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Background: Ulinastatin (UTI) as a urinary trypsin inhibitor can inhibit the function of various enzymes. 
UTI has been shown to reduce the inflammatory response, suppress lymphocyte apoptosis, and improve 
the microcirculation, protecting the organs. However, there is no uniform recommended dose to use UTI 
on treating sepsis, and some studies indicate that UTI has dose-dependent effects, we aimed to explore the 
effects and appropriate dosage of UTI in sepsis treatment.
Methods: Patients with sepsis in the intensive care unit (ICU) of the First Affiliated Hospital of Xi’an 
Jiaotong University from January 2012 through December 2017 were enrolled. We collected basic data, 
treatments, and outcomes. All patients were divided into two groups: the UTI group and the control group. 
Data analysis was performed with the chi-square test, t-test, and Cox multifactor regression analysis.
Results: A total of 295 patients (181 males; mean age 59.98±17.78 years) were enrolled. Univariate Cox 
regression analysis showed that the hazard ratio (HR) for mortality with UTI treatment was 0.805 (95% 
confidence interval: 0.530–1.222, P>0.05). After adjustment, there are 13 factors that might affect prognosis 
with multivariable Cox regression analysis, the adjusted HR for mortality with UTI treatment was 0.560 (95% 
confidence interval: 0.346–0.906, P<0.05). We found that using higher maximum dose (≥160×104 U), the 
adjusted HR for mortality with UTI treatment was 0.370 (95% confidence interval: 0.204–0.672, P=0.001). 
And with the rising of cumulative dose (≥120×104 U), the adjusted HR for mortality with UTI treatment was 
0.418 (95% confidence interval: 0.224–0.781, P<0.05). the days of UTI use during (5–8 days), the adjusted 
HR for mortality with UTI treatment was 0.153 (95% confidence interval: 0.074–0.318, P<0.001). 
Conclusions: Cox regression analysis showed that higher maximum dose, cumulative dose, and days of 
UTI use increased the protective effect. UTI reduced the HR for death in patients with sepsis. When the 
cumulative dose of UTI was less than 1,200,000 IU and the treatment duration was less than 5 days, there 
was no significant effect on the HR for death in patients with sepsis.

Keywords: Sepsis; ulinastatin (UTI); regression analysis

Received: 08 July 2019; Accepted: 18 September 2019; Published: 10 January 2020.

doi: 10.21037/jeccm.2019.09.10

View this article at: http://dx.doi.org/10.21037/jeccm.2019.09.10

mailto:wangxuejd_2008@126.com
https://crossmark.crossref.org/dialog/?doi=10.21037/jeccm.2019.09.10


Journal of Emergency and Critical Care Medicine, 2020Page 2 of 8

© Journal of Emergency and Critical Care Medicine. All rights reserved. J Emerg Crit Care Med 2020;4:10 | http://dx.doi.org/10.21037/jeccm.2019.09.10

Introduction

With developments in modern medicine, sepsis remains 
a worldwide medical challenge because of related high 
costs, morbidity, and mortality. Although the recognition 
and management of sepsis have advanced, mortality 
among patients with sepsis remains over 30%, and may 
climb to 60% when septic shock occurs (1). The updated 
definition of sepsis is “life-threatening organ dysfunction 
caused by a dysregulated host response to infection” (2). 

This new definition focuses not only on the excessive 
inflammatory response and immune suppression, but also 
on organ function. Ulinastatin (UTI) is a urinary trypsin 
inhibitor first discovered in urine in 1909 by Bauer and 
Reich. UTI is a natural serine protease inhibitor present in 
human blood and urine and composed of 143 amino acids. 
Because it has two Kunitz-type domains (3), UTI can 
inhibit the function of various enzymes. The human body 
contains endogenous UTI; levels increase with infection, 
operation, or shock. UTI has been shown to reduce the 
inflammatory response, suppress lymphocyte apoptosis, 
and improve the microcirculation, protecting the organs 
(4,5). However, most patients in previous studies (more 
than 800 patients) were treated with UTI in combination 
with thymosin alpha-1, making interpretation of the 
independent therapeutic potency of UTI difficult (6). 
Further studies are needed to confirm the effectiveness 
of UTI without thymosin alpha-1 in the treatment of 
sepsis. A prospective, double-blind, randomized, placebo-
controlled trial of UTI in patients with severe sepsis 
showed that intravenous administration of UTI at a dose 
of 200,000 U twice daily for 5 days was associated with 
a reduction in 28-day all-cause mortality (the primary 
endpoint) to 7.3%, compared with 20.3% in the placebo 
control group (7). In that study, the mean patient age 
was below 40 years and the mean Acute Physiology and 
Chronic Health Evaluation II (APACHE II) score was 
under 15, values that obviously differ from those of 
patients in Chinese intensive care units (ICUs). Some 
recent researches indicate that treatment with UTI could 
reduce the 28-day mortality in critically ill septic patients 
(8,9). But it does not explore the different dose of UTI 
affect to the mortality of patients. In this study, we aimed 
to explore the effectiveness of UTI in the treatment of 
sepsis and to determine the proper usage by using a Cox 
proportional hazards model. 

Methods

This study included 295 patients with sepsis treated in 
the ICU of the First Affiliated Hospital of Xi’an Jiaotong 
University from January 1, 2012 to December 31, 2017. All 
patients included in this study met the criteria of the Third 
International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3), including confirmed or suspected infection 
and an acute change in total Sequential Organ Failure 
Assessment (SOFA) scores of ≥2 points (2). Patients under 
the age of 18 years and pregnant patients were excluded. 
All enrolled patients were divided into two groups, the UTI 
group and control group, based on UTI use during ICU 
stay. There were 234 patients in the UTI group and 61 in 
the control group. Using dose of the patients in UTI group 
were determined by professors according to the clinical 
situation of patients. Some studies indicate that UTI has 
dose-dependent effects, and it’s safety to use a higher dose 
of UTI in adult healthy Chinese volunteers (10,11). 

All  potential factors relating to outcomes were 
considered, including age, sex, underlying diseases 
[diabetes mellitus, hypertension, coronary heart disease 
(CHD), cerebral hemorrhage, cerebral infarction, chronic 
obstructive pulmonary disease (COPD), chronic kidney 
disease (CKD), tumor, and trauma], body temperature, 
blood pressure, mean arterial pressure, APACHE II score, 
SOFA score, Glasgow coma scale score, laboratory values 
(all the lab variables are chosen the worst values among 48 h 
after admission to the ICU), infection source, culture results 
(including culture of blood, sputum, bronchoalveolar lavage 
fluid, urine, pleural effusion, ascites, skin eruption, and 
catheter tip), and main interventions (including vasopressors, 
antibiotics, corticosteroids, human albumin, thymosin, blood 
purification, and mechanical ventilation). We follow the 
STROBE checklist to report the work (Table S1).

Statistical analysis

Categorical variables were reported as numbers and 
proportions and were analyzed with Pearson’s chi-square 
or Fisher’s exact test, as appropriate. Continuous variables 
that met the normality test were reported as means and 
standard deviations and were analyzed with an independent-
sample t-test, or were reported as medians and interquartile 
ranges and analyzed with the Mann-Whitney U test (12). 
Variables that were statistically significant in univariate 
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analysis were included in a multivariate Cox proportional 
hazards model (13). All statistical analyses were performed 
with SPSS 22.0 software. A P value <0.05 was considered 
statistically significant.

Results

Baseline characteristics in the UTI and control groups

Among the 295 patients, 181 were men and 14 were 
women. Mean patient age was 59.98±17.78 years; minimum 
APACHE II score was 20.02±8.13 and minimum SOFA 
score was 7.48±3.73 in the 24 h after diagnosis. Infection 

most commonly originated in the lungs (70.85%), followed 
by abdominal cavity (37.63%), urine (23.05%), skin 
(10.17%) and other (7.12%). Only 23.73% of blood cultures 
were positive. The most commonly cultured organisms 
were Gram-negative bacteria (40.00%), followed by Gram-
positive bacteria (26.10%) and fungi (17.63%). 

There were 234 patients in the UTI group and 61 in 
the control group. The UTI group had higher APACHE 
II scores, WBC counts, and lactate values than the control 
group, and was more likely to undergo blood purification 
and mechanical ventilation. There was no significant 
difference between the groups in sex, age, underlying 
disease, or most laboratory indices (Tables 1-3).

Table 1 Baseline characteristics in ulinastatin and control groups

Characteristics Ulinastatin group (n=234) Control group (n=61) All patients (n=295) P value

Sex 0.900

Male, n (%) 144 (79.56) 37 (20.44) 181 (61.36)

Female, n (%) 90 (78.95) 24 (21.05) 14 (4.75)

Age, years (x ± s) 60.76±17.81 56.97±17.46 59.98±17.78 0.138

Underlying disease, n (%)

Diabetes 59 (25.21) 8 (13.11) 67 (22.71) 0.045

Hypertension 89 (38.03) 23 (37.70) 112 (37.97) 0.962

CHD 41 (17.52) 6 (9.84) 47 (15.93) 0.144

Cerebral hemorrhage 8 (3.42) 2 (3.28) 10 (3.39) 0.957

Cerebral infarction 37 (15.81) 6 (9.84) 43 (14.58) 0.239

COPD 14 (5.98) 2 (3.28) 16 (5.42) 0.608

CKD 63 (26.92) 17 (27.87) 47 (15.93) 0.882

Tumor 38 (16.24) 9 (14.75) 11 (3.73) 0.778

Trauma 9 (3.85) 1 (1.64) 10 (3.39) 0.652

MODS, n (%) 125 (53.42) 30 (49.18) 155 (52.54) 0.555

APACHE II, median (Q1, Q3) 19 [15, 25] 18 (13.5, 22.5) 19 [15, 24] 0.042

SOFA, median (Q1, Q3) 7 [5, 10] 7 [4, 9] 7 [5, 10] 0.096

GCS, median (Q1, Q3) 15 (9.75, 15) 15 (9.5, 15) 15 [10, 15] 0.808

T (℃), median (Q1, Q3) 37.5 (37.0, 38.4) 37 (36.6, 38.1) 37.5 (36.9, 38.4) 0.130

MAP (mmHg), median (Q1, Q3) 84.33 (76.25, 95.08) 87.00 (76.84, 96.00) 85.00 (76.67, 95.33) 0.553

Blood purification, n (%) 138 (58.97) 27 (44.26) 165 (55.93) 0.039

Mechanical ventilation, n (%) 137 (58.55) 22 (36.07) 159 (53.90) 0.002

CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; MODS, multiple organ 
dysfunction syndrome; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, sequential organ failure assessment; GCS, 
Glasgow coma scale; T, temperature; MAP, mean arterial pressure.
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Cox analysis of UTI effectiveness

There was no significant difference in 28-day mortality 
between the UTI group (39.32%) and control group 
(47.54%, P=0.245). Univariate Cox regression analysis 

showed that the hazard ratio (HR) for mortality in the UTI 

group was 0.805 [95% confidence interval (CI): 0.530–

1.222, P=0.308]. The survival curve is shown in Figure 1. 

After adjusting for confounding factors that were statistically 

Table 2 Laboratory values in ulinastatin and control groups

Variables Ulinastatin group (n=234) Control group (n=61) All patients (n=295) P value

PCT, µg/L, n (%) 0.075

<2 46 (19.66) 12 (19.67) 58 (19.66)

2–10 46 (19.66) 20 (32.79) 66 (22.37)

≥10 142 (60.68) 29 (47.54) 171 (57.97)

WBC (×109/L), median (Q1, Q3) 12.18 (7.25, 19.63) 9.44 (6.10, 13.23) 11.06 (6.97, 18.46) 0.024

NEUT (%), median (Q1, Q3) 90.15 (80.13, 93.90) 87.10 (81.26, 92.25) 89.70 (80.50, 93.70) 0.228

PLT (×109/L), median (Q1, Q3) 105.00 (48.75, 164.00) 97.00 (48.00, 191.00) 105.00 (49.00, 166.00) 0.666

PT (s), median (Q1, Q3) 16.5 (14.9, 19.3) 15.7 (14.5, 17.8) 16.5 (14.8, 19.0) 0.137

ALB (g/L), x±s 28.09±7.22 27.22±6.37 27.91±7.05 0.392

BUN (mmol/L), median (Q1, Q3) 13.24 (7.74, 21.30) 13.65 (7.76, 20.27) 13.25 (7.74, 21.28) 0.901

CR (µmol/L), median (Q1, Q3) 139.25 (78.00, 248.25) 134.00 (59.64, 311.50) 139.00 (74.00, 260.93) 0.754

LAC (mmol/L), median (Q1, Q3) 2.0 (1.4, 4.3) 1.5 (1.0, 2.6) 1.9 (1.3, 3.9) 0.001

Hemoculture positive, n (%) 54 (23.08) 16 (26.23) 70 (23.73) 0.606

Gram-positive bacteria, n (%) 64 (27.35) 13 (21.31) 77 (26.10) 0.339

Gram-negative bacteria, n (%) 92 (39.32) 26 (42.62) 118 (40.00) 0.639

Fungus, n (%) 37 (15.81) 15 (24.59) 52 (17.63) 0.109

Infection source, n (%)

Lung 167 (71.37) 42 (68.85) 209 (70.85) 0.700

Abdominal cavity 95 (40.60) 16 (26.23) 111 (37.63) 0.039

Urine 44 (18.80) 24 (39.34) 68 (23.05) 0.001

Skin 24 (10.26) 6 (9.84) 30 (10.17) 0.923

Other 19 (8.12) 2 (3.28) 21 (7.12) 0.303

Laboratory values are the worst values within 48 h after sepsis diagnosis. PCT, procalcitonin; WBC, white blood cells; NEUT %, 
neutrophilic granulocyte percentage; PLT, platelets; PT, prothrombin time; ALB, albumin; BUN, blood urea nitrogen; CR, creatinine; LAC, 
lactate.

Table 3 Prognostic indicators in ulinastatin and control groups

Indicators Ulinastatin group (n=234) Control group (n=61) All patients (n=295) P value

Hospital stay (days), x±s 11.14±8.61 10.26±8.52 10.96±8.58 0.477

ICU stay (days), x±s 10.41±8.39 9.61±8.63 10.25±8.43 0.528

28-day mortality, n (%) 92 (39.32) 29 (47.54) 121 (41.02) 0.245

ICU, intensive care unit.
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significant in univariate analysis (Table 4) with a Cox 
proportional hazards model, the adjusted HR for mortality 
with UTI treatment was 0.560 (95% CI: 0.346–0.906, 
P=0.018). This finding provides evidence that UTI could 
reduce the 28-day mortality risk by 44% among septic 
patients. Outcomes are shown in Figure 2.

Cox regression analysis on the usage of UTI

In the UTI group, the average cumulative UTI dose was 

4,845,300 U (range, 200,000–43,600,000 U); the average 
duration of UTI use was 6.29 days (range, 1–25 days) 
(Table 5). The initial dose, maximum dose, mean dose, 
cumulative dose, and days of treatment were grouped 
according to quartiles. The resulting Cox regression 
analysis showed that the protective effect of UTI against 
28-day mortality increased with increasing maximum 
dose, increasing cumulative dose, and longer duration of 
treatment. When the dose of UTI is [0–40] ×104 U, the 
adjusted HR for mortality with UTI treatment was 0.698 
(95% CI: 0.337–1.444, P=0.332), when the dose of UTI is 
more than 160×104 U, the adjusted HR for mortality with 
UTI treatment was 0.370 (95% CI: 0.204–0.672, P=0.001), 
UTI had no significant effect on the relative risk (RR) of 
death when the cumulative dose was less than 1,200,000 U 
and the duration of use was less than 5 days (Table 6). We 
choose the cumulative dose of UTI to illustrate the effect of 
treatment, because we must continuously use UTI to keep 
the effectiveness of UTI, but not the once reaction. 

Discussion

Sepsis remains a leading cause of death in the ICU, because 
the excessive inflammatory response damages vessels, 
endothelium, and organs. Many studies have established 
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Figure 1 The survival curves of ulinastatin group and control group.

Table 4 Significant factors related to the hazard ratio for 28-day mortality

Factors B Wald P value HR (95% CI)

MODS % 0.715 9.803 0.002 2.044 (1.306, 3.097)

APACHE II 0.075 0.858 <0.001 1.078 (1.056, 1.100)

SOFA 0.109 20.148 <0.001 1.116 (1.064, 1.170)

GCS −0.106 26.082 <0.001 0.899 (0.863, 0.937)

NEUT % −0.016 13.479 <0.001 0.984 (0.976, 0.993)

PT 0.034 26.000 <0.001 1.035 (1.021, 1.048)

ALB −0.054 15.274 <0.001 0.948 (0.922, 0.974)

CR 0.001 4.068 0.044 1.001 (1.000, 1.002)

LAC 0.120 38.419 <0.001 1.128 (1.086, 1.172)

Antibiotic quantity −0.265 12.894 <0.001 0.768 (0.664, 0.887)

Mechanical ventilation 0.509 6.838 0.009 1.664 (1.136, 2.437)

Vasopressors 0.689 12.656 <0.001 1.991 (1.362, 2.909)

Thymosin −0.643 11.533 0.001 0.526 (0.363, 0.762)

MODS, multiple organ dysfunction syndrome; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, sequential organ 
failure assessment; GCS, Glasgow coma scale; NEUT %, neutrophilic granulocyte percentage; PT, prothrombin time; ALB, albumin; CR, 
creatinine; LAC, lactate; HR, hazard ratio; CI confidence interval.
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that UTI, a trypsin inhibitor, can inhibit inflammatory 
responses and oxidative stress, reducing organ damage 
by regulating some cytokine pathways. Most studies 
have found that UTI decreased ICU mortality, improved 
oxygenation, and decreased duration of stay. UTI can 
also reduce mortality among septic patients in a dose-
dependent manner. However, most patients in previous 
studies (more than 800 patients) were treated with UTI in 
combination with thymosin alpha-1, making interpretation 
of the independent therapeutic potency of UTI difficult 
(5,6,9,14,15). A recent meta-analysis on UTI showed that 
the 28-day mortality rate was significantly lower in the UTI 
group than the control group (26.9% vs. 41.6%, RR =0.64, 
95% CI: 0.54–0.75, P<0.01) (16). However, the eight studies 
included in the meta-analysis were not of high quality, 
and two were of low quality, which reduced the reliability 
of the results. A prospective, double-blind, multi-center 
randomized controlled trial in India (7) was included in this 
meta-analysis. That study reported that UTI significantly 
reduced the 28-day mortality rate of patients with sepsis 
(7.3% vs. 20.3%, P=0.045). In that study, the mean age 
was under 40 years and the mean APACHE II score was 
under 15; these values are obviously different from those 
among patients in ICUs in China. Therefore, we collected 
the clinical data of patients with sepsis in the ICU of the 
First Hospital Affiliated to Xi’an Jiaotong University from 
January 1, 2012 to December 31, 2017, aiming to explore 
the effectiveness of UTI in septic patients and to determine 
the proper usage by using a Cox proportional hazards model.

Among all 295 patients, 234 (79.32%) received UTI. 
Patients in the UTI group had higher APACHE II scores, 

WBC counts, and lactate levels, and were more likely to 
receive blood purification and mechanical ventilation than 
patients in the control group. The average initial UTI 
dose was 824,400 U/day; the average cumulative dose was 
4,845,300 U, which was much higher than the normal 
dosage of 100,000 U to 200,000 U per dose, three times 
per day. However, the standard deviation and maximum 
and minimum values show that there were large differences 
in the use of UTI, which may relate to the differences in 
disease severity among patients, and the lack of generally 
recognized treatment guidelines. As known to all, each 
drug requires a daily dose, but UTI is used to treat sepsis, 
which usually needs to maintain over a period of time, so 
we considered it is necessary to understand the duration of 
use and the cumulative dose and to discover the effect on 
patient mortality. 

There was no significant difference in 28-day mortality 
between the UTI group and the control group (UTI: 
39.32%, control: 47.54%; χ2=1.353, P=0.245). Univariate 
Cox regression analysis showed that the RR for 28-day 
mortality with UTI treatment was 0.805 (95% CI: 0.530–
1.222, P=0.308). After adjustment with the Cox proportional 
hazards model for variables that were significant in univariate 
analysis, the adjusted RR for 28-day mortality with UTI 
treatment was 0.560 (95% CI: 0.346–0.906, P=0.018). 
This finding indicates that UTI can effectively reduce the 
risk of 28-day mortality by 44% in patients with sepsis. 
Cox regression analysis on the usage of UTI showed that 
increased maximum dose, higher cumulative dose, and 
longer duration of use of UTI were associated with an 
increased protective effect against 28-day mortality.

Given the Cox multivariate regression analysis results, 
we can draw the following conclusions: (I) in treatment of 
sepsis, UTI could be beneficial to patients by significantly 
reducing the risk of death. (II) The effect of UTI in 
reducing the risk of death may be related to the dose and 
duration of treatment. In this study, the relative mortality 
risk in patients treated with UTI decreased with an increase 
in the maximum dose, cumulative dose, and duration 
of treatment. When the cumulative dose was less than 
1,200,000 IU and the duration was less than 5 days, UTI 
had no significant effect on the RR of death in patients with 
sepsis.

The multivariate Cox regression analysis in this study 
was carried out for patients with sepsis who received UTI. 
However, the baseline data were different between the 
UTI and control groups because this was a retrospective 
study, which may reduce comparability between the 

Figure 2 The survival curves of ulinastatin group and control group 
after adjusted.
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Table 6 Cox regression analysis on the use of ulinastatin compared with the control group

UTI dose B Wald P value HR (95% CI)

Initial dose (×104 U)

0–40 −0.665 4.058 0.044 0.514 (0.269, 0.982)

40–50 −0.460 2.463 0.117 0.631 (0.356, 1.121)

50–120 −0.975 9.870 0.002 0.377 (0.205, 0.693)

≥120 −0.725 5.905 0.015 0.484 (0.270, 0.869)

Maximum dose (×104 U)

0–40 −0.360 0.940 0.332 0.698 (0.337, 1.444)

40–80 −0.522 3.289 0.070 0.593 (0.337, 1.043)

80–160 −0.824 8.045 0.005 0.439 (0.248, 0.775)

≥160 −0.993 10.690 0.001 0.370 (0.204, 0.672)

Average dose (×104 U per day)

0–31.75 −0.775 5.461 0.019 0.461 (0.241, 0.883)

31.75–50 −0.694 5.028 0.025 0.500 (0.272, 0.916)

50–102.25 −0.700 5.599 0.018 0.497 (0.278, 0.887)

≥102.25 −0.659 4.795 0.029 0.517 (0.287, 0.933)

Cumulative dose (×104 U)

0–120 0.235 0.722 0.396 1.264 (0.736, 2.172)

120–240 −0.871 7.501 0.006 0.418 (0.224, 0.781)

240–587.5 −0.875 9.038 0.003 0.417 (0.236, 0.737)

≥587.5 −1.629 21.194 <0.001 0.196 (0.098, 0.392)

Treatment duration (days)

0–3 0.553 3.667 0.056 1.718 (0.987, 3.059)

3–5 −0.170 0.380 0.538 0.843 (0.491, 1.450)

5–8 −1.878 25.716 <0.001 0.153 (0.074, 0.318)

≥8 −1.961 22.227 <0.001 0.141 (0.062, 0.316)

HR, hazard ratio; CI confidence interval.

Table 5 Use of ulinastatin in ulinastatin group

UTI dose x±s Min Median (Q1, Q3) Max

Initial dose (×104 U) 82.44±76.57 10.00 50.00 (40.00, 120.00) 520.00

Maximum dose (×104 U) 113.55±108.77 10.00 80.00 (40.00, 160.00) 1,060.00

Average dose (×104 U/day) 72.16±59.57 20.00 50.00 (31.75, 102.25) 436.00

Cumulative dose (×104 U) 484.53±628.48 20.00 240.00 [120.00, 587.50] 4,360.00

Duration (days) 6.29±5.25 1 5 [3, 8] 25
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groups. Although we considered 52 variables that may 
affect outcomes, it is possible that some variables were 
not included, so it is difficult to obtain clear conclusions. 
Because this was a single-center study, there may also have 
been some selection bias and the sample size may not be 
large enough to represent the general situation. Therefore, 
we look forward to large-scale randomized controlled 
clinical trials to confirm the effects and proper usage of 
UTI in sepsis.
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