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Patients with end-stage kidney disease (ESKD) on dialysis have an increased burden of coro-
nary artery disease (CAD). This study assessed the trend and outcomes for coronary artery
bypass surgery (CABG) in patients with ESKD and stable CAD. We conducted a longitudi-
nal study using the United States Renal Data System of patients with ESKD and stable CAD
who underwent CABG from the years 2009 to 2017. The outcomes included in-hospital,
long-term mortality, and repeat revascularization. The follow-up was until death, end of
Medicare AB coverage, or December 31, 2018. A total of 11,952 patients were identified.
The mean age was 62.8 years, 68% were male, and 67% were white. The common co-
morbidities included hypertension (97%), diabetes mellitus (75%), and congestive heart fail-
ure (53%). A significant decrease in CABG procedures from 2.9 to 1.3 procedures per 1,000
patients with ESKD (p <0.001) was noted during the years studied. The overall in-hospital
mortality rate was 5.9%, and there was a significant decrease over the study period
(p = 0.01). Although the 30-day mortality rate was 6.9% and remained steady (p = 0.14), the
1-year mortality rate was 22.8% and decreased significantly (p <0.001). At 5 years, the over-
all survival rate was 35%, and patients with internal mammary artery grafts showed better
survival than those without (36% vs 25%). In conclusion, there has been a decrease
in CABG procedures performed in patients with ESKD with stable CAD with decreasing
in-hospital and 1-year mortality. Those with an internal mammary artery graft do
better, but the overall long-term survival remains dismal in this population. There
remains need for caution and individualization of revascularization decisions in this high-
risk population. © 2023 Elsevier Inc. All rights reserved. (Am J Cardiol 2024;210:37−43)
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Patients with end-stage kidney disease (ESKD) who are
on dialysis carry an increased burden of cardiovascular dis-
eases, particularly, coronary artery disease (CAD), which is
the leading cause of mortality in this population.1,2 CAD in
ESKD is characterized by diffusely diseased vessels, with
multivessel involvement, heavy plaque burden and calcifi-
cation, and characteristics that make any revascularization
more challenging.3,4 Coronary artery bypass surgery
(CABG), which is usually a good revascularization strategy
for multivessel calcified coronary arteries, has been associ-
ated with several-fold higher per-procedural mortality in
patients with ESKD than the general population.5,6
For stable CAD in patients with ESKD, data are lacking
regarding CABG and outcomes compared with medical ther-
apy. A recent randomized controlled trial (RCT) that com-
pared an early invasive strategy to medical therapy in
patients with advanced kidney disease with stable CAD
found no benefit of the invasive therapy.7 However, this was
not a comparison of CABG with medical therapy because
only about 15% of those revascularized underwent CABG.
Thus, at the present time, there is significant controversy
without clear evidence regarding the role of CABG in this
patient population. The most recent nationwide data available
(2004 to 2009) indicates that 46% of all coronary revasculari-
zations occur for nonacute coronary syndrome indications in
the ESKD population on dialysis.8 There are no contempo-
rary data available on the subject. We conducted this analysis
of the United States Renal Data System (USRDS) from years
2010 to 2017 to study the trends in CABG use and outcomes,
such as periprocedural and long-term mortality, in patients
with ESKD with stable CAD who were on chronic dialysis.
Methods

For this analysis, we conducted a longitudinal study
using the USRDS from 2010 to 2017. The USRDS provides

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2023.10.004&domain=pdf
mailto:kgupta@kumc.edu
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2023.10.004


38 The American Journal of Cardiology (www.ajconline.org)
comprehensive administrative records for almost 95% of
patients with ESKD in the United States.1 We included
patients aged 18 years or older, with ESKD on dialysis for
at least 3 months, who underwent CABG for stable CAD.
Thus, we excluded patients who had any myocardial infarc-
tion−related hospitalization. We further excluded patients
with CABG and concomitant valve surgery, CABG with
percutaneous coronary intervention during the same hospi-
talization, and renal transplant before or during hospitaliza-
tion for CABG. We also excluded patients who did not
have combined Medicare Part A and Part B coverage during
the index hospitalization as the primary payer. This was
done to ensure that we had a continuous co-morbidity and
outcomes assessment for the study period. The relevant
International Classification of Diseases, Ninth and Tenth
Revision diagnostic and procedure codes and the Center for
Medicare and Medicaid Services Form 2728 were used to
identify the specific conditions and procedures. (Supple-
mentary Table 1). The use of the internal mammary artery
(IMA) conduit was also identified using appropriate Inter-
national Classification of Diseases, Ninth and Tenth Revi-
sion diagnostic and procedure codes.

The primary outcome of interest was death from any
cause. The follow-up for the primary outcomes was until
death, end of Medicare AB coverage, or study end-date of
December 31, 2018, whichever was earlier. Other outcomes
assessed were in-hospital mortality (death during index hos-
pitalization for CABG), 30-day mortality (death during
index hospitalization and up to 30 days after CABG), and
1-year and 5-year mortality (death during index hospitaliza-
tion and up to 1 year and 5 years after CABG, respectively).
We also studied the 1-year incidence of repeat revasculari-
zation (surgical or percutaneous) after discharge after
CABG. We estimated the long-term survival using the
Kaplan−Meier method. The trend analysis was performed
using Cochran−Armitage test. All reported p values are 2-
sided. Statistical analyses were performed using the SAS
9.4 (SAS Institute Inc, Cary, North Carolina) software.
Results

A total of 11,952 patients with ESKD with stable CAD
were identified as having undergone CABG over the years
2010 to 2017. Figure 1 shows the details of the subjects
enrolled and the study inclusions and exclusions. Table 1
lists the demographic and baseline characteristics catego-
rized into those having received an IMA graft or not having
received an IMA graft. For the overall group, the mean age
was 62.8 years, 68% were male, and a majority were white
(67%). Most patients (85%) had been on dialysis for 5 years
or less, with hemodialysis being the principal modality of
dialysis (88%). The most common co-morbidities included
hypertension (97%), diabetes mellitus (75%), congestive
heart failure (53%), and peripheral vascular disease (28%).
A majority of patients (80%) received IMA graft. Patients
with an IMA graft had greater prevalence of diabetes
and peripheral vascular disease but had a lower overall
co-morbidity burden. The overall occurrence of critical
limb ischemia was 4% and was comparable to patients who
received IMA versus those who did not.
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Figure 2 demonstrates the CABG trends over the years
studied. Over the period studied, there was a significant
decrease in the number of CABG procedures performed for
stable CAD (2.9 CABG procedures per 1,000 patients with
ESKD in 2010 to 1.3 CABG procedures per 1,000 patients
with ESKD in 2017). During the same period, the number
of patients receiving IMA graft also decreased from 2.2
CABG procedures with IMA per 1,000 patients with ESKD
in 2010 to 1.1 CABG procedures with IMA per 1,000
patients with ESKD in 2017. A similar downward trend
was noted for CABG procedures without IMA in this popu-
lation (0.6 to 0.2 CABG procedures without IMA per 1,000
patients with ESKD over the study period).

Table 2 lists the study outcomes for in-hospital, 30-day,
and 1-year mortality rates over the study period and the
1-year repeat revascularization rates. The overall in-hospi-
tal mortality rate was 5.9%. There was a significant
decrease in the in-hospital mortality during the study period
(6.4% in 2010 to 4.7% in 2017). The 30-day mortality rate
was 6.9% for the overall CABG group and this did not
change significantly over the study duration. The 1-year
mortality was high at 22.8%, with a consistent and signifi-
cant decrease from 2010 to 2017 (24.5% to 18.5%). Simi-
larly, the 5-year mortality rate showed a decreasing trend
from 67.2% in 2010 to 65.1% in 2013; however, this was
not statistically significant (p = 0.195). The overall trends
for these outcomes and their comparison in the subgroups
of patients who received an IMA graft versus those who did
not are listed in Supplementary Table 2.

Figure 3 shows the survival curves for patients who
underwent CABG and compares those who received IMA
graft and those who did not. Patients who received an IMA
graft had a significantly lower in-hospital mortality than
those without (4.9% vs 10.1%, p <0.0001). Patients with
IMA also had significantly lower 30-day (6.0% vs 10.1%,
p <0.0001), 1-year (20.7% vs 30.7%), and 5-year mortality
rates (63.9% vs 74.7%). Additional sensitivity analyses
revealed that the short- and long-term mortality after
CABG was directly proportional to the duration on dialysis
before procedure (Supplementary Table 3).

Acute myocardial infarction (AMI) occurred in 8.4% of
patients within 1 year of having undergone CABG and in
29.5% within 5 years. The rates of AMI (8.2% vs 9.1%)
and repeat revascularization (4.3% vs 4.6%) at 1 year were
slightly lower in patients who received an IMA versus those
who did not but were not statistically significant. There was
no significant change in the rate of repeat revascularization
within 1 year over the study period (p = 0.75) (Table 2).
Discussion

This large, nationwide study attempts to bridge the
knowledge gaps and provide contemporary data for trends
and outcomes of surgical coronary revascularization in
patients with ESKD and stable CAD. The main findings of
this study are that there has been a consistent and significant
decrease in the number of CABG procedures performed
over the past decade, there was a significant decrease in
short- and long-term mortality from 2010 to 2017 (although
longer terms outcomes remain poor), and that those receiv-
ing an IMA graft have a significant survival advantage.
 Health and Social Security de ClinicalKey.es por Elsevier en enero 24, 
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Figure 1. Consort diagram showing derivation of study population. PCI = percutaneous coronary intervention.
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Patients with ESKD have significant premature CAD
and often have adverse coronary anatomy, including multi-
vessel and diffuse CAD with significant arterial
calcification.3,4,9 Thus, they are at a high risk for atheroscle-
rotic cardiovascular events.1,9 However, their high cardio-
vascular mortality is not from CAD alone because a myriad
of other factors, such as myocardial hypertrophy and fibro-
sis and risk of sudden death from ischemia and hypotension
during hemodialysis, also play a role.10 Thus, revasculariza-
tion procedures can only have a limited impact on outcomes
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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such as mortality. To have a meaningful impact on out-
comes, any coronary revascularization procedure, such as
CABG, should have a low perioperative mortality.

In the general (non-ESKD) population, there is a large
body of evidence based on several well-conducted RCTs
that informs that most patients (even those with significant
ischemia on noninvasive testing and those with significant
coronary stenosis) do well with medical therapy compared
with revascularization.11,12 However, these studies mostly
excluded patients with ESKD or had a very small
 Health and Social Security de ClinicalKey.es por Elsevier en enero 24, 
ación. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Table 1

Baseline demographic characteristics and comorbid conditions of ESKD patients undergoing CABG for stable CAD

Characteristic CABG total

(n= 11952)

With IMA

(n= 9515)

Without IMA

(n-2437)

P-value

N (%) 100% 80% 20%

Male sex, n (%) 8123 (68%) 6591 (69%) 1532 (63%) <0.0001
Race, n (%) 0.0019

White 7973 (67%) 6351 (67%) 1622 (67%)

Black 3120 (26%) 2444 (26%) 676 (27%)

Other / unknown 859 (7%) 720 (8%) 139 (6%)

Mean Age (years), (SD) 62.8 (10.5) 62.5 (10.5) 64.1 (10.8) <0.0001
Age groups, n (%) <0.0001

<50 1376 (12%) 1132 (12%) 244 (10%)

50-64 5271 (44%) 4287 (45%) 984 (40%)

65-79 4830 (40%) 3767 (40%) 1063 (44%)

≥80 475 (4%) 329 (4%) 146 (6%)

Dialysis duration (years), n (%) <0.0001
<2 5013 (42%) 4175 (44%) 838 (34%)

2-5 5156 (43%) 3992 (42%) 1164 (48%)

6-10 1476 (12%) 1124 (12%) 352 (14%)

≥11 307 (3%) 224 (2%) 83 (3%)

Dialysis Modality, n (%) 0.0528

Hemodialysis 10501 (88%) 8332 (88%) 2169 (89%)

Peritoneal dialysis 1451 (12%) 1183 (12%) 268 (11%)

Comorbid conditions, n (%)

CHF 6347 (53%) 4939 (52%) 1408 (58%) <0.0001
COPD 1181 (10%) 914 (10%) 267 (11%) 0.0463

CVA / TIA 1740 (15%) 1363 (14%) 377 (16%) 0.1527

Cancer 644 (5%) 497 (5%) 147 (6%) 0.1147

Diabetes Mellitus 8963 (75%) 7354 (77%) 1609 (66%) <0.0001
Dysrhythmia 5018 (42%) 3883 (41%) 1135 (47%) <0.0001
Hypertension 11637 (97%) 9273 (98%) 2364 (97%) 0.2138

Liver disease 509 (4%) 366 (4%) 143 (6%) <0.0001
PVD 3352 (28%) 2726 (29%) 626 (26%) 0.0037

CLI 465 (4%) 377 (4%) 88 (4%) 0.4238

Mean Elixhauser Comorbidity Index, (SD) 6.0 (2.0) 5.9 (1.9) 6.3 (2.0) <0.0001

CABG = coronary artery bypass graft; CAD = coronary artery disease; CHF = congestive heart failure; CLI = critical limb ischemia; COPD = chronic

obstructive pulmonary disease; CVA = cerebrovascular accident; ESKD = end-stage kidney disease; IMA = internal mammary artery; PVD = peripheral vas-

cular disease; SD = standard deviation; TIA = transient ischemic attack.

Figure 2. Overall trend of CABG and CABG w/ or w/o IMA graft in patients with ESKD with stable CAD from the years 2010 to 2017. w/ = with;

w/o = without.

40 The American Journal of Cardiology (www.ajconline.org)
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Table 2

Trends of in-hospital, 30-day, 1-year and 5-year mortality, and 1-year repeat revascularization rates in ESKD patients with stable CAD undergoing CABG

during the years 2010-2017

Overall 2010 2011 2012 2013 2014 2015 2016 2017 p-value

In-hospital mortality 5.9% 6.4% 7.3% 5.5% 5.4% 5.7% 6.8% 4.6% 4.7% 0.01

30-day mortality 6.9% 6.6% 8.1% 6.9% 6.6% 6.6% 8% 5.5% 5.7% 0.14

1-year mortality 22.8 % 24.5% 25.9% 23.3% 21.2% 22.6% 25.6% 16.8% 18.5% <0.001
5-year mortality 66.2% 67.2% 66.3% 66.2% 65.1% − − − − 0.1950

1-year repeat revascularization 4.3% 5.2% 3.6% 4.0% 4.4% 4.4% 4.1% 5.1% 3.9% 0.75

CABG = coronary artery bypass graft; CAD = coronary artery disease; ESKD = end-stage kidney disease.

Coronary Artery Disease/CABG in ESKD and Stable CAD 41
representation. Thus, there is no good evidence to guide the
revascularization decisions for patients with ESKD with
stable CAD. The only RCT to assess an early revasculariza-
tion strategy to medical therapy in patients with ESKD was
the ISCHEMIA-CKD (International Study of Comparative
Health Effectiveness with Medical and Invasive
Approaches- Chronic Kidney Diseases).7 Although it is not
truly a study of CABG because only 15% in the invasive
strategy arm underwent CABG because the rest underwent
percutaneous coronary intervention, the study found no
benefit of an early invasive versus conservative therapy in
terms of mortality or cardiovascular mortality or myocar-
dial infarction. Thus, this is a data-poor area, and revascu-
larization for stable CAD is, at best, controversial in
patients with ESKD.13 Furthermore, patients with ESKD
have high periprocedural mortality from CABG because of
their overall high-risk state, making surgical revasculariza-
tion decisions even more challenging.6

The trends in CABG in patients with ESKD had been
increasing from years 1988 to 2003, despite the increasing
co-morbidities and perioperative mortality.14 Thus, the
finding in our study of a significant decrease in CABG over
the years studied is, in fact, reassuring given the lack of evi-
dence for significant benefit from surgical revasculariza-
tion. These findings are also in line with a previous report
by Shroff et al6 from the USRDS (2004 to 2009) that also
showed a decreasing number of overall revascularization
procedures, although the numbers of CABG per year
remained stable.

As mentioned before, previous studies have demon-
strated that the perioperative mortality and short-term
Figure 3. (A) Kaplan−Meier survival curve for patients with ESKD receiving CA

without IMA graft during the study period (log-rank p <0.0001).
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mortality in patients with ESKD who underwent CABG is
several folds higher than those without ESKD.15 A study
from the USRDS from years 1978 to 1995 found the in-hos-
pital mortality to be 12.5%.5 A subsequent analysis from
the USRDS encompassing the years 2004 to 2009 showed
the in-hospital mortality to be 8.2%.6 The in-hospital mor-
tality rate of 5.9% in our study from years 2010 to 2017
reflects a continued improvement in outcomes in this high-
risk population and is encouraging. A caveat is that in pre-
vious studies, all CABG procedures were included and not
just those performed for stable CAD. We found a consistent
decrease in mortality over the study period, with an in-hos-
pital mortality of 4.4% in 2017. The exact reason for these
outcomes is speculative but is likely related to the more fre-
quent use of IMA than previous decades, better overall care
of these patients in the perioperative period, and likely
more judicious patient selection. Although lower than pre-
vious years, this 4.4% rate is still almost 3 times higher
than the current 1.8% in-hospital mortality reported nation-
ally in the 2021 Society of Thoracic Surgery annual
report.16

The 1-year and 5-year survival rates of 77% and 35%
were dismal, similar to the survival rates of 73% and 32%
reported in patients with stable CAD with ESKD from the
USRDS 2004 to 2009.8 Patients who received an IMA graft
did better than those who did not receive an IMA graft. The
mortality and patency benefits of an IMA graft over saphe-
nous venous grafts have been consistently demonstrated in
patients with non-ESKD.17,18 This likely stems from the
lower susceptibility of IMA grafts to atherosclerotic disease
and is also associated with a slower progression of native
BG for stable CAD. (B) Kaplan−Meier survival curve for CABG with and
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atherosclerotic disease than venous grafts.19 Several struc-
tural and molecular characteristics of the IMA make it resis-
tant to atherosclerosis, including fewer fenestrations of the
endothelium and decreased permeability and production of
chemical factors, such as endothelial nitric oxide, and
antithrombotic molecules, such as heparin. These factors
limit the deposition of lipoproteins in the arterial wall, lim-
iting atherosclerosis. Our findings demonstrate this benefit
in patients with ESKD in recent years and confirm similar
findings from previous studies.6,15 Shroff et al6 reported the
1- and 5-year survival of 72% and 30% in patients with an
IMA graft versus 64% and 24% in those who did not
receive a left IMA graft. IMA graft use continues to
improve, with almost 80% receiving IMA compared with
2004 to 2009, where IMA was used in 73% of patients. In
addition to having a greater risk for coronary disease,
patients with ESKD may have an arterial−venous fistula
that creates a shunt in the upper extremity. The possibility
of altered blood flow through the IMA graft from this this
arterial−venous fistula is there but does not seem to affect
the left IMA function because these patients have better
outcomes.

The findings of a relatively low post-CABG 1-year inci-
dence of AMI (8.4%) and repeat revascularization rate
(4.2%) but a very high 1-year mortality rate (22.8%) are
consistent with previous knowledge that a significant num-
ber of patients with ESKD and CAD likely die from non-
AMI−related causes such as arrhythmic sudden cardiac
death.10,20,21

Our study results should be interpreted understanding the
limitation of an observational, administrative database
study. Although the USRDS data have been extensively
reported and validated, it is subject to coding errors and
unmeasured confounders. Furthermore, we did not have
key clinical information such as symptoms, extent of ische-
mia, left ventricular systolic function, or coronary anatomy
or even the patient’s functional status. All these factors
impact revascularization decisions and can be best
addressed in an RCT. However, given the paucity of current
information for well-conducted clinical trials on the subject,
our study provides clinically useful information for the
clinicians taking care of patients with ESKD with stable
CAD.

In conclusion, in patients with ESKD on dialysis with
stable CAD, there has been a decrease in the number of
CABG procedures performed nationally over the 8-year
study period. The in-hospital mortality has also decreased
significantly, although is still several folds higher than in
the general population who underwent CABG. The 1-year
and long-term mortality remains high but has been decreas-
ing over the years. In view of the uncertain benefit of revas-
cularization in stable CAD in ESKD, these outcomes
results re-emphasize the need for caution and individualiza-
tion of revascularization decisions in consultations with
patients.
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