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Objectives:We explored the association between renal insufficiency (RI) andmortality among patients treated
with an implantable cardioverter defibrillator (ICD).
Background: Randomized trials have shown improvements in survival among select patients treated with an
ICD. Renal insufficiency patients have a high risk of cardiac death; however, it is not clear whether the ICD has
a positive effect on survival in this group of patients.
Methods: This was a retrospective review of a single-center experience of 346 patients treated with an ICD.
Patients were stratified into 4 groups according to their glomerular filtration rate (eGFR; expressed as mL/min/
-1.73 m2) at implantation: group I, > 75.0; group II, −60.0 to 74.9; group III, −45.0 to 59.9; and group IV,
− ≤45.0. All-causemortality was the primary end point, with differences in survival times among the 4 groups
of patients expressed in Kaplan-Meier curves.
Results:Mean follow-up was 3.5 y (range 0.1 to 12.9 y), during which 67 patients died (19%). Mortality in each
eGFR group was: I −6.8%, II −13.8%, III −11.5%, IV −45.8% (p<0.001). Survival times (mean, y) were I, 3.74;
II, 3.66; III, 3.38, and IV, 2.82. The presence of diabetes was not a factor in the outcomes.
Conclusions: Patients treated with an ICD with an eGFR of ≤ 45.0 mL/min/1.73 m2 have a significantly
shorter survival time than those patients with an eGFR > 45.0 mL/min/1.73 m2. Patients with an eGFR
>45.0 mL/min/1.73 m2 appear to have equally good outcomes when treated with an ICD. This may have
implications for patient selection for ICD therapy.
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Introduction
Implantable cardioverter defibrillator (ICD) therapy has
been proven to significantly reduce all-cause mortality
in patients treated for prior cardiac arrest (secondary
prevention)1 and in patients at high risk for cardiac arrest
(primary prevention).2–5 Once ICD therapy had been shown
to be effective, guidelines for practice and utilization were
written,6 and clinical use became common.7 However,
clinicians are often presented with patients who meet
the criteria for entry into a clinical trial, but who have
comorbidities that may have caused similar patients to be
excluded from such a trial. These comorbidities may or may
not affect the beneficial effects of an ICD upon survival. Also,
there are groups of patients in whom the ICD was shown
not to improve survival.8–10

Renal insufficiency (RI) presents as a common comorbid-
ity in patients referred for ICD therapy. Renal insufficiency
is also associated with a particularly high risk for cardio-
vascular events and for cardiac arrest.11–15 Patients with RI
might benefit from ICD therapy or have competing potential

causes for death that limit the benefit of ICD therapy.16 Pass-
man et al. have previously shown that renal dialysis patients
experience frequent ICD shocks, while Wase et al. have
previously shown that RI in ICD patients was associated
with a shortened survival time.17,18

To determine whether there is a relationship between
renal function and survival outcome in patients treated with
an ICD, we examined our center’s experience with patients
treated with an ICD in whom renal function was evaluated
at the time of ICD implantation.

Methods
We reviewed the records of all patients implanted with
an ICD at our center between 1992 and 2004. Of the 362
identified, 346 were available for follow-up. Patients were
selected for ICD implant using indications current at the
time of implantation.6 Exceptions to this included patients
implanted with an ICD as part of the Antiarrhythmics Versus
Implantable Defibrillators (AVID) trial, the Multicenter
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Clinical Investigations continued

Unsustained Tachycardia Trial (MUSTT), and the Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT), all of
which showed improvement in mortality outcomes in ICD-
treated patients.1,3,19 Gender, age, height, weight, and serum
creatinine (SCr) were collected in all patients within 1 wk of
ICD implant (Table 1).

We used the estimate of renal function and renal function
groupings of the Valsartan in Acute Myocardial Infarction
Trial (VALIANT) study group. This study of the impact of
renal dysfunction on mortality after myocardial infarction
(MI) utilized the abbreviated Modification of Diet in Renal
Disease equation to estimate the glomerular filtration rate
(eGFR).11,20

The abbreviated formula is as follows:

eGFR (mL/min/1.73 m2) = 186× (SCr)−1.154 × (Age)−0.203

× (0.742 if Female) × (1.210 if Black)

As in the VALIANT study, patients were stratified into 4
groups based on the eGFR: group I, ≥75.0 mL/min/1.73 m2

(n = 78); group II, −60.0 to 74.9 mL/min/1.73 m2 (n = 96);
group III, −45.0 to 59.9 mL/min/1.73 m2 (n = 99); and
group IV, ≤45.0 mL/- min/1.73 m2 (n = 72) (Table 1).
Patients were followed for a mean of 3.5 y. Mortality from any
cause was compared among the 4 groups. Data is presented
as mean and standard deviation. The chi-square analysis of
variance, and a t-test were performed where appropriate, for
comparisons between groups. Survival time was analyzed
using Kaplan-Meier survival analysis and Cox regression;
p<0.05 is considered significant.

Results
A total of 362 patients were implanted with an ICD. Sixteen
patients were lost to follow-up yielding 346 for analysis, and
data sets were complete in 326 patients (Table 1). Follow-up
averaged 3.5 y (range 0.1 to 12.9 y), and 67 patients (19.4%)
died. The groups by eGFR had a mortality of I −6.8%, II
−13.8%, III −11.5%, IV −45.8% (I, II, III versus IV, p<0.001)
(Figure 1 and Table 2). Each eGFR group was analyzed for
interaction with common clinical factors that might affect
survival time: gender, diabetes, age >80 years, presence
of significant coronary artery disease, previous MI, and
ejection fraction <30%. In all analyses, the impact of eGFR
remained significant.

To adjust for imbalances in the 4 eGFR groups, Cox
regression analysis was conducted with the forward, or
conditional, method (Table 3). With diabetes and left
ventricular ejection fraction (LVEF) variables in the final
equation, the hazard of death for patients in the <45 eGFR
group was 8.82 times that of patients in the >75 eGFR group.

Patients with a Glomerular Filtration Rate <45

Patients with an eGFR <45 mL/min/1.73 m2 (eGFR <45)
were reviewed in detail. There were 72 patients with an
eGFR <45 treated with an ICD; follow-up was complete in
67 patients. Mean follow-up was 3.5 y (range 0.1 to 12.9 y),
and 28 patients died (42%). Six patients were on dialysis at
the time of ICD implantation and 5 of these patients died
during follow-up. Shocks from the ICD occurred in 17 of
the 28 (61%) patients who died during follow-up and in 8 of
the patients (21%) who survived through follow-up. Patients
who died and experienced an ICD shock had a mean of

TABLE 1: Patient characteristics in eGFR groups

eGFR group mL/min/1.73 m2

Characteristics

Group I
>75.0
n = 78

Group II
60–74.9
n = 96

Group III
45.0–59.9
n = 99

Group IV
<45.0
n = 72 p

Age 60.1 ± 2.48 62.9 ± 2.74 66.7± 2.74 72.1 ± 2.59 <0.001

LVEF 33.0 ± 15.4 31.5 ± 16.4 29.2 ± 13.8 26.5 ± 15.7 0.096

eGFR 87.4 ± 11.6 67.4 ± 4.0 53.0 ± 4.5 31.7 ± 8.8 <0.001

CAD (%) 58 (74.4) 64 (66.75) 80 (80.8) 55 (76.4) 0.150

DM (%) 15 (19.2) 30 (31.3) 29 (29.3) 24 (33.3) 0.212

MI (%) 46 (59.0) 46 (48.4) 68 (68.7) 50 (69.4) 0.011

Male (%) 60 (76.9) 81 (84.4) 77 (77.8) 58 (80.6) 0.587

Abbreviations: CAD = coronary artery disease; DM = diabetes mellitus; eGFR = glomerular filtration rate; MI = myocardial infarction.
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Figure 1: Kaplan-Meier display of survival among 326 patients treated with an ICD. GFR = glomerular filtration rate.

6.3 shocks per patient, while in survivors who received
shocks the mean number of shocks was 3.9 shocks per
patient. Among the 28 patients who died during follow-up,
10 were in hospice care or had asked not to be resuscitated
prior to their death. The most common causes for death
were congestive heart failure, renal failure, carcinoma, and
stroke or head trauma.

Discussion
The treatment decisions physicians must make to guide
patient management are often not addressed by large
randomized trials. Many trials have shown a benefit for
patients treated with an ICD,1–5 while others have failed to
show a survival advantage in the group undergoing coronary
artery bypass graft (CABG) surgery and those early after
MI.8,9 It is likely that within the group of patients identified
by randomized trials as benefiting from an ICD, there are
subgroups in whom ICD therapy may not demonstrate a
survival advantage.21

The recent large multicenter trials of ICD use have all
had entry criteria that excluded patients with significant
comorbidities: generally patients expected to live less than
1 to 2 y. The AVID trial did not collect data on renal

TABLE 2: Years survived by eGFR

eGFR Groups Mean Median

Group I (>75) 3.74 3.53

Group II (60–75) 3.66 2.96

Group III (45–60) 3.38 2.62

Group IV (<45) 2.82 2.14

Total 3.43 2.77

Abbreviation: eGFR = glomerular filtration rate.

function, but did ask a yes/no question if renal disease
was present, and patients were excluded if the investigator
believed they had a life expectancy of less than 1 y.22

The Multicenter Automatic Defibrillator Implantation Trial
(MADIT) excluded patients with uremia23 and found that
22% of patients enrolled had a blood urea nitrogen (BUN)
>25 mg/dL.2 The Multicenter Unsustained Tachycardia
Trial (MUSTT) did not record renal function and excluded
patients with comorbidities likely to limit longevity. The
SCD-HeFT trial did record renal function, BUN and
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TABLE 3: Cox regression model for survival, eGFR, and other associated variables

eGFR (compared with >75.0) Adjusted HR (95.0% CI) p-Value

<45.0 8.823 (3.066–25.388) 0.000

45.0–59.9 1.699 (0.522–5.523) 0.378

60.0–74.9 1.764 (0.550–5.655) 0.340

DM 2.159 (1.207–3.859) 0.009

LVEF >30% 0.969 (0.945–0.994) 0.015

Variables in the Cox model that were dropped during forward conditional method were age, gender, CAD, and MI. Abbreviations: CAD = coronary artery
disease; CI = confidence interval; DM = diabetes mellitus; eGFR = glomerular filtration rate; HR = hazard ratio; LVEF = left ventricular ejection fraction;
MI = myocardial infarction.

creatinine, but excluded patients with a creatinine >2.5
mg/dL.19

Patients with RI represent a group that may meet the
criteria established for ICD use but experience less of a
survival benefit from such therapy owing to the established
reduction of survival in this group of patients, especially
those with end-stage renal disease.15 There are limited data
from the large randomized trials to address this group. In
the VALIANT study the group with eGFR <45 had a 3-y
mortality of 40%, similar to our patient population.11

The SCD-HeFT database may offer some insight into the
outcomes of patients with decreased renal function. How-
ever, patients with a serum creatinine >2.5 mg/dL were
excluded from that trial, thereby limiting any statements to
this group. A preliminary report from the SCD-HeFT group
presents data with findings similar to the present study.24

This adds support to the conclusion that ICD therapy should
not be routinely used in the group of patients with an eGFR
<60 mL/min.24 Wase et al. examined a similar group of
patients, showing that patients with RI had higher defibril-
lation thresholds (DFTs) at implantation of the ICD, while
our data suggests ICDs did function appropriately in the low
eGFR group, and that death was from noncardiac causes.18

Although the data in our review is limited by the
retrospective, nonrandomized nature of the review, it does
point to a significantly worse outcome for patients with
renal disease treated with an ICD in clinical practice. It
is very likely that within the group of patients with RI,
some receive benefit from ICD therapy. However, it is also
possible that patients meeting criteria for ICD therapy who
also suffer from significant renal disease will experience
worse outcomes than those without RI, and may benefit very
little or not at all from ICD therapy. Given the increase in the
incidence of RI and the increase in the utilization of ICDs,
this question deserves further study. We believe that until
there is evidence available to show an improved outcome
in patients with RI who qualify for an ICD, such patients
considered for ICD therapy should be selected carefully.
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