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Background: Severe acute pancreatitis (SAP) is a severe form of inflammatory disease with a high mortality
rate. Ulinastatin, a urinary trypsin inhibitor, has anti-inflammatory properties and may be beneficial to
critically ill patients with SAP. Nevertheless, there is currently insufficient evidence to conclude whether
there is a dose-effect relationship between ulinastatin and SAP treatment outcomes. The present study
examined the efficacy of ulinastatin at different doses in the treatment of SAP.

Methods: A retrospective study was conducted examining the clinical outcomes of 130 SAP patients.
Patients were categorized into a control group and three groups receiving different daily doses of ulinastatin
(200,000; 400,000; and 600,000 IU). The study compared the 1-week mortality rate; the Acute Physiology
and Chronic Health Evaluation II (APACHE-II) score; abdominal pain relief time; time to recover a normal
heart and respiratory rate; blood amylase, glucose, C-reactive protein, and procalcitonin levels; and white
blood cell (WBC) count among the different groups.

Results: The 400,000 and 600,000 IU groups had significantly lower mortality rates and WBC count
compared to the 200,000 IU group (P<0.05). Furthermore, the 400,000 IU group had a significantly shorter
abdominal pain relief time compared to the 200,000 IU group (P<0.05). Compared to the 200,000 TU
group, the 600,000 IU group had significantly shorter time to recover a normal respiratory rate and a lower
APACHE-II score (P<0.05).

Conclusions: Ulinastatin can improve the clinical outcomes of patients with SAP but efficacy varies with
the dosage.
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Introduction The global pooled incidence of AP is 34 cases per 100,000

people per year, equally affecting men and women but

Acute pancreatitis (AP) is one of the most common diseases of predominantly middle-aged or older individuals (4).

the gastrointestinal tract and carries a significant emotional,
physical, and financial burden (1,2). AP is characterized by
pancreatic self-digestion, in which pancreatic enzymes cause
injury to the pancreas and lead to glandular dysfunction,

as well as repercussions in remote organs and systems (3).
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In the United States, there are approximately 300,000
patients admitted to hospitals each year, resulting in medical
expenses of USD 2.64 billion (1). The 2012 revised Adanta
classification stratified AP into mild, moderately severe, and
severe acute pancreatitis (SAP) based on the presence of
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persistent organ failure and complications (5). Of these, SAP
is a common critical illness seen in the clinical emergency
setting, characterized by its fast onset and progression and
high mortality rate. If organ failure cannot be resolved within
48 h, SAP will develop into single organ failure which may
persist to the late phase of AP and even affect other organs.
The lung is the most commonly affected extra-pancreatic
organ in AP and this is frequently followed by acute kidney
and cardiovascular injury (6). Current treatments for SAP are
limited to conservative medical management (7); however,
there is no medication with confirmed efficacy. In China,
protease inhibitors are widely used for the treatment of AP
and demonstrate positive treatment effects (8). Ulinastatin
is a glycoprotein which can be obtained from human urine
or produced synthetically. Proteolytic enzymes, including
trypsin, elastase, and plasmin can be effectively inhibited by
ulinastatin, lipase, and amylase, thus relieving the systemic
inflammatory response and diminishing the severity of
pancreatitis (9-12). However, the dose-response effect of
ulinastatin in SAP has not been established. This study
explored the effect of different ulinastatin doses for SAP
treatment.

Methods
Setting and subjects

This retrospective study was conducted in the internal
medicine emergency department and intensive care unit
of the First Affiliated Hospital, Anhui Medical University,
Hefei, China, from January 2013 to May 2018. All patients
tulfilled the diagnostic criteria for SAP and were screened for
potential eligibility. According to the Atlanta classification,
SAP is characterized by persistent organ failure, including
single or multiple organ failure. Patients were included if
they were aged >18 years and had been receiving ulinastatin
for over 1 week. Patients were excluded if they had pre-
existing severe cardiovascular, pulmonary, hepatic, or renal
dysfunction before SAP onset; if there was an incomplete set
of clinical data; if there was a comorbid malignant tumor; or
if there was any underlying disease. Patients were distributed
into a control group (n=26), a 200,000 IU group (n=21), a
400,000 IU group (n=56), and a 600,000 IU group (n=27)
based on their total daily dose of ulinastatin.

Ethics statement

The study was approved by the ethics committee of the
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First Affiliated Hospital, Anhui Medical University (No.
Quick-PJ2019-17-21). Informed consent was waived
because the study was retrospective in design. The study
was performed in accordance to the Helsinki Declaration.
Individual patient data were anonymized and stored in an
encrypted computer.

Treatment

Patients in the control group received a comprehensive
range of treatment including fasting, gastrointestinal
decompression, early aggressive fluid resuscitation,
spasmolysis, purgation, acid suppression, somatostatins
(Stilamin 6 mg/day with continuous intravenous pump
infusion) to suppress pancreatin secretion, external
application of mirabilite, and enteral nutrition. Patients
with biliary pancreatitis were treated with antibiotics, while
those with biliary obstruction received timely endoscopic
obstruction removal. Patients with pancreatitis secondary
to hyperlipidemia with triglyceride levels >11.3 mmol/L
were treated by plasmapheresis and patients with Multiple
Organ Dysfunction Syndrome (MODS) received support
therapy specific to the failing organs. The 200,000, 400,000,
and 600,000 IU treatment groups received their respective
ulinastatin doses intravenously for at least 7 days in addition
to the control group treatments. The use of different doses
of ulinastatin (Guangdong Techpool Bio-pharma Co. Ltd.,
Guangdong, China) was determined by the attending
physician and not all patients with SAP received ulinastatin.
Data about the use of ulinastatin were extracted from
electronic healthcare records. Ulinastatin was discontinued
if the general condition of the patient improved or if allergy
was suspected.

Clinical variables

A range of laboratory variables were obtained on day 1
after admission, including white blood cell (WBC) count
and procalcitonin (PCT), C-reactive protein (CRP),
blood glucose, and blood amylase levels. If more than
one measurement was obtained, the maximum value was
recorded. These indices were also obtained on day 7 and
the difference between the days 1 and 7 values was then
calculated. The Acute Physiology and Chronic Health
Evaluation II (APACHE-II) score was calculated by using
the clinical and laboratory variables within 24 hours after
admission. The APACHE-II was also calculated on the

7" day after admission and the values with the maximum
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A total of 154 patients fulfilled the diagnostic criteria
for severe acute pancreatitis
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A total of 130 patients were included for analysis

Figure 1 Flowchart showing the patient selection protocol.

point score were used. The time taken to recover a normal
heart and respiratory rate, abdominal distention relief time,
and the previously mentioned parameters were recorded
according to the actual situation of each patient.

Outcomes

Mortality was defined as the vital status at 7 days after
emergency department admission. In this study, efficacy was
classified into 4 levels: cure, improvement, no improvement,
and death. Cure refers to the elimination of abdominal signs
and symptoms and the normalization of laboratory values
within 1 week of treatment. Improvement refers to lessening
clinical signs and symptoms and improving laboratory
values within 1 week of treatment. No improvement refers
to either a lack of significant change or worsening in clinical
signs and symptoms and laboratory values without mortality
after 1 week of treatment. Death refers to the worsening of
the disease leading to mortality after 1 week of treatment.
The calculation used for the 1-week mortality rate was
as follows: (number of deaths/total number of patients in
each group) x100%. Other outcomes included APACHE-
II scores, the time to recover a normal heart and respiratory
rate, abdominal distention relief time, abdominal pain relief
time, side effects, and time taken to recover normal blood
levels of endotoxin, CRP, PCT, and WBC.

Statistical analysis

All statistical analyses were conducted using SPSS version
22.0 (IBM Corp., Armonk, NY, USA). Quantitative data are
reported as mean = standard deviation. Categorical data are
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24 patients were excluded:

10 patients with exclusion time exceeding 72 h; 5
patients with incomplete clinical data; 4 pregnant
patients with pancreatitis; 3 with comorbid
diseases; 2 patients younger than 18 years

reported as percentages. The )’ test or analysis of variance
(ANOVA) were used to compare data between groups.
P<0.05 was considered to indicate statistical significance.

Results
Basic patient data and characteristics

Initially, a review of medical charts identified a total of
154 patients who fulfilled the diagnostic criteria for SAP.
In-depth screening excluded 24 of these patients; 10 were
excluded because admission time exceeded 72 hours, 5 were
excluded due to incomplete clinical data, 4 were excluded
because they were pregnant females with pancreatitis, 3
were excluded because they had comorbid diseases, and
2 were excluded because they were under 18 years old.
Consequently, a total of 130 patients were included in the
final analysis (Figure I).

Of the 130 patients with SAP included in this study, the
control group consisted of 13 male and 13 female patients
with a mean age of 46.31+14.70 years (range, 21-79 years);
the 200,000 IU group consisted of 11 male and 10 female
patients with a mean age of 43.29£10.59 years (range, 21—
66 years); the 400,000 IU group consisted of 26 male and 30
female patients with a mean age of 44.48+15.14 years (range,
19-80 years) and the 600,000 IU group consisted of 13 male
and 14 female patients with a mean age of 45.63+14.36 years
(range, 24-67 years). The four most common causes of
SAP were biliary causes, hyperlipidemia, alcohol, and other
factors. There were no statistically significant differences in
age, gender, disease etiology, and basic demographics among
patients in different groups (P>0.05; Table I).
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Table 1 Comparisons of age, sex, and etiology among patients in different groups

Group N Mean age (years) Sex (n, male/female) Etiology (n)
Control group 26 46.31+14.70 13/13 15/5/4/2
200,000 IU group 21 43.29+10.59 11/10 12/4/4/1
400,000 IU group 56 44.48+15.14 26/30 37/9/6/4
600,000 IU Group 27 45.63+14.36 13/14 17/5/3/2
F/? value 0.214 0.248 1.632

P value 0.887 0.970 0.996

F, Fisher’s exact test; ¥°, chi-squared test.

Table 2 Comparison of 1-week mortality rates among patients in different groups (n, %)

Group N Cure Improvement No improvement Death Mortality rate (%)
Control group 26 1 14 4 7 26.92
200,000 IU group 21 2 11 1 7 33.33
400,000 IU group 56 4 44 5 3 5.36*"
600,000 IU group 27 2 20 3 2 7.41°
' - - - - 14.02
P value - - - - 0.003

2 vs. control group, P<0.05; °, vs. 200,000 IU group, P<0.05.

Comparison of mortality rates among different groups

The mortality rate was 26.92%, 33.33%, 5.36%, and 7.41%
in the control, 200,000, 400,000, and 600,000 IU groups,
respectively. The mortality rate in the 400,000 IU group
was lower than that of the control group (P<0.05). The
mortality rates of the 400,000 and 600,000 IU groups were
lower than that of the 200,000 IU group (P<0.05; Table 2).

Comparison of APACHE-II scores among different groups
at admission and after one week of treatment

The difference between the APACHE-II scores of the
treatment groups and the control group at admission and at
1 week was statistically significant (P<0.05). The difference
between the APACHE-II score of the 200,000 IU group
and the 600,000 IU group was also statistically significant
(P<0.05; Table 3).

Comparison of clinical indicators among different groups

Statistically significant differences were found in clinical
indicators (abdominal pain relief time, time to recover a
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normal heart and respiratory rate) between the 400,000
and 600,000 IU groups and the control group (P<0.05).
Moreover, the 400,000 IU group had a shorter abdominal
pain relief time compared to the 200,000 IU group (P<0.05).
The time to recover a normal respiratory rate was shorter
in the 600,000 IU group than in the 200,000 IU group
(P<0.05). However, the time to recover a normal heart rate
was not statistically different among groups with different
ulinastatin doses (P>0.05; Tuble 4).

Comparison of differences in serological indicators at
admission and 1 week after treatment among patients in

different groups

There were significant differences in blood glucose and
CRP levels and WBC count between the ulinastatin
treatment groups and the control group (P<0.05). However,
there was no significant difference in blood glucose and
CRP levels among the treatment groups (P>0.05). The
WBC count of the 600,000 IU group was significantly
different from that of the 200,000 and 400,000 IU groups
(P<0.05). There was no significant difference in blood
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Table 3 Comparison of APACHE-II scores among patients in different groups at admission and after treatment for 1 week

APACHE-II score Difference between APACHE-II

Group N At admission 1 week scores at admission and 1 week
Control group 26 17.85+2.89 15.54+2.06 2.31+1.49

200,000 IU group 21 16.76+2.68 13.19+£1.99 3.57+1.66°

400,000 IU group 56 16.21+1.72 12.11£1.74 4.11+1.63°

600,000 IU group 27 17.07+2.22 12.44+1.97 4.62+1.52°°

F value - - - 10.97

P value - - - 0.000

Data are presented as mean =+ standard deviation. ?, vs. control group, P<0.05; ®, vs. 200,000 IU group, P<0.05.

Table 4 Comparison of clinical parameters among patients in different groups

Group Abdominal pain relief time (days) Time to recover a normal respiratory rate (days) Time to recover a normal heart rate (days)
Control group 9.65+3.05 10.85+3.25 11.08+2.94

200,000 IU group 8.91+2.07 9.95+1.77 10.57+2.54

400,000 IU group 7.32+2.64>° 8.98+2.39° 9.34+2.79°

600,000 IU group 7.67+1.98° 8.00+2.51%° 9.07+2.66°

F value 6.03 6.38 3.55

P value 0.001 0.000 0.016

Data are presented as mean + standard deviation. ®, vs. control group, P<0.05; °, vs. 200,000 IU group, P<0.05.

Table 5 Comparison of differences in serological indicators at admission and 1 week after treatment among patients in different groups

Group Blood amylase difference  Blood glucose difference ~ CRP difference  PCT difference  WBC coun1t2difference
(UL (mmol/L) (mg/L) (ng/mL) (10%/L)

Control group 119.57+227.06 1.07+3.46 40.76+26.03 1.10+1.80 0.75+4.78

200,000 IU group 117.33+193.32 3.37+2.88° 63.53+33.97° 1.35+1.88 3.04+5.22

400,000 IU group 164.64+271.25 3.11+3.50% 74.21+34.89° 0.94+2.85 5.71+5.13%°

600,000 IU group 219.03+130.54 4.30+2.93° 80.72+21.28" 1.42+2.56 10.03+6.88*°

F value 1.13 4.49 9.24 0.287 13.91

P value 0.339 0.005 0.000 0.835 0.000

Data are presented as mean + standard deviation. %, vs. control group, P<0.05; °, vs. 200,000 IU group, P<0.05. CRP, C-reactive protein;
PCT, procalcitonin; WBC, white blood cell.

amylase and PCT levels at 1 week when compared across
patients in different groups (P>0.05; Table 5).

abdominal pain relief; time to recover a normal heart and
respiratory rate; blood amylase, blood glucose, CRP, and
PCT levels; and WBC count differences as independent
variables. The results showed that the time to recover a
normal heart rate, blood amylase levels, and APACHE-II
score differences should be considered as risk factors for
SAP-related mortality (Table 6).

Multi-factor logistic regression analysis

Logistic regression analysis was carried out using patient
death as the dependent variable and APACHE-II score;
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Table 6 Multivariate logistic regression analysis of factors affecting the prognosis of patients with SAP

Risk factor B SE Wald P OR 95% ClI

Abdominal pain relief time 0.297 0.172 2.986 0.084 1.346 0.961-1.885
Time to recover a normal respiratory rate 0.446 0.300 2.219 0.136 1.563 0.869-2.812
Time to recover a normal heart rate -0.782 0.290 7.287 0.007 0.458 0.259-0.807
Blood amylase difference -0.003 0.001 4.879 0.027 0.997 0.994-1.000
Blood glucose difference -0.153 0.084 3.280 0.070 0.859 0.728-1.013
CRP difference 0.015 0.010 2.242 0.134 1.015 0.995-1.036
PCT difference 0.083 0.136 0.374 0.541 1.087 0.832-1.420
WBC count difference 0.120 0.065 3.397 0.065 1.127 0.992-1.280
APACHE-II score difference 0.654 0.218 9.013 0.003 1.923 1.255-2.947

SAP, severe acute pancreatitis; SE, standard error; OR, odds ratio; Cl, confidence interval; CRP, C-reactive protein; PCT, procalcitonin;
WBC, white blood cell; APACHE-II, Acute Physiology and Chronic Health Evaluation II.

Discussion

Previous research has shown that systemic inflammation
reaction syndrome can occur even in the early stages of
SAP (13-15), while MODS can occur in severe cases (8).
The mechanism underlying the pathogenesis of SAP is
commonly believed to involve the abnormal activation
of internal pancreatin due to various causes, resulting in
damage to the pancreatic acinar cells and the release of
inflammatory factors, which, in turn, leads to a systemic
inflammatory response (16,17). Ulinastatin is a glycoprotein
hydrolase inhibitor which can be extracted and refined
from the fresh urine of healthy adult males. Ulinastatin is
also known as a urinary trypsin inhibitor (UTT), possessing
inhibitory activities towards proteolytic and lipolytic
enzymes such as trypsin and elastase. Thus, UTIs have a
treatment effect for AP. We found that ulinastatin treatment
can reduce the 1-week mortality rate and APACHE-II score
of SAP patients; the best results were seen in the 600,000 IU
group. Although the course of SAP runs much longer than
1 week, ulinastatin can improve patient prognosis based
on the above indicators. However, definitive confirmation
requires further research.

From a clinical viewpoint, treatment with ulinastatin
during the early stages of SAP can effectively improve
abdominal pain and reduce the time to recover a normal
heart and respiratory rate. Our study showed that different
doses of ulinastatin had significantly different effects in
reducing the abdominal pain relief time and the time to
recover a normal respiratory rate, but not the time to
recover a normal heart rate. This may be because abdominal
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pain and increased respiratory rate in patients with SAP are
associated with elevated intra-abdominal pressure and acute
lung injury during the early stages of the disease. Previous
studies have shown that elevated intra-abdominal pressure
and acute lung injuries are related to inflammation, which
can be suppressed by ulinastatin (18,19). To an extent,
increasing the ulinastatin dose can reduce intra-abdominal
pressure and fluid exudation in the lungs, thus resulting
in the different dose responses to ulinastatin in terms of
reducing abdominal pain relief time and the time taken to
recover a normal respiratory rate, but not the time taken to
recover a normal heart rate.

With regards to serological indicators, the ulinastatin
treatment groups showed a marked reduction in blood
glucose, CRP, and WBC levels compared to the control
group. The 600,000 IU group showed a more noticeable
reduction in WBC count compared to other treatment
groups, but the difference in CRP levels was not significant.
This finding is not consistent with other studies (20,21)
and may therefore require investigation through further
clinical research. Moreover, PCT levels before and after 1
week of treatment did not show a significant difference in
any of the treatment groups. It is known that PCT levels
are selectively responsive to bacterial infections and are
only mildly or not responsive to aseptic inflammation and
viral infections. In patients with SAP, there is usually no
significant infection present at 1 week after disease onset;
thus, the above-mentioned finding would be expected.
However, there is a discrepancy between the findings of this
study and the expected clinical outcomes. This may be due
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to the limited sample size, the relatively small ulinastatin
doses used, and the fact that this study focused on SAP and
excluded the moderate and mild forms of this condition.
In addition, this was a retrospective study, which means
there was a risk of recall and selection bias. Patients were
also subject to influences from a range of external factors,
including non-medical factors, during their hospital stay.
Therefore, this topic warrants further studies with a larger
sample size and increased ulinastatin dose.

In conclusion, the treatment of patients with SAP with
ulinastatin can reduce the 1-week mortality rate, decrease
the APACHE-II score, improve clinical symptoms (time to
abdominal pain relief and time to recover a normal heart
and respiratory rate), and reduce serological marker levels
(blood glucose, CRP, and WBC). Treatments with different
doses of ulinastatin shows varying efficacy with regards to
improvements in these outcomes. Therefore, an increase
in ulinastatin dose within a certain range may increase the
efficacy of SAP treatment but supporting evidence from
further clinical research is still required.
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