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Abstract: The article examines the issues of early detection of acute kidney injury in the acute
phase of myocardial infarction, and a comparative analysis of NGAL, KIM-1 and cystatin C
indicators is carried out. ROC analysis showed that NGAL (AUC=0.84, p<0.001) and KIM-1
(AUC=0.81, p<0.001) were 0.81, which was the second most significant change after NGAL.
Cystatin C (AUC=0.81, p<0.001) was highly significant in acute kidney injury, but its sensitivity
and specificity were low compared with NGAL.
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Introduction

Acute kidney injury is one of the complications of myocardial infarction and, according to some
literature, is observed in 10-60% of patients [3,5]. The addition of renal dysfunction significantly
worsens the course of myocardial infarction, increases the risk of death and increases the cost of
treatment. [1].

The development of acute renal failure in myocardial infarction is associated with a decrease in
perfusion and filtration in the kidneys as a result of a decrease in cardiac output [6]. At the same
time, damage to the renal tubules further complicates the process [7].

As is known, creatinine is widely used to detect it. However, for a number of reasons (patient
age, gender, muscle mass, etc.), it does not allow for early diagnosis of changes in the functional
state of the kidneys. Therefore, in recent years [12], the use of highly sensitive specific
biomarkers has made it possible to detect changes in the kidneys early [4,9]. However, their
diagnostic criteria have not been studied in detail so far.

As is known, myocardial infarction, which is one of the clinical forms of acute myocardial
infarction, occurs suddenly, its symptoms are well studied, and standards for the treatment of
various clinical forms have been created. In this case, it is important to study the risk factors
leading to it and the damage to other internal organs in this serious disease [23].

Acute kidney injury is a serious complication of myocardial infarction and, according to
literature data, is observed in 10-60% of cases. Its addition leads to a more severe course of the
disease, an increased risk of death, and increased efforts for treatment [1].

Recent studies have shown that acute kidney injury following myocardial infarction is a risk
factor for both immediate and long-term adverse outcomes. The 10-year mortality rate from
myocardial infarction in mild acute kidney injury is 15%, in moderate acute kidney injury 23%,
and in severe acute kidney injury 33% [7].
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In order to standardize the diagnosis of acute kidney injury and assess its severity, the Acute
Dialysis Quality Initiative (ADQI) group (2004) recommended the RIFLE (Risk Injusy Failure
Loss, End-stage renal disease) classification system [17].

In 2007, this classification was simplified, and in its simpler form, acute kidney injury was
divided into three stages, and the duration of diagnosis was extended to 48 hours. The criteria
were later called the Acute Kidney Injury Network (AKIN) [18].

Therefore, the study of markers confirming acute kidney injury is of great practical importance.
Biological markers are used in practice to assess the risk of developing the disease or its
diagnosis, and to assess the effectiveness of treatments [19].

As is known, the most widely used biomarkers in practice are blood creatinine levels and
albuminuria. Although they indicate the progression of renal dysfunction, changes are observed
in the late stages of this complication. [22].

In recent years, cystatin-C has become a widely used biomarker for the assessment of renal
dysfunction, along with glomerular filtration rate. This protein consists of 122 amino acids, has a
molecular weight of 13 kDa, and is an inhibitor of cysteine proteases. Cystatin-C is present in all
body fluids, including urine [20], and its stability protects the body from uncontrolled
proteolysis. Unlike creatinine, cystatin-C production is not dependent on a number of factors,
including age, sex, tumor growth, excess muscle mass, and inflammation. However, some
studies have shown that its high levels are also associated with male gender, height, and excess
body weight [16]. Cystatin-C diffuses into the tubule lumen and is completely metabolized in its
proximal part. Therefore, it can be concluded that its blood level is inversely proportional to
glomerular filtration rate.

Available data suggest that the use of creatinine in parallel with cystatin-C in the diagnosis of
renal dysfunction is appropriate. The Epidemiology of Kidney Disease (CKD-EPI) has
conducted studies on the diagnostic value of the combination of creatinine and cystatin-C when
the eGFR is less than 60 ml/min/1.73 m2 [24].

When eGFR is measured together with creatinine and cystatin-C, the risk of death from all
causes, including cardiovascular disease, increases in parallel when the value is less than 85
ml/min/1.73 m2 [25].

Therefore, studies show that estimation of glomerular filtration rate using cystatin-S and
creatinine is reliable in diagnosing renal dysfunction. Also, blood creatinine, cystatin-C values,
and urine albumin-to-creatinine ratio risk stratification and more clearly confirm the
development of renal failure [27].

Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kDa protein consisting of 128 amino
acids. In biological fluids, NGAL is mainly found in the monomeric form. In animals with
ischemic nephrotoxic acute renal failure, elevated levels of this protein were detected in their
serum and urine. Therefore, NGAL has been considered a primary biomarker of ischemic kidney
damage. This protein is mainly produced in the ascending limb of the renal tubule of Henle and
the collecting ducts [28].

Currently, NGAL is not only a reliable marker of acute kidney injury, but also has been shown to
be important in the diagnosis of SCD in experiments conducted in two types of rats [26]. It has
also been shown to increase in the blood of patients with rapidly developing SCD [14]. In
addition, elevated levels of NGAL in the blood and urine have been found in several other
kidney diseases, including IgA nephropathy, autosomal polycystic kidney disease, and diabetic
nephropathy [15].

KIM-1 is a transmembrane lipoprotein with a molecular weight of 90 kDa and contains
extracellular mucin and immunoglobulin domains. Its levels are unchanged in normally
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functioning kidneys but are elevated in the proximal tubules after ischemia. The extracellular
domain of KIM-1 is readily detected in the urine shortly after ischemic kidney injury [13].

In rats, KIM-1 depletion from renal epithelial cells causes interstitial inflammation with fibrosis,
leading to death, anemia, proteinuria, hyperphosphatemia, and hypertension. This finding may
provide a useful insight into the mechanisms underlying human kidney disease [21].

Therefore, the persistent production of KIM-1 is a sign of the development of renal fibrosis, a
mechanical connection between acute and chronic damage, and an increase in SCC. Although in
retrospective observation of patients with proteinuria associated with diabetes mellitus, elevated
urinary KIM-1 levels were noted, they normalized after taking angiotensin-converting enzyme
inhibitors or a low-salt diet. This confirms that this lipid protein may play an important role in
assessing the effectiveness of treatment [10,11].

Although a number of studies have been conducted in recent years on the importance of the
above-mentioned biochemical markers in the early detection of renal dysfunction in the acute
period of myocardial infarction, they have not been studied in a comparative manner. Troponins,
which are considered important diagnostic markers of myocardial infarction, are reported in the
literature to be altered not only in this disease, but also in a number of other pathological
conditions, including nephropathies. From this point of view, the study of the relationship
between troponin and other markers of renal dysfunction is of great practical importance.

Obijectives of the study: Comparative study of changes in renal glomeruli and tubules in the
acute period of myocardial infarction using cystatin-C, neutrophil gelatin-associated lipocalin-
NGAL and kidney damage molecules - KIM-1.

Materials and methods

Based on the set goals and objectives, our study involved 60 patients diagnosed with acute
myocardial infarction treated in the cardioresuscitation department of the Multidisciplinary
Clinic of the Tashkent Medical Academy in 2024 - the main group, and 30 patients treated in the
cardiology department and diagnosed with stable angina pectoris of functional classes Il1-1V -
the control group. The main group of patients consisted of 38 (63.3%) men and 22 (36.7%)
women. The average age was 60.5+7.4. The control group included 16 men and 14 women, and
their average age was 63.6+5.9 years.

The main group of patients was also divided into two subgroups based on electrocardiographic
changes. The first group consisted of 32 patients with electrocardiographic S-T segment
elevation, and their average age was 57.4+3.68. Of these, 23 were men and 9 were women. The
second group consisted of 28 patients with no electrocardiographic ST-segment elevation, with a
mean age of 63.8+2.87 (13 women, 15 men). Patients were prescribed standard treatment for
acute myocardial infarction (antiischemic, ACE inhibitor or sacubitril/valsartan, B-blockers,
statin, antiplatelet agents, anticoagulants).

The control group included 30 patients with stable angina pectoris functional class I11-1V. This
group of patients received standard treatment for ischemic heart disease.

Determination of laboratory parameters. Complete blood count. The main part of the complete
blood count was performed on the “Mythic-22” Orphee, (Switzerland) hematological analyzer. It
determined the hemoglobin content, erythrocyte, leukocyte, platelet, and hematocrit indices. The
leukocyte formula was stained with the Romanovsky-Giemza method and counted under a
“BAUSCH-LOMB” (Russia) microscope. Erythrocyte sedimentation rate was determined by
Panchenko's apparatus in a 100 mm tube with blood mixed with 5% sodium citrate solution.

Blood biochemical parameters - serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), bilirubin, glucose, urea, creatinine, total protein, potassium, sodium,
blood lipid spectrum analysis were performed on a Mindry BA-88 biochemical analyzer using
reagents from the Human company (Germany). Serum cystatin C levels were determined using
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an ELISA method on a semi-automatic Mindray MR 96A device. Detection range: 0.313-20
ng/ml, Sensitivity: 0.188 ng/ml.

Serum NGAL levels were determined using the ELISA method on a semi-automatic Mindray
MR 96A device. Detection range: 0.313-20 ng/ml, Sensitivity: 0.188 ng/ml.

Serum NGAL levels were determined using the ELISA method on a semi-automatic Mindray
MR 96A device. Detection range: 0.156-10 ng/ml, Sensitivity: 0.094 ng/ml.

Results and Discussions

It is known that among cardiovascular diseases, myocardial infarction stands out from other
diseases by its acute onset and multiple complications. Especially in patients with ST-segment
elevation (STEMI) and non-ST-segment elevation (NSTEMI) myocardial infarction, if acute
kidney injury is not detected in time, this condition can lead to a sharp deterioration in their
general condition. As we noted above, in recent years, the importance of biomarkers such as
NGAL, KIM-1 and Cystatin-C in the diagnosis of acute kidney injury in medicine has been
increasing. The main advantages of these biomarkers are that their levels increase in serum or are
excreted in urine at early stages of kidney damage, that is, before creatinine levels. Taking the
above into account, we studied the levels of NGAL, KIM-1 in urine and Cystatin-C in serum in
patients with myocardial infarction. The results are presented in Table 1 below.

Table 1.Changes in laboratory indicators of kidney dysfunction in patients with acute
myocardial infarction

No ST .
. with ST segment segment Control P (difference
Ne Indicators . _ ) group, between groups
elevation, n=32 elevation, _
_ n=30 1and 2)
n=28
P10<0.01
1 NGAL, ng/mi 483.1+£34.57 315.3+32.5 124.7+21.8 P13<0.001
P2.3<0.001
P1-2<0.001
2 KIM 1, ng/mi 4.363+0.147 2.713£0.089 2.1+0.1 P1-3<0.001
P».3<0.01
P1.2<0.01
3 | Cystatin C, mg/I 1.318+0.034 1.157+0.034 1.3+0.04 P1.3>0.05
P,3<0.01

As shown in the table, the level of NGAL (lipocaine 2) in urine in patients with myocardial
infarction with S-T segment elevation was 483.1+34.57 ng/ml and in those without S-T
elevation, it was 315.3£32.5 ng/ml. When comparing them, a significant (P<0.01) statistical
difference was found. KIM-1 indicators were 4.363+0.147 ng/ml in the first group and
2.713+0.089 ng/ml in the second group, with a high (P<0.001) significant difference between
them.

Serum Cystatin C indicators were 1.318+0.034 mg/l and 1.157+0.034 mg/l, respectively, with a
significant (P<0.01) difference. In order to assess the degree of acute kidney injury in both
groups, glomerular filtration rate, calculated by serum cystatin-C, was also evaluated. In patients
with S-T segment elevation, glomerular filtration rate was 62+3.6 ml/min per 1.72 m2 of body
surface area and in patients without S-T segment elevation, it was 70.5+4.2 ml/min per 1.72 m2
of body surface area. When comparing them, no statistically significant differences were found.
In the control group, the level of NGAL in urine was 124.7+21.8 ng/ml, KIM 1 indicators were
2.1+0.1 ng/ml, and serum Cystatin C was 1.3£0.04 ng/ml. The high levels of cystatin C in this
group of patients may be associated with the higher incidence of chronic kidney disease in these
patients.
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In addition, in order to predict the occurrence, severity, and outcome of acute kidney injury in
patients with myocardial infarction, we evaluated the relationship between troponin, which is
generally recognized as its main marker in serum, and markers of acute kidney injury using
correlation and regression analyses. Figure 1 below shows the correlation between troponin and
NGAL in patients with acute myocardial infarction.

Troponin 1 NGAL (ng/mL)

=0.7; p<0.05
160 | r=0.7; p<0.05

140
120}

100}

NGAL (ng/mL)

60 |

40' A A A A 4

3.5 2.0 2.5 5.0 5.5 6.0 6.5 7.0
Troponin (ng/mL)

Figure 1. Correlation between troponin levels and NGAL in patients with acute myocardial
infarction.

As shown in the figure, a strong positive correlation was found between serum troponin levels
and NGAL (r=0.7, p<0.05). This relationship suggests that elevated troponin levels are an
indirect marker of acute kidney injury.

In the next step, the correlation between KIM-1 levels and troponin in our patients was analyzed
and is presented in Figure 2.
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Figure 2. Correlation between troponin and KIM-1 levels in patients with myocardial infarction.
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As shown in this figure, a moderately strong positive correlation was observed between troponin
indicators and KIM-1 (r=0.6, p<0.05). The obtained result confirms the increase in KIM-1,
which is considered one of the markers of acute kidney injury in the urine, in parallel with
troponin indicators.

It is known that numerous studies have confirmed that cystatin C is a reliable marker of kidney
injury and that the calculated glomerular filtration rate determined by it is of great importance in
assessing the functional state of the kidneys. From this point of view, it is of practical importance
to study the relationship between troponin levels in the blood and cystatin-C in the detection of
renal dysfunction. Taking this into account, we studied the relationship between these two
markers and presented in Figure 3.
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Figure 3. Correlation between troponin levels and cystatin C in patients with myocardial
infarction.

A moderately strong positive correlation was observed between serum cystatin-C and troponin
(r=0.65, p<0.001) in patients with myocardial infarction. This indicates that elevated serum
troponin levels exacerbated existing renal dysfunction in patients as a result of hypoxia resulting
from myocardial infarction.

Taking the above into account, we conducted a ROC analysis to determine the reliability of the
studied markers in diagnosing acute kKidney injury. The results are presented in Figure 4.

As shown in the figure, the ROC analysis revealed that NGAL (AUC=0.84, p<0.001) was the
most reliable marker for acute kidney injury in patients with myocardial infarction. In this
analysis, KIM-1 (AUC=0.81, p<0.001) was second only to NGAL, with a significant change of
0.81. Cystatin C (AUC=0.81, p<0.001) was found to have a high significance in acute kidney
injury, but its sensitivity and specificity were low compared to NGAL.
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Figure 4. Comparative analysis of studied biomarkers in the diagnosis of acute kidney injury in

myocardial infarction.

Conclusion

A slight increase in the above-mentioned markers in patients with myocardial infarction
indicates a high probability of developing acute kidney injury. Indeed, the kidneys are the most
commonly affected target organ in patients with acute myocardial infarction. The results we have
found in our study confirm this. In this group of patients, the presence of any concomitant
diseases accelerates the process in the kidneys and leads to the development of acute kidney
injury. Therefore, the detection of the above-mentioned markers in the acute period of the
disease requires dynamic monitoring of the functional state of the kidneys and the
implementation of nephroprotective therapy.
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