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Abstract: Objective: To explore the pulmonary protective effect of dexmedetomidine (DEX) in patients with traumatic
acute lung injury (ALI). Methods: A prospective study was carried out on 74 patients with traumatic ALI who under-
went mechanical ventilation. The patients were divided into an observation group and a control group by random
number table (both n=37). The patients in the observation group were treated with DEX before anesthesia, while
those in the control group were treated with normal saline. The general data and operation indexes were observed.
The expression levels of serum tumor necrosis factor o (TNF-ot), interleukin-6 (IL-6), alveolar-arterial oxygen gradient
(A-aDO0,) and oxygenation index (Ol) were measured at 5 min before anesthesia (T0), 30 min (T1) and 90 min (T2)
of one-lung ventilation, and 2 h after surgery (T3). And the postoperative 24 h pain degree measured by the visual
analogue scale (VAS) and incidence rate of postoperative complications (atelectasis, pulmonary infection, pleural
effusion, hypoxemia, and re-intubation) were recorded. Results: There were no significant differences in age, gen-
der, surgical duration, intraoperative fluid supplement, intraoperative blood loss and mechanical ventilation time
between the two groups (P>0.05). There was no significant difference in TNF-g, IL-6, A-aDO, and Ol between the two
groups at TO (P>0.05). However, at T4, T2 and T3, the observation group showed lower TNF-a, IL-6 and A-aDO, than
the control group, but higher Ol than the control group (P<0.05). Both groups got improved in pain condition after
surgery, and the observation group showed better improvement (P=0.031). The incidence of postoperative compli-
cations in the observation group (5.40%) was lower than that in the control group (27.03%) (P=0.008). Conclusion:
Compared with mechanical ventilation only, the combination method effectively reduces the level of inflammatory
factors in patients with traumatic ALI, stabilizes intraoperative hemodynamics, improves Ol, and reduces postopera-
tive pain and postoperative complications.
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Introduction

Acute lung injury (ALl) is a clinical syndrome
caused by pulmonary diseases or extrapulmo-
nary trauma, with the clinical manifestation of
persistent hypoxemia. It is often accompanied
by acute respiratory distress syndrome, and
the mortality rate can reach 36-44%, up to 46%
when combined with severe acute respiratory
distress syndrome [1, 2]. Traumatic ALI refers
specifically to ALI caused by external trauma. It
is mainly characterized by the injury of alveolar
epithelial cells caused by a large release of
inflammatory factors mediated by tumor necro-

sis factor-a (TNF-a) and interleukin-6 (IL-6)
after external trauma [3, 4]. Mechanical ventila-
tion has the effects of improving hypoxia and
carbon dioxide retention, improving lung venti-
lation and increasing oxygenation, which is an
effective means of respiratory support and
treatment for critical and severe patients [5, 6].
One-lung ventilation anesthesia is not only the
most commonly used but also the effective
method to treat ALI [7].

Dexmedetomidine (DEX) is a selective a2 adre-
noceptor agonist that was used as an anesthet-
ic agent. It acts on resisting cold, diuresis, and
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salivary suppression, as well as on analgesia,
anti-anxiety, restraining activity of sympathetic
nerve [8, 9]. In the previous study, there were
three subtypes of a2 adrenoceptor: a2A, a2B,
and a2C which were widely distributed in
human body, including central and peripheral
nerves, autonomic nerves, coronary artery,
lung, kidney, brain, pancreas, spleen, eyes,
and blood vessels, and cause corresponding
biological effects after acting on the above
parts [10, 11]. The study on pulmonary pro-
tection by DEX found that DEX sedated and
inhibited sympathetic nervous system after
anesthesia. Moreover, it can stabilize the
hemodynamics of patients, with no inhibitory
effect on respiration [12]. It is reported that
DEX has a pulmonary protective effect, and it
can reduce airway pressure, improve lung
compliance and increase oxygenation index
(Ol) [13-16]. Its mechanism of pulmonary pro-
tection may be related to inhibition of inflam-
mation, reduction of ischemia reperfusion and
decrease of oxidative stress response [17, 18].
However, there are few clinical reports on the
use of DEX for pulmonary protection in patients
with traumatic ALI. Therefore, in this study, the
pulmonary protective effect of DEX in patients
with traumatic ALl was evaluated.

Material and methods
Clinical data

This study was approved by the Ethics
Committee of First People’s Hospital of
Jingzhou. From March 2017 to December
2018, 74 patients with traumatic ALl treated by
mechanical ventilation in intensive care unit
were enrolled and randomly divided into an
observation group and a control group (both
n=37). The patients in the observation group
were treated with DEX before anesthesia, while
those in the control group were treated with
normal saline. All patients were over 18 years
old, with an average age of 53.5+8.7 years old.
All patients included in this study signed the
consent form.

Inclusion criteria

Patients diagnosed with traumatic ALl in accor-
dance with the Society of Critical Care Medi-
cine, Chinese Medical Association (2007) [19];
patients undergoing mechanical ventilation;
patients with American Society of Anesthe-
siologist I-1ll; patients with normal blood coagu-
lation and bone marrow function.
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Exclusion criteria

Patients with serious heart and lung diseases;
patients with coagulation or bone marrow dys-
functions; patients with hepatic and renal
insufficiency; uncooperative patients; patients
with allergies to DEX; patients with malignant
tumor; pregnant or lactating patients.

Methods

Patients included in the study were treated
with mechanical ventilation, and were intrave-
nously injected with penehyclidine hydrochlo-
ride 0.01 mg/kg (Chengdu List Pharmaceu-
tical Co., Ltd.) for general anesthesia. Ten min
before anesthesia induction, patients in the
observation group received an intravenous
injection of DEX 1.0 pg/kg (Jiangsu Enhua
Pharmaceutical Co., Ltd.) within 10 min. Af-
terwards, DEX 0.6 ug/(kg-h) was administrated
(intravenous drip) until mechanical ventilation
treatment was finished. The patients in the con-
trol group were given an equal amount of nor-
mal saline. All patients received intravenous
injection of midazolam 2 mg (Jiangsu Enhua
Pharmaceutical Co., Ltd.), sufentanil 0.4 g/
kg (Yichang Humanwell Pharmaceutical Co.,
Ltd.), etomidate 0.2 mg/kg (Jiangsu Enhua
Pharmaceutical Co., Ltd.), and cisatracurium
0.2 mg/kg (Jiangsu Hengrui Pharmaceutical
Co., Ltd.) for anesthesia induction. After anes-
thesia was completed, patients were given con-
tinuous propofol 3-6 mg/(kg h) (Xi'an Libang
Pharmaceutical Co., Ltd.) and intermittent cisa-
tracurium 0.05-0.1 mg/(kg h) for anesthesia
maintenance. Mechanical ventilation was per-
formed after double lumen endotracheal intu-
bation and bronchofibroscope localization.
Setting parameters: Tidal volume 8-10 mL/kg;
end-tidal CO,: 35-45 mmHg; respiratory fre-
quency: 12-16 times/min. The patients received
no oxygen inhalation before anesthesia, then
inhaled pure oxygen using mechanical ventila-
tion, and inhaled oxygen with concentration of
40% 2 h after surgery.

Outcome measures

General information: Surgical duration, intraop-
erative fluid supplement, intraoperative blood
loss and mechanical ventilation time were
observed and recorded.

Main outcome measures: A 5 mL volume of
elbow venous blood was extracted from each
patient at four time points: before anesthesia
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Table 1. Comparison of general data and baseline data ( X £sd)

Iltem Observation group (n=37) Control group (n=37) X2/t P

Gender (male:female) 17:20 15:22 0.220 0.639
Age (year) 52.9+4.8 54.3+5.8 1.070 0.288
Surgical duration (min) 176.08+13.30 175.04+12.74 0.353 0.752
Intraoperative blood loss (mL) 321.43+42.82 324.02+32.83 0.272 0.787
Intraoperative fluid supplement (mL) 1203.40+£190.54 1207.03+191.65 0.082 0.935
Mechanical ventilation time (min) 107.49+45.57 101.03+£50.82 0.576 0.567
Body mass index (kg/m?) 25.21+3.62 24.82+3.54 0.412 0.684

Table 2. Comparison of TNF-a at different time points ( X £sd)

Group T0 T1 T2 T3

Observation group (n=37) 4.92+1.07 10.29+1.52 21.87+4.35 30.51+5.07
Control group (n=37) 5.02+1.33 15.27+2.22 39.87+7.95 44.25+6.15
t 0.349 11.478 12.081 10.489
P 0.728 0.000 0.000 0.000

Note: TO, before anesthesia; T2 and T3, 30 min and 90 min of one-lung ventilation, re-
spectively; T3, 2 h after surgery. TNF-a, tumor necrosis factor o.

hypoxemia and second-
ary intubation.

Statistical analysis

SPSS 17.0 statistical
software was used to
analyze the collected
data. The continuous

(TO), 30 min (T1) and 90 min (T2) of one-lung
ventilation, 2 h after surgery (T3), respectively.
The collected blood samples were stored in
sterile tubes containing ethylene diamine tetra
acetic acid (Shanghai Generay Biotech Co.,
Ltd.). After stored in refrigerator at 4°C for 15
min, serum and plasma were separated by a
centrifuge with a speed of 3,300 rpm/min. The
separated plasma was added with 40 uL phos-
phate buffer solution containing protease in-
hibitor (Lianyungang Duanfeng Biotechnology
Co., Ltd.) and stored in a refrigerator at -80°C.
The TNF-a and IL-6 were tested by an en-
zyme-linked immunosorbent assay (ELISA) kit
(Shanghai Generay Biotech Co., Ltd.).

Alveolar-arterial oxygen gradient (A-aDO,) and
Ol at TO-T3 were recorded respectively.

Secondary outcome measures: Postoperative
pain: Subjective pain was quantified using the
linear visual analog scale (VAS) method. A 10
cm long ruler with two end points O and 10 was
applied, where O meant no pain and 10 meant
the most severe pain. The patients selected a
point between 0 and 10 according to the degree
of pain, and the measured value of the point at
2 h after surgery was the score of visual analog
scale [20].

Postoperative complications included atele-
ctasis, pleural effusion, pulmonary infection,
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variables were analyzed

by normal distribution
and homogeneity of variance, then expressed
as the mean % standard deviation ( X +sd), and
were compared by independent sample t-test.
Counting data expressed as percentage were
analyzed by Pearson Chi-square test. A value of
P<0.05 was considered statistically different.

Results
General data and baseline data

There was no significant difference in age, gen-
der, surgical duration, intraoperative fluid sup-
plement, intraoperative blood loss, mechanical
ventilation time and body mass index between
the two groups (P>0.05) as shown in Table 1.

Significantly decreased concentration of TNF-o
and IL-6 after combined with DEX

There was no significant difference in TNF-a
and IL-6 between the two groups at TO (P>
0.05). During the surgery, TNF-ot and IL-6 were
gradually increased. At T1, T2 and T3, the
TNF-o in the observation group were 10.29+
1.52, 21.87+4.35, 30.51+5.07, and IL-6 were
18.58+5.42, 33.58+8.49, 41.62+5.23, res-
pectively, which were significantly lower than
those in the control group, which were 15.27+
2.22, 39.874£7.95, 44.25+6.15, and 29.51+
7.31, 42.9549.17, 54.31+7.15 correspondingly
(P<0.05). See Tables 2 and 3.
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Table 3. Comparison of IL-6 at different time points ( X +sd)

Group TO T1 T2 T3
Observation group (n=37) 11.48+1.58 18.58+5.42 33.58+8.49 41.624+5.23
Control group (n=37) 10.95+1.72 29.51+7.31 42.95+9.17 54.31+7.15
t 1.380 7.036 4.385 8.713

P 0.172 0.000 0.000 0.000

Note: TO, before anesthesia; T2 and T3, 30 min and 90 min of one-lung ventilation, respectively; T3, 2 h after surgery. IL-6,

interleukin-6.

Table 4. Comparison of A-aDO, at different time points (X +sd)

Group TO T1 T2 T3
Observation group (n=37) 28.59+2.07 399.68+4.24 414.68+5.37 118.58+1.82
Control group (n=37) 28.76+1.89 413.29+7.42 429.64+3.32 125.47+1.03
t 0.375 9.687 14.415 8.713

P 0.709 0.000 0.000 0.000

Note: TO, before anesthesia; T2 and T3, 30 min and 90 min of one-lung ventilation, respectively; T3, 2 h after surgery. A—aDOZ,

alveolar-arterial oxygen gradient.

Table 5. Comparison of Ol at different time points ( X £sd)

Group TO

Observation group (n=37)
Control group (n=37)

t 0.262
P 0.794

393.58+16.59
393.61+17.18

T1 T2 T3
193.78+15.42 168.37+£11.27 224.08+13.25
173.67+11.06 132.59+11.36 175.39+11.27

6.442 13.600 17.066
0.000 0.000 0.000

Note: TO, before anesthesia; T2 and T3, 30 min and 90 min of one-lung ventilation, respectively; T3, 2 h after surgery. Ol,

oxygenation index.

More significant changes of A-aDO, and Ol at
different time points were shown in the obser-
vation group

There was no significant difference in the al-
veolar arterial partial pressure and oxygena-
tion index between the observation group and
the control group at TO (P>0.05). At T1, the
alveolar arterial pressure was significantly
higher than that at TO in the control group. The
increasing extent of the control group was
more obvious (P<0.05). At T2, the alveolar
arterial pressure still showed an upward trend
compared with that at T1. The increase of the
control group was more significantly higher
than that of the observation group (P<0.05). At
T3, the alveolar arterial pressure decreased
significantly compared with T2, and the degree
of decline in the observation group was more
obvious than the control group (P<0.05). At T1,
the oxygenation index decreased significantly
compared with TO. The degree of decline was
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more obvious in the observation group
(P<0.05). The oxygenation index at T2 was fur-
ther decreased than that at T1, and the degree
of decline in the control group was more signifi-
cant than that of the observation group (P<
0.05); the oxygenation index of T3 was higher
than that of T2, and the increase of observation
group was more significant than that of the con-
trol group (P<0.05). See Tables 4 and 5.

Lower postoperative pain evaluation scores in
the observation group than control group

Pain in both group patients were alleviated
after surgery (P<0.05), and the alleviation was
more obvious in the observation group
(P<0.05). See Table 6.

Comparison of postoperative complications

The incidence of postoperative complications
in the observation group (5.40%) was signifi-
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Table 6. Comparison of postoperative pain
condition at different time points ( X £sd)

Group VAS scores
Before surgery
Observation group (n=37) 5.30+1.16
Control group (n=37) 5.24+1.09
t 0.221
P 0.826
After surgery
Observation group (n=37) 1.54+1.42%
Control group (n=37) 2.25+1.30*
t 2.201
P 0.031

Note: Compared with before surgery, “P<0.05. VAS,
visual analog scale.

cantly lower than that in the control group
(27.03%) (P<0.05). See Table 7.

Discussion

In the study, at T4, T2 and T3, it was found that
the TNF-a and IL-6 in the observation group
were lower than those of the control group,
indicating that DEX can significantly reduce the
inflammatory reaction in the body, which may
be due to damage to the pulmonary blood ves-
sels and bronchi caused by the external trauma
of the lung causes, a large amount of vasoac-
tive substances are released into the blood-
stream, thereby slowing down the blood flow
and increasing the intravascular pressure,
eventually reducing the amount of active sub-
stances attached to the alveoli [21, 22]. A
study shows that during mechanical ventila-
tion, macrophages and neutrophils are abun-
dantly produced in the lung of patients with
lung injury, which promotes the synthesis and
release of pro-inflammatory factors [23]. It has
been found that the DEX can reduce the level
of inflammatory factors and low the occurrence
of oxidative stress in surgical patients [24-26].
In this study, it showed that TNF-a and IL-6 in
the observation group were lower than those in
the control group at T4, T2 and T3, with statisti-
cal differences, indicating that DEX significant-
ly reduced the inflammatory response in vivo,
which was consistent with the above research-
es. Hence, it was suggested that DEX is likely to
produce protection by weakening inflammation
responses in patients with lung injury.

In our study, the A-aDO, and Ol of patients were
dynamically observed. At T1, T2 and T3, the
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observation group showed lower A-aDO, than
the control group, but higher Ol with statistical
differences, indicating that DEX could stabilize
the blood flow and improve the Ol of patients.
The cause of pulmonary arterial pressure and
oxygenation index changes was mainly includ-
ing the lung atrophy in patients with lung injury
due to injury, ischemia and hypoxia in the lung
tissue resulted by the blood shunt in the lung
[27]. With the improvement of technology,
mechanical ventilation effectively improves
the oxygen supply of patients, but still 10% of
the patients suffer from hypoxemia [27].
Researches also reveal that DEX can effective-
ly improve the Ol of surgical patients and
reduce blood flow shunt in lung [16, 28]. Which
were consistent with our results, suggesting
that DEX can improve oxygen supply and stabi-
lize blood flow in patients.

In this study, it was found that the alleviation of
pain in the observation group using DEX was
more obvious than that in the control group,
which was related to the good analgesic effect
of DEX. One previous published study reported
that the sedative effect of DEX is a biological
effect through the stimulation of locus coerule-
us a2 receptor, but its analgesic mechanism is
not clear, which may be related to the combined
action of central analgesia and peripheral anal-
gesia [29-31]. Since the analgesia of DEX can
be achieved by a variety of mechanisms, its
clinical analgesic effect is satisfactory.

Our study demonstrated that the incidence of
postoperative complications in the observation
group (5.40%) was lower than that in the con-
trol group (27.03%), suggesting that DEX effec-
tively reduced the occurrence of postoperative
complications. In terms of postoperative com-
plications, previous studies have found that
high-dose DEX can significantly improve the
tidal volume, reduce inflammatory response of
surgical patients, and thus reduce pulmonary
edema and pulmonary infection [32]. Another
study also demonstrated that DEX plays roles
in reducing the duration of ischemia reperfu-
sion of lung tissue, reducing inflammatory
response and decreasing postoperative com-
plications [11].

The sample size of this study is small and needs
to be further enlarged to at least 80 cases in
each group. Besides, it is necessary to further
prolong the observation duration to study the
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Table 7. Comparison of postoperative complications (n, %) [4] Huang SQ, Zhang J, Zhang XX, Liu
Observation Control L, Yu Y, Kang XH, Wu XM and Zhu

ltem X2/t P SM. Can dexmedetomidine im-

group (n=37) group (n=37) prove arterial oxygenation and in-

Atelectasis 0(0.00) 2 (5.40) trapulmonary shunt during one-

Pulmonary infection 1(2.70) 2 (5.40) lung ventilation in adults undergo-

Pleural effusion 1(2.70) 3(8.11) ing thoracic surgery? A meta-anal-

) ysis of randomized, placebo-con-

Hypoxemia 0(0.00) 2(540) trolled trials. Chin Med J (Engl)

Secondary intubation 0 (0.00) 1(2.70) 2017; 130: 1707-1714.

Total occurrence rate 2 (5.40) 10 (27.03) 6.950 0.008 [5] Zhang Q, Wu D, Yang Y, Liu T and
Liu H. Effects of dexmedetomidine
on the protection of hyperoxia-in-

postoperative recovery of the patients for 5 duced lung injury in newborn rats. Int J Clin Exp

years. Pathol 2015; 8: 6466-6473.

[6] ChiXJ, Wei XX, Cao WL, Guan JQ, Yu XF, Wang

To sum up, compared with singly use of YH, Li X and Cai J. Dexmedetomidine amelio-

mechanical ventilation, DEX combination thera- rates acute lung injury following orthotopic au-

py effectively reduces the level of inflammatory tologous liver transplantation in rats probably
factors in patients with traumatic ALI, stabilizes by inhibiting Toll-like receptor 4-nuclear factor

intraoperative hemodynamics, improves Ol, kappa B signaling. J Transl Med 2015; 13:

and reduces postoperative pain and postoper- 190. ] ]

ative complications. Therefore, it is worthy of [7] igz;:r'\éa' ﬁgig?f‘?&f%yg:g';;énzh%ﬁlz
clinical application. DS. The effect of positive end-expiratory pres-
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