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ORIGINAL RESEARCH

Outcome of Percutaneous Coronary 
Intervention During Non–ST- Segment–
Elevation Myocardial Infarction in Elderly 
Patients With Chronic Kidney Disease
Martin J. Holzmann, MD, PhD; Anwar J. Siddiqui, MD, PhD

BACKGROUND: There is a paucity of data on the benefit of revascularization by percutaneous coronary intervention (PCI) during 
non–ST- segment–elevation myocardial infarction in patients aged >80 years with concurrent chronic kidney disease.

METHODS AND RESULTS: Patients aged >80 years with chronic kidney disease, defined as an estimated glomerular filtration rate 
(eGFR) <60 mL/min per 1.73 m2 with non–ST- segment–elevation myocardial infarction, during 2011 to 2014 in Sweden re-
trieved from the SWEDEHEART (Swedish Web- System for Enhancement and Development of Evidence- Based Care in Heart 
Disease Evaluated According to Recommended Therapies) Registry. Cox regression was used to estimate adjusted hazard 
ratios with 95% CIs for all- cause mortality in patients with PCI versus no PCI treatment, stratified for eGFR. Logistic regression 
was used to evaluate adjusted odds for reinfarction and bleeding during hospitalization. Propensity score weighting analysis 
was also done as sensitivity analysis. In total, 12 821 patients were included, of whom 47%, 45%, and 8% had an eGFR of >60, 
30 to 60, and 15 to <30 mL/min per 1.73 m2, respectively. Patients with eGFR 30 to 60 and 15 to <30 mL/min per 1.73 m2, 
22%, and 10%, respectively, underwent PCI, compared with 36% among patients with eGFR >60 mL/min per 1.73 m2. During 
a mean follow- up of 3.2 years, the absolute risk of death was 42%, 56%, and 76% in patients with eGFR >60, 30 to 60, and 
15 to <30 mL/min per 1.73 m2, respectively. Patients who underwent PCI had a lower risk of death in all groups of eGFR (0.47 
[95% CI, 0.42–0.53], 0.50 [95% CI, 0.45–0.56], and 0.44 [95% CI, 0.33–0.59], respectively). Patients with eGFR 15 to <30 mL/
min per 1.73 m2 had a higher risk of bleeding with PCI. Propensity score weighting showed similar outcomes for mortality risk 
as the unweighted analysis in all the eGFR groups.

CONCLUSIONS: PCI is rarely used in non–ST- segment–elevation myocardial infarction elderly patients with chronic kidney dis-
ease, and it appears to offer a survival benefit.

Key Words: chronic kidney disease ■ elderly patients ■ estimated glomerular filtration rate ■ non–ST-segment–elevation myocardial 
infarction ■ percutaneous coronary intervention

Chronic kidney disease (CKD) is a well- known risk 
factor for the development and progression of 
coronary artery disease. Moreover, CKD is as-

sociated with adverse outcomes in patients both with 
and without coronary artery disease.1 An advanced 
age (>80 years) and CKD are often used as reasons 

to withhold patients from cardiac revascularization. 
But data suggested that prognosis is similar with 
percutaneous coronary intervention (PCI) or coro-
nary artery bypass grafting (CABG) in patients with or 
without CKD during acute coronary syndrome or my-
ocardial infarction.2–4 Interestingly, patients with CKD 
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are more likely to die from cardiovascular causes than 
from end- stage kidney failure.1,5 In addition, patients 
with CKD are frequently excluded from trials on revas-
cularization of stable ischemic heart disease.6 It has 
been suggested that patients with stable coronary 
artery disease who undergo PCI get better symp-
tom relief for angina and subsequent improvement of 
quality of life, irrespective of CKD stages, although 
no survival benefit is offered by PCI.7 In contrast, 
according to guidelines, CKD patients with non–ST- 
segment–elevation myocardial infarction (NSTEMI) 
or acute coronary syndrome should be treated with 
PCI, except for patients with end- stage CKD.5 There 
are significant risks of bleeding and cerebrovascu-
lar events and high rates of restenosis in CKD pa-
tients who undergo PCI.8,9 However, these data are 
relatively old considering the recent improvements in 
invasive techniques and newer antithrombotic medi-
cation in the era of new generations of drug- eluting 
stents.10 Because the aging population with CKD is 
growing and there is a paucity of data, we wanted 
to investigate if there are any advantages to revas-
cularization by PCI during NSTEMI in patients aged 

>80  years with concurrent CKD. We hypothesized 
that elderly patients with reduced estimated glomer-
ular filtration rate (eGFR) can benefit from PCI after 
NSTEMI in terms of better survival.

METHODS
Patient and Public Involvement Statement
We report no direct patient or public Involvement in 
this study.

Study Population
The study population included all patients aged 
>80  years with information on eGFRs at index 
NSTEMI during 2011 to 2014. Data were retrieved 
from the SWEDEHEART (Swedish Web- System 
for Enhancement and Development of Evidence- 
Based Care in Heart Disease Evaluated According to 
Recommended Therapies) Registry. A total of 17 935 
patients with NSTEMI were included first. Thereafter, 
we excluded all patients with a history of other serious 
diseases, like cancer or dementia (n=4025), that led 
to treatment being withheld; patients with type 3, 4, 
and 5 myocardial infarction (n=56); and patients with 
known end- stage CKD, defined as eGFR <15  mL/
min per 1.73 m2 (n=1033), or missing information on 
eGFR. The final study population consisted of 12 821 
patients with information on eGFR at index NSTEMI 
who were followed up for a median of 3.2  years. 
Baseline characteristics were assessed on the day 
of admission. Baseline medications were those that 
patients were using before admission, and medica-
tion used after discharge is what patients were using 
at the point of discharge. All the patients included 
in the present study were waived from informed 
consent, and the study was approved by the local 
ethics committee and adhered to the Declaration of 
Helsinki. The authors declare that all supporting data 
are available within the article.

Kidney Function
GFR was estimated using the CKD–Epidemiology 
Collaboration equation.11 Serum creatinine was meas-
ured at admission with other relevant blood samples 
related to NSTEMI. The study population was catego-
rized into the following categories of kidney function: 
>60 mL/min per 1.73 m2 (normal), 30 to 60 mL/min per 
1.73 m2 (moderate CKD), and 15 to <30 mL/min per 
1.73 m2 (severe CKD).

Exposure and Outcome
Exposure was defined as treatment with PCI, 
and the reference was defined as no PCI treat-
ment. Conservative treatment was defined as 

CLINICAL PERSPECTIVE

What Is New?
• In randomized studies, often elderly patients 

and patients with chronic kidney disease are 
excluded; therefore, there is little information 
on the outcomes on patients aged >80  years 
with chronic kidney disease who have non–ST-
segment–elevation myocardial infarction.

• We found that elderly patients with chronic 
kidney disease have a survival benefit of being 
revascularized during a non–ST-segment–el-
evation myocardial infarction.

What Are the Clinical Implications?
• Our findings should lead to more elderly pa-

tients with chronic kidney disease being revas-
cularized during non–ST–segment–elevation 
myocardial infarction.

Nonstandard Abbreviations and Acronyms

CABG coronary artery bypass grafting

CKD chronic kidney disease

eGFR estimated glomerular infiltration rate

NSTEMI non–ST-segment–elevation myocardial 
infarction

PCI percutaneous coronary intervention
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guideline- recommended medical management of 
NSTEMI, except for PCI. Primary outcome was all- 
cause mortality, whereas secondary outcomes were 
bleeding and new myocardial infarction in hospi-
tal after the admission date for NSTEMI. Bleeding 
was defined as major when there was >50 g/dL de-
crease of hemoglobin or intracranial bleeding lead-
ing to death, whereas bleeding was defined as minor 
when there was >30 g/dL decrease of hemoglobin 
or bleeding requiring transfusion.12,13 New myocardial 
infarction or reinfarction was defined as new troponin 
increase of a minimum of >100% of reference level 
during admission or >50% increase of the previous 
maximum documented troponin level.

Follow- Up
Follow- up started at the admission date, and ended 
when the patient died or at the end of follow- up, which 
was March 10, 2016, whichever came first.

Statistical Analysis
Descriptive statistics were performed using means 
and SDs for summarizing numerical variables and fre-
quencies and percentages for categorical variables. 
Bivariate analyses with χ2 test were conducted to 
compare categorical variables with type of treatment 
and mortality, whereas t tests were used to compare 
numerical variables with type of treatment and mortal-
ity. We used the Kaplan- Meier method to estimate cu-
mulative survival in relation to treatment with PCI or not 
in different strata of eGFR. Cox regression was used 
to estimate hazard ratios (HRs) for all- cause mortal-
ity in patients treated with PCI using patients receiv-
ing conservative treatment as referents and stratified 
for eGFR. HRs are reported with 95% CIs and esti-
mated (1) crude, (2) adjusted for age, and (3) adjusted 
for age, sex, left ventricular ejection fraction, previous 
stroke, previous myocardial infarction, CABG, heart 
failure, prior PCI, diabetes mellitus, and hypertension 
and all the medications attributable to NSTEMI. All the 
variables were selected as they are recognized to be 
associated with cardiovascular mortality as primary 
outcome.3 In a similar way, logistic regression models 
have been used to estimate odds ratios (ORs) of new 
infarction and bleeding during hospital stay. As sen-
sitivity analysis, we have estimated propensity score 
weighting considering the above mentioned variables 
in point 3 and then estimated the hazard and ORs 
mentioned above on the matched sample. For the 
propensity score weighting, we have used the Stata 
command psmatch2 to create propensity scores and 
then used inverse probability weighting in the Cox and 
logistic regression models.

The collected data were analyzed with STATA version 
15 software (Stata Corporation, College Station, TX).

RESULTS
Study Population
In total, 12  821 patients with NSTEMI were included 
and then followed up for a mean of 3.2  years. The 
mean age was 86 years, and sex was approximately 
equally distributed (Table 1). Approximately 65% of the 
study population had a history of hypertension, 25% 
had a history of diabetes mellitus, and 46% had a his-
tory of myocardial infarction. Less than half (47%) of 
the patients had an eGFR >60 mL/min per 1.73 m2, 
and 45% and 8% had an eGFR of 30 to 60 and 15 
to <30 mL/min per 1.73 m2, respectively. Patients with 
eGFR 15 to <30 mL/min per 1.73 m2 were more likely 
to have a history of myocardial infarction, heart failure, 
stroke, diabetes mellitus, and hypertension than pa-
tients with a higher eGFR (Table 1). Approximately 43% 
(n=6012) of total population went through coronary an-
giogram, whereas 67% of them were PCI treated dur-
ing index NSTEMI. In patients with an eGFR of 30 to 
60 and 15 to <30 mL/min per 1.73 m2, only 22% and 
10%, respectively, underwent PCI. A larger proportion 
of women than men were treated conservatively (55% 
versus 45%). Approximately 2.6% of patients with dif-
ferent stages of CKD with advanced multivessel dis-
ease were offered CABG.

All- Cause Mortality
Mortality increased with decreasing eGFR, from 42% in 
patients with eGFR ≥60 mL/min per 1.73 m2 to 56% and 
76% in patients with eGFR 30 to 60 and 15 to <30 mL/
min per 1.73 m2, respectively (Figure—Panel A throug-
Panel C]). Elderly patients who underwent PCI com-
pared with patients who were treated conservatively had 
significantly lower adjusted risks of death in all strata of 
eGFR during follow- up: HR (95% CIs) in patients with 
eGFR ≥60, 30 to 60, and 15 to <30 mL/min per 1.73 m2 
were 0.47 (0.42–0.53), 0.50 (0.45–0.56), and 0.44 (0.33–
0.59), respectively (Table 2). Similar outcomes were ob-
served on propensity score weighting sample among 
patients with eGFR ≥60 mL/min per 1.73 m2: n=2072 
treated with PCI, n=731 among treated with conserva-
tive treatment; among patients with eGFR 30 to 60 mL/
min per 1.73 m2: n=1448 treated with PCI, n=727 among 
treated with conservative treatment; among patients 
with eGFR 15 to <30 mL/min per 1.73 m2: n=134 treated 
with PCI, n=108 among treated with conservative treat-
ment in all the strata of eGFR.

Reinfarction and Bleeding
There was no significant association between treat-
ment or not with PCI and reinfarction or all categories 
of bleeding in patients with eGFR >60 and eGFR 30 to 
59 mL/min per 1.73 m2 after adjusting by confounders. 
However, patients treated with PCI with eGFR 15 to 
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<30 mL/min per 1.73 m2 had a significantly higher risk 
of bleeding within 30  days of index date of NSTEMI 
(Tables 3 and 4). This result was not confirmed in the 
propensity scores weighting sample.

DISCUSSION
We report herein that PCI is rarely used in elderly 
patients aged >80 years in general, and even more 

infrequently among patients with CKD during hos-
pitalization for NSTEMI. Despite the anticipated 
high mortality and risk for complications, PCI was 
strongly associated with a lower mortality in our co-
hort of elderly patients with CKD. To the best of our 
knowledge, this study is the largest study to date that 
compares conservative treatment with PCI treatment 
following NSTEMI in patients aged >80  years with 
different stages of CKD.

Table 1. Baseline Characteristics for Patients Aged >80 Years With NSTEMI in Sweden 2011 to 2014 in Relation to eGFRs 
and Treatment at Discharge With or Without PCI

Characteristic

All Patients

P Value

eGFR, mL/min per 1.73 m2

>60 30–60 15–<30

No PCI PCI No PCI PCI No PCI PCI No PCI PCI

No. of patients 8933 (69.7) 3888 (30.3) 3860 (63.7) 2200 (36.3) 4188 (73.1) 1542 (26.9) 885 (85.8) 146 (14.2)

Age, y 86.3 (4.2) 83.7 (3.1) <0.001 85.6 (4.1) 83.3 (2.8) 86.8 (4.1) 84.1 (3.3) 87.4 (4.5) 84.2 (3.5)

Men, n (%) 4092 (45.8) 2232 (57.4) <0.001 1794 (46.5) 1329 (60.4) 1916 (45.8) 823 (53.4) 382 (43.2) 80 (54.8)

Troponin (ng/mL) 508.8 (14.1) 674.2 (32.1) <0.001 413.4 (17.9) 564.3 (40.3) 544.3 (21.0) 770.3 (52.8) 757.8 
(64.8)

1345 
(216.7)

Prior stroke, n (%) 1428 (16.1) 393 (10.1) <0.001 589 (15.4) 199 (9.1) 688 (16.5) 163 (10.6) 151 (17.2) 31 (21.4)

Prior MI, n (%) 4288 (48.4) 1563 (40.5) <0.001 1593 (41.6) 777 (36.6) 2214 (53.3) 697 (45.5) 481 (54.6) 89 (61.4)

Prior heart failure, n (%) 1924 (22.8) 530 (14.3) <0.001 597 (16.1) 210 (10.0) 1053 (26.6) 268 (18.2) 274 (32.7) 52 (38.5)

Diabetes mellitus, n (%) 2301 (25.8) 944 (24.3) 0.070 844 (21.9) 476 (21.7) 1162 (27.8) 414 (26.9) 295 (33.5) 54 (37.0)

CABG, n (%) 318 (3.6) 25 (0.6) <0.001 195 (5.1) 16 (0.7) 110 (2.6) 9 (0.6) 13 (1.5) 0 (0.0)

Aspirin, n (%) 7259 (81.4) 3625 (93.4) <0.001 3219 (83.5) 2084 (94.8) 3377 (80.8) 1413 (92.0) 663 (74.9) 128 (87.7)

Other antiplatelet, n (%) 5180 (58.1) 3695 (95.2) <0.001 2363 (61.8) 2108 (95.9) 2403 (57.4) 1453 (94.6) 414 (46.8) 134 (91.8)

Anticoagulant at discharge

None, n (%) 7539 (84.4) 3370 (86.7) <0.001 3254 (84.3) 1932 (87.8) 3552 (84.8) 1314 (85.3) 733 (82.8) 124 (84.9)

Warfarin, n (%) 1205 (13.5) 474 (12.2) 516 (13.4) 248 (11.3) 556 (13.3) 205 (13.3) 133 (15.0) 21 (14.4)

Dabigatran, n (%) 21 (0.2) 7 (0.2) 9 (0.2) 5 (0.2) 12 (0.3) 12 (0.1) 0 (0.0) 0 (0.0)

Rivaroxaban, n (%) 32 (0.4) 5 (0.1) 19 (0.5) 2 (0.1) 12 (0.3) 3 (0.2) 1 (0.1) 0 (0.0)

Apixaban, n (%) 32 (0.4) 8 (0.2) 12 (0.3) 4 (0.2) 17 (0.4) 4 (0.3) 3 (0.3) 0 (0.0)

Other, n (%) 90 (1.0) 16 (0.4) 43 (1.11) 7 (0.3) 32 (0.8) 8 (0.5) 15 (1.7) 1 (0.7)

Unknown, n (%) 14 (0.2) 7 (0.2) 7 (0.2) 2 (0.1) 7 (0.2) 5 (0.3) 0 (0.0) 0 (0.0)

β blockers, n (%) 7274 (81.4) 3395 (87.3) <0.001 3182 (82.4) 1926 (87.6) 3390 (81.0) 1341 (87.0) 702 (79.3) 128 (87.7)

ACE inhibitors, n (%) 3971 (44.5) 2218 (57.1) <0.001 1925 (49.9) 1338 (60.8) 1805 (43.1) 825 (53.5) 241 (27.2) 55 (36.7)

Statins, n (%) 5493 (61.5) 3471 (89.3) <0.001 2521 (65.3) 2104 (91.6) 2567 (61.3) 1342 (87.1) 405 (45.8) 115 (78.8)

Previous PCI, n (%) 1657 (18.9) 1013 (26.3) <0.001 660 (17.4) 519 (23.7) 836 (20.4) 451 (29.6) 161 (18.7) 43 (30.7)

Hypertension, n (%) 5621 (63.5) 2444 (63.2) 0.799 2301 (60.1) 1282 (58.6) 2727 (65.6) 1051 (68.6) 593 (68.0) 111 (76.6)

New infarction during 
hospital stay, n (%)

46 (0.5) 35 (0.9) 0.012 12 (0.3) 11 (0.5) 24 (0.6) 19 (1.2) 10 (1.1) 5 (3.5)

Cardiogenic shock, 
n (%)

88 (1.0) 41 (1.1) 0.720 23 (0.6) 14 (0.6) 47 (1.1) 22 (1.4) 18 (2.0) 5 (3.4)

Bleeding

No 8806 (98.6) 3829 (98.5) 3824 (99.1) 2179 (99.1) 4117 (98.3) 1511 (98.0) 865 (97.7) 139 (95.2)

Deadly 4 (0.04) 0 (0.0) 1 (0.03) 0 (0.0) 2 (0.1) 0 (0.0) 1 (0.1) 0 (0.0)

Cerebral 8 (0.1) 4 (0.1) 5 (0.1) 2 (0.1) 3 (0.1) 2 (0.1) 0 (0.0) 0 (0.0)

Requiring transfusion 107 (1.2) 53 (1.4) 29 (0.8) 19 (0.9) 60 (1.4) 27 (1.8) 18 (2.0) 7 (4.8)

Unknown 8 (0.1) 2 (0.1) 1 (0.03) 0 (0.0) 6 (0.1) 2 (0.1) 1 (0.1) 0 (0.0)

ACE indicates angiotensin- converting enzyme; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; 
NSTEMI, non–ST- segment–elevation MI; and PCI, percutaneous coronary intervention.
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Elderly patients are underrepresented in available 
data in the contemporary era of PCI treatment with 
newer antiplatelet agents and stents. European Society 
of Cardiology/American Heart Association/American 

College of Cardiology guidelines recommend appro-
priate revascularization intervention in patients with 
CKD during NSTEMI irrespective of age. However, in 
clinical practice, decisions about whether to perform 

Figure. Cumulative survival in relation to  percutaneous coronary intervention (PCI) vs. no PCI in patients >80 years of age 
estimated with the Kaplan Meier method.
(A) eGFR >60 ml/min/1.73 m2 ; (B) eGFR 30–60 ml/min/1.73 m2 and (C) eGFR 15–<30 ml/min/1.73 m2.

A B

C

Table 2. HRs (95% CIs) for the Risk of All- Cause Mortality Associated With PCI Versus No PCI, Stratified for eGFR in 
Patients Aged >80 Years With NSTEMI

Variable

eGFR, mL/min per 1.73 m2

>60 (No. Deaths=2186 [36.1%]) 30–60 (No. Deaths=2947 [51.5%]) 15–<30 (No. Deaths=749 [72.7%])

No PCI PCI No PCI PCI No PCI PCI

Crude HR (95% CI) Reference 0.39 (0.36–0.44) Reference 0.41 (0.37–0.45) Reference 0.38 (0.29–0.49)

HR (95% CI), adjusted for age Reference 0.47 (0.42–0.52) Reference 0.48 (0.43–0.53) Reference 0.44 (0.34–0.57)

HR (95% CI), adjusted for 
confounders*

Reference 0.47 (0.42–0.53) Reference 0.50 (0.45–0.56) Reference 0.44 (0.33–0.59)

HR (95% CI) on the propensity 
score weighting sample†

Reference 0.66 (0.55–0.79) Reference 0.63 (0.54–0.74) Reference 0.54 (0.38–0.77)

eGFR indicates estimated glomerular filtration rate; HR, hazard ratio; NSTEMI, non–ST- segment–elevation myocardial infarction; and PCI, percutaneous 
coronary intervention.

*Full model was adjusted for all variables in Table 1.
†Propensity score weighting for treatment was estimated using all variables in Table 1.
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PCI in elderly patients are often taken at the discre-
tion of the attending cardiologist or interventionist.14 
The proportion of patients with CKD is increasing con-
stantly as elderly people are living longer, but also be-
cause of an increasing prevalence of hypertension and 
diabetes mellitus. Our study suggests that PCI should 
be encouraged in elderly patients with CKD instead 
of conservative treatment during NSTEMI. European 
Society of Cardiology/American College of Cardiology/
American Heart Association guidelines and European 
Association for Cardio- Thoracic Surgery guidelines 
recommend CABG over PCI in patients with moder-
ate to severe CKD with multivessel coronary disease 
provided patients comply with surgical risk profiles 
and life expectancy is >1 year.15 This recommendation 
is not based on any randomized controlled trial and 
dates back to the previous generation of stent and an-
tithrombotic treatments. The work is based on reports 
that patients with CKD have a higher risk of procedural 
complications, such as major bleeding, new myocar-
dial infarctions, or death.16 These studies of patients 

with CKD were conducted when only bare metal stents 
or first- generation drug- eluting stents were available 
for PCI. However, some new data are available for the 
small number of patients with CKD, in whom better 
outcomes have been reported with the use of second- 
generation drug- eluting stents compared with bare 
metal stents.17,18 These studies have excluded elderly 
patients with CKD, and thus, to draw any conclusions 
about benefits with PCI, and additionally with the use of 
drug- eluting stents versus bare metal stents in elderly 
patients with CKD, is not possible. Our data do not 
indicate any procedural complications, but we have a 
finding of reduced mortality in the elderly patients with 
CKD who were treated by PCI compared with conser-
vative medical treatment. The finding holds irrespective 
of stages of CKD. Our data contribute to existing infor-
mation and suggest that PCI is well tolerated in elderly 
patients with CKD, with the exception of patients with 
severe CKD, in whom we found a higher risk of bleed-
ing, although we could not reconfirm it by propensity 
score weighting analysis.19,20 Although characterization 

Table 3. Logistic Regression for the Odds (95% CIs) of New Infarction During Hospital Stay Associated With PCI Versus No 
PCI in Patients Aged >80 Years With NSTEMI

Variable 

eGFR, mL/min per 1.73 m2

>60 (No. MIs=23 [0.4%]) 30–60 (No. MIs=43 [0.8%]) 15–<30 (No. MIs=15 [1.5%])

No PCI PCI No PCI PCI No PCI PCI

Crude OR (95% CI) Reference 1.61 (0.71–3.65) Reference 2.15 (1.18–3.95) Reference 3.11 (1.05–9.25)

OR (95% CI), adjusted for age Reference 1.51 (0.64–3.55) Reference 1.99 (1.05–3.77) Reference 2.92 (0.92–9.21)

OR (95% CI), adjusted for 
confounders*

Reference 1.76 (0.71–4.37) Reference 1.89 (0.95–3.76) Reference 3.03 (0.90–10.22)

OR (95% CI) on the propensity score 
weighting sample†

Reference …‡ Reference 1.48 (0.53–4.19) Reference 3.78 (0.43–33.01)

eGFR indicates estimated glomerular filtration rate; MI, myocardial infarction; NSTEMI, non–ST- segment–elevation MI; OR, odds ratio; and PCI, percutaneous 
coronary intervention.

*Full model was adjusted for all variables in Table 1.
†Propensity score weighting for treatment was estimated using all variables in Table 1.
‡Omitted because of collinearity.

Table 4. Logistic Regression for the Odds (95% CIs) of Bleeding During Hospital Stay Associated With PCI Versus No PCI 
in Patients Aged >80 Years With NSTEMI

Variable

eGFR, mL/min per 1.73 m2

>60 (No. Bleeding Events=56 
[0.9%])

30–60 (No. Bleeding Events=94 
[1.6%])

15–<30 (No. Bleeding Events=26 
[2.5%])

No PCI PCI No PCI PCI No PCI PCI

Crude OR (95% CI) Reference 1.05 (0.61–1.81) Reference 1.22 (0.78–1.89) Reference 2.29 (0.95–5.55)

OR (95% CI), adjusted for age Reference 1.09 (0.62–1.93) Reference 1.05 (0.66–1.66) Reference 1.96 (0.78–4.94)

OR (95% CI), adjusted for confounders* Reference 1.62 (0.86–3.08) Reference 1.22 (0.73–2.03) Reference 2.77 (1.03–7.49)

OR (95% CI) on the propensity score 
weighting sample†

Reference 1.84 (0.61–5.57) Reference 1.77 (0.74–4.24) Reference 1.14 (0.35–3.78)

eGFR indicates estimated glomerular filtration rate; NSTEMI, non–ST- segment–elevation myocardial infarction; OR, odds ratio; and PCI, percutaneous 
coronary intervention.

*Full model was adjusted for all variables in Table 1.
†Propensity score weighting for treatment was estimated using all variables in Table 1.
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of post- PCI bleeding is heterogeneous, both mortal-
ity and major cardiovascular event rates are known to 
be higher in these categories of patients with CKD.21 
This is probably because of the association between 
comorbidities and complex coronary lesions during 
NSTEMI, indicating that bleeding complications and 
reinfarctions are not unexpected in patients with se-
vere CKD.22 Moreover, the atherosclerosis process 
is believed to be accelerating in patients with CKD 
and thus new onset of acute coronary syndrome or 
NSTEMI is not surprising. It has been stated that new- 
onset NSTEMI after PCI in patients with CKD is often 
related to a vessel other than the one at the index PCI 
during NSTEMI.23 Patients with CKD have been con-
sidered at higher risk for procedural complications, like 
acute kidney injury, major bleeding, vessel dissection 
leading to new myocardial infarction, and death.1,24 
This is certainly of high relevance in patients with end- 
stage kidney disease (eGFR <15 mL/min per 1.73 m2), 
and to the best of our knowledge, no study to date has 
found any benefit of PCI in this group of patients, even 
with the latest generation of stents. We found that only 
2.6% of patient population went through CABG opera-
tion in our cohort. This may suggest that extreme age 
and high anticipated complications risk disqualified 
these elderly patients with CKD from CABG, consider-
ing no changes in long- term mortality compared with 
PCI.25,26 Our study indicates that elderly patients with 
CKD should be offered more PCI during NSTEMI as 
the complication rate is not higher as anticipated all the 
time. Selecting the right patients, radial access, and 
minimum contrast during PCI as well as shorter dura-
tion of antithrombotic medications are important as-
pects that cardiologists or attending physicians should 
consult and raise these issues to interventionist.

LIMITATIONS AND STRENGTHS OF 
THE STUDY
The main limitation of our study, along with every ob-
servational study that compares 2 treatment strategies, 
is confounding by indication. Although we were able 
to control for the most important predictors of mortal-
ity, it is likely there were still patient characteristics that 
we had no information about, like frailty, an important 
reason to withhold invasive treatment from elderly pa-
tients. This was an observational cohort study so care-
ful interpretations of data in the context of any clinical 
setting should be considered, mainly because of the 
inherent risk with residual confounding that we could 
not control for. However, the main strength of our study 
was the large cohort of patients aged >80 years and 
the long follow- up, which led to many events, and a 
high precision in our estimates. The SWEDEHEART 
Registry is monitored frequently, and the agreement 

between the register and medical records is 95% to 
97%.27 Although the number of events in patients 
with severe CKD was small, we found a higher risk of 
bleeding. This should be addressed in future studies 
by using an appropriate pharmacological treatment 
strategy during PCI based on individual bleeding and 
ischemic profile.

In conclusion, traditionally advanced age (>80 years) 
and CKD are often used as reasons for denying pa-
tients cardiac revascularization. Our data suggest that 
elderly patients with CKD get the same survival benefit 
of PCI during NSTEMI.
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