
Am J Transl Res 2021;13(4):2626-2634
www.ajtr.org /ISSN:1943-8141/AJTR0124868

Original Article
A preliminary study of influences of hydroxyethyl starch 
combined with ulinastatin on degree of edema in  
newborns with capillary leak syndrome

Yunping Qu1, Wenyan Tang2, Ming Hao3, Xiao Chen4

1Neonatalintensive Care Unit, Women’s and Children’s Hospital, Pingxiang, Jiangxi Province, China; 2Department 
of Neonatology, Jiangxi Maternal and Child Health Hospital, Nanchang, Jiangxi Province, China; 3Department of 
Neonatology, Jiujiang City Maternal and Child Health Care, Jiujiang, Jiangxi Province, China; 4Department of Neo-
natology, The First Affiliated Hospital of Nanchang University, Nanchang, Jiangxi Province, China

Received October 24, 2020; Accepted December 15, 2020; Epub April 15, 2021; Published April 30, 2021

Abstract: Objective: To analyze the efficacy of hydroxyethyl starch (HES) combined with Ulinastatin (Uti) in the treat-
ment of newborns with capillary leak syndrome (CLS). Methods: A total of 60 newborns with CLS admitted to four 
hospitals were selected as the study subjects, and were randomly divided into the control group (n = 30) and the 
observation group (n = 30) in accordance with the random number table. The control group was treated with HES 
alone, while the observation group was treated with Uti combined with HES. Results: At 5 d after treatment, the 
incidence rates of systemic edema and pulmonary edema, the levels of CRP, NE, and BUN, and the duration for 
the improvement of systemic edema, pulmonary edema and NICU hospital stay in the control group were superior 
to those in the observation group, while the 24-h urine output, PaO2 and MAP levels, the levels of A, SCr, ALT, and 
IL-10 in the observation group were superior to those in the control group (P < 0.05). After 3 months of follow-up 
after treatment, the mortality rate of newborns in the observation group (13.33%) was lower than that in the control 
group (36.67%) (P < 0.05). Conclusion: HES combined with Uti can effectively alleviate edema, control inflammatory 
levels, and improve hepatic and renal functions and neonatal survival rate of newborns with CLS.
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Introduction

Capillary leak syndrome (CLS) is a clinical syn-
drome characterized by the remarkable 
increase in the levels of plasma protein and the 
infiltration of fluid into tissue space after an 
increase in vascular permeability. The main 
symptoms of CLS are hypoproteinemia, hypo-
tension, hypoxemia, acute renal ischemia and 
systemic edema [1]. CLS is highly severe after 
its onset, and it progresses rapidly. In severe 
cases, multiple organ failure may occur, endan-
gering the life of patients with CLS [2].

Since newborns are not well developed and 
have a weak immunity, they are easily suscep-
tible to hypoxia, shock and septicemia, easily 
leading to systemic capillary leakage [3]. A 
study has indicated that CLS has become an 
important factor leading to the poor prognosis 
and even deaths of newborns [4]. Continuous 

renal replacement therapy (CRRT) has been 
proven to be an effective treatment option for 
CLS. However, due to special physiological 
characteristics of newborns, CRRT cannot be 
tolerated [5]. Clinically, the conventional thera-
py is often implemented for the treatment of 
newborns with CLS, including primary disease 
treatment, anti-shock treatment, anti-infection 
treatment, and mechanical ventilation. How- 
ever, conventional therapy can insignificantly 
improve the degree of edema of newborns with 
CLS and cannot effectively improve the living 
conditions of newborns [3, 6]. Therefore, clini-
cal studies on the treatment of newborns with 
CLS have been extensively explored in order to 
seek safer and more effective options.

Hydroxyethyl starch (HES) is a class of synthetic 
colloids, and Uti is a urinary trypsin inhibitor. A 
study suggested that Uti had a satisfactory 
effect on systemic inflammatory response syn-
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drome, acute pulmonary injury and acute pan-
creatitis [7]. A study exhibited that HES could 
quickly restore the blood volume of patients, 
and play a role in blocking the leakage of albu-
min in capillaries [8]. There were few studies on 
HES and Uti in the treatment of newborns with 
CLS, and there have been no studies on the 
clinical implementation of HES combined with 
Uti in the treatment of newborns with CLS. For 
this reason, this study analyzed the clinical 
value of HES combined with Uti in 60 
newborns.

Materials and methods

Data

A total of 60 newborns with CLS admitted to 
four hospitals (Women’s and Children’s Hos- 
pital, Pingxiang, Jiangxi Maternal and Child 
Health Hospital, Jiujiang City Maternal and 
Child Health Care and the First Affiliated 
Hospital of Nanchang University) from January 
2017 to December 2019 were selected as the 
study subjects, and were randomly divided into 
the control group (n = 30) and the observation 
group (n = 30) in accordance with the random 
number table. Inclusion criteria: Newborns 
delivered in the Department of Obstetrics and 
Gynaecology of our hospital who were in line 
with the diagnostic criteria for CLS [9]; those 
with typical systemic progressive edema, com-
plicated with hydropericardium, pleural effu-
sion and increased body weight; parents who 
voluntarily signed the informed consent form. 
This study was reviewed and approved by the 
ethics committee of four hospitals (Women’s 
and Children’s Hospital, Pingxiang, Jiangxi 
Maternal and Child Health Hospital, Jiujiang 
City Maternal and Child Health Care and the 
First Affiliated Hospital of Nanchang Univer- 
sity). Exclusion criteria: Newborns complicated 
with simple renal insufficiency; those with 
edema caused by other definite causes or un- 
known causes; coagulation dysfunction; those 
complicated with acute kidney injury; those 
complicated with other severe diseases.

Methods

All newborns received the active treatment for 
the primary diseases, and symptomatic treat-
ment (e.g., mechanical ventilation, anti-shock 
and anti-infection treatment). Albumin [specifi-
cation: 5 g (20%, 25 ml)/vial, SFDA approval 

number: S10960052, manufacturer: Shenzhen 
Weiguang Biological Products Co., Ltd.] was 
administrated (1 g/kg each time), followed by 
administrating 1 g/kg albumin again after 2 h. 
Whether to continue the administration of albu-
min was then determined based on the assess-
ments on neonatal’s conditions. Immediately 
after administration of albumin, a dose of 0.5-
1.0 mg/kg furosemide (specification: 2 ml:20 
mg, SFDA approval number: H37021056, man-
ufacturer: Shandong Fangming Pharmaceu- 
tical Group Co., Ltd.) was administrated (0.5-
1.0 mg/kg each time), and then an appropriate 
amount of furosemide was administrated 
based on the intake and output volume of new-
borns. The intake and output volume of new-
borns was strictly controlled. If the 24-h urine 
output of newborns exceeded the 24-h physio-
logical demand, the fluid replacement amount 
on the next day was determined as the physio-
logical demand. If the 24-h urine output of new-
borns was lower than the physiological demand, 
the fluid replacement amount on the next day 
was determined as the 24-hour urine output in 
the previous day.

The control group was treated with HES [trade 
name: Zemu, specification: vial for polypropyl-
ene injection, 500 ml:30 g: 4.5 g/vial, SFDA 
approval number: 20066740, manufacturer: 
Huaren Pharmaceutical (Rizhao) Co., Ltd.], once 
every morning and evening, a dose of 50 ml/kg 
each time for 5 d. The observation group was 
treated with HES combined with Uti (trade 
name: ulinastatin, specification: 50,000 units, 
SFDA approval number: H19990133, manufac-
turer: Guangdong Tianpu Biochemical Pharma- 
ceutical Co., Ltd.). The usage and dosage of 
HES in the observation group were the same as 
those in the control group, and Uti was adminis-
trated in the observation group once every 
morning and evening, a dose of 20,000 U/kg 
each time for 5 d.

Observational indices

Improvement of edema: the incidence rates of 
systemic and pulmonary edema were com-
pared between the two groups before treat-
ment and at 5 d after treatment.

Improvement of symptoms: the duration for the 
improvement of general and pulmonary edema 
and NICU hospital stay were compared between 
the two groups.
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Sign levels: 24-h urine output, partial pressure 
of oxygen (PaO2) and mean arterial pressure 
(MAP) were measured before treatment and at 
5 d after treatment. 24-h urine output was 
measured by container method, and PaO2 and 
MAP were measured by fully automatic bio-
chemical analyzer (Shenzhen Icubio Biomedical 
Technology Co., Ltd.) in strict accordance with 
operating procedures.

Hepatic and renal functions: albumin (A), se- 
rum creatinine (SCr), alanine aminotransferase 
(ALT) and blood urea nitrogen (BUN) were mea-
sured before treatment and at 5 d after treat-
ment. At the two time points, 5 ml of fasting 
venous blood was taken as samples in the two 
groups in the morning, and the samples were 
detected by fully automatic biochemical ana-
lyzer in accordance with the operating pro- 
cedure.

Inflammatory level: The levels of, C-reaction 
protein (CRP), neutrophilic granulocyte (NE) 
and interleukin-10 (IL-10) were measured in the 
two groups before treatment and at 5 d after 
treatment. 3 ml of venous blood was taken at 
the two time points respectively, followed by 
centrifugation at 3000 rpm for 10 min. The 
upper serum was used for enzyme-linked 
immunosorbent assay (ELISA) using the match-
ing kit, and the detection was completed in 
strict accordance with the kit instructions.

Prognosis: after treatment, the newborns of the 
two groups were followed up for 3 months, the 
mortality rate of newborns during the follow-up 
period was compared between the two groups, 
and the 3-month survival curve was drawn.

Statistical method

SPSS23.0 was used for statistical analysis. The 
enumeration data were expressed as [n (%)], 

and detected using X2 test. The measurement 
data were expressed as mean ± standard devi-
ation (

_
x  ± sd), and detected using t test. The 

multi-point comparison was performed using 
ANVOA analysis, and detected using F test. The 
graphics were made using Graphpad Prism 8.  
P < 0.05 indicated a statistically significant 
difference.

Results

General data

There was no significant difference in the ratios 
of male newborns to female newborns and mul-
tiple causes of diseases between the two 
groups (P > 0.05). There was no statistical dif-
ference in the comparison of mean birth time 
and mean gestational weeks of delivery 
between the two groups (P > 0.05) (Table 1).

Combination treatment alleviated edema

There was no significant difference in the inci-
dence rates of systemic and pulmonary edema 
between the two groups before treatment (P > 
0.05). At 5 d after treatment, the incidence 
rates of systemic and pulmonary edema in the 
two groups were lower than those before treat-
ment, and the incidence rates of systemic and 
pulmonary edema in the observation group 
were lower than those in the control group (P < 
0.05) (Table 2).

Combination treatment controlled symptoms

The duration for the improvement of systemic 
edema and pulmonary edema was 3.42 ± 1.16 
d and 6.82 ± 1.54 d in the observation group, 
and 5.13 ± 1.84 d and 8.91 ± 2.11 d in the 
control group, respectively. The NICU hospital 
stay was 27.46 ± 5.16 d in the observation 
group and 36.83 ± 6.71 d in the control group, 

Table 1. Comparison of general data between the two groups (
_
x  ± sd)/[n (%)]

Data Observation group (n = 30) Control group (n = 30) t/X2 P
Gender M 19 (63.33) 17 (56.67) 0.278 0.598

F 11 (36.67) 13 (43.33)
Birth time (d) 3.56 ± 2.29 3.61 ± 2.41 0.082 0.935
Gestational weeks of delivery 39.42 ± 0.67 39.51 ± 0.58 0.556 0.580
Causes of disease Infection 8 (26.67) 9 (30.00) 1.085 0.319

Trauma 3 (10.00) 5 (16.67)
Shock 12 (40.00) 10 (33.33)
Hypoxemia 7 (23.33) 6 (20.00)
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respectively. After treatment, the duration for 
the improvement of systemic and pulmonary 
edema and NICU hospitalization time in the 
observation group were shorter than those in 
the control group (P < 0.05) (Figure 1).

Combination treatment improved signs

Before treatment, there was no statistical dif-
ference in 24-h urine output, and the levels of 
PaO2 and MAP between the two groups (P > 
0.05). At 5 d after treatment, the 24-h urine 
output and the levels of PaO2 and MAP were 
increased in the two groups, and there was a 

significance difference in the comparison of the 
24-h urine output and the levels of PaO2 and 
MAP between the two groups before and after 
treatment (P < 0.05). The urine output and the 
levels of PaO2 and MAP in the observation 
group were higher than those in the control 
group (P < 0.05) (Figure 2).

Combination treatment improved hepatic and 
renal functions

There was no statistically significant difference 
in the levels of A, SCr, ALT and BUN between 
the two groups before treatment (P > 0.05). At 

Table 2. Comparison of degrees of edema between the two groups before and after treatment [n (%)]

Group Number of 
cases

Before treatment 5 d after treatment
Systemic edema Pulmonary edema Systemic edema Pulmonary edema

Observation group 30 28 (93.33) 26 (86.67) 4 (13.33) 2 (6.67)
Control group 30 26 (86.67) 27 (90.00) 11 (36.67) 8 (26.67)
X2 0.741 0.162 4.356 4.320
P 0.389 0.688 0.037 0.038

Figure 1. Improvement of symptoms. The dura-
tion for the improvement of systemic and pulmo-
nary edema (A and B) and NICU hospital stay (C) 
in the observation group were shorter than those 
in the control group (P < 0.05). *indicates P < 
0.05 for the comparison between groups.
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5 d after treatment, the levels of A, SCr and ALT 
in the observation group were higher than 
those in the control group, while the levels of 
BUN in the observation group were lower than 
those in the control group (P < 0.05) (Figure 3).

Combination treatment controlled inflamma-
tory levels 

Before treatment, there was no statistically sig-
nificant difference in the levels of CRP, NE and 
IL-10 between the two groups (P > 0.05). At 5 d 
after treatment, the levels of CRP and NE in the 
two groups decreased, while the levels of IL-10 
were elevated. There was no statistically signifi-
cant difference in levels of CRP, NE and IL-10 
between the two groups before and after treat-
ment (P > 0.05). At 5 d after treatment, the lev-
els of CRP and NE in the observation group 
were lower than those in the control group, 
while the levels of IL-10 in the observation 
group were higher than those in the control 
group (P < 0.05) (Figure 4).

Combination treatment improved prognosis

After 3 months of follow-up after treatment, the 
mortality rate of newborns in the observation 
group (13.33%) was lower than that in the con-
trol group (36.67%), while the survival rate in 
the observation group (86.67%) was higher 
than that in the control group (63.33%) (P < 
0.05) (Table 3; Figure 5).

Discussion

CLS is a pediatric critical disease that can lead 
to multiple organ dysfunctions. It has compli-
cated clinical manifestations, poor prognosis 
and high mortality rate [10]. The clinical studies 
have suggested that there are multiple causes 
leading to CLS in newborns. Among them, sep-
sis is the main cause, and there is a risk of CLS 
after cardiopulmonary bypass (CPB) [11, 12]. A 
study on the risk factors of CLS in newborns 
revealed that severe sepsis, shock and low 
PRISM III scores were the independent risk fac-

Figure 2. Sign levels. There was no significant 
difference in the comparison of 24-h urine 
output (A) and the levels of PaO2 (B) and MAP 
(C) between the two groups (P > 0.05). At 5 
d after treatment, 24-h urine output and the 
levels of PaO2 and MAP in the observation 
group were lower than those in the control 
group (P < 0.05). *indicates P < 0.05 for the 
comparison between groups.
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tors [13]. In this study, the main causes of CLS 
in 60 newborns were infection, trauma, shock 
and hypoxemia. The basic principle for the 
treatment of such newborns lied in actively 
treating the primary causes. Therefore, conven-
tional treatment (e.g., anti-infection and symp-
tomatic treatment) can hardly improve the 
prognosis of the newborns.

For newborns with CLS, it is crucial to actively 
expand and restore blood volume. HES is an 
amylopectin substituted with hydroxy-ethyl 
groups, and its relative molecular weight is be- 
tween 100×103 and 200×103 [14]. Numerous 
studies have proved that HES has a good appli-
cation value in the treatment of CLS [15, 16]. 
There are two viewpoints on the mechanism of 
HES in treating CLS; one is that HES plays a  
role in biophysics, and the other is that HES 

plays a role in biochemistry [17, 18]. However,  
a study has exhibited that HES may exert 
adverse effects on renal function and coagula-
tion function, and harmful free radicals may be 
generated in the body after medication, which 
may affect the prognosis of children to a cer-
tain extent, especially that of newborns. 
Therefore, caution should be exercised with the 
use of HES [19]. Uti is a broad-spectrum prote-
ase inhibitor that is involved in the regulation of 
inflammatory response and inhibits the exces-
sive activation of leukocytes [20]. A study indi-
cated that Uti could protect basement mem-
brane and vascular endothelial cells, inhibit the 
elevation of vascular permeability, and thus 
effectively improve the dysfunction of micro-
vascular endothelial cells [21]. In this study, the 
observation group received the combination 

Figure 3. Hepatic and renal functions. Before treatment, there was no remarkable difference in the comparison of 
the levels of A (A), SCr (B), ALT (C) and BUN (D) between the two groups (P > 0.05). At 5 d after treatment, the levels 
of A, SCr and ALT in the observation group were higher than those in the control group, while the levels of BUN in 
the observation group were lower than those in the control group (P < 0.05). *indicates P < 0.05 for the comparison 
between groups.
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treatment of HES and Uti, and the results 
showed that the incidence rates of systemic 
and pulmonary edema in the observation group 
were lower than those in the control group 
treated with HES alone at 5 d after treatment. 
The duration for the improvement of systemic 
and pulmonary edema and NICU hospital stay 
in the observation group were shorter than 
those in the control group (P < 0.05), exhibiting 
that the combination treatment of HES and Uti 
played a more effective role in controlling the 
edema of newborns with CLS. At 5 d after treat-
ment, the 24-h urine output and the levels of 

PaO2, MAP, A, SCr and ALT in the observation 
group were higher than those in the control 
group, while the levels of BUN in the observa-
tion group were lower than those in the control 
group (P < 0.05). This exhibited that HES com-
bined with Uti could more effectively improve 
blood oxygen status and hepatic and renal 
functions of newborns with CLS. The degree of 
edema can reflect the degree of renal injury, 
and abnormal renal function can lead to the 
increased risk of water retention [22]. In this 
study, the hepatic and renal functions in the 
observation group were remarkably improved 
after treatment. The previous studies revealed 
that the observation group exhibited better 
improvement rate and duration for the systemic 
and pulmonary edema than the control group, 
exhibiting that the hepatic and renal functions 
were related to edema. Uti could alleviate the 
fluid load of the body through improving the 
hepatic and renal functions of newborns, there-
by improving edema.

At 5 d after treatment, the levels of CRP and NE 
in the observation group were lower than those 

Table 3. Comparison of mortality rates of new-
borns between the two groups after 3 months of 
follow-up after treatment [n (%)]

Group Number 
of cases Survival Death

Observation group 30 26 (86.67) 4 (13.33)
Control group 30 19 (63.33) 11 (36.67)
X2 4.356
P 0.037

Figure 4. Inflammatory levels. Before treat-
ment, there was no marked difference in the 
comparison of the levels of CRP (A), IL-10 
(B) and NE (C) between the two groups (P > 
0.05). At 5 d after treatment, the levels of 
CRP, IL-10 and NE in the observation group 
were higher than those in the control group 
(P < 0.05). *indicates P < 0.05 for the com-
parison between groups.
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in the control group, while the levels of IL-10 in 
the observation group were higher than those 
in the control group (P < 0.05). A study exhibit-
ed that Uti could effectively control the inflam-
matory level in the treatment of CLS [23]. This 
is due to the fact that Uti can inhibit the forma-
tion of Elastase, α-chymotrypsin, hyaluronidase 
and trypsin and improve the stability of lyso-
somal membrane and suppress its release, 
thus playing a good anti-inflammatory effect 
[24]. A study showed that Uti could effectively 
reduce the levels of CRP and NE and increase 
the level of IL-10 [25]. Uti can block the over-
activation of inflammatory responses through 
regulating the balance between pro-inflamma-
tory and anti-inflammatory responses, thus 
controlling the inflammatory levels. During the 
3-month follow-up period after treatment, the 
mortality rate of newborns in the observation 
group (13.33%) was lower than that in the con-
trol group (36.67%) (P < 0.05). After treatment, 
the survival rate in the observation group after 
treatment was higher than that in the control 
group, suggesting a better prognosis when HES 
combined with Uti was used. Similar studies 
indicated that the survival rate of newborns 
with CLS receiving Uti treatment was over 75%, 
which was significantly higher than that in the 
control group (58%) [26]. A study showed that 
the mortality rate of newborns with CLS was 

positively correlated with the degree of endo-
thelial cell injury, and Uti could improve the vas-
cular endothelial function, thereby improving 
the mortality rate [27]. It is possible that com-
pared with the single medication, the combined 
medication can give full play to the effects of 
HES and Uti, and the overall efficacy can be 
elevated through their synergistic effects.

In summary, HES combined with Uti can effec-
tively alleviate edema, control inflammatory lev-
els, and improve hepatic and renal functions 
and neonatal survival rate of newborns with 
CLS, exhibiting a satisfactory application value. 
However, there are limitations in this study. Fpr 
example, the age range of enrolled subjects is 
too narrow, and there are very few studies on 
the mechanism of action of HES and Uti. 
Therefore, the future studies with a larger sam-
ple size and a wider age range of subjects are 
needed to elaborate the mechanism of Uti in 
the treatment of CLS.
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