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ABSTRACT

Objectives: To evaluate the optimal revascularization strategy for patients with coronary artery
disease (CAD) and end stage renal disease (ESRD) in the drug-eluting stent (DES) era.

Methods: One hundred and twelve patients with ESRD treated with coronary artery bypass graft-
ing (CABG) or percutaneous coronary intervention (PCl) were enrolled from 2007 to 2017. All
patients were dialysis-dependent, of which 26 received CABG and 86 underwent PCl. The primary
endpoint was all-cause mortality. Secondary endpoints were major adverse cardiovascular events
including myocardial infarction, stroke, repeat revascularization, and death.

Results: The CABG group had a higher prevalence of left main CAD (57.7% vs. 11.6%, p <.01)
compared with PCl group. The short-term (within 30 days after the procedure) risk of death was
higher in CABG group compared with PCl group (15.4% vs. 1.2%, p < .05). The two groups exhib-
ited similar rate of primary endpoints (50.0% vs. 40.7%, p=.37) and secondary endpoints (65.4%
vs. 60.5%, p=.97) in long-term observation. Multivariate Cox regression showed that patients
older than 65 or underwent peritoneal dialysis (PD) had significant higher rate of mortality than
those under 65 (HR 2.85; 95% Cl 1.20-6.85; p <.05) or underwent hemodialysis (HD) (HR 6.69;
95% Cl 2.35-19.05; p < .01).

Conclusions: Among patients with CAD and dialysis-dependent chronic kidney disease (CKD),
treatment with CABG or PCl with DES exhibited similar long-term outcomes. However, CABG was
associated with higher short-term risk of death. Higher mortality was revealed in patients over
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65 years and underwent PD.

Introduction

Cardiovascular disease is the leading cause of death in
patients with chronic kidney disease (CKD), especially in
patients with end-stage renal disease (ESRD) requiring
dialysis [1,2]. According to the United States Renal Data
System (USRDS), in dialysis patients, the annual rate of
myocardial infarction and/or angina pectoris was 10%
and all-cause mortality was 23.6% per year, of which
cardiac disease accounting for 45% [3]. Despite the
high risk of coronary artery disease (CAD), the current
evidence for optimal revascularization strategy was pre-
dominantly based on observational studies instead of
randomized clinical trials. In the bare-metal stent (BMS)
era, some observational studies comparing coronary
artery bypass grafting (CABG) and percutaneous coron-
ary intervention (PCl) have suggested that CABG might
have better long-term survival rate than PCl [4,5]. Thus,
the ESC guidelines recommend CABG over PCl in

patients with ESRD and triple vessel CAD, based on the
data derived from these studies [6,7]. The advance of
drug-eluting stents (DES) and anti-platelet or metabolic
control treatment has made PCl more reliable than ever
before, which has dramatically reduced restenosis rate
and improved clinical outcome [8]. Meanwhile, the rela-
tive benefit of CABG is compromised by the risks of sur-
gical complications. Therefore, we assess the short-term
and long-term rates of major adverse events and sur-
vival rate in dialysis-dependent ESRD patients treated
with CABG or PCI with DES in this retrospective, non-
randomized analysis.

Materials and methods

We identified 112 dialysis-dependent CKD patients who
underwent either CABG or DES-PCI for CAD at Peking
University First Hospital from 1 April 2007 to 1 June
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Table 1. Baseline characteristics based on treatment strategies®.

PCl (n=86) CABG (n=26) p Value
Male gender (% of patients) 67.4% 76.9% 357
Age (years) 62.17+11.30 63.65 + 10.85 556
Hypertension (%) 96.5% 96.2% 1.0
Diabetes mellitus (%) 54.7% 50.0% 677
Current smoker (%) 11.8% 23.1% 264
Previous Ml (%) 23.3% 19.2% 666
Previous PCl (%) 10.5% 7.7% .968
Previous CABG (%) 1.2% 0% 1.0
Dialysis modality (% of hemodialysis) 54.7% 61.5% .535
ACS (%) 87.2% 100% 123
Body mass index 24.26 +£3.67 2437 +£3.34 797
One vessel disease (%) 15.1% 0% .079
Two vessels disease (%) 24.4% 19.2% 583
Three vessels disease (%) 60.5% 80.8% .057
LM disease (%) 11.6% 57.7% <.01
LVEF (%) 5441145 56.9+17.7 524
Medical therapy
Aspirin (%) 91.9% 96.2% 756
P2Y12 receptor inhibitor (%) 100% 26.9% <.01
RAAS inhibitor (%) 41.9% 15.4% .014
B blocker (%) 84.9% 84.6% 1.0
Statin (%) 91.9% 46.2% <.01

ACS: acute coronary syndrome; CABG: coronary artery bypass graft; MI: myocardial infarction; LM: left main; LVEF:

left ventricle ejection fraction; RAAS: renin—-angiotensin-aldosterone system.

Data presented as percent or as the mean value +SD.

2017. Dialysis-dependent CKD was defined as estimated
glomerular filtration rate <15mL/min/1.73 m? which
was calculated by the simplified MDRD equation, and
all patients had been on dialysis for at least 1 month
before revascularization. The revascularization strategy
was decided after coronary angiography and was
depend on discussion of the heart team and the willing
of the family. The PCl procedure was performed by
skilled operators using DES. During the CABG proced-
ure, internal mammary artery grafts were preferentially
utilized, and complete revascularization was always
attempted. Clinical data, coronary artery characteristics,
and procedural data were collected for all patients.
Follow-up was conducted in outpatient clinics and by
phone-calls. This study was approved by the Ethics
Committee of Peking University First Hospital with the
approval number 2019 (research) 324.

The primary endpoint of the study was short-term
(within 30 days after the procedure) and long-term all-
cause mortality. Secondary endpoints were long-term
major adverse cardiovascular events (MACEs) including
myocardial infarction, stroke, repeat revascularization,
or death.

Baseline variables of the patients between the two
treatment groups were compared with the chi-square
statistics for categorical variables and the t test for con-
tinuous variables. Fisher's exact test was used for cat-
egorical variables with nominal scales and the Wilcoxon
rank-sum test for those with ordinal scales. Survival
curves were constructed using the Kaplan-Meier esti-
mates and were compared with the log-rank test.
Adjusted Cox proportional hazard models were used to

assess the short-term and long-term rates of clinical
outcomes between the two treatment strategies. In the
multivariate models, adjusted covariates included age,
gender, body mass index (BMI), choice of dialysis
modality, number of diseased vessels, involvement of
left main disease and LVEF. All reported p values are
two-sided, and p values<.05 were considered statistic-
ally significant. The statistical analysis was performed
with Empowerstates (X&Y Solutions, Inc. Boston, MA)
and R3.4.3 (http://www.R-project.org).

Results
Baseline characteristics

The baseline characteristics according to treatment strat-
egy are shown in Table 1. The mean age of patients was
62.5 years, 69.6% of the patients were men, and 54%
patients had diabetes mellitus. In the PCl group, 211 dis-
eased arteries were revealed and 205 DES were implanted,
among which nine stents were first-generation DES and
196 were second or third-generation ones. Among the
CABG group, left internal mammary artery grafts were
used in 20 out of 26 patients (76.9%) and 25 of the oper-
ation (96.2%) were underwent off-pump. There was no sig-
nificant differences observed between CABG and PCl
groups in gender, age, BMI, LVEF measured by echocardi-
ography, prevalence of current smokers and previous his-
tory of myocardial infarction, hypertension, and diabetes
mellitus. There were also no significant differences in his-
tory of PCl or CABG procedures between the two groups.
When it came to the method of dialysis (hemodialysis (HD)
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Figure 1. Overall survival between CABG and PCl.

or peritoneal dialysis (PD)), there was no difference
between two groups, either. The percentage of acute cor-
onary syndrome patients and number of diseased vessels
showed no difference, but the patients in CABG group had
a higher incidence of LM disease (57.7% vs. 11.6%, p < .01)
compared to PCl group. As for medical therapy, the use of
platelet P2Y12 receptor inhibitor (100% vs. 26.9%, p < .01),
Renin-angiotensin-aldosterone system (RAAS) inhibitor
(41.9% vs. 15.4%, p <.05) and statin (91.9% vs. 46.2%,
p < .01) was higher in the PClI group than the CABG group.

Clinical outcomes after revascularization

During the 193 month follow-up period (interquartile
range (IQR)=8.14-38.76), primary outcome (all-cause mor-
tality) occurred in 35 (40.7%) patients in the PCl group
and 13 (50.0%) patients in the CABG group (hazard ratio
(HR), 1.34; 95% confidence interval (Cl), 0.71-2.53; p = .37).
Twenty-two (45.8%) patients suffered cardiac death in
CABG and PCI groups (30.8% vs. 51.4%, p>.05). Secondary
outcomes occurred in 52 (60.5%) patients in the PCl
group and 17 (64.5%) patients in the CABG group (HR,
1.01; 95% Cl, 0.58-1.77; p=.97) (Figures 1 and 2). In the
PCl group, there were 62 secondary endpoint events,
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Figure 2. MACE-free survival between CABG and PCI.

among which 15 were myocardial infarction, two were
stroke, 21 were revascularization (among which 16 were
in stent restenosis), and 24 were death. At the same time,
the CABG group revealed 19 secondary endpoint events,
among which four stroke, two revascularization and 13
death. A higher incidence of short-term death was
observed in CABG group (15.4% vs. 1.2%, p <.05). The
Kaplan—-Meier curve did not show a significant difference
in both primary and secondary outcomes between two
groups. Multivariate Cox regression, which included revas-
cularization option, age, gender, BMI, history of diabetes,
current smoker, dialysis modality, number of diseased ves-
sels, involvement of left main disease and LVEF, showed
that patients older than 65 or underwent PD were associ-
ated with significant higher mortality than those under 65
(HR 2.87; 95% Cl 1.20-6.85; p < .05) or were treated with
HD (HR 6.69; 95% Cl 2.35-19.05; p<.01) (Table 2,
Figure 3).

Discussion

There were increasing number of CKD patients requir-
ing dialysis in China [9]. 30-40% of dialysis-dependent
CKD patients died of cardiogenic causes such as acute
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Table 2. Multivariate Cox regression of mortality®.

Exposure Univariate Multivariate
Revascularization method

PCl 1.0 1.0

CABG 1.34 (0.71, 2.53) .37 1.65 (0.51, 5.31) .40
Age

<65 1.0 1.0

>65 3.19 (1.77, 5.74) <.01* 2.87 (1.20, 6.85) .02*
Gender

Male 1.0 1.0

Female 1.49 (0.83, 2.67) .18 1.27 (0.51, 3.16) .61

BMI 1.12 (1.03, 1.22) .01 1.06 (0.96, 1.18) .25
Diabetes

No 1.0 1.0

Yes 1.01 (0.57, 1.78) .98 0.61 (0.25, 1.51) .29
Current smoker

No 1.0 1.0

Yes 0.63 (0.25, 1.60) .33 1.07 (0.35, 3.28) .90
Dialysis modality

Hemodialysis 1.0 1.0

Peritoneal dialysis 212 (1.19, 3.77) .01 6.69 (2.35, 19.05) <.01*

Diseased vessel no.

One 1.0 1.0

Two 0.72 (0.26, 1.99) .52 1.30 (0.31, 5.41) .72

Three 0.79 (0.33, 1.91) .61 1.24 (0.32, 4.75) .76
Presence of LM disease

No 1.0 1.0

Yes 1.41 (0.74, 2.67) .30 2.27 (0.67, 7.63) .19
LVEF

>50% 1.0 1.0

<50% 1.23 (0.68, 2.24) .49 0.91 (0.38, 2.22) .84

HD: hemodialysis; LM: left main; LVEF: left ventricle ejection fraction; PD:
peritoneal dialysis.

?Data: HR (95% CI) p value.

*p<.05.

coronary syndrome or heart failure. However, the pref-
erential option of revascularization for patients with
CAD complicated CKD had been controversial. The rec-
ommendation of CABG or PCl in the general population
was difficult to apply to dialysis patients. Part of the rea-
son was almost all studies with rigorous design and
evaluation of coronary revascularization in patients with
CAD had ruled out dialysis patients. Another reason
was that there were few studies comparing the relative
long-time outcomes of DES-PCl with CABG in dialysis
patients, and DES were the most commonly used stents
nowadays. Several retrospective cohort studies have
compared PCl and CABG in dialysis patients [10-12].
The conclusion was that the 3-month mortality was
lower in PCl group, however, after that the risk of revas-
cularization and death was higher in PCI group than in
CABG group. Overall evidence suggested that dialysis
patients generally had a higher risk of long-term cardiac
events and/or death after PCI than after CABG [13-15].
The characteristics of coronary disease in CKD
patients were labeled as multiple-vessel disease includ-
ing left main coronary artery, calcification, diffused ves-
sel disease, and small vessel disease. All these
characters contributed to huge obstacles in the PCl pro-
cedure, especially in the PTCA and BMS era, and often
led to failure or insufficient post-expansion after
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Figure 3. Survival between different dialysis modality.

stenting. Nowadays, advanced technology has granted
us new tools to deal with these calcified lesions, includ-
ing cutting balloon, rotablation, and laser ablation. The
use of IVUS/OCT gave us visions inside the vessel and
improved post-expansion after stenting. All these
advances may improve the survival and alter the option
of revascularization for this group of patients. As shown
in our study, compared with CABG, PCl with DES was
non-inferior if not superior in reducing all-cause mortal-
ity (PCl 40.7% vs. CABG 50.0%) in our follow-up time,
but the difference was not statistically significant
(p=.37). The two revascularization procedures also
showed no difference in outcomes composite of long-
term mortality, myocardial infarction, stroke and repeat
revascularization, and the survival rate after 19.3 months
in this study was 50-60% compared to 40-45% in for-
mer studies [4,16,17]. The reason was unclear. That may
be partly due to the use of new technology listed
above including IVUS, OCT, rotablation, and so on.
Another reason may be the highly improved health-
care system including multiple disciplinary team (MDT)
and follow-up clinic carried out by both cardiologist
and nephrologist in our department. The higher sur-
vival may be even undermined by the high rate of



acute coronary syndrome patients (90.2%) in our study,
due to which almost all procedures were performed in
acute indication, which can be associated with higher
mortality and morbidity. The use of secondary preven-
tion drugs seems to be different between two groups,
namely the higher usage of RAAS inhibitor and statin in
PCl patients in our study. Although the benefit of statin
was quite clear in general population and even in CKD
patients, it remains to be controversial in dialysis
patients. Both the 4D and Aurora trial failed to show
benefit in cardiovascular events from statin in dialysis
group, but a large cohort showed statin could reduce
mortality in dialysis patients after acute myocardial
infarction [18]. Conflicting results also existed regarding
to the benefit of RAAS inhibitor on clinical outcomes in
dialysis patients. However, according to recent
researches, treatment with RAAS inhibitor seems to
improve survival and reduce cardiovascular events in
dialysis patients [19,20], thus the benefit of PCl group
may be partially explained by the higher usage of statin
and RAAS inhibitor. In fact, 54.2% patients in average
died from non-cardiac morbidities in both groups,
which indicated that systemic care may contribute to
the improved long-term survival. When it came to the
time of these non-cardiac deaths, one out of 17 in PCl
group and two out of nine in CABG group were within
30 days during hospitalization after the procedure.
Considering the complex comorbidity, most deaths
(69.2%) in CABG group were caused by other internal
medical diseases like gastro-intestinal bleeding, stroke,
infection, and respiratory failure.

The older (>65 years old) dialysis patients faced 2-3
folder higher mortality in our study. First, the cardiac
and pulmonary function declined with increasing age,
and these patients also had a higher prevalence of
brain vascular disease. All of above increased the risk of
anesthesia and perioperative accidents. Second, the
older patients were always complicated with more
chronic internal medicine diseases, as mentioned
before, which contributed to many deaths in this study.
Third, giving the poor vessel condition both in coronary
and peripheral, the efforts to fully revascularize or apply
artery graft frequently failed. At last, the poor prognosis
may result from poor compliance due to increased
adverse reactions in the elder patients.

Our study described the significant difference in sur-
vival rate after revascularization between different dia-
lysis modality for the very first time. First, due to
potential risk of volume overload during HD, PD may
be preferred in patients with cardiac dysfunction, which
means PD patients may have worse heart function from
the beginning. In our study, we included LVEF in the
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multivariate Cox regression to distinguish left ventricle
dysfunction, but LVEF-preserved heart failure was also
very common in PD patients. We may underestimate
the presence of heart failure with normal ejection frac-
tion by using only LVEF. Second, in congestive heart
failure (CHF) patients, HD got higher efficiency in
removing the excess fluid. In contrast, fluid removal
was less predictable and could be inadequate in PD
patients. According to a prospective cohort study [21]
performed in ESRD patients, mortality risk was higher
with PD than with HD among patients with CHF. Lastly,
increased risk may be explained by differences in med-
ical monitoring and prescription adaptation related to
home care in PD patients.

There were some obvious limitations of our study.
First, it is a small sample sized, retrospective, single cen-
ter study, which makes the proof of the evidence less
powerful. Second, there was a significant difference in
the prevalence of LM disease between groups and we
cannot perform further statistical analysis like propen-
sity score match to eliminate the effects of this diversity
due to the small sample size. In fact, the CABG group
showed a trend of lower mortality and MACE after
5 years in our follow-up. If we expand the sample size,
it is likely to get similar results with previous studies.

In conclusion, among patients with dialysis-depend-
ent CKD, PCI with DES may result in a similar long-term
outcome compared with CABG. However, higher mor-
tality was revealed in patients over 65 years and under-
went PD. The dilemma needs to be clarified in further
large randomized controlled clinical trials.

Acknowledgements

The authors thank all the staff in the Department of
Cardiology, Peking University First Hospital for their valuable
contributions to this study.

Disclosure statement

The authors report no conflict of interest.

References

[11 Collins AJ, Li S, Gilbertson DT, et al. Chronic kidney
disease and cardiovascular disease in the Medicare
population. Kidney Int Suppl. 2003;64:524-S31.

[2] Reddan DN, Szczech LA, Tuttle RH Jr,, et al. Chronic
kidney disease, mortality, and treatment strategies
among patients with clinically significant coronary
artery disease. J Am Soc Nephrol. (9)2003;14:
2373-2380.

[3] System USRD. USRDS 2002-2013. Annual date reports:
atlas of chronic kidney disease and end-stage renal
disease in the United States. Bethesda: National



112 (&) Z WANG ET AL

(4]

[5]

(6]

[7]

(8]

)

[10]

(11

[12]

[13]

Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Disease; 2002-2013.

Herzog CA, Ma JZ, Collins AJ. Comparative survival of
dialysis patients in the United States after coronary
angioplasty, coronary artery stenting, and coronary
artery bypass surgery and impact of diabetes.
Circulation. 2002;106(17):2207-2211.

Szczech LA, Reddan DN, Owen WF, et al. Differential
survival after coronary revascularization procedures
among patients with renal insufficiency. Kidney Int.
2001;60(1):292-299.

Stephan W, Kolh P, Alfonso F, et al. 2014 ESC/EACTS
guidelines on myocardial revascularization. Eur Heart
J. 2014;35(37):2541-619.

Bureau of Health Informatics OoQaPS, NYS
Department of Health. SPARCS operations guide,
version 1.1; [cited 2015 Jul 9]; 2014. Available
from:  http://www.health.ny.gov/statistics/sparcs/
training/docs/sparcs_operations_guide.pdf

John C, Hana TJ. 40 years of percutaneous coronary
intervention: history and future directions. J Personal
Med. 2018;8:33.

Zhang L, Wang F, Wang L, et al. Prevalence of chronic
kidney disease in China: a cross-sectional survey.
Lancet. 2012;379(9818):815-822.

Ix JH, Mercado N, Shlipak MG, et al. Association of
chronic kidney disease with clinical outcomes after
coronary revascularization: the Arterial
Revascularization Therapies Study (ARTS). Am Heart J.
2005;149(3):512-519.

Roberts JK, Rao SV, Shaw LK, et al. Comparative effi-
cacy of coronary revascularization procedures for mul-
tivessel coronary artery disease in patients with
chronic kidney disease. Am J Cardiol. 2017;119(9):
1344-1351.

Chang TI, Shilane D, Kazi DS, et al. Multivessel coron-
ary artery bypass grafting versus percutaneous coron-
ary intervention in ESRD. J Am Soc Nephrol. 2012;
23(12):2042-2049.

Marui A, Kimura T, Nishiwaki N, et al. Percutaneous
coronary intervention versus coronary artery bypass
grafting in patients with end-stage renal disease

[14]

[15]

(el

(171

(8]

191

[20]

[21]

requiring dialysis (5-year outcomes of the CREDO-
Kyoto PCI/CABG Registry Cohort-2). Am J Cardiol.
2014;114(4):555-561.

Sunagawa G, Komiya T, Tamura N, et al. Coronary
artery bypass surgery is superior to percutaneous cor-
onary intervention with drug-eluting stents for
patients with chronic renal failure on hemodialysis.
Ann Thorac Surg. 2010;89(6):1896-1900.

Ashrith G, Lee VV, Elayda MA, et al. Short- and long-
term outcomes of coronary artery bypass grafting or
drug-eluting stent implantation for multivessel coron-
ary artery disease in patients with chronic kidney dis-
ease. Am J Cardiol. 2010;106(3):348-353.

Parikh DS, Swaminathan M, Archer LE, et al
Perioperative outcomes among patients with end-
stage renal disease following coronary artery bypass
surgery in the USA. Nephrol Dial Transplant. 2010;25:
2275-2283.

Shroff GR, Solid CA, Herzog CA. Long-term survival
and repeat coronary revascularization in dialysis
patients after surgical and percutaneous coronary
revascularization with drug-eluting and bare metal
stents in the United States. Circulation. 2013;127(18):
1861-1869.

Ercan E. Statin treatment in dialysis patients after
acute myocardial infarction improves overall mortality.
Atherosclerosis. 2017;10:28.

Kyung DY, Clara TK, Yunmi K, et al. Effect of renin-
angiotensin-aldosterone system blockade on out-
comes in patients with ESRD: a prospective cohort
study in Korea. Kidney Int Rep. 2018;7:23.

Youxia L, Xinxin M, Zheng J, et al. Effects of angioten-
sin-converting enzyme inhibitors and angiotensin
receptor blockers on cardiovascular events and
residual renal function in dialysis patients: a meta-ana-
lysis of randomised controlled trials. BMC Nephrol.
2017;18(1):206.

Sens F, Schott-Pethelaz AM, Labeeuw M, et al. Survival
advantage of hemodialysis relative to peritoneal dialy-
sis in patients with end-stage renal disease and con-
gestive heart failure. Kidney Int. 2011;80(9):970-977.


http://www.health.ny.gov/statistics/ sparcs/training/docs/sparcs_operations_guide.pdf
http://www.health.ny.gov/statistics/ sparcs/training/docs/sparcs_operations_guide.pdf

	Abstract
	Introduction
	Materials and methods
	Results
	Baseline characteristics
	Clinical outcomes after revascularization

	Discussion
	Acknowledgements
	Disclosure statement
	References


