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ABSTRACT

Background: Chronic kidney disease (CKD) is an independent risk factor for the development of coronary
artery disease. We evaluated outcomes amongst patients of CKD undergoing percutaneous coronary
intervention (PCI) as assessed on severity of CKD based on estimated glomerular filtration rate (eGFR) at
the time of PCL
Method and materials: We analyzed 100 consecutive CKD patients who underwent PCI and were fol-
lowed up for 1 year; an observational, prospective, open-label study. Multivariate and Receiver operator
characteristics (ROC) analysis was used to determine the cut point ofeGFR for predicting 4-P major
adverse cardiac events (MACE) outcomes defined as the composite of Cardiovascular (CV) mortality,
heart failure hospitalization (HHF), repeat revascularization and non-fatal MI over 1 year follow up.
Results: According to eGFR cut-off value derived from ROC, patients were divided in to two groups based
on eGFR cut-off of 36.25 mL/min/1.73 m>. Majority of patients (79%) were in Group 1 (eGFR >36.25 mL/
min/1.73 m?). Group 2 had Lower HbA1C, hemoglobin and elevated level of urea as compared to group:1
(p=0.002,<0.0001 respectively). All-cause mortality had trend forbeing higher (6.3 vs. 19%) in group:2,
but statistically non-significant (p = 0.17). Lower baseline LVEF (39 + 10.08%) across the cohort was
independent predictor of higher risk for HHF. eGFR <36.25 mL/mim/1.73 m? was the most robust pre-
dictor of MACE, carrying a 3-fold increase in risk of 4-P MACE with significant association (0.69, CI 0.59 to
0.78, p = 0.0009).
Conclusions: Lower baseline eGFR was associated with higher incidence of 4 P MACE with best cut-off
being eGFR <36.25 mL/min/1.73 m?. Lower Baseline LVEF was independent predictor from HHF across
the cohort.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

estimated that the age-adjusted incidence rate of end-stage renal
disease (ESRD) in India is 229 per million populations,®> and

Chronic kidney disease (CKD) is emerging as an important
chronic disease globally.! In India which a country of more than 1
billion, the rising incidence of CKD is likely to pose a major problem
for both healthcare and the economy in future. It has been recently
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>100,000 new patients enter renal replacement programs annu-
ally.® Recent studies suggest that CKD is associated with increased
risk of cardiovascular (CV) morbidity and mortality in a manner
independent of DM.*> This association is even more evident in
patients with ESRD, where CV mortality accounts for 45% of all-
cause mortality.°

By the time patients reach ESRD, left ventricular hypertrophy
(LVH) is almost universal and left ventricular (LV) mass has been
correlated with survival in these patient population. ESRD also
causes cardiac fibrosis resulting in LV systolic and diastolic
dysfunction, contributing to increased incidence of sudden death.’
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Patients with CKD are also more likely to experience higher rates of
bleeding, drug-related adverse events, strokes, and need for dial-
ysis, apart from longer hospital stay and increased mortality
following coronary revascularization as compared to patients with
normal kidney function.® Also, it is imperative to note that, coro-
nary angiography (CAG) itself carries a high risk of contrast-
induced nephropathy (CIN) and worsening renal function in these
subgroup of patients.

The impact of PCI in patients with various stages of CKD is not
very well studied amongst Asian Indians.”'° Reduced effectiveness
of PCl is anticipated in the CKD population because of diffuse nature
of vascular disease, extensive vascular calcification, smaller vessel
diameter, high diabetes prevalence, and, possibly, increased pro-
thrombotic activity.'!

Although the efficacy of PCl in reducing adverse events has been
shown in several randomized controlled trials of the general pop-
ulation, the benefit of PCI in patients with CKD,'*'>!'% has been
understudied or not found significant from certain studies, and
hence remains controversial.

The objective of our study was to analyze the clinical profile and
outcomes at 1 year in CKD patients for pre-defined 4 point major
cardiovascular events (MACE) defined as a composite of hospitali-
zation for heart failure (HHF), non-fatal MI, repeat revascularization
and CV mortality amongst our cohort of CKD patients who under-
went PCI vis-a-vis their eGFRat the time of PCL

2. Materials & methods

A Total of 102 patients who underwent PCI in CKD were
observed in a prospective, all comer fashion at tertiary cardiac care
hospital from December 2016 to December 2018.2 patients who
were lost to follow up were excluded. 100 patients who completed
1 year follow up with a mean of 365.43 + 49.1 days were analyzed
for their baseline characteristics and outcomes.

All events were captured in predefined datasheet in Microsoft
excel format for all 102 CKD patients who underwent PCI with
special focus on pre-defined 4-point MACE which was composite of
CV mortality, need for repeat revascularization, hospitalization for
Heart failure (HHF) and non-fatal ML Inclusion criteria defined
participant to be a patient of CKD with EGFR <60 mL/min/1.73 m?
as calculated by MDRD method who underwent PCI for any coro-
nary angiographic lesion more than >70% diameter which was
amenable to PCI. Written consent was obtained for inclusion in the
study. We Excluded CKD patients with eGFR >60 mL/min/1.73 m?
by MDRD method and patients with life expectancy less than 1
year. Ethical clearance was obtained from the Institutional Ethics
committee.

2.1. Data analysis

All statistical analysis was performed using SPSS v 24.0 (Chicago,
IL, USA). Continuous variables were compared using the unpaired
student's t-test or one-way analysis of variance. Continuous vari-
ables were summarized as mean =+ standard deviation (SD)
whereas categorical variables were expressed as percentage of the
sample. Multivariate analysis and regression analysis was done for
all the continuous variables. Receiver operator characteristics (ROC)
analysis was performed to determine a cut-off point for eGFR to
provide a cut-off value with equivalent sensitivity and specificity
for predicting 4-P MACE outcomes. Group differences associated
with a p value < 0.05 were considered statistically significant.
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3. Results

Present study involved 102 patients out of which 100 cases that
completed 1 year follow up are reported here. Data was analyzed
for these 100 patients. 79% were males and 21% were females.
Baseline characteristics of patients are summarized in Table 1. On
the basis of eGFR (MDRD method), majority patients (85%) were in
stage 3 (eGFR between 30 and 60 mL/min/1.73 m?), 9% in stage 4
(eGFR between 15 and 30 mL/min/1.73 m?), while 6% in stage 5
(eGFR less than 15 mL/min/1.73 m?).

A Receiver Operator Characteristic (ROC) analysis was per-
formed to determine a cut point for eGFR which yielded a value of
<36.25 mL/min/1.73 m? for predicting 4 P- MACE outcome with
96.55% specificity as shown in Fig. 1. Value of eGFR <36.25 mL/min/
1.73 m? is associated with significantly higher 4-P major adverse
cardiac events (MACE) outcomes defined as composite of Cardio-
vascular (CV) mortality, heart failure hospitalization (HHF), repeat
revascularization and non-fatal MI.

Majority of patients (79%) in our cohort were in Group 1
(eGFR>36.25 mL/min/1.73 m?), while only 21% were in Group 2
(eGFR<36.25 mL/min/1.73 m?). Group comparison of the baseline
characteristics is shown in Table 2. Patients were matched for age in
group:2 with patients in group:1 (57.48 + 11.58 vs. 60.77 + 10.39
years, p = 0.21). There was no significant difference in LVEF be-
tween two groups (39.37 + 10.48 and 37.62 + 8.46; p = 0.48). Pa-
tients in group:1 and group:2 had previous history of PCI (3.8% and
9.5%), prior MI(2.5 and 14.3%) but these were not statistically sig-
nificant between two groups (P 0.61,0.1). Patients with single,
double and triple vessel disease were present in 35.4%, 43% and
20.3% in group:1 and 28.6%, 52.4% and 9.5% in group:2 respectively.
Multivariate regression analysis showed that there was trend to-
wards higher prevalence of double vessel disease in both groups,
but not reaching statistical significance (p = 0.74, 0.60 and 0.41).
The difference may be insignificant due to smaller sample size.

Patients in group 2 had higher Urea and lower hemoglobin and
HBAI1C in group:2 as compared to patients in group 1. These were
statistically significant between these 2 groups as analyzed for their

Table: 1
Baseline characteristics.
N = 100

Male (%) 79
Female 21
Age (in years) 60.08 + 10.68
Hypertension 54
Diabetes Mellitus-II 38
Number of stent/s
1 76
2 23
3 1

Systolic Blood pressure (SBP in mmHg) 137.59 + 29.50

Diastolic Blood pressure (DBP in mmHg) 79.28 = 17.77
Heart rate (beats per minute) 84.15 + 16.09
HBA1c (gm%) 7.73 + 1.82
Urea (mg%) 51.27 +35.23
Hemoglobin (gm%) 11.74 + 2.00
Previous MI 5

Previous Bypass 2

Previous PCI 5

Stable CAD 10

Unstable angina 45

Non-ST Elevation Myocardial infarction (NSTEMI) 30

ST Elevation Myocardial infarction (STEMI) 15

LVEF (%) 39 + 10.08
Stage 3 85

Stage 4 9

Stage 5 6

*LVEF, left ventricular ejection fraction.
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Fig. 1. Receiver operator characteristics (ROC) curve of eGFR for predicting 4-P major
adverse cardiac events (MACE).
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eGFR based groups (7.99 + 1.85 vs. 6.65 + 1.23; p = 0.002 for HbA1C
and 12.16 + 1.80 vs. 10.18 + 1.99; P= <0.0001 for hemoglobin).

The overall in hospital complications like cardiogenic shock (7%)
and unstable angina (3%) was present in the overall cohort. There
was no significant difference for these outcomes between the
groups in our cohort (p = 0.32, 0.85).
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Over the follow-up period of 365.43 + 49.1 days of these 100
patients, 58 patients had event free survival and while 42 patients
had major cardiovascular events (MACE) as shown in table no.3.
There was 9% all-cause mortality seen in the cohort. 23% patients
were readmitted for HHF, 2% patients were readmitted for HHF and
revascularization and 7% were readmitted for only revasculariza-
tion. HHF was significantly higher in group:2 (15.2 vs. 52.4%;
p = 0.0009). 4 P-MACE as a composite endpoint was statistically
higher in group 2 as compared to group1 for eGFR cut-off value as
derived by ROC suggesting worse outcomes for patients with lower
eGFR. As shown in Table 3, individually none of the components of
4 P-MACE i.e. all-cause mortality, HHF and repeat revascularization
seen in group:2 as compared to group:1, was not statistically sig-
nificant (p = 0.17, 0.06 and 0.98). On multivariate analysis, the lower
baseline LVEF (39 + 10.08%) across the cohort was independent
predictor of higher risk for hospitalization for heart failure (HHF)
but the difference between the groups was not statistically signif-
icant (p = 0.48).

The number of stents used during PCI showed no significant
difference in 4 P-MACE. There was no significant impact of age,
gender and previous history of Diabetes mellitus II, Hypertension,
Stable or unstable CAD, Past or present history of Myocardial
Infarction, or past history of PCI or CABG on 4 P-MACE in our study
cohort. However, this may be confounded by the smaller sample
size.

4. Discussion

Our findings from the study for baseline characteristics showed
that amongst the patients of CKD who underwent PCI, patients
with group:2 tended to be younger, had lower baseline hemoglobin
and HBA1C and higher Urea levels. There was no significant dif-
ference between the groups of CKD with regards to other baseline
characteristics like mean blood pressure, resting heart rate, past
history of AMI or CABG, baseline LVEF and number of vessels
involved. Group:2 were more likely to have need for 1 stent as
compared to Group:1 but this was statistically not significant.

Table:2

Baseline characteristics according to eGFR groups.
Variables Group:1(>36.25) Group:2(<=36.25) P value

N=79 N=21

Male (%) 66 (83.5) 13 (61.9) 0.06
Female 13 (16.5) 8(38.1)
Age (in years) 60.77 +10.39 57.48 +11.58 0.21
Number of stent/s
1 58 (73.4) 18 (85.7) 0.38
2 21 (26.6) 2(9.5) 0.17
3 0 1(4.8) 047
HBA1c (gm%) 7.99+1.85 6.65+1.23 0.002*
Urea (mg%) 44.36 +24.67 77.25+53.59 <0.0001*
Hemoglobin (gm%) 12.16 +1.80 10.18 £ 1.99 <0.0001*
Previous MI 2(2.5) 3(14.3) 0.1
Previous Bypass 1(1.3) 1(4.8) 0.89
Previous PCI 3(3.8) 2(9.5) 0.61
Stable CAD 7 (8.9) 3(14.3) 0.74
Unstable angina 38(48.1) 7 (33.33) 0.19
Non-ST Elevation Myocardial infarction (NSTEMI) 26 (32.91) 4(19.05) 0.33
ST Elevation Myocardial infarction (STEMI) 12 (15.19) 3(14.29) 0.81
SVD 28 (35.4) 6 (28.6) 0.74
DVD 34 (43) 11 (52.4) 0.60
TVD 16 (20.3) 2(9.5) 0.41
LVEF 39.37+10.48 37.62 +8.46 0.48
In-hospital complication
Cardiogenic shock 4(5.1) 3(14.3) 0.32
Unstable angina 2(2.5) 1(4.8) 0.85

*p-value < 0.05 shows statistically significance; SBP, systolic blood presser; ‘DBP, diastolic blood presser; §MI, myocardial infraction; || PCI, percutaneous coronary inter-
vention; #SVD, single vessel disease; **DVD, Double vessel disease; {'TVD, Triple vessel disease; *LVEF, left ventricular ejection fraction.
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Table: 3

Outcome within 1 year of PCI.
Variables Group: 1N =79 Group: 2 N = 21 P value
All-cause Mortality 5(6.3) 4(19) 0.17
Event free survival 56 (70.9) 2(9.5) <0.0001°
Readmission for LVF 12 (15.2) 11 (52.4) 0.0009°
Readmission for LVF and Revascularization 0 2(9.5) 0.06
Readmission for revascularization 5(6.3) 2(9.5) 0.98
4 points MACE 23(29.1) 19 (90.5) <0.0001"

@ p-value <0.05 shows statistically significance; {LVF, left ventricular failure; {MACE, major adverse cardiovascular event, § HHF- Hospitalization for heart failure.

In our cohort, LV systolic dysfunction and lower eGFR were
associated independently with an increased risk of 4 P-MACE on
multivariate analysis. Previous studies have shown that renal
impairment is a significant prognostic predictor of mortality in
patients with coronary artery disease.'*!”

Group:2 had higher incidence of 4 P MACE whereas; read-
mission for acute heart failure was significantly higher in Group:2
patients as compared to group:1 of the cohort as assessed by ROC
based cut-offs. Previous studies have shown that renal impairment
is a significant prognostic factor for mortality in patients with
coronary artery disease. Lower eGFR was the strongest predictor of
4 P-MACEand this is similar to data from Manjunath et al'® which
also demonstrated that eGFR is an independent risk factor for
atherosclerotic cardiovascular disease and related outcomes.

Another study done by Furberg CD et al and Beattie JN et al
showed that in post-myocardial infarction patients, an increase in
creatinine above the upper reference limit is associated with an
increase in the overall mortality.”'® In our study, we have
demonstrated that eGFR is a strong predictor of MACE in patients
undergoing PCI and the risk of mortality increases as renal function
deteriorates.

The difference in LVEF across CKD group was not statistically
different as shown in Table 2. The difference in values may be due to
higher prevalence of dialysis, anemia (though statistically not sig-
nificant) which may have confounded the estimation of LVEF. HHF
following PCI was related to a higher risk in the subgroup of pa-
tients who had lower baseline LVEF as compared to those not
having HHF across the cohort irrespective of Stage of CKD. Even
though, the difference in baseline LVEF between various stages of
CKD were not statistically different, across the cohort of 100 pa-
tients, those with lower baseline LV systolic dysfunction (EF
36.31 + 9.24) had significantly higher MACE (p = 0.02) as compared
to those with mild LV systolic dysfunction or fair LV function
(40.95 + 10.28). Lower baseline LV systolic function (EF <35%) has
been shown as a robust predictor of mortality in our series as well
(HR = 4.04, 95% CI: 2.16—7.59) as compared to moderate and mild
LV systolic dysfunction in patients of CKD undergoing PCI and
corroborates with other studies with similar results.'4!618

Other cardiovascular risk factors such as diabetes, hypertension
did not show a significant difference in 4 P-MACE between the ROC
derived groups. These findings are partially consistent with those of
Best et al.'” The prevalence of diabetes amongst our patients was
similar to the study done by Best et al'%?4(20.4—50.0%). Bevc et al*°
also investigated mortality in CKD patients undergoing PCI, where
they had additionally included a control arm comprising of patients
with normal renal function. Their multivariate analysis showed
hypertension and diabetes to be not significantly associated with
mortality. Furthermore, Goldenberg et al’! studied a population
with non-ST-segment elevation ACS and renal impairment and
correlated renal function to outcomes. In their study also, presence
of hypertension and diabetes did not significantly correlate with
mortality.
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However, it is believed that coexisting conditions and comor-
bidities such as diabetes mellitus, hypertension, may contribute to
adverse outcomes in patients with renal impairment.>>?* In our
study, CKD (eGFR) remained the major predictor even after
adjusting for the above variables as analyzed by ROC derived 2
groups, indicating an independent influence of eGFR in PCI out-
comes in CKD patients.

We found cardiogenic shock at presentation and unstable
angina as predictors of in-hospital adverse events but they did not
reach statistical significance between the 2 groups. This is probably
explained by the small sample size of the cohort. Previous studies
have shown cardiogenic shock to be a strong predictor of in hospital
death with 40—50% mortality in the studies.**

ISCHEMIA-CKD study had shown no benefit in outcomes be-
tween conservatively arm as compared to invasive arm in CKD
patients with moderate to large ischemia documented by non-
invasive assessment. However, the sub-group analysis showed
that invasive strategy was better in patients with large ischemia but
not in moderate ischemia sub-group. However, the study didn't
have significant number of Asian ethnicity population.”®

In addition, our study shows that the number of treated vessels,
previous myocardial infarction, previous PCI, previous CABG was
not significantly associated with 4-P MACE though smaller sample
size may account for the non-significant outcomes. It seems that
renal impairment is a robust determinant of mortality that may
obscure other ‘classical’ prognostic factors like diabetes and hy-
pertension. It is well known that CKD is strongly associated with
coronary artery disease and has a major impact on outcomes.

4.1. Conclusion

Our results show that the lower baseline eGFR was associated
with higher incidence of 4 P MACE in patients of CKD undergoing
PCI at 1 year follow up with the best cut-off being eGFR <36.25 mL/
min/1.73 m? for the cohort. Lower Baseline LVEF was aninde-
pendent predictor from HHF within 1-year of follow-up.

Key message — To the best of our knowledge, this is the largest
prospective study evaluating 4 P MACE amongst Asian Indian
ethnicity CKD patients undergoing PCI based on their eGFR.

4.2. Limitation

The study is limited by the lower number of patients in group 2
as compared to group 1, due to sampling study design which was
based on the consecutive, prospective 100 cases of CKD that un-
derwent PCI. A future randomized stratified sampling based study
may help to overcome this limitation of this study and studies
comparing PCI outcomes in CKD with AMI as compared with those
with normal renal functions may throw additional light on the
subject. Lower eGFR may have mandated more conservative
approach for CAD in sicker CKD patients thus causing the survival
bias at the enrollment.
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