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Abstract

Objective: To determine the risk prediction of various degrees of impaired renal

function on all‐cause mortality in patients following percutaneous coronary

intervention (PCI).

Background: Patients with chronic kidney disease (CKD) are at high risk of all‐cause

mortality after PCI. However, there are less data of various degrees of impaired renal

function to predict those risks.

Methods: This was a subgroup analysis of nationwide PCI registry of 22 045

patients. Patients were classified into six CKD stages according to preprocedure

estimated glomerular filtration rate (eGFR) (ml/min/1.73 m2): I (≥90), II (60−89), III

(30−59), IV (15−29), or V (<15) without or with dialysis. Baseline clinical and

angiographic characteristics were compared among patients in each stage. One‐year

all‐cause mortality was reported with risk prediction based on CKD stages and other

risk factors.

Results: Patients with CKD stage I−V without and with on dialysis were found in

26.9%, 40.8%, 23.2%, 3.9%, 1.5%, and 3.7%, respectively. PCI procedural success

and complication rates ranged from 94.0% to 96.2% and 2.8% to 6.1%, respectively.

One‐year overall survival among CKD stages I−V was 96.3%, 93.1%, 84.4%, 65.2%,

68.0%, and 69.4%, respectively (p < .001 by log‐rank test). After adjusting

covariables, the hazard ratios of all‐cause mortality for CKD stages II−V as compared

to stage I by multivariate Cox regression analysis were 1.5, 2.6, 5.3, 5.9, and 7.0,

respectively, (p < .001).

Conclusion: Among patients undergoing PCI, lower preprocedure eGFR is associated

in a dose‐dependent effect with decreased 1‐year survival. This finding may be

useful for risk classification and to guide decision‐making.
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1 | INTRODUCTION

Coronary artery disease (CAD) is the leading cause of morbidity and

mortality in chronic kidney disease (CKD) patients, accounting for

almost half of their deaths.1,2 In addition to traditional atherosclerotic

risk factors, several uremia‐related risk factors have been associated

with accelerated atherosclerosis and aggravated symptoms.3,4 More-

over, the survival in those CKD patients is limited by other comorbid

diseases that shorten their life‐expectancies.5–7

There has been controversy regarding how aggressively per-

cutaneous coronary intervention (PCI) should be performed in CKD

patients, especially in end‐stage renal disease (ESRD) with dialysis.8,9

PCI treatment aims to relieve symptoms, and importantly, to prolong

survival. With the advance in new generations of drug‐eluting stents

and adjunctive equipment for PCI, the immediate outcomes of PCI

have been significantly improved.10,11 Nevertheless, previous studies

have shown that a lower estimated glomerular filtration rate (eGFR)

was associated with decreased long‐term survival.12,13 In Thailand,

with an increasing burden of CKD, rising PCI costs, and limited

healthcare resources, it is necessary to select suitable patients having

a better life expectancy.

Although PCI in advanced CKD patients has been studied

extensively since the past decade, little is known about the impact

of PCI on patients with varying degrees of renal failure. It is well

known that CAD and its severity increase as renal function

deteriorates.14,15 Patients with advanced CKD usually have severe

coronary calcification,16 extensive CAD disease, and poor LV systolic

function, which adversely affects outcomes after revascularization by

PCI or even coronary artery bypass grafting (CABG).17–19 Moreover,

PCI in this high‐risk population without renal replacement therapy is

associated with a higher risk of contrast‐induced nephropathy and

worsening renal function.20

In the Asian population, limited published data are existing on

quantifying risk and assessment of long‐term outcomes after PCI's

treatment in impaired renal function patients, especially with ESRD

patients on dialysis. Identifying the poor prognostic factors might

help reduce morbidity and mortality, especially in the first year of

patients undergoing PCI. Furthermore, if the procedural risk

associated with each stage of CKD can be predicted, an operator

would be able to weigh the risks and benefits properly, as well as

informing PCI decision‐making. Therefore, the objective of this study

was to distinguish the risk prediction of various degrees of impaired

renal function on all‐cause mortality in patients after undergoing PCI.

2 | MATERIALS AND METHODS

This study utilized a nationwide prospective multicenter Thai PCI

registry, initiated by the Cardiac Intervention Association of Thailand.

The registry protocol was published previously21 included data from

39 government and private hospitals which they voluntarily

participated. All patients enrolled in the study were above 18 years

of age and received primary or elective PCI from May 2018 to August

2019. The registry was approved by the Central Research Ethics

Committee (COA‐CREC # 006/2018), along with the ethics commit-

tee of the Faculty of Medicine, Ramathibodi Hospital, Mahidol

University (COA‐MURA2020/974). All patients provided their

written informed consent.

Creatinine levels determined before the procedure, along with

clinical characteristics and angiographic along with procedural data,

were retrieved from the main electronic registry databases. Subject

data included the history of cardiovascular risk factors (smoking,

hypertension, dyslipidemia, diabetes mellitus [DM], and family history

of premature CAD), history of underlying diseases (peripheral arterial

disease [PAD], cerebrovascular disease [CVD], and myocardial

infarction [MI], heart failure), or prior treatment (PCI and CABG), as

well as left ventricular ejection fraction (LVEF).

Angiographic and procedural data included clinical presentation

(ST‐elevation myocardial infarction [STEMI], non ST‐elevation

myocardial infarction [NSTEMI]/unstable angina [UA], and stable

CAD), number of diseased vessels, PCI status (elective, urgent, or

emergency), presence of cardiogenic shock, type of contrast and

volume, access site, lesion characteristics (lesion complexity, in‐stent

restenosis lesion, bypass graft lesion, ostial lesion, and bifurcation

lesion), adjunctive devices (rotational atherectomy, cutting/scoring

balloon, or laser atherectomy), stent length, and diameter, lesion

severity assessment intravascular ultrasound study (IVUS), optical

coherence tomography (OCT), or fractional flow reserve wire (FFR)],

and intraaortic balloon pump (IABP). Perioperative medications

were also recorded along with unfractionated heparin, low‐

molecular weight‐heparin (LMWH), glycoprotein IIb/IIIa inhibitor,

and P2Y12 inhibitors.

The definition of “angiographic success” was residual stenosis

<20% with stent treatment, or <50% with balloon angioplasty alone.

Procedural complications were also recorded, including death, MI,

stroke, cardiogenic shock, heart failure, a new requirement of dialysis,

bleeding required blood transfusion, bleeding within 72 h, endotra-

cheal intubation, cardioversion/defibrillation, and in‐hospital CABG.
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2.1 | Study factor

Impaired renal function was the study factor of interest and was

classified into six CKD groups: stage I (GFR ≥ 90), stage II (GFR

60−89), stage III (GFR 30−59), stage IV,15–29 stage V (GFR < 15ml/

min/1.73m2) without dialysis, and stage V with dialysis. The

estimated GFR (ml/min/1.73m2) was calculated based on the CKD

epidemiology collaboration (CKD‐EPI) equations.22

2.2 | Outcomes of interest

The primary clinical outcome was 1‐year all‐causes of death. The

secondary clinical outcomes were 1‐year fatal and nonfatal MI, fatal

and nonfatal stroke, and unplanned revascularization. Death was

substantiated by the death certificate, the National Statistics Office,

Ministry of Interior. MI was defined as an increase in cardiac troponin

(cTn) plus either: (1) evidence of prolonged ischemia as demonstrated

by prolonged chest pain (>20min); or (2) ischemic ST‐segment

changes or new pathological Q waves; or (3) angiographic evidence of

coronary occlusion or no‐reflow/slow flow; or (4) imaging evidence

of new loss of viable myocardium or new regional wall motion

abnormality. Stroke was defined as a new neurological deficit during

the first 24 h following PCI secondary to cerebral ischemia or cerebral

hemorrhage detected by computed tomography or magnetic reso-

nance imaging. Unplanned revascularization was defined as

unplanned repeated PCI or CABG. MI during the first 48 h following

revascularization was defined as an increase in cTn to >5 × 99th

percentile of the upper reference limit (in patients with general

baseline cTn concentrations) or an increase of 20% (in patients with

elevated cTn before PCI or CABG). All of those adverse outcomes

were adjudicated for accuracy by the study committee.

2.3 | Data collection

Data were initially collected and recorded in the case record forms.

Then, it was computerized by well‐trained research assistants. All

electronic databases were stored at the Central Data Management

Unit, Department of Clinical Epidemiology and Biostatistics, Faculty

of Medicine, and Ramathibodi Hospital. Data cleaning and checking

were regularly performed after retrieving each survey. In addition,

cross‐linked conditions were also developed to ensure the accuracy

and consistency of the data.

2.4 | Statistical analysis

Baseline characteristics were described among CKD groups using

means ± SD for continuous variables or as percentages for categorical

variables. Continuous data were analyzed using analysis of variance

or the Kruskal−Wallis test as appropriate and presented as mean

values ± SD. Categorical data were analyzed using the χ2 or Fisher's

exact test. All tests of significance were two tailed. Hence,

Kaplan–Meier overall survival curves were applied to describe

survival probabilities by CKD stages I–V with and without dialysis

and compared by log‐rank test. Each of the above variables was

examined for its association with mortality using a univariate Cox

regression analysis. Associated variables with mortality (p ≤ .1) in the

univariate analysis were also included in the multivariate Cox

regression model. The proportionality‐of‐hazards assumption was

assessed using the Schoenfeld test, and the assumption was met for

all variables included. Adjusted hazard ratios (HR) along with 95%

confidence interval (CI) were then estimated.

All analyses were performed using STATA 17.0. (StataCorp. 2021;

Stata Statistical Software: Release 17; StataCorp LLC). p Value of less

than .05 was considered as statistical significance.

3 | RESULTS

3.1 | Baseline characteristics of overall data

Out of 22 741 patients, 96.9% (n = 22 045) had a baseline eGFR and

were included in the analysis. Two‐thirds of patients were in CKD

stages I (26.9%) or II (40.8%), while one‐third were in stages III

(23.2%), IV (3.9%), or V (without dialysis [1.5%] or with dialysis

[3.7%]). Baseline patient characteristics by CKD stages are described

in Table 1. In brief, patients with stages III−V were more likely to be

older, female, never smokers, and have smaller BMIs and more

cardiovascular risk factors (i.e., hypertension, dyslipidemia, and DM).

Patients with stage V with dialysis were more likely to have a

previous history of CVD, PAD, prior MI, heart failure, PCI, or CABG,

and have a lower LVEF.

The most common indication for PCI was stable angina, except

CKD stages IV and V without dialysis, where NSTEMI/UA was

more common. Patients with CKD stage V with dialysis were more

likely to present with stable angina and NSTEMI/UA with

infrequent STEMI.

3.2 | Angiographic and procedural characteristics

There were group differences of nearly all lesion characteristics and

adjunctive devices used (Table 1). As noted, patients with stage V

with dialysis had more lesion complexity (type B2 and C), ostial

lesions and in‐stent restenosis, and required IVUS or FFR‐guidance

during the procedure or needed plaque modification devices. Patients

with stages III−V without dialysis tended to have triple vessels and

left main (LM) disease, and to undergo urgent or emergency

procedures. Patients in stages IV and V without dialysis had

hemodynamic instability with more cardiogenic shock, requiring

IABPs. Conversely, for stage V with dialysis, patients were more

stable, had planned PCI, and less cardiogenic shock. Femoral access
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TABLE 1 Baseline clinical, angiographic and procedural characteristics

Characteristics
Stage I Stage II Stage III Stage IV

Stage V Stage V

p value
Without dialysis With dialysis

n = 5937 n = 8990 n = 5116 n = 860 n = 328 n = 814

Age, year, mean (SD) 55.8 ± 9.5 65.2 ± 10.5 70.6 ± 10.4 71.6 ± 10.7 68.2 ± 11.5 65.4 ± 11.1 <.001

Male sex, (%) 74.3 72.6 60.8 50.9 54.3 61.3 <.001

BMI, kg/m2, mean (SD) 24.8 ± 4.2 24.3 ± 4.1 24.0 ± 4.2 23.8 ± 4.5 23.4 ± 4.2 23.4 ± 4.4 <.001

Current smoker, (%) 32.6 21.9 17.0 14.4 15.2 6.1 <.001

HT, (%) 55.0 65.9 78.1 83.7 83.5 95.1 <.001

Dyslipidemia, (%) 62.5 66.5 68.3 68.1 62.8 73.0 <.001

DM, (%) 40.1 37.1 53.3 67.7 69.5 71.6 <.001

Cerebrovascular disease, (%) 3.7 5.2 7.6 9.1 7.0 11.4 <.001

Family history of premature CAD, (%) 10.4 9.4 7.5 5.6 7.0 11.1 <.001

PAD, (%) 0.8 1.6 2.2 2.7 1.8 6.5 <.001

Prior MI, (%) 22.9 24.8 25.0 22.0 16.5 23.2 <.001

LVEF, %, mean (SD) 53.7 ± 14.3 52.8 ± 15.5 49.3 ± 16.1 44.3 ± 16.1 47.4 ± 14.5 49.1 ± 14.9 <.001

Prior heart failure, (%) 7.2 10.7 19.6 33.4 25.6 40.8 <.001

Prior PCI, (%) 26.6 31.6 31.3 29.0 22.3 36.7 <.001

Previous CABG, (%) 0.6 1.8 2.3 2.6 0.9 3.6 <.001

CAD presentation, (%)

STEMI 32.6 25.3 26.0 29.8 26.5 7.0 <.001

NSTEMI/unstable angina 29.4 28.1 31.4 35.3 44.2 40.3

Stable CAD 38.0 46.6 42.6 34.9 29.3 52.7

Disease vessel, (%)

SVD 32.8 26.1 21.5 16.7 21.0 19.2 <.001

DVD 30.6 28.7 27.2 26.6 28.7 26.4

TVD (28.0) (33.2) (36.8) (39.7) (37.2) (38.6)

Left main (8.6) (11.9) (14.5) (17.0) (13.1) (15.8)

Emergency/urgent PCI, (%) 41.2 34.8 38.7 47.7 45.4 25.4 <.001

Cardiogenic shock at start of PCI, (%) 5.0 6.3 11.1 19.4 16.8 5.4 <.001

Volume of contrast, ml, mean (SD) 110.5 ± 54.0 112.3 ± 54.7 108.1 ± 52.9 92.8 ± 46.0 101.2 ± 55.3 109.2 ± 52.4 <.001

Visipaque contrast, (%) 2.6 3.5 9.6 18.1 10.1 4.3 <.001

IABP, (%) 1.4 2.4 5.4 11.0 8.0 3.1 <.001

Femoral access site, (%) 46.0 51.3 57.0 71.2 78.7 84.4 <.001

Unfractionated heparin, (%) 90.1 91.9 91.5 92.6 91.5 93.2 .001

Glycoprotein IIb/IIIa inhibitor, (%) 6.6 5.6 6.5 5.8 4.5 2.5 <.001

Clopidogrel, (%) 92.1 92.0 92.3 94.3 95.7 95.6 <.001

Lesion characteristics n = 7225 n = 11 195 n = 6413 n = 1087 n = 410 n = 1088 p value

Type B2 or C, (%) 75.1 76.8 78.7 78.5 76.8 79.7 <.001

In‐stent restenosis lesion, (%) 5.8 6.1 6.8 6.6 5.9 10.4 <.001

Lesion severity assessment,a (%) 15.8 17.6 16.1 13.6 16.3 21.0 .011

Adjunctive devices,b (%) 3.5 4.6 5.6 4.2 5.9 11.1 <.001

(Continues)
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was used more frequently than radial access in stages IV and V

patients. Visipaque™ (iodixanol) contrast was usually chosen in

stages IV and V without dialysis. Over 90% of patients received

unfractionated heparin, but only 10% using received LMWH.

Clopidogrel was used more commonly than other new P2Y12

inhibitors (i.e., prasugrel and ticagrelor), especially in the stages IV

and V groups. Adjunctive GP IIb/IIIa inhibitor was uncommonly

used (<10%) in all groups.

3.3 | In‐hospital major adverse cardiac event
(MACE) in overall population

In‐hospital outcomes of PCI procedures are described in Table 2. The

overall angiographic success rates were quite high (approximately

94%−96%) with some differences between groups. The complication

rates were similarly high in the patients with stages III, IV, and V

without dialysis, with averages of 5%. Interestingly, the lowest

TABLE 1 (Continued)

Lesion characteristics n = 7225 n = 11 195 n = 6413 n = 1087 n = 410 n = 1088 p value

Average stent length per lesion, mm,
mean (SD)

24.3 ± 7.8 24.3 ± 7.8 24.0 ± 7.6 24.4 ± 7.9 24.9 ± 8.0 23.7 ± 8.2 .081

Average stent diameter per lesion,

mm, mean (SD)

3.0 ± 0.5 3.0 ± 0.5 2.9 ± 0.5 2.9 ± 0.5 2.9 ± 0.5 3.0 ± 0.5 <.001

Abbreviations: BMI, body mass index; CABG, coronary artery bypass surgery; CAD, coronary artery disease; DM, diabetes mellitus; DVD, double vessel
disease; HT, hypertension; IABP, intraaortic balloon pump; LVEF, left ventricular ejection fraction; MACE, major adverse cardiac event; MI, myocardial

infarction; NSTEMI, non‐ST‐elevation myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; SD, standard
deviation; STEMI, ST‐elevation myocardial infarction; SVD, single vessel disease; TVD, triple vessel disease.
aUsing IVUS, OCT or FFR‐guided.
bRotational atherectomy, cutting/scoring balloon, or laser atherectomy.

TABLE 2 In‐hospital and long‐term outcomes

Characteristics
Stage I Stage II Stage III Stage IV

Stage V Stage V

p value
Without dialysis With dialysis

n = 5937 n = 8990 n = 5116 n = 860 n = 328 n = 814

Procedural result

Angiographic success, (%) 96.2 95.3 94.0 93.6 95.7 94.3 <.001

Procedural complications, (%) 4.8 5.4 6.0 6.1 5.8 2.8 .002

In‐hospital

All‐cause of death, (%) 0.5 1.6 4.7 11.8 10.1 5.3 <.001

Fatal/nonfatal MI, (%) 5.5 5.3 6.5 8.2 11.0 6.8 <.001

Fatal/nonfatal stroke, (%) 0.3 0.3 0.6 0.7 0.3 0.5 .032

Cardiogenic shock, (%) 4.6 6.3 11.2 20.4 16.8 5.8 <.001

Heart failure, (%) 7.1 10.0 16.2 31.7 29.9 13.9 <.001

New requirement of dialysis, (%) 0.1 0.2 0.7 4.2 5.8 0.0 <.001

Bleeding required blood transfusion, (%) 0.3 0.9 1.6 3.5 2.7 2.1 <.001

Endotracheal intubation, (%) 1.4 3.0 7.2 15.1 12.8 5.4 <.001

Cardioversion/defibrillation, (%) 0.7 1.1 1.9 3.9 2.7 1.7 <.001

In‐hospital CABG, (%) 0.2 0.3 0.5 0.5 0.6 0.5 .123

Length of stay, day, mean (SD) 3.4 ± 7.7 3.5 ± 6.6 4.5 ± 8.2 6.9 ± 13.5 7.6 ± 11.7 6.8 ± 15.0 <.001

At follow‐up 1 year

All‐cause of death, (%) 3.7 6.9 15.6 34.8 32.0 30.6 <.001

Fatal/nonfatal MI, (%) 6.5 6.2 8.2 9.8 11.9 9.7 <.001

Fatal/nonfatal stroke, (%) 0.7 1.0 1.7 2.1 1.8 1.5 <.001

Unplanned revascularization, (%) 1.9 1.5 1.7 1.7 2.4 3.6 .001

Note: Abbreviation as in Table 1.
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complication rate was in the CKD stage V with the dialysis

group (2.8%).

Overall, in‐hospital all‐causes of death occurred frequently in

patients with CKD stages IV and V without dialysis, 11.8%, and

10.1%, respectively. In CKD stages III and V with on dialysis, all

causes of death rates were comparable at 4.7% and 5.3%,

respectively. The incidence of postprocedural MI, stroke, cardiogenic

shock, heart failure, new dialysis requirement, and bleeding events

which required blood transfusion were higher in patients with greater

CKD stage. The length of hospital stay was longer in the advanced

CKD stages.

3.4 | Long‐term follow‐up results

About 97% of the study patients were followed up to 18 months with

a median of 12 ± 3.7 months. All‐cause mortality rates were highest

in patients with CKD stages IV and V with/or without dialysis (34.8%,

32.0%, and 30.6%, respectively) followed by stage III, II, and I (15.6%,

6.9%, and 3.7%, respectively) (Table 2), mostly was driven by

cardiovascular (CV) death or sudden cardiac death (56.5%). Fatal

and nonfatal MI and fatal and nonfatal stroke occurred frequently in

patients with CKD stages III−V with or without dialysis. Unplanned

revascularization also frequently occurred in patients with stage V

without or with dialysis.

3.5 | Predictors of all‐causes of death

Using a univariate analysis (Table 3), 32 variables were explored

concerning mortality. CKD stages, age, female sex, HT, DM, prior MI,

prior heart failure, PAD, CAD presentation, disease vessel, PCI status,

type B2, or C lesions were significantly associated with increased

1‐year all cause‐mortality. BMI, smoking status, dyslipidemia, prior

MI, LVEF, average stent length, and stent diameter per lesion were

significantly associated with decreased 1‐year all‐cause mortality.

The remaining variables were not significantly related to mortality.

Therefore, all these variables were used in a multivariable Cox

regression model. CKD stages, age, DM, prior heart failure, PAD,

STEMI, LM, emergent/urgent PCI status, and type B2 or C lesions

shown to be independently related to mortality (Table 3). As noted,

dyslipidemia was the only risk reduction of mortality.

One‐year overall survival among CKD stages I–V without and

with on dialysis was 96.3%, 93.1%, 84.4%, 65.2%, 68.0%, and 69.4%,

respectively (p < .001 by log‐rank test). After adjusting for covari-

ables, CKD stages were still a strong predictor of 1‐year all‐cause

mortality. The HR of all‐cause mortality for CKD stages II–V

compared to stage 1 by multivariate Cox regression analysis were

as follows: 1.5, 2.6, 5.3, 5.9, and 7.0, respectively (p < .001). Kaplan

−Meier curves were used to describe survival probabilities by CKD

groups (Figure 1). The differences between CKD stages I−III and

stages IV−V without and with dialysis were visible as early as the first

month, and persisted through the follow‐up period.

4 | DISCUSSION

Using the large national PCI registry, it was found that impaired renal

function measured by lower preprocedure eGFR is associated with a

dose‐dependent effect with decreased 1‐year survival in patients

following successful PCI. This finding may be useful for identifying

patients at risk and guiding decision‐making. Other eight variables

(old age, DM, prior heart failure, PAD, STEMI, LM lesion, emergent/

urgent PCI status, and type B2 or C lesions) were well‐known risk

predictors and independently associated with all‐cause mortality.

Only dyslipidemia was a risk reduction and probably caused by the

statin treatment effect.

Based on our contemporary PCI experience, the consecutively

registered patients with a variety of clinical presentations from stable

CAD to MI were stratified by baseline eGFR into six groups. There

was a high prevalence of patients with mildly impaired (eGFR 60−90)

or overtly impaired (eGFR < 60) renal function; only one‐quarter of

patients had normal renal function (eGFR > 90). Subjects with CKD

stage II–V without dialysis were found to be at strong risk for in‐

hospital and 1‐year mortality after successful PCI. This dose‐

dependent lower GFR associated with decreased long‐term survival

is similar to the previous study by Patel et. al.23 The 5‐year

Kaplan–Meier overall survival among CKD stages I–V was 98.1%,

95.5%, 91.8%, 82.5%, and 76.9%, respectively. This study's survival

rates were quite comparable but with a shorter follow‐up period. The

difference is that this study also focused on stage V with dialysis

which revealed a 69.4% of 1‐year survival.

As known, patients with CKD stage V with regular dialysis are at

high risk for CV mortality and morbidity.24,25 They have been largely

excluded from all randomized trials evaluating outcomes of

revascularization. In general, PCI in these advanced CKD patients,

especially stage V on dialysis, is more complex and difficult to

perform because of greater calcification and lesion complexity,

requiring plaque modification devices such as atherectomy.26

However, our findings showed that the angiographic success rate

was acceptably as high as other CKD stages whereas the complica-

tion rate was unexpectedly the lowest in CKD with dialysis than the

other groups. There are several possible explanations for these

findings, including younger age patients, less STEMI presentation,

less cardiogenic shock and mostly of the PCI procedure were

planned. Our study supported the previous studies that contempo-

rary PCI is feasible and safe in appropriated selected patients with

higher technical success and acceptable complication rates, even

though they require more complex PCI procedure.27 However, it

needs to be emphasize that the 1‐year all‐cause mortality in these

patients was still high after adjustment for other risk factors which

mostly was driven by CV death or sudden death (56.5%) and

additional unplanned revascularization.

Antecedently, there was no single eGFR cutoff value that was a

strong predictor of in‐hospital and long‐term mortality after PCI.

Recently, Nozari, et al.28 found that a eGFR < 30ml/min/1.73m2 is a

strong predictor of 5‐year MACEs (cardiac death, MI, CABG,

rehospitalization due to UA, and revascularization) and suggested
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TABLE 3 Describe patient's and lesion's characteristics that associated with 1‐year death: univariate and multivariate

Patient's characteristic
Univariate Multivariate
HR (95% CI) p value HR (95% CI) p value

CKD

Stage V with dialysis 9.4 (7.8−11.2) <.001 7.0 (5.8−8.5) <.001

Stage V without dialysis 10.1 (8.0−12.8) <.001 5.9 (4.6−7.5) <.001

Stage IV 11.5 (9.6−13.7) <.001 5.3 (4.4−6.4) <.001

Stage III 4.5 (3.9−5.2) <.001 2.6 (2.2−3.0) <.001

Stage II 1.9 (1.6−2.2) <.001 1.5 (1.2−1.7) <.001

Stage I 1 1

Age, year 1.05 (1.05−1.06) <.001 1.04 (1.03−1.04) <.001

Female sex 1.5 (1.4−1.6) <.001

BMI, kg/m2 0.91 (0.90−0.92) <.001

Smoking status

Current smoker 0.89 (0.80−0.98) .023

Ex‐smoker 0.72 (0.65−0.79) <.001

Never 1

HT 1.2 (1.1−1.3) <.001

DM 1.7 (1.5−1.8) <.001 1.3 (1.2−1.4) <.001

Dyslipidemiaa 0.7 (0.6−0.8) <.001 0.74 (0.67−0.81) <.001

Prior MI 0.8 (0.7−0.9) <.001

Prior heart failure 2.5 (2.2−2.7) <.001 1.8 (1.7−2.0) <.001

LVEF, % 0.960 (0.957−0.963) <.001

PAD 2.7 (2.2−3.3) <.001 2.2 (1.8−2.7) <.001

CAD presentation

STEMI 2.7 (2.4−2.9) <.001 1.9 (1.8−2.2) .002

NSTEMI/unstable angina 1.7 (1.5−1.9) <.001 1.1 (1.0−1.3) .051

Stable CAD 1 1

Disease vessel

Left main 1.92 (1.69−2.19) <.001 1.6 (1.4−1.7) <.001

TVD 1.19 (1.06−1.33) .003

DVD 1.08 (0.96−1.22) .201

SVD 1

PCI status

Emergency 3.3 (3.0−3.6) <.001 1.9 (1.7−2.2) <.001

Urgent 1.7 (1.6−2.0) <.001

Elective 1

Type B2 or C lesions 1.4 (1.3−1.6) <.001 1.3 (1.2−1.5) <0.001

Average stent length per lesion 0.992 (0.986−0.997) .004

Average stent diameter per lesion 0.68 (0.63−0.75) <.001

Abbreviation: CI, confidence interval.

Note: Abbreviation as in Table 1.
aDyslipidemia treated with statin.
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that PCI is more suitable and safer in patients with eGFRs > 30ml/

min/1.73m2. However, there is also evidence that even mild renal

impairment (eGFR 60−90) is associated with an increase in the

incidence of in‐hospital MACEs after PCI.17,29,30 To assess these risks

before PCI, it is important to encourage that all patients should have

a baseline renal function measured by eGFR determined, not just a

creatinine level. This value more accurately reflects renal function

and is more relevant to individual risk levels.

In general, the decision of whether a patient should be treated

with medical treatment or undergo revascularization (either PCI or

CABG) depended on the patient's condition and the operator's

judgment. In CKD patients (eGFR < 60ml/min/1.73m2) with stable

CAD, PCI did not reduce the risk of death or MI when added to

optimal medical treatment.31 Similarly to the ISCHEMIA‐CKD trial in

advanced CKD (eGFR < 30ml/min/1.73m2) with stable CAD and

moderate to severe ischemia on noninvasive stress testing, initial

invasive strategy with PCI, as compared with an initial conservative

strategy, failed to reduce the risk of death or nonfatal MI.32

A majority of the study patients with advanced CKD presented

with NSTEMI/UA or STEMI, and required that PCI be done on an urgent

or emergency basis. These patients usually present with more

comorbidities, more complex lesions, and hemodynamic instability when

compared with the normal or mild impaired renal function population.

As noted, CKD patients with STEMI receive significantly less PCI

compared with patients without CKD. A previous study has shown that

CKD was associated with adverse outcomes in patients presenting with

STEMI and reduced the likelihood of successful fibrinolysis and

increased the risk of short‐term MACEs.33 On the opposite, coronary

revascularization for STEMI in CKD patients was associated with lower

mortality compared to medical management.34,35

Unlike STEMI, the role of PCI compared with medical treatment

in patients with NSTEMI and advanced CKD is still uncertain, given

the increased risk of procedural complications. Recently, using the

largest, in‐hospital database in the United States, Bhatia, et al.36

reported the decreased use of PCI among NSTEMI patients as CKD

severity increases and the greater of all‐causes, in‐hospital mortality

in NSTEMI patients with more severe CKD regardless of the

treatment strategies. Nevertheless, the author confirmed that

patients with CKD presenting with NSTEMI appear to benefit from

PCI compared with medical therapy. Hence, these findings concurred

with several previous studies that demonstrated the efficacy and

safety of invasive management with PCI in CKD patients with

NSTEMI compared with medical management.37–39

In summary, the severity of renal function impairment, comorbid

diseases, clinical presentation, and coronary complexity and severity

are the major component for making a decision making. From the

results of previous studies, it seems that CKD patients should not be

deprived of standard treatment but how invasive management ought

to be titrated to avoid adverse outcomes is a major issue to consider.

Using this study's findings, patients with eGFR >30ml/min/1.73m2

would be a suitable cutoff for using to consider early invasive

management. Importantly, only culprit‐PCI may be a better

reperfusion option for CKD patients with STEMI or NSTEMI with

the multivessel disease rather than multivessel‐PCI, concerning the

procedure time and the risk of contrast‐induced nephropathy. To

answer these uncertainties, further well‐designed, large‐scale pro-

spective studies, and randomized controlled trials are warranted to

substantiate these findings and to assess the best revascularization

strategies in each sub‐group of this high‐risk population.

4.1 | Limitation of the study

Though this was a well‐designed, and prospective cohort study, some

limitations need to be mentioned. First, this was only one eGFR result

from before the procedure to use for stratification of patients. The

subsequent effect on renal function, whether it deteriorated or

improved, was not known. Second, we assessed direct effect of CKD

on mortality but CKD might be a surrogate marker for other

comorbidities that are also causes of mortality. To prove this, a

mediation analysis should be further applied. Third, some data were

incomplete and not included for analysis such as a syntax score,

bleeding risk, which can be important for decision making. Forth, the

efficacy of the treatment in each group could not be evaluated

because of the lack of randomization and compliance of treatment.

Fifth, the different treatment effect and prognoses of patients in each

CKD group were not compared because these were out of scopes of

this study and they depended on various uncontrolled factors,

including clinical profile and anatomical differences. A randomized

controlled trial or a real‐world data with propensity score analysis

comparing long‐term survival after different treatment modalities in

these CKD stages should be further conducted.

5 | CONCLUSION

CKD is a common comorbid disease in CAD patients who undergo

elective or urgent/emergency PCI. Various stages of CKD are

independently associated with 1‐year mortality even after

F IGURE 1 Kaplan−Meier survival for 1‐year mortality by CKD
stages. CKD, chronic kidney disease.
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adjustment for other risk factors. Deterioration of renal function,

even to a mild degree, was a strong independent risk predictor of in‐

hospital MACEs and 1‐year all‐cause mortality in a dose‐dependent

effect after successful PCI. Currently, the choice of coronary

revascularization in these high‐risk patients is individualized. This

finding may be advantageous for risk classification and to guide

decision‐making. Whether this risk prediction of the CKD stage can

help to reduce the long‐term all‐cause mortality is a question

requiring further study.
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