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Abstract

Objectives: Very few studies have been done on Venous stenosis following the first transvenous cardiac device im-
plantation. We aimed to assess the prevalence and predictors of Venous stenosis/Occlusion following the first trans-
venous cardiac device implantation with venous angiography at one year of follow-up.
Methods: This study was a single-center prospective, observational study. Demographic, clinical, procedural, and

device data was collected. All patients underwent a preimplant contrast and repeated venography at twelve months to
look for upper limb venous anatomy, obstruction, or collaterals.
Results: A total of 146 patients were included in the final analysis. 60 (41 %) patients developed some degree of venous

stenosis. Most patients had mild to moderate stenosis, and almost all were asymptomatic. Among patient-related factors
increasing age (64.66 ± 10.07 vs 60.91 ± 11.94 years p ¼ 0.04), presence of hypertension (50.5 % vs19.6 % p ¼ 0.0004),
diabetes (73 % vs 29.6 % p¼ 0.000) and dyslipidemia (66.7 % vs 36.3 p¼ 0.009) were significantly associated with Venous
stenosis/occlusion. Among procedure-related factors, larger total lead diameter (3.88 ± 1.09 vs. 3.50 ± 1.03 mm p ¼ 0.03)
and implantation of biventricular devices (p ¼ 0.0037) seem to be significantly associated with venous obstruction. In
logistic regression analysis, hypertension (p ¼ 0.018), total lead diameter (p ¼ 0.024), and use of CRT-P/CRTD/ICD
(p ¼ 0.03) remained significant predictors of severe venous stenosis.
Conclusions: Our study demonstrates venous obstruction in 40 % of cardiac implantable electronic device patients at

one-year follow-up. Most patients have mild to moderate stenosis, and almost all are asymptomatic. Increasing age,
hypertension, diabetes, dyslipidemia, larger total lead diameter, and implantation of biventricular devices are signifi-
cantly associated with venous obstruction.

Keywords: Venous stenosis, Cardiac implantable electronic devices, Prevalence, Lead diameter, Biventricular devices

1. Introduction

T he number of cardiac implantable electronic
devices (CIEDs) implanted worldwide con-

tinues to increase due to the aging population,
expanding indications, and increasing access to
health care. Each year more than one million CIEDs
are implanted worldwide [1]. The implantation of
transvenous leads represents a significant source of

CIED complications, including dislocation, damage
to the tricuspid valve, venous stenosis or occlusion
(VSO), superior vena cava syndrome, and CIED
infections. VSO is usually asymptomatic and often
goes unnoticed due to the formation of collaterals
providing venous drainage. However, it is of sig-
nificant clinical importance if the patient needs to
undergo implantation of additional leads, either in
case of lead failure or upgradation to cardiac
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resynchronization therapy (CRT). Several mecha-
nisms of VSO formation have been suggested,
including thromboembolic phenomena and lead
endothelization leading to narrowing or occlusion of
veins [2e6]. Numerous studies have been conducted
to determine the prevalence and predictors of VSO.
However, most investigated the venous system
during generator replacement, device upgradation,
or transvenous lead extraction [7e9]. Few studies
have been done on VSO following the first trans-
venous cardiac device implantation [10]. However,
venous stenosis was diagnosed by doppler ultra-
sound and not contrast venography, which is the
gold standard. Only one study [11] has done base-
line venography. However, their follow-up period
was only six months, with a small sample size.
Therefore, we aimed to assess the prevalence and
predictors of VSO following the first transvenous
cardiac device implantation with venous angiog-
raphy at one year of follow-up.

2. Material and methods

2.1. Study sample

This study was a single-center prospective,
observational study carried out at our tertiary care
hospital for two years from 2019 to 2021 in the car-
diology department. Patients undergoing CIED im-
plantation for the first time were included.
Demographic, clinical, procedural, and device data
was collected. All patients were followed for twelve
months. Variables examined for association with
venous stenosis were age, sex, hypertension, type 2
diabetes mellitus (T2DM), dyslipidemia (defined as
total cholesterol �200 mg/dl, or triglyceride
�150 mg/dl, or LDL �130 mg/dl or HDL �40 mg/dl
in men or � 50 mg/dl in women) [12], smoking,
number of leads, axillary versus subclavian vein,
right versus left-sided implant, type of device, lead
diameter, silicone versus polyurethane insulation,
number of leads, and use of anticoagulant or anti-
platelet therapy.

2.2. Inclusion criteria

Patients undergoing CIED implantation at our
hospital and consenting for participation in the
study.

2.3. Exclusion criteria

(1) Individuals with creatinine >1.5 mg/dl.
(2) Candidates that had known allergy to iodinated

contrast media.

(3) Patients who had venous stenosis at baseline
contrast venography.

(4) Those who declined to participate in the study.

The study was approved by the Institute Ethics
Committee and informed consent was taken from
all the patients. All the procedures followed were in
accordance with the ethical standards of the Hel-
sinki Declaration (1964, amended most recently in
2008) of the World Medical Association.

2.3.1. Venography
All patients underwent a pre-implant contrast

venography using 10e20 ml of low osmolarity non-
ionic iodinated radiographic contrast medium,
which was injected through an intravenous cannula
inserted into the medial antecubital vein ipsilateral
to device side insertion. The contrast flow in axillary,
subclavian, brachiocephalic, and superior vena cava
was visualized. All the images were taken in ante-
roposterior view and recorded in cine angiography
(Fig. 1). Patients were followed after twelve months
with a similar procedure to look for upper limb
venous anatomy, obstruction, or collaterals. Two
experienced cardiologists reviewed the venograms.
In freezeeframe images with complete opacification
of the vessel lumen, the narrowest and widest
luminal diameter for each venous segment was
identified by visual inspection, and venous stenosis
was categorized as absent-0%, mild-<50 %, moder-
ate-50 %e74 %, severe 75 %e99 %, and occluded if
100 % stenosis.

2.4. Statistical analysis

Continuous variables are expressed as
mean ± SD. Categorical variables are presented as
the analyzed group's exact number and percentage.
The student t-test tested differences between the
two groups for continuous variables. The compari-
sons of categorical variables were analyzed using
the p2 independence test. Two-way tables were
assessed with the p2 test with Yates correction.

Abbreviations

CIEDs Cardiac implantable electronic devices
VSO Venous Stenosis/Occlusion
CRT Cardiac resynchronization therapy
T2DM Type 2 diabetes mellitus
EF Ejection fraction
CRT-D Cardiac resynchronization therapy Defibrillator
ICD Implantable cardioverter defibrillator
SCPM Single chamber pacemaker
DCPM Double chamber pacemaker
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Multivariate logistic regression analysis was per-
formed to determine predictors of VSO by entering
all predictors with p values < 0.1 in univariate
analysis into a forward stepwise mode. Spearman's
rank correlation coefficient was used to discover the
strength of a link between two sets of data to
exclude factors significantly correlated. A p-value
<0.05 was defined as statistically significant.

3. Results

3.1. Baseline characteristics

A total of 164 consecutive patients were screened.
Eight patients were excluded from the study
because of history of renal dysfunction (serum
creatinine >2 mg/dl, n ¼ 6) and contrast medium
hypersensitivity (n ¼ 2). Ten patients were lost to
follow-up. A total of 146 patients were included in
the final analysis. The cohort's mean age was

62.78 ± 11.01 years, of which 100 (68.49 %) were
males. Co-morbidities included hypertension in 99
(67.8 %), diabetes mellitus in 37 (25.3 %), dyslipi-
demia in 21 (14.38 %), smoking in 58 (39.72 %),
ischemic heart disease in 3 (2.05 %), atrial fibrillation
in 21 (14.38 %) and malignancy in 2 (1.36 %). 96
(65.75 %) patients had ejection fraction (EF) � 50 %,
30 (20.5 %) patients had EF of 40e49 %, and 20
(13.69 %) patients had EF of less than 40 %. 19
(13.01 %) patients were on anticoagulation, 7
(4.79 %) were on antiplatelets, and 23 (15.75 %) pa-
tients were taking statins (Table 1).

3.2. Procedural characteristics

31 (21.2 %) patients underwent single chamber
pacemaker, 95 (65.01 %) underwent dual chamber
pacemaker, 11 (7.5 %) underwent Cardiac resynch-
ronization therapy (CRT-P), 6 (4.1 %) underwent

Fig. 1. Baseline venography in Anteroposterior view showing no obstruction or stenosis in axillary or subclavian vein.
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CRT-D and 3 (2.05 %) underwent implantable car-
dioverter defibrillator (ICD) implantation. Among 9
patients of CRT D and ICD, four patients had dual
coil ICD. 137 (93.8 %) patients underwent left sided
CIED implantation. 9 (6.16 %) underwent right sided
implantation. The reasons for right sided implant
included persistent left SVC in two patients, left
sided breast Carcinoma in two patients, left sided
venous obstruction in one patient and operator
preference in four patients.
122 (83.5 %) had axillary puncture while as 24

(16.4 %) patients had subclavian puncture for CIED
implantation (Table 1).

3.3. Venography analysis

In our study, 60 (41.09 %) patients developed some
degree of venous stenosis. 16 (26.66 %) had mild
stenosis, 12 (20 %) had moderate stenosis, 22
(36.67 %) had severe stenosis, and 10 (16.67 %) had
occluded veins. The most common site of obstruc-
tion was the subclavian vein which was obstructed
in 25 (41.66 %) patients. Other sites of obstruction
were the axillary vein in 10 (16.66 %), the

brachiocephalic vein in 13 (21.66 %), and simulta-
neous in 12 (20 %) patients. Twenty patients
(33.33 %) had collateral circulation (Figs. 1 and 2).
Only one patient developed mild pain and swelling
of upper limb. He had complete venous occlusion
but well-developed collaterals. His symptoms
gradually improved over time and he did not
require any intervention at one year of follow up
(see Fig. 3).

3.4. Factors affecting venous stenosis

3.4.1. Patient characteristics
The mean age of those who developed venous

obstruction was significantly higher (64.66 ± 10.07
years) compared to those who did not (60.91 ± 11.94
years). (p ¼ 0.04). The prevalence of VSO was 73 %
(27 out of 37) in diabetes vs 29.35 % (32 out of 109) in
non-diabetics (p ¼ 0.001), 50.5 % (50 out of 99) in
hypertensives vs 19.14 % (9 out of 47) in non-hy-
pertensives (p ¼ 0.0004) and 66.67 % (14 out of 21) in
those with dyslipidemia vs 36 % (45 out of 125)
(p ¼ 0.009) in those without dyslipidemia. There was
no significant difference in gender, ejection fraction,

Table 1. Characteristics of the study sample and comparison between patients with venous stenosis and those without venous stenosis.

Characteristic All (146)
Number (%)

Venous stenosis
(60)
Number (%)

No venous stenosis
(86)
Number (%)

P value

Male 100 (68.49 %) 44 (30.13 %) 56 (38.35 %) P ¼ 0.17
Age (years) 62.78 ± 11.01 64.66 ± 10.07 60.91 ± 11.94 P ¼ 0.04
BMI, kg/m2 27.4 ± 5.4 27.9 ± 5.6 27.1 ± 5.7 P ¼ 0.8
Hypertension 99 (67.8 %) 50 (34.24 %) 49 (33.56 %) P ¼ 0.0004
Diabetes 37 (25.3 %) 27 (18.49 %) 10 (6.84 %) P ¼ 0.000
Dyslipidemia 21 (14.38 %) 14 (9.58 %) 7 (4.79 %) P ¼ 0.009
Smoking 58 (39.72 %) 27 (18.49 %) 31 (21.23 %) P ¼ 0.24
Antiplatelet 7 (4.79 %) 5 (3.42 %) 2 (1.36 %) P ¼ 0.09
Oral anticoagulant 19 (13.01 %) 7 (4.79 %) 12 (8.21 %) P ¼ 0.174
LVEF (%) >50 % 96 (65.75 %) 38 (26.02 %) 58 (39.72 %) P ¼ 0.50

40e50 % 30 (20.54 %) 11 (7.53 %) 19 (13.01 %)
<40 % 20 (13.69 %) 10 (6.84 %) 9 (6.16 %)

Primary procedure site Left 137 (93.83 %) 55 (37.67 %) 81 (55.47 %) P ¼ 0.81
Right 9 (6.16 %) 4 (2.73 %) 5 (3.42 %)

Primary procedure vein Axillary 122 (83.56 %) 50 (34.24 %) 72 (49.31 %) P ¼ 0.82
Subclavian 24 (16.43 %) 9 (6.16 %) 15 (10.27 %)

Number of leads One 33 (22.6 %) 11 (7.53 %) 22 (15.06 %) P ¼ 0.5
Two 97 (66.43 %) 40 (27.39 %) 57 (39.04 %)
Three 16 (10.95 %) 8 (5.47 %) 8 (5.47 %)

Total lead Diameter in mm 3.62 ± 1.06 3.88 ± 1.09 3.50 ± 1.03 P ¼ 0.03
Diameter of leads �4 mm 66 (45.20 %) 46 (31.50 %) 20 (13.69 %) P ¼ 0.0001

�3.9 mm 80 (54.79 %) 13 (8.90 %) 67 (45.89 %)
Primary procedure device SCMP 31 (21.23 %) 8 (5.47 %) 23 (15.75 %) P ¼ 0.0037

DCMP 95 (65.06 %) 37 (25.34 %) 58 (39.72 %)
CRT-P/CRTD/ICD 20 (13.69 %) 14 (9.58 %) 6 (4.1 %)

Insulation material Polyurethane 134 (91.78 %) 54 (36.98 %) 80 (54.79 %) P ¼ 1.0
Silicon 12 (8.21 %) 5 (3.42 %) 7 (4.79 %)

Note: Percentages mentioned are of total study population. BMI (Body Mass Index), LVEF (Left ventricular Ejection fraction), SCPM
(Single chamber pacemaker), DCMP (Double chamber pacemaker), CRT-P (Cardiac Resynchronization therapy), CRT -D (Cardiac
Resynchronization therapy with defibrillator), ICD (Implantable cardioverter defibrillator).
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primary procedure site, primary procedure vein,
antiplatelet use, and anticoagulant use for venous
stenosis (Table 1).

3.4.2. Procedural factors
Venous stenosis was significantly higher in patients

in whom total lead diameter was �4 mm. 66 patients
had lead diameter of � 4 mm, of whom 46 (69.69 %)
developed venous stenosis. 80 patients had lead
diameter �3.9 mm, of whom 13 (16.25 %) developed
venous stenosis. (p ¼ 0.0001). The total lead diameter
in those with venous stenosis was significantly higher
than those without (3.88 ± 1.09 vs 3.50 ± 1.03 mm
p ¼ 0.03). Venous stenosis was numerically higher
with the increasingnumber of leads implanted. Single
lead was implanted in 33 patients, of which 11
(33.33 %) had venous obstruction. Double leads were
implanted in 97 patients, of whom 40 (41.23 %) pa-
tients had venous obstruction. Three leads were
implanted in 16 patients of whom 8 (50 %) developed
venous obstruction. However, the difference was not

statistically significant (p¼ 0.5). VSOwas significantly
higher in those with CRT-P/CRTD/ICD than those
with single or double-chamber pacemakers
(P¼ 0.0037). The leaddiameterwasmore in thosewith
CRT-P/CRTD/ICD as compared to single and dual
chamberpacemakerpatients. (4.6± 0.7 vs 3.3± 0.8mm
p¼ 0.01). Among four patientswith dual coil ICD lead
(with additional SVC coil), three developed VSO.
There was no relation of venous stenosis with lead
insulation material (Table 1).

3.4.3. Prevalence of severe venous stenosis (>75 %)
and factors affecting it
Out of 146 patients, 22 (15.06 %) had venous ste-

nosis over 75 %. Severe venous stenosis was signifi-
cantly higher in diabetics, hypertensives, and those
with dyslipidemia (Table 2). The total lead diameter
was also significantly higher in those with severe
stenosis. (4.08 ± 1.05 vs 3.53 ± 1.05 mm respectively
p ¼ 0.027). Severe VSO was significantly higher in
those with CRT-P/CRTD/ICD as compared to those

Fig. 2. Venography at 12 months showing complete occlusion of origin of subclavian vein with extensive collaterals.
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with single or double chamber pacemakers
(P ¼ 0.0001) (Table 2).

3.4.4. Logistic regression analysis
In logistic regression analysis, hypertension

(p ¼ 0.018), total lead diameter (p ¼ 0.024), and use
of CRT-P/CRTD/ICD (p ¼ 0.03) remained signifi-
cant predictors of severe venous stenosis.

4. Discussion

In our study, we observed venous obstruction in
40.2 % of patients with CIED, in line with reports in
the literature [12e15]. The main findings of our
study were: (1) Most venous obstructions are clini-
cally silent; (2) Among clinical factors, increasing
age, diabetes, hypertension, and dyslipidemia are
essential factors associated with venous obstruction;
(3) Among procedure-related factors, increasing

lead diameter and implantation of CRT-P/CRT D
are associated with venous obstruction.
Most of the studies done prior were performed

only after pacing lead implantation. Therefore, there
is a possibility of overestimating the incidence of
venous obstruction induced by pacing leads. In our
study, we did baseline venography in all patients
before lead implantation and excluded patients with
any venous obstruction from the study. We found
venous obstruction in 40 % of patients during the
follow-up period of one year. The incidence of VSO
in different studies varies from 25 % to 40 % [13e19].
The high incidence (>60 %) [3,20] in some studies
may be due to different definitions used to define
VSO and different methods of venous visualization.
Besides, the absence of a baseline venogram may
overestimate the incidence of VSO. We found that
subclavian and brachiocephalic veins are the most
commonly affected veins, as found in other studies

Fig. 3. Venography at 12 months showing complete occlusion of subclavian and innominate vein with collaterals in a patient with double chamber
pacemaker.

306 JOURNAL OF THE SAUDI HEART ASSOCIATION 2023;35:301e310

O
R
IG

IN
A
L
A
R
T
IC

L
E



[21]. One study [11] showed that stenosis developed
at the same point where the vessel was narrowest
already before lead implantation.
We found that almost all patients with VSO were

clinically asymptomatic. Only one patient devel-
oped mild symptoms which gradually improved
over time and he did not require any intervention.
Previous reports also show very low rates of symp-
tomatic venous obstruction ranging from 0 to 2 %
[22]. The lack of symptoms of VSO may be due to
the slow progression of venous obstruction that
permits the development of adequate collateral
circulation. In our study, 20 patients (33.33 %) had
collateral circulation.
Despite many decades of experience with CIED,

no studies have identified apparent risk factors that
lead to venous stenosis [13,19,20]. Although the
number of males in the VSO group was higher
numerically {100 (68.5 %)} than the non-VSO group,
it was not statistically significant. This is consistent
with the data from the other studies [10,14].
Although age has not been clearly defined as the
risk factor for VSO, we found higher age to be
significantly associated with the development of
VSO. We found hypertension to be significantly
higher in those who developed venous stenosis.

Hypertension was our study population's most
frequent comorbidity (70 %). In both bivariate and
multivariate analyses, we found that hypertension
was significantly associated with the development of
severe venous stenosis. This is a novel finding in our
study. Although hypertension is a well-established
factor for the development of venous thrombosis,
the link between hypertension and VSO after CIED
implantation has received little attention to date. In
our study, many patients had hypertension which
was not present in other studies. The mechanisms
underlying the association between hypertension
and venous thrombosis are not yet fully clear but
involve various interrelated pathways, including
endothelial dysfunction, inflammation & coagula-
tion imbalance, and altered hemodynamics that
promote stasis and turbulence, which are known
contributors to thrombus formation [23]. Our
finding has important clinical implications as hy-
pertension is an easily modifiable risk factor, and
optimal blood pressure control can decrease VSO.
However, we acknowledge that we do not have data
on control of blood pressure in our study group and
our results are hypothesis generating which require
to be validated in further studies. We also noted
diabetes to be significantly associated with VSO.

Table 2. Comparison between patients with severe venous stenosis (more than 75 %) and those without severe venous stenosis.

Characteristic All (146)
Number (%)

More than 75 %
Venous stenosis (22)
Number (%)

Less than 75 %
venous stenosis (124)
Number (%)

P value

Male 100 (68.49 %) 18 (12.32 %) 82 (56.16 %) P ¼ 0.138
Age (years) 62.78 ± 11.01 64.27 ± 10.19 62.10 ± 11.5 P ¼ 0.4
BMI, kg/m2 27.4 ± 5.4 28.5 ± 5.5 27.7 ± 5.4 P ¼ 0.8
Hypertension 99 (67.8 %) 19 (13.01 %) 80 (54.79 %) P ¼ 0.048
Diabetes 37 (25.3 %) 13 (8.9 %) 24 (16.43 %) P ¼ 0.000
Dyslipidemia 21 (14.38 %) 7 (4.79 %) 14 (9.58 %) P ¼ 0.0012
Smoking 58 (39.72 %) 11 (7.53 %) 47 (32.19 %) P ¼ 0.299
Antiplatelet 7 (4.79 %) 5 (3.42 %) 2 (1.36 %) P ¼ 0.09
Oral anticoagulant 19 (13.01 %) 2 (1.36 %) 17 (11.64 %) P ¼ 0.174
LVEF (%) >50 % 96 (65.75 %) 38 (26.02 %) 58 (39.72 %) P ¼ 0.50

40e50 % 30 (20.54 %) 11 (7.53 %) 19 (13.01 %)
<40 % 20 (13.69 %) 10 (6.84 %) 9 (6.16 %)

Primary procedure site Left 137 (93.83 %) 20 (13.69 %) 117 (80.13 %) P ¼ 0.54
Right 9 (6.16 %) 2 (1.36 %) 7 (4.79 %)

Primary procedure vein Axillary 122 (83.56 %) 20 (13.69 %) 102 (69.86 %) P ¼ 0.34
Subclavian 24 (16.43 %) 2 (1.4 %) 22 (14.5 %)

Number of leads One 33 (22.6 %) 3 (2.05 %) 30 (20.54 %) P ¼ 0.39
Two 97 (66.4 %) 16 (10.95 %) 81 (55.47 %)
Three 16 (10.95 %) 4 (2.73 %) 12 (8.21 %)

Total lead Diameter in mm 3.62 ± 1.06 4.08 ± 1.05 3.53 ± 1.05 P ¼ 0.027
Diameter of leads �4 mm 66 (45.20 %) 50 (34.24 %) 16 (10.95 %) P ¼ 0.0001

�3.9 mm 80 (54.79 %) 12 (8.21 %) 68 (46.57 %)
Primary procedure device SCMP 31 (21.23 %) 2 (1.36 %) 29 (19.86 %) P ¼ 0.0001

DCMP 95 (65.01 %) 9 (6.16 %) 86 (58.90 %)
CRT-P/CRTD/ICD 20 (13.69 %) 11 (7.53 %) 9 (6.16 %)

Note: Percentages mentioned are of total study population. BMI (Body Mass Index), LVEF (Left ventricular Ejection fraction), SCPM
(Single chamber pacemaker), DCMP (Double chamber pacemaker), CRT-P (Cardiac Resynchronization therapy), CRT -D (Cardiac
Resynchronization therapy with defibrillator), ICD (Implantable cardioverter defibrillator).
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Although some studies [10] have shown a protective
effect of diabetes on VSO development, our obser-
vation was the opposite. Several studies have
demonstrated an increased risk of venous throm-
bosis with diabetes [24,25]. Diabetes induces chronic
proinflammatory and procoagulant states besides
causing endothelial dysfunction, all promoting
venous thrombosis and stenosis. However, further
dedicated studies are needed to assess the effect of
hyperglycaemia on the development of VSO. We
also noted dyslipidemia to be significantly associ-
ated with the development of VSO. The association
of dyslipidemia with venous thrombosis needs to be
better established. Total serum cholesterol has been
observed to be a significant risk factor for pulmo-
nary embolism [26]. There needs to be more data on
the association of dyslipidemia with VSO after
CIED. Circulating lipids appear to have both pro-
coagulant and endothelium-altering properties.
Animal studies have shown a higher rate of thrombi
and greater platelet activation in hyperlipidaemic
compared to normolipidemic rates [27]. Our finding
has important clinical implications, as lowering
cholesterol may help decrease VSO. However,
further more extensive studies are needed to vali-
date this association. Although antiplatelet and oral
anticoagulant use, implant on the right side, have
been weakly associated with reduced VSO [7,14,18],
our study found no association.
Among the device factors, we found lead diameter

to be significantly associated with VSO, a result that
was consistent with other studies. Although the lead
number was numerically higher in those with VSO,
it did not reach statistical significance [28]. The re-
sidual lumen of the vein becomes less by increasing
the number and diameter of leads, which may lead
to the development of stenosis. Multiple leads cause
mechanical stress due to rubbing each other,
resulting in endothelial injury. They also cause flow
turbulence, thus promoting thrombosis, inflamma-
tion, and fibrosis. Besides, the trauma induced by a
puncture at the veinous entry site induces inflam-
mation and may also contribute to the pathogenesis
of venous stenosis [29]. However, some studies are
still conflicting and found no association between
the number of leads with VSO [7,9]. We also found
that CRT-P/CRT-D and ICD device implantation
was significantly associated with VSO. Multiple
factors were thought to responsible for high preva-
lence of VSO in these patients. Implantation of CRT-
P/CRT-D can be challenging. The manipulation of
guiding catheters during the procedure can damage
the vessel wall. Elevated central venous pressure
and reduced blood flow in these patients due to left
ventricular failure also increase the propensity for

thrombosis and fibrosis. Furthermore, heart failure
itself is a hypercoagulable state [30e32]. ICD leads
could lead to more VSO because of the second
shocking coil in the superior vena cava, which can
lead to thrombosis and fibrosis. Out of four patients
with dual coil ICD leads three developed VSO. The
lead diameter was more in these patients as
compared to single and dual chamber pacemaker
patients. (4.6 ± 0.7 vs 3.3 ± 0.8 mm p ¼ 0.01). Besides,
multiple leads in biventricular devices lead to me-
chanical irritation and VSO development Although
lead number was not statistically significant but
numerically, higher lead number was associated
with higher VSO. This could also have been
contributory for development of VSO in these pa-
tients. The lead composition was non-contributory
in venous obstruction in our study, as reported
previously [33].

5. Limitations

It was a single-center study. We only analyzed the
cine angiography in a single plane (anterior poste-
rior) to detect venous obstruction. Our search for
predisposing factors might have been hampered by
our population's relatively small sample size. We
did not have data about how many patients had
controlled hypertension, diabetes or dyslipidemia.
However, our findings are hypothesis generating
and require further studies to prove that controlling
hypertension, hyperglycemia or dyslipidemia could
decrease VSO. Follow up period was only one year.
However, patients enrolled are strictly being fol-
lowed at the pacemaker clinic in our hospital. The
follow up is however, only clinical.

6. Conclusions

Our study demonstrates that venous obstruction
is common (40 % of patients) in CIED patients. Most
patients have mild to moderate stenosis, and almost
all are asymptomatic. Among patient related factors
increasing age, hypertension, diabetes, and dyslipi-
demia were significantly associated with VSO.
Among procedure-related factors, larger total lead
diameter and implantation of biventricular devices
are significantly associated with venous obstruction.
Further multicentre studies with larger sample sizes
are needed to confirm our findings and detect other
predictors of venous stenosis.

Author contributions

Conception and design of Study: QY, AR, IH, HR,
IS, AHM, SAM, AL. Literature review: QY, AR, IH,
HR, IS, AHM, SAM, AL. Acquisition of data: QY,

308 JOURNAL OF THE SAUDI HEART ASSOCIATION 2023;35:301e310

O
R
IG

IN
A
L
A
R
T
IC

L
E



AR, IH, HR, IS, AHM, SAM, AL. Analysis and
interpretation of data: QY, AR, IH. Research inves-
tigation and analysis: QY, AR, IH. Data collection:
QY. Drafting of manuscript: AR. Revising and edit-
ing the manuscript critically for important intellec-
tual contents: AR. Data preparation and
presentation: AR. Supervision of the research: AR.
Research coordination and management: AR.
Funding for the research: AR.

Disclosure of any funding to the study

This research did not receive any specific grant
from funding agencies in the public, commercial, or
not-for-profit sectors.

Conflicts of interest

None declared.

References

[1] Greenspon AJ, Patel JD, Lau E, Solomon SD, Hattoum A,
Wilkoff BL, et al. 16-year trends in the infection burden for
pacemakers and implantable cardioverter-defibrillators in
the United States 1993 to 2008. J Am Coll Cardiol 2011 Aug
30;58(10):1001e6. https://doi.org/10.1016/j.jacc.2011.04.033.

[2] Goto Y, Abe T, Sekine S, Suzuki H, Nakamura K, Yamada T,
et al. Long-term thrombosis after transvenous permanent
pacemaker implantation. PacingClinElectrophysiol 1998;21(6):
1192e5. https://doi.org/10.1111/j.1540-8159.1998.tb00177.x.

[3] Da Costa SS, Scalabrini Neto A, Costa R, Santos Silva E, de
Oliveira Jr MA, Cestari IN, et al. Incidence and risk factors of
upper extremity deep vein lesions after permanent trans-
venous pacemaker implant: a 6-month follow-up prospective
study. Pacing Clin Electrophysiol 2002;25(9):1301e6. https://
doi.org/10.1046/j.1460-9592.2002.01301.x.

[4] Sticherling C, Chough SP, Baker RL, Worley SJ, Powers S,
Daoud E, et al. Prevalence of central venous occlusion in
patients with chronic defibrillator leads. Am Heart J 2001;
141(5):813e6. https://doi.org/10.1067/mhj.2001.114195.

[5] Rozmus G, Daubert JP, Huang DT, Rosero SZ, Hall B,
Henry PD, et al. Venous thrombosis and stenosis after im-
plantation of pacemakers and defibrillators. J Intervent Card
Electrophysiol 2005;13(1):9e19. https://doi.org/10.1007/s10840-
005-1140-1.

[6] Lickfett L, Bitzen A, Arepally A, Willems S, Shenasa F,
Pokushalov E, et al. Incidence of venous obstruction following
insertionof an implantable cardioverter defibrillator.A studyof
systematic contrast venographyonpatientspresenting for their
first elective ICD generator replacement. Europace 2004;6(1):
25e31. https://doi.org/10.1016/j.eupc.2003.09.001.

[7] Oginosawa Y, Abe H, Nakashima Y. The incidence and risk
factors for venous obstruction after implantation of trans-
venous pacing leads. Pacing Clin Electrophysiol 2002;25(11):
1605e11. https://doi.org/10.1046/j.1460-9592.2002.01605.x.

[8] Bar-Cohen Y, Berul CI, Alexander ME, Cecchin F, Walsh EP,
TriedmanJK, et al. Age, size, and lead factors alone do not
predict venous obstruction in children and young adults with
transvenous lead systems. J Cardiovasc Electrophysiol 2006;
17:754e9. https://doi.org/10.1111/j.1540-8167.2006.00489.x.

[9] Bracke F, Meijer A, van Gelder B, Vos MA, de Groot JR, van
Dessel PFHM, et al. Venous occlusion of the access vein in
patients referred for lead extraction: influence of patient and

lead characteristics. Pacing Clin Electrophysiol 2003;26(8):
1649e1652doi. https://doi.org/10.1046/j.1460-9592.2003.t01-1-
00247.x.

[10] Cacko A, Kozyra-Pydy�s E, Gawałko M, Cecchin F, Walsh EP,
Triedman JK, et al. Predictors of venous stenosis or occlusion
following first transvenous cardiac device implantation:
prospective observational study. J Vasc Access 2019 Sep;
20(5):495e500. https://doi.org/10.1177/1129729818815135.

[11] Korkeila P, Nyman K, Ylitalo A, Rosero SZ, Hall B,
Henry PD, et al. Venous obstruction after pacemaker im-
plantation. Pacing Clin Electrophysiol 2007 Feb;30(2):
199e206. https://doi.org/10.1111/j.1540-8159.2007.00650.x.

[12] National Cholesterol Education Program. Detection, evalu-
ation and treatment of high blood cholesterol in adults
(Adult Treatment Panel III). Circulation 2002;106:3143e421.
https://doi.org/10.1161/circ.106.25.3143.

[13] Antonelli D, Turgeman Y, Kaveh Z, Nakamura K, Yamada T,
Takahashi A, et al. Short-term thrombosis after transvenous
permanent pacemaker insertion. Pacing Clin Electrophysiol
1989;12:280e2. https://doi.org/10.1111/j.1540-8159.1989.tb02
660.x.

[14] Haghjoo M, Nikoo MH, Fazelifar AF, Alizadeh A, Shenasa F,
Pokushalov E, et al. Predictors of venous obstruction
following pacemaker or implantable cardioverter-defibril-
lator implantation: a contrast venographic study on 100 pa-
tients admitted for generator change, lead revision, or device
upgrade. Europace 2007;9:328e32. https://doi.org/10.1093/
europace/eum019.

[15] Van Rooden CJ, Molhoek SG, Rosendaal FR, Vos MA, de
Groot JR, van Dessel PFHM, et al. Incidence and risk factors
of early venous thrombosis associated with permanent
pacemaker leads. J Cardiovasc Electrophysiol 2004;15:
1258e62. https://doi.org/10.1046/j.1540-8167.2004.04081.x.

[16] Bulur S, Vural A, Yazici M, Ertas G, Cecchin F, Walsh EP,
et al. Incidence and predictors of subclavian vein obstruction
following biventricular device implantation. J Intervent Card
Electrophysiol 2010;29:199e202. https://doi.org/10.1007/
s10840-010-9516-2.

[17] Korkeila P, Mustonen P, Koistinen J, Nyman K, Rosero SZ,
Hall B, et al. Clinical and laboratory risk factors of throm-
botic complications after pacemaker implantation: a pro-
spective study. Europace 2010 Jun;12(6):817e24. https://
doi.org/10.1093/europace/euq075.

[18] Boczar K, Ząbek A, Haberka K, Hardzina M, Dębski M,
Rydlewska A, et al. Venous stenosis and occlusion in the
presence of endocardial leads. Adv Clin Exp Med 2016
JaneFeb;25(1):83e91. https://doi.org/10.17219/acem/42317.

[19] Abu-El-Haija B, Bhave PD, Campbell DN, Mazur A,
Cecchin F, Walsh EP, et al. Venous stenosis after transvenous
lead placement: a study of outcomes and risk factors in 212
consecutive patients. J Am Heart Assoc 2015;4:e001878.
https://doi.org/10.1161/JAHA.115.001878.

[20] Da Costa SS, Scalabrini Neto A, Costa R, Caldas JG, Marti-
nelli Filho M, Martins L, et al. Incidence and risk factors of
upper extremity deep vein lesions after permanent trans-
venous pacemaker implant: a 6-month follow-up prospective
study. Pacing Clin Electrophysiol 2002;25:1301e6. https://
doi.org/10.1046/j.1460-9592.2002.01301.x.

[21] Czajkowski M, Jache�c W, Polewczyk A, Cecchin F, Walsh EP,
Triedman JK, et al. Severity and extent of lead-related
venous obstruction in more than 3000 patients undergoing
transvenous lead extraction. Vasc Health Risk Manag 2022
Aug 17;18:629e42. https://doi.org/10.2147/vhrm.s369342.

[22] Santini M, Di Fusco SA, Santini A, Magris B, Pignalberi C,
Aquilani S, et al. Prevalence and predictor factors of severe
venous obstruction after cardiovascular electronic device
implantation. Europace 2016 Aug;18(8):1220e6. https://
doi.org/10.1093/europace/euv391.

[23] Esmon CT, Vos MA, de Groot JR, van Dessel PFHM,
Mustonen P, Koistinen J, et al. Basic mechanisms and path-
ogenesis of venous thrombosis. Blood Rev 2009 Sep;23(5):

JOURNAL OF THE SAUDI HEART ASSOCIATION 2023;35:301e310 309

O
R
IG

IN
A
L
A
R
T
IC

L
E



225e9. https://doi.org/10.1016/j.blre.2009.07.002. PMID:
19683659; PMCID: PMC276227.

[24] Chung WS, Lin CL, Kao CH, Rosero SZ, Hall B, Henry PD,
et al. Diabetes increases the risk of deep-vein thrombosis
and pulmonary embolism. A population-based cohort study.
Thromb Haemost 2015 Oct;114(4):812e8. https://doi.org/
10.1160/TH14-10-0868. Epub 2015 Aug 13. PMID: 26271946.

[25] Wang S, Zhao Y, Cecchin F, Walsh EP, Triedman JK. Dia-
betes mellitus and the incidence of deep vein thrombosis
after total knee arthroplasty: a retrospective study.
J Arthroplasty 2013 Apr;28(4):595e7. https://doi.org/10.1016/
j.arth.2012.07.023. Epub 2012 Nov 13.

[26] Goldhaber SZ,Grodstein F, StampferMJ,VosMA, deGroot JR,
van Dessel PFHM, et al. A prospective study of risk factors for
pulmonary embolism in women. JAMA 1997 Feb;277(8):642e5.
https://doi.org/10.1001/jama.1997.03540320044033.

[27] Cignarella A, Mussoni L, Mannucci L, Nakamura K,
Yamada T, Takahashi A, et al. Platelet activation supports the
development of venous thrombosis in hyperlipidemic rats.
Blood Coagul Fibrinolysis 1998;9:47e53. https://doi.org/
10.1097/00001721-199801000-00006.

[28] Morani G, Bolzan B, Valsecchi S, Morosato M, Ribichini FL,
Cecchin F, et al. Chronic venous obstruction during cardiac
device revision: incidence, predictors, and efficacy of
percutaneous techniques to overcome the stenosis. Heart

Rhythm 2020 Feb;17(2):258e64. https://doi.org/10.1016/
j.hrthm.2019.08.012.

[29] Agarwal AK. Central vein stenosis: current concepts. Adv
Chronic Kidney Dis 2009 Sep;16(5):360e70. https://doi.org/
10.1053/j.ackd.2009.06.003.

[30] Chong AY, Freestone B, Patel J, Cecchin F, Walsh EP,
Triedman JK, et al. Endothelial activation, dysfunction, and
damage in congestive heart failure and the relation to brain
natriuretic peptide and outcomes. Am J Cardiol 2006 Mar 1;
97:671e5. https://doi.org/10.1016/j.amjcard.2005.09.113.

[31] Kotlyar E, Vita JA, Winter MR, Vos MA, de Groot JR, van
Dessel PFHM, et al. The relationship between aldosterone,
oxidative stress, and inflammation in chronic, stable human
heart failure. J Card Fail 2006;12:122e7. https://doi.org/
10.1016/j.cardfail.2005.08.005.

[32] Marcucci R, Gori AM, Giannott F, Baldi M, Rosero SZ,
Hall B, et al. Markers of hypercoagulability and inflamma-
tion predict mortality in patients with heart failure. J Thromb
Haemostat 2006;4:1017e22. https://doi.org/10.1111/j.1538-
7836.2006.01916.x.

[33] Shenthar J, Padmanabhan D, Banavalikar B, Parvez J,
Vallapil SP, Singha I, et al. Incidence, predictors, and grada-
tion of upper extremity venous obstruction after transvenous
pacemaker implantation. Indian Heart J 2019 MareApr;71(2):
123e5. https://doi.org/10.1016/j.ihj.2019.02.002.

310 JOURNAL OF THE SAUDI HEART ASSOCIATION 2023;35:301e310

O
R
IG

IN
A
L
A
R
T
IC

L
E


