.94) 0.803
Hypertension 4 (66.67) 27 (42.19) 0.469
Renal failure (any) 0 (0.00) 8 (12.50) 0.803
Renal failure (advanced) (create. >2.2mg/dL or 0 (0.00) 4 (6.25) 0.773
haemodialysis)

Highest creatinine level in the patient’s records (mg/dL) 1.07+0.18 1.10+0.51 0.450
Charlson’s index (points) 4.50+2.88 3.15+2.92 0.193
Left ventricular EF (%) 41.17+13.45 56.03+11.44 0.008
Passive fixation lead was extracted 5 (83.33) 53 (82.81) 0.593
ICD lead was extracted 2 (33.33) 5(7.81) 0.200
Unipolar lead was extracted 0 (0.00) 24 (37.50) 0.161
Dwell time of oldest extracted lead (years) 12.33+6.19 16.77+8.25 0.264

AF, atrial fibrillation; CIED, cardiac implantable electronic device; EF, ejection fraction; ICD, implantable cardioverter defibrillator; NYHA, New York Heart Association

class of heart failure; TLE, transvenous lead extraction.

TLE with cardiac surgeon versus without cardiac surgeon as co-
operator

The oldest extracted lead dwell time, cumulative dwell
time of extracted lead and number of Safety TLE score
were much higher in group with cardiac surgeon as
co-operator. Similarly to previous analysis, procedure
complexity and percentage of MC: haemopericardium,
severe tricuspid valve damage during TLE and necessity
of rescue cardiac surgery was two times more frequent.
The rates of radiological success, complete clinical success
and procedural success were the same. The percentage of
deaths related to the procedure (during and after proce-
dure) and deaths related to indications (during and
after procedure) was significantly lower when the cardiac
surgeon was a co-operator

TLE with and without monitoring by TEE

Patients in the TEE-monitored group were at high risk for
TLE: dwell time of the oldest extracted lead, cumulative
dwell time of extracted leads and the number of TLE safety
points were significantly higher in these patients. The
rate of radiological, full clinical and procedural success
was similar or even shows tendency to be better in group
with TEE monitoring. The percentage of MC: haemo-
pericardium and necessity of rescue cardiac surgery were
slightly more frequent. The rate of procedure-related
death and rate of indication-related death were different
(zero intraprocedural and postprocedural deaths when
TLE was monitored with TEE) (table 4).

Regression analysis confirm significance of common
risk factors of MC; female gender (OR=2.629; p<0.001),
dwell time of the oldest extracted lead (OR=1.119,
p<0.001) and number of extracted leads (OR=1.512;
p=0.021). None of the components of the analysed TLE
models had a direct impact on the occurrence of serious
complications. The prognostics of minor complications
were dwell time of the oldest extracted lead (OR=1.045;
p<0.001), extraction of lead(s) with passive fixation
(OR=1.622; p=0.004) and number of leads planned to
extraction (OR=1.228; p=0.020). The use of TEE during
TLE was connected with significantly reduction of minor
complications occurrence (OR=0.751; p=0.046) (table 5).

Predictors of the achievement of clinical success were:
older patients age during first cardiac implantable elec-
tronic device (CIED) implantation, younger age of
extracted lead and lower number of extracted leads. The
use of TEE during TLE increased probability of complete
clinical success achieving about three times (OR=3.035;
p<0.001). Predictors of procedural success were older
patients age during first CIED implantation, younger age
of extracted lead, leads with passive fixation, number of
extracted leads and TLE od defibrillating leads. The use
of TEE during TLE increased probability of complete
procedural success achieving about 1.5 times (OR=1.482;
p<0.034) (table 6).

Analysis of clinical data and parameters related to
the organisation of the procedure in the population
of patients with MC, showed no significant differences

Tutecki &, et al. BMJ Open 2022;12:062952. doi:10.1136/bmjopen-2022-062952
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Table 8 Continued

Procedure-

Major

Procedural
success

(%)

Mean lead

Methods of TLE

related death

(%)

complications

(%)

% of infective
indications

46

(predominant, first dwell time

line tool)

Kind of the study/

leads

Year, journal author
References 18-42

(months)

No of pts

2205

0.18

1.00

PS 97 CS 96

rotational TLE tools 74

Multicentre study

(PROMET)

2020 Starck CT
Europace

CS 97 0.70 0.00

72 66

Cook’s extraction

kit

Single-centre study 1316

2020 Giannotti

Santoro M, Pacing Clin

Electrophysiol

0.20

1.90

PS,CS 98

Single-centre study 492 Needle’s Eye Snare 113 91

2020 Zhou X Heart

Vessels

0.00

2.20

CS99.1, PS

95.9

22

Cook’s extraction 112

kit

Single-centre study 1000

2021 Stefanczyk P

0.16
0.25

1.35

1.71

51.38
42

85

12567
45829

All studies 2018-2021

ALL studies

75

Cook’s extraction kit: looking stylets, dilator sheaths and/or transfemorally using snares, retrieval baskets, and sheaths and if necessary another tools.

CPS, complete procedural cuccess; CS, clinical success; PS, complete procedural success; TLE, transvenous lead extraction.

(apart from the EF value) between the group of patients
who died as a result of MC and those who survived despite
MC. This seems to support the fact that the cause of
MCrrelated deaths was a marked delay in cardiac surgery
(table 7).

We would like to emphasise that in the entire study we
analysed the appearance of MC-related deaths, which
could occur both during the operation and during the
entire hospitalisation period. We did not analyse deaths
resulting from the disease itself (so-called indication-
related deaths).

DISCUSSION

TLE is a relatively safe procedure. The rate of MC ranges
from 0.7% to 4.2% and procedural mortality from 0% to
0.65%.""*" An analysis of the literature showed that the
mortality rate associated with serious complications of
TLE has been declining over the past 30years (especially
in the last 4years) despite the slight increase in mean lead
dwell time of extracted leads. As there has been no signif-
icant change in lead extraction technology (only new
mechanical rotational sheaths with threaded ending)—
the improvement in TLE safety may be related mainly to
the better organisation of the TLE procedure (surgical
back-up on site) (table 8).

Damage to cardiac and venous structures during lead
extraction is the most serious complication, which prob-
ably depends from kinds of preferred specialised tools that
disrupt encapsulating fibrous tissue.® "' **** The partic-
ipation of the cardiac surgery team in TLE procedures is
unquestionable, because the time from the diagnosis of
the catastrophe to sternotomy plays a key role, optimally it
should be 5-10 min,2 4681216 o frer exceeding this, the risk
of central nervous system damage increases significantly.
The need for direct cardiac surgery during TLE was
discussed in several reports from single centres, 8 11%10 i
three analyses of large databases®? ' and finally included
in lead management guidelines.'™ This study showed that
participation of cardiac surgeon as co-operator during
TLE had no influence on rate of radiological, clinical
and procedural success but was connected with lower rate
of procedure-related death. Several reports have been
designed to assess the safety of procedures depending on
the venue of the TLE."" ""°** There is only one conclu-
sion: emergency cardiac surgery must be performed at the
site of the complication. The present analysis showed that
all six procedure-related deaths happened when TLE was
performed in EPL, without GA. Until now, some proce-
dures are performed at the EPL or the Interventional
Cardiology Lab with varying availability of urgent on-site
sternotomy."' 77 ¥ In recent years, several scales for
calculating the risk of TLE have been developed.'” *-
Low-risk patients are selected for TLE at the EPL or Inter-
ventional Cardiology Lab, high-risk patients—for TLE at
HR or OT, and intermediate-risk patients—according to
current possibilities. The current observation, based on
the results of 3462 procedures performed for 15years
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in various conditions, confirmed very good effects of
grading the safety precautions. The qualification of high-
risk patients (especially those with long lead dwell time)
for OT or HR, despite a twice higher percentage of MC,
showed high rates of radiological, clinical and procedural
success and no death related to the procedure. However,
it should be emphasised, that catastrophic complica-
tions can occur even in low-risk patients. Our 15years of
experience seem to confirm this opinion. Therefore, we
should strive to perform all procedures in HR/OT with a
complete cardiac—anaesthetic staff and monitoring with
TEE.

According to the multivariate analysis, the very
important factor influencing the effectiveness and safety
of the procedure is continuous monitoring of the proce-
dure using TEE. Previous reports have not documented
such asignificant role of echocardiography in TLE proce-
dures. Of course, it should be emphasised that contin-
uous monitoring is possible only under full anaesthesia,
and the presence of a scrubbed cardiac surgeon is essen-
tial for a quick response to the echocardiographers’
warnings.

In conclusion, good organisation of the procedure is of
paramount importance for the survival of a patient with
MC. The idea (concept) of a surgical facility has evolved
over the decades. Our 15years of experience show that the
best place for TLE is an HR, close cooperation with the
cardiosurgical and anaesthetic team is necessary, and all
possible monitoring (AL, TEE, exhaled CO2 measures)
are very useful for the safety of the procedure.

CONCLUSIONS

1. High level of safety precautions (operating or HR, GA,
TEE monitoring and close co-operation with cardiac
surgery team) make possible TLE without MC-related
deaths.

2. Accurate monitoring of the structures and functions
of the heart (continuous monitoring of TEE) plays a
dominant role in the immediate decision to perform
emergency sternotomy, and also improves the effec-
tiveness of the procedure.

3. The analysis of the literature shows a slow but steady
decline in deaths related to complications of TLE and
it seems that this is a result of the better organisation
of procedures.

Study limitations

There are some limitations of this study. It is three centres
but the same first operator experience. The database
was prospectively integrated, but analysis was performed
retrospectively. The organisational model of TLE proce-
dures has evolved over time—from safety precautions
staging during 2006-2015, up to full safety precautions
since 2015. This is presentation of single, very experi-
enced first operator. It would not give the overview on
general TLE safety and efficacy in low volume centre and
with less experienced operator and his team.
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