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We attempts to exam the clinical efficacy of fluid resuscitation combined with ulinastatin in treatment
of patients with sepsis and to analyze the effects of the combination on acute physiology and chronic
health evaluation II score, sequential organ failure assessment score, oxygenation index and inflammatory
factors. We chose 60 patients with sepsis from July 2020 to July 2021 in the intensive care unit ward of
our hospital as the study cohort. Divided them into two groups, one is control group (n=30) and the other
is observation group (n=30) randomly. Patients in control group were offered basic treatments such as
antibiotics, nutritional support and blood pressure drugs, and were given fluid resuscitation at the same
time. After the observation group was treated the same as the control group add ulinastatin injection.
Contrast the changes in acute physiology and chronic health evaluation II score, sequential organ failure
assessment score, incidence of disseminated intravascular coagulation and multiple organ dysfunction
syndrome, changes in oxygenation index, serum creatinine, total bilirubin and inflammatory factors
among both groups after treatment, then contrast the mortality and clinical effectiveness of both groups
as well. After treatment, observation groups acute physiology and chronic health evaluation II score,
sequential organ failure assessment score, organ injury, serum creatinine, total bilirubin, inflammation
indicators (C-reactive protein, procalcitonin, interleukin-6) were remarkably lowered (p<0.05). Contrast
the clinical effective rate of both groups, observation group efficiency was higher (p<0.05), but disseminated
intravascular coagulation, multiple organ dysfunction syndrome and mortality incidence in observation
group was lower (p<0.05), with statistical differences. Liquid resuscitation combined with ulinastatin has
important clinical significance in the treatment of sepsis, improving the effective rate of clinical treatment,
reducing the incidence of disseminated intravascular coagulation, multiple organ dysfunction syndrome
and mortality in the group, improving inflammatory factors, organ dysfunction parameters and other
indicators, which are worth of clinical promotion.
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Sepsis defines the whole body dysfunction caused by
the over activation of the body’s inflammatory reaction
to infection. Its incidence is increasing every year
worldwidel"l. Severe sepsis and septic shock are main
causes of death in Intensive Care Unit (ICU). Therefore,
the treatment of sepsis is continuously improved.
Although some progress has been made, sepsis is still
a big challenge for clinicians?. Sepsis nosogenesis
is complicated, it is believed that it is triggered by
Pathogen-Associated Molecular Patterns (PAMPs)
and host immune cell pattern recognition receptor
interactionsP. It triggers a series of proinflammatory
results. Sepsis is the result of excessive activation of the
inflammatory response. During systemic inflammation,
it is the secretion and release of intermediates. The
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intermediates are mainly Serine Protease (hereinafter
referred as to SP), including trypsin, thrombin,
chymotrypsin, kallikrein, plasmin, neutrophil elastase,
cathepsin, neutrophil protease 3, coagulation factors
IXa, Xa, XTa and XIIa™, which are characterized by the
pro-inflammatory cytokines such as Interleukin (IL)-1,
IL-6 and Tumor Necrosis Factor-alpha (TNF-a) over
secretion. Therefore, mediating the above cytokines
release or clearance may provide sepsis cure potential
targets®®. Ulinastatin is a kind of SP inhibitor that
exists in human blood and urine. It is a kind of acid
glycoprotein (molecular weight 30 kDa) and also
Kunitz type SP inhibitor. It consists of 143 amino acid
residues, including two Kunitz type domain.
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Studies on animals have proved ulinastatin is effective
on anti-inflammatory and also clarified the potential
advantages of treating multiple organ dysfunction
caused by sepsis. Ulinastatin regulates the function
and quantity of Regulatory T-cell (Treg) through the
Toll-Like Receptor 4 (TLR4)/Nuclear Factor Kappa
light chain enhancer of activated B cells (NF-kB)
signaling pathway, thereby improving the damage of
inflammatory factors to organs!®.

In the first few hours of severe sepsis, venous dilation
and fluid leakage from the vascular space into the
tissues will cause early blood volume hypovolemial”.

Ventricular dysfunction and depletion of dilated
volume of arterioles lead to overall perfusion and
impaired organ function. Hypovolemia treatment is
very important in the beginning of severe sepsis cure!®.
Nevertheless, under the condition the patient receives
enough fluid, cardiac output or overall perfusion will
not be enhanced, but redundant fluid possibly enhance
interstitial edema, meanwhile cause microvascular
dysfunction. The current fluid management practices
for patients with sepsis are adequate. At present, an
ample early stage fluid resuscitation seems to be a
kind of fluid management standard in sepsis patients.
Therefore, we determined to start this study to examine
the clinical value of ulinastatin combined with fluid
resuscitation in patients with sepsis.

MATERIALS AND METHODS
General information:

We chose 60 sepsis patients from July 2020 to July 2021
in the ICU ward from our hospital and then divided
them into two separate groups, that is observation group
and control group, each group possessed 30 cases.
All patients admitted to the ICU received enrollment
screening. Two senior intensive care physicians
who had over 1 decade of clinical experience in ICU
reviewed medical record to ensure that each patient
meets the conditions for enrollment. Both groups
general information were listed in Table 1. Medical
Ethics Committee of our hospital admitted this study.

Inclusion criteria: Patients with sepsis on the 1% d of
entering the ICU were included in the study, being up
to the diagnostic standard of “Chinese Guidelines for
Emergency Treatment of Sepsis/Toxic Shock™!'”! and
all patients in the group obtained informed consent for
treatment.

Exclusion criteria: Pregnant women; patients who are
18 y old or younger; patients who has ulinastatin usage
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contraindications or drug allergy; patients who has a
history of epilepsy, myasthenia gravis, alcoholism,
heavy smoking (>40 cigarettes per day), drug addiction,
sepsis; patients who have a record of being treated for
more than 3 d in other hospital after arriving into our
hospital; patients with cardiopulmonary dysfunction or
a history of malignant tumor.

Methods:

Treatment method: The control group was given basic
treatments such as antibiotics, nutritional support and
blood pressure drugs, and fluid resuscitation were given
at the same time. After treating in the same way as the
control group, the observation group was treated with
another ulinastatin injection. Each time 200 000 units
dissolved in 250 ml 5 % glucose injection were injected
intravenously for 1 to 2 h, 3 times a day.

Observation index:

Demographic data of both groups, such as age and
gender were considered. All admitted patients used
Acute Physiology and Chronic Health Evaluation II
(APACHE 1II) score and Sequential Organ Failure
Assessment (SOFA) score to evaluate the severity of
the disease. We recorded multiple APACHE 1II and
SOFA scores within 24 h after admission to ICU, later
treatment for 3 d and then treatment for 7 d. If more
than one score value is calculated, the study uses the
highest score value.

Record the results of experimental examinations on the
day of admission, d 3 and d 7, for example, C-Reactive
Protein (CRP), IL-6, Procalcitonin (PCT), Oxygenation
Index (OI), Serum Creatinine (SCr), Total Bilirubin
(TBIL).

Clinical effective rate, which means clinical symptoms
or signs disappeared or improved after 3 w of treatment.
The clinical efficacy evaluation indicators are clinical
symptoms and signs; makers of inflammatory, such
as CRP, PCT or IL-6 levels. Remarkably effective:
after treatment, the two evaluation indicators are
reduced to normal; effective: after treatment, the two
evaluation indicators have been improved to a certain
extent; Invalidity is one of the following situations:
Clinical symptoms or signs deteriorate or persist during
treatment and need to be increased other treatments;
Death of sepsis after 3 d of treatment; Complications
related to sepsis, such as Disseminated Intravascular
Coagulation (DIC) or Multiple Organ Dysfunction
Syndrome (MODS). After 30 d of treatment, sepsis
complicated with DIC, MODS and death are compared
between the two groups.
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Statistical methods:

We adopt Statistical Package for the Social Sciences
(SPSS) 26.0 to analyze the data, use n % to express
technical data and use y* test. Use mean+Standard
Deviation (SD) to indicate measurement data that
accord with normal distribution and homogeneity of
variance, compare both groups by independent sample
t test and before and after treatment within the same
group comparison was expressed by paired t test. Use
median and interquartile range to show data that did not
accord with normal distribution; adopt Wilcoxon rank
sum test to examine groups comparison, p<0.05 was
supported to possess statistical significance.

RESULTS AND DISCUSSION

Baseline data of both groups before treatment were
compared. Both groups have no significant difference
in terms of age, gender, underlying diseases, etc., and
there was no statistical significance (p>0.05), both
groups possessed comparability (Table 1).

APACHII score and SOFA score of both groups before
and after treatment were compared. Both groups were
of no remarkable difference in APACHII score and
SOFA score before treatment and there was no statistical
difference (p>0.05). In the 3™ and 7™ d after treatment,
both groups APACHII scores and SOFA scores were
remarkably lower than those before treatment, but
observation group dropped more than the other, with
significant differences (p<0.05), which was statistically
significant, Table 2.

Changes in related parameters of organ dysfunction
of both groups before and after treatment were
compared. Before treatment, OI, Scr and TBIL levels
in both groups were of no significant differences, so it
possesses no statistical significance (p>0.05); 3 and
7™ d after treatment, contrast both groups OI, Scr and
TBIL, observation group had a greater downward trend
than the control group, with significant differences and
statistical significance (p<0.05) (Table 3).

Inflammatory indexes (PCT, IL-6, CRP) of both groups
before and after treatment were compared. Before
treatment, PCT, IL-6 and CRP levels were of no
significant differences, thus it possesses no statistical
significance (p>0.05); 3™ and 7™ d after treatment,
contrast both groups PCT, IL-6 and CRP, observation
group had a greater downward trend than the other,
it possesses significant differences and statistical
significance (p<0.05) (Table 4).

The incidence of MODS, DIC and 30 d mortality after
treatment between the two groups were compared.
After 30 d of treatment, there was 1 death in observation
group, 2 cases of DIC and 8 cases MODS in observation
group, 6 cases of death in control group, 8 cases of DIC
and 10 cases MODS in control group. Both groups were
of no significant differences (p<0.05) (Table 5).

Clinical efficacy of both groups after treatment was
compared. Total clinical effective rate of observation
group was remarkably higher than the other (p<0.05)
Table 6.

TABLE 1: COMPARISON OF GENERAL INFORMATION OF BOTH GROUPS

Observation group

(n=30) Control group (n=30) t/y? P
Age 59.4£12.22 58.93+10.84 0.06 0.94
Gender (female) 18 (60 %) 17 (58.3 %) 0.07 0.79
Complications
Hypertension 8 (26.7 %) 7 (23.3 %) 0.09 0.76
Diabetes 3 (10.0 %) 4 (13.3 %) 0.16 0.68
Other 3 (10.0 %) 2 (6.7 %) 0.22 0.64

TABLE 2: COMPARISON OF APACHII SCORE AND SOFA SCORE OF BOTH GROUPS BEFORE AND AFTER

TREATMENT
. APACHE-II scores SOFA scores
. Quantity of
Grouping Before 3 d after 7 d after 3 d after 7 d after
cases Before cure

treatment treatment treatment treatment treatment
;%ngvam” 30 29.149.5  24.33:2.98  18.8+2.67  14.93:3.28  11.23:2.89  7.031.25
Control group 30 30.13+10.18 27.4+6.50 23..63+2.70 14.91+4.40 13.36+3.77 10.2+2.95
t -0.14 -2.37 -7.30 -0.02 -2.45 -5.41
p value 0.68 0.02 0.000 0.97 0.01 0.000
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TABLE 3: COMPARISON OF CHANGES IN RELATED PARAMETERS OF ORGAN DYSFUNCTION BEFORE
AND AFTER TREATMENT IN THE TWO GROUPS

Numb Ol (mmHg) Scr (umol/l) TTBIL (umol/l)
umbper
Group of cases Before After 3 d After 7 d Before After 3d After7d Before After 3d After7d

treatment treatment treatment treatment treatment treatment treatment treatment treatment
g:gggOl 30 260.2+57.3 323.33:37.90 384.8+43.8 234.6:91.4 138.5:61.8 87.5:32.5 51.03%12.5 33.05:5.08 21.0+3.17
;fﬁﬁgvauon 30 261.3:+51.8 287.3+27.33 320.4+24.70 232.3:88.6 170.5+57.7 133.2+10.6 51.11+11.89 41.03+5.89 24.6+4.17
t -0.07 3.70 7.01 -0.02 2.13 7.33 -0.02 -5.80 -2.69
p value 0.97 0.005 0.000 0.97 0.04 0.000 0.95 0.000 0.009
TABLE 4: COMPARISON OF BOTH GROUPS PCT, IL-6, CRP BEFORE AND AFTER TREATMENT

Numb PCT (ug/l) IL-6 (pg/ml) CRP (mg/l)
umber

Group of cases Before After 3 d After 7 d Before After 3d After7d Before After 3d After7d

treatment treatment treatment treatment treatment treatment treatment treatment treatment
;fﬁﬁgvanon 30 19.3:4.17  8.06:3.72  1.46x0.82 94.23+30.4 62.3+17.5 29.95:7.33 85.66%20.2 56.33+21.3 21.2+11.7
gfgﬁ;°l 30 19.2+44.33  11.8+3.21  2.424¢0.94 95.4+31.03 80.1+23.1 45.2+412.93 85.36+21.3 73.7+17.73 42.06+10.2
t 0.09 -3.61 -4.21 -0.14 -3.666 -5.66 -0.02 -3.43 -7.37
p value 0.93 0.006 0.007 0.88 0.005 0 0.95 0.001 0

TABLE 5: COMPARISON OF THE BOTH GROUPS INCIDENCE OF MODS, DIC AND 30 D MORTALITY AFTER

TREATMENT
Observation group Control group 2
(n=30) (n=30) x P
DIC 2 (6.7 %) 8 (26.7 %) 4.32 0.03
MODS 3 (10.0 %) 10 (33.3 %) 4.81 0.02
28 d mortality 1(3.3%) 6 (20.0 %) 4.04 0.04

TABLE 6: COMPARISON OF BOTH GROUPS CLINICAL EFFICACY AFTER TREATMENT

Markedly effective Efficient Invalid Total effective rate
Observation group 20 (66.7 %) 9 (30 %) 1(3.3%) 29 (96.7 %)
Control group 15 (50 %) 8 (26.7 %) 7 (23.3 %) 23 (76.7 %)
e 5.19
p 0.03

Sepsis is the inability of the body’s immune response to
return to homeostasis induced by invading pathogens,
which ultimately leads to pathological signs, which
has the characteristics of continuous excessive
inflammation and immunosuppression. Sepsis patient’s
condition develops swiftly. Although we treat well and
monitor strictly, both sepsis morbidity and mortality
remains high, it is a typical problem in global medical
field!"l. At the early stage of sepsis, it is very important
to reduce mortality by timely and targeted treatment.
Most experts believe that tissue and organ damage
which is caused by excessive inflammation results in
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sepsis. However, more and more studies have proved
that sepsis had a very complicated physiological
pathology process, including various aspects such as
inflammation, immune and coagulation dysfunction,
as well as various changes in cell function, metabolism
and microcirculation!!?!,

This study shows that fluid resuscitation combined
with ulinastatin have something to do with reducing
mortality in sepsis patients after 30 d treatment. It has
been reported that among 122 sepsis patients, there were
one or more organ failure!'¥ treated with ulinastatin. It
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was found that in 28 d all-cause mortality in ulinastatin
group was 7.3 % (4 deaths), while that in control group
was 20.3 % (12 deaths) (p=0.045), which was the same
as the results of our research. However, the results
of other studies are different from our observations.
Some studies, after adjusting for disease severity and
other confounding factors, found that there was no
relationship between ulinastatin treatment and 30 d
mortality (Odds Ratio (OR): 1.22; 95 % Confidence
Interval (CI): 0.54-2.79)!"1. These differences may
reflect that the patients who took part in this study were
younger than the patients evaluated in our study. Our
research proves that ulinastatin treatment method may
possibly have effect on helping ICU patients to get
through the critical stage of sepsis.

Ulinastatin benefits in improving inflammation in sepsis.
For example, it is reported that ulinastatin regulates
the number and function of Tregs by TLR4/NF-xB
signaling pathway to reduce inflammatory damage. Our
clinical studies did not evaluate these biomarkers!'>.
Nonetheless, we checked the changes in inflammatory
biomarkers (such as CRP and PCT) and found that the
biomarkers levels in treatment group decreased more
compared with control group. Therefore, our research
results prove that ulinastatin has anti-inflammatory
effect. Studies have also found that ulinastatin combined
with Xuebijing treatment can reduce mortality and
shorten the length of ICU stay!'®. Although there is
no difference on mortality results together with our
study, our study did not report the effect of ulinastatin
on the length of ICU stay. Ulinastatin combined with
other inflammatory modifiers (such as thymosin al)
has proved that enhancing cell-mediated immunity can
restore immune function, which is expected to reduce
mortality!!”.

The hemodynamic changes of sepsis are extremely
complex, including insufficient volume, decreased
myocardial function and changes in microvascular
flow. According to reports, patients with preserved
ventricular function might become worse as severely
decreased contractility!". In addition, as the volume
load increases, patients may experience severe tissue
edema, which affects tissue oxygenation. During the
course of treatment, the hemodynamic characteristics
of each patient required dynamic monitoring and
intervention therapy might be required according to
the changes in these characteristics!'”. Early fluid
resuscitation mainly includes Central Venous Pressure
(CVP) reaching >8 cm water (H,0) (or 12 cm H,O when
using a ventilator). This study confirms that early fluid
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resuscitation has important clinical value for sepsis.

There are several limitations in our research. First,
retrospective design may lead to selection bias. There
may be confounding factors that cannot be measured
because patients receiving ulinastatin differ from the
control group in many ways. For example, we cannot
rule out confounding factors for indications, because
attending doctor could determine the use of ulinastatin
on their own. Adopting multivariate regression model is
a standard method to adjust these confounding factors,
but we did not use. We still have other limitation that
we lacked comparison with other anti-inflammatory
drugs, such as Xuebijing or Thymosin o, so we
cannot determine the synergistic effect of these drugs
with ulinastatin. In summary, our research has found
that fluid resuscitation combined with ulinastatin
has important clinical significance in the treatment
of sepsis, improving the effective rate of clinical
treatment, reducing the incidence of DIC, MODS and
mortality, and improving inflammatory factors and
organ dysfunction parameters and other indicators,
which is worthy of clinical promotion.
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