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Background and Objectives: Chronic kidney disease (CKD) is associated with poor outcomes after percutaneous coronary intervention (PCI).
We sought to compare different coronary stents used during primary PCl in patients with ST-elevation myocardial infarction (STEMI) and CKD.
Subjects and Methods: We selected 2408 consecutive STEMI patients with CKD (estimated glomerular filtration rate <60 mL/min/1.73 m?)
undergoing primary PCl and divided them into 5 groups based on the type of stent implanted: 1) bare metal stent (BMS), 2) paclitaxel-
eluting stent (PES), 3) sirolimus-eluting stent (SES), 4) zotarolimus-eluting stent (ZES), or 5) everolimus-eluting stent (EES). The study end-
point was the number of major adverse cardiac events (MACE) at 12 months.

Results: There was no significant difference in the incidence of 12-month myocardial infarction, target lesion revascularization, or target
vessel revascularization between stent groups; however, the overall rate of repeat revascularization differed significantly between groups.
All-cause death differed significantly among the groups. The incidence of 12-month MACE in BMS, PES, SES, ZES, and EES was 8.3%, 9.8%,
8.6%, 5.5%, and 2.6%, respectively (p<0.001). Kaplan-Meier analysis did not show a significant differences in 12-month MACE-free survival
among the groups (log-rank p=0.076). This finding remained the same after adjusting for multiple confounders (p=0.147).

Conclusion: Any of the 5 stents can be used to treat STEMI patients with CKD undergoing primary PCI; all have similar risk of 12-month
MACE. This result is hypothesis-generating and warrants further evaluation with a long-term randomized study. (Korean Circ J 2012;42:
830-838)
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Introduction probably related to endothelial dysfunction, inflammation, and pl-
atelet activation. After PCl using bare metal stent (BMS), the need

Patients with chronic kidney disease (CKD) present with acceler-  for repeat revascularization remains highe) even though the resteno-
ated atherosclerosis and higher rates of cardiovascular morbidity  sis rate in mild to moderate CKD is not increased at 9 months.” Re-
and mortality." Furthermore, CKD is associated with adverse out-  trospective analyses have demonstrated that in the intermediate
come following percutaneous coronary intervention (PCN.® whichis  term, despite higher overall mortality and morbidity after PCl, pa-
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tients with end stage renal disease® as well as those with milder de-
grees of CKD® benefit from lower rates of target vessel revasculariz-
ation (TVR) with drug-eluting stent (DES) versus BMS placement. Des-
pite the high prevalence of coronary artery disease (CAD) among CKD
patients, this patient population has been excluded consistently from
the major clinical trials in cardiovascular medicine."

We sought to investigate which of the most commonly used st-
ents best suit patients with moderate to severe CKD with ST-eleva-
tion myocardial infarction (STEMI) undergoing primary PCl. We com-
pared 12-month clinical outcomes in 5 types of stents-BMS, pacli-
taxel-eluting stent (PES), sirolimus-eluting stent (SES), zotarolimus-
eluting stent (ZES) and everolimus-eluting stent (EES).

Subjects and Methods

This is a retrospective study that was carried out in the Heart Cen-
ter of Chonnam National University Hospital, Gwangju, Korea. The
permission to carry out the study was obtained from the hospital
authorities (Institutional Review Board number 05-49, [-2008-01-
009) and written informed consent was obtained from all patients.

Korea Acute Myocardial Infarction Registry

The Korea Acute Myocardial Infarction Registry is a prospective,
multicenter, observational registry designed to examine current epi-
demiology in hospital management and outcome of patients with
acute myocardial infarction (AMI) in Korea, in commemoration of the
50th anniversary of the Korean Circulation Society. The registry in-
cluded 52 community and university hospitals for primary PCl with
1-year clinical follow-up. Data was collected at each site by a well-
trained study coordinator based procedures from a standardized pro-
tocol.”""?

Study population

Patients with a suspected diagnosis of AMI were enrolled in the
registry after admission to participating hospitals. Patients' medical
documents were used to note the demographic data, clinical charac-
teristics, and relevant laboratory results.

A total number of 2408 consecutive patients with ST-segment
elevation Ml and CKD undergoing primary PCI from Apr. 2006 th-
rough Sep. 2010 were selected for enrollment into this study. We
studied patients’ 12-month clinical outcomes (the follow-up rate
was 70.5%). CKD was defined as the estimated glomerular filtra-
tion rate (eGFR) <60 mL/min/1.73 m* calculated using the Modifi-
cation of Diet in Renal Disease (MDRD) method.™ Patients on hemo-
dialysis or continuous ambulatory peritoneal dialysis, with cardio-
genic shock and evidence of heart failure, were excluded from this
study. Patients enrolled into the study were divided into 5 groups
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based on the type of stent implanted-BMS (n=292), PES (n=381), SES
(n=420), ZES (n=713), and EES (n=602). A total of 2116 patients had
undergone DES implantation.

Definitions and clinical endpoints

A final diagnosis of AMI was made according to the European So-
ciety of Cardiology/American College of Cardiology diagnostic crite-
ria of AML."™ Patients with ST-segment elevation =1 mm in >2 ex-
tremity electrocardiographic leads or 22 mm in =2 contiguous pre-
cordial leads or new left bundle branch block on the admission elec-
trocardiogram were defined as having STEMI. Hypertension was de-
fined as systolic blood pressure >140 mm Hg and/or diastolic blood
pressure >90 mm Hg at rest, at repeated measurements, or on treat-
ment with anti-hypertensive medications. Diabetes was defined as
having an established diagnosis of diabetes mellitus or the use of
oral hypoglycemic agent or insulin to lower blood glucose levels. Hy-
perlipidemia was defined as total cholesterol level >200 mg/dL or
treatment with a lipid-lowering agent in this group of patients. CAD
was defined as a history of MI, of a revascularization procedure, or of
obstructive CAD.

Peripheral blood samples were obtained using direct venipuncture.
Blood samples were centrifuged, serum was removed, then serum
samples were stored at a temperature of -70°C until the assay could
be performed to measure protein and sugar levels. Absolute creatine
kinase-MB levels were determined by radioimmunoassay (Dade Be-
hring, Inc., Miami, FL, USA). Cardiac-specific troponin | levels were
measured by a paramagnetic particle, chemiluminescent immuno-
enzymatic assay (Beckham, Coulter, Inc,, Fullerton, CA, USA). Twelve-
hour fasting serum levels of total cholesterol, triglyceride, and low-
and high-density lipoprotein-cholesterol levels were measured by
standard enzymatic methods. Blood samples for high-sensitivity C-
reactive protein (CRP) were obtained on admission, then analyzed
turbidimetrically with sheep antibodies against human CRP; this has
been validated against the Dade-Behring method.

Two-dimensional echocardiography was performed in all patients
and left ventricular ejection fraction was assessed using a modific-
ation of Simpson's biplanar method. The morphology in coronary an-
giography was classified according to the criteria of the American
College of Cardiology/American Heart Association (ACC/AHA). The
degree of coronary flow was classified by Thrombolysis In Myocar-
dial Infarction (TIMI) score. Renal function was assessed by eGFR,
which was calculated using the MDRD method.'” Presence of left
main coronary artery stenosis was defined as luminal stenosis =500%.
Multivessel disease was defined as the presence of a lesion with >509%
diameter stenosis in a non-infarct related coronary artery. Success-
ful PCl was defined as TIMI flow 3 with residual stenosis <50% in
the infarct related artery. In-hospital complications included any of
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atrio-ventricular block, bradycardia, ventricular tachycardia/ventri-
cular fibrillation, atrial fibrillation, cardiogenic shock, no re-flow, dis-
section, acute renal failure, metabolic acidosis/lactic acidosis, cere-
brovascular event, or infection/sepsis. All patients were administer-
ed loading doses of aspirin 325 mg and clopidogrel 300-600 mg
before PCl. Anticoagulation during PCl was performed according to
the routine practices of each hospital. After the procedure, we pre-
scribed 100-300 mg aspirin daily to patients on an indefinite basis.
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For patients that underwent DES implantation, we prescribed clop-
idogrel for a full year after the procedure.

The clinical endpoint of this study was the occurrence of major
adverse cardiac events (MACE), which included all-cause death, non-
fatal myocardial infarction (MI), target lesion revascularization (TLR)
and TVR over a 12-month follow-up period. Non-fatal M| was de-
fined as the presence of clinical symptoms, electrocardiographic
change, or abnormal imaging findings of MI combined with an in-

Table 1. Baseline clinical and laboratory characteristics, and concomitant medications

Variable BMS (n=292) PES (n=381) SES (n=420)  ZES (n=713) EES (n=602) p
Age (years) 67.9%129 67.3£11.9 65.2£12.2 66.8£14.0 64.3112.1 <0.001
Male gender 232 (79.4) 306 (80.3) 344 (81.9) 568 (79.7) 486 (80.7) 0.901
Systolic blood pressure (mm Hg) 121.7162.1 125.11£55.5 12441314 121.9429.7 129.2+59.9 0.074
Heart rate (beats/min) 73.6122.5 7641525 76.6120.1 74.5120.2 7641223 0.441
Left ventricular ejection fraction (%) 50.6+11.2 50.2+11.3 50.3+12.1 51.4£15.6 51.4£21.0 0.650
Killip class >1 96 (32.8) 145 (38.0) 141 (33.5) 245 (34.4) 206 (34.2) 0.478
Hypertension 162 (55.4) 201 (53.7) 219 (52.1) 374 (52.5) 323 (53.6) 0.926
Diabetes mellitus 73 (25.0) 113 (29.6) 117 (27.8) 184 (25.8) 178 (29.6) 0.395
Previous history of coronary artery disease 44 (15.1) 49 (12.8) 44 (10.4) 69 (9.6) 54 (8.9) 0.038
Hyperlipedemia 40 (13.7) 50 (13.1) 36(8.5) 75 (10.5) 81(13.5) 0.152
Laboratory characteristics
Glucose (mg/dL) 129.2+57.6 123.91+54.5 118.7£39.3 127.1£51.8 123.8+53.2 0.675
Creatinine (mg/dL) 14114 1.2+0.7 1.3£1.0 1.3%£1.2 1.2£0.7 0.802
Total cholesterol (mg/dL) 149.1+36.9 148.5+37.7 142.41+32.1 144.4+33.1 140.4%31.2 0.411
Triglyceride (mg/dL) 131.8£66.0 139.9+99.3 130.7£66.1 133.0+64.1 134.0£79.7 0.937
High density lipoprotein-cholesterol (mg/dL) 40.1£9.8 42.8+14.0 425492 41.5%9.2 40.2+9.4 0.354
Low density lipoprotein-cholesterol (mg/dL) 83.71229 94.8189.1 78.5128.4 80.9+26.5 76.0126.4 0.082
High-sensitivity C-reactive protein (mg/dL) 10.8£60.1 09+£3.2 09+2.7 1.0£3.5 1.0+2.9 0.098
N-terminal pro-brain natriuretic peptide (pg/mL) ~ 859.0:1450.0  229.9+200.2  7729+1242.7  1541.7£27960 9869115526 0.152
HemoglobinA1C (%) 6.7+£15 6.8+1.7 6.7115 6.511.4 6.813.4 0.368
Maximum creatine kinase-MB (U/L) 162.2+215.1 152511749  180.0+342.8 218.7%£351.3 172.4%£180.9 0.001
Troponin-I (ng/mL) 67.8198.2 64.31132.9 52.11£100.3 73.0+£169.9 66.71180.5 0.347
eGFR (mL/min/1.73 m?) 46.0£10.7 450£11.9 46.6+11.3 458+119 47.14£11.2 0.059
Discharge medication
Aspirin 259 (88.7) 343 (90.0) 378(90.0) 623 (87.4) 544 (90.3) 0.890
Clopidogrel 261 (89.3) 346 (90.8) 383 (91.2) 624 (87.5) 544 (90.3) 0.362
Cliostazol 52(17.8) 120 (31.5) 95 (22.6) 176 (24.7) 154 (25.6) <0.001
Calcium channel blocker 20 (6.8) 25 (6.5) 31(7.3) 14 (1.9) 32 (5.3) <0.001
Beta blocker 219 (75.0) 6 (69.8) 304 (72.3) 507 (71.1) 469 (77.9) 0.017
Angiotensin converting enzyme inhibitor 181 (61.9) 3(58.5) 249 (59.3) 384 (53.8) 360 (59.8) 0.327
Angiotensin receptor blocker 53(18.2) 66 (17.3) 58 (13.8) 136 (19.0) 108 (17.9) 0.122
Nitrate 122 (41.8) 8 (30.9) 155 (36.9) 278 (38.9) 215 (35.7) 0.015
Spironolactone 32(0.1) 41 (0.1) 32(0.07) 57 (0.08) 39 (0.06) 0.120
Statin 190 (65.0) 271 (71.1) 281 (66.9) 500 (70.1) 416 (69.1) 0.079

Data are expressed in mean+standard deviation, or number (percentage). BMS: bare metal stents, PES: paclitaxel-eluting stent, SES: sirolimus-eluting stent,
ZES: zotarolimus-eluting stent, EES: everolimus-eluting stent, eGFR: estimated glomerular filtration rate
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crease in creatine kinase-MB fraction or troponin-I, at higher than
the 99th percentile of the upper normal limit; this was not related
to an interventional procedure. TVR defined as clinically-driven re-
peat revascularization of a lesion in the same epicardial vessel that
had been treated during the index procedure at 12-month follow-up.
TLR was defined as any revascularization of the target lesion due to
restenosis or re-occlusion within 5 mm proximal/distal to the stent.
All data were recorded on a standardized, electronic, web-based re-
gistry at http://www.kamir.orkr.

Statistical analysis

Statistical Package for the Social Sciences (SPSS) 17.0 for windows
(SPSS, Inc., Chicago, IL, USA) was used for all analyses. Continuous
variables were presented as meantstandard deviation; compari-
sons were conducted by one-way analysis of variance test. Discrete
variables were presented as percentages and frequencies; compari-
sons were conducted by chi-square statistics. A p<0.05 was con-
sidered statistically significant. Kaplan-Meier curves were const-
ructed to examine the incidence of clinical endpoints. Cox propor-
tional hazard analysis was performed in a step-wise manner to id-
entify a model with independent predictive factors with determinat-

Table 2. Coronary angiographic characteristics and procedural results
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ion of a hazard ratio and its 95% confidence interval for each vari-
able in the model. Covariates included in the model were age, low
density lipoprotein-cholesterol (LDL-C), high-sensitivity CRP, N-ter-
minal pro-brain natriuretic peptide, stent length, stent diameter, pre-
vious history of CAD, and use of medications, including beta-blocker,
angiotensin receptor blocker, statin, pre-procedure TIMI flow grade
0, and use of glycoprotein Ilo/llla inhibitor. The number of 12-month
MACE was relatively small in our study population; we limited the
number of variables input into the model. The results are presented
as adjusted hazard ratios with 95% confidence intervals and p. We
performed propensity score analysis (regression adjustment) to en-
able an even more rigorous adjustment for selection biases and con-
founding factors.

Results

A total number of 2408 consecutive patients with STEMI and CKD
undergoing PCl were included in the present study. The mean age
of the study population overall was 66.1%12.8 years, the majority
(80.4%) were male. Mean stent length was 23.977.3 mm and mean
stent diameter was 3.2+0.5 mm. The mean number of stents used per

Variable BMS (n=292) PES (n=381) SES (n=420) ZES (n=713) EES (n=602) p
Intervened coronary artery
Left main 2(0.7) 7(1.8) 9(2.1) 13 (1.8) 8(1.3) 0.570
Left anterior descending 105 (35.9) 170 (44.6) 234 (55.7) 307 (43.0) 291 (48.3) <0.001
Left circumflex 26 (8.9) 32 (83) 47 (11.2) 65 (9.1) 62 (10.3) 0.653
Right coronary 158 (54.1) 169 (44.4) 130 (30.9) 325 (45.6) 238 (39.5) <0.001
Multi-vessel involvement 150 (51.4) 219 (57.5) 230 (54.7) 375 (52.6) 345 (57.3) 0.262
American College of Cardiolo
. ge of Cardiology/ 125 (42.8) 161 (42.2) 163 (38.8) 282 (39.5) 231(38.3) 0.759
American Heart Association lesion type C
Pre-Thrombolysis in Myocardial Infarction
174 (59.6) 199 (52.2) 211 (50.2) 436 (61.2) 311 (51.6) 0.001
grade O flow
Post-Thrombolysis in Myocardial Infarction
292 (100) 381 (100) 420 (100) 712 (99.86) 600 (99.67) <0.483
grade 3 flow
Total number of stents 1.410.7 1.310.7 1.410.8 1.3+0.7 1.410.7 0.950
Stent length (mm) 215174 279+8.4 25.1%6.7 236170 22.2%57 <0.001
Stent diameter (mm) 33106 32104 3.0104 3.1+04 3.1+05 <0.001
Pre-PCl diameter stenosis (%) 83.1120.4 84.3£16.9 88.9113.0 90.9+13.7 90.0£15.7 <0.001
Post-PCl diameter stenosis (%) 11.7£10.0 12.6+7.8 13.9+14.1 11.248.1 1.3+13.4 0.051
Glycoprotein llb/llla inhibitor 66 (22.6) 65 (17.0) 58 (13.8) 97 (13.6) 77 (12.8) 0.002
Thrombus aspiration 73 (25.0) 138 (36.2) 138 (32.8) 251 (35.2) 180 (29.9) 0.003
Percutaneous coronary intervention
283 (96.9) 367 (96.3) 387 (92.1) 693 (97.2) 580 (96.3) 0.001
success rate
In-hospital complications 53 (18.1) 40 (10.5) 40 (9.5) 66 (9.2) 53 (8.8) <0.001

Data are expressed in mean+standard deviation, or number (percentage). BMS: bare metal stent, PES: paclitaxel-eluting stent, SES: sirolimus-eluting stent,
ZES: zotarolimus-eluting stent, EES: everolimus-eluting stent, PCl: percutaneous coronary intervention
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vessel was 1.4£0.7.

Baseline clinical characteristics, coronary angiographic
findings and procedural results

Baseline clinical and laboratory characteristics, along with con-
comitant medications of the 5 groups, are presented in Table 1. Mean
age was highest in the BMS group, followed by PES, ZES, SES, with
the lowest mean age in the EES group (p<0.001). The prevalence of
previous history of CAD was highest in the BMS group, followed by
the PES, SES, ZES and lowest in EES group (p=0.038). Creatine ki-
nase-MB was highest in ZES group, followed by SES, EES, BMS and
PES groups (p=0.001). The use of cilostazol was highest in the PES (p<
0.001), calcium channel blocker use was highest in the SES (p<0.001),
beta blocker use was highest in the EES (p=0.017) and nitrate in the
BMS group (p=0.015).

Coronary angiographic characteristics and procedural results of
the 5 groups are presented in Table 2. Left anterior descending artery
involvement was highest in SES group, followed by EES, PES, ZES,
and lowest in BMS group (p<0.001). Right coronary involvement
was highest in BMS, then ZES, PES, EES and SES (p=0.001). Pre-PCl
TIMI grade O flow was highest in the ZES group, followed by the
BMS, PES, EES and SES (p=0.001). Mean stent length was highest in

Table 3. One-month and twelve-month clinical outcomes

Korean Circulation Journal kCJ

PES, followed by SES, ZES, EES and BMS groups (p<0.001). Mean st-
ent diameter was highest in the BMS and lowest in SES group (p<
0.001). Percent diameter stenosis before PCl was highest in the ZES,
followed by EES, SES, PES, and BMS groups (p<0.001). Use of glyco-
protein Ilb/llla inhibitor was highest in BMS and lowest in EES gr-
oups (p=0.002), whereas use of thrombus aspiration device was
highest in the PES and lowest in the BMS groups. PCl success rate
was highest in the ZES group, followed by the BMS group and then
almost similar in the PES and EES groups, and lowest in the SES gr-
oup. In-hospital complications were highest in BMS group, follow-
ed by PES, SES, ZES, and lowest in EES group. Other coronary angi-
ographic characteristics did not show statistically meaningful dif-
ferences among the groups.

Twelve-month clinical outcomes are presented in Table 3. The in-
cidence of 12-month MACE decreased from PES, SES, BMS, ZES to
EES groups (9.8% vs. 8.6% vs. 8.3% vs. 5.5% vs. 2.6%, p<0.001). In-
cidence of 12-month all-cause death, which was attributable to car-
diac death, was highest in the BMS group and lowest in the EES gr-
oup (p=0.002). However, it is noteworthy that non-fatal MI, TVR, TLR,
and stent thrombosis were not statistically significant among the
groups. One acute event of stent thrombosis occurred in the BMS
group, 7 sub-acute stent thromboses (2 in BMS, 2 in PES, 1 in SES,

Outcome variable BMS PES SES ZES EES
At 1-month N=217 N=282 N=335 N=432 N=419 .
Major adverse cardiac event 12 (5.5) 6(2.1) 2(0.8) 9(2.0) 5(1.2) 0.001
All-cause death 11 (5.0) 3(1.0) 2(0.8) 7(1.6) 2 (0.5) <0.001
Cardiac death 8(3.7) 3(1.0) 1(0.4) 5(1.2) 0(0) <0.001
Non-cardiac death 3(1.4) 0(0) 1(0.4) 2 (0.5) 2 (0.5) 0.223
Non-fatal myocardial infarction 0(0) 1(0.3) 0(0) 1(0.2) 1(0.2) 0.815
Repeat revascularization 1(0.5) 3(1.0) 0(0) 1(0.2) 2 (0.5) 0.278
Target vessel 0(0) 0(0) 0(0) 0(0) 0(0) 0.999
Target lesion 0(0) 1(03) 0(0) 0(0) 0(0) 0.256
Non-target vessel 1(0.5) 2(0.7) 0(0) 1(0.2) 2(0.5) 0.670
At 12-month N=217 N=284 N=342 N=433 N=421
Major adverse cardiac event 18 (8.3) 28(9.8) 20 (8.6) 24 (5.5) 11 (2.6) <0.001
All-cause death 12 (5.5) 8(2.8) 3(1.3) 12 (2.8) 4(0.9) 0.002
Cardiac death 9 (4.1) 6(2.1) 1(0.4) 6(1.4) 1(0.23) <0.001
Non-cardiac death 3(1.4) 2(0.7) 2(08) 6(1.4) 3(0.7) 0.066
Non-fatal myocardial infarction 1(0.5) 2(0.7) 1(0.4) 1(0.9) 1(0.2) 0.786
Repeat revascularization 5(2.3) 17 (6.0) 16 (4.7) 11 (2.5) 7(1.7) 0.001
Target vessel 0(0) 3(1.0) 4(1.2) 4(09) 1(0.2) 0314
Target lesion 4(1.8) 8(2.8) 7 (2.0) 5(1.2) 1(0.2) 0.053
Non-target vessel 1(0.5) 6(2.1) 5(1.5) 2 (0.5) 5(1.2) 0.184
Stent thrombosis 5(2.3) 2(07) 3(08) 3(07) 2(0.4) 0.279

Data are expressed in number (percentage). BMS: bare metal stent, PES: paclitaxel-eluting stent, SES: sirolimus-eluting stent, ZES: zotarolimus-eluting stent,

EES: everolimus-eluting stent
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1in ZES, and 1in EES groups), 4 late stent thromboses (1 in SES, 2 in
ZES, and 1 in EES) and 3 very late stent thromboses (2 in BMS and 1
in SES groups) occurred. The average rate of PCl success was 95.9%.

Kaplan-Meier survival analysis demonstrated insignificant dif-
ferences in freedom from MACE among the 5 groups (log-rank p=
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Fig. 1. Kaplan-Meier curves for 12-month MACE-free survival for patients
with STEMI and CKD undergoing primary PCl treated with 5 commonly used
stent types. MACE: major adverse cardiac events, STEMI: ST-elevation myo-
cardial infarction, CKD: chronic kidney disease, PCl: percutaneous coronary
intervention, BMS: bare metal stent, PES: paclitaxel-eluting stent, SES: siroli-
mus-eluting stent, ZES: zotarolimus-eluting stent, EES: everolimus-eluting
stent.
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Fig. 2. Adjusted 12-month MACE-free survival in patients with STEMI and
CKD undergoing primary PCl using 5 types of commonly used stents.
MACE: major adverse cardiac events, STEMI: ST-elevation myocardial infarc-
tion, CKD: chronic kidney disease, PCI: percutaneous coronary intervention,
BMS: bare metal stent, PES: paclitaxel-eluting stent, SES: sirolimus-eluting
stent, ZES: zotarolimus-eluting stent, EES: everolimus-eluting stent.
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0.076) (Fig. 1). A pair-wise comparison revealed significant differenc-
es between BMS and EES (p=0.025), PES and SES (p=0.030), and be-
tween PES and EES (p=0.032). Cox proportional hazard analysis re-
vealed no statistical differences in the incidence of MACE when ad-
justed for age and gender (p=0.130), and also when adjusted for
multiple confounders (p=0.147) (Fig. 2). MACE at 12 months did not
differ significantly among groups despite propensity score adjust-
ment using multinomial logistic or Cox model (p=0.145) (Fig. 3).

Discussion

The rate of cumulative MACE differed significantly among the gr-
oups, mainly driven by the risk of cardiac death. However, after ad-
justment for multiple confounders, the risk of MACE was similar am-
ong the groups. We found that any of the 5 commonly used stents
can be used to treat STEMI patients with CKD undergoing primary
PCl, with a similar risk of MACE.

Most studies of cardiovascular outcomes have found that a break-
point for the development of contrast-induced nephropathy, acute,
or subacute stent thrombosis, later restenosis, recurrent myocardial
infarction, diastolic/systolic congestive heart failure, and cardiovas-
cular death occurs below an eGFR of 60 mL/min/1.73 m?, which ro-
ughly corresponds to a serum creatinine level higher than 1.5 mg/dL
1917 A study by Bonello et al." showed a
graded increase in serious in-hospital complications (death, vascular

in the general population.

complications, need for transfusion, acute renal failure, MACE),
1-month events (death, repeat MI, TLR, MACE), and 1-year outcomes
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Fig. 3. Propensity adjusted 12-month MACE-free survival in patients with
STEMI and CKD undergoing primary PCl using 5 types of commonly used
stents. MACE: major adverse cardiac events, STEMI: ST-elevation myocardial
infarction, CKD: chronic kidney disease, PCl: percutaneous coronary interven-
tion, BMS: bare metal stent, PES: paclitaxel-eluting stent, SES: sirolimus-eluting
stent, ZES: zotarolimus-eluting stent, EES: everolimus-eluting stent.
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(death, MI, TLR, MACE) as renal function declined. In spite of these
poor outcomes, the use of PCl is associated with superior long-term
survival when compared with medical therapy alone in the manage-
ment of acute coronary syndrome in CKD patients. Therefore, we
thought to analyze the most commonly used stents in patients with
moderate to severe CKD.

The frequency of clinical adverse events was also higher according
to the stages of CKD. Hachinohe et al* demonstrated when pa-
tients with non-ST-segment elevation MI have severe CKD, the
conservative or deferred invasive strategy with prescription of car-
dio-protective medication and prevention of further deterioration in
renal function should be considered. Although the use of new in-
terventional devices, including stents, improved immediate proce-
dural success rates, CKD patients had higher long-term mortality
rates (27.7% vs. 6.1%, p<0.0001) than patients with normal renal
function.?” There are several leading explanations for why CKD is
such a potent risk factor for adverse outcomes: 1) excess co-mor-
bidities in CKD patients, including older age and diabetes, 2) unde-
rused end-organ protective strategies in CKD patients, or therapeu-
tic nihilism, 3) excess toxicities from conventional therapies used
including radio-contrast material and antithrombotic agents, and
4) the unique pathobiology of the CKD state, which includes intra-re-
nal vasoconstriction when exposed to iodinated contrast agents.?”

Coronary stents have substantially improved the efficacy of per-
cutaneous revascularization. DES has further reduced the rates of
in-stent restenosis and repeat revascularization compared to BMS.?
Despite the widespread use of DES in treating CAD, which is preva-
lent among end-stage renal disease patients, the safety and efficacy
of DES in this population have not been well-defined. The overall
results of a meta-analysis, which included 869 patients in a study by
Abdel-Latif et al.?¥ indicate that DES use in these patients is safe and
results in a modest, yet statistically significant reduction in adverse
clinical events. Most important, the procedural success with DES
was similar to that encountered with BMS. DES use significantly re-
duced the risk of TLR/TVR and MACE, but did not significantly influ-
ence the risk of all-cause mortality or MI. Hence, we included all CKD
patients who received either BMS or any DES in this study cohort.

Prior studies by Halkin et al* in dialysis patients, as well as by Zh-
ang et al* in patients with moderate renal insufficiency have found
superiority of DES versus BMS in patients with CKD in the reduction
of MACE in 1-2 years. A recent study by Barthelemy et al2” showed
that the use of DES in non-selected patients with CKD appears at
least as effective and safe as BMS at 1 year, although these patients
carry a higher risk of restenosis. In our study, we found similar risk
of MACE among the groups. PES group patients were worse than in
the EES group. They were elder with higher incidence of past history
of CAD, increased level of LDL-C and higher Killip classes. In addition,
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they had higher incidence of left main stem disease, ACC/AHA le-
sion type C, increased stent length, stent diameter, post procedure
diameter stenosis, and a higher rate of in-hospital complications.
However, multivariate Cox regression analysis, using significant ba-
seline predictors, revealed no statistical differences in the incidence
of 12-month MACE.

In general population, DES is associated with an increased risk of
late stent thrombosis compared with BMS. However, we found simi-
lar incidence of stent thrombosis with BMS compared to other DES
groups. This finding is notable since CKD has been described as a risk
factor for stent thrombosis after DES implantation.” A possible ex-
planation for this observation might be that the baseline endothelial
dysfunction and inflammatory milieu in patients with CKD increases
the risk of stent thrombosis to similar degrees with DES and BMS.*
In this study, EES showed the lowest rate of cardiac death. EES is a
newer generation DES and there have been many improvements in
antiplatelet therapy, antihypertensive medications, and antidiabetic
medications over the last few years. Decreased cardiac death could
also be due to better stent technique with a different delivery sys-
tem and different polymers. These improved immediate procedural
success rates could have resulted in a lower cardiac death rate in
the EES group.

The present study is limited due to its retrospective nature. More-
over, the study could have been under powered because of an added
confounding effect from multiple types of stents. We did not study
outcomes stratified by every stage of CKD and for patients on dialy-
sis. Patients did not undergo follow-up stress test or coronary angi-
ography; silent ischemia, and restenosis could have been under di-
agnosed. Patients enrolled into this study did not undergo a follow-
up renal function test after PCl, to rule out acute kidney injury.

In conclusion, the rate of cumulative MACE differed significantly
among the stent groups (lowest in EES), mainly driven by the risk of
cardiac death. However, after final adjustment in multivariate analy-
sis and after propensity score adjustment, the same difference did
not reach statistical significance. Therefore, we conclude that any of
the 5 commonly used stents can be used to treat STEMI patients
with CKD (eGFR <60 mL/min/1.73 m?) undergoing primary PCl, with
a similar risk of 12-month MACE. Our observations may be influ-
enced by selection bias, residual confounding, or may represent a
true finding; at a minimum, this study has generated hypotheses that
need to be further investigated through a long-term, randomized
controlled study.
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Korea Acute Myocardial Infarction Registry Study Group of Korean
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