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ABSTRACT
Purpose: To compare the efficacy and safety of two distinct doses of ulinastatin on late-onset
acute renal failure (LARF) following orthotopic liver transplantation (OLT).
Methods: The high-risk recipients that underwent OLT were divided into two groups according
to ulinastatin dose: low-dose (LD) ulinastatin group, 0.8 million U/d; high-dose (HD) ulinastatin
group, 1.6 million U/d. The primary outcome was the incidence of LARF, which was defined the
newly onset acute kidney injury (AKI) stage III (KDIGO, 2012) within 7–28 post-transplant days.
The second outcomes were early multiple organ retrieval assessments, length of hospital stay
and safety events.
Results: A total of 174 recipients were included (LD ulinastatin group, n¼ 55; HD ulinastatin
group, n¼ 119). There was no significant difference in the incidence of LARF between LD (8/55,
14.50%) and HD (9/119, 7.56%) ulinastatin groups (HD vs. LD, HR, 0.49; 95%CI, 0.17–1.37;
p¼ .1295). Multivariate Cox proportion risk regression model revealed HD ulinastatin (HR, 0.57;
95%CI, 0.38–0.98; p¼ .0464) was an independent protective factor for LARF. Early lactate level,
oxygenation, AKI stage, graft function, and sequential organ failure assessment [SOFA] score
were significantly improved in HD ulinastatin group versus LD ulinastatin group. No significant
adverse events were observed in either group.
Conclusions: Higher dose of ulinastatin (1.6 million U/d) might be preferable to prevent LARF
after OLT, and it may contribute to the enhancement of early multiple organ recovery and thus
attenuate the incidence of LARF.
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Introduction

Orthotopic liver transplantation (OLT) has become one
of the most effective treatment methods for end-stage
liver diseases and acute liver failure [1]. Multiple organ
dysfunction syndrome (MODS) often occurs after OLT
accompanied by increasing postoperative morbidity
and reducing patient survival rates, which may be asso-
ciated with poor initial graft function, serious infections,
and chronic and acute rejection [2,3]. Acute kidney
injury (AKI) is one most common type of MODS after
OLT, its occurrence is associated with various primary
injuries such as ischemia reperfusion injury (IRI) and
postoperative traumatic blood loss which may lead to
systemic inflammatory response syndrome (SIRS) [4,5].
The preventive strategies of AKI after OLT mainly focus
on supportive cares such as volume stabilization or
renal toxic drugs avoid, presently the broad-spectrum

anti-inflammatory therapy has attracted much atten-
tion [6].

Ulinastatin, a urinary trypsin inhibitor with a molecu-
lar weight of 67 kDa that is purified from human urine,
is a Kunitz-type and broad-spectrum protease inhibitor
that inhibits endogenous proteases such as plasmin,
trypsin, hyaluronidase, and a-chymotrypsin [7,8].
Previous studies reported that it could protect against
various types of shock, ischemia-reperfusion organ
injury, multi-organ dysfunction, and severe pancreatitis
and suppress the deterioration of renal function associ-
ated with surgical procedures [8–10]. Although the
maximum recommended daily dose of ulinastatin is
3� 105 U [11], the doses required to achieve thera-
peutic concentrations for the treatment of acute or
chronic pancreatitis, severe infection, and acute organ
failure severe acute diseases are much higher. In fact,
an increasing number of studies have reported the use
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of high dose (HD) ulinastatin (1–2 million U) [12,13].
Ulinastatin has a very wide treatment window and
shows good tolerance and good relationship in sepsis
and other diseases [13,14]. A previous study has shown
that blood transfusion and blood loss are risk factors of
AKI after OLT and that ulinastatin could reduce the inci-
dence of AKI [15]. Therefore, this study aimed to investi-
gate the preventive effect of HD ulinastatin (1.6 million
U/d) on a severe stage of AKI, referred as late-onset
acute renal failure (LARF) after OLT in high-risk patients
(intraoperative blood loss �2000mL).

Materials and methods

Patients

A total of 451 patients who underwent OLT at the
Organ Transplant Center of the Third Affiliated Hospital
of Sun Yat-sen University between January 2015 and
December 2017 were studied. All the transplantations
were performed in accordance with the WHO guiding
principles on human cell, tissue and organ transplant-
ation (2010) and Regulations on Human Organ
Transplantation of China (2007) [16–18]. The study was
approved by the Regional Human Research Ethics
Committee of the Third Affiliated Hospital of Sun Yat-
sen University (no. 2019-02-277-01). Written Informed
consent was obtained from all individual participants
(including donors and recipients) in the study. All the
data were retrospectively collected from the China Liver
Transplantation Registry follow-up System and Hospital
Information System (HIS) by the Research Electronic
Data Capture tool. No organ was recruited from exe-
cuted prisoners in this cohort. Donation program was
supervised by institutional transplant ethics committee
and Guangdong Red Cross Society.

In this study, high-risk patients aged �18years with
massive intraoperative blood loss (�2000mL [19]) during
liver transplantation were included. Intraoperative blood
loss was estimated by the surgeon, anesthesiologist, and
nurse according to previous studies [20,21]. Exclusion cri-
teria were as follows: (1) multiple organ transplantation
or re-transplantation; (2) survival time less than 7days
after transplantation; (3) early-onset acute renal failure
(EARF) [22] which was defined as newly developed acute
renal failure (ARF, see the definition in primary outcome)
within 7 days post-transplantation; and (4) missing renal
assessment data 28days after surgery.

Ulinastatin administration

All liver transplant recipients underwent the piggy-back
OLT performed by the same team. After anesthesia

induction, the patients who underwent piggy-back OLT
from January 2015 to June 2016 were intravenously
administered at a low dose of 0.8 million U/d ulinastatin
(Techpool Bio-Pharma Co. Ltd., Guangzhou, China) (low-
dose [LD] ulinastatin group). Due to the wide thera-
peutic window of ulinastatin treatment, an increasing
number of studies have demonstrated a potential dose-
dependent effect in the treatment of inflammatory
response [13]. The patients who underwent the piggy-
back OLT from July 2016 to December 2017 were intra-
venously administered at a high dose of 1.6 million U/d
(high-dose [HD] ulinastatin group). All patients were
informed of additional safety data and the potential
efficacy of ulinastatin before treatment and provided
informed consent. After surgery, they were routinely
transferred to the transplant intensive care unit, where
they underwent management according to institutional
protocols as follows. Methylprednisolone (10mg/kg)
and basiliximab (20mg) were intravenously injected for
immune induction intraoperatively and 4days postop-
eratively. Third-generation cephalosporins and echino-
candins were used to prevent postoperative bacterial
and fungal infections, respectively. Subsequent
immunosuppression was maintained by calcineurin
inhibitors (CNIs), such as oral tacrolimus 0.1–0.2mg/kg/
d or cyclosporine 10–15mg/kg/d divided twice a day.
The blood concentrations of CNIs were monitored once
or twice weekly to reach a stable level in the first post-
transplantation month.

Outcome evaluation

In this study, since ulinastatin dose was the main expos-
ure factor and the treatment course was 3–7 days, the
EARF might not be associated with ulinastatin treat-
ment. Therefore, the primary endpoint was the inci-
dence of LARF. Herein, LARF were defined as newly
onset of ARF between days 7 and 28 after transplant-
ation. We also defined ARF in this study as the most
severe stage of AKI — AKI Stage III. AKI was diagnosed
and classified according to KDIGO Clinical Practice
Guidelines [22]. AKI Stage III should meet any of the fol-
lowing criteria: 1. Oliguria (urine output <0.3mL/kg/h
over 24 h) or anuria over 12 h; 2. Serum creatine (Scr)
increased to three times baseline level or elevated
354 lmol/L or greater; 3. Initiation of renal replacement
therapy (RRT). AKI Stage II is defined as Scr increase to
2–3 times baseline or urine output <0.5mL/kg/h over
12 h. AKI Stage I is defined as Scr increase over
26.5lmol/L in 48 h or to 1.5–2 times baseline, or urine
output <0.5mL/kg/h in 6–12 h. Any above change of
Scr increase or urine output decrease manifested in
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7 days will be diagnosed as AKI. The second endpoints
were sequential organ failure assessment (SOFA) score
changes and oxygenation index (OI) and blood lactate
level (1, 3, and 7 days post-transplantation), liver func-
tion, ulinastatin-related adverse events, and others.

Statistical analysis

All analyses were performed using Empower (R) (http://
www.empowerstats.com; X & Y Solutions Inc., Boston,
MA) and R (http://www.Rproject.org) software. R version
3.4.3. Data are expressed as mean± SD, number (%), or
median (interquartile range). The cumulative incidence
of LARF in the LD and HD ulinastatin groups were esti-
mated by Kaplan–Meier method and compared by the
log-rank tests. The characteristics were compared
between groups using Student’s t-test or the
Mann–Whitney U test for continuous variables and the
v2 test or Fisher’s exact test for categorical variables.
Cox proportion regressions were used to find associ-
ated factors in univariate analysis. Significant variables
were added to the multivariate Cox proportion risk
regression model to determine the independent effect
of ulinastatin dose and early kidney injury stage on
LARF after OLT. A generalized additive mixed model
(GAMM) was used to analyze the different changes
of SOFA score in two groups 1, 3, and 7days after OLT.
Values of p< .05 were considered statistically
significant.

Results

Among the 451 patients who underwent OLT, an intra-
operative blood loss >2000mL occurred in 219 cases.
Six who required re-transplantation, three with com-
bined liver-kidney transplantations, and one who
underwent living donor liver transplantation, one case
with no report of post-transplant kidney function, 12
cases death or primary graft loss, and 22 cases EARF
were excluded. Finally, a total of 174 patients were
included (LD ulinastatin group, n¼ 55; HD ulinastatin
group, n¼ 119), among them 17 (9.8%) patients (eight
cases in LD ulinastatin group, nine cases in HD ulinasta-
tin group) developed LARF and underwent RRT. Table 1
shows the demographic information and clinical char-
acteristics of two groups. There were significant differ-
ences in history of pneumonia (1week before),
preoperative hemoglobin and serum creatinine levels
and model for end-stage liver disease with serum
sodium level (MELD-Na) score, use of cyclosporine,
donor age, and cold ischemic time, which might due to

patients in the HD ulinastatin group being sicker with a
high risk of LARF.

The Kaplan–Meier analysis showed there was no sig-
nificant difference in the incidence of LARF between
the LD (8/55, 14.5%) and HD (9/119, 7.56%) ulinastatin
groups after OLT (HD ulinastatin group vs. LD ulinasta-
tin group, HR, 0.49; 95%CI, 0.17–1.37; p¼ .1295, Figure
1). However, after the adjustment for preoperative
serum creatinine levels, Acute Physiologic Assessment
and Chronic Health Evaluation-II (APACHE-II) score,
MELD-Na score, preoperative anemia, graft type, oper-
ation time, intraoperative blood loss, intraoperative
blood transfusion, anhepatic phase, postoperative com-
plications, and tacrolimus concentration, the AKI II at
day 7 after OLT was an independent risk factor for the
occurrence of LARF (HR, 5.52; 95%CI, 1.61–18.92;
p¼ .0065; Table 2); HD ulinastatin was an independent
protective factor for the occurrence of LARF (HR, 0.57;
95%CI, 0.38–0.98; p¼ .0464; Table 2). The common eti-
ologies of AKI are shown in Table 1, including preopera-
tive status of renal function, intraoperative blood loss,
cold ischemic time, and anhepatic time, among which
there were significant differences in serum creatinine
levels and cold ischemic time. After adjustment for
these indicators, there were significant differences in
the composition ratio of AKI grades at 7 days after OLT
between the HD and LD ulinastatin groups, which
might mean that HD ulinastatin could significantly pre-
vent the occurrence of AKI (HD vs. LD, p< .001; Table 3)
and the strong relationship between dose and efficacy,
although the patients in the HD group were sicker.

The 28-days graft loss and reintubation rates were
significant lower and hospital stays were significant
shorter in the HD group than in the LD group (all
p< .001; Table 3). The reduction of serum alanine trans-
aminase (ALT) and total bilirubin (TBIL) levels were
more significant in the HD ulinastatin group than that
of LD ulinastatin group on day 3 after OLT (p< .0001,
Figure 2(A,B)). In the HD ulinastatin group, the OI on
days 3 and 7 after OLT were significantly improved
compared to day 1 after OLT (all p< .001), but not in
the LD ulinastatin group; furthermore, there were sig-
nificant intergroup differences in OI on days 3 and 7
(HD vs. LD: day 3, p¼ .0292; day 7, p< .001) (Figure
2(C)). Different doses of ulinastatin significantly reduced
the blood lactate level and SOFA score on days 1 and 3
after OLT, and there was a significant intergroup differ-
ence in SOFA score on day 7 (all p< .001, Figure 2(D,E)).
In addition, the International Normalized Ratio (INR) in
the two groups on day 3 after OLT was significantly
higher than that on day 1 after OLT (day 3 vs. day 1: LD
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group, p¼ .0326; HD, p¼ .0039), while there was no sig-
nificant intergroup difference (Figure 2(F)).

The GAMM model (Table 4) showed the following:
when comparison between the days 7 and day 1 after

OLT, the SOFA score in HD ulinastatin group was 1.28
lower than that in LD ulinastatin group (95%CI, (�2.30,
�0.25), p¼ .0015); when comparison between the days
3 and day 0 (immediate outcome), or comparison

Figure 1. The cumulative incidence of LARF in LD ulinastatin group and HD ulinastatin group with Kaplan–Meier method.

Table 1. Comparison of demographic information between the two groups of patients undergoing liver transplantation.
Characteristics LD ulinastatin group (n¼ 55) HD ulinastatin group (n¼ 119) p Value

Age, years 46 ± 11 48 ± 10 .291
Men, n (%) 51 (92.73%) 104 (87.39%) .434
BMI 22.7 ± 3.1 22.4 ± 3.0 .497
Preoperative
Pathological diagnosis of replaced liver, n .21

Cirrhotic/Necrotic/Others 53/1/1 109/9/1
Etiology, n .916

Hepatitis B/Hepatitis C/Alcoholic hepatitis/Others 47/4/3/1 106/6/5/2
Diabetes 7 (12.73%) 18 (15.13%) .818
Need CRRT 1 (1.82%) 6 (5.04%) .434
Need mechanical ventilation 1 (1.82%) 6 (5.04%) .434
History of pneumonia (1 week before) 6 (10.91%) 33 (27.73%) .013�
Stage of hepatic encephalopathy .131

None/I/II/III/IV 50/0/4/1/0 98/5/5/3/8
WBC counts, �109/L 5.67 (3.37-8.65) 5.8 (3.96–9.57) .352
Hemoglobin level, g/L 103.5 ± 19.3 90.7 ± 24.8 <.001�
Platelet level, �109/L 55 (38–116) 63 (42–115) .725
Albumin level, g/L 34.3 ± 5.8 34.8 ± 4.4 .53
Serum creatinine levels, lmol/L 71.1 (58–88.7) 91.9 (63–134) .004�
MELD-Na score 20 (12–32) 31 (21–38) <.001�

Donor age, years 34 ± 11 40 ± 13 .001�
Surgical factors
Cold ischemic time, h 6.1 ± 2.2 6.7 ± 1.8 .045�
Warm ischemia time 4 (4–5) 5 (2.8–10) .074
The operation duration, h 8.4 ± 1.6 8.2 ± 2.1 .649
Intraoperative blood loss, L 5 (4–7) 5 (4–8) .355
Intraoperative blood transfusion, units RBC package 30 (22–39) 26 (18–35) .051
Anhepatic time, min 47 ± 14.7 50.4 ± 12.1 .112
APACHEII score 19 ± 7 18 ± 7 .314
Use of cyclosporine, n (%) 5 (9.09%) 1 (0.85%) .013�

Hemodynamical parameters
MAP within 24 h post-transplant 73.12 ± 12.86 70.84 ± 10.48 .374

Kind of VP need, n .476
0/1/2/3 35/10/6/4 75/27/14/3
OLT complications, n 33 59 .397
The total dose of Ulinastatin, million U 5.19 ± 0.72 10.48 ± 1.44 <.001�

Ulinastatin use time, d (n) .553
4/6/7 5/13/36 11/20/87

LD: low-dose; HD: high-dose; BMI: body mass index; CRRT: continuous renal replacement therapy; WBC: white blood cell; MELD: model for end stage liver
disease; APACHE II: Acute Physiologic Assessment and Chronic Health Evaluation-II; MAP: mean arterial blood pressure; VP: vasopressors. In the kind of VP
need, the number (0, 1, 2, 3) means several medications were needed, including dopamine, norepinephrine, epinephrine. �p< .05.
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between the days 7 and day 0 after OLT, the lactate
level in the HD ulinastatin group respectively decreased
by 1.80mmol/L (95%CI, (�2.99, �0.60), p¼ .0003) and
1.60mmol/L (95%CI, (�2.79, �0.41), p¼ .0009) more
than that in the LD ulinastatin group; when comparison
between the days 3 and day 1, or comparison between
the days 7 and day 1 after OLT, the OI in HD ulinastatin
group were 54.88 (95%CI, (15.65, 94.10) p¼ .006) and
100.87 (95%CI, (61.62, 140.13), p< .001) higher than
that in LD ulinastatin group.

In addition, treatment in the HD ulinastatin group
did not significantly increase the adverse reactions
compared with that in the LD ulinastatin group, and
most adverse reactions were mild and controllable. The
mean length of hospital stay in the HD ulinastatin
group was significantly shorter than that in the LD uli-
nastatin group (Table 3).

Discussion

AKI is a frequent complication after liver transplant-
ation, with incidences ranging from 12 to 95% [23].
Many researchers prefer to use the term of ARF instead
of the term AKI, which emphasizes that some may
acquire long term damage despite an apparently good
early recovery [24]. Postoperative ARF is the most fre-
quent complications of OLT associated with the devel-
opment of chronic renal dysfunction and the increased
mortality rate [25,26]. ARF after liver transplantation can
be apparently divided into two phases [1]: EARF, which
occurred within the first 7 days after transplantation,
was strongly associated with perioperative factors, like
blood loss, anhepatic time or preoperative renal status;
LARF, which occurred within 7–28 post-transplant days,
might be related to early preventive interventions, such

Table 2. Hazard ratio (95%CI) of primary outcomes according to the different doses of ulinastatin by Cox
regression model.

Non-adjusted Adjust Ia Adjust IIb

Exposure HR 95%CI p value HR 95%CI p value HR 95%CI p value

AKI stage at day 7
None Ref. Ref. Ref.
I 1.83 (0.47, 7.08) .3836 1.29 (0.31, 5.43) .3483 1.31 (0.29, 5.89) .7269
II 4.19 (1.41, 12.52) .0102� 4.75 (1.45, 15.63) .0102� 5.52 (1.61, 18.92) .0065�
Ulinastatin dose
LD Ref. Ref. Ref.
HD 0.30 (0.11–0.79) .0152� 0.57 (0.38–0.97) .0440� 0.57 (0.38–0.98) .0464�
LD: low-dose; HD: high-dose; AKI: acute kidney injury. �p< .05.
For AKI stage at day 7: aAdjust I model adjust for: hemoglobin level, OLT complications, postoperative tacrolimus concentration
(week 2> 10 ng/ml), the total dose of Ulinastatin; bAdjust II model adjust for: hemoglobin level, OLT complications, postopera-
tive tacrolimus concentration (week 2> 10 ng/ml), intraoperative blood loss, intraoperative blood transfusion (units RBC pack-
age), the total dose of Ulinastatin.
For Ulinastatin dose: aAdjust I model adjust for: hemoglobin level, OLT complications, postoperative tacrolimus concentration
(week 2> 10 ng/ml), AKI stage at day 7; bAdjust II model adjust for: hemoglobin level, OLT complications, postoperative tacroli-
mus concentration (week 2> 10 ng/ml), AKI stage at day7, intraoperative blood loss, intraoperative blood transfusion (units
RBC package).

Table 3. Comparison of secondary outcomes between the two groups of patients.
LD ulinastatin group

(n¼ 55)
HD ulinastatin group

(n¼ 119) p Value

AKI stage at days 7 <.001�
None 20 (36.36%) 97 (81.51%)
I 18 (32.73%) 10 (8.40%)
II 17 (29.10%) 10 (8.40%)

Suspicious adverse reactions to ulinastatin .579
None 52 (94.55%) 115 (96.64%)
No need to stop treatment 3 (5.45%) 3 (2.52%)
Drug needs or withdrawal observation 0 (0.00%) 1 (0.84%)

Adverse reactions to ulinastatin .394
None 52 (94.55%) 115 (96.64%)
Gastric retention or vomiting 3 (5.45%) 2 (1.68%)
Skin flushing and itching 0 (0.00%) 2 (1.68%)

VFDs, d (in 28 days) 26 (13–28) 27 (24–28) .062
Length of ICU stay, d 5 (4–8) 5 (3–9) .078
Length of hospital stay, d 56 (38–96) 38 (30–50) <.001�
28 days reintubation 17 (30.91%) 11 (9.24%) <.001�
28 days recipients mortality 3 (5.45%) 7 (5.88%) .91
28 days graft loss 12 (21.82%) 10 (8.40%) .025�
AKI: acute kidney injury; VFDs: ventilation free days; ICU: intensive care unit. �p< .05.
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as renal toxic agents avoid and systemic organ protec-
tion. In this study, we focused on LARF, also refers to a
distinct severe AKI — AKI stage III according to KDIGO
Clinical Practice Guidelines [22], and explored an alter-
native preventing strategy in clinic.

Ulinastatin, as a broad-spectrum protease inhibitor,
has been widely used in China, Korea, and Japan for
the treatment of postoperative organs protection, pan-
creatitis, shock, and inflammatory disorders; however, it
is not approved in the United States [27,28]. It is a
major goal of clinical pharmacology to understand the

dose-effect relationship in therapeutics. Chen et al. [11]
recently evaluated the safety and tolerability of HD uli-
nastatin in healthy volunteers and reported a 2-h intra-
venous infusion of a single dose of 8 million U
ulinastatin was well tolerated by healthy Chinese sub-
jects. In addition, increasing numbers of studies have
reported the therapeutics of HD ulinastatin on patients
or in an animal model. In a rat model of sepsis, HD uli-
nastatin (2� 105 U/kg) significantly inhibited the pro-
duction of P-selectin, tumor necrosis factor-a, and
thrombin-antithrombin complex compared with LD

Figure 2. The secondary outcomes of the two groups on days 0, 1, 3, 7. (A) TBIL, (B) ALT, (C) OI, (D) SOFA score, (E) LAC level,
(F) INR. TBIL: Total bilirubin; ALT: alanine aminotransferase; SOFA: sequential organ failure assessment; LAC: lactate; INR:
International Normalized Ratio. �LD ulinastatin group vs. HD ulinastatin group, p< .05.

Table 4. GAMM model analysis of changes of SOFA, Lac and OI in different doses of ulinastatin early after operation.
Crude Adjust

MD (95%CI) p Value MD (95%CI) p Value

SOFA (HD ulinastatin group vs. LD ulinastatin group)
POD 1 �0.06 (�1.01, 0.89) .91 0.22 (�0.68, 1.12) .636
POD 3 vs. POD 1 �0.03 (�1.04, 0.99) .96 �0.03 (�1.05, 0.99) .957
POD 7 vs. POD 1 �1.28 (�2.29, �0.26) .01� �1.28 (�2.30, �0.25) .015�

LAC (mmol/L) (HD ulinastatin group vs. LD ulinastatin group)
POD 0 0.64 (�0.41, 1.69) .24 0.32 (�0.74, 1.38) .552
POD 1 vs. POD 0 �1.80 (�2.98, �0.61) .003� �1.80 (�2.99, �0.60) .003�
POD 3 vs. POD 0 �1.60 (�2.78, �0.41) .01� �1.60 (�2.79, �0.41) .009�

OI (HD ulinastatin group vs. LD ulinastatin group)
POD 1 �11.89 (�44.23, 20.45) .47 �11.98 (�45.23, 21.27) .481
POD 3 vs. POD 1 54.89 (15.90, 93.88) .01� 54.88 (15.65, 94.10) .006�
POD 7 vs. POD 1 100.90 (61.88, 139.92) <.001� 100.87 (61.62, 140.13) <.001�

LD: low-dose; HD: high-dose; GAMM: generalize additive mixed model; MD (95%CI): mean difference (95% confidential interval); SOFA: sequential organ
failure assessment score; LAC: blood lactate level; OI: oxygenation index (PaO2/FiO2); HD: high dose group; POD: post-operative days. �p< .05.
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ulinastatin (0.5� 105 U/kg) [29]. Ji et al. [30] reported
that different doses of ulinastatin (0.5� 104 U/kg,
1� 104 U/kg, 1.5� 104 U/kg) have a certain effect on
cellular immunity in patients undergoing laparoscopic
colorectal carcinoma surgery. Rhee et al. [12] reported
HD ulinastatin (10,000U/kg followed by 5000U/kg/h)
could improve pulmonary oxygenation after cardiopul-
monary bypass (CPB) and in the early stages of the
intensive care unit stay in patients undergoing aortic
valve surgery with CPB. In this study, the doses of 0.8
million U/d and 1.6 million U/d ulinastatin were admin-
istrated in the LD and HD ulinastatin groups, respect-
ively. No serious adverse events were observed at
either dose, and most adverse reactions were tolerable.
The multivariate analysis suggested that the higher
dose of ulinastatin might be a protective factor for the
occurrence of LARF in comparison with low dose of
ulinastatin.

AKI after OLT affects the recipient’s short- and long-
term prognosis. Preoperative renal function, disease
severity, intraoperative blood loss, lack of liver staging,
early postoperative graft function, and use of immuno-
suppressive agents are risk factors for postoperative
AKI. The superposition of early AKI and secondary organ
injury is the main reason for recovery difficulty or
deterioration of postoperative renal function [31]. The
level of renal injury in the early stage (within 7 days
after onset) is a risk factor for unrecoverable AKI [32]. In
this study, multivariate analysis showed that AKI stage II
in the early postoperative period (day 7) was an inde-
pendent risk factor for progression to LARF, indicating
that early renal injury might make patients susceptible
and increase the risk of LARF. Prasa [33] believed that
this kidney injury was in line with clinical scenarios
based on the second hit, which was consistent with
what Sophia et al. observed after cardiac surgery [34].
Early multiple organ injury was significantly associated
with AKI prognosis. Kellumet et al. found that a distant
organ injury, such as in cases requiring mechanical ven-
tilation and vasoactive drugs, was also an independent
risk factor for delayed or no AKI recovery [35]. In this
study, although no significant correlation was seen
between early oxygenation or SOFA score and LARF, for
patients treated with HD ulinastatin, multiple organ
injuries (including graft, lung, and kidney and overall
organ function SOFA score) in the early postoperative
period was significantly improved (Table 4; Figure 2),
the incidence of reintubation within 28 days was lower,
the mean length of hospital stay was shorter, and the
28-day graft loss rate was improved. All of the above
might mean that alleviating early organ damage could
prevent the incidence of LARF. Therefore, HD ulinastatin

for early multi-organ protection might be among the
most effective methods to prevent the incidence
of LARF.

However, there were some limitations to our study.
First, patients who died within 7 days were excluded;
thus, the effect of ulinastatin on severe renal impair-
ment was not observed. Second, the sample size was
small, and it was unexpectedly found that average
patient condition in the HD ulinastatin group was more
serious than that in the LD ulinastatin group. Third, this
study lacked the actual incidence of postoperative AKI
in OLT without the administration of ulinastatin, and
the group of patients in whom ulinastatin was not
administered will be collected to study the actual inci-
dence of postoperative AKI in OLT. Fourth, the patient
data were retrospective collected, so some important
data might be missing. Fifth, our study’s primary out-
come of LARF was confined to 7–28 days post-OLT;
other clinical outcomes beyond the postoperative
period were not analyzed. Therefore, further studies
with larger sample sizes and more clinical information
are needed to confirm the result and detect the oxida-
tive and inflammatory mediators to increase our under-
standing of the protective mechanism of different
doses of ulinastatin for preventing postoperative AKI
in OLT.

Conclusions

Compared to LD ulinastatin (0.8 million U/d), HD ulinas-
tatin (1.6 million U/d) might be preferable to prevent
LARF after OLT, and it may attribute the enhancement
of early multiple organ recovery to attenuate the inci-
dence of LARF.
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