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. ACS patients with renal dysfunction tend to have a poorer prognosis than those with normal renal

. function. This retrospective cohort study was performed using The Second Drug-Eluting Stent Impact

. on Revascularization Registry, a retrospective registry, to evaluate the time-dependent relative risk of
revascularization strategies in ACS patients with renal dysfunction. The study demonstrated that the
short-term MACCE rate was lower after PCl than CABG. However, there was no significant difference in

. long-term MACCE rate. Subgroup analyses based on the degree of renal dysfunction resulted in similar

. findings. The revascularization strategy was identified as a time-dependent covariate by the time-

- dependent Cox model, and the regression coefficient was'—1.124 -+ 0.344 X In (time + 1)". For the entire

. object group and the separate subgroups, PCl was initially associated with a lower hazard for MACCE

 than CABG after revascularization, then the hazard ratio increases with time. In conclusion, the hazard

. ratio for MACCE in PCl relative to CABG is time-dependent. PCl tends to have a lower risk for MACCE

. than CABG in the short-term, then the hazard ratio increases with time.

Cardiovascular disease is the leading cause of morbidity and mortality in patients with renal dysfunction'. Acute
coronary syndrome (ACS) are severe types of cardiovascular disease, and affect millions of people globally
each year. ACS patients with renal dysfunction have a poorer prognosis than those with normal renal function.
. Impaired renal function was identified as a high-risk independent factor for subsequent cardiovascular events>>.
© Additionally, patients with renal dysfunction tend to have a higher prevalence of diabetes mellitus and hyperlipi-
demia. These typical ACS risk factors facilitate the pathogenesis of atherosclerosis in most patients*.
Percutaneous coronary intervention (PCI) and coronary artery bypass graft (CABG) are alternative revas-
. cularization strategies for ACS patients. However, the treatment of ACS patients with renal dysfunction is chal-
. lenging, due to higher underlying comorbidities®, increased thrombotic and bleeding risk®*, and coronary lesion
calcification and complexity®’. A few meta-analyses have assessed revascularization strategies for patients with
. renal dysfunction, but they have shown inconsistent findings, because most studies that were used were retro-
. spective studies and their heterogeneity level was high'*-'%. There is a lack of RCTs assessing revascularization
strategies for ACS patients with renal dysfunction. A number of randomized controlled trials (RCTs) have evalu-
ated the safety and efficacy of PCI versus CABG for ACS patients, but they have excluded patients with impaired
renal function'*6. Most of the studies apply typical Cox model to evaluate the relative risk of revascularization
: strategies for major adverse cardiac and cerebrovascular events in the short term and long term. Consequently,
. these studies ignored the time-dependent associations in revascularization strategies with their outcomes. This
study aims to evaluate the fluctuant relative risk of revascularization strategies for ACS patients with renal dys-
function, for the purpose of searching for optimal revascularization strategy in different situations.
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Methods

Study population. The Second Drug-Eluting Stent Impact on Revascularization Registry (DESIRE-2) was a
retrospective registry study, which enrolled 6005 coronary artery disease patients who underwent revasculariza-
tion between July 2003 and October 2005 at Beijing Anzhen Hospital. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institutional review board
of Beijing Anzhen Hospital. Due to retrospective enrollment, written informed consent from the patients was
waived. In the current study, the inclusion criteria were the following: (1) patients with renal dysfunction defined
as those with an estimated glomerular filtration rate (¢GFR) of less than 90 ml/(min - 1.73 m?); (2) patients with
ACS defined as those diagnosed with ST-elevated MI, non-ST-elevated MI or unstable angina. Unstable angina
was defined as angina pectoris or equivalent ischemic discomfort with at least one of three features: (a) it was
severe and of new onset (i.e. within the 4-6 weeks prior); (b) it occurred in a progressive pattern; (c) it occurred
at rest (or with minimal exertion), usually lasting >10min. (3) patients with multivessel disease and those with
single vessel disease; (4) patients undergoing either PCI or CABG procedure. The patients who underwent unsuc-
cessful revascularization procedures or those with missing renal function measures were excluded from the study.
A successful PCI procedure was defined as a residual stenosis of less than 20% and forward flow TIMI 3 after
surgery. A successful CABG procedure was defined as the patency in the grafts after surgery.

Data collection. Desire-2 recorded baseline demographics, clinical presentations, laboratory variables,
procedural variables and outcome data. The variables recorded included gender, age, body mass index (BMI),
body surface area, diabetes mellitus, hypertension, history of cerebrovascular disease, old myocardial infarction
(OMI), smoking history, peripheral vascular disease (PVD), chronic obstructive pulmonary disease (COPD),
acute coronary syndrome, systolic blood pressure, diastolic blood pressure, mean arterial pressure, atrial fibrilla-
tion and atrial flutter, left ventricular ejection fraction (LVEF), hemoglobin, white blood cell (WBC), neutrophils,
blood urea nitrogen (BUN), serum creatinine (CR), total cholesterol (TC), triglyceride (TG), low density lipo-
protein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), fasting blood glucose (FBG), time
from admission to revascularization, vessel involvement, left main disease, revascularization strategy, complete
revascularization, ostial lesions, left anterior descending disease, and use of statin, beta blocker, Calcium channel
blocker, nitrate, ACE-I and ARB.

The estimated glomerular filtration rate was calculated using the Modification of Diet in Renal Disease
(MDRD) study formula as follows!”:

GFR = 186.3 x (serum creatinine mg/dl)fl'154 X agefo‘203

x 0.742(if female) x 1.212(if black) (1)

Outcome data. The outcomes were major adverse cardiac and cerebrovascular events (MACCE), which
included all-cause mortality, repeat revascularization, non-fatal myocardial infarction and ischemic stroke.
Repeat revascularization was defined as target or non-target vessel revascularization after the index procedure.
Myocardial infarction was defined as repeat ischemic chest pain, electrocardiographic dynamic changes and ele-
vated levels of the myocardial necrosis biomarkers. Elevations were defined as follows: creatine kinase that was
more than twice the concentration of the upper limit of the normal range used by the local laboratory, a CK-MB
fraction that was greater than the upper limit of the normal range, and a troponin I or T level that was more than
twice the concentration of the upper limit of the normal range. “Short-term” was defined as the time period
within 30 days of revascularization. Follow-up information was obtained by recording outcomes for patients via
the telephone or in clinic.

Statistical analysis. Continuous variables were presented as the mean + standard deviation or median
(with interquartile ranges). Categorical variables were expressed as percentages. Natural logarithmic transfor-
mation was used for continuous variables that had skewed distribution, including WBC, BUN, CR, TC, TG,
LDL-C, HDL-C and FBG. Patients with 60 <eGFR < 90 ml/(min- 1.73 m?) were identified as having mild renal
dysfunction, and those with eGFR <60 ml/(min-1.73 m?) were identified as having moderate or severe renal
dysfunction. These cutoff values were selected on the basis of published guidelines®. Unpaired t test or Wilcoxon
rank sum test was utilized to compare continuous variables between the PCI and CABG groups. Categorical
variables were compared using Chi-square test or Fisher’s exact test. Breslow test was used to compare short-term
outcomes between the PCI and CABG groups. Long-term outcomes were compared using log-rank test. The
MACCE-free survival curve was estimated using the Kaplan-Meier method. Log-rank test was utilized to exam-
ine between-group differences in MACCE-free survival curves for categorical variables. Subgroup analyses were
performed to evaluate the outcomes based on eGFR categories of 60-90 and <60 ml/(min-1.73 m?).

This study used the univariate Cox proportional hazards model to identify potential predictors of MACCE.
The proportional hazards assumption was visually assessed by using a Kaplan-Meier survival curve for categor-
ical variables and was evaluated by testing the significance of the interaction between the variable and the time
effect introduced into the Cox model for continuous variables. Variables with significant or borderline significant
associations (P < 0.15) with outcomes and the interaction between non-proportional hazards variables and time
effect were introduced into the stepwise time-dependent Cox model to evaluate the associations between factors
and outcomes. The « for variable entering and retention in the multivariate model are 0.10 and 0.15, respectively.
Subgroup analyses were performed to evaluate the associations between predictors and outcomes in subgroups
based on the degree of renal dysfunction. All the time-dependent Cox models were adjusted for factors that are
significant in the baseline characteristics analyses. All data were analyzed using the SAS 9.3 software.
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Age 63.0 £9.2 62.4 + 10.4 0.2173
Male 804(78.8) 1341(70.5) <0.0001
BMI 259 + 3.0 26.0+£3.2 0.6547
Hypertension 641(62.8) 1290(67.8) 0.0071
Diabetes mellitus 270(26.5) 504(26.5) 0.9935
Smoking history 395(38.7) 774(40.7) 0.3057
PVD 21(2.1) 41(2.2) 0.8641
Cerebrovascular disease history 103(10.1) 170(8.9) 0.3023
COPD 6(0.6) 20(1.0) 0.2041
Hemoglobin 134.74+17.7 137.1+16.4 0.0009
InWBC 1.99+£0.32 1.98£0.30 0.7794
Neutrophils 62.3+12.3 62.5+12.2 0.4624
InBUN 2.834+0.35 2.754+0.33 <0.0001
InLDL-C 4.594+0.33 4.60+0.30 0.2527
InHDL-C 3.66+0.22 3.68+0.22 0.0213
InTC 5.17+0.24 5.18+0.22 0.5115
InTG 4.984+0.52 4.96+0.50 0.4436
InFBG 4.65+£0.28 4.65+0.27 0.2674
LVEF 60.0+11.3 60.0+11.2 0.843
OMI 325(31.9) 343(18.0) <0.0001
ACS <0.0001

STEMI 86(8.4) 433(22.8)

NSTEMI 37(3.6) 117(6.2)

UA 897(87.9) 1353(71.1)
Atrial fibrillation and atrial flutter 19(1.9) 45(2.4) 0.3768
Moderate or severe (relative to mild) renal dysfunction | 231(22.6) 364(19.1) 0.0243
Procedural characteristics
Vessel involvement <0.0001

1 83(8.1) 746(39.2)

2 230(22.6) 656(34.5)

3 707(69.3) 501(26.3)
Left main disease 185(18.1) 79(4.2) <0.0001
Ostial lesion 109(10.7) 163(8.6) 0.0599
Left anterior descending disease 501(49.1) 823(43.2) 0.0024
Complete revascularization 830(81.4) 1347(70.8) <0.0001
Medications use
3-blocker 969(95.0) 1661(87.3) <0.0001
ACE-I 604(59.2) 1275(67.0) <0.0001
ARB 57(5.6) 115(6.0) 0.6184
Calcium channel blocker 648(63.5) 593(31.2) <0.0001
Statin 484(47.4) 1656(87.0) <0.0001
Nitrate 964(95.4) 1557(82.8) <0.0001

Table 1. Baseline characteristics of ACS patients with renal dysfunction. Mean + standard deviation, or
number of patients and percentage. InWBC, InBUN, InCR, InLDL-C, InHDL-C, InTC, InTG and InFBG indicate
the natural logarithmic transformation of WBC, BUN, CR, LDL-C, HDL-C, TC, TG and FBG, respectively.

Results

Baseline clinical and procedural characteristics. Between July 2003 and October 2005, 6005 coronary
artery disease patients underwent revascularization at Beijing Anzhen Hospital. Among them, we identified 2923
ACS patients with renal dysfunction who underwent either PCI or CABG successfully after excluding patients
with missing renal function measurements.

Baseline clinical and procedural characteristics are presented in Table 1. There were no significant differences
between the PCI and CABG groups except for gender, hypertension, hemoglobin, BUN, HDL-C, OMI, ACS and
the degree of renal dysfunction. There were 8.4% of ST-elevated MI patients in the CABG cohort and 22.8% in
the PCI cohort. There were 3.6% of non-ST-elevated MI patients in the CABG cohort and 6.2% in the PCI cohort.
87.9% of patients had unstable angina in the CABG cohort and 71.1% in the PCI cohort. Chi-square test showed
that the proportion of patients with ACS was different between two cohorts. Hemoglobin and HDL-C levels were
lower in the CABG group, and BUN was higher in the CABG group. Males, OMI and moderate or severe renal
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Moderate or Severe Renal
Total Mild Renal Dysfunction Dysfunction
CABG PCI CABG PCI CABG PCI
Outcomes (n=1020) (n=1903) Pvalue | (n=789) |(n=1539) Pvalue | (n=231) |(n=364) |Pvalue
Short-term outcomes
All-cause mortality | 29(2.8) 15(0.8) <0.0001 | 14(1.8) 7(0.5) 0.0015 | 15(6.5) 8(2.2) 0.0090
Cardiac death 23(2.2) 14(0.7) 0.0005 | 13(1.6) 6(0.4) 0.0014 | 10(4.3) 8(2.2) 0.1437
MACCE 45(4.4) 28(1.5) <0.0001 | 27(3.4) 18(1.2) 0.0002 | 18(7.8) 10(2.7) 0.0054
Long-term outcomes
All-cause mortality 50(4.9) 51(2.7) 0.0017 | 26(3.3) 20(1.3) 0.0011 | 24(10.4) 31(8.5) 0.3783
Cardiac death 33(3.2) 35(1.8) 0.0168 | 19(2.4) 12(0.8) 0.0012 | 14(6.1) 23(6.3) 0.9822
MACCE 102(10.0) 232(12.2) 0.1124 | 68(8.6) 173(11.2) 0.0638 | 34(14.7) 59(16.2) 0.7897

Table 2. Short-term and long-term clinical outcomes after revascularization. Number of patients and
percentage. P value for short-term outcome was calculated using Breslow test. P value for long-term outcome
was calculated by log-rank test.

dysfunction were more frequent in the CABG group than in the PCI group. Baseline procedural characteristics
demonstrated that patients who underwent CABG tended to have multivessel disease, left main disease and left
anterior descending disease. Complete revascularization was more frequent in the CABG group than in the PCI

group.

Short-term and long-term clinical outcomes. Short-term and long-term clinical outcomes after
revascularization for ACS patients with renal dysfunction are shown in Table 2. Among these 2923 patients, 241
(8.24%) patients were lost to follow-up. The median follow-up time was 533 (441~661) days after revasculariza-
tion. The incidence of short-term MACCE was 4.4% and 1.5% for the CABG and PCI cohorts, respectively. The
incidence of long-term MACCE for ACS patients with renal dysfunction was 10.0% and 12.2% for CABG and
PCI, respectively.

Figure 1a shows the MACCE-free Kaplan-Meier survival curves for ACS patients with renal dysfunction after
CABG or PCI. Two MACCE-free Kaplan-Meier survival curves were crossed in Fig. 1a. Breslow test showed
that the short-term MACCE-free survival rate difference between the PCI and CABG cohorts was significant
(x?=22.86,P <0.0001). Log-rank test showed that the long-term MACCE-free survival rate difference between
the two cohorts was insignificant (x?=2.52, P=0.1124).

Subgroup analyses showed that the incidence of short-term MACCE was lower in the PCI cohort than that in
the CABG cohort in both the mild renal dysfunction (1.2% versus 3.4%, x?=13.63, P=0.0002) and the moderate
or severe renal dysfunction (2.7% versus 7.8%, x>=7.73, P =0.0054) subgroups. Log-rank test showed that the
incidence of long-term MACCE was insignificantly different between the PCI and CABG cohorts in both the
mild renal dysfunction (11.2% versus 8.6%, x*>=3.44, P =0.0638) and the moderate or severe renal dysfunc-
tion (16.2% versus 14.7%, x?=0.071, P=0.7897) subgroups. The PCI and CABG MACCE-free survival rate
Kaplan-Meier curves crossed in both subgroups (Fig. 1b and c). The MACCE-free survival rate in the moderate
or severe renal dysfunction subgroup appeared to fall faster than that in the mild renal dysfunction subgroup.

Predictors of clinical outcomes in ACS patients with renal dysfunction undergoing revasculari-
zation. Predictors of clinical outcomes in ACS patients with renal dysfunction were identified using the uni-
variate Cox model and the stepwise time-dependent Cox model. The univariate analysis identified age, LVEF,
hemoglobin, neutrophils, BUN, vessel involvement, diabetes mellitus, hypertension, revascularization strategy,
complete revascularization, renal dysfunction degree, WBC, FBG, left main disease, left anterior descending dis-
ease, the type of ACS, and use of statin, ACE-I, ARB, calcium channel blocker and nitrate as potential predictors
of MACCE. All predictors identified by univariate analysis were introduced into a stepwise time-dependent Cox
regression model. Subgroup analyses were performed to assess the associations between these predictors and
their outcomes in subgroups based on the degree of renal dysfunction by using a time-dependent Cox regression
model. All the time-dependent Cox models were adjusted for factors that are significant in the baseline character-
istics analyses. The results are shown in Table 3.

The stepwise time-dependent Cox model identified LVEF, vessel involvement, ARB, revascularization strate-
gies, the degree of renal dysfunction and diabetes mellitus as predictors for MACCE. Among them, revasculariza-
tion strategies and diabetes mellitus were identified as time-dependent covariates. Then, the time-dependent Cox
model was adjusted for unbalanced baseline factors between the PCI and CABG groups. Our research indicated
that the regression coeflicient of revascularization strategies is ‘—1.124 4 0.344 x In (time + 1)’ In algebra, PCI
was superior to CABG in ACS patients with renal dysfunction within approximately 25 days of revasculariza-
tion. After this period, CABG had an advantage over PCI in this high-risk group. When compared with ACS
patients with renal dysfunction receiving CABG, those undergoing PCI were associated with a lower hazard
for MACCE (adjusted HR, 0.325; 95% confidence interval, 0.162-0.652; x>=10.02, P=0.0015 < 0.01) initially
after revascularization. The interaction between PCI and time effect was associated with an increased hazard
relative to CABG for MACCE (adjusted HR, 1.411; 95% confidence interval, 1.230-1.619; x>=24.13, P <0.01).
Additionally, the results indicated that the interaction between diabetes mellitus and time effect was hazardous for
MACCE (adjusted HR, 1.063; 95% confidence interval, 1.011-1.118; x*>=5.65, P=0.0175).
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Figure 1. MACCE-free Kaplan-Meier survival curve. (a) MACCE-free Kaplan-Meier survival curve for

ACS patients with renal dysfunction undergoing CABG versus PCI. (b) MACCE-free Kaplan-Meier survival
curve for the mild renal dysfunction subgroup undergoing CABG versus PCI. (c) MACCE-free Kaplan-Meier
survival curve for the moderate or severe renal dysfunction subgroup undergoing CABG versus PCI. Hazard
ratios represent the adjusted hazard ratios of PCI relative to CABG at the initial time after revascularization.
ACS, Acute coronary syndrome; CABG, Coronary Artery Bypass Graft; MACCE, major adverse cardiac and
cerebrovascular events; PCI, Percutaneous Coronary Intervention.

Vessel involvement

L-vessel (relative to 3-vessel) | 0.625 0.439-0.889 | 0.0090 [ 0.626 0.415-0.943 [ 0.0250 | 0.605 0.296-1.233 | 0.1663
2-vessel (relative to 3-vessel) | 0.758 0.567-1.012 | 0.0602 | 0.762 0.540-1.076 | 0.1224 | 0.682 0.393-1.185 | 0.1749
ARB 1.887 1276-2.792 | 0.0015 | 1.950 1220-3.117 | 0.0052 | 1.904 0.898-4.036 | 0.0929
PCI (relative to CABG) | 0.325 0.162-0.652 |  0.0015 | 0.343 0.147-0.802 | 0.0135 | 0.305 0.089-1.043 | 0.0584
gil}a(é‘zl‘:imﬁfme +) 1411 1.230-1.619 | <0.0001 | 1372 1163-1.619 | 0.0002 | 1.485 1.158-1.904 | 0.0018
fg‘r’gﬁa‘ztfe‘[’faﬁ;rgl (relative |} 335 0.996-1.788 | 0.0530 | — - - - - -
Left main disease 1.425 0.980-2.072 | 0.0635 | 1.211 0.743-1.973 | 0.4420 | 1.929 1.023-3.634 | 0.0422
LVEF 0.960 0.936-0.985 | 0.0021 | 0.973 0.941-1.007 | 0.1166 | 0.945 0.906-0.986 | 0.0094
LVEF x In(time + 1) 1.005 1.000-1.011 | 0.0449 | 1.003 0.996-1.010 | 0.3513 | 1.008 0.999-1.016 | 0.0933
Eli:ubif;essxln(ﬁme ) 1.063 LOLI-L118 | 0.0175 | 1.037 0.975-1.103 | 0.2525 | 1.110 1.008-1.222 | 0.0339
ACE-I x In(time + 1) 1.033 0.978-1.091 | 0.2414 | 1.055 0.989-1.125 | 0.1037 | 0.983 0.885-1.092 | 0.7531

Table 3. The adjusted time-dependent Cox models for predictors of MACCE. predictor x In(time + 1) indicates
the interaction between the predictor and time effect (natural logarithmic transformation of ‘time +1°).

Subgroup analyses indicated that the hazard ratio of PCI relative to CABG was time-dependent in both the
mild renal dysfunction and the moderate or severe renal dysfunction subgroups. In the mild renal dysfunction
subgroup, the regression coefficient of the revascularization strategy was ‘—1.07140.316 x In (time + 1)’ At the
initial time after revascularization, PCI was associated with a lower hazard for MACCE (adjusted HR, 0.343;
95% confidence interval, 0.147-0.802; x> =6.10, P=0.0135) in this subgroup. The interaction between PCI and
time effect was associated with an increased hazard ratio relative to CABG for MACCE (adjusted HR, 1.372; 95%
confidence interval, 1.163-1.619; x> = 14.04, P =0.0002). In the moderate or severe renal dysfunction subgroup,
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the regression coefficient of the revascularization strategy was ‘—1.188 4+ 0.395 x In (time + 1)’ In this subgroup,
PCI was associated with a borderline significant lower hazard for MACCE (adjusted HR, 0.305; 95% confidence
interval, 0.089-1.043; x2=3.58, P =0.0584) at the initial time after revascularization. The interaction between
PCI and time effect was associated with an increased hazard ratio relative to CABG for MACCE (adjusted HR,
1.485; 95% confidence interval, 1.158-1.904; x>=9.73, P=0.0018). Additionally, subgroup analyses showed that
diabetes mellitus was a time-dependent covariate only in the moderate or severe renal dysfunction subgroup.

Discussion

ACS patients with renal dysfunction typically have worse outcomes than those with normal renal function. Renal
dysfunction is an independent risk factor for intraoperative and postoperative adverse events'. Impaired renal
function may be associated with increased inflammation and oxidative stress. It may also be associated with cer-
tain physical changes including high levels of homocysteine, hyperuricemia, hypercalcemia and uremia, which
may lead to a poor prognosis>®. Additionally, patients with renal dysfunction tend to be of advanced age and
have hypertension and diabetes mellitus. These concomitant factors may increase MACCE risk. Patients with
renal dysfunction tend to have a greater frequency of multivessel disease and left main disease?!. The adverse
consequences of renal dysfunction may reduce oxygen supply to the myocardium due to severe damage to the
epicardial coronary macrovessels and depressed coronary reserve secondary to microvessel disease??. PCI and
CABG are alternative revascularization strategies for ACS patients with renal dysfunction. However, there is a
lack of research assessing a time-dependent relative risk of PCI relative to CABG in this high-risk group. Which
revascularization strategy is optimal in different situations is still controversial. Consequently, evaluating the
fluctuant relative risk of revascularization strategies by applying scientific methods in this study is crucial for
surgical decision making.

This study used MACCE as outcomes due to the small incidence of separate events. Our results showed
that the cumulative incidence of short-term MACCE was higher after CABG when compared with PCI in ACS
patients with renal dysfunction. Subgroup analyses showed similar results. These findings may be because severe
infection, major bleeding, stroke, respiratory dysfunction and other non-cardiac complications were more fre-
quently seen in the CABG cohort than in the PCI cohort?*-**. Simultaneously, PCI had lower adverse effects on
other organs or systems, that may explain the lower incidence of short-term MACCE in the PCI cohort relative to
the CABG cohort*. However, the results indicated that long-term MACCE rates were not significantly different
between the two revascularization strategies in this high-risk group, a finding that may differ from other studies
in the literature. Additionally, subgroup analyses also yielded similar results. The SYNTAX trial demonstrated
that, in patients with renal dysfunction, CABG was superior to PCI for a lower incidence of MACCE (15.6%
vs. 27.4%, P < 0.05)%. Aoki J. et al. analyzed the data from the ARTS trial and found that 5-year MACCE rates
were lower after CABG when compared with PCI (32% vs. 49%, P < 0.05) in multivessel coronary artery disease
patients with renal dysfunction®®. An observational study reported similar conclusions from the data from a large
Northern California registry*. Another observational study indicated that the CABG cohort had greater 1-year,
2-year and 3-year freedom from MACCE rates (89.4% vs. 71.2%, 81.9% vs. 60.5%, 75.2% vs. 51.8%, respectively,
P < 0.05) than the PCI cohort in multivessel disease patients with chronic kidney disease®. The results from
the paper are different from those in the literature, because the risk of MACCE after revascularization was not
proportional (Fig. 1) for the entire object group and separate subgroups. Specifically, the overall differences in
MACCE-free survival rates between the two revascularization cohorts is insignificant, because an early disadvan-
tage of CABG relative to PCI for MACCE reduces the entire advantage of CABG for MACCE when compared
with PCI, as shown in Fig. 1.

A few studies have used the Cox proportional hazardous model, the stratified or the weighted Cox model to
assess the hazard ratio of PCI relative to CABG for MACCE. However, the hazard ratio of revascularization strat-
egies is time-dependent. A proportional hazardous assumption may not be met. Consequently, typical models
may not assess the time-dependent hazard ratio. To evaluate the fluctuant relative effect of two revascularization
strategies on MACCE in ACS patients with renal dysfunction, the paper applied a time-dependent Cox model.
Time-dependent Cox model characteristics may introduce time-dependent covariates into the model to assess
their fluctuant associations with outcomes. The paper indicated that LVEF, vessel involvement, ARB, revascular-
ization strategies, the degree of renal dysfunction and diabetes mellitus were risk factors for MACCE. Among
them, revascularization strategies and diabetes mellitus were identified as time-dependent covariates. The study
indicated that the regression coefficient of revascularization strategies was ‘—1.124 4 0.344 X In (time+ 1)’ in the
entire object group. In algebra, PCI was superior to CABG in ACS patients with renal dysfunction within approx-
imately 25 days of revascularization. After this period, ACS patients with renal dysfunction receiving CABG had a
lower risk for MACCE in this high-risk group when compared to those receiving PCI. Initially, there is a high rate
of restenosis after PCI surgery. Repeat revascularization may be more frequently required for patients undergoing
PCI than CABG. By contrast, CABG provides prophylactic protection against future coronary events by passing
vulnerable plaques that are typically located in the proximal coronary tree’'. Additionally, Table 1 indicated that
complete revascularization was more frequent in the CABG cohort than in the PCI cohort. Certain studies have
suggested that complete revascularization has a survival advantage over incomplete revascularization®?. Similar
regularity was found in the subgroup analyses. In addition, subgroup analyses indicated that, at the initial time
after revascularization, the adjusted hazard ratio of PCI relative to CABG appeared to be lower in the moderate or
severe renal dysfunction subgroup than that in the mild renal dysfunction subgroup (0.305 versus 0.343, respec-
tively). However, the adjusted hazard ratio of PCI relative to CABG in the moderate or severe renal dysfunction
subgroup appeared to rise faster with time than that in the mild renal dysfunction subgroup. In addition, sub-
group analyses indicated that diabetes mellitus, a traditional risk factor for MACCE in ACS patients, was identi-
fied as a time-dependent covariate in the moderate or severe renal dysfunction subgroup, but not in the mild renal
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dysfunction subgroup. These findings indicated that diabetes mellitus has an increased risk for MACCE with time
in the moderate or severe renal dysfunction patients that may provide useful information for clinical practice.

Our study has a few limitations. The study used data from a retrospective registry. Selection bias may occur
due to a few baseline characteristics variables that were not balanced between the two groups. Approximately 40
variables were initially included in the present study. However, a few unremarked factors may have an effect on
MACCE in ACS patients with renal dysfunction. These unmeasured confounders may generate a certain bias
when evaluating associations between major factors and outcomes. Figure 1 and log rank test indicated that there
were no significant difference for the MACCE-free survival rate between the two revascularization strategies.
This finding may be due to disproportion of MACCE risk after revascularization and insufficient follow-up time.
Perhaps significant MACCE-free survival rates difference between PCI and CABG may appear if follow-up time
were extended. Additionally, our study utilized a time-dependent Cox model to assess the fluctuant associations
between risk factors and MACCE. Values of these time-dependent covariates remained unchanged in the present
study. A few variables, especially laboratory variables, may vary with time. However, these fluctuant data were
not recorded in the present study. Consequently, the Cox mixed effect model may not be applied in our study to
evaluate individual risk factors associations with outcomes.

In conclusion, for the entire object group and separate subgroups based on the degree of renal dysfunction,
the revascularization strategy was identified as a time-dependent covariate for MACCE. PCI tends to have a
lower risk for MACCE when compared with CABG in the short term. However, the hazard ratio for PCI relative
to CABG increases with time.

References
1. Go, A.S., Chertow, G. M., Fan, D., McCulloch, C. E. & Hsu, C. Chronic kidney disease and the risks of death, cardiovascular events,
and hospitalization. New England Journal of Medicine 351, 1296-1305 (2004).
2. Anavekar, N. S. et al. Relation between renal dysfunction and cardiovascular outcomes after myocardial infarction. New England
Journal of Medicine 351, 1285-1295 (2004).
3. Tonelli, M. et al. Risk of coronary events in people with chronic kidney disease compared with those with diabetes: a population-
level cohort study. The Lancet 380, 807-814 (2012).
4. Abdelmalek, J. A, Stark, P, Walther, C. P, Ix, J. H. & Rifkin, D. E. Associations between coronary calcification on chest radiographs
and mortality in hemodialysis patients. American Journal of Kidney Diseases 60,990-997 (2012).
5. Rubenstein, M. H. et al. Are patients with renal failure good candidates for percutaneous coronary revascularization in the new
device era? Circulation 102, 2966-2972 (2000).
6. Hanna, E. B. et al. Characteristics and in-hospital outcomes of patients with non-ST-segment elevation myocardial infarction and
chronic kidney disease undergoing percutaneous coronary intervention. JACC: cardiovascular interventions 4, 1002-1008 (2011).
7. Takovou, I. et al. Incidence, predictors, and outcome of thrombosis after successful implantation of drug-eluting stents. JAMA 293,
2126-2130 (2005).
8. Mezzano, D. et al. Hemostatic disorder of uremia: the platelet defect, main determinant of the prolonged bleeding time, is correlated
with indices of activation of coagulation and fibrinolysis. Thrombosis and haemostasis 76, 312-321 (1996).
9. Osten, M. D. et al. Impact of renal insufficiency on angiographic, procedural, and in-hospital outcomes following percutaneous
coronary intervention. The American journal of cardiology 101, 780-785 (2008).
10. Ren, X. et al. Percutaneous coronary intervention compared with coronary artery bypass graft in coronary artery disease patients
with chronic kidney disease: a systematic review and meta-analysis. Renal Failure 36, 1-10 (2014).
11. Bundhun, P. K., Bhurtu, A. & Chen, M. H. Impact of coronary artery bypass surgery and percutaneous coronary intervention on
mortality in patients with chronic kidney disease and on dialysis: a systematic review and meta-analysis. Medicine 95, e4129 (2016).
12. Chen, Y. Y., Wang, J. E, Zhang, Y. ], Xie, S. L. & Nie, R. Q. Optimal strategy of coronary revascularization in chronic kidney disease
patients: a meta-analysis. European Journal of Internal Medicine 24, 354-361 (2013).
13. Kannan, A. et al. Coronary revascularization in chronic and end-stage renal disease: a systematic review and meta-analysis.
American Journal of Therapeutics 23, e16-€28 (2014).
14. Booth, J. et al. Randomized, controlled trial of coronary artery bypass surgery versus percutaneous coronary intervention in patients
with multivessel coronary artery disease. Circulation 118, 381-388 (2008).
15. Henderson, R. A. et al. Long-term results of RITA-1 trial: clinical and cost comparisons of coronary angioplasty and coronary-artery
bypass grafting. The Lancet 352, 1419-1425 (1998).
16. Mohr, E W. et al. Coronary artery bypass graft surgery versus percutaneous coronary intervention in patients with three-vessel
disease and left main coronary disease: 5-year follow-up of the randomised, clinical SYNTAX trial. The lancet 381, 629-638 (2013).
17. Levey, A. S. et al. A more accurate method to estimate glomerular filtration rate from serum creatinine: a new prediction equation.
Annals of internal medicine 130, 461-470 (1999).
18. Levey, A. S. et al. National kidney foundation practice guidelines for chronic kidney disease: evaluation, classification, and
stratification. Ann Intern Med 139, 137-147 (2003).
19. Cooper, W. A. et al. Impact of renal dysfunction on outcomes of coronary artery bypass surgery. Circulation 113, 1063-1070 (2006).
20. Jardine, A. G. & McLaughlin, K. Cardiovascular complications of renal disease. Heart 86, 459-466 (2001).
21. Hillis, G. S. et al. Renal function and outcome from coronary artery bypass grafting. Circulation 113, 1056-1062 (2006).
22. Wizemann, V. Coronary artery disease in dialysis patients. Nephron 74, 642-651 (1996).
23. Agirbasli, M. et al. Outcome of coronary revascularization in patients on renal dialysis. The American journal of cardiology 86,
395-399 (2000).
24. Liu, J. Y. et al. Risks of morbidity and mortality in dialysis patients undergoing coronary artery bypass surgery. Circulation 102,
2973-2977 (2000).
25. Ohmoto, Y. et al. Long-term outcome of percutaneous transluminal coronary angioplasty and coronary artery bypass grafting in
patients with end-stage renal disease. Japanese circulation journal 63, 981-987 (1999).
26. Ren, X. et al. Percutaneous coronary intervention compared with coronary artery bypass graft in coronary artery disease patients
with chronic kidney disease: a systematic review and meta-analysis. Renal failure 36, 1177-1186 (2014).
27. Holmes, D. R. et al. The impact of renal insufficiency on 2-year outcomes following PCI or CABG in the syntax trial. Journal of the
American College of Cardiology 55(A184), E1724 (2010).
28. Aoki, J. et al. Five year clinical effect of coronary stenting and coronary artery bypass grafting in renal insufficient patients with
multivessel coronary artery disease: insights from ARTS trial. European heart journal 26, 1488-1493 (2005).
29. Chang, T. L et al. Comparative effectiveness of coronary artery bypass grafting and percutaneous coronary intervention for
multivessel coronary disease in a community-based population with chronic kidney disease. American heart journal 165, 800-808.
€2 (2013).

SCIENTIFICREPORTS | (2018) 8:2283 | DOI:10.1038/s41598-018-20651-3 7



www.nature.com/scientificreports/

30. Chan, W. et al. Clinical outcomes of treatment by percutaneous coronary intervention versus coronary artery bypass graft surgery
in patients with chronic kidney disease undergoing index revascularization in Ontario. Circulation: Cardiovascular Interventions 8,
€001973 (2015).

31. Kolodgie, F. D. et al. The thin-cap fibroatheroma: a type of vulnerable plaque: the major precursor lesion to acute coronary
syndromes. Current opinion in cardiology 16, 285-292 (2001).

32. Garcia, S. et al. Outcomes after complete versus incomplete revascularization of patients with multivessel coronary artery disease: a
meta-analysis of 89,883 patients enrolled in randomized clinical trials and observational studies. Journal of the American College of
Cardiology 62, 1421-1431 (2013).

Acknowledgements
This study was supported by the National High Technology Research and Development Program of China
(2015AA020102).

Author Contributions

Zhang Xiaojia conceived the research and acquired data. Zhang Xiaojia and Hu Liangping provided statistics
methods instructions for the research. Zhang Xiaojia performed data analysis and wrote the manuscript. Zheng
Wen provided instructions for manuscript revision. All authors approved the final version.

Additional Information
Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:2283 | DOI:10.1038/s41598-018-20651-3 8


http://creativecommons.org/licenses/by/4.0/

	Percutaneous Coronary Intervention versus Coronary Artery Bypass Graft in Acute Coronary Syndrome patients with Renal Dysfu ...
	Methods

	Study population. 
	Data collection. 
	Outcome data. 
	Statistical analysis. 

	Results

	Baseline clinical and procedural characteristics. 
	Short-term and long-term clinical outcomes. 
	Predictors of clinical outcomes in ACS patients with renal dysfunction undergoing revascularization. 

	Discussion

	Acknowledgements

	Figure 1 MACCE-free Kaplan-Meier survival curve.
	Table 1 Baseline characteristics of ACS patients with renal dysfunction.
	Table 2 Short-term and long-term clinical outcomes after revascularization.
	Table 3 The adjusted time-dependent Cox models for predictors of MACCE.




