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Abstract

Background: Complete revascularization of significant non culprit lesions is associated 
with better outcomes in ST Elevation Myocardial Infarction (STEMI) patients 
regarding Major Adverse Cardiac Events (MACE), however the incidence of Contrast 
Induce Nephropathy (CIN) in diabetic and elderly patients is unclear. 

Objectives: To investigate whether an index procedure complete revascularization 
approach is associated with increased risk of CIN in diabetic elderly patients presented 
with STEMI and multi-vessel disease. 

Methods: This study enrolled 140 diabetic elderly patients with acute STEMI and at 
least one non-culprit lesion, randomized to either complete revascularization (n=70) or 
culprit-only treatment (n=70). Complete revascularization was performed at the time 
of Primary Percutaneous Coronary Intervention (PPCI). The primary endpoint was 
the incidence of CIN or renal dialysis at one month.

Results: A complete revascularization approach was significantly associated with 
higher risk of CIN (21.4% vs. 7.1; p=0.01), with no significant difference in the other 
endpoints of mortality, renal replacement therapy, major or minor bleeding between 
the groups.

Conclusion: In diabetic elderly STEMI patients, with multi-vessel coronary artery 
disease undergoing PPCI, complete revascularization during index procedure is 
associated with significantly higher risk of CIN, compared with culprit vessel only 
PCI.
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Background

Primary Percutaneous Coronary Intervention (PPCI) is the cornerstone management 
of ST-segment Elevation Myocardial Infarction (STEMI) [1-3]. Around one third of 
these patients experience multi-vessel affection with significant Non-Infarct Related 
Arteries (N-IRA) lesions at the time of primary intervention [4,5]. Randomized trials 
and meta-analyses [6-11] had suggested that a complete revascularization approach is 
associated with better outcomes in STEMI patient and Multi-Vessel Disease (MVD), 
however, total revascularization is always associated with higher amount of contrast 
leading to higher risk of Contrast induced nephropathy which occurs within 48-72 
hours after administration of iodinated Contrast Media (CM) [12]. 

. 
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CIN is the third most common cause of hospital acquired acute 
renal injury representing about 12% of the cases. The incidence of 
CIN varies from 0 to 24% depending on the patient’s risk factors 
[13-15]. Patients who develop CIN have greater complications, 
a worse prognosis, more serious long-term outcomes, and longer 
duration of hospital stay, which result in elevated medical costs 
[16,17].

This study was done to assess the incidence of CIN in diabetic 
elderly STEMI patients with MVD.

Methods

Study design and patient selection

We included 140 consecutive diabetic patients ≥ 60 years old, 
diagnosed as acute ST elevation myocardial infarction and were 
planned for primary PCI in the period between February 2018 
and March 2020. We enrolled patients during this specified 
recruitment period, a sample size calculation was not performed.

Patients were randomly assigned to either group using a block 
randomization to either culprit-only or complete revascularization 
and pretreated with oral anti-platelet (according to the current 
guidelines recommendations for this specific age group) with oral 
hydration and intravenous pre-hydration with NaCl 0.9% (normal 
saline) infusion 1-1.5 l/kg for 12-24 hours as a reno-protective 
measures according the European Society of Cardiology published 
updated guidelines on CIN [18], with strict fluid balance and 
urine output follow up. According to operators’ decision PPCI 
could include thrombus aspiration catheter, circulatory support 
or positive inotropes, heparin, or glycoprotein IIb/IIIa inhibitor 
(GPI) unless clinically contraindicated. The IRA was treated first 
then complete revascularization was performed at the same sitting 
of angiographically significant N-IRA lesions.

If randomized to culprit only treatment, patients were subjected 
to either medical treatment and follow up or planned PCI for 
the N-IRA after at least 14 days with or without Fractional Flow 
Reserve (FFR) assessment according to operator’s opinion. Drug-
Eluting Stents (DES) were used in all patients for both IRA and 
N-IRA lesions.

Patients with severe reduction in Glomerular Filtration Rate 
(GFR), Creatinine clearance <30 ml/min, Cardiogenic shock, 
Chronic total occlusion of one of the non-infarct related vessels, 
previous Coronary Artery Bypass Grafting (CABG) or left main 
stenosis >50% were excluded from the study.

Laboratory investigations were done for all patients including 
serum creatinine level, CBC on admission and daily until 
discharge, Troponin T on admission and 6 hours after, and also 

CK-MB levels every 6 hours till normalization, echocardiography 
during the hospitalization to assess left ventricular ejection fraction 
using Simpson’s method. 

Written consent was obtained from each of the 140 patient and the 
study protocol was reviewed and approved by Egyptian research 
ethics committee.

Clinical outcomes and end points

Primary end point of this study was the incidence of in-hospital 
Contrast-Induced Nephropathy (CIN); defined as an absolute 
increase of at least 0.5 mg/dL (44.2 mol/L), or a relative increase of 
at least 25% in serum creatinine recorded after PCI, in comparison 
with baseline value [19].

Post discharge follow-up was conducted at 6 months for adverse 
clinical events either by clinic-visit or phone calls. The secondary 
endpoints included the occurrence of Major Adverse Cardiac 
Events (MACE); all-cause mortality, recurrent MI, and ischemia-
driven revascularization by PCI or Coronary Artery Bypass 
Grafting (CABG). As well as major bleeding (intracranial bleeding, 
hemorrhage associated with a drop in hemoglobin of ≥ 5 g/Dl or 
fatal bleeding; according to Thrombolysis in Myocardial Infarction 
(TIMI) bleeding criteria) [20].

Statistical analysis

The collected data was coded, tabulated, and statistically analyzed 
using IBM SPSS statistics (Statistical Package for Social Sciences) 
software version 22.0, IBM Corp., Chicago, USA, 2013. 

Descriptive statistics was done for quantitative data as minimum 
and maximum of the range as well as mean ± SD (Standard 
Deviation) for quantitative normally distributed data, while it was 
done for qualitative data as number and percentage. Inferential 
analyses were done for quantitative variables using K-S test for 
normality testing, independent t-test in cases of two independent 
groups with normally distributed data. In qualitative data, 
inferential analyses for independent variables were done using 
Chi square test for differences between proportions and Fisher’s 
Exact test for variables with small expected numbers. The level of 
significance was taken at p value<0.050 is significant, otherwise is 
non-significant.

Results 

Study population

During the study period, 140 diabetic elder patients who presented 
with STEMI and multi-vessel disease and planned for primary 
PCI were randomized to either culprit only (n=70) or complete 
revascularization (n=70) (Figure 1). Baseline demographic data, 
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including age, gender and cardiovascular risk factors are presented 
in Table 1. 

All patients received DES either IRA or N-IRA, use of aspiration 
thrombectomy or glycoprotein IIb/IIa inhibitor were left to the 
operator decision according to the case. The proportion with 
2- or 3-vessel disease, lesion locations, use of GPI or thrombus 
aspiration and pain-to-balloon time were similar in each group, 
however total amount of contrast and fluoroscopy time was higher 
in the total revascularization group (Table 2). 

All N-IRAs were stented successfully with satisfactory end results. 
Upon discharge, there were no statistically significant difference 
found between the two groups concerning baseline mean glycated 
hemoglobin levels, serum creatinine, e GFR, body mass index. 
All patients received weight adjusted dose of heparin during the 
procedure, Dual Antiplatelet Therapy (DAPT); aspirin 300 mg 
orally on presentation, ticagrelor 180 mg or clopidogrel 600 mg 
loading dose before PCI followed by daily maintenance dose for 1 
year after stent implantation.

End points

Patients were followed up during their hospital course, baseline 
serum creatinine levels did not differ significantly between both 
groups. Statistical analysis of recorded serum creatinine and e GFR 
(pre and post-PCI) showed that CIN occurred in 7.1% patients in 
culprit-only group, while it occurred in 21.4% patients in the total 
revascularization group (p=0.01).

Serum creatinine significantly increased on the third day and then 
declined by the 10th day to a level that did not differ significantly 
from the baseline level in the total revascularization group. No 
patients in both groups required hemodialysis. Urine output did 
not show any significant decline in both groups throughout the in-
hospital follow-up period (10 days). There were no recorded acute 
ischemic insults during the same period.

All patients completed their follow up at 6 months for incidence 
of Major Adverse Cardiac Events (MACE) either by phone calls 
or office visit. 

There was no significant difference between both groups 
regarding the rates of mortality, recurrent MI, ischemia-driven 
revascularization or total MACE). Only one patient in the 
total revascularization group needed PCI after 5 months due 
to recurrence of symptoms with appearance of new significant 
lesion with rising of cardiac biomarkers. However, in the culprit 
only group, total of 5 patients underwent revascularization, two 
of them were admitted with high troponin levels and referred 
for coronary intervention, and three patients needed PCI due to 
refractory angina despite optimal medical treatment. There was 
a higher fluoroscopy time and total amount of dye in the total 
revascularization group vs. culprit-only group. 

There were no differences in procedure related complications, 
stroke, or major bleeding between the two groups, only 3 cases 
experienced puncture site hematoma (1 case from the culprit-only 
group and 2 cases from the complete revascularization group) and 
were treated successfully. No differences in the ejection fraction 
during follow up period (Table 3). 

Figure 1: Patient flow diagram.
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Table 1: Baseline characteristics.
 Complete revascularization Culprit only p

Age 64.11 ± 5.32 63.56 ± 3.72 0.474

Male (%) 54 (77.1%) 57 (81.4%) 0.532

Smoking 42 (60.0%) 33 (66.0%) 0.517

Hypertension 47 (61%) 39 (55.7%) 0.689

DM 70 (100%) 70 (100%) 1

Hemoglobin A1C 7.8 ± 2.5 7.2 ± 3.9 0.431

Hypercholesterolemia 35 (50.0%) 42(60%) 0.79

Family history 6 (8.5%) 5 (7.14%) 0.749

CKD 14 (20.0%) 16 (22.9%) 0.11

PAD 2 (2.8%) 2 (2.8%) 1

Previous ACS 6 (8.5%) 5 (7.14%) 0.749

Prior PCI 5 (7.14%) 5 (7.14%) 1

Inotropes 3 (4.28%) 4 (5.7%) 0.79

SBP 112.4 ± 11.6 110.6 ± 10.5 0.418

DBP 71.2 ± 9.8 73.0 ± 7.4 0.908

Creatinine (mg/dL) 1.15 ± 0.40 1.25 ± 0.33 0.164

GFR 73.8 ± 22.9 67.5 ± 20.2 0.147

Creatinine clearance (mL/min) 81.8 ± 12.7 75.5 ± 27.4 0.622

BMI 27.9 ± 5.6 24.5 ± 9.4 0.541

Peak CK-MB level 280.5 ± 136.4 307.5 ± 131.2 0.317

Abbreviation: DM: Diabetes Mellitus; CKD: Chronic Kidney Disease; PAD: Peripheral Arterial Disease; ACS: Acute Coronary Syndrome; PCI: Percutaneous 
Coronary Intervention; SBP and DBP: Systolic and Diastolic Blood Pressure; GFR: Glomerular Filtration Rate; BMI: Body Mass Index

Table 2: Baseline angiographic and procedural parameters.

Complete revascularization Culprit only p

Infarct related artery

LAD 32 (45.7%) 36 (54.3%)

0.181
RCA 31 (44.3%) 32 (45.7%)

LCx 5 (7.14%) 2 (2.8%)

Others (OM or Diagonal) 2 (4%) 0 (0%)

Pain to balloon (hr) 8.6 ± 7.3 9.4 ± 7.7 0.569

Fluoroscopy time (min) 23.2 ± 7.3 16.6 ± 3.4 0.001

Stent implanted/patient 2.4 ± 0.8 1.5 ± 1.1 0.001

Thrombus aspiration 6 (12) 10 (20) 0.275

Pre-dilatation 34 (68) 27 (54) 0.151

No-Reflow 13 (26) 15 (30) 0.656

Contrast amount (ml) 185.0 ± 98.6 105.4 ± 43.7 0.001

TIMI III post procedural 36 (72) 32 (64) 0.682

GP IIb/ IIIa inhibitors 17 (34) 20 (40) 0.534

Radial approach 23 (46) 21 (42) 0.76

Abbreviations: LAD: Left Anterior Descending Artery; RCA: Right Coronary Artery; LCX: Left Circumflex Artery; GP: Glycoprotein IIb/IIIa 
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Discussion 

CIN represents a significant clinical and health economic problem 
that may be under-recognised through limitations in the currently 
available biomarkers. Although often a transient injury, and may 
progress to significant persistent renal impairment [21]. 

CIN is considered one of the independent risk factors of Major 
Adverse Cardiac Events (MACE) in elderly patients above 65 years 
[22].

Our study is discussing one of debatable topics in a specific risky 
group of patients; diabetics and elder, presenting with STEMI and 
multi-vessels disease. Many studies were published discussing this 
question and had different recommendations. Most of these studies 
were focusing on the Major Adverse Cardiac Events (MACE), with 
little concerns on the effect of the strategy of revascularization on 
kidney, especially in the higher risk groups.

In our study we were collecting 140 diabetic patients ≥ 60 
years who presented by STEMI and multi vessel diseases and 
underwent primary PCI in primary and we revealed that complete 
revascularization is associated with significantly higher risk of 
CIN, compared with culprit vessel only PCI in this specific group 
of patients with no difference in the rates of mortality or total 
MACE.

Data from recent clinical randomized trials favors complete 
revascularization in patients with multi vessel disease undergoing 
PPCI. 

The recent CvLPRIT trial [7], Complete versus lesion-only 
Primary PCI trial which is randomized, parallel, stratified study to 
evaluate PCI of the infarct-related artery compared with complete 
revascularization at the index admission among participants 
with ST-segment Elevation Myocardial Infarction (STEMI); 
demonstrated a better outcome of complete revascularization 
when compared to IRA only. At 12 month follow up, MACE 
was significantly lower in the complete revascularization arm 
(10.0%) than in the IRA-only arm (21.2%; hazard ratio: 0.45; 
95% confidence interval: 0.24 to 0.84; p=0.009). In the recent 
DANAMI-3 trial [8], FFR guided complete revascularization 
significantly reduced the risk of future events compared with no 
further invasive intervention after primary PCI. (Hazard ratio 
0.56, 95% CI 0.38-0.83; p=0.004). This effect was driven by 
significantly fewer repeat revascularizations; however all-cause 
mortality and non-fatal MI did not differ between groups.

Our study showed that complete revascularization in patients 
presented by STEMI increase the incidence of CIN in comparison 
to patients who had culprit only revascularization, p=0.016, but 
not significantly increase the need of renal replacement therapy 
(renal dialysis or ultrafiltration either during hospital stay or after 
one month, p=0.15,0.31.

These findings are in agreement with the results of CULPRIT-
SHOCK [23] trial, Culprit lesion only PCI versus Multivessel 
PCI in cardiogenic SHOCK trial investigated two strategies for 
Percutaneous Coronary Interventions (PCI) in acute myocardial 

Table 3: Procedural details and end points.

 Complete revascularization Culprit only p

CIN 15 (21.4%) 5 (7.1%) 0.016

Renal replacement therapy 2.90% 0 0.154

Total MACE 6 (8.5%) 8 (11.4) NS

Mortality 3 (4.28%) 4 (5.7%) NS

MI 2 (2.8%) 2 (2.8%) NS

Stroke 1 (1.4%) 1 (1.4%) NS

Target vessel revascularization 0 1 (1.4%) NS

Mechanical complication 3 (4.28%) 2 (2.8%) NS

HF hospitalization 2 (2.8%) 3 (4.28%) NS

Severe MR 2 (2.8%) 1 (1.4%) NS

Contained rupture 0 (0.0%) 1 (1.4%) NS

Minor Bleeding 1 (1.4%) 1 (1.4%) NS

Major Bleeding 0 0 NS

EF% 46.80 ± 6.47 45.34 ± 7.95 NS

Abbreviations: MACE: Major Adverse Cardiac Events; MI: Myocardial Infarction; HF: Heart Failure; MR: Mitral Regurgitation; CIN: Contrast Induced 
Nephropathy; EF: Ejection Fraction
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infarction with cardiogenic shock, focused upon the incidence 
of needing renal replacement therapy after 30 days or one year, 
with less concern regarding incidence of CIN, p=0.7. However, 
the study was only concerning about shocked patients which is 
different from our study population and inclusion criteria.

In the complete trial [24], Complete revascularization with 
multivessel PCI for myocardial infarction, the complete 
revascularizations strategy didn’t statistically increase the incidence 
of CIN. This difference from our study may be due to different 
contributing factors, as the mean age of our populations was higher 
(64.11 ± 5.32 vs. 62.4 ± 10.7) with specific selection of diabetic 
patients who are of course at higher risk of developing CIN.

Another most important point causing this difference is the 
strategy used in intervention as our patients had immediate 
complete revascularizations during the initial procedure (92%) 
while in the mentioned trials, complete revascularizations for most 
of the cases were done on different stages within 45 days from the 
index procedure.

Our study showed that complete revascularizations don’t increase 
incidence of cardiac mortality during hospital stay and after six 
months follow up. The CvLPRIT Trial also did not show different 
in mortality between both groups, however demonstrated higher 
rates of MACE in the culprit only arm, mainly due to repeated 
revascularization. The CvLPRIT Trial also concluded that 
complete revascularizations didn’t increase the incidence of CIN 
but this difference is mainly referred to different patient profile and 
risk factors than ours.

Our study addressed the incidence of CIN with complete 
revascularization in diabetic elderly patients who carry a greater 
risk of renal post-procedural complications. And we found that 
this selected group of STEMI patients are commonly associated 
with higher incidence of CIN with no effect on mortality or 
MACE if compared with culprit only PCI at 6 months follow up.

Conclusion

In diabetic elderly STEMI patients, with multi-vessel coronary 
artery disease undergoing PPCI, complete revascularization during 
index procedure is associated with significantly higher risk of CIN, 
compared with culprit vessel only PCI.

Impact on daily practice

This study is trying to address the management of a special group 
of STEMI patient with high risk of CIN, mortality and morbidity 
to find the best approach to minimize the rates of complications, 
improving survival with good safety profile.

Limitation 

The current study is a relatively small, relatively short follow 
up period. However, it investigated a debatable regimen of 
management of a special group of STEMI patients which are at 
higher risk of post-procedural CIN.
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