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Objective: To investigate the serum soluble thrombomodulin (sTM) concentration in patients with sepsis-associated acute kidney 
injury (AKI) and to determine the value of sTM in predicting AKI and mortality in sepsis patients.
Methods: This prospective observational study was conducted on 71 patients diagnosed with sepsis according to Sepsis 3 at the 
Intensive Care Unit, Hue Central Hospital, Vietnam, from September 2021 to February 2023.
Results: Among 71 sepsis patients, there were 38 (53.5%) AKI cases, including 16 (22.5%) cases of stage 1 AKI, 14 (19.7%) cases of 
stage 2 AKI, 8 (11.3%) cases of stage 3 AKI, 16 (22.5%) cases of renal replacement therapy, 28 (39.4%) cases of septic shock, and 21 
(29.6%) cases of mortality within 28 days. The concentrations of lactate and IL-6 in the AKI and mortality groups were statistically 
significantly greater than those in the non-AKI and survival groups (p < 0.05). The serum sTM concentration was 4.33 ng/mL, the 
serum sTM level in the AKI group was statistically significantly higher than that in the non-AKI group (sTM [4.71 vs 2.54 ng/mL, p < 
0.001]), and the serum sTM level in the mortality group was statistically significantly higher than the survival group (sTM [4.78 vs 
3.87 ng/mL, p < 0.001]). The AUC of sTM for predicting AKI was 0.864; the AUCs of sTM, IL-6, SOFA, and APACHE II for 
predicting mortality were 0.811, 0.671, 0.816, and 0.705, respectively.
Conclusion: AKI was a prevalent complication among sepsis patients at the ICU. In the AKI and mortality groups, sTM concentra-
tion was statistically significantly higher than that in the non-AKI and survival groups. sTM was the predictor of acute kidney injury 
and mortality in patients with sepsis.
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Introduction
The World Health Organization has identified sepsis as a top priority for global health. There have been significant efforts 
to figure out the pathogenesis of organ failure and death and to develop new treatment therapies for patients with sepsis.1 

Sepsis is a life-threatening organ failure induced by a dysregulated host response to infection.2 It is estimated that sepsis 
affected approximately 48.9 million people worldwide in 2017, resulting in approximately 11 million deaths.3 This rate 
doubled compared to 2016.4 In the UK, about 250,000 sepsis cases and 44,000 sepsis-related deaths are estimated 
each year.5 Acute kidney injury (AKI) is a prevalent complication of sepsis, contributing to increased morbidity and 
mortality associated with infection. The incidence of AKI in patients with sepsis was reported to be 51% in a multicenter 
study conducted in 24 European countries and 47.1% in China.6,7 Thrombomodulin (TM) is a type 1 transmembrane 
protein predominantly expressed on endothelial cells and plays a crucial role in various biological processes. TM 
circulates in various forms in biological fluids, such as blood and urine.8,9 TM activates protein C through binding to 
thrombin, which has anti-inflammatory, anticoagulant, and cytoprotective functions.10,11 TM levels are used as 
a biomarker for diagnosis, prognosis, and mortality in patients with sepsis.12 It is capable of discriminating the severity 
of the disease and has a significant predictor of multi-organ dysfunction.13 TM was significantly altered in sepsis-related 
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AKI patients, in particular, and was an independent predictor of AKI superior to other prothrombotic and inflammatory 
biomarkers as well as organ function in sepsis patients.14 TM was elevated in patients with AKI and in patients who died 
within 28 days of admission to the ICU.15 Therefore, we conducted this study to determine the serum thrombomodulin 
concentration in patients with AKI associated with sepsis, the predictive value of AKI, and the mortality of serum sTM in 
patients with sepsis.

Materials and Methods
Study Population
A prospective observational study was conducted on the patients admitted to the ICU at Hue Central Hospital, Vietnam, 
from September 2021 to February 2023. The patients were diagnosed with sepsis according to the Sepsis32016criteria.2

The patient stayed in the ICU for a minimum of 48 hours. Exclusion criteria were patients who did not consent to 
participate in the study, took anticoagulants, had chronic kidney disease, organ transplant, autoimmune diseases (lupus, 
psoriasis, rheumatoid arthritis, type I diabetes, scleroderma), cancer, and infectious diseases (HIV, Covid-19); patients 
who were under 18 years of age, pregnant or lactating.

Follow-up time in the study design was from patient admission to 28 days (4 weeks).
Patients were diagnosed with AKI according to KDIGO 2012.16

Data Collection
Age, sex, weight, vital signs, and hourly urine output were all recorded since admission. Patients were classified 
according to their underlying medical history, site of infection, and vasopressors use. Glasgow, SOFA, and APACHE 
II scores were used to assess patient admission. We evaluated septic shock, mechanical ventilation, renal replacement 
therapy, length of ICU stay, and mortality within 28 days in all patients. Tests such as complete blood count, ALT, AST, 
total bilirubin, albumin, IL-6, procalcitonin, lactate, mineral panel, blood gas, baseline creatinine, and thrombomodulin 
were tested immediately upon admission. For the thrombomodulin test (Abcam brand), the blood sample was taken into 
a serum separator tube. After the formation of a clot, the blood sample was centrifuged at 2000 rpm for 10 minutes, then 
stored at −20 degrees Celsius or lower, avoiding repeating freezing and thawing for patient samples, which were tested 
by ELISA technique. We used Cobas® 8000 modular analyzer series - Roche Diagnostic and DxH 900 hematology 
analyzer - Beckman Coulter. The tests were conducted at the Department of Biochemistry and Hematology and Blood 
Transfusion Center of Hue Central Hospital, Vietnam.

Statistical Analysis
We processed the data using SPSS 22.0 statistical software. The study presented the results using descriptive statistics to 
summarize the data. Categorical data were presented as numbers and percentages, while continuous data were presented 
as mean and standard deviation (SD) if normally distributed, and median, minimum, and maximum if non-normally 
distributed. The normality of the continuous data was assessed using the Shapiro–Wilk test. The differences between 
categorical variables were evaluated using either the Chi-square test or Fisher’s Exact test, and the differences between 
continuous data were determined using either a t-test or Mann–Whitney test based on their distribution. The receiver 
operating characteristic (ROC) analysis was conducted to determine cut-off points for predicting AKI and death in 
patients, and the DeLong test was used to compare the areas under the ROC curves. Cox regression and the Log rank test 
were used to evaluate the predicting value of sTM for mortality, considering the effect of time and potential confounding 
factors in the study population. We considered AKI as a binary outcome (yes, no) and conducted multiple logistic 
regression models to adjust for other potential confounding factors. The results were considered statistically significant if 
the p-value was less than 0.05.

Results
The baseline characteristics of study population are shown in Table 1. The mean age of the study group was 61.86 ± 
17.82 years old. There was no difference in age between the AKI and non-AKI groups. Comorbidities in our study group 
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were mainly type 2 diabetes, hypertension, and coronary artery disease. The infection sources were mainly the 
respiratory, gastrointestinal, and urinary tracts.

Regarding clinical characteristics (Table 2), systolic blood pressure, diastolic blood pressure, mean blood pressure, CVP, 
and SpO2 had statistically significant differences between the two groups of AKI and non-AKI. Glasgow score, SOFA, and 
APACHE II at admission, rate of mechanical ventilation, rate of septic shock, rate of renal replacement therapy, and 
mortality within 28 days had statistically significant differences between the two groups of AKI and non-AKI.

The laboratory findings are listed in Table 3. The platelet count in the AKI group was statistically significantly lower 
than in the non-AKI group. The difference in PCT concentration between the two groups, AKI and non-AKI, was not 
statistically significant. Total bilirubin, IL-6, lactate, creatinine, and sTM concentrations were significantly higher in the 
AKI group than in the non-AKI group.

Table 4 shows the characteristics of survival and mortality within 28 days. AKI stages were significantly different 
between the survival and death groups. Factors such as age, white blood cells, albumin, and PCT were not statistically 
significant between the two groups of survival and death. The levels of creatinine, lactate, IL-6, sTM, SOFA score, and 
APACHE II score in the mortality group were statistically significantly higher than in the surviving group.

The predictive value of sTM for the occurrence of acute kidney injury and mortality was analyzed. The AUC of sTM 
was 0.864, which has a relatively high accuracy for predicting AKI (Figure 1). The markers demonstrated moderate to 
good accuracy in predicting patient mortality, with AUC values ranging from 0.671 to 0.816 (Figure 2).

Odds ratio of sTM for AKI prediction after we adjusted for confounding factors by logistic regression model was 3.20 
(95% CI: 1.33–7.70). The hazard ratio of sTM for mortality prediction after we adjusted for confounding factors using 
Cox regression model was 2.85 (95% CI: 1.22–6.62) (shown in Table 5).

Table 1 Characteristics of Study Population

Characteristics General (n =71) AKI (n = 38) Non-AKI (n = 33) p*

Age (years) 61.86 ± 17.82 64.05 ± 15.85 59.33 ± 19.80 0.269

Weight (kg) 62.35 ± 12.22 60.87 ± 11.19 64.06 ± 13.29 0.276

Height (cm) 162.23 ± 7.90 160.66 ± 7.41 164.03 ± 8.18 0.073

BMI (kg/m2) 23.55 ± 3.57 23.44 ± 2.98 23.68 ± 4.19 0.770

Sex (Male/ Female) 71 (46/25) 38 (23/15) 33 (23/10) 0.420

Comorbidities n (%)
Diabetes type 2 19 (26.8%) 10 (26.3%) 9 (27.3%) 0.982
Hypertension 24 (33.8%) 12 (31.6%) 12 (36.4%) 0.671

Coronary artery disease 9 (12.7%) 4 (10.5%) 5 (15.2%) 0.724

COPD 6 (8.5%) 2 (5.3%) 4 (12.1%) 0.406
Cirrhosis 4 (5.6%) 4 (10.5%) 0 (0.0%) 0.118

Chronic heart failure 3 (4.2%) 2 (5.3%) 1 (3.0%) 0.641

Others 6 (8.5%) 4 (10.5%) 2 (6.1%) 0.679

Focus of infection
Respiratory system 27 (38.0%) 14 (36.8%) 13 (39.4%) 0.825
Gastrointestinal system 18 (25.4%) 11 (28.9%) 7 (21.2%) 0.455

Urinary tract 12 (16.9%) 6 (15.8%) 6 (18.2) 0.788

Skin and soft tissue 7 (9.9%) 3 (7.9%) 4 (12.1%) 0.697
Central nervous system 3 (4.2%) 2 (5.3%) 1 (3.0%) 0.641

Others 4 (5.6%) 2 (5.3%) 2 (6.1%) 0.884

Notes: n/a: non applicable; continuous data presented using the mean ± standard deviation and categorical data (n, %); p*: t-test. 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; AKI, acute kidney injury.
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Table 3 Laboratory Findings

Tests General (n =71) AKI (n = 38) Non-AKI (n = 33) p

White blood cells 15.56 ± 9.59 16.25 ± 10.59 14.76 ± 8.39 0.682b

Hemoglobin 10.60 ± 2.25 10.65 ± 2.44 10.55 ± 2.06 0.858b

Red blood cells 3.68 ± 0.78 3.64 ± 0.81 3.72 ± 0.76 0.675b

Hematocrit 32.51 ± 6.59 32.64 ± 7.16 33.35 ± 5.98 0.85b

Platelets 137 (7–439) 113.5 (7–405) 210 (9–439) 0.002a

ALT 58 (5.29–3443) 77 (5.29–3443) 51.3 (5.63–500) 0.107a

AST 70.24 (11.61–5970) 110.93 (12.67–5970) 56.20 (11.61–462) 0.019a

Total Bilirubin 22.4 (4.3–526.7) 28.45 (6.2–417.7) 16.5 (4.3–526.7) 0.003a

Albumin 27.14 ± 4.70 27.30 ± 4.40 26.95 ± 5.08 0.760b

IL-6 296.3 (3.53–5000) 823.25 (3.53–5000) 176.2 (8.2–5000) 0.020a

PCT 17.49 (0.129–100) 29.43 (0.23–100) 14.08 (0.129–100) 0.115a

Lactate 2.80 (0.7–17.4) 3.45 (1.1–17.4) 2.1 (0.7–11.9) 0.005a

Baseline creatinine (µmol/mL) 85.62±14.10 87.42 ± 14.3 83.55±13.8 0.251b

Creatinine (µmol/l) 120 (41–325.5) 180.72 (101–325.5) 73 (41–120) <0.001a

sTM (ng/mL) 4.33 (1.51–6.46) 4.71 (3.87–6.46) 2.54 (1.51–5.94) <0.001a

Notes: p-value: aMann Whitney test; bt-test. 
Abbreviations: sTMm, soluble thrombomodulin; PCT, procalcitonin; IL-6, interleukin-6; AST, Aspartate aminotransferase; ALT, Alanine 
aminotransferase.

Table 2 Clinical Characteristics

Characteristics General (n =71) AKI (n = 38) Non-AKI (n = 33) p

Systolic Blood pressure (mmHg) 115 (75–180) 87 (75–153) 130 (95–180) <0.001a

Diastolic Blood pressure (mmHg) 67 (45–110) 54 (45–88) 76 (55–110) <0.001a

Mean blood pressure 85 (55–133.33) 63.5 (55–103.33) 93.3 (71.67–133.33) <0.001a

SpO2 99 (80–100) 93 (80–100) 100 (98–100) <0.001a

CVP 10 (1–25) 6 (1–25) 11 (6–20) 0.001a

Glasgow 15 (10–15) 12 (10–15) 15 (13–15) <0.001a

APACHE II at hospital admission 16 (5–34) 20.5 (10–34) 13 (5–31) 0.004a

SOFA at hospital admission 6 (2–14) 7.5 (2–14) 5 (2–13) <0.001a

Ventilator 35 (49.3%) 25 (65.8%) 10 (30.3%) 0.003b

Septic shock 28 (39.4%) 24 (63.2%) 4 (12.1%) <0.001b

RRT 16 (22.5%) 12 (31.6%) 4 (12.1%) 0.003b

Duration in ICU 8 (3–38) 9 (5–28) 5.5 (3–15) 0.067a

Mortality within 28 days 21 (29.6%) 20 (52.6%) 1 (15.2%) <0.001c

Notes: p-value: amann–Whitney test; bChi-square test; cFisher exact test. 
Abbreviations: RRT, Renal replacement therapy; SOFA, Sequential organ failure assessment score; APACHE II, Acute physiology and 
chronic health evaluation II; CVP, Central venous pressure.
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Discussion
In our study, the majority of patients were elderly, mainly male patients. Age in the AKI group was older than in the non- 
AKI group, but this difference was not statistically significant. Comorbidities in our study were mainly hypertension, 
type 2 diabetes, and coronary artery diseases. These are common diseases among the elderly. Katayama’s study showed 
that the prevalence of comorbidities was: hypertension at 48.8%, ischemic heart disease (IHD) at 8.8%, congestive heart 
failure (CHF) at 8.8%, COPD at 5.1%, cerebrovascular accident (CVA) at 11.1%, diabetes at 25.7%, and immunodefi-
ciency at 29.2%.14 While the study by Inkinen et al showed that the comorbidities in the study population included 
hypertension, coronary artery disease or ASO, chronic heart failure, COPD, chronic kidney disease (GFR < 60 mL/min/ 
1.73 m2), and diabetes, which accounted for 53.2%, 14.4%, 11.5%, 12.8%, 6.8%, and 25.5%, respectively.17

The focus of infection in our study was largely the respiratory, digestive, and urinary systems. These are common 
infections in Southeast Asian countries. In the study of Inkinen et al, sepsis accounted for 2.9% of the central nervous 
system, 47.8% of the lungs, 25.2% of the gastrointestinal tract, 7.4% of the urinary tract, 8.9% of the skin and soft 
tissues, and 3.1% from other.17

Septic shock is the most severe phase of a continuum that begins with a systemic inflammatory response to infection, 
severe sepsis, septic shock, and multiple organ failure. Shock comes on very quickly and is extremely dangerous. If 
diagnosed late and not promptly treated, it can be life-threatening. The rate of septic shock in our study was lower than 
that of Katayama et al, but higher than that of Vucelic et al. In the study of Katayama et al, the rate of septic shock in 
patients with sepsis was 45.7%, and there was a statistically significant difference between the AKI and non-AKI groups 
with p < 0.0001.14 Research by Vucelic et al showed that the rate of patients with septic shock in patients with sepsis was 
35.3%.18

The AKI group had a higher mortality rate than the non-AKI group. In a study by Gameiro et al on 256 patients with 
AKI associated with sepsis, the 30-day mortality rate was 24.5%.19 A meta-analysis of studies from 2002–2016 also 
found a mortality rate of patients with sepsis greater than 30%.20 In the study of Kellum et al, with three groups of sepsis, 

Table 4 Characteristics of Survival and Mortality Within 28 Days

Characteristics General (n = 71) Survival (n=50) Mortality (n=21) p

AKI 38 (53.5%) 18 (36%) 20 (95.2%) < 0.001
Stage 1 16 (22.5%) 9 (18%) 7 (33.3%)

Stage 2 14 (19.7%) 7 (14%) 7 (33.3%)
Stage 3 8 (11.3%) 2 (4%) 6 (28.6%)

Age 61.86±17.82 61.22±19.0 63.38 ± 14.98 0.612b

White blood cells 14.5 (0.3–200.6) 14.3 (0.3–200.6) 17.4 (0.4–48) 0.682a

Platelets 137 (7–439) 157 (9–439) 111 (7–405) 0.002a

Creatinine (µmol/l) 120 (41–325.5) 105.64 (41–320) 186 (90.42–325.5) <0.001a

Albumin 27.14 ±4.70 26.88 ±4.67 27.75±4.83 0.480b

PCT 17.49 (0.129–100) 16.62 (0.13–100) 24.07 (1.5–100) 0.115a

Lactate 2.80 (0.7–17.4) 2.4 (0.7–12.4) 3.6 (1.1–17.4) 0.005a

IL-6 296.3 (3.53–5000) 199.85 (3.53–5000) 1520 (8.2–5000) 0.020a

sTM 4.33 (1.51–6.46) 3.87 (1.51–5.90) 4.78 (2.88–6.46) <0.001a

SOFA 6 (2–14) 5 (2–9) 10 (3–14) <0.001a

APACHE II 16 (5–34) 14.5 (5–33) 30 (10–34) 0.004a

Notes: p-value: aMann Whitney test; bt-test. 
Abbreviations: sTM, soluble thrombomodulin; PCT, procalcitonin; SOFA, Sequential organ failure assessment score; 
APACHE II, Acute physiology and chronic health evaluation II.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S417410                                                                                                                                                                                                                       

DovePress                                                                                                                       
2937

Dovepress                                                                                                                                                         Nguyen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


no infection, and infection no sepsis, in the combined analysis of all groups, the 30-day mortality rate was 23% for 
patients with stage 2–3 AKI compared with 14% without stage 2–3 AKI within the first 3 days.21

Regarding laboratory tests, in our study, the concentrations of lactate, IL-6, and platelets in the AKI group were 
different from those in the non-AKI group. This difference was statistically significant with p < 0.05. The same was true 
for the survival and mortality groups. Meanwhile, PCT concentration showed no difference between AKI and non-AKI 
groups as well as survival and death groups. The study by Inkinen et al showed that the IL-6 concentration in sepsis 
patients was 0.57 ng/mL, the IL-6 concentration in the AKI group was higher than the non-AKI group with p = 0.011, 
and the lactate level in the patients with sepsis was 1.8 mmol/L. The lactate level was higher in the mortality group than 
in the surviving group, with p < 0.001.17 The study by Katayama et al showed that the platelets in sepsis patients were 
144 x 109/L, and the AKI group had lower platelets than the non-AKI group, with p < 0.0001.14 Research by Liu et al 
showed that the concentrations of lactate (mmol/L) and IL-6 (pg/mL) in patients with sepsis and septic shock were 2.5 
(1.9–4.1) and 313.7 (121.3–2565.3), respectively, the difference between the two groups of survival and death was 
statistically significant with p < 0.05, while the concentrations of procalcitonin (ng/mL) and the mean amount of platelets 
(x 109/L) were 28.5 (6.3–97.1) and 169.7 (108.0), respectively, the difference between the two groups of survival and 
death was not statistically significant with p > 0.05.22

In our study, the rate of AKI was 53.5%, of which AKI stage 1, stage 2, and stage 3 accounted for 22.5%, 19.7%, and 
11.3%, respectively. The rate of renal replacement therapy was 22.5%. The AKI group had a significantly higher rate of renal 
replacement therapy than the non-AKI group. In a study by Katayama et al on 514 sepsis patients, the AKI rate was 68.3%.14 

Figure 1 Receiver operating characteristic (ROC) curve of sTM to predict AKI.
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According to Jiang’s study on 3107 patients admitted to the ICU, the rate of AKI was 51.0%, in which AKI stage 1, stage 2, 
and stage 3 were 23.1%, 11.8%, and 15.7%, respectively; the rate of renal replacement therapy was 9%.23 In another study on 
619 sepsis patients, the rate of AKI was 51.1%, of which AKI stage 1 accounted for 19.7%, AKI stage 2 accounted for 8.7%, 
and AKI stage 3 accounted for 22.6%. The rate of renal replacement therapy was 16.3%.17

In this study, soluble thrombomodulin (sTM) concentration in patients with sepsis was 4.33 ng/mL. sTM concentra-
tion in the AKI group was statistically significantly higher than that in the non-AKI group with p < 0.001, and the AKI 
predictive serum sTM curve was 0.864 (p < 0.001).

The study by Bouchard et al showed that in comparison to serum and urine neutrophil gelatinase-associated lipocalin 
(NGAL), cystatin C, urine renal injury molecule-1, and liver-fatty acid-binding protein, the AUC of sTM concentration to 

Figure 2 Receiver operating characteristic (ROC) curve of sTM, IL600, SOFA, and APACHE 2 in mortality prediction.

Table 5 Predictive Value of Serum Thrombomodulin for AKI and Mortality

AKI (Logistic Regression Model) Mortality (Cox Regression Model)

OR (95% CI) P value HR (95% CI) P value

sTM Per 1 ng/mL

Model 1a 5.01 (2.41010.42) <0.001 2.764 (1.68–4.56) <0.001

Model 2b 3.20 (1.33–7.70) 0.010 2.85 (1.22–6.62) 0.015

Notes: aUnadjusted model. bAKI: adjusted for Mean blood pressure, CVP, SOFA, Ventilator, IL-6, Lactate. Mortality: 
adjusted for PLT; Creatinine; Lactate; Septic shock; SOFA.
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predict AKI was 0.77 (95% CI 0.62–0.89).24 Another study showed that sTM was an independent predictor of AKI with 
an AUC of 0.758 (p < 0.0001).14 The study by Inkinen et al showed that, after adjusting for confounding factors, sTM 
was linked to the occurrence of AKI 12 hours after admission to the ICU.17 In a study of critically ill patients admitted to 
the ICU, Zhou et al showed that the AUC for the combination of urine sTREM-1, serum sTREM-1, and serum sTM 
together provided a better clinical reference value for predicting the occurrence of AKI at 0.879 and the mortality rate at 
0.84. The optimal critical value of sTM in diagnosing the development of AKI in the AKI and non-AKI group was 9.18 
ng/mL; that value in predicting mortality in AKI patients was 11.98 ng/mL.15 Research by Rodrigues et al showed that 
the group of patients with a SOFA score greater than or equal to 12 points had a statistically significantly higher level of 
sTM than the group with a SOFA score less than 12 points.25

According to this study, the levels of sTM, IL-6, SOFA score, and APACHE II score in the group that died within 28 
days were statistically significantly higher than those in the survival group (p < 0.05). Using ROC analysis, our study 
showed that the AUC of sTM, IL-6, SOFA score, and APACHE II score in predicting mortality was 0.811, 0.671, 0.816, 
and 0.705, respectively. As we know, dysregulated inflammatory responses that damage endothelial cells play an 
important role in the pathogenesis of sepsis, which is the cause of increased sTM in the blood. The plasma sTM 
concentration is significantly elevated in patients with sepsis.26 sTM is used for diagnosis, prognosis, and mortality in 
patients with sepsis.8 Many studies have shown a positive correlation between sTM concentration and the severity of 
sepsis in both adults and children.13,27,28 It has been shown that sTM is better at predicting serious complications such as 
MODS (Multiple Organ Dysfunction Syndrome), surpassing accepted risk and prognosis assessment methods such as 
SOFA and APACHE II.13 In addition, patients with sepsis who died had higher plasma sTM concentrations than the non- 
fatal group.28,29

Conclusion
Acute kidney injury is a common complication of sepsis, contributing to increased mortality. Early detection and prompt 
treatment lead to better long-term outcomes. Several biomarkers will help detect acute kidney injury early before serum 
creatinine rises. In our study, the serum sTM level in AKI patients associated with sepsis was significantly higher than in 
non-AKI patients, and the serum sTM level was elevated in the mortality group of patients with sepsis compared with the 
surviving group. Serum sTM concentration is a very good predictor of AKI and mortality in patients with sepsis.
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