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Abstract: Objective To investigate the clinical efficacy of glucocorticoid combined with ulinastatin in patients with early acute lung
injury (ALI) after trauma. Methods A total of 100 patients with early ALl after trauma who were admitted to Shengjing Hospital of
China Medical University from June 2022 to December 2024 were selected. They were divided into a control group (7= 50, treated
with ulinastatin) and an observation group [/ = 50, treated with glucocorticoids (hydroprednisone injection) on the basis of the
control group] using the random number table method. The hospitalization indicators, serum cytokine levels [interleukin (IL) -6,
IL-10] , respiratory function [extravascular lung water index (ELWI) , arterial partial pressure of oxygen (PaO.) , fraction of inspired
oxygen (FiO) ] ,and incidence of complications were compared between the two groups. Results The days in ICU and the hospital
stay in the observation group were shorter than those in the control group, and the incidence of acute respiratory distress syndrome
(ARDS) was lower in the observation group than that in the control group (10.00% vs 28.00%, x2=5.263, P<0.05) . After 7 days
of treatment, the levels of IL-6 and ELWI in the observation group were lower than those in the control group, while the levels of
IL-10 and oxygenation index (PaO./FiO.) were higher in the observation group than those in the control group (P < 0.05) .The
incidence of complications in the observation group was lower than that in the control group (8.00% vs 26.00%, x2=5.741, P<0.05) .
Conclusion The combination of glucocorticoids and ulinastatin can regulate the balance of IL-6/IL-10, increase oxygenation index,
and improve patient prognosis in early post-traumatic ALl patients.
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Post-traumatic early acute lung injury (ALI) is a
common complication following severe trauma, with a
complex pathogenesis involving multiple key mechanisms.
In particular, the inflammatory response plays a central role
in the occurrence and development of ALI, while oxidative
stress and cell apoptosis also contribute significantly to the
disease progression [1-2]. After severe trauma, a series of
complex pathophysiological changes are triggered, leading
to ALI Patients often exhibit pathological changes such as
pulmonary inflammatory cell infiltration, increased
alveolar-capillary permeability, and decreased lung
compliance, resulting in impaired oxygenation. In severe
cases, it can progress to acute respiratory distress syndrome
(ARDS), which can be life-threatening [3]. When pro-
inflammatory factors are excessively expressed and anti-
inflammatory factors are insufficient, the inflammatory
response becomes uncontrolled, exacerbating lung tissue
damage [4-5]. Ulinastatin, a broad-spectrum protease
inhibitor, exerts multiple important pharmacological effects,
including the regulation of inflammation and immune
function [6]. Glucocorticoids possess potent anti-
inflammatory, anti-allergic, and immunosuppressive effects.
In the inflammatory response, glucocorticoids can suppress
the production and release of various inflammatory factors
such as tumor necrosis factor-a and interleukin (IL)-6, thus
effectively reducing the severity of inflammation. In
pulmonary diseases, glucocorticoids can alleviate lung
tissue damage, reduce inflammatory cell infiltration and

exudation, and promote lung tissue repair and regeneration
through inhibition of inflammation [7]. This study aims to
explore the effects of glucocorticoids combined with
ulinastatin on the IL-6/IL-10 balance and oxygenation index
in patients with early post-traumatic ALI, providing a
reference for clinical treatment.

1. Materials and Methods

1.1 General Information

A total of 100 patients with early post-traumatic ALI,
admitted to Shengjing Hospital of China Medical University
from June 2022 to December 2024, were selected. Inclusion
criteria: (1) Diagnosis according to the "Acute Lung
Injury/Acute Respiratory Distress Syndrome Diagnosis and
Treatment Guidelines (2006)" [8], with an oxygenation
index < 300 mmHg and chest X-ray showing bilateral
pulmonary shadows; (2) Acute Physiology and Chronic
Health Evaluation 11 (APACHE II) score = 15 [9]; (3)
Pulmonary contusion and severe trauma; (4) No severe renal,
liver, or cardiac failure; (5) Signed informed consent.
Exclusion criteria: (1) Comorbidity with other malignancies;
(2) ALI caused by cardiogenic pulmonary edema; (3)
Allergic to the drugs used in this study; (4) Death within 20
hours of admission. The patients were randomly divided into
two groups using a random number table, and the
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differences in general information between the groups were
balanced and comparable (P> 0.05). See Table 1. This study
was approved by the Ethics Committee of Shengjing
Hospital of China Medical University (Approval No:
202287234).

1.2 Methods

After admission, patients in both groups promptly

received a series of treatment measures for their trauma sites.

First, thorough debridement was performed to remove
necrotic tissue, thereby reducing the risk of infection.
Hemostasis was performed based on the bleeding situation,
using appropriate methods such as compression or ligation.
Subsequently, analgesia was administered to alleviate pain
and improve patient comfort. Finally, the injured sites were
immobilized with splints, casts, or other fixation devices to
prevent further damage, such as fracture displacement. After
the diagnosis of ALI by relevant tests, mechanical
ventilation support was immediately implemented. If
patients exhibited a respiratory rate exceeding 30
breaths/min, an arterial oxygen partial pressure (PaO,)
below 60 mmHg, or severe consciousness disorders,
tracheal intubation for invasive mechanical ventilation was
performed.  Synchronized  intermittent = mandatory
ventilation (SIMV) mode was used, and tidal volume was
set to 6-8 mL/kg based on the patient's condition, ensuring
that airway plateau pressure remained below 35 cmH,O.

1.2.1 Control Group
Ulinastatin 100,000  units  was
intravenously, twice a day, for 7 days.

administered

1.2.2 Observation Group

On the basis of the control group's treatment plan,
hydrocortisone injection (1-1.5 mg/kg) was given
intravenously. For a patient weighing 60 kg, the initial dose
was 60-90 mg, which was slowly injected after being diluted
with an appropriate amount of physiological saline, with the
injection time controlled between 15-20 minutes to reduce
the occurrence of drug-related adverse reactions. Both
groups were treated for 7 consecutive days.

1.3 Observation Indicators
1.3.1 Hospitalization Indicators

The ICU stay duration, total hospital stay, and ARDS
incidence rates of both groups were compared.

1.3.2 Serum Cytokine Levels

Peripheral venous blood samples (5 mL) were
collected in the morning in a fasting state before treatment
and 7 days after treatment. The blood samples were quickly
centrifuged at a radius of 10 cm, 3000 r/min for 10 minutes.
After centrifugation, the supernatant was stored at -80°C for
future use. Enzyme-linked immunosorbent assay (ELISA)
was used to measure IL-6 and IL-10 levels. The kits used for
the assay were purchased from Beijing Kairui Technology
Co., Ltd., and all operations were strictly conducted
according to the instructions provided.

1.3.3 Respiratory Function

PaO, and extravascular lung water index (ELWI) were
measured before treatment and 7 days after treatment using
the PICCO monitoring device (manufactured by PULSION,
Germany). Subsequently, the oxygenation index (PaO,/FiO,)
was calculated based on the measured PaO, and the set
inhaled oxygen concentration (FiO»).

1.3.4 Complications

The occurrence of complications during treatment,
including  pulmonary hypertension, pneumothorax,
atelectasis, and gastric distension, was recorded.

1.4 Statistical Methods

SPSS 25.0 software was used for data analysis.
Measurement data were expressed as x+s and analyzed
using independent sample t-tests. Count data were expressed
as cases (percentage) and analyzed using y2 tests. P < 0.05
was considered statistically significant.

2. Results
2.1 Hospitalization Indicators

The observation group had a shorter ICU stay and total
hospital stay, and a lower ARDS incidence rate compared to
the control group (P < 0.05). See Table 2.

2.2 Serum Cytokine Levels

After 7 days of treatment, the IL-6 level in the
observation group was lower than before treatment and
compared to the control group, while the IL-10 level was
higher than before treatment and compared to the control
group (P <0.05). See Table 3.

Tab.1 Comparison of general data between two groups

n Gender (case)

Type of trauma (case)

Group Age (years, Course of disease APACHE II score -
Male Female Tis) (h, Ts) (piont,Fxs) '.l"r'afﬁc l.i‘a'llmg ‘BPrn
injury injury injury
Control group 50 24 26 48.56+7.23 13.74+5.44 21.26+4.11 19 15 16
Observation group 50 22 28 49.124+6.89 13.96+5.46 22.01+4.17 22 11 17
t/’ value 0.641 0.472 0.502 0.445 0.865
P value 0.423 0.634 0.611 0.627 0.649
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2.3 Respiratory Function

The PaO»/FiO; in the observation group was higher
than before treatment and compared to the control group,
and the ELWI was lower than before treatment and
compared to the control group (P < 0.05). See Table 4.

2.4 Complications
The total incidence of complications in the observation
group was lower than in the control group (P < 0.05). See

Table 5.

Tab.2 Comparison of hospitalization indicators between two
groups (n=50, X+s)

Group Days in ICU Total hospital ARDS
(h) stay (d) [case(%)]
Control group 8.12+1.47 17.22+4.62 14 (28.00)
Observation group 5.04+1.33 12.28+3.39 5 (10.00)
t/x value 4.681 6.144 5.263
P value <0.001 <0.001 0.022

Tab.3 Comparison of serum cytokine levels between two
groups (n=50, x+s)

IL-6 (pg/mL) IL-10 (pg/mL)
Group Before 7 days after Before 7 days after
treatment treatment treatment treatment
Control
42.22+3 .41 31.2842.01 12.84+4.03 18.52+5.07
group
Observation ) 76,345 233542.17 13.0124.07  28.17+7.11
group
x* value 0.406 2.196 0.522 6.049
P value 0.583 0.004 0.547 <0.001

Tab.4 Comparison of respiratory function between two groups

(n=50, X+s)
Pa02/FiO; (mmHg) ELWI (mg/kg)

Group Before 7 days after Before 7 days after

treatment treatment treatment treatment
Control group 192.12+£9.03  210.5549.74  13.74+1.26 11.82+1.06
0‘;‘:::;“““ 193.0140.05 228.50410.22 13.88+1.20 9.43+0.91
x* value 0.406 2.196 0.522 6.049
P value 0.583 0.004 0.547 0.014

Tab.5 Comparison of complications between two groups (n=>50, case)

Grou Pul y P horax Atelectasis Gastroi inal  Total
P hypertension flatulence

Control 4 5 2 2 13(26.0)
group

Observation 1 5 1 0 48.0)
group

1 value 5.741

P value 0.017

3. Discussion

The early onset of ALI following trauma is closely
related to an imbalance between the systemic inflammatory
response syndrome (SIRS) and compensatory anti-
inflammatory response syndrome (CARS) [10]. When the
body sustains trauma, damaged tissues release a variety of
damage-associated molecular patterns (DAMPs), which act
as endogenous danger signals to activate the body’s innate
immune system. Immune cells, such as neutrophils and
macrophages, are extensively activated [11]. In clinical
treatment, ulinastatin can specifically inhibit the activity of

serine proteases and metalloproteinases, thereby alleviating
damage to alveolar epithelial cells and capillary endothelial
cells, effectively relieving pulmonary edema symptoms and
improving respiratory function in patients [12]. However,
the role of ulinastatin in regulating inflammatory signaling
pathways is relatively limited. As the disease progresses, this
limitation may result in a gradual reduction of its efficacy in
the later stages of ALI, failing to effectively control the
systemic inflammatory response.

The results of this study showed that the number of
ICU days, total hospitalization days, and the incidence of
ARDS in the observation group were all lower than those in
the control group. Glucocorticoids, as classic anti-
inflammatory drugs, possess powerful anti-inflammatory
mechanisms. When glucocorticoids are combined with
ulinastatin, the two synergistically control the inflammatory
response more comprehensively and effectively, providing
more thorough protection for lung tissue [13-14].
Furthermore, the study results showed that the IL-6 level in
the observation group was lower than that in the control
group, while the IL-10 level was higher in the observation
group. IL-6 is an important pro-inflammatory mediator, and
its elevated levels are closely related to the severity of ALI
[15]. In the early stages of ALI, the immune system is
abnormally activated, and large amounts of IL-6, as a pro-
inflammatory cytokine, are released into the blood
circulation and tissue interspaces. IL-6 can act on
neutrophils and vascular endothelial cells, activating their
inflammatory signaling pathways, promoting the release of
more inflammatory cytokines from neutrophils, and
increasing the permeability of vascular endothelial cells,
thereby exacerbating the inflammatory response and leading
to lung tissue damage. On the other hand, IL-10, an anti-
inflammatory cytokine, plays an important negative
feedback regulatory role in the body’s inflammation
regulation. Therefore, regulating the balance of IL-6/IL-10
is of great significance for the treatment of ALI. The
reduction in IL-6 levels and increase in IL-10 levels in the
observation group indicate that the glucocorticoid and
ulinastatin combination therapy can accurately modulate the
IL-6/IL-10 balance, suppress excessive inflammatory
responses, and promote the resolution of inflammation. At
the molecular level, glucocorticoids reduce the production
of pro-inflammatory mediators like IL-6 by inhibiting the
activation of inflammatory signaling pathways, such as the
nuclear factor-kappa B (NF-xB) pathway [16-17].
Ulinastatin, primarily through the inhibition of protease
activity, reduces the release of inflammatory mediators,
further alleviating the inflammatory response. The
observation group also showed higher oxygenation index
and ELWI than the control group. The oxygenation index is
an important indicator of pulmonary oxygenation function,
while ELWI reflects the degree of pulmonary edema [18-19].
The higher oxygenation index and lower ELWI in the
observation group suggest that the combination of
glucocorticoids and ulinastatin significantly improves
oxygenation function and reduces pulmonary edema. One of
the mechanisms through which glucocorticoids exert their
effects is the inhibition of the release of inflammatory
mediators. They can alleviate damage to alveolar epithelial
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cells and capillary endothelial cells, thus improving the
permeability of the alveolar-capillary membrane [20].
Additionally, glucocorticoids can inhibit fluid exudation,
reduce fluid retention in the lung interstitium and alveoli,
and allow alveolar expansion, improving oxygenation
efficiency. At the cellular level, glucocorticoids can regulate
the function of alveolar epithelial cells and capillary
endothelial cells. They promote fluid reabsorption by
alveolar epithelial cells, enhancing alveolar stability, and
suppress the inflammatory response in capillary endothelial
cells, reducing damage and shedding of vascular endothelial
cells, thus maintaining the integrity of the vessel wall and
reducing fluid exudation. The results of this study indicate
that the combination therapy of glucocorticoids and
ulinastatin significantly reduces the risk of complications.
The occurrence of complications is related to the continued
presence of the inflammatory response, which leads to
increased tissue damage, as well as immune suppression,
resulting in decreased body resistance.

However, the sample size of this study was relatively
small, which may impact the accuracy of the results.
Furthermore, the limited study duration prevented a
comprehensive evaluation of the long-term efficacy and
safety of the therapy. To address these shortcomings, future
studies could consider expanding the sample size and
extending the research period to thoroughly evaluate the
long-term efficacy and safety of the treatment, thereby
developing more personalized treatment plans.

In conclusion, the combination therapy of
glucocorticoids and ulinastatin significantly improves the
prognosis of patients with early acute lung injury following
trauma, improves oxygenation function, and reduces the risk
of complications.
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% JE WS T ST 1~1.5 me/kg F KT HHETT . £
HRE R 60 ke, WA 1A 7 54 60~90 mg, LA H#/E
P ER K B I D18 Mk T S, 7 S S ) A 15~
20 min, LA/ 25 A R ROV I KA . T IE
BHRITT do

1.3 MEIEAR

131 fEBEHEr WA R EEEE R E
(1ICU) REL e B K EL . ARDS 4%

132 MiEMEHE K  nl 6 R AEYT 7 d
Ji R BH T R A MRS T ASNEF KL S mL, R
L TE U W M VBARE AR T T B AL 7R B0
1210 em %33 3 000 v/min AIELOETE] 10 min 554 F
PEAT AR FE . BSOS RS BT, B T80 °C
VKRR o SR PR B 28 W B (ELISA ) 3 %F
1L-6 FTL-10 7K - HEA TR o S8 i (5 FH Ay i)
BRI F A6 B LB AT R |, I H™ 4 4 id
TR & T BT (0 U I B TR

1.3.3  FEIETIRE A3l THRYT AT AR YT 7 d R R
[ PULSION 7 w) A= 7= 1 805 by ok 6 98 43034 2520 i
A (PICCO) (1 WAL, X I 26 H6 3 14 PaO, A IfIL A
SNt KF8 B (ELWD #EAT 0058 o 2 )5, AR 4k 45 1Y)
PaO, AL SE [ WA SR BE (FiOy) TR A G 48
B (Pa0,/Fi0,) .
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134 JFRIERANN 0 R EBFERIT R
PRI ARG B, GLA5 M 30 ok v 1 =M A 5k e
=117 S

1.4 %Rt %k B SPSS 25.0 H 4 Ab BEECHE .
THE PR s 7R, SR ST AEAS 4G50 5 THEBORY
LA (%) 2R, R KRS . P <0.05 2274 5e1T

2 # R

2.1 AEFRFEAR WSS ICU R A B o KA

J TR RRAH , ARDS & A4 IR T XF B 40 (P<0.05) o
W32,

22 hFEmBETFARE YT T dE, WAL IL-6 7K
AR TIA YT B A BEZH , TL-10 /K 525 T8 97 R AN
IE2H (P<0.05), WH#3,

2.3 FRIAE JRIT T A, WERL PaOy/FiO. B TR
7 Hi R X B2, ELWLAIR T35 97 1 A1 % R 20 (P<
0.05), WK4,

24 FREZAWEIL WA KGR RAERKT
XFEZH (P<0.05), W35,

R P BBORL LA

Tab.1 Comparison of general data between two groups

e | [ A% )
21 %L % A (S xts) S (h, xts) APACHE IT 343 (43, %) 7T ﬁﬁq{jj;g%fﬂ) Yels
poyekEl 50 24 26 48.56+7.23 13.74+5.44 21.26+4.11 19 15 16
WE A 50 22 28 49.12+6.89 13.9625.46 22.01+4.17 22 11 17
XA 0.641 0.472 0.502 0.445 0.865
PAE 0.423 0.634 0.611 0.627 0.649

R2 MWAMEBARIRILEL  (xas)
Tab.2 Comparison of hospitalization indicators between

two groups  (x+s)

F£3 MHAMBASEHE TRV (pg/mlL, xts)
Tab.3 Comparison of serum cytokine levels between

two groups  (pg/mL, x+s)

A B 1ICU RE(h) EBEARE(d) ARDS &4 [](%) ]

XTRR4L 50 8.12+1.47 17.22+4.62 14(28.00)
WME4l 50 5.04+1.33 12.28+3.39 5(10.00)
%al: 4.681 6.144 5.263
P1H <0.001 <0.001 0.022

R4 IAFRINBEILEL  (xss)
Tab.4 Comparison of respiratory function between

two groups  (xs)

] Pa0,/Fi0(mmHg) ELWI(mg/kg)
B BTG WWITTdJE WITH T Td)E
AL 50 192.12+9.03  210.55£9.74* 13.74+1.26 11.82+1.06*
MEELAL 50 193.01£9.05 228.50+10.22° 13.88+1.20 9.43+0.91"
t{l 0.406 2.196 0.522 6.049
P{E 0.583 0.004 0.547 0.014
TE: GALIARITRTLLEL, P < 0.05,

2

3 3t g

I J5 0) ALT & 5 4 B JRAE IO £33 Ak K
IREAMEDT R SRR B R B DA oG LA
SR, 2 AR SRR ZAR A S 73T
REERA A TR REAE ARy IR R 55,
PR AT S 2R 5T, PR A | 5 o 25 e
AR IR A o TR PRIAY T 5T, B m AT RE
o S e D ) 22 PR A R < i A P ) 1
Dol i b b 200 5 7 A 1A Y B AR B R, A
T AT R 22 ik Il 74 B e AR, ko3 6 A IR IR D RE

1L-6 1L-10

WITHT AT T RITET AT T d)n

XHEZH 50 42.22+3.41 31.28+2.01° 12.84x4.03 18.52+5.07°

WELL 50 42.70+3.45 23.35+2.17° 13.01+4.07 28.17+7.11°
ol 0.406 2.196 0.522 6.049
P& 0.583 0.004 0.547 <0.001

 5ARAAYTAT AL, P < 0.05,

RS WADFRIE AR (F])
Tab.5 Comparison of incidence of complications between

two groups (case)

. I | £17 S B A1t
20 53] ik HIE S mREK W )]
X HEZ 50 4 5 2 2 13(26.00)
WEE A 50 1 2 1 0 4(8.00)
X 1E 5.741
PAH 0.017

SR, 5w At T A6 P45 S AE {5 538 6 1 )V FH AR
XA BR o Bt g 1 Bt R, ik — JRy R nT R S 3L
FE ALL A H 5 W BEF ARG s | oA R il 42
B 9 RN

AWFFELE R R WS AT 1ICU RELAEBE SR
H ARDS A RIGE T A . B i E o 2
LB A 25, B iR K BT RAE o S0 H
Z 50 E T BSR4
AT A A55CH  Th R A JS I7, “Ay iti P L T Ay J] 4 1y
PR AT 45 5 WoR ISR TL-6 /KR T
XF BRZH  TL-10 7K P T A2 . TL-6 J&—Fl B 2 1)
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e R A, K Th i 5 ALL B ™ 5 R 2% U0 A
K TE AL R DU S sie RGeS B0
i IL-6 VR AR A A AP TR 28 VRG24 e 1 4]
B TL-6 AR FH T b 20 M A I A5 PN B 0, 38T
FEARAE A 530 1, A1 ol PR 240 i R o 22 AR i TR
T, I3 0 i AE PN R 20 RS A, AT AN R 2R R S
L, SR . T IL-10 15 S —Fhi 48 20 i [
T PERLAAR B 9 5 815 2o 72 Hp ke 4835 2L 1Y) £ LA
WVER . BRI, 9T IL-6/IL-10 S %) T ALL 34
Jr B B X, WEEA 1L-6 /KRR A IL-10 /K SF
ThimE X — G, F0 50 22 M B T R I A S mlfh T
SETT 7 ZEREE RS ME LR 15 TL-6/TL-10 - 47 , 3l i
JEE R AE SV, e U RAE A THIR o A>T HILH 2 TR
B ST T T S P A R - B A R A
BV , 10 TL-6 SR RA BT A 1T )
by T 00 = A ) P A 6 DD SE A T
AIRETIL , HE— 2L DR AT N o ARG AR A 48
FRBOY T R ELWIIR X IR AL | AR50
S WL fit 48 A D RE ) FE B AR, ELW L2 Sz B fili 7K i
FERE R FR" . I A 15 50Tt i F ELW
1%, RWIHE I BRI A S wl it T WA TT 7 R Ret%
2 Pk B 1 A TIRE DR A K ik R B T
B RAFVE PR Z — 2305 5 5E A B R, &
REAZ IR AL R 40 At LA K B 40 it A5 P B2 4 T i
SZ R A6 A , 2 TI A i 96 - 3 2 L I %) 3 A
IS, R G 35 28 38 BB 1 A VAR 75 M sl 0 i ] Joie
T 76 PN VR B Bl I o A5 DA e o ok L 2
AAAROE ., INAHMLK- R W R 5T 3R vl 8 45 ifi
T 7 290 6 R 200 0 A PN R A0 L ) R, AR i g
I R0 X A Y A s 7 ) e e
il 7 200 XA P R 200 B P AR N s/ I P B 4
I ) 58 A R BB, A O A RE 1 2 DT D
WIREB I . AW EE SRR M SRS S
A T AR YT O SR RS W R AR OE R RE 1Y & A K
oo I ZIE I KA 5 90E I 1Y F5 S A7 AE 5 B4l
SUB I , LA S A D Re 0 i A ML SRS 1 R %
AKX

SR, A BIF 584 AR 58 A X AE /0N, 1] R X6 BF 5% 445
SR WA B A — R, ROk T B R KA
N i LN R O i WA 1 o DA Sl S R G S A )
BIT S

Zi LTIk B R B R A Rl T R YT O
ZERENS W S A 5 R ALL R I TS, B4R
B IIRE , BRI AT i A AU o

MR T
S 30k
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