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Abstract

Background Preexisting impaired renal function (IRF) and contrast-induced nephropathy (CIN) after percutaneous
coronary intervention (PCl) in patients with ST-segment elevation myocardial infarction (STEMI) are important
prognostic parameters, but it is unknown whether delayed PCl is still beneficial for STEMI patients with IRF.

Methods A retrospective single-center cohort study was performed in 164 patients who presented at least 12 h
after symptom onset, and were diagnosed with STEMI and IRF. They were assigned to two groups to receive PCl plus
optimal medical therapy (OMT) and OMT alone respectively. Clinical outcomes at 30 days and 1 year were compared
between two groups, and hazard ratio for survival was analyzed using Cox regression model. A power analysis
demanded 34 patients in each group to produce a power of 90% and a P value of 0.05.

Results The 30-day mortality was significantly lower in PCl group (n=126) than in non-PCl group (n=38)

(11.19% versus 28.9%, P =0.018), while there was no significant difference in the 1-year mortality and incidence of
cardiovascular comorbidities between the two groups. Cox regression analysis showed that patients with IRF didn't
benefit from receiving PCl on survival rate (P=0.267).

Conclusions Delayed PCl is not beneficial on one-year clinical outcomes for STEMI patients with IRF.
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Introduction

In ST-segment elevation myocardial infarction (STEMI)
patients who are transported to the catheterization
room within 12 h after the onset of symptoms, percuta-
neous coronary intervention (PCI) has been proved to
increase myocardial salvage, preserve cardiac function,
and improve survival [1]. Previous studies have shown
that within 2 h of symptom onset, there is a strong linear
correlation between mortality and admission time delay
in STEMI patients [2, 3], and the mortality increases with
longer door-to-balloon time, or first medical contact to
PCI time [4, 5]. The 2017 European Society of Cardiol-
ogy (ESC) guideline recommended a routine primary
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PCI strategy should be considered in patients presenting
late (12-48 h after symptom onset, defined as delayed
PCI) after symptom onset (Class Ila, Level of Evidence:
B)[6]. A large cohort study from Korea also pointed out
that delayed PCI could decrease mortality of the late-
presenting STEMI patients [7]. PCI has become the most
effective treatment for STEMI patients, but it is unclear
whether delayed PCI is still beneficial for STEMI patients
with impaired renal function (IRF).

Inflammation is believed to be an important trigger of
worse prognosis in STEMI patients with IRF. C-reactive
protein to albumin ratio was reported to be higher in
patients with renal injury than in patients with normal
renal function [8]. In retrospective studies, IRF had a
strong adverse impact on the survival of STEMI patients
[9, 10], and it is not only an independent predictor of car-
diovascular risk, but also contributes to an increased pro-
portion of post-PCI contrast-induced nephropathy (CIN)
[11]. Pre-existing IRF could cause contrast metabolism
dysfunction after PCI. Evidence shows that CIN associ-
ated morbidity and mortality does not decline over time
[12], and the incidence of CIN was 5.2% in patients with
normal renal function, but the morbidity of CIN was
increased up to 26.6% if the patients’” GFR was less than
30 ml/min/1.73m? [13].

Although the 2021 American College of Cardiology
Foundation/American Heart Association (ACCF/AHA)
guideline for Coronary Artery Revascularization recom-
mended PCI to be performed in patients with STEMI
with IRF, the evidence was relatively weak (Level C [14].
Up to now, there are no clear recommendations for PCI
treatments in late-coming STEMI patients with IRF. For
STEMI patients with IRF and admitted to hospital later
than 12 h after symptom onset, it is still controversial
whether PCI is more beneficial than optimal medical
treatment (OMT) [15, 16], only limited evidence sup-
ports delayed PCI [17-19]. Patients with severe IRF
were often excluded from large randomized controlled
trails (RCTs) because of the risk of adverse ischemic and
bleeding events, as well as higher risk of CIN. In real-
world practice, a large number of STEMI patients with
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IRF present longer than 12 h or even 48 h after symptom
onset due to inconvenient transportation and unbalanced
distribution of medical resources. More evidence needs
to be accumulated with regard to whether or not late
reperfusion is beneficial in the presence of IRF. Therefore,
we performed this study to investigate whether delayed
PCI at >12 h after symptom onset, is superior to OMT
alone in the STEMI patients with preexisting IRF.

Methods

Study population

A total of 225 STEMI patients with IRF admitted to
Zhongshan Hospital from December 2012 to October
2016 were included in this cohort study. STEMI was
defined by ischemic symptoms and electrocardiogram
changes (i.e. [1] at least two contiguous leads with ST-
segment elevation>2.5 mm in men<40 years, 22 mm
in men>40 years, or 1.5 mm in women in leads V2-
V3 and/or 21 mm in the other leads; [2] ST-segment
depression in leads V1-V3 with positive terminal
T-wave; [3] concomitant ST-segment elevation>0.5 mm
recorded in leads V7-V9). IRF was defined as decreased
estimated glomerular filtration rate (eGFR) level <60
ml/min/1.73m? calculated using the simplified MDRD
formula (eGFR = 186 x creatinine %% x age 0% x 0.742
(for female only)). We excluded 45 patients who were
admitted to hospital within 12 h from symptom onset
and 16 patients missing important data about revascular-
ization. Finally, 164 patients were included in the analysis

(Fig. 1).

Treatment

All patients were required to take an 18-lead electrocar-
diogram (ECG) examination after admission, and echo-
cardiography were recommended to exam after 30 days
and 1 year. Two-dimensional echocardiography was per-
formed by using a Philips IE33 ultrasound system to mea-
sure the left ventricular end-diastolic diameter (LVEDA)
and left ventricular ejection fraction (LVEF) by modified
Simpson method.

B OMT_group Complications
(n=38) at 30 days
164 STEMI & IRF _| Delayed PClis
patients enrolled not beneﬂual
on survival
Complications
PCI group at 1 year
> (n=126)

Fig. 1 Flowchart of participant inclusion and results. OMT: optimal medical therapy; PCl: percutaneous coronary intervention
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According to their evaluation of clinical symptoms and
ECG results, patients received different revasculariza-
tion therapies. Revascularization therapy was defined as
OMT (including the use of either intravenous fibrino-
lysis) or intended primary PCI (coronary angiography
was performed with an intent to perform PCI). Then the
patients were divided into a non-PCI group (n=38) and a
PCI group (n=126) to assess the effect of these different
therapies on clinical outcomes.

Patients younger than 75 years old of the both groups
received dual antiplatelet therapy, which was initiated
with a loading dose (300 mg of aspirin and 180 mg of
ticagrelor), followed by ongoing treatment with aspi-
rin (100 mg/day) and ticagrelor (180 mg/day). Patients
over 75 years old received 300 mg of aspirin and 300 mg
clopidogrel for loading dose, and ongoing treatment
was aspirin (100 mg/day) and clopidogrel (75 mg/day).
Other guideline-based medical therapy included use of
[-blockers, angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers, and statins.

In the PCI group, all PCI procedures were performed
by two experienced physicians who had been certified
for coronary intervention. The Seldinger technique was
employed for PCIL. Whether use of GPIIb/IIla antago-
nist therapy and an aspiration catheter was depended
on the thrombus burden. Subcutaneous injection of low
molecular weight heparin was started 3 h after PCI sur-
gery, once every 12 h and 3000 IU each time for 3-5 days.
Aspirin (100 mg/day) and ticagrelor (180 mg/day) were
initiated from 24 h after PCI.

Data collection

The following data were collected: Patients’ onset to
hospital time, Killip class, systolic blood pressure (SBP),
diastolic blood pressure (DBP), and history of smok-
ing, hyperlipidemia, hypertension and diabetes. Levels
of cardiac troponin T (cTnT), creatinine, uric acid, glu-
cose, CK-MB and NT-proBNP were acquired through
test of serum samples after admission. In hospital medi-
cations including intra-aortic balloon pumping (IABP)
and extra-corporeal membrane oxygenation (ECMO),
cardio pulmonary resuscitation (CPR), pacemaker, vaso-
active agents and intravenous diuretics usage were also
recorded.

Definitions and endpoints

The primary end point was death from any cause in 30
days. The secondary end point consisted of all-cause
death in 1-year follow up and occurrence of cardiovas-
cular comorbidities, including congestive heart failure,
unstable angina pectoris, malignant arrhythmia (which
included ventricular fibrillation, ventricular tachycardia
and paroxysmal supraventricular tachycardia), cardiac
rupture and nonfatal target vessel re-infarction (which
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was defined as ST-elevation>1 mm recurs or new pathog-
nomonic Q waves appear in at least two contiguous leads
and associated with ischemic symptoms) [20]. Clinical
outcomes were assessed both at 30 days and up to one
year after the onset of STEMI.

Data analysis

Data are presented as meantstandard deviation (SD)
for normally distributed continuous variables, and were
compared by the t-test, while categorical data were
expressed as numbers and proportions and were com-
pared by the chi-square test or Fisher’s exact test. Cox
proportional hazards regression models were created to
evaluate the relation of treatments and 1-year mortality
occurrence, adjusting for age, gender, eGFR level, uric
acid level, PCI or not, smoking history, hyperlipidemia
history, hypertension history and diabetes history. Killip
class, SBP and NT-proBNP were considered as mediating
variables and were excluded from the regression analysis.
All tests were 2-sided and P<0.05 was considered statis-
tically significant. Analyses were performed with SPSS
25.0 (SPSS Inc., Chicago, IL, USA) and R software (http://
www.R-project.org/). A power analysis demanded that 34
patients in each group to produce a power of 90% and a P
value of 0.05.

Results

Baseline characteristics

164 STEMI patients with IRF and presented later than
12 h were divided into non-PCI group and PCI group
according to their revascularization methods. Baseline
characteristics of the two groups are listed in Table 1. The
non-PCI group consisted of 38 patients with the aver-
age age of 67.2 years and the PCI group contained 126
patients with the average age of 65.0 years.

There were no significant difference between the non-
PCI group and the PCI group on all baseline parameters
except that the non-PCI group had lower male propor-
tion (57.8% vs. 90.4%).

Similar 1-year complications and mortality incidence in the
two groups

As shown in Table 2, although patients in the non-PCI
group had significantly higher mortality than the PCI
group in the first 30 days (28.9% vs. 11.1%, P=0.018),
there was no significant difference in the 1-year all-cause
mortality (44.7% vs. 40.4%, P=0.708). During admission,
there was also no difference in the frequency of use of
IABP and ECMO, CPR, pacemaker, vasoactive agents,
diuretics and morbidity of CIN between the two groups.
Patients in the non-PCI group had higher rate of unstable
angina pectoris (7.9% vs. 0.0%, P=0.012) at 30 days after
symptom onset, but there was no significant difference
between the two groups with regard to incidence of heart
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Table 1 Clinical characteristics at baseline

Non-PCI PCl (n=126) P
(n=38) value
Age, year 67.2+14.8 650+135 0.237
Male 22 (57.8) 114 (90.4) <0.001
Onset to hospital time, ~ 57.0£59.8 64.5+76.2 0574
hours
Killip class 0.003
1 23 (60.5) 83 (65.9)
2 9(23.7) 33(26.2)
3 4(10.5) 5(4.0)
4 2(53) 5(4.0)
cInT, ug/L 1198. 1120.13+£743.78 0.348
92+777.63
SBP. mmHg 129.8+30.8 1286+255 0.830
DBP, mmHg 747+16.3 745+14.10 0.956
Creatinine, umol/L 147.1+£61.7 133.6+£519 0.180
eGFR, mL/min/1.73m? 471+157 486+139 0.650
Uric acid, umol/L 449.2+1229 4273+125.2 0.350
Fasting glucose, mmol/L  7.0+3.5 76+37 0452
C-reactive protein, mg/L  20.74+32.39 1851+£34.92 0484
CK-MB, IU/L 87.5+120.3 91.8+£120.2 0.846
NT-proBNP, pg/mL 8039.9+7482.1 5069.9+6552.3 0.155
Smoker 16 (42.2) 77 (61.1) 0.147
Hyperlipidemia 2(53) 16 (12.7) 0.249
Hypertension 19 (50.0) 68 (54.0) 0.052
Diabetes 5(13.2) 18 (14.3) 0.223
LVEDd, mm 492455 4930+49 0.938
LVEF, % 51.8+10.3 53.30+106 0432
Values are mean+SD and n (%)
PCl=percutaneous coronary intervention, cInT=cardiac troponin T,

SBP=systolic blood pressure, DBP=diastolic blood pressure, eGFR=estimated
glomerular filtration rate, LVEDd=left ventricular end diastolic diameter,
LVEF =left ventricular ejection fraction

Table 3 Multivariate analysis of predictors of 1-year survival by
Cox proportional hazard model regression

HR  95%Cl P

value
Age, years 1011 0997,1.026 0117
Male 0.990 0.528,1407 0976
Creatinine, umol/L 0999 0.999,1.004 0678
Uric acid, umol/L 1.000 0999, 1.004 0679
PCl 0.746 0443,1.268 0267
Smoker 1.095 0.694,2513 0654
Hyperlipidemia history 1.218 0.091,1.603 0484
Hypertension history 0910 0591,1.687 0604
Diabetes history 0.758 0.455,1.284 0.289

h=hazard
intervention

ratio, Cl=confidence interval, PCl=percutaneous coronary

failure, malignant arrhythmia, cardiac rupture, nonfa-
tal re-infarction, LVEDd and LVEE. At 1-year follow up,
the non-PCI group still exhibited higher rate of unstable
angina pectoris (7.9% vs. 0.0%, P=0.012), while no sig-
nificant difference in risk of other comorbidities and

Page 4 of 7

Table 2 Comparisons of latecomer patients according to their
revascularization therapies

Non-PCl  PCI P
(n=38) (n=126) value
In hospital medications
IABP +ECMO 1(2.6) 10(7.9) 0463
CPR 0(0.0) 2(1.6) 0.863
Pacemaker 0(0.0) 3(24) 0.331
Vasoactive agents 16 (42.1) 41 (32.5) 0.332
Diuretics 24 (63.2) 72 (57.1) 0.029
CIN 0(0.0) 0(0.0) NA
Complications at 30 days
All-cause death 11 (28.9) 14(11.1) 0.018
Heart failure 3(7.9) 6 (4.8) 0457
Unstable angina pectoris 3(7.9) 0(0.0) 0.012
Malignant arrhythmia 0(0.0) 0(0.0) NA
Cardiac rupture 0(0.0) 0(0.0) NA

Re-infarction 0(0.0) 0(0.0) NA

LVEDd, mm 49.0+83 536+80 0.248
LVEF, % 533+153 515+£11.8 0.219
Complications at 1 year

All-cause death 17 (44.7) 51(404) 0.708
Heart failure 6(15.8) 9(7.1) 0.116
Unstable angina pectoris 3(7.9) 0(0.0) 0.012
Malignant arrhythmia 1(2.6) 0(0.0) 0.232
Cardiac rupture 0(0.0) 0(0.0) NA

Re-infarction 0(0.0) 0(0.0) NA

LVEDd, mm 473+75 518+6.1 0.281
LVEF, % 538+124 564+100 0.073

Values are mean*SD and n (%)

PCl=percutaneous coronary intervention, IABP=intra-aortic balloon pumping,
ECMO=extra-corporeal membrane oxygenation, CPR=cardio pulmonary
resuscitation, CIN=contrast induced-nephropathy; LVEDd =left ventricular end
diastolic diameter, LVEF =left ventricular ejection fraction

echocardiographic parameters including LVEDd and
LVEF (Table 2).

PCl had no improvement on the 1-year clinical outcomes
In the multivariate regression analysis, after adjusting for
age, gender, creatinine level, uric acid level, PCI or not,
smoking history, hyperlipidemia history, hypertension
history and diabetes history, we found that none of the
variables had an independent influence on the 1-year
survival of patients (Table 3).

Discussion
The recent ESC and AHA guidelines suggested that PCI
should be performed in late-presenting patients[14, 16],
but there was insufficient evidence about whether PCI
could benefit in STEMI latecomers with IRF. In this ret-
rospective analysis, we showed that delayed PCI did
not exert significant improvement on 1-year survival in
STEMI patients with IRF when compared to OMT alone.
Although “time is myocardium” is a well-known
concept in relation to patients with STEMI, a high
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proportion of eligible patients still do not receive early
reperfusion therapy because various reasons such as
that the presence of IRF might interfere with decision
making [21]. The preexisting IRF is the main indepen-
dent risk factor for the development of acute kidney
injury, and a higher stage of IRF was accompanied by a
higher risk [22]. In STEMI patients with normal renal
function, several random contrast clinical trials (RCT)
showed extremely low mortality after delayed PCI, while
OMT alone also had low mortality. The 30-day mortal-
ity of OMT patients was only 6.6% in the BRAVE-2 trial
[17], and the 1-year mortality in KAMIR trial was 1.1%
[23]. Bouisset and colleagues reported that the all-cause
mortality of delayed PCI was 2.1% compared to 7.2% of
the non-PCI group, indicating a significant benefit from
PCI in patients with normal renal function. However, the
mortality largely increased when STEMI patients had
preexisting IRF. A large cohort study from Malaysia dem-
onstrated STEMI patients with IRF had 4.55 times higher
rate of developing in-hospital death compared to patients
with normal renal function [24]. Another national study
from Australia found worsening IRF severity was inde-
pendently associated with greater adjusted risk of long-
term death (Hazard ratio 4.21, 95% CI 3.7-4.8)[25], while
an Italy retrospective cohort study revealed that patients
with severe and moderate chronic kidney disease were
more likely to develop in-hospital death than non-CKD
patients (50% and 19.08% versus 2.93%, P<0.0001), and
the long-term mortality rate increased up to 57.14% and
46.34% versus 8.77%[26]. These findings indicate that IRF
would greatly increase mortality even in STEMI patients
with onset to hospital time less than 12 h.

It is unclear whether delayed PCI plus OMT is better
than OMT alone in STEMI patients with IRF. We found
that delayed PCI significantly reduced the 30-day mortal-
ity of STEMI patients with IRF, but that benefit could not
persist evidenced by no significant difference on 1-year
mortality between the two groups. ISCHEMIA-CKD
trial enrolled 777 patients with severe or end-stage IRF
and moderate or severe ischemia to receive coronary
revascularization or initial medical therapy alone. After
2 to 4 years’ follow-up, the results indicated that there
were no significant differences between the two groups in
the individual end points of death, cardiovascular death,
myocardial infarction, unstable angina, or heart failure
[27]. The investigators concluded that PCI strategy does
not decrease death or ischemic events, does not improve
quality of life, but might increase the early need for dialy-
sis. Taken together, it should be cautious to make deci-
sion of performing delayed PCI for STEMI patients with
IRE. If the IRF could be reversed by OMT, the patients
with old myocardial infarction may benefit from time-
selective PCL. It is elusive why IRF antagonizes the ben-
efit from PCI. A possible explanation is that deteriorating
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renal metabolism dysfunction dilutes the benefits of PCI,
because besides lipid composition change, the metabo-
lism profiles of fatty acids are altered in IRF patients [28].
In addition, differential expressions of large number of
transcripts have been identified through next genera-
tion sequencing, and alterations in various signal path-
ways related to metabolic, apoptotic and other essential
biological processes also contribute to the harmful influ-
ence of IRF on the benefit from PCI [29, 30]. Moreover,
mitochondrial overload also occurs in the impaired kid-
ney, which could result in the dysfunction of renal energy
metabolism and tubulointerstitial fibrosis [31] and finally
induced dysfunction of multiple organs.

In real-world studies, risk factors should be adjusted
before comparison of mortality. It was reported that isch-
emic symptoms in female patients were more atypical
[32], this partially explained the difference of gender pro-
portion in our analysis (57.8% male in the non-PCI group
versus 90.4% in the PCI group). Lawesson et al. reported
that female gender was independently associated with
risk of IRF in patients with STEMI, which seemed to be
an important reason why STEMI women have higher
mortality than men [33]. Interestingly, we used Cox pro-
portional hazards model and found that male sex was not
related to better survival, indicating that although mis-
leading symptoms could lead to delays in presentation
time, it would not affect survival in IRF patients.

Limitations

The main limitation of this study is its observational
design. It does not confirm cause and effect, but only
describes a statistically significant and independent asso-
ciation between observed clinical outcomes and patients’
management. As a single-center study, the sample size
was limited, which may induce inevitable bias. A RCT of
larger sample size with more potential confounding fac-
tors should be performed further to add more solid evi-
dence to the guidelines.

Conclusions
Delayed PCI is not beneficial on the clinical outcomes for
STEMI patients with IRF.

List of abbreviations

PCl percutaneous coronary intervention
STEMI ST-segment elevation myocardial infarction
IRF impaired renal function

HR hazard ratios

CIN contrast-induced nephropathy

eGFR glomerular filtration rate

LVEDd  left ventricular end-diastolic diameter
LVEF left ventricular ejection fraction

RCT randomized controlled trails

IABP intra-aortic balloon pumping

ECMO  extra-corporeal membrane oxygenation
CPR cardio pulmonary resuscitation

CKD chronic kidney disease
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