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Background: Lead-related venous stenosis/obstruction (LRVSO) may be a major challenge in patients with cardiac implantable
electronic devices (CIED) when device upgrade, insertion of central lines, or creation of an arteriovenous fistula for hemodialysis is
indicated. The aim of this study was to evaluate the extent and severity of LRVSO.

Methods: We performed a retrospective analysis of 3002 venograms from patients awaiting transvenous lead extraction (TLE) to
assess the occurrence, severity, and extent of LRVSO.

Results: Mild LRVSO occurred in 19.9%, moderate in 20.7%, severe in 19.9% and total venous occlusion in 22.5% of the patients.
Moderate/severe stenosis or total occlusion of the subclavian and brachiocephalic veins was found in 38.2% and 22.5% of the patients,
respectively. LRSVO was not detected in 16.9% of the patients. Moderate and severe superior vena cava (SVC) obstruction and total
SVC occlusion were rare (0.4%, 0.3%, and 0.3%, respectively). Lead insertion on the left side of the chest contributed to an increased
risk of LRVSO compared to right-sided implantation. Major thoracic veins on the opposite side may be narrowed in varying degrees.
Conclusion: A total of 60% of the patients with pacemaker or high-voltage leads have an advanced form of LRVSO. Any attempt to
insert new pacing leads, central lines, venous ports, or catheters for hemodialysis, or to create dialysis fistula on the same side as the
existing lead should be preceded by venography. Furthermore, venography may provide useful information, if it is planned to implant
the lead or the catheter on the opposite side of the chest.

Keywords: lead-related venous obstruction, risk factors, abandoned leads

Introduction

Varying degrees of venous obstruction in the thorax in patients with cardiac implantable electronic devices (CIED) are
relatively common, but usually asymptomatic.' > Lead-related venous obstruction (LRVSO) can make it difficult or
even impossible to insert a new lead, venous port, central line, or to create an arteriovenous (AV) fistula for
hemodialysis.?* 2® Most of the studies address the occurrence and severity of venous obstruction and risk factors for
LRVSO," 72111372933 iyt nobody has performed a precise analysis of the location and extent of the obstructed venous
segment in relation to the side of the implanted device. This study, as a continuation of risk factor analysis, attempts to
assess the extent of the phenomenon in patients referred to high-volume center for transvenous lead extraction (TLE).?!-*
Transvenous lead extraction plays a key role in managing patients with CIED-related complications.?"*’ > In patients
undergoing TLE a venogram is needed before the procedure to check the possibility of preserving vessels for potential
future use.'***%?? Scarce information on the location of the obstructed vein segment, its extent and relation to the side
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of the implanted device prompted us to perform an in-depth analysis of LRVSO in 3002 patients referred for TLE at three
high-volume centers, coordinated by the same cardiologist.

This study attempted to establish the occurrence, location, extent (number of venous segments affected) of vein
obstruction and the relationship between LRVSO and the chest side of CIED implantation. An additional goal was to

evaluate patency of major veins of the thorax on the opposite side of device placement.

Materials and Methods
Study Population

This analysis used clinical data of 3546 patients who underwent transvenous lead extraction (TLE) between June 2008
and July 2021. Patients with any contraindication to venography were excluded from the study. Finally, the data of 3002
patients who underwent venography were analyzed.

TLE was performed by the same experienced cardiologist at three different high-volume centers. Patients were
eligible if preoperative venography allowed for an objective assessment of the venous system (axillary, subclavian,
brachiocephalic veins and superior vena cava) on the side of lead insertion. All information regarding the patient and the
procedure was entered into the computer database on a current basis.

This report comes from three collaborating high-volume centers performing more than 200 TLE procedures annually.

Venography Procedure

An intravenous catheter for preoperative venography was placed in the peripheral vein in the arm on the side of the
existing or planned lead implantation. All patients received an injection of 2040 mL contrast medium containing
350 mg iodine/mL. Venograms were obtained in the anteroposterior projection and the frames capturing the major veins
of the thorax were stored and used for subsequent analysis of venous patency.

All radiographic images were evaluated by the cardiac surgeon and the cardiologist with experience in interventional
radiology, and venous patency was graded on a 5-degree scale from normal flow to complete occlusion as described
previously.?! Selected frames of each venogram were used to determine the degree of narrowing at each venous level and
divided into five classes, ie, no stenosis (patent), mild narrowing defined as <1/3 reduction in venous diameter in the
posteroanterior view (Figure 1) moderate stenosis: 1/3 to 2/3 reduction in venous diameter), severe stenosis (>2/3
narrowing, but still patent (Figure 2) and complete occlusion of the axillary (AxV), subclavian (ScV), innominate
(brachiocephalic) (AnV) veins and superior vena cava (SVC) (Figure 3).

Unilateral administration of the contrast medium to visualize the indwelling leads enabled, in some cases, evaluation
of the brachiocephalic vein on the opposite side of the chest due to the development of thoracic and neck collateral
vessels. Based on a subjective assessment of venous blood flow and severity of stenosis, we also made an attempt to
predict long-term patency of potential ipsilateral arteriovenous fistula for hemodialysis access. This classification of
vessel narrowing has, in our opinion, a practical meaning.

While mild stenosis should not affect an additional lead implantation or catheter insertion, special equipment and
skills may be required in patients with moderate narrowing, as compared to simple cardiovascular, anesthesia-related, or
renal interventions in subjects without any stenosis. Severe narrowing may cause even a bigger problem, when the vein,
identified as patent by ultrasound, may not allow for safe catheter insertion and placement due to proximal stenosis, not
detected during an ultrasound examination.

In patients with complete venous occlusion insertion of central lines may be risky, chances to effectively place the
device are low and are largely dependent on the presence of collateral blood flow. There is also a very small chance that
AV fistula will have adequate blood flow to support hemodialysis.

The number and total length of stenotic venous sites can affect the likelihood of replacing the existing device,
upgrading or adding new devices, leads, or catheters.
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Figure | Some examples of small/mild obstruction of great chest veins in compliance with chest side lead location. On some figures, tube for transoesophageal
echocardiography is seem. Arrows indicate most important findings. (A) Small narrowing of right axillary vein, (B) Small narrowing of left axillary vein, (C) Small narrowing
of right subclavian vein, (D) Small narrowing of left subclavian vein, (E) Small narrowing of right brachiocephalic vein, (F) Small narrowing of left brachiocephalic (anonymous)
vein. Intensity of collateral circulation depends on the degree of obstruction. The extent of collateral circulation depends on the degree of obstruction.

Patient Groups

For the purposes of analysis, the study population was divided into three groups according to the side of device placement:
group I — with leads implanted on the left side, group II — with leads implanted on the right side and group III — with leads
implanted on both sides of the chest. The contralateral venous system was evaluated whenever possible (Figure 4).
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Figure 2 Some examples of small/mild obstruction of great chest veins in compliance with chest side lead location. On some figures, tube for transoesophageal
echocardiography is seem. Arrows indicate most important findings. (A) Moderate narrowing of right axillary vein, (B) Moderate narrowing of left axillary vein, (C)
Moderate narrowing of right subclavian vein, (D) Moderate narrowing of left subclavian vein, (E) Moderate narrowing of right brachiocephalic vein, (F) Moderate narrowing
of left brachiocephalic (anonymous) vein. Intensity of collateral circulation depends on the degree of obstruction. The extent of collateral circulation depends on the degree
of obstruction.
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Figure 3 Some examples severe narrowing/total occlusion obstruction of great chest veins in compliance with chest side lead location. On some figures, tube for
transoesophageal echocardiography is seem. Arrows indicate most important findings. (A) severe narrowing/total occlusion of right axillary vein, (B) severe narrowing/total
occlusion of left axillary vein, (C) severe narrowing/total occlusion of right subclavian vein, (D) severe narrowing/total occlusion of left subclavian vein, (E) severe narrowing/
total occlusion of right brachiocephalic vein, (F) severe narrowing/total occlusion of left brachiocephalic (anonymous) vein. Intensity of collateral circulation depends on the
degree of obstruction. The extent of collateral circulation depends on the degree of obstruction.
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Figure 4 Three examples of bilateral venography in patients with different lead location. On some figures tube for transoesophageal echocardiography is seem. Arrows indicate
most important findings. (A and B) patient |. Pacing system right side of the chest (A), two abandoned leads left chest side (B), (C and D) patient 2. Pacing system right side of
the chest (C), previously removed Pacing system left chest side (D) (E and F) Patient 3. Pacing system right side of the chest (E), abandoned lead with proximal ending in
superior cava vein. Intensity of collateral circulation depends on the degree of obstruction. The extent of collateral circulation depends on the degree of obstruction.

634 htps: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Czajkowski et al

Lead Extraction Procedure

Lead extractions were performed in compliance with the 2017 HRS and 2018 EHRA guidelines on management of lead-
related complications.>” %’ Indications for TLE or operation-related complications were defined as described in the 2017
HRS Expert Consensus Statement on Cardiovascular Implantable Electronic Device Lead Management and Extraction.”®
Conventional mechanical sheaths were used as a first choice; powered rotational mechanical sheaths and other

instruments were the second-line tools. Laser sheaths were not available at the centers.

Statistical Analysis

The Shapiro—Wilk test showed that most continuous variables were normally distributed. For uniformity, all continuous
variables are presented as the mean + standard deviation. The categorical variables are presented as number and
percentage. The significance of differences between groups was determined using the nonparametric Chi® test with
Yates’ correction statistical analysis was performed using Statistica version 13.3 (TIBCO Software Inc.).

Approval of the Bioethics Committee

All patients gave their informed written consent to undergo TLE and use anonymous data from their medical records.
The consent was approved by the Bioethics Committee at the Regional Chamber of Physicians in Lublin no. 288/2018/
KB/VIIL. The study, procedures, and data collection were carried out in line with the ethical standards of the 1964
Declaration of Helsinki.

Results

The study group consisted of 3002 patients (mean age 66.87 years, 39.35% females). Ischemic heart disecase (IHD) was
found to be the most common medical condition (57.48%). The mean left ventricular ejection fraction (LVEF) was
49.01%. The Charlson comorbidity index®* was 4.78 points on average. The most common indication for TLE was lead
failure (51.02%), lead-related infective endocarditis (LRIE) with or without pocket infection (PI) (20.72%), and local
pocket infection (8.23%). Complete procedural success of TLE was achieved in 95.5% of the patients with the rate of
major complications being 1.77% (Table 1).

In this study, mild narrowing of the access vein occurred in 19.92%, moderate in 20.69%, severe in 19.92% and total
occlusion in 22.49% of the patients. The subclavian vein was the most common site for venous obstruction (38.18%)
(Table 2).

Analysis of the chest side lead location showed that all veins on the side of lead implantation can be affected. The
narrowing of the axillary vein occurred only in patients with left-sided lead location. The subclavian vein was
significantly more often obstructed (moderate or severe stenosis, total occlusion when the leads were on the left side
of the chest (56.03% vs 33.75%; p<0.001), similarly to the brachiocephalic vein (28.12% vs 18.75%; p=0.086). The left-
sided approach for lead implantation was associated with an increased risk and higher degree of LRVSO (68.72 vs
52.50%; p<0.001). If the leads were on both sides of the chest, the risk of LRVSO was comparable. Columns A and B of
the table show patency of major thoracic veins on the side of lead placement, whereas columns C and D present venous
patency on the side opposite to lead implantation. If the leads were on the left side of the chest, the contralateral
subclavian and brachiocephalic veins were rarely stenosed; the incidence of moderate/severe narrowing and total
occlusion of the subclavian vein and brachiocephalic vein was 2.57% and 1.33%, respectively. However, when the
leads were on the right side of the chest, the contralateral veins were more often affected (25.40% and 13.04%)
(Table 3).

Severe stenosis or total occlusion of the superior vena cava (SVC) is a significant complication in patients with
permanent pacing and may be symptomatic when collateral circulation is insufficient. In this study, all degrees of SVC
flow reduction were rare (1.899%) and differences between cases with left- and right-sided lead placement appeared
random. However, moderate/severe SVC stenosis or occlusion occurred in 0.88% of the patients with unilateral lead
location, whereas bilateral lead placement was associated with a significantly increased rate of SVC obstruction (3.896%)
(Table 4).
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Table 1 Demographic, Clinical and Procedure-Related Data

All Patient Characteristics (3002) Count/ %ISD
Average

Patient age during TLE (years) 66.87 14.20

Patient age at first system implantation (years) 58.42 15.89

Sex (female) 1181 39.35%
Underlying disease: IHD 1725 57.48%
Underlying disease: cardiomyopathy, valvular heart disease 465 15.49%
Underlying disease: congenital, channelopathies, neurocardiogenic, post cardiac surgery 8l 27.02%
LVEF average (%) 49.01 14.25

Renal failure (any) 613 20.43%
Previous sternotomy 447 14.90%
Charlson comorbidity index (points) 4776 3.638

LRIE without pocket infection 257 8.564%
LRIE with pocket infection 365 12.16%
Local (pocket) infection 247 8.231%
Lead failure (replacement) 1558 51.92%
Change of pacing mode (upgrading, downgrading) 186 6.198%
Other* 388 12.862%
System: pacemaker (any) 2081 69.344%
System: ICD (VVI, DDD) 687 22.892%
System: CRT-D 233 7.764%
Dwell time of the oldest lead in the patient before TLE (months) 102.4 75.96

Cumulative lead dwell time before TLE [years] 15.47 13.00

Major complications all 64 2.133%
Major complications (with rescue cardiac surgery) 53 1.770%
Minor complications 210 7.000%
Partial radiographic success 110 3.670%
Clinical success 2943 98.07%
Full procedural success 2866 95.50%

Notes: Other* — abandoned lead/prevention of abandonment (atrial fibrillation, lead redundancy), threatening/potentially threatening lead
(loops, free ending, left heart, lead-derived tricuspid valve defect), indications for magnetic resonance imaging, cancer, painful pocket, loss of
indication for pacing/implantable cardioverter-defibrillator; regaining venous access (symptomatic occlusion of vena cava superior), lead
replacement/upgrading.

Abbreviations: TLE, transvenous lead extraction; IHD, ischemic heart disease; LVEF, left ventricular ejection fraction; LRIE, lead-related
infective endocarditis; ICD, implantable cardioverter-defibrillator; VVI, single-chamber; DDD, dual-chamber; CRTD, cardiac resynchronization
cardioverter-defibrillator.

Discussion
Obstruction of the major veins of the thorax is a well-known complication of permanent transvenous pacing; studies have
reported the incidence of obstruction to be as high as 30-45% with an average rate of mild stenosis being 10%,*'° 23%"'?

636 hetps: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Czajkowski et al

Table 2 Preliminary Evaluation of Venous Obstruction in the 3002 Patients

Severity of Obstruction

No stenosis 510 16.99%
Mild narrowing 598 19.92%
Moderate narrowing 621 20.69%
Severe narrowing 598 19.92%
Total occlusion 675 22.49%
Evaluated 3002 100.0%

Location of Obstruction (Moderate, Severe, Total Occlusion)

No significant narrowing (including mild narrowing) 1108 36.91%
Axillary vein 12 0.400%
Subclavian vein 1146 38.18%
Brachiocephalic vein 727 24.22%
Vena cava superior 9 0.300%
All patients 3002 100.0%

Extent of Obstruction (Moderate, Severe, Total Occlusion)

No significant narrowing (including mild narrowing) 1108 36.91%
One vein 1152 38.37%
Two veins 665 22.15%
Three veins 62 2.065%
Four veins 9 0.300%
Five veins 6 0.200%
All patients 3002 100.0%

and 40%.'° Moderate stenosis has been found in 6-8%,'%'*'? 12-13%'"-1%!8 and 23-50%'" of patients, whereas severe
stenosis/total occlusion has been reported in 3-9%™*'%!""'%1% and 11-22%'>'>1"-2° of the patients. The present study
demonstrated mild lead-related narrowing of the veins in 19.92%, moderate in 20.69%, severe in 19.92% and total
occlusion in 22.49% of the patients. The above cited studies were performed a planned follow-up at 6-12 months after

124,516 7,16,17,19,20 10-12 and TLE procedure.>®'>!'* In our patients,

lead implantation or later, or at first unit replacement,
candidates for TLE, dwell time of the oldest lead per patient was 102.4 months and cumulative dwell time of the leads
was 15.47 years.

Additionally, the present study revealed that the subclavian and brachiocephalic veins were the most frequently
narrowed/occluded vessels (38.18% and 24.22%), and the two veins were simultaneously affected in 22.15% of the
patients. High-grade obstruction (moderate/severe stenosis or total occlusion) involved one of these veins or two veins
simultaneously in 38.37% and 22.15% of the patients, respectively. Moderate and severe stenosis of the superior vena
cava was rare (0.338% and 0.270%), similar to total SVC occlusion (0.300%).

Among the 22 reports, there are many studies looking at the risk of LRVSQ' 7211137161820 byt they were performed
in relatively small cohorts of patients. The investigators searched for modifiable risk factors to predict the frequency and

severity of LRVSO. Low LVEF,"**!? atrial fibrillation,*'* no antiplatelet treatment or anticoagulation™'' were considered
1,3-8,10,11,15,16,18,20

as risk factors for LRVSO. All investigators agreed that gender had no influence on the development of
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Table 3 Chest Side Lead Location and Severity of Venous Obstruction

occlusion

Leads Left Leads Right *P P* | Leads Left Side Leads Right *P P* Leads Both *p P* *P P* Leads Leads *p P*
Side Only - Side Only - Only - Veins Side Only - Side of the Left Side Right
Veins Left Side | Veins Right Side Right Side Veins Left Side Chest (F and Side
G)
A B AvsB C D CvsD E AvsE | BvsE F G F vs
G
Patients N (%) Patients N (%) Patients N (%) Patients N (%) Patients N (%) Patients | Patients
N (%) N (%)
Axillary veins
Absence of 2766 (97.22) 80 (100.0) *0.678 1352 (99.41) 62 (100.0) *0.832 69 (89.61) *0.004 *0.067 | 70 (90.91) 76 *0.181
stenosis (98.701)
Mild stenosis 33 (1.160) 0 (0.00) 6 (0.441) 0 (0.00) 3 (3.896) 3 3.896) 0 (0.00)
Moderate 22 (0.773) 0 (0.00) 2 (0.147) 0 (0.00) 2 (2.597) 2 (2.597) 0 (0.00)
stenosis
Severe 15 (0.527) 0 (0.00) 0 (0.00) 0 (0.00) 2 (2.597) 1 (1.299) 1 (1.299)
stenosis
Total 9 (0.316) 0 (0.00) 0 0.00) 0 (0.00) 1 (1.299) 1 (1.299) 0 (0.00)
occlusion
Moderate + 36 (1.265) 0 (0.00) 0.618* 2 (0.147) 0 (0.00) 0.126* 5 6.494) 0.008* 0.063* 4 (5.195) I (1.299) | 0.362*
severe + total
occlusion
Evaluated 2845 (100.0) 80 (100.0) 1360 (100.0) 62 (100.0) 77 (100.0) 77 (100.0) | 77 (100.0)
Subclavian veins
Absence of 594 (20.88) 38 (47.50) *<0.001 1350 (96.22) 41 (65.09) *<0.001 8 (10.39) *0.027 | *<0.001 | Il (14.29) | 23 (29.87) | *0.117
stenosis
Mild stenosis 657 (23.09) 15 (18.75) 17 (1.212) 6 (9.524) 16 (20.78) 15(19.48) | 8(10.39)
Moderate 648 (22.78) 9 (11.25) 8 (0.570) 6 (9.524) 13 (16.88) I1(14.29) | 13 (16.88)
stenosis
Severe 510 (17.93) Il (13.75) 14 (0.998) 3 (4.762) 15 (19.48) 15(19.48) | 14 (18.18)
stenosis
Total 436 (15.33) 7 (8.750) 14 (0.998) 7 (11.11) 25 (32.47) 25 (32.47) | 19 (24.68)
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Moderate + 1594 (56.03) 27 (33.75) <0.001* 36 (2.566) 16 (25.40) <0.001* 53 (68.83) 0.034* | <0.001* | 51 (66.23) | 46 (59.74) | 0.387*
severe + total

occlusion

Evaluated 2845 (100.0) 80 (100.0) 1403 (100.0) 63 (100.0) 77 (100.0) 77 (100.0) | 77 (100.0) | 3002
Brachiocephalic veins

Absence of 1657 (58.24) 54 (67.50) *0.046 2055 (98.86) 51 (73.91) *<0.001 16 (20.78) *<0.001 | *<0.001 | 34 (44.47) | 26 (33.77) | *0.454
stenosis

Mild stenosis 388 (13.64) Il (13.75) 17 (0.810) 9 (13.04) 14 (18.18) 12 (15.58) | 13 (16.88)
Moderate 239 (8.401) 7 (8.750) 8 (0.381) 3 (4.348) 12 (15.58) 9 (11.69) 8 (10.39)

stenosis

Severe 200 (7.030) 7 (8.750) 10 (0.476) 1 (1.449) 9 (11.69) 3 (3.896) 8 (10.39)

stenosis

Total 361 (12.69) I (1.250) 10 (0.476) 5 (7.246) 26 (33.78) 19 (24.68) | 22 (28.57)
occlusion

Moderate + 800 (28.12) 15 (18.75) 0.086 28 (1.333) 9 (13.04) <0.001* 47 (61.04) <0.001* | <0.001* | 31 (40.26) | 38(49.35) | 0.331*
severe + total

occlusion

Evaluated 2845 (100.0) 80 (100.0) 2100 (100.0) 69 (100.0) 77 (100.0) 77 (100.0) | 77 (100.0) | 3002

Note: *P — Pearson’s Chi? test, P* — Chi? test (with Yates’ correction).
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Table 4 Superior Vena Cava Obstruction Depending on Chest Side Lead Location

Lead Location and SVC Obstruction
Lead Location Leads - Left Side of | Leads — Right Side Leads — Both Sides P P P All
the Chest of the Chest of the Chest
Superior Vena Cava A B C Avs | Avs | Bvs
B C C
N (%) N (%) N (%) N (%)
No stenosis 2793 (98.17) 79 (98.75) 73 (94.81) 0.906 | 0.088 | 0.341 | 2945 (98.10)
Mild stenosis 27 (0.949) 0 (0.00) I (1.299) 0.777 | 0.757 | 0.984 28 (0.930)
Moderate stenosis 11 (0.387) 0 (0.00) I (1.299) 0.712 | 0.761 | 0.984 12 (0.338)
Severe stenosis 7 (0.246) 0 (0.00) I (1.299) 0.474 | 0.542 | 0.984 8 (0.270)
Total occlusion 7 (0.246) 1 (1.250) I (1.299) 0.542 | 0.542 | 0.494 9 (0.300)
Moderate + severe + 25 (0.879) 1 (1.250) 3 (3.896) 0.800 | 0.036 | 0.586 29 (0.966)
total occlusion
Evaluated 2845 (100.0) 80 (100.0) 77 (100.0) 3002 (100.0)

LRVSO. There is much debate among investigators over the importance of the number of leads (lead burden) as a risk
factor for LRVSO. Some of them support the view,>>'"!*!® whereas others argue against.'>®7>13:1619 Qimjlarly,
several authors consider lead caliber as a risk factor for LRVSO'*!!1*1718 byt the others do not.'7-1216:19:20 gtj||
another factor is lead implant duration, and all investigators agree that it has no significant influence on the risk of
LRVSO !+11:15.16:20

Nobody has considered the influence of chest side lead location on LRVSO so far. We showed that left-sided lead
implantation is associated with an increased risk and higher occurrence of LRVSO of all grades (68.72% vs 52.50%).
This phenomenon may be related to the anatomical variability documented in the literature.>*>® Our findings show
patency of large veins on the contralateral chest side. If the lead is on the left side, the subclavian and brachiocephalic
veins on the right side are rarely obstructed; the incidence of high-grade narrowing in the two veins (moderate/severe
stenosis or total occlusion) was 2.566% and 1.333%, respectively. But if the lead is on the right side of the chest, the
veins on the contralateral side are more often affected ie 25.40% and 13.04%. This seemingly strange phenomenon
can be accounted for by a history of right-sided vein use, probably after previous left side access. It appears to be
a very important message in all patients with implanted leads who need access for urgent hemodialysis or creation of
the arteriovenous fistula for dialysis. Such patients more often than the others may need acute intervention with
additional transvenous device implantation, and the results of widely available ultrasound may be misleading in the
context of venous stenosis and proximal patency. In our opinion, every attempt at placement of permanent or
temporary pacing leads, central lines, venous ports, hemodialysis catheters, or creation of dialysis fistula in patients
with left-sided leads needs previous venography, especially in subjects with long implant duration. In acute condi-
tions, when venography is not available, in our judgement, it is best to avoid central vein cannulation ipsilaterally to
the existing PM system. This piece of knowledge may be clinically important for anesthesiologists, vascular
surgeons, cardiologists and nephrologists. If it is planned to use the opposite side of the chest, venography is also
recommended.

Study Limitations

Our study has several limitations worth noting. Routine venography before TLE was performed in patients without
contraindications for using contrast agents (mainly renal failure). Thus, this subpopulation was not included in the
study. Analysis was performed retrospectively using the database that was prospectively collected and integrated. In
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most patients, venography was performed on one side only, ie, on the side of lead insertion to avoid contrast

overload.

Conclusions

1. The degree of venous stenosis in this large population of patients with cardiac implantable electronic devices
ranges from mild lead-related venous obstruction in 19.92%, through moderate in 20.69%, and severe in 19.92% to
total occlusion in 22.49% of the patients.

2. The subclavian and brachiocephalic veins are the most frequently narrowed/occluded vessels. Moderate and severe
superior vena cava stenosis and total SVC occlusion are rare.

3. Left-sided approach for lead placement is associated with higher occurrence, higher severity of LRVSO and larger
extent of significant vein narrowing. Bilateral lead location is an important risk factor for lead-related venous
stenosis/occlusion.

4. Large thoracic veins on the opposite side to lead insertion may be obstructed in varying degrees. If the lead is on
the left side, the right subclavian and brachiocephalic veins are rarely obstructed.

5. Contrast venogram should be obtained before placement of permanent or temporary pacing leads, central lines,
venous ports, hemodialysis catheters, or creation of dialysis fistula in patients with left-sided leads. If it is planned
to use the opposite side of the chest, venography is also recommended.
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Readers can access the data supporting the conclusions of the study at www.usuwanieelektrod.pl.
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