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ARTICLE INFO ABSTRACT

Received: Sep 18,2024  About 30% to 60% of critical patients have acute kidney injury. ICU patients
have shown a significant rise in mortality rates exceeding 50% due to the
Accepted: Nov 23,2024  combination of acute kidney injury and multiorgan failure. Detecting and
intervening in acute kidney injury early is essential for improving patients’

Keywords outcomes. The current method of diagnosing acute kidney injury relies on
UKIM-1 elevated serum creatinine levels and reduced urine output, which have limited
Serum Lactate  accuracy. Alternative biomarkers, such as urinary Kidney Injury Molecule-1
Acute  Renal Injury (uKIM-1) and serum lactate, show potential for identifying acute kidney injury
Critical Patient sooner. The aim of this study was to evaluate the efficiency of using uKIM-1

biomarker in the early detection of acute kidney injury in critically ill patients
*Corresponding Author in the intensive care unit, instead of depending on serum lactate levels.

Observational analytical studies with analytical research design with cross-

kashiameta@gmail.com  sectional design were conducted to evaluate the potential for early diagnosis of
acute kidney injury using the biomarker uKIM-1, compared to serum lactate
levels, in critical patients in the ICU. Difference test using Mann-Whitney and
correlation test using Spearman test. Analysis of uKIM-1 against creatinine
delta was associated (r=0.433; p=0.002). Analysis of lactate levels against delta
creatinine was associated (r = 0.676; p<0.001). The examination of the
difference in mean between uKIM-1 and the occurrence of AKI showed a
significant variation (p = 0.004). Analysis of the average difference test between
lactate levels and AKI events was significantly different (p< 0.001). In the ROC
test, lactate levels were found to have an AUC of 0.875 with a sensitivity of
93.9% and specificity of 82.4%, and uKIM-1 had an AUC of 0.756 with a
sensitivity of 72.7% and specificity of 70.6%. In critical patients in the ICU, the
levels of uKIM-1 and lactate can serve as useful tools for the initial diagnosis of
AKI. These results are expected to be used as a reference to provide early
intervention for AKI patients in the ICU.

INTRODUCTION

Acute kidney injury (AKI) is a prevalent and severe health issue in critically ill patients, often leading to
higher rates of illness and death (Hoste et al., 2018). Approximately 30% to 60% of critical patients have
acute kidney injury. The combination of acute kidney injury and multiorgan failure is linked to a mortality
rate of over 50% in patients admitted to the ICU (Mohsenin, 2017). Prompt identification and prompt
treatment of acute kidney injury is crucial in improving patient results and reducing mortality rates.

So far, the accepted method for diagnosing acute kidney injury has been through high levels of serum
creatinine and reduced urine production. In 2012, Kidney Disease: Improving Global Outcomes (KDIGO)
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issued guidelines that align with these standards (Ostermann et al., 2020). Both tests have limited
accuracy in detecting acute kidney injury and might not provide a precise indication of the immediate
deterioration in kidney function (Ricci & Romagnoli, 2018). There is a pressing need for improved
diagnostic tools, like biomarkers, to detect acute kidney injury earlier. By identifying kidney damage
sooner, interventions can be implemented promptly to halt the advancement of kidney damage and
decrease the risks of morbidity and mortality for patients (Wai et al., 2013; Xiao et al., 2022).

Some promising biomarkers for early diagnosis of acute kidney injury are urinary Kidney Injury Molecule-
1 (uKIM-1) and serum lactate (Xiao et al.,, 2022). A number of researches have pinpointed uKIM-1 as a
biomarker that is better at predicting and detecting acute kidney injury in its early stages, both in
experimental models and human kidney disease (Bonventre, 2008; Huang & Craig Don-Wauchope, 2011;
Waanders et al., 2010). One key benefit of uKIM-1 is that it shows high levels during the initial phases of
acute kidney injury, enabling prompt action in treating acute kidney injury, sometimes even before serum
creatinine levels increase (Kashani et al., 2017; Parikh et al., 2006)

Hemodynamic instability in critically ill patients can trigger anaerobic metabolism, resulting in lactic
acidosis and hyperlactatemia, so serum lactate levels are a commonly used marker to assess tissue
hypoperfusion (Gutiérrez et al., 2020; Yan et al., 2021). In individuals experiencing serious illnesses, high
levels of lactate can be a useful predictor of outcomes, as research has indicated a higher likelihood of
severe sickness in those with elevated lactate levels. Nevertheless, there is alack of research on how serum
lactate levels correlate with acute kidney damage in critically ill patients (Junior et al.,, 2016; Nasu et al.,
2021; Radovic et al., 2019; Yan et al,, 2021). Data regarding the use of uKIM-1 and serum lactate levels as
early diagnostic markers for acute kidney injury is currently inadequate. There have been no studies done
to assess how well the biomarker uKIM-1 compares to serum lactate levels in diagnosing acute kidney
injury in critical patients. This study aims to investigate the effectiveness of uKIM-1 in early detection of
acute kidney injury in ICU patients in contrast to relying on serum lactate levels. The primary objective of
this research was to evaluate the accuracy and efficiency of the biomarkers uKIM-1 and serum lactate in
predicting acute kidney injury in critically ill patients.

LITERATURE REVIEW
Acute Kidney Injury in Critical Patients

In clinical and epidemiologic studies, the criteria for defining acute kidney injury have changed over time.
The most up-to-date and preferred definition and scoring system comes from the Kidney Disease:
Improving Global Outcomes (KDIGO) organization. (Kellum et al., 2012). Other factors to consider include
Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease (RIFLE) as well as a revised
edition developed by the Acute Kidney Injury Network (AKIN) and various other organizations (Chawla
etal, 2017; Kellum et al., 2012; Mehta et al,, 2007). The gold standard definition according to the KDIGO
criteria emphasizes the importance of kidney function over kidney damage. This means that there may be
"false positives," where acute kidney injury is detected despite only mild or "subclinical" damage, and
"false negatives." Prerenal acute kidney injury refers to a situation where a temporary decrease in kidney
function occurs, usually as a result of low blood pressure, without the detection of acute kidney injury.

Kidney Injury Molecule-1 (KIM-1)
KIM-1 Biology

KIM-1 is a protein present in the kidney that has a significant impact on both the damage and healing
processes of the kidney (Bailly et al., 2002). Typically, KIM-1 levels are minimal in both the kidney and
other body organs. Nevertheless, in instances of kidney damage, specifically following ischemia-
reperfusion injury, there is a notable surge in KIM-1 expression (Ichimura et al., 1998). Proximal tubule
cells in the kidney are the primary location where KIM-1 is upregulated (Won K Han et al,, 2002).
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Role of urinary KIM-1 in acute Kidney injury

Studies investigating the effectiveness of KIM-1 as a biomarker have generated contradictory results. KIM-
1 has shown to be a dependable marker for detecting acute kidney injury in patients suffering from
congestive heart failure. Individuals with high levels of uKIM-1 are more likely to experience death or
require hospitalization, regardless of their kidney function estimates (Ghatanatti et al., 2014). A research
study focused on identifying indicators of sudden kidney damage in urine following heart surgery found
that the combination of KIM-1 and IL-18 had an AUC of 0.92, outperforming other markers (Hall et al,,
2011). Hazle and colleagues' research showed that KIM-1 was not effective as a prognostic marker for
children, in contrast to what previous studies found. It was discovered that urinary KIM-1 was not effective
in differentiating between patients who experienced positive outcomes and those who had negative
outcomes, resulting in its exclusion from additional examination (Hazle et al., 2013).

Serum Lactate

Utilizing serum lactate as a diagnostic tool can help identify issues with tissue perfusion and organ
function. Elevated levels of lactate can result from an increase in production and a decrease in
consumption, leading to hyperlactasemia. Elevated lactate levels indicate an oxygen imbalance between
supply and demand, making it a reliable marker for overall and localized perfusion issues (Zhu et al,,
2021). A high lactate level on admission indicates tissue hypoxia due to hemodynamic disturbances and
thus may be a sign of inadequate renal perfusion (Bakker et al., 2020). Nevertheless, the levels of lactate
in the arteries after therapy and the rate at which lactate is cleared from the body may indicate how the
patient's circulation is improving.

Conceptual Framework

An abrupt decline in kidney function that occurs within a week is referred to as acute kidney injury. The
onset of this condition can be influenced by various elements, including individual characteristics like age
and existing medical issues, environmental exposures such as sepsis, shock, contrast agents, cardiac
surgery, and nephrotoxic drugs, as well as medical interventions such as early diagnosis, drug dose
adjustment, hemodynamic support, and avoidance of nephrotoxic drugs. In literature, acute kidney injury
is often categorized into three main groups known as prerenal, intrinsic, and postrenal causes.

Acute kidney injury is a process that develops gradually and can be divided into different stages of severity.
This process begins with ischemia, an increased risk of cell damage (injury) mainly to the renal tubules,
followed by a decline in Glomerular Filtration Rate (GFR), elevated levels of serum creatinine, and
decreased output of urine. However, the injury actually begins before the loss of excretory function or
decrease in GFR, and this can be detected through the measurement of biomarkers, such as uKIM-1 and
serum lactate.

uKIM-1 is a biomarker of KIM-1 that is excreted in the urine. uKIM-1 is mainly found in the inner lining of
proximal tubules that have lost differentiation, especially in areas with fibrosis and inflammation. Once
injury occurs, KIM-1 may appear in the urine immediately. uKIM-1 could be used as a biomarker for the
early detection of CGA, suggesting its potential in this area.

Acute kidney injury occurs when there is a decrease in the amount of blood reaching the kidney, leading
to a deprivation of oxygen to the cells (Christin et al., 2023). Hypoxia during this condition inhibits oxygen
supply to Krebs cycle reactions, reduces ATP production, and increases glycolysis. This ultimately impairs
the ability of the liver and kidneys to excrete waste, thus causing lactate buildup in the bloodstream.
Lactate is a universal indicator of inflammatory processes. Surprisingly, before acute kidney injury
develops, this phenomenon occurs and indicates that serum lactate may be a useful marker for identifying
the condition in its initial phases. People who experience abrupt kidney failure are at a higher risk of
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developing chronic kidney issues in the future, which could potentially advance to End-Stage Renal
Disease (ESRD) and potentially lead to fatality due to related health issues.

Research Hypotheses

1. There is an association between urinary KIM-1 and acute Kidney injury in critical patients.

2. There is a relationship between serum lactate and acute kidney injury in critical patients.

3. There is a difference in diagnostic value between uKIM-1 and serum lactate in critical patients with

acute kidney injury.
RESEARCH METHOD

This research involved observing and analyzing data, utilizing a research design focused on analysis and
cross-sectional observations. The study concentrated on seriously ill individuals who were hospitalized in
the intensive care unit at Dr. Soetomo Hospital. The participants were those in the study who satisfied the
criteria for inclusion and did not meet the exclusion criteria. The sample size in this study was determined
based on the minimum sample size formula Sensitivity and specificity relationship (Buderer, 1996). In
previous research, the occurrence rate of sudden kidney damage was recorded at 60% (Mohsenin, 2017).
The discovery of uKIM-1 showed that it is 74% sensitive and 85% specific in identifying acute kidney
injury (Geng et al., 2021). The alpha value was set at 0.05 and beta at 10%. The minimum sample size for
uKIM-1 sensitivity (N1) was 54 samples and uKIM-1 specificity (N2) were 55 samples, with a total of 10%
of dropouts being 5, so 50 samples were required. The research sampling method involved selecting
participants continuously, with all individuals meeting the criteria being included until the desired
number of subjects was reached.

This study included critical patients aged 18-65 years who had been admitted to the ICU for 12 hours or
less. Patients were excluded if they had a history of chronic kidney disease, use of nephrotoxic drugs,
kidney malignancy, or obstructive uropathy. Subjects were dropped from the study if they voluntarily
withdrew, died within 12 hours of ICU treatment, or died before the collection of uKIM-1, serum lactate,
and serum creatinine samples. The independent variables in this study were uKIM-1 and serum lactate.
In this research, acute kidney injury is the main focus. Factors that could potentially impact the results
include age, existing health conditions, when the acute kidney injury began, and the initial treatment
received during the first 12 hours in the ICU.

In a span of 12 hours, samples meeting the study's criteria were collected for analysis of uKIM-1 and serum
lactate. The information gathered will be documented and organized. In this research, data analysis was
carried out using SPSS 17.0. Demographic details such as age, gender, and comorbidities will be analyzed
using descriptive statistics. If the data follows a normal distribution, measurement results will be
displayed as mean * standard deviation. Comparing quantitative data within a single group using unpaired
t-tests involves presenting non-normally distributed data as a median (range) and analyzing data using
the Mann-Whitney test. A p-value lower than 0.05 suggests a notable outcome. Receiver Operating
Characteristic (ROC) curves were used to analyze the diagnostic test results for uKIM-1 and serum lactate.
From the ROC curve results, Area Under the Curve (AUC) data was obtained. Sensitivity, specificity,
positive and negative predictive values, positive and negative likelihood ratios, and accuracy were also
correlated using the Youden Index method.

RESULT AND DISCUSSION

Characteristics of Research Subjects
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The demographic characteristics of the subjects in this study were gender, age, BMI, comorbidities, MAP,
LOS, SOFA, Blood Pressure, Hb, WBC, PLT, Bilirubin, Vasopressors and 28-day Mortality. The following
table 1 shows the demographic characteristics' findings are displayed using frequency, percentage, and

mean with standard deviation.

Table 1. Demographic characteristics

Demography | N (%) | Range | Mean+SD | Normality p-value
Gender

Male 32 (64,0%) | - -

Female 18 (36,0%) | - - ]

Age 50 (100%) | 24 - 64 50,28 £ 11,95 0,001
BMI 50 (100%) | 17,78 -43,09 24,17 £3,92 0,001
Comorbid

Exists 24 (48,0%) | - -

Does not exist | 26 (52,0%) | - - )

HT 18 (36,0%) | - - -

DM 9 (18,0%) | - - -
Obesity 2 (4,0%) - - -
MAP 50 (100%) | 57 -115 91,5+12,41 0,160
LOS 50 (100%) | 3-34 9,88 + 7,08 0,000
SOFA 50 (100%) | 1-12 6,00 + 3,18 0,004
TD Systole 50 (100%) | 100-172 130,8 + 18,53 0,200
TD Diastole 50 (100%) | 48 -92 72,98 + 11,44 0,200
Hb 50 (100%) | 6,4- 16,4 11,5+ 2,37 0,200
WBC 50 (100%) | 5590 -41990 16566,2 + 6748,24 | 0,018
PLT 50 (100%) | 88000-572000 | 276480 +111211,6 | 0,023
Bilirubin 50 (100%) | 0,1 -4 0,85+0,72 0,000
Vasopressor

Exists 23 (46,0%) | - -

Does not exist | 27 (54,0%) | - - )

28 Days Mortality

Exists 19 (38,0%) | - -

Does not exist | 31 (62,0%) | - - )

* Normal if the p value of normality > 0.05

According to the findings in table 1, the spread of general characteristics for gender characteristics of the
50 samples obtained for males as many as 32 (64.0%) while for females as many as 18 (36.0%). For age
characteristics of 50 samples the age range is 24 to 64 years with a mean and standard deviation of age
50.28 % 11.95. For BMI characteristics of 50 samples the age range is 17.78 to 43.09 with a mean and
standard deviation of BMI 24.17 + 3.92.

Table 1 data shows that out of 50 samples with comorbidities, 24 cases (48.0%) had additional clinical
characteristics allocated while there were no comorbidities as many as 26 (52.0%), based on the type of
comorbidities obtained for HT comorbidities as many as 18 (36.0%), DM as many as 9 (18.0%) and for
Obesity as many as 2 (4.0%) samples. In this case, mean arterial pressure (MAP) values ranged from 57 to
115 (mean * SD: 91.5 # 12.41), length of stay (LOS) extended from 3 to 34 days (mean * SD: 9.88 + 7.08),
Sequential Organ Failure Assessment (SOFA) scores varied from 1 to 12 (mean * SD: 6.00 * 3.18), systolic
blood pressure spanned from 100 to 172 (mean + SD: 130.8 + 18.53), and diastolic blood pressure ranged
from 48 to 92 (mean + SD: 72.98 + 11.44). Laboratory parameters revealed hemoglobin (Hb) values from
6.4 to 16.4 (mean * SD: 11.5 * 2.37), white blood cell (WBC) counts from 5,590 to 41,990 (mean * SD:
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16,566.2 + 6,748.24), platelet (PLT) counts from 88,000 to 572,000 (mean * SD: 276,480 + 111,211.6),
and bilirubin levels from 0.1 to 4 (mean = SD: 0.85 + 0.72).

Overview of Lactate Levels

Lactate level values are obtained through serum lactate taken from blood samples of critical patients in
the ICU who are treated < 12 hours, to determine whether the lactate level data is normally distributed, a
normality test is needed due to its presentation in ratio form. The Kolmogorov-Smirnov test is being used
because there are 50 data points in the sample. By conducting a normality test, the researchers can
determine the appropriate type of test to use next - if the data follows a normal distribution, parametric
methods will be applied; otherwise, non-parametric methods will be used. The descriptive summary of
lactate levels and the outcomes of the normality test are presented in Table 2.

Table 2. Lactate Level Descriptive and Normality Tests

N | Range Mean+SD | Normality p-value
Lactate Levels | 50 | 0,12-5,10 | 1,84 + 1,29 | 0,200
*Normal if the p value of normality > 0.05

Based on the results of Table 2 for Lactate levels of 50 samples are in the range of 0.12 to 5.10 with an
average or mean value and standard deviation of 1.84 + 1.29. According to the findings of the normality
test using Kolmogorov-Smirnov, the p value is 0.200 where the value is > 0.05, meaning that the
distribution of Lactate levels is declared normally distributed.

Overview of uKIM-1

The uKIM-1 value is obtained through uKIM-1 taken from urine samples of critical patients in the ICU who
are treated <12 hours. Due to the fact that the uKIM-1 data is presented as a ratio, it is important to conduct
a normality test in order to assess whether the distribution of the uKIM-1 data follows a normal
distribution pattern. The normality test chosen for this purpose is the Kolmogorov-Smirnov test, which is
suitable for analyzing 50 samples. The normality test assists in determining the appropriate type of test
to be conducted next; if the data is deemed to be normally distributed, parametric methods will be utilized
for the subsequent test, whereas non-parametric methods will be employed if the data does not exhibit a
normal distribution. The following table 3 is a descriptive table of uKIM-1 and the results of the normality
test.

Table 3. uKIM-1 Descriptive and Normality Tests

N | Range Mean#SD Normality p-value

uKIM-1 | 50 | 0,585-1,839 | 1,164 + 0,299 | 0,200
*Normal if the p value of normality > 0.05

Based on the results of table 5.3 for uKIM-1 from 50 samples in the range of 0.585 to 1.839 with an average
or mean value and standard deviation of 1.164 * 0.299. As per the findings of the study the normality test
using Kolmogorov- Smirnov, the p value is 0.200 where the value is> 0.05, meaning that the distribution
of uKIM-1 is declared normally distributed.

Delta creatinine overview

Delta creatinine value is the value of the change in initial creatinine with day 2 creatinine. Since the Delta
creatinine data is presented as a ratio, it is crucial to conduct a test for normality in order to ascertain
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whether the distribution of this data follows a normal distribution or not. The Kolmogorov-Smirnov test
is employed for this purpose due to the sample size of 50 data points. The normality test plays a key role
in guiding the selection of the appropriate testing method for the next stage; if the data conforms to a
normal distribution, parametric methods will be used, whereas if it does not, non-parametric methods will
be applied. The following table 4 is a descriptive table of Delta creatinine and normality test results.

Table 4. Delta creatinine descriptive and normality test

N | Range MeanzSD Normality p-value

Delta creatinine | 50 | -0,30-2,90 | 0,768 + 0,683 | 0,000
*Normal if the p value of normality > 0.05

Based on the results of table 4 for Delta creatinine from 50 samples in the range of -0.30 to 2.90 where the
negative Delta creatinine value means a decrease in creatinine from baseline to day 2 while the positive
Delta creatinine value means an increase in creatinine from baseline to day 2, the mean or mean and
standard deviation of Delta creatinine is 0.768 * 0.683. According to the findings of the study, the
normality test using Kolmogorov-Smirnov, the p value is 0.000 where the value is <0.05, meaning that the
distribution of Delta creatinine is not normally distributed.

Overview of Acute Kidney Injury (AKI)

The research identified acute kidney injury (AKI) according to the KDIGO (2012) standards, which involve
arise in serum creatinine levels of over 0.3 mg/dL in 48 hours and a serum creatinine increase of more
than 1.5 times the baseline level, believed to have occurred within the past week. The baseline serum
creatinine signifies the level of serum creatinine upon admission to the ICU. Table 5 below provides a
descriptive overview of AKI in this study.

Table 5. Descriptive of acute kidney injury (AKI)

Acute Kidney Injury (AKI) | N (%)

Yes 33 (66,0%)
No 17 (34,0%)
In the results of table 5 for the description of the distribution of the incidence of acute kidney injury (AKI)
of 50 samples obtained who experienced acute kidney injury (AKI) as many as 33 samples with a
percentage of 66.0%, and who did not experience acute kidney injury (AKI) as many as 17 samples with a
percentage of 34.0%.

Demographic Test with Acute Kidney Injury (AKI)
The study also examines the demographic traits, including both general and clinical factors, to determine
whether they are linked to the occurrence of acute kidney injury (AKI). The following table 6 shows the

descriptive results and tests of demographic characteristics with acute kidney injury (AKI).

Table 6. Descriptive and test of demographic characteristics with acute kidney injury (AKI)

Demography | n Acute Kidney Injury (AKI) p value
Yes ‘ No

Gender

Male 32 | 23(71,9%) 9 (28,1%) 1

Female 18 | 10 (55,6%) 8 (44,4%) 039

Age 50 | 50,79 £12,60 49,29 + 10,88 0,400
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BMI | 50 | 24,83+ 4,39 | 22,90+ 2,43 | 0,095
Comorbid

Exists 24 | 16 (66,7%) 8 (33,3%) 1,000
Does not exist | 26 | 17 (65,4%) 9 (34,6%)

MAP 50 | 91,82+11,84 90,88 £ 13,82 0,804
LOS 50 | 9,21 + 6,39 11,18 + 8,33 0,338
SOFA 50 | 6,88+ 3,19 4,29 £ 2,42 0,007
TD Systole 50 | 130,88 + 18,59 130,65 + 18,97 0,967
TD Diastole 50 | 73,18 +11,06 72,59 +12,48 0,864
Hb 50 | 11,19 + 2,47 12,09 + 2,10 0,211
WBC 50 | 18350,91 + 7094,86 13101,76 + 4412,06 0,011
PLT 50 | 272787,88 + 116196,97 | 283647,06 + 103879,10 | 0,580
Bilirubin 50 | 0,964 + 0,824 0,616 £ 0,406 0,048
Vasopressor

Exists 23 | 19 (82,6%) 4 (17,4%) 0,047
Does not exist | 27 | 14 (51,9%) 13 (48,1%)

28 Days Mortality

Exists 19 | 16 (84,2%) 3 (15,8%) 0.069
Does not exist | 31 | 17 (54,8%) 14 (45,2%) '

*Significant if p value <0.05

After analyzing the data in Table 6, the test results indicate a correlation between general demographic
characteristics and the occurrence of acute kidney injury (AKI), the p value for gender p=0.391, age
p=0.400 and BMI p=0.095 where the value is> 0.05 which means that there is no relationship between
general demographic characteristics of gender, over and BMI with acute kidney injury (AKI).

As seen in the findings from the analysis presented in Table 6, there was an examination of the relationship
between clinical demographic characteristics and acute kidney injury (AKI), the p value for comorbid p =
0.000, MAP p = 0.804, LOS p = 0.338, BP systole p = 0.967, BP diastole p = 0.864, Hb p = 0.211, PLT p =
0,580 and 28-day mortality p=0.067 where the value > 0.05 which means that there is no relationship
between clinical demographic characteristics of comorbid, MAP, LOS, Blood pressure, Hb, PLT, and clinical
28-day mortality with acute kidney injury (AKI).

Based on the findings in table 6, there was an examination of the clinical demographic traits associated
with the occurrence of acute kidney injury (AKI), the p value for SOFA p=0.007, WBC p=0.011, Bilirubin
p=0.048, and Vasopressors p=0.047 where the value is <0.05 which means that there is an association
between clinical demographic characteristics of SOFA, WBC, Bilirubin. Based on the descriptive mean
value of SOFA, WBC, Bilirubin obtained in subjects with acute kidney injury (AKI), the worth is higher for
individuals with acute kidney injury (AKI) than for those without, whereas Vasopressors were most
commonly used by individuals with AKI based on the percentage achieved.

Analysis of the Relationship Test of Lactate and uKIM-1 with Delta Creatinine

Test the relationship between lactate and uKIM-1 levels with delta creatinine using the Spearman test
because the data on delta creatinine levels were declared abnormal during the data normality test. Table
7 displays the findings of the examination on the link between lactate levels and uKIM-1 with delta

creatinine.

Table 7. Relationship test of lactate and uKIM-1 levels with delta creatinine
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N r p value Description
Lactate with Delta creatinine 50 0,676 0,000 Related
uKIM-1 with Delta creatinine 50 0,433 0,002 Related
*Related if the p value <0.05
Diwlka K reatinin Dl K reardinin

Lakiat Lirine KIM

Figure 1. Scatterplot lactate and uKIM-1 levels with delta creatinine

According to the findings shown in Table 7, the test results indicate a correlation between lactate and
uKIM-1 levels with delta creatinine when using the Spearman test, the p value is 0.000 and 0.002 where
the value is <0.05, which means that the connection between lactate and uKIM-1 levels and Delta
creatinine is important and notable. Based on the test results, the correlation coefficient or r value is 0.676
and 0.433 where the value is positive, which means that the relationship between lactate and uKIM-1
levels with delta creatinine is unidirectional, which means that when lactate and uKIM-1 levels are high,
the initial creatinine change to day 2 will also increase and vice versa. The correlation coefficient, also
known as the r value, indicates the strength of the connection between lactate levels and uKIM-1 with
delta creatinine. The findings suggest a strong relationship with values of 0.676 and 0.433, equivalent to
67.6% and 43.3%. This implies that the association between the variables falls into the strong category
for lactate levels and delta creatinine, while it is categorized as moderate for uKIM-1 with Delta creatinine.

Comparative Test Analysis of Lactate and uKIM-1 based on Acute Kidney Injury (AKI)

Comparative test of lactate and uKIM-1 levels based on acute kidney injury (AKI) using the T Test because
the data on lactate and uKIM-1 levels were declared normal during the data normality test. Comparison
test of lactate and uKIM-1 levels based on AKI to see if the value of lactate and uKIM-1 levels in subjects
with AKI is different from subjects without AKI by statistical test. The following table 8 shows the results
of the Lactate and uKIM-1 comparison test based on acute kidney injury (AKI).

Table 8. Comparison test of lactate and uKIM-1 based on acute Kidney injury (AKI)

Acute Kidney Injury (AKI) ..
n Yes (Mean £ SD) | No (Mean + SD) p-value | Description
Lactate | 50 | 2,299 + 1,125 0,947 £1,141 0,000 Significantly Different
uKIM-1 | 50 | 1,248 + 0,297 1,000 + 0,232 0,004 Significantly Different

*Different if p value <0.05
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Figure 2. Lactate and uKIM-1 levels based on acute kidney injury (AKI)

According to table 8, the comparison test between lactate levels and uKIM-1 for acute kidney injury (AKI)
yielded p values of 0.000 and 0.002 through the T test, both of which are less than 0.05 which means there
is a significant / meaningful difference in lactate levels and uKIM-1 based on acute kidney injury (AKI),
Based on the results for lactate levels, the mean value and standard deviation in subjects with acute kidney
injury (AKI) was 2.299 + 1.125, while those without acute kidney injury (AKI) was 0.947 + 1.141 which
can be concluded that lactate levels in patients with acute kidney injury (AKI) will be higher when
compared to those without acute kidney injury (AKI). Likewise, for uKIM-1, the mean and standard
deviation values were obtained in subjects with acute kidney injury (AKI) 1.248 + 0.297, while those
without acute kidney injury (AKI) 1.000 * 0.232, which can be concluded that uKIM-1 in patients with
acute kidney injury (AKI) will be higher when compared to those without acute kidney injury (AKI).

Analysis of Lactate and uKIM-1 Diagnostic Test based on Acute Kidney Injury (AKI)

The diagnostic test of lactate and uKIM-1 levels based on acute kidney injury (AKI) uses the ROC Curve
test where the diagnostic test can determine the AUC value, cut off, sensitivity, specificity and OR value at
Lactate and uKIM-1 levels based on the incidence of AKI. Table 9 below displays the findings from the

comparison study analyzing levels of lactate and uKIM-1 in relation to acute kidney injury (AKI).

Table 9. Diagnostic Test of Lactate and uKIM-1 based on acute kidney injury (AKI)

N | p-value | AUC | Cut Off | Sensitivity | Specificity | OR (C195%)
72,333
[ [ ’
Lactate | 50 | 0,000 0,875 | >0,93 |93,9% 82,4% (10,849 - 482,281)
6400
- 0, 0,
uKIM-1 | 50 | 0,000 0,756 | >1,045 | 72,7% 70,6% (1,754 - 23,351)

*Significant if p value <0.05
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Figure 3. lactate and uKIM-1 levels based on acute kidney injury (AKI)
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Based on Table 9, the diagnostic test results of lactate levels for acute kidney injury (AKI) using ROC Curve
analysis showed a p-value of 0.000, which is < 0.05, indicating statistical significance. The diagnostic test
yielded an AUC value of 0.875, suggesting that lactate levels have an 87.5% strength in predicting AKI. The
ROC test determined a lactate level cut-off point for AKI of > 0.93, with a sensitivity of 93.9% and specificity
of 82.4%, leading to an OR of 72.333 (95% CI: 10.849 - 482.281).

Based on Table 9, the diagnostic test results of uKIM-1 for AKI with ROC Curve analysis showed a p-value
of 0.000, which is < 0.05, indicating statistical significance. The diagnostic test yielded an AUC value of
0.756, suggesting that uKIM-1 has a 75.6% strength in predicting acute kidney injury (AKI). The ROC test
determined a uKIM-1 cut-off point for AKI of > 1.045, with a sensitivity of 72.7% and specificity of 70.6%,
leading to an OR of 6.400 (95% CI: 1.754 - 23.351).

DISCUSSION
Demographic Characteristics of Acute Kidney Injury

The study aimed to investigate the relationship between uKIM-1 and serum lactate levels in individuals
experiencing severe acute kidney injury. Analysis of demographic information revealed no significant
correlation between age, gender, BMI, and the likelihood of experiencing acute kidney injury. In a study
conducted by Shi and colleagues last year, it was indicated that people with BMI levels outside the normal
range of 18.5 to 24.0 had an increased likelihood of developing AKI. The risk of AKI was 1.68 times greater
for those with a BMI below 18.5 and 1.43 times higher for individuals with a BMI of 28.0 or higher (Shi et
al,, 2020). The idea of the "obesity paradox" refers to the phenomenon where critically ill obese patients
have survival rates that are as good as or even better than non-obese patients. One possible reason for this
occurrence is that overweight individuals might possess metabolic or nutritional resources that enhance
their ability to endure sickness, leading to higher chances of survival (Tobias & Hu, 2013). Research
involving 940 participants from various medical facilities revealed no connection between obesity (BMI >
30 kg/m2) and an increased risk of major complications during transcatheter aortic valve procedure.
However, individuals who were obese had a higher incidence of CS-AKI (stage I). A different research
project with 13,637 participants from different hospitals demonstrated that a higher body mass index
(BMI) was linked to an increased likelihood of experiencing major complications following surgery,
especially acute kidney failure and pneumonia (Ghanta et al., 2017).

In their study conducted in 2023, Privratsky et al. found that out of 390,382 patients, 25,809 individuals
(6.6%) experienced postoperative AKI. This included 2,190 of 58,585 women aged 50 years or younger
(3.7%), 9,320 of 144,047 women older than 50 years (6.5%), 3,289 out of 55,503 men aged 50 years or
younger (5.9%), and 11,010 of 132,447 men older than 50 years (8.3%). After adjusting for risk factors
for AKI, women over 50 had a higher likelihood of developing AKI compared to younger women (odds
ratio, 1.51; 95% ClI, 1.43-1.59). Meanwhile, men under 50 had a higher odds ratio of 1.90 (95% CI, 1.79-
2.01) and men over 50 had the highest odds ratio of 2.06 (95% CI, 1.96-2.17). In younger women, the
chances of MMR decreased, while they increased as women grew older (Privratsky et al,, 2023). The
literature varies from the findings of this study because the sample sizes and comorbid conditions of the
patients are different.

The correlation between the onset of acute kidney damage and specific elements like vasopressors, SOFA
score, and bilirubin levels has been widely recognized. Studies have conflicting opinions on whether
norepinephrine, a common treatment for septic shock in AKI patients, may have negative effects on kidney
function. In sepsis, vasopressin depletion occurs so that vasopressin administration is one of the options
in increasing blood pressure in sepsis shock, especially for AKI patients (Gunardi, 2013). Lauzier et al, in
their study using creatinine clearance as a measure of kidney function, discovered that vasopressin had a
notable impact on creatinine clearance within the initial 24-hour period. This increase in creatinine
clearance was not found with norepinephrine (Lauzier et al., 2006). Gordon and colleagues discovered
that the application of vasopressin had a notable impact on slowing down the advancement of renal failure
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when compared to norepinephrine (Gordon et al., 2010). In risk category AKI patients, the use of
vasopressin significantly reduced serum creatinine compared to norepinephrine. Vasopressin is better at
improving renal function than norepinephrine, especially in risk category AKI patients. Vasopressin
causes constriction of the arterioles that carry blood away from the kidneys, leading to an increase in the
rate at which the kidneys filter blood. This increase can be measured by higher levels of creatinine being
cleared from the body. Vasopressin can also activate oxytocin receptors and release atrial natriuretic
peptide resulting in natriuresis.3 Improved renal function is also associated with lower SOFA scores in
patients given vasopressin compared to norepinephrine. Improvement in SOFA score reduced mortality
more in patients receiving vasopressin than norepinephrine (Gunardi, 2013).

Effect of uKIM-1 on Delta Creatinine and AKI

The Spearman correlation test was carried out on the uKIM-1 and delta creatinine variables and the results
were found to be significantly related. The connection between uKIM-1 and delta creatinine only goes in
one direction - when uKIM-1 levels are elevated, there will be an increase in creatinine levels from baseline
to day 2. The mean difference test also found significant results between uKIM-1 in patients with AKI and
those without. uKIM-1 was found to be higher in the group with AKI.

Geng and colleagues, in their 2021 study, discovered a similar finding from a compilation of 14 studies
involving 3300 patients. In the study, it was discovered that urinary KIM-1 (uKIM-1) showed a sensitivity
of 0.74 (95% Crl 0.62-0.84) and a specificity of 0.84 (95% Crl, 0.76-0.90) when diagnosing AKI. The
combined diagnostic odds ratio (DOR) was calculated to be 15.22 (95% Crl, 6.74-42.20), with a RD of 0.55
(95% CrI 0.43-0.70) and an AUC of 0.62 (95% Crl 0.41-0.76) for uKIM-1 in diagnosing AKI. Results from
subgroup analysis highlighted the influence of various factors on the diagnosis. uKIM-1 in adult patients
shows promising results as a dependable indicator for AKI detection, boasting high sensitivity and
specificity (Geng et al., 2021).

Kim-1, a protein found in the kidneys, plays a crucial role in the progression of kidney injury and recovery
(Bailly et al., 2002). Typically, the levels of KIM-1 are minimal in the kidney and various organs.
Nevertheless, in instances of kidney damage, particularly following ischemia-reperfusion injury, there is
a notable rise in KIM-1 expression (Ichimura et al., 1998). The primary site of upregulation of KIM-1 is in
the cells of the proximal tubule of the kidney (Won K Han et al., 2002).

Studies conducted in the adult population have revealed that evaluating KIM-1 levels in urine may provide
advantages in differentiating individuals with acute tubular necrosis, a particular type of kidney injury,
from those without this condition (Liangos et al., 2007; van Timmeren et al., 2007). Moreover, increased
concentrations of KIM-1 found in urine have been associated with negative outcomes in medical
situations, such as the necessity for dialysis and greater rates of mortality (W K Han et al,, 2008). KIM-1
has demonstrated promise as an indicator for identifying nephrotoxicity in early stage clinical trials 1 and
2, as well as in pre-clinical studies (Dieterle et al., 2010; Vaidya et al., 2010). KIM-1 has been authorized
by the FDA as a marker for pre-clinical drug development due to its ability to signal kidney injury in the
early stages (Dieterle et al.,, 2010). An additional method has been created to test for KIM-1 using a
dipstick, offering a quick and easy way to measure its levels in urine. This test gives approximate results
in a short amount of time, making it a convenient option for detecting kidney damage in a medical
environment (Fuchs et al,, 2012; Vaidya et al,, 2010).

The uKIM-1 variable was subjected to the ROC test to assess its effectiveness in diagnosing AKI. The test
showed an AUC of 0.756, indicating moderate accuracy. The sensitivity was calculated to be 72.7%, while
the specificity was 70.6%. The results indicate that the uKIM-1 variable could be a valuable predictor for
the occurrence of AKI among critically ill patients. This study's results support the findings of Shao et al,
which proposed the use of urine KIM-1 for the detection of AKI, showing a sensitivity of 0.74 and specificity
of 0.86. Shao et al's study involved patients of various ages. Moreover, the combined DOR was 15.22 (95%
Crl, 6.74-42.20), indicating that uKIM-1 is highly effective in diagnosing AKI (Shao et al., 2014). A higher
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diagnostic odds ratio suggests better test performance when the diagnostic odds ratio is larger than 1
(Shao et al., 2014). The marked intersection points show variations in the accuracy and effectiveness
among the research papers analyzed, with some studies presenting slightly different outcomes.

Research has revealed that uKIM-1 is highly effective in detecting acute kidney injury. The FDA has
approved KIM-1 as a dependable indicator for acute kidney injury when trials for new medications begin
(Dieterle et al., 2010). Using uKIM-1 has the benefit of detecting acute kidney injury in its early stages,
prior to any noticeable changes in serum creatinine levels, enabling prompt intervention (Kashani et al,,
2017). Many research studies suggest that uKIM-1 could be used as a reliable indicator of acute kidney
damage and an effective predictor of patient prognosis (Bonventre, 2008). Research on KIM-1 as an
indicator has produced varied outcomes. KIM-1 has been found to be a dependable indicator for detecting
instances of acute kidney injury in patients with congestive heart failure (Damman et al., 2011). Elevated
levels of uKIM-1 have also been linked to an increased likelihood of mortality or need for hospitalization
among these individuals, irrespective of their predicted kidney function (Ghatanatti et al, 2014). A
research investigating 32 indicators of kidney damage in urine following heart surgery found that when
KIM-1 and IL-18 were combined, they had an AUC of 0.92, surpassing the effectiveness of other markers
(Hall et al., 2011). Hazle and colleagues' research diverged from earlier studies by concluding that KIM-1
was not an effective prognostic indicator for children. Urinary KIM-1 was found to be inadequate in
differentiating between patients with positive or negative outcomes, leading to its exclusion from further
examination (Hazle et al,, 2013).

There is not enough evidence to fully comprehend the function of KIM-1 in critically ill patients suffering
from acute kidney injury. Research on the potential of new markers like KIM-1 in this patient population
is scarce. However, the small number of studies conducted so far do indicate that KIM-1 levels might have
predictive value for determining the necessity for Renal Replacement Therapy (RRT) and predicting 7-
day mortality in critically ill patients with acute kidney injury (Gonzalez & Vincent, 2012). A recent
investigation in pediatrics examined 252 patients in the emergency department, revealing that monitoring
KIM-1 levels could help predict the development of acute kidney injury (Abdallah et al., 2013). The
significance of KIM-1 in various phases of kidney disease holds importance for individuals in emergency
and critical care situations, with several research studies indicating that KIM-1 has the capability to
differentiate between patients with varying forms of acute tubular necrosis as opposed to those without
AKI (Medic¢ et al,, 2015). Thus far, there hasn't been a single biomarker that has been adopted across the
board for everyday clinical use, as each biomarker comes with its own set of strengths and weaknesses
(Pickkers et al., 2021). An expanding group of researchers have proposed a set of kidney-specific markers
that can reveal both functional and structural harm as well as healing potential (Yerramilli et al., 2016).

Effect of Lactate on Delta creatinine and AKI

Spearman correlation test was conducted on lactate and delta creatinine variables and the results were
found to be significantly related. The connection between lactate and delta creatinine is one way,
indicating that an elevation in lactate levels will result in an increase in creatinine levels between baseline
and day 2. The mean difference test also found significant results between lactate in patients with AKI and
those without. Lactate was found to be higher in the group with AKI. In accordance with research carried
out by Wang et al in 2022, it was discovered that those in the acute kidney injury group showed higher
levels of age (p = 0.016), serum creatinine (p < 0.001), and lactate (p < 0.001) in comparison to individuals
in the non-AKI group. TBI patients show a correlation between AKI and serum lactate levels in the early
stages of their condition. Physicians have the ability to determine the risk of AKI in TBI patients by
monitoring their lactate levels (Wang et al., 2022). Recognized as a sign of decreased blood flow in the
body, levels of serum lactate often rise in critically ill individuals with different conditions. Numerous
research studies have noted a surge in serum lactate levels following traumatic brain injury (TBI) and
have investigated the link between high lactate levels and the outlook for patients with TBI (Diibendorfer
etal, 2013; Fuetal,, 2019; Wettervik et al., 2020).
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Hidayatullah and his colleagues made a groundbreaking discovery in 2022 when they found a connection
between higher levels of serum lactate and the onset of AKI. They concluded that the likelihood of AKI
occurring is directly related to the fluctuations in serum lactate levels. A higher concentration of serum
lactate has been linked to an increased likelihood of developing AKI (Hidayatullah et al., 2022). Radovic
and colleagues observed an increase in serum lactate levels in patients with AKI after undergoing
significant surgical procedures. Their research also indicated that the actual levels of lactate could serve
as a reliable indicator for AKI in cardiac surgery patients with a low risk of developing AKI, showing an
odds ratio of 2.7 [1.4-4.9] 24 hours after CPB. When the concentration of serum lactate reaches 4 mmol/L,
there is a significant increase in the risk of AKI, with an odds ratio of 6.3 [1.9-20.5] (Radovic et al., 2019).
In the same way, Wang and his team found a connection between elevated serum lactate levels in the initial
period and the chances of developing AKI in severe traumatic brain injury patients (Wang et al,, 2022).

Serum lactate is a valuable indicator for detecting insufficient blood flow to tissues and dysfunction in
organs. Hyperlactasemia is aresult of increased production and reduced consumption of lactate. Elevated
levels of lactate indicate an oxygen imbalance between supply and demand, making it a reliable biomarker
for overall and localized inadequate blood flow (Zhu et al.,, 2021). An elevated lactate level suggests that
there may be tissue hypoxia resulting from disruptions in blood flow, potentially signaling insufficient
blood supply to the kidneys (Bakker et al., 2020). Nonetheless, the levels of lactate in the arteries after
treatment and the rate at which lactate is cleared from the body may show changes in blood flow in
patients. Elevated lactate levels could also signal a reaction to stress, with the heightened activity of the
sympathetic nervous system contributing to the onset of sudden kidney damage (Garcia-Alvarez et al,,
2014). Stimulation of B2 receptors leads to a surge in adrenaline production, triggering higher pyruvate
levels that overwhelm the enzyme pyruvate dehydrogenase, leading to a metabolic shift and elevated
lactate levels. Patients suffering from acute kidney injury tend to have elevated glucose levels upon
admission, which further rise in stressful situations. According to a study by Jorge and his colleagues,
elevated levels of lactate and glucose may indicate potential kidney damage in critically ill patients (Freire
Jorge etal., 2017).

The ROC examination was carried out on the lactate indicator to detect AKI, yielding an AUC of 0.875, a
sensitivity of 93.9%, and a specificity of 82.4%. These findings are robust in anticipating the emergence of
AKI in critically ill individuals. This outcome aligns with research performed by Yu et al in 2023, revealing
an AUC of 0.756 for the forecast of off-pump CABG-related AKI utilizing 12-hour postoperative arterial
lactate, with a threshold of 1.85. The forecast model containing various risk factors demonstrated strong
predictive performance with an AUC of 0.846. An established prognostic indicator for AKI related to off-
pump CABG is the 12-hour post-surgery arterial lactate level (Yu et al., 2023). Arterial lactate serves as a
quick and easily obtainable measure. Deficiencies in blood volume and issues with tiny blood vessels can
result in reduced blood flow to tissues, causing low oxygen levels and elevated lactate levels. Prolonged
elevation in lactate levels is strongly linked to organ dysfunction (Jansen et al., 2009). Furthermore, AKI
could lead to increased levels of lactate. According to Legouis and his team, alterations in renal
gluconeogenesis in the presence of AKI could potentially impact overall metabolism and worsen mortality
rates (Legouis et al., 2020). A recent investigation discovered a notable rise in blood lactate levels and a
decrease in lactate clearance rate in rats experiencing renal ischemia-reperfusion injury. Those who have
AKI are at a higher risk for metabolic imbalances, such as low to normal glucose levels or elevated lactate,
which can lead to higher mortality rates. Additionally, the research suggests that vitamin supplements
may lower mortality rates in AKI patients by improving both lactate clearance and glucose production.
Lactate serves as a crucial indicator for assessing tissue perfusion in patients who are critically ill. Elevated
levels of arterial lactate may indicate a disarray in tissue oxygen metabolism, leading to the onset of AKI.
According to the research conducted by Lopez-Delgado and team, arterial lactate levels measured 24
hours after surgery independently influenced the risk of CSA-AKI (Lopez-Delgado et al,, 2013). Zhang and
his team discovered that the standardized lactate burden was linked to CSA-AKI on its own (Zhang & Nj,
2015). A study with 100 patients at low risk found that measuring lactate levels after surgery can
accurately predict the likelihood of developing CSA-AKI (Radovic et al,, 2019).
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CONCLUSION
The findings of the research that has been carried out lead to the following conclusions in this study:

1. In critical patients, there is a notable correlation between uKIM-1 levels and the development of
acute kidney injury.

2. In critically ill patients, there is a notable correlation between serum lactate levels and the onset
of acute kidney injury.

3. Serum lactate is more effective for diagnosis in critically ill patients with acute kidney injury
compared to uKIM-1.

Suggestion

For future similar studies, researchers are expected to use more time and coverage of a larger amount of
data and involve more confounding variables in analyzing the correlation between variables, it is also
hoped that this study can be used by other researchers as a reference and information.
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