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High-dose ulinastatin
improves postoperative
oxygenation in patients
undergoing aortic valve
surgery with cardiopulmonary
bypass: A retrospective study
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Abstract

Objective: To determine whether pre-treatment with high-dose ulinastatin provides enhanced

postoperative oxygenation in patients who have undergone aortic valve surgery with moderate

hypothermic cardiopulmonary bypass (CPB).

Methods: Patients who underwent aortic valve surgery with moderate hypothermic CPB were

retrospectively evaluated. In total, 94 of 146 patients were included. The patients were classified

into one of two groups: patients in whom ulinastatin (10,000 U/kg followed by 5,000 U/kg/h) was

administered during CPB (Group U, n¼ 38) and patients in whom ulinastatin was not adminis-

tered (Group C, n¼ 56). The PaO2/FiO2 ratio was calculated at the following time points: before

CPB (pre-CPB), 2 h after weaning from CPB (post-CPB), and 6 h after arrival to the intensive care

unit (ICU-6). The incidence of a low PaO2/FiO2 ratio was also compared among the time points.

Results: Group U showed a significantly higher PaO2/FiO2 ratio (F(4, 89.0)¼ 657.339) and a

lower incidence of lung injury (PaO2/FiO2 ratio< 300) than Group C at the post-CPB and ICU-6

time points.

1Department Anaesthesiology, Konkuk University School

of Medicine, Seoul, Korea
2Department of Anaesthesiology and Pain Medicine,

Konyang University College of Medicine, Daejeon, Korea
3Department of Anaesthesiology and Pain Medicine, Kosin

University School of Medicine, Busan, Korea
4Department of Anaesthesiology and Pain Medicine,

Chung-Ang University School of Medicine, Seoul, Korea

5Department of Anaesthesiology and Perfusion, Hospital

Tengku Ampuan Afzan, Kuantan, Malaysia
6Department of Anaesthesiology, Konkuk University

Medical Center, Seoul, Korea

Corresponding author:

Tae-Yop Kim, Department of Anaesthesiology, Konkuk

University School of Medicine and Department of

Anaesthesiology, Konkuk University Medical Centre,

120-1 Neungdongro, Gwangjingu, Seoul 05030, Republic

of Korea.

Email: taeyop@gmail.com

Journal of International Medical Research

2018, Vol. 46(3) 1238–1248

! The Author(s) 2018

Reprints and permissions:

sagepub.co.uk/journalsPermissions.nav

DOI: 10.1177/0300060517746841

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC-BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial-NoDerivs 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-

commercial use, reproduction and distribution of the work as published without adaptation or alteration, without further permission provided the

original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

mailto:taeyop@gmail.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060517746841
journals.sagepub.com/home/imr


Conclusion: High-dose ulinastatin improved pulmonary oxygenation after CPB and in the early

stages of the ICU stay in patients undergoing aortic valve surgery with CPB.
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Introduction

Cardiopulmonary bypass (CPB) induces
systemic inflammatory responses and post-
operative organ injury, which increase peri-
operative mortality and morbidity.1–4

Several studies have reported that ulinasta-
tin has anti-inflammatory and organ-
protective effects in animals and
humans.5–9 Ulinastatin attenuates the
increase in systemic pro-inflammatory
cytokines, enhances release of anti-
inflammatory cytokines, and exerts benefi-
cial effects on major organs including the
heart, lungs, and kidneys.9–11 Ulinastatin
also reduces the duration of postoperative
mechanical ventilation in patients who
undergo cardiac surgery with CPB.11,12

However, the effects of ulinastatin on
CPB-induced lung injury and the postoper-
ative oxygenation profile have not been
evaluated.

Because ulinastatin has a short biphasic
plasma half-life of 33min and 2 h, its
dosage and duration of infusion must be
increased to cover the entire CPB period
and thus attenuate CPB-induced organ
injury.13,14 We hypothesised that high-dose
ulinastatin infusion during the CPB period
would attenuate CPB-induced lung injury
and improve postoperative pulmonary oxy-
genation. The present study was performed
to test this hypothesis.

Patients and methods

Study population

This single-centre retrospective study was
approved by the institutional review board
of Konkuk University Medical Centre
(KUH 1160051). We reviewed the medical
records of patients who had undergone
aortic valve repair or replacement under
moderate hypothermic CPB from January
2012 to January 2015. Patient consent was
not required because of the retrospective
nature of the study.

The preoperative exclusion criteria were
an age of <19 or >65 years, combined oper-
ation, emergency operation, re-do or tri-do
operation, left ventricular ejection fraction
of <50%, arrhythmia, ischaemic heart dis-
ease, pre-existing renal or hepatic dysfunc-
tion, and underlying lung disease. The
intraoperative exclusion criterion was intra-
operative application of an intra-aortic bal-
loon pump. The postoperative exclusion
criterion was reoperation to correct intrac-
table postoperative bleeding.

The patients were classified into two
groups. Group C comprised patients in
whom ulinastatin was not administered.
Group U comprised patients in whom
10,000U/kg of ulinastatin was administered
intravenously as a loading dose 30min
before CPB and 5,000U/kg/h of ulinastatin

Rhee et al. 1239



was infused during the CPB period

(Figure 1).

Anaesthesia and surgery

Non-invasive monitoring was started upon

the patient’s arrival in the operating room.

Invasive arterial blood pressure monitoring

was initiated before induction. Target-

controlled infusions of propofol and

remifentanil and a bolus and infusion of

rocuronium were used. Mechanical ventila-

tion was provided after tracheal intubation:

an O2/air mixture (FiO2 of 0.5) of 4 L/min

was applied with a tidal volume of 6 mL/kg

and positive end-expiratory pressure (PEEP)

of 7 to 8 mmHg, and the respiration rate was

maintained at an end-tidal CO2 tension of 35

to 40 mmHg. After inducing anaesthesia,

central venous and pulmonary arterial cath-

eters were placed and the central venous

pressure (CVP), pulmonary arterial

pressure (PAP), mixed venous oxygen satu-
ration (SvO2), and cardiac index (CI) were
monitored continuously. A two- or
three-dimensional trans-oesophageal echo-
cardiographic examination was performed
in accordance with the guidelines of the
American Society of Echocardiography/
Society of Cardiovascular Anaesthesiologists.

The surgical procedure was performed
under CPB with moderate hypothermia
(28�C–29�C). The pump was primed with
1500 to 1700 mL of acetate-buffered
balanced crystalloid, 100 mL of 20% manni-
tol, and 100mL of 20% albumin.
Anticoagulation for CPB was initiated with
3U/kg of heparin and monitored with an
activated coagulation time of >400 s. After
cross-clamping the aorta, cold crystalloid
cardioplegia solution was administered.
CPB was conducted with a non-pulsatile
roller pump, polyvinyl chloride tubing, and
a membrane oxygenator with hollow

Figure 1. Patient recruitment scheme. Twenty-six patients had more than two exclusion criteria. Group C:
patients not administered ulinastatin, Group U: patients administered ulinastatin during cardiopulmonary
bypass, op: operation, EF: left ventricular ejection fraction in preoperative transthoracic echocardiography,
postop: postoperative.
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polypropylene fibres. The pump flow rate
was adjusted to 2.0 to 2.5L/min/m2 to main-
tain a mean arterial blood pressure (MBP) of
60 to 70 mmHg. During CPB, continuous
positive airway pressure of 5 mmHg was
applied. Before weaning from CPB, modified
ultrafiltration was applied with a flow rate of
200 mL/min/m2 in all patients. Intermittent
antegrade and retrograde cold crystalloid
cardioplegia was administered every 30 min,
and continuous topical cooling was applied
during cardiac standstill. PaCO2 was man-
aged by a-stat during CPB.

CPB was weaned with or without inotro-
pic support when the rectal temperature
reached 36�C. Intraoperative fluid manage-
ment was performed upon trans-
oesophageal echocardiography monitoring.
Dopamine was infused as a first-line inotro-
pic agent to wean the patients from CPB as
needed, and its infusion rate was adjusted to
achieve a CI of >2.0 L/min/m2 and MBP of
>65 mmHg. The ventilation strategy applied
during pre-CPB was restored. Blood in the
CPB circuit and reservoir was given back to
the patients before weaning from CPB. The
threshold for transfusion of packed red blood
cells (pRBCs) was a haematocrit of <21%
during CPB and a haematocrit of <28%
after CPB. Transfusion of fresh frozen
plasma, cryoprecipitate, or platelets was per-
formed upon the results of rotational throm-
boelastometry and routine laboratory
coagulation-related tests. Intraoperative
bleeding from the surgical site was salvaged
and re-infused using a cell saver until closure
of the chest wall.

Postoperative care

All patients were transferred to the inten-
sive care unit (ICU) after surgery, where
they underwent management according to
institutional protocols. Volume–pressure-
controlled ventilation was applied with a
tidal volume of 6 mL/kg, respiratory rate
of 10 to 18/min, PEEP of 5 to 8 mmHg,

and FiO2 of 60% Pressure support ventila-

tion with a 10-cmH2O pressure support

level and 5-cmH2O PEEP was performed

upon recovery of spontaneous respiration.
The extubation criteria were a respirato-

ry rate of 11 to 25 breaths/min, heart rate

within 20% of baseline for at least for 1 h,

PaO2 of >70 mmHg, PaCO2 of <48 mmHg,

and pH of 7.35 to 7.50 on an arterial blood

gas analysis.

Data acquisition

The primary objective was an intergroup

comparison of the PaO2/FiO2 ratio 2 h after

weaning from CPB (post-CPB). We also

compared the PaO2/FiO2 ratio and its

changes at the following time points: before

CPB (pre-CPB), post-CPB, and 6 h after

arrival in the ICU (ICU-6). The incidence

rates of a low PaO2/FiO2 ratio (<200 and

<300) were also compared. Haemodynamic

variables including the heart rate, MBP,

CVP, PAP, SvO2, and CI were compared at

these same time points.
The creatinine kinase-MB (CK-MB)

concentration, high-sensitivity troponin-I

(Tn-I) concentration, serum creatinine

(s-Cr) concentration, glomerular filtration

rate (GFR), and C-reactive protein (CRP)

concentration were measured preoperative-

ly, immediately after ICU arrival (ICU-0),

and 12 h after ICU arrival (ICU-12).

Statistical analyses

We used an intention-to-treat strategy; that

is, all patients were included in the analysis

regardless of whether they had completed

the study. Because some patients had miss-

ing data on the outcome variables, the miss-

ing data were completed using a last

observation carried forward analysis. The

distribution of continuous variables was

first evaluated for normality using the

Shapiro–Wilk test and a q-q plot.

Normally distributed data are presented as
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mean� standard deviation, and the groups
were compared using parametric methods.
The non-normally distributed data are
expressed as median (interquartile range),
and these data were analysed via non-
parametric methods.

Because the patients’ age, height, CI,
SVO2, and PaO2/FiO2 ratio passed the
Shapiro–Wilk test, they were analysed
parametrically. Weight, CPB duration,
and number of transfused blood units did
not pass the Shapiro–Wilk test; these
data were therefore analysed non-
parametrically. Because MBP, CVP, and
PAP did not pass the Shapiro–Wilk test,
we additionally checked the q-q plot,
which did not show marked deviation
from linearity. Therefore, the normal
assumptions were applied for repeated-
measures analysis of variance (RM-
ANOVA). Because CI and SvO2 passed
Mauchly’s sphericity test, they were ana-
lysed by RM-ANOVA with Greenhouse–
Geisser correction followed by the paired
t-test and Bonferroni correction (a¼ 0.05/
3 and 0.0167). Because Mauchly’s spherici-
ty test indicated that the assumption of
sphericity had been violated for MBP
[v2(2)¼ 59.206, P< 0.001, Mauchly’s
W¼ 0.518], CVP [v2(2)¼ 77.383, P< 0.001,
Mauchly’s W¼ 0.423], PAP [v2(2)¼ 29.544,
P< 0.001, Mauchly’s W¼ 0.720], and the
PaO2/FiO2 ratio [v2(5)¼ 16.012, P¼ 0.007,
Mauchly’s W¼ 0.838], Wilks’ lambda multi-
variate ANOVA (MANOVA) followed by
the paired t-test with Bonferroni correction
(a¼ 0.05/3 and 0.0167 or a¼ 0.05/4 and
0.0125) was used.

Because s-Cr, GFR, CK-MB, Tn-I, and
CRP did not pass the Shapiro–Wilk test
and showed marked deviation from linear-
ity, the data were analysed using
Friedman’s test followed by the Mann–
Whitney test with Bonferroni correction.

Descriptive variables were subjected to
v2 analysis or Fisher’s exact test, as appro-
priate, and P-values of <0.05 were

considered significant. Statistical analysis
was performed using SPSS software (ver.
23.0; IBM Corp., Armonk, NY, USA).

Results

The medical records of 146 patients who
underwent aortic valve surgery with moder-
ate hypothermic CPB were screened, and 52
patients were excluded. Finally, 94 patients
were classified into the 2 study groups
(Group C, n¼ 56 and Group U, n¼ 38).
The demographic data of the 94 patients are
shown in Table 1. The preoperative variables
were not different between the groups. The
surgical procedure performed was either
aortic valve leaflet repair (AVP) with/without
aortic root remodelling or aortic valve
replacement (AVR). There were no inter-
group differences in the type of surgery: 45
of 56 patients in Group C and 32 of 38
patients in Group U underwent AVP, and
the remaining patients underwent AVR.

The CPB duration, aortic cross-clamping
time, and number of intraoperative trans-
fused units were not different between the
groups. The volumes of transfused pRBCs
and fresh frozen plasma in the ICU
were greater in Group U than Group C
(Table 2).

Table 3 shows that there were no differ-
ences in the haemodynamic data between the
two groups (MBP: [F(3, 89.0)¼ 0.521:
Wilks’ lambda¼ 0.983, partial eta2¼ 0.017],
CVP: [F(3, 89.0)¼ 0.022: Wilks’ lambda¼
0.999, partial eta2¼ 0.001], and PAP: [F(3,
89.0)¼ 0.403: Wilks’ lambda¼ 0.987, partial
eta2¼ 0.013]).

The PaO2/FiO2 ratio did not differ
between the groups at the pre-CPB time
point. However, the PaO2/FiO2 ratio was
higher in Group U than Group C at
post-CPB and ICU-6 (P< 0.05). The
MANOVA results showed a difference in
the change in the PaO2/FiO2 ratio
between two groups [F(4, 89.0)¼ 657.339,
P< 0.001: Wilks’ lambda¼ 0.033, partial
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Table 2. Cardiopulmonary bypass duration and units of transfusion

Group C

(n¼ 56)

Group U

(n¼ 38) P-value

CPB duration (min) 178 (147–229) 180 (158–215) 0.815

Aorta cross-clamping time (min) 119 (103–142) 112 (93–135) 0.167

Haematocrit (%)

Preoperative 39 (32–42) 39 (32–41) 0.164

CPBmin 22 (20–25) 21 (19–23) 0.096

Transfusion

CPB

pRBC (U) 3 (0–4) 3 (0–4) 0.934

Post-CPB

pRBC (U) 1 (0–2) 1 (0–2) 0.648

FFP (U) 2 (0–3) 0.5 (0–2) 0.092

Platelet concentrate (U) 8 (0–8) 8 (0–8) 0.479

Cryoprecipitate (U) 0 (0–0) 0 (0–0) 0.131

ICU

pRBCs (U) 2 (0–4) 5 (3–6) <0.001

FFP (U) 2 (0–3) 3 (2–4) 0.008

Platelet concentrate (U) 0 (0–0) 0 (0–8) 0.052

Cryoprecipitate (U) 0 (0–0) 0 (0–5) 0.107

Data are presented as median (25%–75%). Group C: patients not administered ulinastatin, Group U: patients administered

ulinastatin during cardiopulmonary bypass, CPB duration: duration of application of cardiopulmonary bypass, CPBmin:

minimum value during cardiopulmonary bypass, CPB: cardiopulmonary bypass, post-CPB: after weaning from cardiopul-

monary bypass, ICU: intensive care unit, pRBCs: packed red blood cells, FFP: fresh frozen plasma.

Table 1. Preoperative patient characteristics

Group C

(n¼ 56)

Group U

(n¼ 38) P-value

Age (years) 59� 15 59� 14 0.949

Sex (male/female) 21/35 10/28 0.258

Height (cm) 164� 10 165� 11 0.608

Weight (kg) 65 (54–73) 62 (56–69) 0.545

CK-MB (ng/mL) 1.10 (0.80–2.20) 1.10 (0.70–2.10) 0.726

Tn-I (ng/mL) 0.02 (0.02–0.08) 0.02 (0.02–1.10) 0.362

Increased Tn-I (>0.3 ng/mL) 10 (18.2) 10 (26.3) 0.348

s-Cr (mg/dL) 0.91 (0.76–1.04) 0.99 (0.80–1.12) 0.350

Smoking history

Current 10 3 0.169

Past 19 8 0.176

Data are presented as mean� standard deviation, median (25%–75%), or number of patients (%), as appropriate. Group C:

patients not administered ulinastatin, Group U: patients administered ulinastatin during cardiopulmonary bypass, CK-MB:

serum creatinine kinase subtype MB (reference range: 0.0–6.6 ng/mL), Tn-I: high-sensitivity cardiac troponin I (reference

range: 0.0–0.3 ng/mL), s-Cr: serum creatinine (reference range: 0.5–0.9 mg/dL).
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eta2¼ 0.967]. The incidence of a PaO2/FiO2

ratio of <300 was lower in Group U than

Group C at the same time point (Table 4).
The length of ventilatory support was

not different between Group C and Group

U (16 (13–18) vs. 15.5 (11.5–19.5) h,

respectively).
CK-MB, Tn-I, s-Cr, GFR, and CRP did

not differ between the groups (Table 5).

Discussion

In the present study, high-dose ulinastatin

infusion during CPB provided a higher

PaO2/FiO2 ratio after weaning from CPB

and in the early stage in the ICU. The

higher PaO2/FiO2 ratio in ulinastatin-

treated patients may suggest a reduction

in postoperative morbidity and mortality,

as shown in other studies.15–17 In previous

studies, ulinastatin attenuated ischaemia–

reperfusion-induced lung injury by inhibi-

tion of myeloperoxidase activity in lung

tissue and a decrease in the systemic expres-

sion of tumour necrosis factor-a in a rat

model and attenuated the release of

interleukin-6 and -8 immediately after

CPB. The degree of changes in the respira-

tory index and intrapulmonary shunt was

correlated with the interleukin-8 level.6,9

However, these inflammatory cytokines

were not analysed in the present study

Table 3. Haemodynamic parameters

Group C

(n¼ 56)

Group U

(n¼ 38) P-value

MBP (mmHg)

pre-CPB 75� 9 75� 11 0.669

post-CPB 66� 15 68� 16

ICU-6 65� 12 67 �14

CVP (mmHg)

pre-CPB 8� 3 8� 3 0.996

post-CPB 10� 5 10� 2

ICU-6 10� 5 10� 2

PAP (mmHg)

pre-CPB 19� 5 19� 7 0.751

post-CPB 18� 4 17� 3

ICU-6 20� 5 20� 6

CI (L/min/m2)

pre-CPB 2.5� 0.7 2.6� 0.9 0.943

post-CPB 2.5� 0.7 2.6� 0.6

SvO2 (%)

pre-CPB 78� 6 78� 7 0.926

post-CPB 78� 8 78� 6

Data are presented as mean� standard deviation. Group

C: patients not administered ulinastatin, Group U: patients

administered ulinastatin during cardiopulmonary bypass,

pre-CPB: before cardiopulmonary bypass, post-CPB: 2

h after weaning from cardiopulmonary bypass, ICU-6:

within 6 h after admission to the intensive care unit,

MBP: mean arterial blood pressure, CVP: central venous

pressure, PAP: mean pulmonary artery pressure,

CI: cardiac index, SvO2: mixed venous oxygen saturation.

P-values represent overall inter-group differences in

repeated-measures analysis of variance or multivariate

analysis of variance, as appropriate.

Table 4. Changes in PaO2/FiO2 ratio and incidence
of low PaO2/FiO2 ratio

Group C

(n¼ 56)

Group U

(n¼ 38) P-value

PaO2/FiO2 ratio

pre-CPB 423� 87 432� 105 <0.001

post-CPB 305� 76 406� 103*

ICU-6 328� 84 393� 110*

Incidence of PaO2/FiO2 ratio of <200

pre-CPB 1(1.8) 2 (5.3) 0.563

post-CPB 3 (5.4) 1 (2.6) 0.645

ICU-6 2 (3.6) 2 (5.3) 1.000

Incidence of PaO2/FiO2 ratio of <300

pre-CPB 3 (5.4) 4 (10.5) 0.435

post-CPB 28 (50.0) 6 (15.8) 0.001

ICU-6 24 (42.9) 6 (15.8) 0.006

Data are presented as mean� standard deviation or

number of patients (%). Group C: patients not

administered ulinastatin, Group U: patients administered

ulinastatin during cardiopulmonary bypass, pre-CPB:

before cardiopulmonary bypass, post-CPB: 2 h after

weaning from cardiopulmonary bypass, ICU-6: within 6

h after admission to the intensive care unit. P-values of

PaO2/FiO2 ratio represent overall inter-group differences

in repeated-measures analysis of variance or multivariate

analysis of variance, as appropriate. *P< 0.05 compared

with Group C. P-values of incidence of low PaO2/FiO2

ratio represent overall inter-group differences in v2

analysis or Fisher’s exact test, as appropriate.
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because they are not included as routine
laboratory tests for patients undergoing
cardiac surgery in our institution.

The results of the present study did not
show improved clinical outcomes, such as
shortening of the mechanical ventilation
time, intubation time, or ICU stay.
Several studies have revealed shortened
durations of mechanical ventilation, intuba-
tion, and ICU stay in patients treated with
ulinastatin. Zhang et al.11 concluded that
ulinastatin treatment might shorten the
duration of mechanical ventilation as well
as the duration of intubation, but the ICU
stay was not shortened. He et al.12 also

found that the use of ulinastatin reduced
the duration of mechanical ventilation, but
the length of ICU stay was not different.
Song et al.18 found that patients treated
with ulinastatin had shorter ICU stays
than the control group. Xu et al.10 also con-
cluded that high-dose ulinastatin shortened
the ICU stay after application of CPB with
deep hypothermic circulatory arrest.

We used high-dose ulinastatin during the
entire CPB period (total dose of 20,000 U/kg
with a 2-h CPB period and 25,000 U/kg
with a 3-h CPB period). Previous studies
also recommended a higher dose of ulinas-
tatin (5,000–20,000 U/kg) to overcome the

Table 5. Changes in cardiac enzymes, indices of renal performance, and CRP

Group C

(n¼ 56)

Group U

(n¼ 38) P-value

CK-MB (ng/mL)

pre-CPB 1.1 (0.8–2.2) 1.1 (0.7–2.1) 0.798

ICU-0 16.6 (11.6–31.9) 16.0 (11.0–28.1)

ICU-12 13.6 (8.7–24.4) 14.5 (7.5–20.9)

Tn-I (pg/mL)

pre-CPB 0.02 (0.02–0.08) 0.02 (0.02–1.10) 0.988

ICU-0 4.18 (1.94–6.72) 4.24 (1.13–7.14)

ICU-12 4.14 (2.85–7.40) 4.62 (1.48–8.85)

s-Cr (mg/dL)

pre-CPB 0.9 (0.8–1.0) 1.0 (0.8–1.1) 0.628

ICU-0 0.8 (0.7–1.0) 0.8 (0.7–1.0)

ICU-12 0.9 (0.7–1.0) 0.9 (0.6–1.0)

GFR (mL/min/1.73 m2)

pre-CPB 80 (68–90) 79 (64–90) 0.785

ICU-0 90 (78–90) 90 (73–90)

ICU-12 89 (78–90) 81 (72–90)

CRP (mg/dL)

pre-CPB 0.11 (005–0.23) 0.05 (003–0.13) 0.095

ICU-0 0.10 (0.06–0.14) 0.07 (0.04–0.18)

ICU-12 5.88 (4.12–7.24) 4.22 (2.40–7.13)

Data are presented as median (25%–75%). Group C: patients not administered ulinastatin-treatment,

Group U: patients administered ulinastatin during cardiopulmonary bypass, CK-MB: serum creatinine

kinase subtype MB (reference range: 0.0–6.6 ng/mL), Tn-I: high-sensitivity cardiac troponin-I (reference

range: 0.0–0.3 ng/mL), s-Cr: serum creatinine (reference range: 0.5–0.9 mg/dL), GFR: glomerular filtration

rate (reference value: >90 mL/min/1.73 m2), CRP: high-sensitivity C-reactive protein (reference range:

0.01–0.3 mg/dL), pre-CPB: before applying cardiopulmonary bypass, ICU-0: immediately after admission to

the intensive care unit, ICU-12: 12 h after admission to the intensive care unit. P-values represent overall

inter-group differences in repeated-measures analysis of variance or multivariate analysis of variance, as

appropriate.
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dose-dependent heterogeneity in terms of
exerting organ-protective effects.10,11

Despite the improved oxygenation pro-
file, which is probably due to ulinastatin’s
attenuation of CPB-induced acute lung
injury, we found no positive improvement
in ultimate outcomes such as shortening of
the duration of intubation and ventilator
support. These findings are not in accor-
dance with those of Esteve et al.,19 who
reported that the PaO2/FiO2 ratio 3 h
after ICU admission may be useful to pre-
dict the outcome of cardiac surgical patients
during their hospital stay. We may consider
two major factors. First, because the dura-
tion of action of ulinastatin is much shorter
than the length of ventilatory support, uli-
nastatin cannot attenuate the inflammatory
stress that occurs after CPB. Second,
transfusion-related acute lung injury could
aggravate postoperative pulmonary func-
tion. The volume of transfused pRBCs in
the ICU was greater in Group U than in
Group C in this study (5 vs. 2 U, respective-
ly). This discrepancy suggests ulinastatin’s
additional efficacy for attenuating transfu-
sion-related acute lung injury in cardiac
surgery.18

In this study, we identified no clinical
outcomes suggesting the beneficial effects
of ulinastatin in attenuating CPB-induced
myocardial or kidney injury. The absence
of inter-group differences in myocardiac
biomarkers, such as Tn-I and CK-MB, con-
tradict the findings of a previous report
showing significant reductions in the levels
of cardiac markers and blood pressure in
patients undergoing ulinastatin treatment,
suggesting ulinastatin’s protective effects
against myocardial injury.11 The routine
use of ultrafiltration at the end of CPB to
remove free water and improve post-CPB
pulmonary function might affect the level
of myocardial biomarkers.20,21 The s-Cr
concentration and GFR showed no inter-
group differences in our study. A few stud-
ies have shown that ulinastatin may reduce

the risk of acute kidney injury after CPB,
but this finding is controversial because of
the absence of a difference in the s-Cr or
cystatin C concentration after aortic valve
surgery with CPB.22,23

This study has some limitations. First,
because this study involved a retrospective
analysis of patients’ medical records, no
analyses of inflammatory cytokines were
included; however, such analyses might
have supported ulinastatin’s efficacy in
attenuating anti-inflammatory cascades
and organ protection.24 Instead, CRP was
analysed, indicating the degree of the anti-
inflammatory effects of neutrophil elastase
inhibitors,25,26 and showed no significant
inter-group differences in our study.
Second, we analysed the PaO2/FiO2 ratio,
which is inferior to the alveolar-arterial O2

tension difference, P(A-a)O2, or ratio of P
(A-a)O2 to PaO2 in the early diagnosis of
acute lung injury.8 Third, our study’s pri-
mary outcome was confined to the immedi-
ate post-CPB period; other clinical
outcomes beyond the immediate postoper-
ative period were not analysed. Finally,
because the study was performed in a retro-
spective manner, it was not possible to stan-
dardise or minimise possible biases that
could have affected the outcome, and the
data of only 94 patients were included in
the final analyses. However, the type of sur-
gery was confined to aortic valvular sur-
gery, so the patients had uniform clinical
courses.

In conclusion, ulinastatin treatment
during the CPB period provided a better
oxygenation profile after CPB and in the
early stages in the ICU in patients undergo-
ing aortic valve surgery with moderate
hypothermic CPB.
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