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Abstract

Background: Cardiovascular issues (especially arrhythmia and sud-
den cardiac death) are one of the most common causes of mortality 
in patients with chronic kidney disease (CKD). To minimize cardiac 
mortality, these patients frequently require various cardiac devices, 
such as pacemakers, loop recorders, and defibrillators which can com-
promise their vascular access. In this study, we aim to determine the 
prevalence of CKD in patients undergoing cardiac device placement 
and their progression of CKD.

Methods: Institutional review board approval was obtained for this 
study. A total of 688 patients undergoing cardiac device placement 
were included in this study over a 3-year period at Jersey Shore Uni-
versity Medical Center. Demographic characteristics, comorbidi-
ties, base-line renal functions during the procedure, types of cardiac 
devices, sites of vascular access and follow-up renal function when 
available were assessed retrospectively. Patients were categorized 
into CKD stages 1 - 5 based on the National Kidney Foundation-Kid-
ney Disease Outcomes Quality Initiative (NKF-KDOQI) guidelines. 
The patients who were already on hemodialysis were excluded in this 
study.

Results: The average age of the patient were 73.9 years with male 
predominance (60%). A total of 227 patients (33%) had estimated 
glomerular filtration rate (eGFR) < 60 mL/min consistent with the 
evidence of advanced-stage CKD (stages 3 - 5) at the time of car-
diac device placement. The most common types of device place-
ments were new insertion/replacement of atrial and ventricular 
leads (39.5%), loop recorder implantation (21.1%) and generator 
changes on an already implanted device (11%). Only 4% (28/688) 
had a leadless cardiac device placement. The most common ac-
cess sites were subclavian (47.1%), axillary (32.3%) and femoral 
(12.2%).

Conclusions: The present study demonstrated that nearly one-third of 
the patient undergoing cardiac device placement had an advanced de-
gree of renal failure. Because CKD is a progressive disease, many of 
these patients might require renal replacement therapy in the future. 
Transvenous devices is not a good choice in this group of patients 
as they will ultimately require an arteriovenous fistula. Subcutaneous 
leadless cardiac device insertion might be a better option in patients 
with advanced CKD.
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Introduction

Chronic kidney disease (CKD) affects 30 million people or 
15% of the US population [1]. Cardiovascular issues (espe-
cially arrhythmia and sudden cardiac death) are one of the 
most common causes of mortality in patients with CKD [2, 3]. 
To mitigate cardiac complications, these patients often require 
various cardiac devices, such as pacemakers, loop record-
ers and defibrillators. The placement of these devices poses 
multiple predicaments in renal failure patients. Many of these 
implantable cardiac devices have leads that can cause central 
venous stenosis and thrombosis which is very critical for renal 
patients as compared to the general population [4-8]. Because 
CKD is a progressive disease, these patients depend on patent 
central venous access for the creation of an arteriovenous (AV) 
fistula in the near future [4]. Loss of this venous access can be 
an important factor for their ultimate survival. In addition to 
that, abnormal renal function is an independent risk factor for 
cardiac implantable electronic device (CIED) infection [9-11]. 
In this study, we aim to determine the prevalence of CKD in 
patients undergoing cardiac device placement and their pro-
gression of CKD.

Materials and Methods

A total of 688 patients who underwent cardiac device place-
ment at Jersey Shore University Medical Center over a 3-year 
period (June 2015 to June 2018) were included in this study. 
Demographic characteristics, comorbidities, base-line renal 
functions at the time procedure, types of cardiac device, and 
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insertion sites were assessed retrospectively. Estimated glo-
merular filtration rate (eGFR) was calculated by the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) cre-
atinine equation for all of the patients to ascertain the degree 
of advanced CKD. Advanced CKD was defined as CKD stage 
greater than 3 or more. Patients were categorized into CKD 
stages 1 - 5 based on the National Kidney Foundation Dialysis 
Outcomes Quality Initiative (NKF-KDOQI) guidelines [12].

Institutional review board approval was obtained for this 
study. All study procedures were carried out in accordance 
with the Declaration of Helsinki regarding research involving 
human subjects. The summary statistics of continuous vari-
ables were reported as mean ± standard deviation.

Results

A total of 688 patients underwent cardiac device placement at 
Jersey Shore University Medical Center over a 3-year period. 
Demographic characteristics revealed that the average age of 
the patient was 73.9 years with male predominance (60%) (Ta-
ble 1). Major comorbidities included hypertension (76.2%), 
hyperlipidemia (66.4%), cardiovascular disease (44.4%) and 
congestive heart failure (44.9%) (Table 1). Most common 
types of device placements were new insertion or replace-
ment of atrial and ventricular leads (39.5%), loop recorder 
implantation (21.1%) and generator changes on an already im-
planted devices (11%), and only 4% (28/688) had leadless car-
diac device placement (Table 2). The most common insertion 
sites were subclavian (47.1%), axillary (32.3%) and femoral 
(12.2%). A total of 227 patients (33%) had evidence of stage 
3 - 5 CKD (stage 3A GFR = 45 - 59 mL/min (n = 116); stage 

3B GFR = 30 - 44 mL/min (n = 69); stage 4 GFR = 15 - 29 mL/
min (n = 23); stage 5 GFR < 15 mL/min (n = 19)) at the time of 

Table 1.  Demographics of Patient Undergoing Cardiac Device 
Placement (n = 688)

Age 73.9 years
Gender
  Men 414 (60%)
  Women 274 (40%)
Race
  White 636 (92.4%)
  Black 40 (5.8%)
  Asian 4 (0.6%)
  Hispanic 3 (0.4%)
  Other 5 (0.7%)
Congestive heart failure 309 (45%)
Diabetes 165 (24%)
Renal disease 227 (33%)
Dialysis 20 (3%)
Cardiovascular disease 399 (58%)
Cerebrovascular accident 114 (17%)
Peripheral vascular disease 46 (7%)
Lung disease 135 (20%)
Hyperlipidemia 457 (66%)
Hypertension 524 (76%)

Table 2.  Types of Cardiac Device and Sites of Access (n = 688)

Types of Access
  Radial 5 (0.7%)
  Femoral 84 (12%)
  Axillary 222 (32%)
  Subclavian 324 (47%)
  Subcutaneous 50 (7%)
  Other 3 (0.4%)
Procedure Types
  Insertion or replacement of atrial and ventricular leads 272 (39.5%)
  Loop recorder implant 145 (21.1%)
  Loop recorder explant 23 (3.3%)
  Leadless permanent pacemaker 28 (4.1%)
  Watchman 43 (6.3%)
  Lead repositioning 9 (1.3%)
  Generator changes 76 (11.0%)
  New bi-ventricular system 49 (7.1%)
  Upgrade to bi-ventricular system 24 (6.2%)
  Other 19 (2.8%)
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cardiac device placement (Table 3).

Discussion

This study finds that CKD stages 3 - 5 presented in nearly 33% 
of patients undergoing cardiac device implantation. Our results 
are consistent with the previous study that demonstrated a sim-
ilar prevalence of CKD in patient undergoing CIED removal 
[13].

Recognizing the high prevalence of advanced CKD in this 
population is important to minimize the risk of device infec-
tion. The most common sites of insertion for the cardiac de-
vice were subclavian (47.1%), axillary (32.3%) and femoral 
(12.2%). Almost 80% of the patient had their device placed 
through central veins. While placing cardiac devices through 
central veins is a common pathway, the leads can cause central 
vein stenosis (CVS) and carry the risk of tricuspid regurgita-
tion by valve adhesion, perforation or entanglement [5-8, 14]. 
This point is critically important as many patients will pro-
gress to end-stage renal disease and require an AV fistula [10]. 
The placement of AV fistula requires the preservation of the 
vascular system in an upper extremity. In our study, a high 
prevalence of CKD patients who underwent a cardiac device 
procedure is at a higher likelihood of requiring hemodialysis. 
The development of central venous stenosis may prevent the 
creation of the life time (i.e. AV fistula) for a dialysis patient.

To preserve the central vascular access in CKD patient 
who are planning to have cardiac devices, placement of the 
leadless cardiac device and the use of the epicardial route is 
an important alternative to avoid the transvenous pathway. 
The validity of this approach was provided by recent studies 
[15-18]. Data from epicardial studies emphasized that the ef-
fectiveness and survival of epicardial leads are essentially the 
same as the endocardial leads [15-18]. Recently, a subcutane-
ous approach has also been reported in hemodialysis patients 
[16-18]. In our study only 4% (28/688) patients had leadless 
implanted cardiac devices (ICDs) implanted. Leadless ICDs 
do not use central veins and are located in the subcutaneous 
tissue. In this way, they avoid the risk of CVS.

Conclusions

Our study showed that a significant amount of patients under-

going cardiac device placement had advanced CKD. Because 
CKD is a progressive disease, many of these patients might 
require renal replacement therapy in the future. Transvenous 
devices is not a good choice in this group of patients as they 
cause CVS. This complication can prevent the creation of an 
AV fistula. The subcutaneous leadless cardiac device may be a 
better option in a patient with advanced CKD.
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