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Abstract:

Background: Acute kidney injury (AKI) is an important complication of acute myocardial infarction (AMI).
Hemodynamic deterioration, reduced cardiac output, systemic hypoperfusion, venous congestion, inflammation,
and exposure to iodinated contrast media may contribute to renal dysfunction. Killip classification provides a
rapid bedside assessment of heart failure severity in AMI and may therefore be related to the development of AKI.
Objectives: To evaluate the relationship between Killip class at presentation and development of AKI among
patients with acute myocardial infarction (AMI), including STEMI and NSTEMI, and to describe associated
clinical and renal characteristics.

Materials and Methods: This hospital-based prospective observational study included 80 adult patients with
confirmed AMI admitted to the Department of General Medicine, Katihar Medical College and Hospital, Katihar,
Bihar, between March 2024 and August 2025. Both STEMI and NSTEMI were included. Patients with pre-
existing chronic kidney disease or structural renal disease were excluded. AKI was defined according to Kidney
Disease: Improving Global Outcomes (KDIGO) criteria. Serum creatinine was recorded at admission and
reassessed at approximately 48 hours, with urine output assessed where documented. Killip class was documented
at presentation. Associations were evaluated using the Pearson chi-square test, with p<0.05 considered statistically
significant.

Results: Of 80 patients, 44 developed AKI, giving an incidence of 55.0%. The mean age of the overall population
was 58.46 years, and 46 (57.5%) were male. Killip Class I was present in 40 patients, Class II in 16, Class III in
9, and Class IV in 15. AKI occurred in 25/40 (62.5%) patients in Class I, 6/16 (37.5%) in Class II, 6/9 (66.7%) in
Class III, and 7/15 (46.7%) in Class IV. Recalculation from the study contingency table demonstrated no
statistically significant overall association between Killip class and AKI (¥*>=3.805, df=3, p=0.283). Thus, the
x*=44.000 and p<0.001 reported elsewhere in the study are not mathematically compatible with the displayed
Killip-by-AKI counts.

Conclusion: AKI occurred in more than half of patients with AMI in this cohort. Although cardiac dysfunction
remains biologically relevant to renal injury, the observed Killip-class distribution did not demonstrate a
statistically significant relationship with AKI. Larger studies with adequate representation across Killip classes
are required.
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Introduction
Acute coronary syndrome encompasses acute by heart failure, cardiogenic shock, arrhythmias, and
myocardial ischemic conditions ranging from multiorgan dysfunction. [1,2]

unstable angina to myocardial infarction. In the
present study, the enrolled population consisted
specifically of patients with STEMI and NSTEMI.
Acute myocardial infarction remains a major cause
of morbidity and mortality and may be complicated

Acute kidney injury is a particularly important
complication following myocardial infarction. Its
pathogenesis is multifactorial and includes reduced
renal perfusion secondary to diminished cardiac
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output, systemic hypotension, neurohormonal
activation, venous congestion, inflammation,
oxidative stress, and exposure to iodinated contrast
media. [3-8] Even relatively small increases in
serum creatinine after myocardial infarction have
been associated with adverse short- and long-term
outcomes. [3-5]

The Killip classification is a simple clinical system
used to categorize the severity of heart failure
following myocardial infarction. Class I denotes
absence of clinical heart failure, Class II indicates
mild-to-moderate heart failure, Class III represents
pulmonary edema, and Class IV represents
cardiogenic shock. Because increasing
hemodynamic compromise may reduce renal
perfusion, higher Killip class would theoretically be
expected to increase the likelihood of AKI. Previous
studies have identified cardiogenic shock, reduced
left ventricular ejection fraction, impaired baseline
renal function, and severe cardiac dysfunction as
important predictors of AKI. [3,5-7]

The present study evaluated the incidence of AKI
among patients with AMI and examined whether
Killip class at presentation was associated with the
development of AKI. Both STEMI and NSTEMI
patients were included, while patients with
established chronic kidney disease or structural renal
disease were excluded.

Aim: To evaluate the relationship between Killip
class and acute kidney injury among patients with
acute myocardial infarction (AMI).

Objectives

The primary objective was to compare the incidence
of AKI across Killip Classes I-IV. The secondary
objectives were:

1. To determine the overall incidence of AKI
among patients with AMI.

2. To describe renal-function parameters and
major clinical characteristics.

3. To evaluate the relationship between Killip
class and development of AKI.

4. To assess short-term in-hospital mortality
among patients with and without AKI.

Materials and Methods

Study Design and Setting: This was a hospital-
based prospective observational study conducted in
the Department of General Medicine, Katihar
Medical College and Hospital, Katihar, Bihar, India.
Patients were recruited from the Emergency
Department, Intensive Care Unit, Medicine wards,
and inpatient services of the Department of General
Medicine.

Study Duration: The study was conducted over 18
months, from March 2024 to August 2025.
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Study Population: Adult patients diagnosed with
acute myocardial infarction, including STEMI and
NSTEMI, were prospectively enrolled. Diagnosis
was established based on the clinical presentation,
12-lead electrocardiography, and cardiac
biomarkers, including troponin-I and creatine
kinase—myocardial band, according to the diagnostic
approach described in the study.

Sample Size: A total of 80 patients were included in
the study.

Sample Size Calculation: The required sample size
was estimated using a previously reported incidence
of approximately 25.1% for AKI following AMI.
Using the formula n=Z7?pq/d?, where Z=1.96 for a
95% confidence level, p=0.251, q=0.749, and
absolute precision (d)=0.10, the calculated
minimum sample size was approximately 72.2
participants. Allowing approximately 10% for
incomplete observations or attrition resulted in an
estimated sample size of approximately 79.4
participants, which was rounded to 80 participants.
Thus, 80 patients were included in the present study.

Inclusion Criteria: Patients were included if they
fulfilled all of the following criteria:

Age >18 years.

Patients of either sex.

Admission with acute myocardial infarction.
Diagnosis of either STEMI or NSTEMI.
Admission to the Emergency Department, ICU,
or Medicine wards.

6. Provision of written informed consent.

SNk W=

Exclusion Criteria
Patients were excluded if they had:

Age <18 years.

Pre-existing chronic kidney disease.
Structural kidney disease.

Refusal to provide consent.

Incomplete clinical or laboratory records.

SNh W=

Clinical Assessment: Detailed demographic and
clinical information was recorded, including age,
sex, duration of symptoms, diabetes mellitus,
hypertension, clinical evidence of heart failure, and
cardiogenic shock.

All patients underwent physical examination at
presentation and were assigned a Killip class based
on clinical findings.

Killip Class I was defined as the absence of clinical
evidence of heart failure. Class II represented mild-
to-moderate heart failure, Class III represented
pulmonary edema, and Class IV represented
cardiogenic shock.

Left ventricular function was evaluated using two-
dimensional echocardiography and reported as left
ventricular ejection fraction (LVEF, %).
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Assessment of Renal Function: Serum creatinine
was measured in mg/dL at admission and again at
approximately 48 hours. Blood urea was recorded in
mg/dL, while estimated glomerular filtration rate
(eGFR) was expressed in mL/min/1.73 m?.

Definition of Acute Kidney Injury: AKI was
defined according to KDIGO criteria as an increase
in serum creatinine by >0.3 mg/dL within 48 hours,
or an increase in serum creatinine to >1.5 times
baseline, which is known or presumed to have
occurred within the prior 7 days, or urine volume
<0.5 mL/kg/h for 6 hours. The diagnosis of AKI was
therefore based on the available serum creatinine
and urine-output data during hospitalization.

Outcome Measures: The primary outcome was the
development of AKI during hospitalization. The
principal exposure variable was Killip class at
presentation.

Secondary outcomes included:

e  Renal-function characteristics
e Cardiac dysfunction

e-ISSN: 0976-822X, p-ISSN: 2961-6042

e Five-day in-hospital mortality
e Other clinically documented complications

Statistical Analysis: Categorical variables were
expressed as frequencies and percentages.
Continuous variables available from the study were
summarized as mean values with appropriate units.
The relationship between Killip class and AKI was
evaluated using the Pearson chi-square test based on
the reported 4x2 contingency table. A two-sided p
value <0.05 was considered statistically significant.
The Killip-class counts were independently
recalculated from the displayed contingency table
rather than reproducing the inconsistent summary
statistic reported elsewhere in the source material.
The recalculated Pearson chi-square statistic was
¥*=3.805 with 3 degrees of freedom and p=0.283.

Ethical Considerations: The study was initiated
after approval from the Institutional Ethics
Committee of Katihar Medical College and
Hospital. Written informed consent was obtained
from all participants.

Result

e LVEF
Figure 1. Acute Kidney Injury Incidence According to Killip Class
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Figure 1. Acute Kidney Injury Incidence According
to Killip Class. Bar graph showing the incidence of
AKI across Killip Classes I-IV. AKI occurred in
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25/40 (62.5%) patients with Class I, 6/16 (37.5%)
with Class II, 6/9 (66.7%) with Class III, and 7/15

(46.7%) with Class IV.
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Distribution of Killip Class According to AKI Status
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Figure 2. Distribution of Killip Class According to
Acute Kidney Injury Status. Grouped bar graph
showing the distribution of Killip Classes -1V
among patients who developed AKI (n=44) and
those who did not develop AKI (n=36). The
corresponding frequencies were 25, 6, 6, and 7 in the
AKI group and 15, 10, 3, and 8 in the non-AKI
group, respectively. Pearson ¥*=3.805, df=3,
p=0.283, indicating no statistically significant
association between Killip class and AKI.

Baseline Characteristics: A total of 80 patients
with confirmed AMI were included in the study. Of

these, 44 developed AKI, corresponding to an
overall AKI incidence of 55.0%, while 36 (45.0%)
did not develop AKI.

The mean age of the study population was 58.46
years. There were 46 males (57.5%) and 34 females
(42.5%).

Diabetes mellitus was present in 22/44 (50.0%)
patients in the AKI group and 16/36 (44.4%)
patients in the non-AKI group. Hypertension was
present in 19/44 (43.2%) and 16/36 (44.4%),
respectively.

Table 1: Selected Characteristics of the Study Population

Variable Finding
Total participants 80

Mean age 58.46 years
Male 46 (57.5%)
Female 34 (42.5%)
AKI developed 44 (55.0%)
AKI not developed 36 (45.0%)
Diabetes in AKI group 22/44 (50.0%)
Diabetes in non-AKI group 16/36 (44.4%)
Hypertension in AKI group 19/44 (43.2%)
Hypertension in non-AKI group 16/36 (44.4%)

Renal Function Parameters: The mean admission
serum creatinine was 1.132 mg/dL in the AKI group
and 1.254 mg/dL in the non-AKI group. At
approximately 48 hours, the corresponding mean
serum creatinine values were 1.481 mg/dL and
1.716 mg/dL, respectively.

Mean blood urea was 57.59 mg/dL in the AKI group
and 61.28 mg/dL in the non-AKI group, while mean
eGFR was 67.82 and 58.22 mL/min/1.73 m?,
respectively.
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These reported values have been retained from the
source study. However, the higher 48-hour mean
serum creatinine in the group labelled “non-AKI”
should be verified against the original patient-level
data before journal submission because AKI
classification is based on change from baseline
rather than the absolute creatinine concentration
alone.
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Table 2: Renal Function Parameters According to AKI Status

Parameter AKI group (n=44) Non-AKI group (n=36)
Serum creatinine at admission, mg/dL 1.132 1.254
Serum creatinine at 48 h, mg/dL 1.481 1.716
Blood urea, mg/dL 57.59 61.28
eGFR, mL/min/1.73 m? 67.82 58.22

Relationship Between Killip Class and Acute
Kidney Injury: Among the 44 patients who
developed AKI, 25 were Killip Class I, 6 were Class
II, 6 were Class III, and 7 were Class I'V.

Among the 36 patients who did not develop AKI, 15
were Killip Class I, 10 were Class II, 3 were Class
III, and 8 were Class IV.

Table 3: Relationship Between Killip Class and Development of AKI

Killip class | AKI developed n (%) | AKI not developed n (%) | Tota | AKI incidence within class
1
I 25 (56.8) 15 (41.7) 40 62.5%
11 6 (13.6) 10 (27.8) 16 37.5%
111 6 (13.6) 3(8.3) 9 66.7%
v 7(15.9) 8(22.2) 15 46.7%
Total 44 (100) 36 (100) 80 55.0%
Pearson »*=3.805; df=3; p=0.283.
There was no statistically significant relationship From a pathophysiological perspective, an

between Killip class and development of AKI in this
cohort.The pattern was not monotonic. AKI
incidence was 62.5% in Class I, 37.5% in Class II,
66.7% in Class III, and 46.7% in Class IV.
Therefore, the available data did not demonstrate a
progressive increase in AKI incidence with
worsening Killip class.

Short-Term Mortality: Nine deaths occurred
among the 44 patients with AKI and six deaths
occurred among the 36 patients without AKI. Thus,
five-day mortality was 20.5% in the AKI group
compared with 16.7% in the non-AKI group.The
difference was modest and should not be interpreted
as statistically significant without an appropriate
statistical test.

Discussion

The present prospective observational study
evaluated the relationship between Killip class and
AKI in 80 patients with AMI. AKI developed in 44
patients, yielding an overall incidence of 55.0%.

The incidence of AKI observed in this study was
substantial. Previous investigations  have
demonstrated that AKI is a clinically important
complication of AMI, although reported incidence
varies according to patient characteristics, baseline
renal function, diagnostic criteria, timing of
creatinine assessment, hemodynamic status, and
treatment-related factors. [3-5,13-15]

The principal finding of the present study was that
Killip class was not significantly associated with
AKI after correct reanalysis of the reported
contingency table. The Pearson chi-square statistic
was 3.805 with 3 degrees of freedom and a p value
0f 0.283.
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association between severe cardiac dysfunction and
AKI is plausible. Cardiogenic shock and acute heart
failure may reduce renal perfusion pressure, increase
venous congestion, activate the sympathetic
nervous system and renin—angiotensin—aldosterone
system, and contribute to renal ischemia. [3,5-7]
Reinstadler et al. reported an association between
AKI following myocardial infarction and
myocardial microvascular injury. [3] Other studies
have also identified severe cardiac dysfunction and
hemodynamic compromise as important
contributors to renal injury following AMI. [5-7]

Nevertheless, a biologically plausible relationship
does not necessarily result in a statistically
significant association in every cohort. In the present
sample, Killip Class III had the highest within-class
AKI incidence at 66.7%, whereas Class IV had an
incidence of 46.7%. Interestingly, Class I also
demonstrated a relatively high AKI incidence of
62.5%.

This irregular distribution prevented demonstration
of a dose-response relationship between increasing
Killip class and AKI.

Several factors may explain this finding. First, the
overall sample size was relatively small, with only
nine patients in Killip Class III and 15 in Class IV.
The small numbers within individual Killip
categories reduce statistical power to identify
differences between groups.

Second, AKI following AMI is multifactorial.
Factors such as age, diabetes mellitus, baseline renal
reserve, volume status, contrast exposure,
nephrotoxic medications, inflammation, reperfusion
injury, and hemodynamic instability may all
contribute to renal dysfunction. [4-8]
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Third, Killip class represents the clinical
cardiovascular status at a specific point in time and
may change during hospitalization. Consequently, a
single Killip-class assessment may not completely
capture subsequent hemodynamic changes.

The overall AKI incidence of 55.0% in the present
study was clinically important. Previous studies
have consistently demonstrated that AKI following
AMI is associated with adverse short-and long-term
outcomes. [4,5,13-15] Skalsky et al. reported that
recovery from AKI following AMI has important
implications for long-term prognosis, while Kosaki
et al. demonstrated the prognostic importance of the
timing of AKI onset. [13,14] Chalikias et al.
similarly reported an adverse long-term impact of
AKI following myocardial infarction. [15]

The study recorded five-day mortality in 9 of 44
patients with AKI compared with 6 of 36 patients
without AKI. Although mortality was numerically
higher among patients with AKI, the difference was
modest and the available sample was insufficient to
establish a statistically significant association.

The renal biochemical findings warrant careful
interpretation. The reported mean serum creatinine
was higher in the non-AKI group at both admission
and 48 hours. Because AKI classification is based on
a rise from baseline and/or reduced urine output
rather than solely on an absolute serum creatinine
value, this pattern is theoretically possible.
Nevertheless, the reported values and group labels
should be verified against the original dataset before
submission to ensure that no data-entry or
classification error is present.

The present findings also emphasize that renal
monitoring should not be restricted to patients with
advanced heart failure. The relatively high AKI
incidence observed even among Killip Class I
patients indicates that patients without overt clinical
heart failure may also develop AKI after AMI.

Strengths: The prospective observational design
allowed serial assessment of renal function
following AMI.

The study included both STEMI and NSTEMI
patients encountered in routine tertiary-care
practice.

AKI was defined using recognized KDIGO criteria,
incorporating both serum creatinine and urine-
output criteria.

The principal statistical analysis was recalculated
directly from the reported Killip-by-AKI
contingency table rather than reproducing an
internally inconsistent summary statistic.

Limitations: The study was conducted at a single
tertiary-care center and included only 80
participants. The relatively small numbers in Killip
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Classes II-IV limited statistical power and
precision.

The study was conducted exclusively in patients
with acute myocardial infarction (STEMI and
NSTEMI); therefore, the findings should not be
generalized to the entire spectrum of acute coronary
syndrome, including unstable angina.

Other potential determinants of AKI, including
baseline renal reserve, contrast volume, detailed
hemodynamic  parameters, nephrotoxic drug
exposure, and changes in Killip class during
hospitalization, ~were not comprehensively
evaluated.

The renal-function data also require verification
against the original patient-level dataset, particularly
the reported 48-hour serum creatinine values in the
AKI and non-AKI groups.

Conclusion

Acute kidney injury occurred in 44 of 80 patients
(55.0%) with acute myocardial infarction in this
prospective observational study at Katihar Medical
College and Hospital.

Based on the reported Killip-by-AKI contingency
table, Killip class was not significantly associated
with the development of AKI (¥*>=3.805, df=3,
p=0.283).

AKI incidence was 62.5%, 37.5%, 66.7%, and
46.7% in Killip Classes I, II, II, and IV,
respectively, demonstrating no consistent increase in
AKI with worsening Killip class.

Therefore, the study does not support Killip class as
an independent or progressively increasing predictor
of AKI based on the available data. Renal injury
after AMI is likely multifactorial, and larger
adequately powered studies incorporating baseline
renal function, LVEF, hemodynamic variables,
contrast exposure, and treatment characteristics are
required.

Clinical Implications: Killip classification remains
valuable for bedside assessment of hemodynamic
severity after AMI, but it should not be used alone
to determine AKI risk.

Renal-function monitoring should be performed
across all Killip classes, including patients classified
as Killip Class I.

Serial serum creatinine measurement and
monitoring of wurine output, optimization of
intravascular volume and hemodynamics, avoidance
of unnecessary nephrotoxic medications, and careful
use of contrast media remain important components
of AKI prevention and management in patients with
AML.
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Abbreviations

AKI — Acute Kidney Injury

AMI — Acute Myocardial Infarction

CK-MB - Creatine Kinase-Myocardial Band
ECG — Electrocardiogram

eGFR — Estimated Glomerular Filtration Rate
ICU — Intensive Care Unit

KDIGO - Kidney Disease: Improving Global
Outcomes

LVEF — Left Ventricular Ejection Fraction NSTEMI
— Non-ST-Elevation Myocardial Infarction PCI —
Percutaneous Coronary Intervention

STEMI — ST-Elevation Myocardial Infarction
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