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Introduction. The systematic meta-analysis of randomized controlled trials (RCTs) evaluated the effects of intraoperative ulinastatin
on early-postoperative recovery in patients undergoing cardiac surgery. Methods. RCTs comparing intraoperative ulinastatin with
placebo in cardiac surgery were searched through PubMed, Cochrane databases, Medline, SinoMed, and the China National
Knowledge Infrastructure (1966 to May 20th, 2013). The primary endpoints included hospital mortality, postoperative complication
rate, length of stay in intensive care unit, and extubation time. The physiological and biochemical parameters illustrating
postoperative cardiac and pulmonary function as well as inflammation response were considered as secondary endpoints. Results.
Fifteen RCTs (509 patients) met the inclusion criteria. Ulinastatin did not affect hospital mortality, postoperative complication rate,
or ICU length of stay but reduced extubation time. Ulinastatin also increased the oxygenation index on postoperative day 1 and
reduced the plasma level of cardiac troponin-I. Additionally, ulinastatin inhibited the increased level of tumor necrosis factor-alpha,
polymorphonuclear neutrophil elastase, interleukin-6, and interleukin-8 associated with cardiac surgery. Conclusion. Ulinastatin
may be of value for the inhibition of postoperative increased inflammatory agents and most likely provided pulmonary protective
effects in cardiac surgery. However, larger adequately powered RCTs are required to define the clinical effect of ulinastatin on
postoperative outcomes in cardiac surgery.

1. Introduction

The use of a cardiopulmonary bypass (CPB) during cardiac
surgery leads to leukocyte (including neutrophil) activation,
triggering a systemic inflammatory response [1], and induc-
ing postoperative complications which include myocardial
dysfunction [2, 3], acute lung injury [4], and multiorgan fail-
ure [5]. This contributes to prolonged postoperative recovery,
delayed extubation time, and an extended intensive care unit
(ICU) stay [6, 7].

Ulinastatin, one of the Kunitz-type human protease
inhibitors found in urine, has the capacity to inhibit the
neutrophilic elastase and the activation of proinflammatory
cytokines [8], where it is anticipated that it could suppress
the systematic inflammatory response associated with cardiac
surgery. Although ulinastatin has been tested in many small
sample sized clinical trials in cardiac surgery since the 1990s,
where it has demonstrated the clear inhibitory effects in
attenuating the postoperative increase in proinflammatory
cytokines, its impact on clinical outcomes and postoperative
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complications remains controversial [9-15]. As a conse-
quence, ulinastatin is not currently part of routine treatment
for patients undergoing cardiac surgery [16]. We therefore
undertook a systematic review and meta-analysis of random-
ized controlled trials (RCTs) which analyzed the effects of
intraoperative ulinastatin treatment on postoperative clinical
outcomes in patients undergoing cardiac surgery.

2. Materials and Methods

2.1. Literature Search, Inclusion, and Exclusion Criteria. We
adopted the methods detailed in the Cochrane Handbook
for Systematic Reviews version [17] and the guidelines of the
PRISMA statement [18] for conduct of the meta-analysis. The
search included the Cochrane Databases, Pubmed, Medline,
SinoMed, and the China National Knowledge Infrastructure
(CNKI) from 1966 to May 20th 2013, using the text words and
medical subject headings (MeSH) comprising “ulinastatin”
and “cardiac surgery”. The Cochrane Collaboration’s highly
sensitive search strategy (HSSS) was used to identify the
relevant articles in the Cochrane Databases and Medline
[19]. Text words and MeSH without HSSS were used to
identify the relevant articles in Pubmed, SinoMed, and CNKI.
ClinicalTrials.gov was also examined for relevant studies.
Two reviewers (HQL and SHH) independently screened
the titles and abstracts in order to select trials involving
patients undergoing elective cardiac surgery who received
intraoperative ulinastatin. Following the preliminary search,
253 articles were identified as potentially eligible and suitable
for in-depth analysis.

Eligible inclusion criteria for the studies were that (1)
prospective RCTs compare the ulinastatin group with the
placebo group in cardiac surgery; (2) the baseline char-
acteristics including age, sex, and type of operation were
comparable between the groups; (3) the language of published
studies was restricted to English, Chinese, and Japanese; (4)
the period of follow-up was at least 24 hours after surgery.
Exclusion criteria were that (1) the method of randomization
was incorrect; (2) there were duplicate publications; (3) there
was a lack of any data regarding the clinical endpoints; (4)
studies were performed on a cohort of patients previously
used for another trial. The full texts of highly relevant articles
were thoroughly read and analyzed by the two reviewers.

2.2. Data Extraction and Outcome Measures. Descriptive
data (e.g., patient population, type of surgery, intervention,
and exclusion criteria) and markers of validity (e.g., methods
of randomization, blinding) from all trials were extracted.
Primary endpoints of interest were the hospital mortality,
the early-postoperative complication rate, the length of stay
in ICU, and extubation time. Secondary endpoints included
the oxygenation index (OI), the cardiac index (CI) and
the plasma levels of cardiac troponin-I (cTnl), creatine
kinase MB isoenzyme (CK-MB), tumor necrosis factor-alpha
(TNF-«), polymorphonuclear neutrophil elastase (PMNE),
interleukin-6 (IL-6), and interleukin-8 (IL-8) on the postop-
erative first day (POD1). We accepted the authors’ definitions
for clinical outcomes. An early-postoperative complication
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was defined as organ dysfunction or an infective complication
during the hospital stay as well as excessive bleeding requiring
reoperation. The extubation time was defined as the duration
(in hours) of postoperative mechanical ventilation. Two
independent investigators (HQL and YF) abstracted the rel-
evant data and measured the outcomes. When a discrepancy
occurred, a third reviewer (SHH) acted as a referee so that a
final consensus decision could be made.

2.3. Quality Scoring and Risk of Bias Assessment. The Jadad
score was used for the quality assessment of the included
trials [20]. Details of the quality assessment included the
methodology of randomization, the adequacy of allocation
concealment, whether a blind or double-blind method was
used, whether an intention-to-treat analysis was utilized and
descriptions of withdrawals, and follow-up. A risk of bias
assessment was performed in accordance with guidelines
outlined in the Cochrane handbook for Systematic Reviews
or Interventions v.5.1.0. Two authors (HQL and ZF) reviewed
all studies and subjectively assigned a value of “high”, “low”,
or “unclear” to the following: (1) selection bias (was the
randomization sequence adequate? was allocation conceal-
ment satisfactory?); (2) performance and detection bias (were
participants, personnel, and outcome assessors blinded?);
(3) attrition bias (were incomplete outcome data sufficiently
assessed and dealt with?); (4) publication bias (was there
evidence of selective outcome reporting?); and (5) any other
sources of identifiable bias. The two trained reviewers (HQL
and ZF) assessed the quality of the trials and the risk of bias
independently resolving differences by consensus.

2.4. Statistical Analysis. An intention-to-treat analysis was
used in the meta-analysis. The mean difference (MD) or
odds ratios (ORs) and 95% confidence intervals (95% Cls)
were calculated with the methods recommended by the
Cochrane Collaboration [17]. The Cochrane’s X2 test was used
to detect heterogeneity among the studies. If the P value
of Cochrane’s X2 test was more than 0.05, a fixed effects
model was employed and the Mantel-Haenszel method was
performed to analyze the data. If the P value was less than
0.05, heterogeneity was explored. Egger’s regression was used
to detect publication bias [21]. Meta-analysis was conducted
using Review manager 5 (version 5.0.14; Copenhagen: the
Nordic Cochrane Centre, the Cochrane Collaboration) and
Egger’s regression was performed with the Stata 10.0 software
(Stata Corp, USA).

3. Results

3.1. Characteristics of Included Studies. Fifteen studies involv-
ing 509 participants were included in the meta-analysis [22-
36]. Figure 1 depicts the flow chart of the selection process.
The characteristics of included studies are shown in Table 1.
None of the studies was a multicenter RCT. The median
sample size of the RCTs was 30 patients (range 15-60).
With regard to the types of surgery, one trial assessed only
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253 potentially
eligible studies

63 studies excluded

26 nonhuman studies

7 reviews

14 conference abstracts only

16 nonsuitable control groups

190 studies retrieved for
more detailed evaluation

175 studies excluded

69 nonrelevant outcomes

104 non-RCTs (lack of randomized
double-blind design)

2 duplicate publications

15 randomized trials
included in the
meta-analysis

FIGURE 1: Process of trial selection.

aortic arch replacements [36], four trials only evaluated
coronary artery bypass grafts (CABG) [23, 25, 29, 30], five
trials reported only valve surgery [26, 28, 33-35], three trials
evaluated only repairs of atrial or ventricular septal defects
[22, 24, 32], and two trails were mixed in nature [27, 31]. All
trials except one [25] were conducted with CPB. Ulinastatin
treatment protocols varied in their dosage and administration
times. The risk of bias analysis (Figure 2) showed that eleven
studies described their randomization methods [22, 25, 27—
29, 31-36] and that five studies were double-blind [25, 28, 29,
35, 36]. Because all included studies were RCTs, the Jadad
score for all studies was >2 with a mean overall Jadad score
of 3.6 + 1.1. Table 1 shows that twelve of the studies with a
Jadad score > 3 were considered high-quality RCTs [20] and
that four studies had a Jadad score = 5 [28, 29, 33, 35].

3.2. Data Synthesis. Table 2 summarizes the results of the
meta-analysis for each outcome.

3.3. Hospital Mortality. Nine RCTs reported data on hospital
mortality [22, 24, 26, 27, 29, 30, 32, 34-36]. There were a
total of 7 postoperative deaths (7/306, 2.3%). Two patients
in the ulinastatin group died of coagulapathy [36] and
cardiac infraction [27], respectively. Myocardial infarction
and respiratory failure were the main causes of death in
the control group. Since 6 of these trials did not present
any hospital deaths, where all of the participants survived
(“zero-sum” studies), the remaining 3 RCTs (126 patients)

[27, 32, 36] were used to perform the meta-analysis. Ulinas-
tatin treatment did not influence overall hospital mortality
(OR = 0.48; 95% CI, 0.12 to 1.99; P = 0.31; Cochrane’s y” test,
P =0.41) (Figure 3).

3.4. Early-Postoperative Complication Rates. Twelve RCTs
reported data on early-postoperative complications [22, 24,
26, 27, 29-36] with 6 trials being zero-sum studies which
reported that there were no patient suffering postoperative
complications due to operation or CPB procedures [22, 26,
30, 31, 33, 34]. In the ulinastatin groups of the remaining
6 RCTs, postoperative complications included 6 cases of
myocardial ischemia [27, 29, 35], 1 wound infection [36], 1
reoperation for bleeding [36], 7 respiratory failures [35], and
4 renal failures [35], whilst in the control groups, there were
13 cases of myocardial ischemia [27, 29, 36], 3 patients with
excessive bleeding [24, 36], 4 respiratory failures [32, 35], 1
wound infection [36], and 5 renal failures [35, 36] (Table 3).
As only one trial [35] reported the number of comorbidities,
which was more than the total number of patients, the
remaining 5 RCTs (176 patients) [24, 27, 29, 32, 36] were
estimable to perform the analysis showing that ulinastatin
treatment did not influence early-postoperative complication
rate (OR = 0.41; 95% CI, 0.16 to 1.08; P = 0.07; Cochrane’s x*
test, P = 0.97) (Figure 4).

3.5. ICU Length of Stay. Eight RCTs (318 patients) evaluated
the effect of ulinastatin on the length of stay in ICU [22, 27-
30, 33, 34, 36]. Four of these trials reported a significantly
shorter ICU length of stay in the ulinastatin treatment groups
[27, 33, 34, 36]; however, meta-analysis using the random
effects model showed that the ulinastatin treatment did not
significantly decrease the length of stay in ICU (MD = -5.21 h;
95% CI, —11.64h to 1.21h; P = 0.11; Cochrane’s X2 test,
P < 0.00001) (Figure 5).

3.6. Extubation Time. Eleven RCTs (385 patients) reported
extubation time [22, 23, 25, 27-30, 33-36] with 5 of the
trials recording a significantly reduced extubation time in the
ulinastatin groups (27, 29, 30, 34, 36). Meta-analysis showed
that ulinastatin treatment significantly reduced extubation
time (MD = —4.18 h; 95% CI, —6.87 h to —1.49h; P = 0.002;
Cochranes x* test, P < 0.00001) (Figure 6). Furthermore,
to investigate the impact of total ulinastatin dosage on the
outcome, we undertook an exploratory subgroup analysis
and found that trials with a total dosage < 10,000 U/kg (206
patients) [23, 25, 27, 29, 33, 35] had a negative outcome (P =
0.08), whereas those with total dosage > 10,000 U/kg had a
positive outcome (MD = -9.86 h; 95% CI, -16.58 h to —3.14 h,
P = 0.004). Similar subgroup analysis of the isolated CABG
trials (104 patients) [23, 25, 29, 30] and isolated valve repair
trials (156 patients) [28, 33-35] showed no difference between
ulinastatin-treated and control groups (P = 0.08 and P =
0.50, resp.).

3.7. Postoperative OI and CI. Five trials (127 patients)
reported the postoperative oxygenation indexes (OI) [22, 23,
29, 34, 35] which was increased by ulinastatin treatment
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FIGURE 2: Risk of bias summary.

TABLE 2: Summary of effects of ulinastatin treatment on postoperative outcomes.

Outcome Number of studies Total N OR*/MD 95% CI P value I* (%)
Clinical
Hospital mortality 3 126 0.48" 0.12 to 1.99 031 0
Complication rate 5 176 0.41" 0.16 to 1.08 0.07 0
ICU stay (h) 8 318 -5.21 —-11.64 to 1.21 0.11 81
Extubation time (h) 11 385 -4.18 —6.87 to —1.49 0.002 95
Physiologic
¢Tnl (ng/mL) 6 206 -0.97 -1.66 to —0.28 0.006 78
CKMB (ng/mL) 6 242 -3.86 -9.68 t0 1.95 0.19 84
Postoperative OI 5 127 85.23 59.75 to 110.72 <0.00001 50
Postoperative CI 4 138 -0.10 —-0.32t0 0.12 0.39 0
Biologic
TNF-« (pg/mL) 7 203 —49.04 —-76.15 to —21.92 0.0004 86
PMNE (ug/dL) 6 161 —-6.86 -11.79 to —1.94 0.006 97
IL-6 (pg/mL) 8 219 -28.02 —47.95 to -8.08 0.006 85
IL-8 (pg/mL) 6 129 -20.38 —32.48 to —-8.28 0.001 88

ICU: intensive care unit, POMV: postoperative mechanic ventilation, TNF-«: tumor necrosis factor-alpha, PMNE: polymorphonuclear neutrophil elastase,
IL-6: interleukin-6, IL-8: interleukin-8, cTnl: cardiac troponin-I, CK-MB: creatine kinase MB isoenzyme, OI: oxygenation index, CI: cardiac index, OR: odds
ratios, MD: mean difference, 95% CI: 95% confidence intervals.

*OR: 0dds ratio.

(MD =85.23;95% CI, 59.75 to 110.72; P < 0.00001; Cochrane’s 95% CI, —0.40 to 0.06; P = 0.15; Cochrane’s X2 test, P = 1.00)
X2 test, P = 0.09) (Figure 7). (Figure 8).

Four trials (138 patients) reported the postoperative car-
diac indexes (CI) [28, 29, 34] showing no difference between 3.8. Myocardial Damage Agents (cInl and CKMB). Six tri-
the ulinastatin-treated and the control groups (MD = -0.17;  als (206 patients) reported the levels of plasma cTnl on
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TaBLE 3: Incidence of early-postoperative complications for included trials.

Complications (cases)

Study Group
Myocardial infarction =~ Wound infection  Excessive bleeding Respiratory failure Renal failure
Chong et al., 2013 [36] U 0 ! ! 0
C 1 1 2 1
Nakanishi et al., 2006 U 1
Ren et al., 2003 [24] v 0
C 1
Tu and Ming, 2011 U 0
[32] C 1
Zhang and Qin, 2012 U 3
[27] C 6
Song et al., 2013 [35]
U 2
C 5
U: ulinastatin group, C: control group.
Stud b Ulinastatin Control Weich Odds ratio Odds ratio
tudy or subgroup Events Total Events Total ' <8 t M-H, fixed, 95% CI M-H, fixed, 95% CI
Zhang and Qin 2012 1 30 4 30 66.9% 0.22[0.02,2.14] ——
Tu and Ming 2011 0 15 1 15 25.1% 0.31[0.01, 8.28] — &
Chong et al. 2013 1 18 0 18  8.0% 3.17[0.12,83.17] I
Total (95% CI) 63 63 100.0% 0.48[0.12,1.99]
Total events 2 5 . . . .
Heterogeneity: Xz =1.79,df =2 (P = 0.41); I* = 0% 0.001 0.1 1 10 1000

Test for overall eect: Z = 1.01 (P = 0.31)

Favours experimental  Favours control

FIGURE 3: Impact of ulinastatin on hospital mortality. M-H = Mantel-Haenszel, 95% CI = 95% confidence intervals, Chi’= Chi-square test,
df = degrees of freedom, I* = I index (quantify the degree of heterogeneity), and Z = Z test.

postoperative first day (POD1) [24, 25, 27, 32, 33, 35] and
showed that ulinastatin treatment significantly reduced the
level of ¢Tnl (MD = —0.97 ng/mL; 95% CI, —1.66 ng/mL to
-0.28ng/mL; P = 0.006; Cochranes x* test, P = 0.0004)
(Figure 9).

Six trials (242 patients) reported the levels of plasma
CKMB on PODI [24, 27-29, 33, 35] with recording a sig-
nificantly higher CKMB level in the ulinastatin group [33],
whereas 3 trials reported significantly lower CKMB levels
following ulinastatin therapy [24, 27, 35]. Overall, meta-
analysis showed no difference between ulinastatin groups and
control groups (MD = -3.86 ng/mL; 95% CI, —9.68 ng/mL
to 1L.95ng/mL;P = 0.19; Cochrane’s y* test, P < 0.00001)
(Figure 10).

3.9. Plasma Inflammatory Agents (TNF-a, PMNE, IL-6, and
IL-8). Seven RCTs (203 patients) reported the levels of
plasma TNF-« on POD1 [22, 26, 30, 32, 34-36]. Meta-analysis
showed that ulinastatin treatment significantly inhibited the
increased level of TNF-a (MD = -49.04 pg/mL; 95% CI,
~76.15pg/mL to —21.92 pg/mL; P = 0.0004; Cochrane’s x*
test, P < 0.00001) (Figure 11).

Six RCTs (161 patients) reported the levels of plasma
PMNE on PODI [23, 26, 29-31, 36] showing a decrease on
POD 1 after ulinastatin treatment (MD = —6.86 pg/dL; 95%
CI, -11.79 ug/dL to -1.94 ug/dL; P = 0.006) (Figure 12). As 4
of these studies focused on CABG, an exploratory subgroup
analysis was performed and showed no difference between
the ulinastatin-treated and the control groups (MD =
—6.55 pug/dL; 95% CI, —14.46 ug/dL to 1.35 ug/dL; P = 0.10).

Eight RCTs (219 patients) reported the levels of plasma
IL-6 on PODI1 [22, 29-32, 34-36] where ulinastatin
significantly decreased the level of IL-6 on POD 1 (MD =
-28.02pg/mL; 95% CI, —-4795pg/mL to -8.08 pg/mL;
P = 0.006) (Figure13). But when analyzing the CABG
surgery subgroups (75 patients) [29-31], ulinastatin had
no effect (MD = —41.78 pg/mL; 95% CI, —108.25 pg/mL to
—-24.68 pg/mL; P = 0.22).

Six RCTs (165 patients) reported the levels of plasma IL-
8 on PODI1 [22, 29-31, 34] showing a significantly decrease
with ulinastatin treatment (MD = —20.38 pg/mL; 95% CI,
-32.48 pg/mL to —8.28 pg/mL; P = 0.001) (Figure 14).

3.10. Sensitivity Analysis for Study Quality. We undertook
subgroup meta-analysis including exclusively high-quality
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: Odds ratio QOdds ratio
Study or subgroup Weight  \H, fixed, 95% CI M-H, fixed, 95% CI
Chong et al. 2013 32.5% 0.33 [0.05, 1.96] -
Song et al. 2013 Not estimable
Nakanishi et al. 2006 6.8% 1.00 [0.06, 17.62]
Ren et al. 2003 10.5% 0.30 [0.01, 8.33] - 1
Tu and Ming 2011 10.6% 0.31 [0.01, 8.28] - 1
Zhang and Qin 2012 39.5% 0.44 [0.10, 1.97] —
Total (95% CI) 100.0%  0.41 [0.16,1.08] <o
Total events . . . .
Heterogeneity: x* = 1.51,df =4 (P = 0.97);* = 0% 001 01 1 10 1000

Test for overall eect: Z = 1.80 (P = 0.07) .
Favours experimental Favours control

FIGURE 4: Impact of ulinastatin on early-complication rate. M-H = Mantel-Haenszel, 95% CI = 95% confidence intervals, Chi*= Chi-square
test, df = degrees of freedom, I* = I” index, and Z = Z test.

Study or subgroup Weight Mean difference Mean difference

1V, random,95% CI 1V, random,95% CI
Bingyang et al. 2007 11.0% -3.00 [-14.86, 8.86] T
Chong et al. 2013 8.0% —44.60 [-61.48,-27.72] A —
Jiang et al. 2008 14.4% 2.20 [-5.11,9.51] I
Lietal. 2007 11.1% —-14.40 [-26.08, -2.72] —_—
Nakanishi et al. 2006 11.8% 9.60 [-1.10, 20.30] T
Oh et al. 2012 14.6% 2.40 [-4.52,9.32] T
Song et al. 2011 11.6% —-7.20 [-18.22, 3.82] 1
Zhang and Qin 2012 17.4% —4.00 [-5.83, -2.17] -
Total ©5% CI) 100.0%  —-5.21[-116.4, 1.21] o
Heterogeneity: 72 = 60.89; 2 = 37.70, df = 7 (P < 0.00001); I* = 81% ’50 ’25 : 2’5 5’0
Test for overall eect: Z = 1.59 (P = 0.11)

Favours experimental Favours control

FIGURE 5: Impact of ulinastatin on length of stay in ICU (hours). ICU = intensive care unit, IV = inverse variance, 95% CI = 95% confidence
intervals, Tau” = Tau-squared test, Chi* = Chi-square test, df = degrees of freedom, I” = I* index, and Z = Z test.

. Mean difference Mean difference

Study or subgroup Weight 1y random,95% CI IV, random,95% CI
Bingyang et al. 2007 10.5% —7.80 [-9.06, —6.54] -
Chong et al. 2013 5.2% -39.20 [-47.62,-30.78] -
Jiang et al. 2008 7.8% —4.40 [-9.44, 0.64] ]
Song et al. 2013 10.5% 0.42 [-0.72,1.56] i
Li et al. 2007 8.7% —4.80 [-8.72,-0.88] -
Mishima et al. 1990 6.7% 1.30 [-5.06, 7.66] -+
Nakanishi et al. 2006 10.3% —3.40 [-5.08, —-1.72] -
Oh et al. 2012 9.9% 0.60 [-1.75,2.95] T
Song et al. 2011 10.5% -0.80 [-2.12,0.52] 1
Wang et al. 2007 9.6% -1.00 [-3.83,1.83] T
Zhang and Qin 2012 10.3% -2.10 [-3.82, -0.38] ™
Total 95% CI) 100.0% -4.18 [-6.87,-1.49] ¢

R L2 _ 2 t t } }
Heterogeneity: 7° = 17.53; x~ = 184.82, df = 10 (P < 0.00001); I* = 95% _50 _25 0 25 50

Test for overall ellect: Z = 3.05 (P = 0.002) Favours experimental Favours control

FIGURE 6: Impact of ulinastatin on extubation time (hours). IV = inverse variance, 95% CI = 95% confidence intervals, Tau? = Tau-squared
test, Chi® = Chi-square test, df = degrees of freedom, I* = I* index, and Z = Z test.
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Mean difference

Mean difference

Study or subgroup Weight IV, fixed, 95% CI 1V, fixed, 95% CI
Jiang et al. 2008 7.4% 27.00 [66.87, 120.87] .
Song et al. 2013 36.8% 126.30 [84.32, 168.28] =
Li et al. 2007 4.4% 105.00 [~16.31,226.31] -
Mishima et al. 1990 33.7% 48.00 [4.12, 91.88] =
Nakanishi et al. 2006 17.7% 90.00 [29.35, 150.65] =
Total 95% CI) 100.0% 85.23 [59.75,110.72] <&
Heterogeneity: * = 8.05, df = 4 (P = 0.09); I* = 50% I I I I
200 100 0 100 200

Test for overall eect: Z = 6.56 (P < 0.00001) .
Favours experimental

Favours control

FIGURE 7: Impact of ulinastatin on postoperative oxygenation index (OI); IV = inverse variance, 95% CI
Chi-square test, df = degrees of freedom, I = I? index, and Z = Z test.

= 95% confidence intervals, Chi® =

Mean difference

Mean difference

Study or subgroup Weight 1y, fixed, 95% CI 1V, fixed, 95% CI
Song et al. 2013 14.6%  —0.60 [-1.20,-0.00] ]
Li et al. 2007 8.2% -0.05 [-0.85,0.75] -
Nakanishi et al. 2006 20.7%  —0.10 [-0.60,0.40]
Oh etal. 2012 56.5%  —0.10 [-0.40,0.20]
Total ©5% CI) 100.0%  —0.17 [-0.40, 0.06]
Il Il Il Il
Heterogeneity: x* = 2.36, df = 3 (P = 0.50); I = 0% N _ 0 5 1

Test for overall elect: Z = 1.45 (P = 0.15) .
Favours experimental

Favours control

FIGURE 8: Impact of ulinastatin on postoperative cardiac index (CI). IV = inverse variance, 95% CI = 95% confidence intervals, Chi* = Chi-

square test, df = degrees of freedom, I 2 = I? index, and Z = Z test.

Mean difference

Mean difference

Study or subgroup Weight 1V, random,95% CI 1V, random,95% CI

Song et al. 2013 2.6% —3.00 [-7.06, 1.06] B

Ren et al. 2003 0.6% —13.80 [-22.53,-5.07]

Song et al. 2011 20.0% —0.65 [-1.52,0.22] =

Tu and Ming 2011 23.9% —0.53 [-1.13,0.07]

Wang et al. 2007 27.0%  —1.50 [-1.86,-1.14] =

Zhang and Qin 2012 25.8% —0.56 [-1.03,-0.09]

Total 5% CI) 100.0%  —0.97 [-1.66,-0.28] . . ' . .
T T T

Heterogeneity: 7° = 0.42; y* = 22.88, df = 5 (P = 0.0004); I* = 78% o
Test for overall elect: Z = 2.76 (P = 0.006)

-10 0
Favours experimental

10 20
Favours control

FIGURE 9: Impact of ulinastatin on the level of cTnlI on postoperative first day (POD1). cTnl = cardiac tro

CI = 95% confidence intervals, Tau® = Tau-squared test, Chi’ = Chi-square test, df = degrees of freedom,

studies (Jadad score > 3) in order to find how the quality
of studies influenced the outcomes of our meta-analysis.
Regarding the clinical and physiologic outcomes, our con-
clusion among high-quality RCTs remained consistent. But
for biologic outcomes, the meta-analysis of 5 high-quality
studies [22, 33-36] indicated that ulinastatin did not have
inhibitory effect on plasma levels of TNF-« (P = 0.08); and
meta-analysis of 3 high-quality studies [29, 31, 36] showed no

4. Discussion

Our meta-analysis showed a

ponin-I, IV = inverse variance, 95%
I = I? index, and Z = Z test.

difference in plasma levels of PMNE between the ulinastatin-
treated and the control groups either (P = 0.20).

significant decrease in the extu-

bation time for ulinastatin-treated patients but no effect on
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Mean difference

Mean difference

Study or subgroup Weight 1V, random,95% CI 1V, random,95% CI

Song etal. 2013 9.8% -16.00 [*29.65, *2.35]

Nakanishi et al. 2006 18.6%  2.10 [-2.70, 6.90] T

Oh et al. 2012 17.4% -3.60 [-9.56,2.36] -

Ren et al. 2003 17.3% -8.30 [-14.40,-2.20] -

Song et al. 2011 16.8%  7.00 [0.49,13.51] =

Zhang and Qin 2012 20.0% -9.00 [-12.22, —5.78] -

Total 5% CI) 100.0%  —3.86 [-9.68,1.95] .r

Heterogeneity: 7> = 41.24; y* = 31.05, df = 5 (P < 0.00001); I = 84% ’ ’ ' ’ ’
—20 -10 0 10 20

Test for overall eect: Z = 1.30 (P = 0.19)

Favours experimental  Favours control

FIGURE 10: Impact of ulinastatin on the level of CKMB on postoperative first day (POD1). CKMB = creatine kinase MB isoenzyme, IV =
inverse variance, 95% CI = 95% confidence intervals, Tau® = Tau-squared test, Chi? = Chi-square test, df = degrees of freedom, I? = I? index,

and Z = Z test.
Stud b Weich Mean difference Mean difference
tudy or subgroup eight 1y, random,95% CI IV, random,95% CI
Bingyangetal. 2007  18.1%  —91.20 [~113.13,-69.27] -
Chong et al. 2013 193%  —66.80 [-81.33,-52.27] -
Jiang et al. 2008 120%  —32.00 [-82.33,18.33] B
Song et al. 2013 13.3%  10.00 [-34.01, 54.01] e
Li et al. 2007 19.6%  —-25.00 [-37.65,-12.35] -
Tuetal. 2011 1.5% ~6.40 [-220.94, 208.14]
Wang et al. 2005 16.2%  —74.88 [-105.55, —44.21] "
Total 5% CI) 100.0%  —49.04 [-76.15,-21.92] &
Heterogeneity: 7> = 934.67; y* = 44.01, df = 6 (P < 0.00001); I> = 86% ’ ’ ’ ’
-200 -100 0 100 200

Test for overall elect: Z = 3.54 (P = 0.0004)

Favours experimental ~ Favours control

FIGURE 11: Impact of ulinastatin on the level of TNF-« on postoperative first day (POD1). TNF-a = tumor necrosis factor-alpha, IV = inverse
variance, 95% CI = 95% confidence intervals, Tau® = Tau-squared test, Chi? = Chi-square test, df = degrees of freedom, I? = I? index, and Z

= Z test.

Mean difference

Mean difference

Study or subgroup Weight IV, random, 95% CI IV, random, 95% CI

Bingyang etal. 2007  17.1% —14.44 [~16.28, —12.60] -

Chong et al. 2013 17.1% —11.03 [-12.86,-9.20] -

Mishima et al. 1990 14.9% -8.16 [-13.08, —3.24] -

Nakanishi et al. 2006  17.0% 1.24 [-0.78,3.26] ™

Sato et al. 2000 16.8% -4.95[-7.29,-2.61] -

Wang et al. 2005 17.1% ~3.95 [-5.68, —2.22] -

Total ©5% CI) 100.0% —6.86 [-11.79,-1.94] .

Heterogeneity: 7° = 36.05; x* = 160.58, df = 5 (P < 0.00001); I* = 97% f f f f
-20 -10 0 10 20

Test for overall efect: Z = 2.73 (P = 0.006)

Favours experimental Favours control

FIGURE 12: Impact of ulinastatin on the level of PMNE on postoperative first day (POD1). PMNE = polymorphonuclear neutrophil elastase,
IV = inverse variance, 95% CI = 95% confidence intervals, Tau® = Tau-squared test, Chi® = Chi-square test, df = degrees of freedom, I =P

index, and Z = Z test.

hospital mortality, early postoperative complication rate,
or ICU length of stay when compared with controls. In
an assessment of secondary outcome measures, ulinastatin
increased the oxygenation index (OI) but not the cardiac
index (CI) and reduced the plasma levels of cTnI but not CK-
MB measured on the first postoperative day. Additionally,
ulinastatin significantly inhibited the increased postoperative

level of PMNE, TNF-«, IL-6, and IL-8 associated with cardiac
surgery.

The decrease in extubation time and the increased OI
indicate that the intraoperative use of ulinastatin does pro-
vide some clinical benefits such as the improvement of early
postoperative pulmonary function, a finding which has been
reported previously [10, 23, 37-39].
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Mean difference

Mean difference

Study or subgroup Weight IV, random,95% CI IV, random, 95% CI

Bingyang et al. 2007 9.2% -75.30 [-121.32,-29.28]

Chong et al. 2013 152%  —52.20 [-72.76,-31.64] -

Jiang et al. 2008 15.1%  —5.00 [~26.06, 16.06] -

Song et al. 2013 12.3% -16.40 [-48.43,15.63] -

Li et al. 2007 17.6%  —23.92 [-31.56,-16.28] -

Nakanishi et al. 2006 16.7% 12.40 [-1.01, 25.81] ™

Sato et al. 2000 10.8% -69.70 [~108.08, —31.32] -

Tuetal. 2011 3.0% -22.80 [-126.91, 81.31]

Total ©5% CI) 100.0% ~28.02 [-47.95, —8.08] <&

Heterogeneity: 7° = 571.78; x* = 46.81, df = 7 (P < 0.00001); I = 85% f f f i
-200 ~100 0 100 200

Test for overall elkect: Z = 2.75 (P = 0.006)

Favours experimental Favours control

FIGURE 13: Impact of ulinastatin on the level of IL-6 on postoperative first day (PODI). IL-6 = interleukin-6, IV = inverse variance, 95% CI =
95% confidence intervals, Tau® = Tau-squared test, Chi’ = Chi-square test, df = degrees of freedom, I? = I? index, and Z = Z test.

Mean difference

Mean difference

Study or subgroup Weight 1V, random,95% CI 1V, random,95% CI

Bingyang et al. 2007 7.1% —97.80 [-135.35,-60.25] -

Chong et al. 2013 18.8% -20.30 [-31.35,-9.25] an

Jiang et al. 2008 20.3% ~6.00 [-14.16,2.16] -

Li et al. 2007 16.1% ~30.00 [-46.00, —14.00] —

Nakanishi et al. 2006 15.6% ~17.20 [-34.04, -0.36] ——

Sato et al. 2000 22.2% ~4.10 [-6.31,-1.89] L

Total 5% CI) 100.0%  —20.38 [-32.48,—-8.28] <&

Heterogeneity: 7° = 170.68; x> = 42.47, df = 5 (P < 0.00001); I* = 88%

Test for overall elect: Z = 3.30 (P = 0.0010)

-100 -50 0 50 100
Favours experimental ~Favours control

FIGURE 14: Impact of ulinastatin on the level of IL-8 on postoperative first day (POD1). IL-8 = interleukin-8, IV = inverse variance, 95% CI =
95% confidence intervals, Tau® =Tau-squared test, Chi? = Chi-square test, df = degrees of freedom, I? = I? index, and Z = Z test.

Cardiopulmonary bypass (CPB) and cardiac surgery
usually induce an activation and release of neutrophil and
proinflammatory cytokines [40], most notably IL-6 and IL-8,
which may be early prognosis factors for organ dysfunction
following cardiac surgery [41]. In this respect, it was reported
that the removal by ultrafiltration of inflammatory substances
from the circulation including inflammatory cytokines and
scavenger toxins may improve early postoperative organ
function after cardiac surgery [2, 42].

The transcription of IL-6, IL-8, and TNF-« is a secondary
event induced by the bioactive IL-1 beta [43, 44], where it
is anticipated that the protease inhibitor, ulinastatin which
has inhibitory effects on neutrophilic elastase and on the
conversion of prointerleukin 1 beta (pro-IL-1; 31 kDa peptide,
inactive) to IL-1 beta (17 kDa peptide, active) [43, 45], will
attenuate the acute phase response. Consistent with these
results in animals [43-45] as well as in patients undergoing
major operations (such as hepatectomy) or in those with
mutitrauma [46-55], the finding of the present meta-analysis
focusing on cardiac surgery would suggest that intraoper-
ative ulinastatin inhibits the sequestration and activation
of neutrophil and attenuates the normal postoperative rise
in cytokines, reducing the systemic inflammatory response

syndrome, pulmonary microvascular permeability, and post-
operative lung edema [55-57]. These findings would correlate
with a higher Ol in ulinastatin-treated cases and a more rapid
extubation time consequent upon a more aggressive policy by
intensive care physicians to more rapidly wean their patients
from mechanical ventilation. Moreover, a decreased extu-
bation time may protect patients from ventilator-associated
pneumonia and contribute to a reduction in the length of
ICU stay and the hospital cost along with a diminution
in psychosocial and physical risks to the patient and even
death [58, 59]. Interestingly, in our study, subgroup analysis
concerning the total dose of ulinastatin indicates that a
higher dosage protocol significantly reduced extubation time
which may suggest a dose-dependent effect of ulinastatin
on pulmonary protection. High-quality RCTs comparing
different dosages of ulinastatin are required in order to
answer this question.

The reduced periods of intubation with ulinastatin impact
on the length of ICU stay where 4 trials included in the
analysis confirmed a lesser length of ICU stay with uli-
nastatin therapy [27, 33, 34, 36] (Figure 4), although meta-
analysis on all 8 trials which reported the length of ICU
stay did not show a significant effect. Concerning this point,
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the factors affecting the length of ICU stay in patients
undergoing cardiac surgery are ambiguous, including the
basic preoperative cardiac function of patient, the length of
the CPB, the recovery of major organ function, new onset
atrial fibrillation, a stuck mechanical valve, the presence
of postoperative bleeding, and unknown iatrogenic factors
[60-62]. It is expected that these factors should be equally
distributed within the RCTs examined for this meta-analysis.
It is further likely that conflicting reports on the postoperative
effects of ulinastatin will affect the meta-analysis of ICU
stay, reflecting the heterogeneity of RCTs, some of which did
not define standards of ICU discharge [22, 33] or report on
postoperative complications [29, 35].

Ulinastatin also significantly decreased the postoperative
levels of c¢Tnl. Normally, it has been shown that surgical
procedures as well as CPB during cardiac surgery induce a
systemic acute inflammatory response and regional myocar-
dial I/R injury leading to increased endothelial permeability
and free radical damage to vessels and parenchyma with
coincident myocardial damage [63]. Both ¢TnI and CK-MB
are predictive factors which reflect myocardial injury where
cTnl is the most sensitive indicator of minor myocardial
damage with superior cardiac specificity when compared
with CK-MB [64-66]. The decreased levels of ¢Tnl would
suggest a potential role for ulinastatin as a myocardial
protective agent, although the observed clinical outcomes,
(e.g. incidence of postoperative myocardial ischemia) could
not be determined. Studies involving larger patient numbers
are required; however, it may, well, be that there are more
specific clinical outcome indicators worth assessing such as
the occurrence of delayed myocardial ischemia up to 30 or
60 days after surgery.

Recently, an increasing body of evidence has highlighted
the role of ulinastatin in postoperative mortality and mor-
bidities with controversial results [22, 24, 26, 27, 29, 30, 32, 34,
35, 50, 52, 54, 67-69]. Interpretation of these trials is difficult
since there is considerable heterogeneity, particularly regard-
ing the type of surgery, the length of CPB, and the dosage of
ulinastatin used. Further, the majority of the trials focused on
low-risk patients, which may result in a much lower observed
death rate (2.3%) than would normally be expected with
CPB alone (3.2% to 12.8%) [70]. Without clear definitions,
tracking complication events such as myocardial infarction
after cardiac surgery is likely to be underreported, limiting
the value of the meta-analytic approach in the assessment of
both hospital mortality and postoperative complication rates.
Although our analysis showed a trend of favoring a decreased
complication rate with ulinastatin, larger, adequately pow-
ered and well-designed RCTs are required to better elucidate
the impact of perioperative ulinastatin.

Despite the rigorous nature of the analysis and a high
agreement between observers, our study has several limita-
tions. Firstly, the majority of studies focused on biochemical
markers of inflammation with relatively poor descriptions of
the secondary clinical outcomes, an effect likely to result in
significant underreporting of perioperative adverse events.
Secondly, the small sample size in many cases makes inter-
pretation guarded where it cannot be assumed that variables
like ICU stay and extubation times are normally distributed.
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Thirdly, the diversity of the surgeries performed, the ulinas-
tatin doses utilized, and the timing of ulinastatin adminis-
tration (intra- versus postoperative) [32, 34] are confounding
factors. The analysis of studies over a 20-year period where
there have been considerable changes in cardiac surgery
and anesthesia as well as in CPB technology, myocardial
protection, and antifibrinolytic therapies will also influence
the overall results.

In conclusion, it remains insufficient evidence to support
a beneficial effect of ulinastatin on mortality, the postoper-
ative complication rate, or the length of ICU stay following
cardiac surgery. Analysis shows, however, that intraoperative
ulinastatin might provide protective effects on cardiac and
pulmonary function, reducing plasma levels of cTnl, increas-
ing the oxygenation index, and reducing the extubation
time. These effects might be associated with a concomitant
inhibition of neutrophilic elastase and an attenuation of the
normal rise in proinflammatory cytokines normally detected
on the first postoperative day after cardiac surgery.

Conflict of Interests

The authors declare no conflict of interests.

Authors’ Contributions

Qiu-Lan He and Hai-Hua Shu conceived the study, par-
ticipated in study design, prepared data, collected data,
performed statistical analysis, and wrote the paper. Fei Zhong
participated in study design, performed statistical analysis,
and wrote the paper. Fang Ye, Ming Wei, Wei-Feng Liu, and
Mei-Na Li reviewed the eligible articles and then collected
and prepared the data. Qiao-Bo Li, Wen-Qi Huang, and Lai-
Bao Sun contributed to the writing and critical appraisal of
the paper. All authors read and approved the final paper.

Acknowledgments

This work was supported by research funding offered by
Techpool Biopharma Co. Ltd, China in 2012 (Fund no.
01200905). The authors would like to thank Professor Andrew
Zbar and Benjamin Ross for language editing of the paper.

References

[1] J. Rossaint, C. Berger, H. van Aken et al., “Cardiopulmonary
bypass during cardiac surgery modulates systemic inflamma-
tion by affecting different steps of the leukocyte recruitment
cascade,” PLoS ONE, vol. 7, no. 9, Article ID e45738, 2012.

[2] M. A. Munger, B. Johnson, I. J. Amber, K. S. Callahan, and
E. M. Gilbert, “Circulating concentrations of proinflammatory
cytokines in mild or moderate heart failure secondary to
ischemic or idiopathic dilated cardiomyopathy,” The American
Journal of Cardiology, vol. 77, no. 9, pp. 723-727,1996.

[3] C. Tentolouris, D. Tousoulis, C. Antoniades et al., “Endothe-
lial function and proinflammatory cytokines in patients with
ischemic heart disease and dilated cardiomyopathy,” Interna-
tional Journal of Cardiology, vol. 94, no. 2-3, pp. 301-305, 2004.



BioMed Research International

(4]

(5]

(10]

(12]

(14]

(16]

(17]

(18]

Y. L. Yang, K. L. Huang, H. L. Liou, and H. I. Chen, “The
involvement of nitric oxide, nitric oxide synthase, neutrophil
elastase, myeloperoxidase and proinflammatory cytokines in
the acute lung injury caused by phorbol myristate acetate,”
Journal of Biomedical Science, vol. 15, no. 4, pp. 499-507, 2008.

J. H. Holmes, N. C. Connolly, D. L. Paull et al., “Magnitude of
the inflammatory response to cardiopulmonary bypass and its
relation to adverse clinical outcomes,” Inflammation Research,
vol. 51, no. 12, pp- 579-586, 2002.

T. S. Sun, X. B. Chen, Z. Liu, Z. Y. Ma, and ]. Z. Zhang,
“Relationship between the operation time of multiple fractures
with system inflammation changes and clinical outcomes,”
Zhonghua Wai Ke Za Zhi, vol. 46, no. 13, pp. 961-965, 2008.

L. E Gentile, A. G. Cuenca, P. A. Efron et al., “Persistent
inflammation and immunosuppression: a common syndrome
and new horizon for surgical intensive care,” Journal of Trauma
and Acute Care Surgery, vol. 72, no. 6, pp. 1491-1501, 2012.

J. Hirose, T. Ozawa, T. Miura et al., “Human neutrophil elastase
degrades inter-a-trypsin inhibitor to liberate urinary trypsin
inhibitor related proteins,” Biological and Pharmaceutical Bul-
letin, vol. 21, no. 7, pp. 651-656, 1998.

Q. Zhou, G. Wang, C. Gao, and T. Chen, “Effect of ulinastatin on
perioperative inflammatory response to coronary artery bypass
grafting with cardiopulmonary bypass,” Zhong Nan Da Xue Xue
Bao Yi Xue Ban, vol. 35, no. 2, pp. 107-110, 2010.

X. Y. Yu and L. L. Fan, “Effects of different doses of ulinastatin
on inflammatory response and pulmonary function after car-
diopulmonary bypass,” Zhongguo Wei Zhong Bing Ji Jiu Yi Xue,
vol. 21, no. 11, pp. 664-667, 2009.

J. M. Shen, L. Li, and X. J. He, “Effects of ulinastatin on
erythrocyte lipid peroxidation in patients undergoing open
heart surgery;,” Zhong Nan Da Xue Xue Bao Yi Xue Ban, vol. 29,
no. 2, pp. 187-189, 2004.

T. Kawamura, K. Inada, O. Kimura, N. Akasaka, and R.
Wakusawa, “The inhibitory effects of ulinastatin on the increase
of interleukin 8 and 6 during open heart surgery;,” Masui, vol. 43,
no. 12, pp. 1818-1823, 1994.

T. Kawai, Y. Wada, K. Nishiyama et al., “Usefulness of ulinastatin
as a radical scavenger for protection of reperfusion injury after
myocardial ischemia in open heart surgery, Journal of the
Japanese Association for Thoracic Surgery, vol. 39, no. 12, pp.
2157-2162, 1991.

T. Kawamura, K. Inada, N. Akasaka, and R. Wakusawa, “Uli-
nastatin reduces elevation of cytokines and soluble adhesion
molecules during cardiac surgery;” Canadian Journal of Anaes-
thesia, vol. 43, no. 51, pp. 456-460, 1996.

K. Inoue and H. Takano, “Urinary trypsin inhibitor as a ther-
apeutic option for endotoxin-related inflammatory disorders,”
Expert Opinion on Investigational Drugs, vol. 19, no. 4, pp. 513-
520, 2010.

J. I. Han, “Urinary trypsin inhibitor: miraculous medicine in
many surgical situations?” Korean Journal of Anesthesiology, vol.
58, no. 4, pp. 325-327, 2010.

J. P. T. Higgins and S. Green, Cochrane Handbook for Systematic
Reviews of Interventions Version 5.0.0, The Cochrane Collabo-
ration, 2011.

D. Mobher, A. Liberati, J. Tetzlaff et al., “Preferred reporting
items for systematic reviews and meta-analysis: the PRISMA
statement,” PLoS Medicine, vol. 6, no. 7, Article ID 1000097,
20009.

(19]

[20]

(21]

(22

[24]

(25]

[26]

(27]

(31]

(32]

(33]

13

L. Zhang, I. Ajiferuke, and M. Sampson, “Optimizing search
strategies to identify randomized controlled trials in MED-
LINE,” BMC Medical Research Methodology, vol. 6, article 23,
2006.

A.R.Jadad, R. A. Moore, D. Carroll et al., “Assessing the quality
of reports of randomized clinical trials: is blinding necessary?”
Controlled Clinical Trials, vol. 17, no. 1, pp. 1-12, 1996.

M. Egger, G. D. Smith, M. Schneider, and C. Minder, “Bias in
meta-analysis detected by a simple, graphical test,” The British
Medical Journal, vol. 315, no. 7109, pp. 629-634, 1997.

Y. E Jiang, W. W. Wang, W. L. Ye et al., “Effects of alprostadil
and ulinastatin on inflammatory response and lung injury after
cardiopulmonary bypass in pediatric patients with congenital
heart diseases,” Zhonghua Yi Xue Za Zhi, vol. 88, no. 41, pp.
2893-2897, 2008.

A. Mishima, Y. Takeuti, S. Usami, H. Kotani, Y. Suzuki, and
J. Yura, “Effects of ulinastatin on plasma polymorphonu-
clear leukocyte elastase activity and respiratory function in
patients undergoing cardiopulmonary bypass,” Nihon Kyobu
Geka Gakkai Zasshi, vol. 38, no. 4, pp. 607-612, 1990.

T. Y. Ren, X. W. Yang, Y. Ma, E Wang, and W. D.
Qiang, “Myocardial protective effect of ulinastatin against
ischemia/reperfusion injury during open heart surgery with
cardiopulmonary bypass,” Zhonghua Yi Xue Za Zhi, vol. 83, no.
16, pp. 1391-1393, 2003.

G. Y. Wang, H. B. Qiu, S. G. Zhan, and L. H. Li, “Protection
of ulinastatin against myocardial injury induced by off-pump
coronary artery bypass graft surgery: report of 24 cases;
Zhonghua Yi Xue Za Zhi, vol. 87, no. 35, pp. 2502-2504, 2007.
D. J. Wang, J. X. Liu, and B. L. Yin, “Protective effects of
ulinastatin on the lung injury during cardiopulmonary bypass,’
Zhong Nan Da Xue Xue Bao Yi Xue Ban, vol. 30, no. 6, pp. 670-
672, 2005.

X. Zhang and X. G. Qin, “Effect of ulinastatin on cardiac and
lung function of patients with moderate and high risk in cardiac
surgery under cardiopulmonary bypass,” Modern Preventive
Medicine, vol. 7, pp. 1822-1824, 2012.

S. Y. Oh, J. C. Kim, Y. S. Choi, W. K. Lee, Y. K. Lee, and Y. L.
Kwak, “Effects of ulinastatin treatment on myocardial and renal
injury in patients undergoing aortic valve replacement with
cardiopulmonary bypass,” Korean Journal of Anesthesiology, vol.
62, no. 2, pp. 148-153, 2012.

K. Nakanishi, S. Takeda, A. Sakamoto, and A. Kitamura, “Effects
of ulinastatin treatment on the cardiopulmonary bypass-
induced hemodynamic instability and pulmonary dysfunction,”
Critical Care Medicine, vol. 34, no. 5, pp. 1351-1357, 2006.

J. Bingyang, L. Jinping, L. Mingzheng, W. Guyan, and E
Zhengyi, “Effects of urinary protease inhibitor on inflammatory
response during on-pump coronary revascularisation. Effect of
ulinastatin on inflammatory response,” Journal of Cardiovascu-
lar Surgery, vol. 48, no. 4, pp. 497-503, 2007.

Y. Sato, S. Ishikawa, A. Otaki et al., “Induction of acute-phase
reactive substances during open-heart surgery and efficacy
of ulinastatin. Inhibiting cytokines and postoperative organ
injury; The Japanese Journal of Thoracic and Cardiovascular
Surgery, vol. 48, no. 7, pp. 428-434, 2000.

H. Q. Tu and T. Ming, “Postoperative application of ulinastatin
in infants with critical congenital heart disease,” Journal of
Nanchang University (Medical Science), vol. 51, no. 2, pp. 37-40,
2011.

J. E. Song, W. S. Kang, D. K. Kim et al., “The effect of ulinastatin
on postoperative blood loss in patients undergoing open heart



14

surgery with cardiopulmonary bypass,” Journal of International
Medical Research, vol. 39, no. 4, pp. 1201-1210, 2011.

[34] J. Li, Z. Wang, Z. Xu, S. Huang, and E Qiao, “The role of
ulinastatin in management of systemic inflammatory response
syndrome post—CPB,” Internationl Journal of Emergency and
Critical Car, vol. 4, no. 4, pp. 1929-1933, 2007.

[35] J. Song, J. Park, J. Y. Kim et al., “Effect of ulinastatin on peri-
operative organ function and systemic inflammatory reaction
during cardiac surgery: a randomized double-blinded study,”
Korean Journal of Anesthesiology, vol. 64, no. 4, pp. 334-340,
2013.

[36] E. X. Chong, C. W. Zou, M. Y. Zhang, and L. Guo, “Effects
of high-dose ulinastatin on inflammatory response and pul-
monary function in patients with type-A aortic dissection after
cardiopulmonary bypass under deep hypothermic circulatory
arrest,” Journal of Cardiothoracic and Vascular Anesthesia, vol.
27, no. 3, pp. 479-484, 2013.

[37] A. Hiyama, J. Takeda, Y. Kotake, H. Morisaki, and K.
Fukushima, “A human urinary protease inhibitor (ulinastatin)
inhibits neutrophil extracellular release of elastase during car-
diopulmonary bypass,” Journal of Cardiothoracic and Vascular
Anesthesia, vol. 11, no. 5, pp. 580-584, 1997.

[38] N. Sato, K. Murakami, K. Ishida, K. Ikeda, and K. Saito, “Pulmo-
nary hypertension and polymorphonuclear leukocyte elastase
after esophageal cancer operations,” Annals of Thoracic Surgery,
vol. 51, no. 5, pp. 754-758, 1991.

[39] A. Sato, Y. Kuwabara, N. Shinoda, M. Kimura, H. Ishiguro,
and Y. Fujii, “Use of low dose dopamine, gabexate mesilate
and ulinastatin reduces the water balance and pulmonary
complication in thoracic esophagectomy patients,” Diseases of
the Esophagus, vol. 18, no. 3, pp. 151-154, 2005.

[40] D. Paparella, T. M. Yau, and E. Young, “Cardiopulmonary

bypass induced inflammation: pathophysiology and treatment;”

European Journal of Cardio-Thoracic Surgery, vol. 21, no. 2, pp.

232-244,2002.

A. Sablotzki, M. G. Dehne, 1. Friedrich et al., “Different expres-

sion of cytokines in survivors and non-survivors from MODS

following cardiovascular surgery;,” European Journal of Medical

Research, vol. 8, no. 2, pp. 71-76, 2003.

[42] E. E. Apostolakis, E. N. Koletsis, N. G. Baikoussis, S. N.
Siminelakis, and G. S. Papadopoulos, “Strategies to prevent
intraoperative lung injury during cardiopulmonary bypass,’
Journal of Cardiothoracic Surgery, vol. 5, no. 1, article 1, 2010.

[41

[43] C. A. Dinarello, “Biologic basis for interleukin-1 in disease,”
Blood, vol. 87, no. 6, pp. 2095-2147,1996.

[44] P. Kelk, R. Claesson, L. Hinstrom, U. H. Lerner, S. Kalfas,
and A. Johansson, “Abundant secretion of bioactive interleukin-
18 by human macrophages induced by Actinobacillus actino-
mycetemcomitans leukotoxin,” Infection and Immunity, vol. 73,
no. 1, pp. 453458, 2005.

[45] K. Inoue, H. Takano, A. Shimada et al, “Urinary trypsin
inhibitor protects against systemic inflammation induced by
lipopolysaccharide,” Molecular Pharmacology, vol. 67, no. 3, pp.
673-680, 2005.

[46] Y. M. Shao, L. Q. Zhang, L. H. Deng, and H. G. Yao, “Clinical
study on effects of ulinastatin on patients with systemic inflam-
matory response syndrome,” Zhongguo Wei Zhong Bing Ji Jiu Yi
Xue, vol. 17, no. 4, pp- 228-230, 2005.

[47] X. Y. Lu, W. A. Zeng, W. Q. Lin, B. X. Chen, and W. X. He,
“Effect of ulinastatin on inflammatory responses induced by
oesophagectomy,” Nan Fang Yi Ke Da Xue Xue Bao, vol. 27, no.
1, pp. 81-83, 2007.

BioMed Research International

[48] T. Nishiyama and K. Hanaoka, “Do the effects of a protease

inhibitor, ulinastatin, on elastase release by blood transfusion
depend on interleukin 62” Critical Care Medicine, vol. 29, no. 11,
pp. 2106-2110, 2001.

J. H. Park, S. H. Kwak, C. W. Jeong, H. B. Bae, and S. J. Kim,
“Effect of ulinastatin on cytokine reaction during gastrectomy,”
Korean Journal of Anesthesiology, vol. 58, no. 4, pp. 334-337,
2010.

T. Tani, H. Abe, Y. Endo, K. Hanasawa, and M. Kodama, “Effects
of a urinary trypsin inhibitor on acute circulatory insufficiency
after surgical operation,” The American Journal of Surgery, vol.
175, no. 2, pp. 142-145, 1998.

K. Hamazaki, N. Matsubara, Y. Yunoki, M. Mori, H. Mimura,
and K. Orita, “Effects of ulinastatin on polymorphonuclear
leukocyte elastase and interleukin 6 levels after hepatectomy,”
Clinical Therapeutics, vol. 16, no. 4, pp. 680-685, 1994.

N. Sato, S. Endo, Y. Kimura et al., “Influence of a human pro-
tease inhibitor on surgical stress induced immunosuppression,”
Digestive Surgery, vol. 19, no. 4, pp. 300-305, 2002.

Y. Huang, K. Xie, J. Zhang, Y. Dang, and Z. Qiong, “Prospective
clinical and experimental studies on the cardioprotective effect
of ulinastatin following severe burns,” Burns, vol. 34, no. 5, pp.
674-680, 2008.

K. H. Park, K. H. Lee, H. Kim, and S. O. Hwang, “The anti-
inflammatory effects of ulinastatin in trauma patients with
hemorrhagic shock,” Journal of Korean Medical Science, vol. 25,
no. 1, pp. 128-134, 2010.

H. Chen, M. Y. He, and Y. M. Li, “Treatment of patients with
severe sepsis using Ulinastatin and Thymosin «l: a prospective,
randomized, controlled pilot study,” Chinese Medical Journal,
vol. 122, no. 8, pp. 883-888, 2009.

K. Inoue, H. Takano, R. Yanagisawa, and T. Yoshikawa, “Pro-
tective effects of urinary trypsin inhibitor on systemic inflam-
matory response induced by lipopolysaccharide,” Journal of
Clinical Biochemistry and Nutrition, vol. 43, no. 3, pp. 139-142,
2008.

Y. Fang, P. Xu, C. Gu et al., “Ulinastatin improves pulmonary
function in severe burn-induced acute lung injury by atten-
uating inflammatory response,” Journal of Trauma—Injury,
Infection and Critical Care, vol. 71, no. 5, pp. 1297-1304, 2011.

B. Blackwood, M. Murray, A. Chisakuta, C. R. Cardwell, and
P. O’Halloran, “Protocolized versus non-protocolized weaning
for reducing the duration of invasive mechanical ventilation in

critically ill paediatric patients;,” Cochrane Database of System-
atic Reviews, no. 7, Article ID CD009082, 2013.

C. W. Tang, P. Y. Liu, Y. E. Huang et al., “Ventilator-associated
pneumonia after pediatric cardiac surgery in southern Taiwan,”
Journal of Microbiology, Immunology and Infection, vol. 42, no.
5, pp. 413-419, 2009.

Y. Lin, X. Zhu, E. Liu et al., “Analysis of risk factors of prolonged
intensive care unit stay of critically ill obstetric patients: a 5-year
retrospective review in 3 hospitals in Beijing,” Chinese Critical
Care Medicine, vol. 23, no. 8, pp. 449-453, 2011.

S. Silberman, D. Bitran, D. Fink, R. Tauber, and O. Merin,
“Very prolonged stay in the intensive care unit after cardiac
operations: early results and late survival,” Annals of Thoracic
Surgery, vol. 96, no. 1, pp. 15-21, 2013.

D. Joskowiak, U. Kappert, K. Matschke, and S. Tugtekin,
“Prolonged intensive care unit stay of patients after cardiac
surgery: initial clinical results and follow-up,” Thoracic and
Cardiovascular Surgeon, vol. 61, no. 8, pp. 701-707, 2013.



BioMed Research International

[63] R. P. Whitlock, S. Chan, P. J. Devereaux et al., “Clinical benefit
of steroid use in patients undergoing cardiopulmonary bypass:
a meta-analysis of randomized trials,” European Heart Journal,
vol. 29, no. 21, pp. 2592-2600, 2008.

[64] C. Y. Jia, L. Wang, Z. G. Mao, J. L. Zhang, and L. Zhang,
“Combined myocardial injury markers for diagnosis of acute
myocardial infarction,” Sichuan Da Xue Xue Bao Yi Xue Ban,
vol. 40, no. 6, pp- 1082-1085, 2009.

[65] J. Dawie, R. Chawla, Y. Worku, and A. Azazh, “Diagnosis of
ischemic heart disease using CK-MB, troponin-i and ischemia
modified albumin,” Ethiopian Medical Journal, vol. 49, no. 1, pp.
25-33, 2011.

[66] P. Collinson, S. Goodacre, D. Gaze, and A. Gray, “Very early
diagnosis of chest pain by point-of-care testing: comparison
of the diagnostic efficiency of a panel of cardiac biomarkers
compared with troponin measurement alone in the RATPAC
trial,” Heart, vol. 98, no. 4, pp. 312-318, 2012.

[67] J. W. Yoo, ]. K. Ryu, S. H. Lee et al., “Preventive effects of ulinas-
tatin on post-endoscopic retrograde cholangiopancreatography
pancreatitis in high-risk patients: a prospective, randomized,
placebo-controlled trial,” Pancreas, vol. 37, no. 4, pp. 366-370,
2008.

[68] K. Uemura, Y. Murakami, Y. Hayashidani et al., “Randomized
clinical trial to assess the efficacy of ulinastatin for postoperative
pancreatitis following pancreaticoduodenectomy,” Journal of
Surgical Oncology, vol. 98, no. 5, pp. 309-313, 2008.

[69] H. Fujishiro, K. Adachi, T. Imaoka et al., “Ulinastatin shows pre-
ventive effect on post-endoscopic retrograde cholangiopancre-
atography pancreatitis in a multicenter prospective randomized
study;” Journal of Gastroenterology and Hepatology, vol. 21, no. 6,
pp. 1065-1069, 2006.

R. Levin, M. Degrange, C. Del Mazo, E. Tanus, and R. Por-
cile, “Preoperative levosimendan decreases mortality and the
development of low cardiac output in high-risk patients with
severe left ventricular dysfunction undergoing coronary artery
bypass grafting with cardiopulmonary bypass,” Experimental
and Clinical Cardiology, vol. 17, no. 3, pp. 125-130, 2012.

(70

15



