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Abstract

Background—In hemodialysis patients, implantable cardioverter-defibrillator (ICD)
implantation may result in central venous stenosis (CVS) with associated symptoms, such as
pain, edema of the ipsilateral arm, facial edema, and loss of dialysis access. However, literature
concerning CVS in dialysis patients with a cardiac implantable electronic device is scarce.

Methods—We conducted a prospective cohort study in which we investigated the incidence

of CVS in end-stage renal disease patients on chronic dialysis who received an ICD as part of
participation in the randomized ICD2 trial. A venography was performed before ICD implantation
and at 1 year follow-up.

Results—Between 2007 and 2017, 80 patients on dialysis received an ICD according to ICD2
trial protocol. Our population mainly consisted of males (76.3%), and had a median age of 67
years. Hemodialysis was the predominant dialysis modality (71.3%). The ICD was implanted in
the right pectoral region in 58 patients (72.5%). A minority of the patients (27.5%) had a history of
central venous catheters use, ipsilateral to ICD implantation site. Median follow-up was 16 months
(IQR 13-35). Prospective assessment of central vein patency was possible in 56 patients (70.0%).
Partial obstruction of central vein at follow-up was present in 19 out of 56 patients (33.9%) and
complete occlusion in 4 patients (7.1%). With a complete clinical follow-up of all patients with a
median duration of 3.5 years (IQR 2.7 — 6.3), 3 patients developed clinically significant symptoms
of CVS.

Conclusions—Development of CVS in patients on chronic dialysis who received an ICD is a
cause of concern. Prevention of such complications deserves attention and further research.
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1. Introduction

Implantation of cardiac implantable electronic devices (CIED), such as pacemakers and
implantable cardioverter-defibrillators (ICD), can be life-saving as they can restore brady

— and tachyarrhythmias [1]. End-stage renal disease patients on dialysis are at high risk

for these arrhythmias and the use of CIEDs is hot uncommon [2-5]. Although leadless
devices are increasingly used, transvenous devices are still the most common method

of implantation [6]. However, transvenous cardiac device placement can lead to severe
vascular and/or infectious complications, especially in vulnerable populations such as
dialysis patients [7,8]. A well-functioning vascular access is crucial in managing patients
on hemaodialysis. Central venous stenosis (CVS), defined as stenosis in the brachiocephalic,
subclavian or superior cava vein is associated with symptoms such as edema and pain in the
ipsilateral extremity, and may result, specifically in hemodialysis patients, in a compromised
usability of their arteriovenous access [9-12]. Management of central venous occlusive
disease (CVOD) consists of (often repeated) percutaneous transluminal angioplasty; in
refractory cases, endovascular banding/ligation of the functioning arteriovenous fistula
(AVF) or removal of the ICD leads may be necessary [10,13]. Very little is known

with regard to development of lead-induced CVS after CIED implantation in patients on
dialysis. To the best of our knowledge, our study is the first to prospectively investigate the
development of CVS upon a device implantation in dialysis patients. In this report, we aim
to clarify the incidence and consequences of lead-induced CVS in this vulnerable patient
group.

2. Methods
2.1 Study design and population

We performed a preplanned subanalysis of The Implantable Cardioverter-Defibrillator in
Dialysis Patients (ICD2) trial14. In the randomized, controlled ICD2 trial we demonstrated
that prophylactic ICD therapy in patients on chronic dialysis with LVEF =35% was not
associated with a reduced rate of sudden cardiac death or all-cause death. Patients were
referred from 17 dialysis centers to the Leiden University Medical Center, in Leiden, The
Netherlands. Patients on dialysis for more than 90 days, with an age of =55 years and

<81 years, and not meeting the class | indication for ICD implantation were eligible for
participation. Exclusion criteria were: heart failure (New York Heart Association functional
class 1V); medical condition determining a life expectancy <1 year; expected Kidney
transplantation within 1 year; CVC in situ; patients with acute myocardial infarction in

the past 40 days; known human immunodeficiency virus infection and inability to provide
informed consent. Patients were randomized in a 1:1 fashion to receive an ICD (ICD group)
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or standard care (control group). Patients assigned to the ICD arm received a dual-chamber
transvenous device (Biotronik, Berlin, Germany), which was implanted subcutaneously

in the pectoral region, under local anesthesia. Baseline characteristics, such as patient
demographics, comorbidity, and medication use were collected. Dialysis characteristics were
extracted from the hospital’s electronic medical records. The protocol was approved by

the hospital’s ethics committee in April 2007. The trial is registered at the Netherlands
Trial Register (http://www.controlled-trials.com/ISRCTN20479861). All patients provided
written informed consent. In October 2012 we added an amendment to the trial protocol
that facilitated venography pre-randomization as standard screening procedure, as well as
venography at 1-year follow-up in order to prospectively assess CVS in patients undergoing
chronic dialysis. Patient enrollment ensued until January 2018. Extended clinical follow-up
ensued until the ICD2 trial was stopped in February 2018 per advice of the data and safety
monitoring board because of futility.

2.2 Venography

Angiographic evaluation was performed by injecting 10ml of iodine-based contrast using

a peripheral venous canula, ipsilateral to the ICD-implantation site. In general, systems
classifying CVS are based on anatomic location of lesion, degree of occlusion and degree of
collateral flow (Supplemental eTable 1). We chose to define phlebographic images according
to 2 systems. First, images were adjudicated according to the following 3 categories:
completely obstructed, partially obstructed (>70%) or patent. Secondly, the degree of
collateral flow was classified as ‘mild” (residual collateral flow and/or 1 collateral vein);
‘moderate’ (moderate collateral flow with incomplete opacification of the vein proximal to
the occlusion and/or 2 collateral veins can be seen) and ‘important” (complete and rapid
collateral flow and/or =3 collateral veins). All angiographic images were independently
evaluated by two experienced interventional cardiologists (1.K. and J.M.M.C). In case

of verdict discrepancy with regard to degree of stenosis or collateral flow, images were
assessed by a third experienced interventional cardiologist (J.W.J).

2.3 Statistical analysis

Categorical data are presented as absolute numbers (%) and continuous data as mean + SD,
or median and interquartile range (IQR) in case of a non-normal distribution. Using relative
risk (RR) statistical differences were tested for occurrence of central vein stenosis and
history of ipsilateral CVVC use. Statistical significance was tested using the Chi-square test.
A p-value below 0.05 was considered statistically significant for this analysis. All statistical
analyses were performed using SPSS version 25.0 (IBM Corp, Armonk, New York, USA).

3. Results

In total, 80 patients undergoing chronic dialysis received an ICD according to the ICD?2 trial
protocol. Procedural characteristics such as ICD type, right atrial and ventricular leads have
been described previously [14]. All patients received dual-chamber ICDs, with the exception
of 2 patients who received a device with a single right ventricular lead because of permanent
atrial fibrillation. Baseline characteristics are depicted in table 1. Our population mainly
consisted of males (76.3%), with a median age of 67 years, IQR 63-74 years. Hemodialysis
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was the predominant dialysis modality (71.3%). History of central venous catheters (CVC)
ipsilateral to ICD implantation site was present in 22 out of 80 patients (27.5%). ICD was
implanted in the right pectoral region in 58 patients (72.5%). Median follow-up was 16
months (IQR 13-35). Angiography at baseline was performed in 62 patients (77.5%). In the
remaining 18 patients we considered the ipsilateral central venous circulation patent, as all
of these patients underwent successful transvenous ICD implantation. In 7 cases (12.5%)
venography images at baseline were not available. In these cases, information regarding the
patency status of the central vein was extracted from the procedure report. For the patients
where angiography images were available the percentage of agreement among the reviewing
cardiologists was high, in more than 95% of the cases. The inter-reviewer reliability is
depicted in Supplemental eTable 2.

Prospective assessment of central vein patency was not possible in 24 patients (30.0%)
(Figure 1). Five out of these 24 patients (6.3%) were deceased at 1 year follow-up. The
5-year survival probability from ICD implantation is depicted in Supplemental eFigure 1.
The mortality rates at 2, 3, 4 and 5 years were 11 (13.8%), 21 (26.3%), 32 (40.0%), and 33
(41.3%) out of 80, respectively. In 56 out of 80 patients (70.0%) angiography was performed
at follow-up and these cases were available for prospective analysis of central vein patency
(Table 2 and Table 3). Angiographic progression to CVS occurred in 22 of 56 patients
(39.3%), of which 9 patients with a history of CVC use ipsilateral to ICD implantation site
(40.9%) versus 13 patients without a history of ipsilateral CVC use (59.1%), relative risk
1.9; 95% confidence interval 1.0 — 3.5; p=0.055. The anatomic location of CVS ipsilateral
to ICD implantation site was the subclavian vein in 20 out of 22 patients (90.9%), of

which 4 cases with complete stenosis. The brachiocephalic vein was afflicted in 2 out of 22
patients (100% inter-rater reliability). In total, 11 patients with normal baseline venography
developed signs of collateral flow. An example of CVS can be seen in figure 2 and figure

3. During clinical follow-up of ICD-recipients with a median duration of 3.5 years (IQR 2.7
- 6.3) from ICD implantation date, 3 patients developed clinically significant symptoms of
CVS. These cases are described below.

ICD was implanted via the right subclavian vein in September 2009. Patient was admitted

in November 2009 for right atrial and right ventricular lead repositioning after dislocation

in the context of Twiddler syndrome. Four years later, patency of the AVF in the left arm
was lost following a traumatic event, after which new AVF was created, ipsilateral to ICD
implantation site. Another 4 years later, the patient reported symptoms of pain and edema

in the right arm, which appeared to be secondary to venous occlusion. In August and
November 2017 percutaneous transluminal angioplasties were performed. Unfortunately, the
complaints of pain and edema persisted, whereupon the AVF was ligated.

ICD was implanted right-sided in September 2014. At that time, the flow of the ipsilateral
AVF was 550mL/min. Patients developed edema of the right arm in August 2015.
Visualisation of the subclavian vein in August 2015 revealed a significant stenosis near the
transition of the brachiocephalic vein to the superior vena cava which was left untreated as
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cannulation of the AVF was still possible and symptoms were mild. AVF flow and dialysis
efficacy remained stable during follow-up.

The ICD was implanted in April 2016 in a patient treated with peritoneal dialysis.
Implantation location was the right pectoral region. For clinical reasons, the dialysis
modality was changed from peritoneal dialysis to hemodialysis 3 months after ICD
implantation. In July 2016, an AVF was created in the right arm. Within the next month, the
patient developed edema of the right arm. This was bothersome and it impeded cannulation
of the fistula for dialysis. Therefore, hemodialysis was temporarily performed using a CVC.
A venogram showed a mild stenosis in the transition from the subclavian vein to the vena
cava superior with extensive collateral formation. The AVF had a high flow of >3 L/min,
which was responsible for the edema of the arm as this venous stenosis precluded sufficient
drainage of the AVF flow to the heart. During a 3-day admission the ICD and leads were
removed, and an attempt was made to dilate the venous trajectory on the right-pectoral side,
using rotablation and cutting balloon. The procedure was complicated by bleeding in the
ICD pocket. Afterwards, a banding procedure of the fistula was performed with the aim to
reduce AVF flow, whereupon the edema diminished.

4. Discussion

We conducted a cohort study in which we prospectively evaluated the incidence of
transvenous-lead-associated CVS by performing angiographic evaluation in 80 patients on
chronic dialysis that received a transvenous ICD for primary prevention included in the
ICD2 trial [14]. Prospective angiographic assessment of central vein patency, with a median
of 16 months from baseline angiography, revealed partial obstruction of the central vein in
a third of patients, and a total occlusion of the central vein in 7.1% of patients. During
clinical follow-up, with a median duration of 3.5 years from ICD implantation date, 3
patients developed CVS-related symptoms such as pain and edema of the ipsilateral arm. It
is noteworthy that in 2 out of these 3 patients with complaints, the symptoms arose after

the surgical creation of an AVF while an ipsilateral ICD was already in situ. This underlines
the importance of the guideline recommendation that vascular access should be created

in the opposite arm [15]. Literature concerning CVOD in dialysis patients with implanted
cardiac devices is scarce. This topic has previously been addressed in case reports and in
(small) retrospective studies [3,11,16—-22]. To the best of our knowledge, our study is the
first to prospectively describe the development of CIED lead-induced CVS in patients on
chronic dialysis. Importantly, in the current report central vein patency was assessed at

2 timepoints: previous to ICD insertion and at median follow-up of 16 months. Patients
were referred from multiple dialysis centers in the Netherlands (n = 15), thus making the
results more generalizable. Noteworthy is that, in our trial, ICD placement was performed in
patients on dialysis with pre-existing and functioning vascular access of the upper extremity.
Furthermore, ICD was implanted contralateral to the dialysis shunt, as was recommended
in the literature [3,6,23]. Jeong and colleagues retrospectively investigated 42 patients on
hemodialysis, of which 22 patients with vascular access of the upper extremity ipsilateral to
transvenous CIED and 20 patients with a dialysis shunt contralateral to CIED19. After an
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11 months follow-up period researchers found a CVS incidence of 27% (6 out of 22) in the
ipsilateral vascular access group and 5% (1 out of 20) in the contralateral vascular access
group. They concluded that transvenous device implantation, ipsilateral to vascular access
should be avoided if feasible. In another retrospective study by Saad and coworkers patients,
the prevalence of CIEDs was 10.5% among 1235 chronic hemodialysis patients3. Number of
central venous interventions in patients with ipsilateral vascular access to CIED placement
was 0.59 per access year versus 0.28 per access year in patients with contralateral vascular
access, P <0.001. Adwaney et al. retrospectively assessed 2811 patient on hemodialysis, of
which 120 patients (4.3%) were radiologically identified to have CVS9. Only 7 patients in
this population were reported to have a pacemaker. Because of the design of this study, the
CVS incidence is likely to be a considerable underestimation. CVOD in patients on dialysis
without cardiac devices has been described extensively and the reported incidence varies
from 4 to 41% [9,24-27]. Prevention of CVOD by minimizing exposure to well-established
risk factors, such as the (duration of) use CVCs for vascular access, is of the utmost
importance [11,28]. CVS after CIED implantation is a well-recognized late complication

in patients without end-stage renal disease. The reported incidence varies from 14 to 64%
[29-31]. Haghjoo et al. performed contrast venography in 100 non-dialysis patients who
were candidates for generator change, lead revision, or device upgrade. Authors found an
incidence of venous obstruction of 26% (9% total obstruction, 17% partial obstruction) after
8 £ 4.5 years since lead implantation [29]. Da Costa et al. conducted digital subtraction
venography after 6 months following pacemaker implantation among 229 non-dialysis
patients [30]. In their study, abnormal venographies were observed in 64% of the patients.
In the 2 beforementioned reports baseline venography was not performed. Korkeila et al.
prospectively quantified changes by contrast venography at baseline and at 6 months after
CIED-implantation in 150 non-dialysis patients [31]. The authors found an incidence of 14%
for new obstructive venous lesions. The wide ranges of reported CVOD incidence may be
explained by the use of various classification systems for defining CVS in studies evaluating
CVOD (Supplemental eTable 1), making results difficult to compare. Some aspects of our
study require further discussion. One limitation is the lack of angiographic follow-up in
30.0% of patients. It is noteworthy that only 1 of these patients developed clinical signs

of CVS during extended clinical follow-up (see case 57). In the remaining 56 patients

with complete angiographic follow-up, which is the largest population published to date,
41.1% showed angiographic signs of CVS. Secondly, in our study, the venographies were
assessed by two independent physicians by eyeballing; no quantitative measurements were
performed. Nonetheless, the percent agreement of the interrater reliability regarding CVS
was >96% (Supplemental eTable 2). The development of leadless cardiac devices, such as
subcutaneous ICDs and leadless pacemakers, offers opportunities to avoid lead-associated
CVS in the dialysis population [32-36]. Unfortunately, with regard to complications, still
little is known from these techniques in this vulnerable patients. In conclusion, prospective
angiographic evaluation of central vein patency in 80 patients on chronic dialysis that
received a transvenous ICD for primary prevention revealed significant progression of
central vein obstruction in >40% of the patients, after a median follow-up of 16 months.
Development of lead-associated CVS in ICD-recipients on chronic dialysis is a clear
concern. Prevention of complications such as loss of dialysis access is of the utmost
importance. Health care providers should strive for future access protection by minimizing
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CVC use through early referral to surgical access creation. Also, if feasible, efforts should
be made to minimize transvenous lead placement. CVS in dialysis patients with CIEDs is
an underexposed topic. Further research is warranted for the use of leadless cardiac devices,
such as subcutaneous ICDs or leadless pacemakers, in dialysis patients.
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Refer to Web version on PubMed Central for supplementary material.
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End-stage renal disease patients undergoing Implantable cardioverter-defibrillator implantation
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July 2007 — February 2018
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Angiography at baseline Angiography at follow-up
n =62 (77.5%) n =56 (70.0%)

Excluded from prospective analysis
n =24 (30.0%)
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Venogram missing at baselineand at follow-up
n = 8(10.0%)

Venogram missing only at follow-up
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n =46 (57.5%)

Figure 1:
Study flow chart

N indicates number.
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Figure 2a:

Venography: Patient (ICD 195) undergoing venography at follow-up.

* Implantable cardioverter-defibrillator; black arrows: right atrial and right ventricular leads;
+ indicates extensive collateral veins; white arrow: central vein stenosis.
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Figure 2b:

Venography: Patient (ICD 195) undergoing venography at follow-up.

* Implantable cardioverter-defibrillator; black arrow: right atrial and right ventricular leads;
+ indicates extensive collateral veins; white arrow: central vein stenosis.
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Figure 3.

Venography: Patient (ICD 47) undergoing venography at follow-up.

* Implantable cardioverter-defibrillator; black arrow: right atrial and right ventricular leads;
* indicates extensive collateral veins; white arrow: central vein stenosis.

Cardiol Cardiovasc Med. Author manuscript; available in PMC 2022 August 24.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Timal et al.

Baseline Characteristics

Table 1:

Page 14

ICD-recipientson chronic dialysis

Subpopulation with complete prospective

assessment
n=80 n =56
Male, n (%) 61 (76.3) 44 (78.6)
Age, years, median (IQR) 67 (63-74) 67 (63-72)
Body mass index, kg/m2, mean (SD) 28.2 (5.6) 28.6 (4.8)
Heart rate, bpm, mean (SD) 70 (12) 69 (12)
Blood pressure, mmHg, mean (SD)
- Systolic 141 (23) 139 (22)
- Diastolic 75 (11) 74 (10)
Dialysis
Duration of dialysis, months, median (IQR) 16 (9-24) 15 (8-22)
Dialysis modality, n (%)
- Hemodialysis 57 (71.3) 42 (75.0)
- Peritoneal dialysis 23(28.7) 14 (25.0)
Vascular access hemodialysis
- Localization, n (%)
o Left 43 (53.8) 33 (58.9)
« Right 14 (17.5) 9(16.1)
- Type, n (%)
* Goretex graft 4(5.0) 1(1.8)
« Brachio-cephalic fistula 23 (28.7) 17 (30.4)
« Cimino fistula 30 (37.5) 24 (42.9)
Kt/V urea/week, median (IQR)
- Hemodialysis 4.3 (3.6-4.9) 4.3 (3.8-4.9)
- Peritoneal dialysis 2.1(1.9-2.5) 201 (1.8-2.5)
History of central venous catheter use
- Ipsilateral of ICD-implantation site, n (%) 22 (27.5) 15 (26.8)
« Short-term (< 14 days) 1(4.5) 0 (0)
* Mid-term (14 — 90 days) 7(31.8) 4(26.7)
* Long-Term (> 90 days) 14 (63.6) 11 (73.3)
« Catheter infections/ Sepsis 2/22 (9.1) 1/15 (6.7)
Medical history, n (%)
Diabetes mellitus 27 (33.8) 18 (32.1)
Atrial fibrillation or atrial flutter 20 (25.0) 14 (25.0)
Percutaneous transluminal coronary angioplasty 9(11.3) 6 (10.7)
Coronary artery bypass graft 8 (10.0) 3(5.4)
Myocardial infarction 16 (20.0) 9 (16.1)
Transient ischemic attack/cerebrovascular accident 13 (16.3) 10 (17.9)
Hypertension 66 (82.5) 46 (82.1)
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ICD-recipientson chronic dialysis

Subpopulation with complete prospective

assessment
n=80 n =256
Hypercholesterolemia 45 (56.3) 32 (57.1)
Malignancy
- In history 10 (12.5) 9(16.1)
- Active 2(2.5) 1(1.8)
- Radiation therapy in thoracic region 1(1.3) 1(1.8)
Smoking, n (%)
Never 30 (37.4) 22 (39.3)
Yes 17 (21.3) 10 (17.9)
In the past 33(41.3) 24 (42.9)
Medication use, n (%)
Vitamin K antagonist 12 (15.0) 9 (16.1)
Platelet aggregation inhibitors 44 (55.0) 29 (51.8)
Cause of end-stage renal disease, n (%)
Diabetic nephropathy 20 (25.0) 11 (19.6)
Hypertension 27 (33.8) 20 (35.7)
Glomerulonephritis 13 (16.3) 9(16.1)
Other/unknown 20 (25.0) 16 (28.6)
Laboratory analysis, mean (SD)
Hemoglobin, mmol/L 7.4(0.7) 7.3(0.4)
Hematocrit, % 0.369 (0.035) 0.369 (0.033)
Echocardiography, n (%)
LVEF (%)
>55% 51 (63.7) 36 (64.3)
>45% and <55% 21 (26.3) 15 (26.8)
>35% and <45% 8 (10.0) 5(8.9)
Left ventricular hypertrophy 37 (46.3) 21 (37.5)

N indicates number; ICD, implantable cardioverter-defibrillator; Kt/V, K dialyser clearance of urea; t, dialysis time; V, volume of distribution of

urea; LVEF, left ventricular ejection fraction.
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Central vein patency of patients with complete prospective assessment at baseline and at follow-up

Table 2:

Central Venous Obstruction

Follow-Up Baseline | Patent Partial (>70%) | Complete Total

Patent, n (%) 26 (46.4) 17 (30.4) 3(5.4) | 46(82.1)
Missing *, n (%) 7 (12.5) 2(3.6) 1(1.8) | 10(17.9)
Total, n (%) 33(58.9) 19 (33.9) 4(7.1) 56 (100)

*
Considered patent as ICD was successfully implanted.

N indicates number.
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Table 3:

Collateral flow of patients with complete prospective assessment at baseline and at follow-up
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Collateral Flow
Follow-Up Baseline None Mild Moderate | Important Total
No collateral flow, n (%) | 35(62.5) | 6 (10.7) 1(1.8) 4(7.1) 46 (82.1)
Missing, n (%) 8(14.3) | 2(36) 0(0) 0(0) 10 (17.9)
Total, n (%) 43(76.8) | 8(14.3) | 1(18) 4(7.1) 56 (100.0)

N indicates number.
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