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INTRODUCTION

Ischemic heart disease is the leading cause of death among 
adults in developed as well as in developing countries and 
accounts for a substantial fraction of the total disease burden 
globally.  AKI (Acute kidney injury) is a common complica-
tion after acute myocardial infarction (AMI), affecting from 
10 to 55% of the patients.1-4

AKI in STEMI has been consistently associated with a worse 
outcome, and namely with strikingly higher short-term and 
long-term mortality rates.3,5,6,

The overall survival of patients with ST-elevation myocar-
dial infarction (STEMI) has significantly improved during 
the past two decades, due to the combined use of novel phar-

macologic therapies and aggressive revascularization strate-
gies.7 The interest of cardiologists is now shifting towards 
subsets of patients whose mortality remains very high, thus 
contributing to the overall mortality of STEMI. Those devel-
oping AKI represent a critical example of STEMI patients 
associated with a poor prognosis. A growing amount of data 
confirms the clinical and prognostic relevance of AKI in this 
clinical setting. However, it is worth noting that the current 
guidelines on the management of STEMI patients do not fo-
cus much attention on AKI. Surprisingly, while recommen-
dations exist for the management of rare STEMI-associated 
complications, such as mitral valve rupture or Dressler peri-
carditis, no clear indications are provided on the management 
of this frequent complication.6,7Indeed, The National Confi-
dential Enquiry into Patient Outcome and Death (NCEPOD) 
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ABSTRACT
Introduction: Acute kidney injury(AKI) is a common complication after acute myocardial infarction (AMI), affecting 10 to 55% 
of the patients.1-4  The  mechanisms causing AKI in the first few days after an AMI are multifactorial, including systemic and 
renal hemodynamic changes secondary to an impaired cardiac output and an imbalance of vasodilators and vasoconstrictors, 
the use of contrast media, and immunological and inflammatory kidney damage resulting from crosstalk between the heart and 
the kidney
Material and Methods: The study was conducted on 224 ST-segment elevations myocardial infarction (STEMI) patients admit-
ted to a tertiary care hospital during December 2018-December 2020. The patients were divided into two groups depending on 
the development of AKI according to KDIGO (Kidney disease improving global outcomes) guidelines.
Results: Out of 224 patients, 57 patients (25.45%) developed AKI and 167 patients (74.55%) did not develop AKI.  So, the in-
cidence in our study was 25.45%. When various risk factors were compared in both the group’s diabetes and higher BMI (body 
mass index) were found to be significantly associated with AKI. The mortality in the AKI group was 28.07% while in the non-AKI 
it was 1.79%. In-hospital complications like cardiogenic shock left ventricular failure (LVF), arrhythmias were associated with 
increased incidence of AKI. Using multiple logistic regression analysis, age, presence of diabetes, tachycardia on admission, 
raised blood sugar on admission, decreased ejection fraction (EF), presence of cardiogenic shock and arrhythmia were inde-
pendent risk factors for AKI.
Conclusion: AKI in STEMI was associated with increased mortality and complications.
Key Words: Acute kidney injury (AKI), ST-segment elevation myocardial infarction (STEMI), Cardiogenic shock
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Adding Insult to Injury AKI Study reported, in 2009, that 
only 50% of patients who died with AKI in different clini-
cal contexts received good care. Therefore, this study was 
carried out to know the incidence of AKI in acute MI and its 
impact on hospital outcomes.       

MATERIAL AND METHODS

This prospective observational study was carried out on 224 
patients of ST-elevation myocardial infarction (STEMI) in 
the intensive care unit of the tertiary care centre from De-
cember 2018-December 2020. Patients with acute ST-seg-
ment elevation myocardial infarction proven by ECG (ST-
segment elevation > 0.1mV in at least 2 contiguous leads) 
and cardiac enzymes (Positive Troponin I or CPK-MB) were 
included in our study. Patients who presented with Non-ST 
Elevation MI (NSTEMI) /Unstable angina (UA), who had 
evidence of chronic kidney disease, who were on renal re-
placement therapy and any prior use of nephrotoxic drugs 
were excluded from the study. A complete history including 
sociodemographic characters and risk factors was taken. De-
tailed clinical examination and relevant investigations were 
done. Two groups were made according to the development 
of AKI based on KDIGO guidelines. Various complications 
and outcomes were compared between the two groups.

Statistical analysis- Collected data were entered into a Microsoft 
Excel spreadsheet. Tables and Charts were generated using Micro-
soft word and excel software. Continuous variables were presented 
as Mean ±SD. Categorical variables were expressed in frequency 
and percentages. Continuous variables were compared between 
with and without AKI by performing an independent t-test. Cat-
egorical variables were compared by performing a chi-square test. 
For small numbers, Fisher exact test was used. Multiple logistic re-
gression analysis was performed to identify independent risk fac-
tors of acute kidney injury in patients of MI. Adjusted Odds ratio, 
95%confidence interval &amp; p-values were reported. P-value < 
0.05 was considered as statistical significance. Statistical software 
STATA version 14.0 was used for data analysis.

RESULTS

Out of 224 patients, 57 patients (25.45%) developed AKI and 
167 patients (74.55%) did not develop AKI(Table-1). So, the 
incidence in our study was 25.45%. The mean age of patients 
in the AKI Group and Non-AKI Group was 59.97 ±10.96 
and 53.97±10.96 respectively(Table-2). There was a statisti-
cally significant difference between mean age and incidence 
of AKI. Out of 224 patients, 137 were males (61.16%) and 
87 were females (38.84%). Out of the total of 137 males, 
41 males (29.93%) developed AKI. Out of the total of 87 
females, 16 females (18.40%) developed AKI(Table-3). 
There was no significant difference between the two groups. 

When various risk factors were compared in both the groups, 
diabetes and higher BMI were found to be significantly as-
sociated with AKI. Alcohol, smoking, hypertension and 
dyslipidemia were not found to be significant(Table-4). The 
maximum number of patients is 41.9% who had AWMI (an-
terior wall myocardial infarction). There was no statistically 
significant difference in the area of myocardium involved 
and AKI. Various clinical parameters at the time of admis-
sion were compared between the two groups. Heart rate, 
systolic blood pressure, diastolic blood pressure and random 
blood sugar were found to be highly significant(Figure-1). 
Mean EF in the AKI group was found to be 38.85±6.65 and 
in the non-AKI group, it was 44.04±5.29(Table-5). This 
indicates that lower EF is significantly associated with the 
development of AKI. Patients of AKI were divided based on 
severity(Figure-2). Out of 57 patients, 23 patients were in 
mild, 22 is moderate and 12 in severe category respectively. 
Total 44 patients (19.64%) developed cardiogenic shock. 33 
patients (75%) developed AKI and 11 patients (25%) did not 
develop AKI(Table-6). There was a statistically significant 
increase in the number of patients developing AKI who de-
veloped cardiogenic shock.

A total of 29 patients (12.94%) had evidence of LVF in the 
study. Out of the 29 patients, 25 patients (86.20%) developed 
AKI and 4 patients (13.80%) did not develop AKI. There 
was a statistically significant difference in both groups.

A total of 18 patients (8.03%) in the study developed ar-
rhythmias. 15 patients (83.33%) developed AKI and 3 pa-
tients (16.67%) did not develop AKI. This difference was 
found to be statistically significant.

Total 7 patients (3.12%) in the study developed AV blocks. 
1 patient (14.29%) developed AKI and 6 patients (85.71%) 
did not develop AKI. Statistically, there was no significant 
association of AV blocks with AKI.

Total 19 deaths (8.48%) occurred in the study. 16 deaths 
(28.07%) occurred in AKI and 3 deaths (1.79%) occurred 
in non-AKI(Table-7). This difference was statistically highly 
significant. It means that mortality was very high in patients 
who had AKI. A higher length of hospital stay was seen in 
deaths and discharge of the AKI group. Using multiple logis-
tic regression age, history of diabetes, tachycardia, hypergly-
cemia, low EF, presence of cardiogenic shock and arrhyth-
mias were independent risk factors for AKI (Table-8).

DISCUSSION

In our study out of the total 224, 57 developed AKI 
(25.45%) and 167 patients did not develop AKI (74.55%). 
The incidence of AKI in our study was 25.45%. The over-
all incidence of AKI is reported 10 to 55 % in various stud-
ies.1-4 Wang et al. and Amit Amin et al. reported incidence 
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of 26% and 22.5% respectively which was similar to the 
present study.8,9

The mean age in the AKI group was 59.97±10.96 and in 
the non-AKI group was 53.97±10.96 respectively. When 
compared statistically the difference was found to be sig-
nificant. Rodrigues et al., Reinstadler et al. and Bruetto 
et al. reported similar findings.1,10,11 So higher the age higher 
the chance of developing AKI. The reason could be that in 
the absence of a specific disease, the kidney undergoes age-
dependent structural and functional alterations leading to a 
significant decrease in renal mass, functioning nephron num-
bers, and baseline kidney function.12 

Out of the total 224 patients of STEMI, there were 137 males 
(61.16%) and 87 females (38.84%).

Other studies like Yan Bei Sun et al. and Bruetto et al. also 
showed male preponderance.1,13

Various risk factors were compared between both the groups 
which included hypertension, diabetes, alcohol intake, 
smoking, BMI and dyslipidemia. Out of this diabetes and 
increased BMI were significantly associated with AKI.

Reinstadler et al. and Moriyama et al. also studied same 
factors. But the statistically significant difference was found 
only with diabetes.11,14 Various clinical and laboratory pa-
rameters on admission were considered which included 
heart rate(HR), systolic blood pressure(SBP), diastolic blood 
pressure(DBP), random blood sugar(RBS). So, tachycardia, 
low SBP, low DBP and increased RBS were found to be sig-
nificantly associated with AKI. 

Tachycardia was also found significant by Moriyama et al. 
and Fox et al.14,15

Increased heart rate could be explained by increased sympa-
thetic activity in left ventricular failure and reactive tachy-
cardia due to cardiogenic shock. Low SBP and DBP were 
found highly significant in the studies by Moriyama et al. 
and Wang et al.9,14 

This is explained by the fact that reduction in blood pressure 
which could be a result of cardiogenic shock reduces renal 
perfusion thus leading to AKI.In our study stress hypergly-
cemia was associated with increased incidence of AKI. This 
fact was also supported by Yan Bei Sun et al.

Hyperglycemia may thus represent an epiphenomenon of 
the stress response mediated by cortisol and catecholamines, 
whose release is elicited by the hemodynamic compromise 
or myocardial damage. Hyperglycemia exerts a direct nega-
tive impact on renal function.16

When LV function was assessed by echocardiography there 
was a significant association of low EF with AKI. Rein-
stadler et al. showed a significant association of cardiac 
magnetic resonance (CMR) determined cardiac function and 

myocardial damage with the development of AKI.

 Out of 224 patients, 44 patients (19.64%) had evidence of 
cardiogenic shock.

Out of 44 patients, 33 patients had AKI (75%) and 11 pa-
tients (25%) did not develop AKI. There was a significant 
association between cardiogenic shock and the development 
of AKI.

Cong Wang et al. reported 36 patients with cardiogenic 
shock. Out of which 32 patients (88.88%) had AKI and 4 
patients (11.12%) did not have AKI. This indicates that the 
presence of cardiogenic shock increases the susceptibility to 
AKI. When LVF was considered in our study, 29 patients 
(12.94%) had LVF.Out of 29 patients, 25 patients (86.20%) 
developed AKI and 4 patients (13.80%) did not develop 
AKI. So, it shows that LVF plays a major role in the devel-
opment of AKI. In the study by Cong Wang et al., 76.51% 
of patients with LVF developed AKI.So, their findings are 
comparable with our study.9

There was evidence of arrhythmia in 18 patients (8.03%) out 
of 224.

Out of them, 15 patients (83.33%) developed AKI and 3 
patients (16.67%) did not develop AKI. So, the presence of 
arrhythmia makes the patient prone to the development of 
AKI.

The finding in our study was also supported by Cong Wang 
et al.9

The mortality in our study was 28.07% in the AKI group 
and 1.79% in the non-AKI group. So, the development of 
AKI in STEMI increases mortality. This observation was 
also supported by the study of Moriyama et al.14

CONCLUSION

AKI developing in patients with acute myocardial infarction 
is associated with a higher rate of complications and in-hos-
pital mortality.
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Table 1: Distribution of patients according to development of AKI
No. of Patients Percentage

AKI 57 25.45

Non-AKI 167 74.55

Total 224 100

Table 2: Age-wise distribution of development of AKI in STEMI patients
Age in years AKI (N=57) Non-AKI (N=167) Total

No. % No. % No. %

21 – 30 0 0 5 100 5 100

31 – 40 5 25 15 75 20 100

41 – 50 10 17.25 48 82.75 58 100

51 – 60 11 17.47 52 82.53 63 100

61 – 70 22 35.49 40 64.51 62 100

>70 9 56.25 7 43.75 16 100

Mean Age 59.97 ± 10.96 (31 – 83) 53.97 ± 10.96 (25 – 81)

p-value Chi2=17.18
d.f.=5

p=0.004, HS
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Table 3: Sex distribution of development AKI in STEMI patients
Sex AKI Non-AKI Total

No. % No. % No. %

Male 41 29.93 96 70.07 137 100

Female 16 18.40 71 81.60 87 100

p-value Chi2=3.7327
P=0.053, NS

Table 4: Association of various risk factors of STEMI with AKI
Risk factors AKI Non- AKI p-value

No. % No. %

Hypertension Yes 40 26.32 112 73.68 OR=1.15
95% C.I. (0.57-2.37)

Chi2=0.19
P=0.6643, NS

No 17 23.61 55 76.39

Diabetes Yes 36 58.06 26 41.94 OR=9.29
95% C.I. (4.45-19.47))

Chi2=48.08
P<0.0001, HS

No 21 12.96 141 87.04

Alcohol Yes 6 26.09 17 73.91 OR=1.03
95% C.I. (0.32-2.95)

Chi2=0.0055
P=0.9407, NS

No 51 25.37 150 74.63

Smoking Yes 11 22.92 37 77.08 OR=0.84
95% C.I. (0.35-1.85)

Chi2=0.2061
P=0.6466, NS

No 46 26.14 130 73.86

BMI >23 30 50 30 50 OR=5.07
95% C.I. (2.50-10.25)

Chi2=26.04
P<0.0001<HS

≤23 27 16.46 137 83.54

Dyslipidemia Yes 16 27.12 43 72.88 OR=1.12
95% C.I. (0.53-2.30)

Chi2=0.11
P=0.7310, NS

N0 41 24.85 124 75.15

Figure 1: Association of various clinical parameters with AKI.
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Table 5: Comparison of Mean ejection fraction with AKI
Parameters AKI No AKI p-value

Mean SD Mean SD

EF% 38.85 6.65 44.04 5.29 <0.0001, HS

Figure 2: Distribution of patients according to the severity of AKI.

Table 6: Association of intervention and complications of STEMI with AKI
Complication and 
intervention

AKI Non-AKI p-value

No. % No. %

Thrombolysed Yes 49 28.16 152 71.84 OR=0.60
95% C.I. (0.22-1.75)

Chi2=1.18 
P=0.2778, NS

No 8 34.78 15 65.22

Cardiogenic shock Yes 33 75.00 11 25.00 OR=19.5
95% C.I. (8.1647.86)

Chi2=70.87
P<0.001, HS

No 24 13.33 156 86.67

LVF Yes 25 86.21 4 13.79 OR=31.83
95% C.I. (9.84-131.37)

Chi2=64.82
P<0.001, HS

No 32 16.41 163 83.59

AV block Yes 1 14.29 6 85.71 OR=0.48
95%C.I. (0.02-4.09)

Chi2=0.47
P=0.4910, NS

No 56 25.81 161 74.19

Arrythmia Yes 15 83.33 3 16.67 OR=19.52
95% C.I. (5.10-108.0)

Chi2=34.97
P<0.0001, HS

No 42 20.39 164 79.61

Table 7: Outcome in patients of AKI and Non-AKI
Outcome Deaths Percentage Discharge Percentage

AKI 16 28.07 41 71.93

Non-AKI 3 1.79 164 98.21

p-value OR=21.33, 95% C.I.  (5.62-117.44)
P<0.0001, HS
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Table 8: Multiple logistic Regression analysis showed independent risk factors of Acute Kidney injuries.
Risk factor Adjusted Odds Ratio 95% Confidence Interval p-value

Age in years 1.05 1.00 – 1.10 0.022, S

History of diabetes` 3.60 1.00 -12.93 0.049, S

Increased Heart Rate 1.10 1.04 – 1.17 0.001, HS

Increased RBS 1.01 1.00 – 1.02 0.037, S

Decreased Ejection fraction 3.40 1.01 – 11.41 0.047, S

Cardiogenic shock 10.53 2.83 – 39.25 <0.0001, HS

Arrythmias 12.02 1.44 – 99.94 0.021, S


