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Background: Lung resection and one lung ventilation (OLV) during video-assisted thor-
acoscopic surgery (VATS) may lead to acute lung injury. Dexmedetomidine (DEX), a highly
selective a, adrenergic receptor agonist, improves arterial oxygenation in adult patients
undergoing thoracic surgery. The aim of this pilot study was to explore possible mechanism
related to lung protection of DEX in patients undergoing VATS.

Patients and Methods: Seventy-four patients scheduled for VATS were enrolled in this
study. Three timepoints (before anesthesia induction (Ty), 40 min after OLV (T;), and 10 min
after two-lung ventilation (T,)) of arterial blood gas were obtained. Meanwhile, lung
histopathologic examination, immunohistochemistry analysis (occludin and ZO-1), levels
of tumor necrosis factor (TNF)-o and interleukin (IL)-6 in lung tissue and plasma, and
activation of phosphoinositide-3-kinase (PI3K)/AKT/hypoxia-inducible factor (HIF)-1a sig-
naling were detected. Postoperative outcomes including duration of withdrawing the pleural
drainage tube, length of hospital stay, hospitalization expenses, and postoperative pulmonary
complications (PPCs) were also recorded.

Results: Sixty-seven patients were randomly divided into DEX group (group D, n=33) and
control group (group N, n=34). DEX improved oxygenation at T; and T, (group D vs group
N; T;: 191.8 + 49.8 mmHg vs 159.6 + 48.1 mmHg, P = 0.009; T,: 406.0 mmHg [392.2—
423.7] vs 374.5 mmHg [340.2-378.2], P = 0.001). DEX alleviated the alveolar capillary
epithelial structure damage, increased protein expression of ZO-1 and occludin, inhibited
clevation of the expression of TNF-o and IL-6 in lung tissue and plasma, and increased
protein expression of p-PI3K, p-AKT and HIF-1a. Dex administered had better postoperative
outcomes with less risk of PPCs and hospitalization expenses as well as shorter duration of
withdrawing the pleural drainage tube and length of hospital stay.

Conclusion: Activation of PI3K/Akt/HIF-1a signaling might be involved in lung protection
of DEX in patients undergoing VATS.
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Introduction

In 2018, Iung cancer was the most prevalent cancer and the leading cause of cancer-
related death worldwide.! Thoracic surgery for lung cancer has evolved to video-
assisted thoracoscopic surgery (VATS).? With increasing worldwide use since the
1990s, VATS is an advanced minimally invasive technique that could provide preci-
sion in thoracic surgical oncology.” Owing to its multi-factor, to achieve the best

submit your manuscript

Dove n

http:

in 3

Drug Design, Development and Therapy 2020:14 5155-5166 5155

© 2020 Thu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-6559-6162
mailto:yanning_qian@163.com
mailto:gcjalch@126.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Zhu et al

Dove

results from “precision surgery”, there is the necessity to
improve the treatment of a single individual patient with
thoracic cancer.” Several causative mechanisms can trigger
lung injury in VATS, including oxidative and capillary shear
stress in the dependent lung and duration-dependent ische-
mia-reperfusion injury due to re-expansion, as well as sur-
gical resection, of the independent lung.* Increased levels of
pulmonary inflammatory markers in both the dependent and
non-dependent lungs contribute to postoperative pulmonary
complications after lung resection surgery.’

Lung resection during VATS lobectomy could cause
endothelial glycocalyx layer degradation, destruction of
normal vascular permeability, and eventual acute lung
injury (ALI) appearance.® Furthermore, one-lung ventila-
tion (OLV), which has become necessary for improving
surgical exposure with increased VATS use, can also con-
tribute to ALI development.” Upregulation of lung proin-
flammatory mediators and neutrophils may cause epithelial
barrier breakdown due to decreased occludin and ZO-1
protein expression with increased leakiness, which induces
pulmonary edema and subsequent pathological changes.®’
ALlI-related pulmonary edema and the resulting intrinsic
inflammatory process are the leading mortality cause after
thoracic surgery and significantly reduces the 1-year sur-
vival rate."’

Dexmedetomidine (DEX) is a highly selective a, adre-
nergic receptor agonist with current clinical use. DEX has
pulmonary protective benefits in lung injury cases through
its effect on pulmonary vascular ischemia-reperfusion
injury and inflammatory cytokine release.!' Further, DEX
improves arterial oxygenation during OLV and decreases
the recovery phase duration and postoperative complica-
tions in adult patients undergoing thoracic surgery.'? '
However, the underlying molecular mechanism of DEX-
related protective effects on post-VATS lung injury
remains unclear. In a rat model of thoracic surgery, DEX
was found to inhibit interleukin (IL)-6 and tumor necrosis
factor (TNF)-a production in pulmonary inflammation
development and progression.'> Furthermore, in an
obstructive jaundice rat model, DEX can reduce TNF-a
and IL-6 levels, as well as attenuate lung injury through
the phosphatidylinositol 3-kinase (PI3K)/Akt/hypoxia-
inducible factor (HIF)-lo signaling pathway.'® Based on
these findings, we hypothesized that DEX can improve
intraoperative oxygenation and hospital outcomes by inhi-
biting excessive inflammatory response, ameliorating lung
injury, and increasing tight junction protein expression in
patients undergoing VATS.

Patients and Methods

Patient Ethics and Enrollment

In accordance with the CONSORT statement, the present
prospective randomized controlled trial was approved by
the ethics committee of the First Affiliated Hospital of
Nanjing Medical University (2019-SR-514), and written
informed consent was provided by all patients. The trial
was registered prior to patient enrollment in the Chinese
Clinical Trial Registry (ChiCTR2000031101). A total of
74 adult patients undergoing VATS for right lung cancer
between April 1, 2020 and June 30, 2020 were included in
the study. Inclusion criteria: (1) patients between 18~65
years old; (2) patients with American Society of
Anesthesiology (ASA) Physical Status I~II; (3) patients
with body mass index (BMI) between 18.5~28 kg/m?.
Patients who met any of the following criteria were
excluded from the study: (1) patients declined to partici-
pate in this research; (2) patients with known allergy to the
study drugs; (3) patients with severe cardiac disease,
including history of myocardial infarction, arrhythmias,
bradycardia [heart rate (HR)<45 beats/min], second- and
block;
patients on treatment with o, agonists; (5) patients with

third-degree atrioventricular (4) hypertensive
severe neuropsychiatric disease, long-term alcohol, opioid,
or sedative hypnotic drug addiction and dependency his-
tory; (6) patients with serious renal, hepatic, or pulmonary
diseases. Furthermore, patients who met any of the follow-
ing criteria were excluded from the statistical analysis: (1)
patients who finally received thoracotomy; (2) patients
with pulse oxygen saturation (SpO,) less than 90% during
OLYV, two-lung ventilation was reinstated; (3) patients who
had blood loss >1000 mL during surgery; (4) patients who
died within 24 h after surgery.

Randomization and Masking

Enrolled patients were randomly allocated to the control
group (group N) or the DEX group (group D) using
a randomized sequence generated by a computer. These
patients received saline solution or DEX infusion, respec-
tively. A concealed envelope for random allocation was sent
to the anesthesia nurses who prepared the saline or DEX.
Therefore, the anesthesiologists, nurses, surgeons, and
patients were blinded to the treatment allocation. 200 pg of
DEX was diluted in 50 mL of saline before infusion. In
group D, infusion of DEX (1.0 pg/kg loading dose for a 10-
min infusion before anesthesia induction, followed by con-
tinuous infusion of 0.5 pg-kg '-min~' maintenance until 30
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min before the end of operation) was administered. The
patients in group N received saline at the same infusion rate.

Anesthesia

After entering the operating room, the radial artery and
peripheral vein of the upper arm, opposite to the operation
side, were accessed by an anesthesiologist and nurse staff.
Intraoperative monitoring, including electrocardiogram,
heart rate (HR), SpO,, invasive blood pressure (IBP),
bispectral index (BIS, Aspect Medical systems, USA)
and end-tidal carbon dioxide tension (etCO,) measure-
ments, was standardized for all patients before induction
These
a Mindray T6 monitor (Mindray Inc., Shenzhen, China).

of anesthesia. indices were measured using

All patients received 5 L/min oxygen using a simple
facemask. Anesthesia was induced with intravenous mid-
azolam 0.05 mg/kg, fentanyl 4 pg/kg, etomidate 0.3 mg/
kg, and cis-atracurium 0.2 mg/kg. A left-side double-
lumen tube was inserted. Correct position was assured by
auscultation and fiberoptic bronchoscopy before and after
the patient was set in the lateral decubitus position.
Intermittent positive pressure ventilation was used during
OLV with a tidal volume of 6 mL/kg. The fraction of
inspired oxygen was set at 0.8 during operation. An addi-
tional 4 pg/kg fentanyl was injected before the incision.
The respiratory rate was adjusted to maintain an etCO, of
3545 mmHg. During maintenance of anesthesia, all
patients were given a total-intravenous infusion of remi-
fentanil 6-12 pg-kg '-h™", propofol 4-6 mg '-kg-h™', cis-
atracurium 0.1-0.2 mgkg -h™' to maintain the BIS
between 40 and 60. Flurbiprofen (50 mg) and azasetron
(10 mg) were administered, followed by skin infiltration of
0.75% ropivacaine at the incision sites. The double-lumen
tube was removed after the patients fully recovered at the
post-anesthesia care unit.

The systolic blood pressure levels of patients were kept
higher than 100 mmHg. If these levels dropped below 100
mmHg, vasopressors were administered at the discretion
of the anesthesiologist. If HR was lower than 50 bpm,
atropine was administered. Patients with a hemoglobin
concentration lower than 8 g/dL were given red blood
cell transfusions.

Outcome Measures

These outcomes included the following: (1) Three time-
points of arterial blood gas (ABG) samples were obtained,
they are before anesthesia induction (Tj), 40 min after
OLV (T;), and 10 min after two-lung ventilation (T5),

respectively; (2) lung histological analysis and protein
expression of occludin and ZO-1; (3) levels of inflamma-
tory response markers (IL-6 and TNF-a) in blood and lung
tissue; (4) PI3K/Akt/HIF-lo signaling pathway-related
proteins; (5) postoperative outcomes including duration
of withdrawing the pleural drainage tube, length of hospi-
tal stay, hospitalization expenses, and postoperative pul-
monary complications (PPCs). PPCs included purulent
sputum, low fever, prolonged air leakage, and pulmonary
embolism. All patients were followed-up until discharge.

Histopathologic Examination

About 40 min after the operation, right lobe tissues collected
from the surgical resection of lung tissue away from cancer-
ous position (more than 2 cm) were sampled in 12 randomly
selected patients within each group. The tissue was immersed
in 4% paraformaldehyde overnight to be fixed. Then, it was
embedded in paraffin and sectioned (5 um slices). The sec-
tions were stained with hematoxylin and eosin (H&E) at 22°
C for 30 sec, and then evaluated with a microscope by
a pathologist who was blinded to the groups. The lung
histological injury manifested as the intra-alveolar conges-
tion, intra-alveolar hemorrhage, intra-alveolar, and interstitial
infiltration of leukocytes and the thickness of the alveolar
wall/hyaline membrane. The severity of lung injury was
quantified by a 4-point scoring system provided by Kozian
etal.'” Scoring standards were: 0, no change or very mild; 1,
slightly changes; 2, moderate changes; and 3, severe
changes. The summation of four scores was lung injury
score. All slides were observed and imaged under a Nikon
eclipse 801 light microscope (Nikon Corporation, Japan).

Immunohistochemistry

Lung sections were deparaffinized and rehydrated in an
ethanol series. Endogenous peroxidase activity was blocked
by 3% H,0, for 30 min. Sections were incubated at 4°C
overnight with primary antibodies, including rabbit polyclo-
nal antibodies against occludin (1:100, Abcam, USA) or ZO-
1 (1:100, Abcam, USA). After a few washes, a biotinylated
goat anti-rabbit antibody (1:100) was added, and samples
were incubated at 37°C for 30 min before incubated with
an ABC kit treatment. Freshly prepared 3,3-diaminobenzi-
dine (DAB) (Golden Bridge International, Mukilteo, WA)
was used to visualize the antigen—antibody reaction. Brown
granules represented positive cells and were analyzed by two
independent observers who were blinded to the experiment.
Ten high-magnification fields were randomly selected at x
200 magnification within each field.
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Enzyme-Linked Immunosorbent Assay
After plasma had been collected at three time points as
well as supernatant from homogenized lung tissue, con-
centration analyses of IL-6 and TNF-a were detected by
ELISA kits (Nanjing, Yfxbio Biotechnology, Nanjing,
China). All samples from each patient were detected
strictly according to the manufacturer’s instructions by
the same investigator blinded to randomization. The
Lung tissue supernatants from each group were collected
after pretreatment with phosphate-buffered saline (PBS)
centrifuged at 3000 round per minute for 20 min to extract
total protein. The absorbance was measured at 450 nm.
Protein concentrations in the experimental samples were
extrapolated from a standard curve.

Western Blot Analysis of Lung Tissue

The lung tissue obtained from two groups, frozen in liquid
nitrogen and stored at —80°C, were homogenized in 1%
PMSF and RIPA lysis buffer containing protease inhibitors.
Then, samples were centrifuged at 12,000xg (4°C) for 20
min, and the supernatants were harvested. Protein concentra-
tions were measured by a bicinchoninic acid assay (BCA) kit.
Proteins were separated using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Then, the
protein bands were transferred onto a polyvinylidene difluor-
ide (PVDF) microporous membrane (Millipore, USA). After
being blocked with 5% non-fat milk for 1 h at room tem-
perature, the membrane was incubated overnight at 4°C with
primary antibodies: polyclonal rabbit anti-phospho-PI3K
(1:500), polyclonal rabbit anti-human HIF-1a (1:1000),
polyclonal rabbit anti-human phospho-Akt (1:1000). An
antibody against GAPDH (1:5000) was administered as an
internal standard. The membranes were incubated with the
corresponding  secondary antibody (Cell Signaling
Technology, USA) (1:8000) for 1 h at room temperature.
The immunoblots were detected via standard ECL
(Millipore, USA) and the band intensity was quantified in
Image J software (Version 1.44p, National Institutes of
Health, Bethesda, MD, USA).

Statistical Analysis

According to the pilot experiment with a sample size of 10
patients in each group, we obtained the arterial oxygen
concentration at T, (the mean difference between two
groups: 39.5 mmHg). For two-tailed statistical analysis,
28 patients were needed in each group with a risk of type-I
error of 0.05 and power of 0.8. To compensate for 20% of

the possible dropouts approximately, 70 patients were
enrolled in this study. Continuous data were expressed as
mean + standard deviation (SD) or medians with 95%
confidence interval (CI) after checking the normality
with the Shapiro—Wilk test. The chi-square test or Fisher
exact test was employed to analyze dichotomous data. The
Student’s #-test was used for normally distributed contin-
uous data. The Mann—Whitney U-test was used for skew-
ness ordinal data. Statistical significance was assumed as
P<0.05. All statistical analyses were performed using the
SPSS 22.0 statistical software.

Results

Characteristics of the Study Participants
Figure 1 shows the CONSORT diagram of the inclusion of
patients. Seventy-four patients met the inclusion criteria;
among them, four patients declined to participate. Among
the remaining 70 patients, three were excluded due to surgical
plan changes. We analyzed data from 33 patients in group
D and 34 patients in group N. There was no significant
between-group difference in the baseline characteristics
(Table 1).

Further, there were no between-group differences in
the demographic characteristics and intraoperative profiles,
including surgical type, OLV duration, blood loss amount,
and administered fluid amount; however, patients in group
D had a higher hypertension rate (12, 36.4% vs 5, 14.7%;
P =0.04) (Table 1).

DEX Improves Intraoperative

Oxygenation

Figure 2 shows the results of blood gas analysis in three
stages. Based on consensus baseline profiles, we found
that oxygenation, expressed as PaO, was more favorable
at 40 post-OLV min (T,) in group D than that in group
N (191.8 + 49.8 mmHg vs 159.6 + 48.1 mmHg, P =
0.009). Compared with group N, group D showed
a significant improvement in the PaO, at 10 min after two-
lung ventilation (T;) (406.0 mmHg [392.2-423.7] vs 374.5
mmHg [340.2-378.2], P = 0.001).

DEX Protects Against Lung Tissue

Morphological Injuries

In group N, lung tissue exhibited breakage of pulmonary
epithelial barrier (PEB) integrity, erythrocyte exudation and
inflammatory cell infiltration in the interstitial and alveolar
space, edema, and thickened alveolar wall (Figure 3B).
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Patients scheduled for VATS (N = 74)

Enrollment

Four patients declined to participate this

research

Randomized (N = 70)

A 4

Allocated to group D

Received allocated intervention (N = 35)

\ 4

Discontinued intervention: change of

surgical plan (N = 2)

A 4

Analyzed
(N =33)

Figure | Patients flow chart for the study.

Allocation

\ 4

Allocated to group N

Received allocated intervention (N = 35)

\ 4

Discontinued intervention: change of

surgical plan (N = 1)

A 4

Analyzed
(N =34)

Note: A total of 67 patients (33 patients in Group D and 34 patients in Group N) who underwent video-assisted thoracoscopic surgery for right lung cancer were allocated

and analyzed in the present study.

Intraoperative DEX administration ameliorated lung tissue
damage as indicated by better aerated alveoli; decreased
neutrophil infiltration; and reduced intra-alveolar conges-
tion, exudates, and hemorrhage (Figure 3A). As shown in
Figure 3C, the lung injury scores were 1.88 + 0.64 and 1.25
+ 0.46 in group N and D, respectively (P = 0.045).

DEX Increases Occludin and ZO-|

Protein Expression

TJs, mainly occludin and ZO-1, are crucially involved in
PEB integrity. As shown in Figure 4, VATS induced
a decrease in occludin (Figure 4C) and ZO-1 (Figure 4D)
levels as indicated by light brown pathological stains.
Group D showed increased occludin (Figure 4A) and

Z0O-1 (Figure 4B) levels, which were shown as increased
brown granules that made the image color dark brown and
indicated more pronouncedly positive cells. These results
suggested that DEX infusion reversed VATS-induced
reduction in pulmonary occludin and ZO-1 expression.

DEX Decreases IL-6 and TNF-a Protein

Expression in Plasma and Lung Tissues

Pro-inflammatory cytokines, including IL-6 and TNF-q, are
critically involved in PEB integrity disruption. As shown in
Figure 5A and B, IL-6 and TNF-a levels in group N were
significantly higher than those in group D at T; (IL-6: 7.25 +
1.86 pg/mL vs 5.34 + 0.91 pg/mL, P = 0.004; TNF-a: 46.8
pg/mL [40.6-57.7] vs 36.9 pg/mL [31.7-44.1], P=0.02) and
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Table | Demographics and Intraoperative Profiles of
Participants in the Two Groups
Group Group P value
D (N=33) N (N=34)
Age (yr) 54.6 £ 10.2 559 +88 0.58
Gender (M/F) 13/20 12/22 0.73
Weight (kg) 613+ 117 624 £ 105 0.69
ASA class (I/1l) (N) 10/23 8/26 0.66
Preoperative PaO, 87.79 + 7.66 85.09 + 8.77 0.19
Operation type N (%) 0.60
Lobectomy 13 (39.4) 16 (47.1)
Segmentectomy 15 (45.5) 13 (38.2)
Wedge resection 5(15.2) 5(14.7)
Comorbidities N (%)
Hypertension 12 (36.4) 5(14.7) 0.04*
Diabetes 3(9.1) 4 (11.8) 1.0
Others 4 (12.1) 3(88) 0.97
OLV duration (min) 1127 £5835 | 117.9 £60.22 | 0.72
Blood loss (mL) 94.5 £ 61.03 88.7 + 58.44 0.69
Fluid administered (mL) 1120.4 £3589 | 1108.3 £ 6734 | 0.93

Notes: Values are mean = SND, number or percentage of patients. *P < 0.05,
compared with group N.

Abbreviations: ASA, American Society of Anesthesiologists; OLV, one-lung
ventilation.

T, (IL-6: 7.03 pg/mL [6.00-8.43] vs 4.82 pg/mL [4.11-5.04],
P < 0.01; TNF-a: 46.9 pg/mL [40.6-56.3] vs 32.8 pg/mL
[26.9-40.6] pg/mL, P = 0.002). However, there was no
significant between-group difference in IL-6 and TNF-a
levels at T, (P>0.05). These findings suggest that VATS
significantly increased plasma IL-6 and TNF-a levels at T,
and T,, which was attenuated by treatment with DEX.

As shown in Figure 5C and D, pulmonary IL-6 and TNF-a
protein levels were significantly decreased in group D (IL-6:
8.70 £ 1.62 pg/mL vs 12.18 £ 2.20 pg/mL, P = 0.003; TNF-a:
59.55 + 7.85 pg/mL vs 78.48 + 11.44 pg/mL, P = 0.002,

600 okl

I 1 Group D
= =33
C ** Group N
4001
£ — + M N=34
3 e
N
S 200 %
o
£ -
0 T T T
T T T

Figure 2 PaO, changes at three different timepoints in the two groups.

Notes: The Box and Whisker plot represent the range interquartile and the
outliers, respectively. TO: anesthesia induction; T1: 40 min after OLV; T2:10 min
after two-lung ventilation. u-test or t-test, **P < 0.0l vs Group N; the difference
was statistically significant (33 patients in Group D; 34 patients in Group N).

respectively), which were consistent with the plasma results.
These results suggest that DEX infusion could ameliorate the
production of pro-inflammatory factors in local lung tissue.

DEX Promotes p-PI3K, p-Akt, and HIF-la

Expression

PI3K/Akt/HIF-1a signaling pathway has been shown to
suppress the inflammatory response.'® Figure 6A shows
the Western blotting images of p-PI3K, p-Akt, and HIF-1a
expression in the lung tissues from 16 patients. We found
that treatment with DEX increased p-PI3K and p-Akt
protein levels (Figure 6A—C, all P<0.05).

HIF-1a is the initiating factor for the endogenous pro-
tective mechanism and a downstream PI3K/Akt target.
Compared with group N, group D showed a significant
increase in HIF-1a expression (Figure 6A and D, P < 0.05).

Postoperative Outcomes

As shown in Table 2, group D showed more favorable
hospital outcomes, including a decreased duration of with-
drawing the pleural drainage tube (group D vs group N; 2
d [2.31-2.44] vs 3 d [2.78-2.99], P < 0.001) and length of
hospital stay (group D vs group N; 7.0 d [6.76-7.14] vs 8.0
d[7.71-8.13], P <0.001). Meanwhile, group N had a higher
incidence of PPCs than group D (35.3% [12 of 34] vs 12.1%
[4 of 33], P = 0.03). Among them, 23.5% of patients in
group N developed purulent sputum compared with 6% in
group D (P = 0.096). In addition, two patients in both groups
developed low fever (P = 1.00). No patients in group
D appeared prolonged air leakage and pulmonary embolism,
while the incidence rates in group N were 2.9% (P = 1.00).

Discussion

Inflammatory responses, which are characterized by neu-
trophil infiltration and alveolar structural damage, are the
main lung injury cause.'® Excessive upregulation of proin-
flammatory mediators and neutrophil infiltration into lungs
is a progressive injury process, which can progress from
ALI to systemic inflammatory response syndrome and
multiple organ dysfunction syndrome.'*° TNF-q, which
is an initiating factor in ALI, is involved in the induction
and perpetuation of inflammatory reactions. This subse-
quently enhances leukocyte recruitment to the inflamma-
tion site.”! Lung recruitment after complete lung collapse
leads to increased TNF-a and IL-6 expression in the col-
lapsed lung. Lung re-expansion and re-ventilation after 1
or 3 h of OLV in a rat model were found to induce
cytokine release, neutrophil recruitment into the alveolus,
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Figure 3 DEX treatment ameliorated pathological changes in lung tissue.

Group D Group N

Cc

Notes: (A and B) Hematoxylin and eosin staining (magnification, *200) of the pulmonary epithelial barrier in Group D and Group N. (C) Lung Injury Score of each group.
DEX, dexmedetomidine. t-test, *P < 0.05 vs Group N; the difference was statistically significant (12 patients in each group). Data are presented in the histogram as mean *
standard deviation. Arrows showed inflammatory cell infiltration in the interstitial and alveolar space.

Occludin

Figure 4 DEX increased expression of occludin and ZO-| proteins in pulmonary epithelial barrier.
Notes: (A and C) The location and alteration of occludin expression in lung tissue in Group D and Group N by immunohistochemical staining. (B and D) The location and
alteration of ZO-1 in lung tissue in Group D and Group N by immunohistochemical staining. Brown granules represented positive cells (12 patients in each group). Arrows

showed occludin or ZO-1 positive cells.

and protein extravasation.”? Previous animal model studies
have reported that DEX has a lung-protective effect invol-
ving IL-6 inhibition and endothelin-induced inflammatory
reaction.”>>> We observed that DEX decreases the plasma

and lung tissue levels of IL-6 and TNF-o during the
perioperative period.

DEX partially attenuates lung injury by activating
PI3K/Akt/HIF-1a signaling pathway and significantly
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Figure 5 DEX decreased inflammatory cytokine production in plasma and lung tissue.

T
Group N

Group D

D

Notes: (A and B) ELISA was performed to detect the inflammatory cytokines in three different time points in plasma. Expressions of IL-6 (A) and TNF-a (B) at Ty, T}, and
T, in plasma of two groups were presented (12 patients in each group). Levels of pulmonary IL-6 (C) and TNF-a (D) in two groups were demonstrated (eight patients in
each group). Data were representative of four independent experiments and expressed as mean * standard deviation (SD). The Box and Whisker plot represent the range
interquartile and the outliers, respectively. To: anesthesia induction; T : 40 min after OLV; T,:10 min after two-lung ventilation. u-test, *P < 0.05, **P < 0.0l vs GroupN; the

difference was statistically significant.

reduces serum inflammatory cytokine levels in rat models
of obstructive jaundice.'® Prolonged infiltration of inflam-
matory factors damages TJ function, which increases
alveolar capillary wall permeability, plasma protein exuda-
tion, and diffuse alveolar damage. This eventually causes
pulmonary edema.”® Our results suggest that DEX may
decrease inflammatory cytokine expression and improve
PEB integrity by activating the PI3K/Akt/HIF-1a pathway.

PI3K/Akt signaling pathway, which is ubiquitous in
cells, regulates the inflammatory microenvironment and
prevents infiltration of inflammatory cells in vivo.?’® It
plays a major role in regulating HIF-la accumulation
through epidermal growth factor receptor and PI3K
activation.”” HIF-1a subunit degradation is inhibited in
a hypoxic environment, which promotes HIF-1 transfer

into the nucleus to regulate the transcription of multiple
genes. Further, HIF-1a could allow continuous cell dif-
ferentiation and promote angiogenesis under hypoxia,
which is important for the vascular system. Therefore,
HIF-la can maintain tissue and cell stability under
hypoxic conditions. Studies have shown that increased
HIF-1a levels can dampen the inflammatory response
and reduce tissue damage in animal models.>**' DEX
treatment can alleviate lung ischemia-reperfusion lung
injury in rats by activating the PI3K/Akt signaling path-
way at the transcriptional level.>* Further, DEX could
protect organs by activating multiple signaling pathways
as follows: a) activation of cell survival kinase; b) reg-
ulation of cell death by apoptosis; and ¢) regulation of

inflammation reaction and oxidative stress.>>** In the
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Figure 6 DEX promoted the expressions of p-PI3K, p-Akt, and HIF-la.

Notes: (A) The Western blotting images of p-PI3K, p-Akt, and HIF-1a expression in the lung tissues from 16 patients. (B) Grayscale scanning result of p-PI3K in the two
groups. (C) Grayscale scanning result of p-Akt in two groups; (D) Grayscale scanning result of HIF-1a in two groups. t-test, *P < 0.05, **P < 0.01 vs Group N; the difference

has a statistical significance (eight patients in each group).

present study, we found that DEX infusion activated the
PI3K/Akt/HIF-1la pathway, which contributes to inhibi-
tion of the inflammatory responses.

TJs located between the alveoli and fluid-filled tissue,
including cytoplasmic and transmembrane proteins, are
responsible for intercellular sealing and regulation of alveo-
lar epithelial permeability.”> ZO-1 and occludin are two
characteristic proteins within TJs that are crucially involved
in maintaining barrier function and integrity. During inflam-
matory responses, several inflammatory factors, including
IL-6 and TNF-0, stimulate neutrophil activation, which
stimulates elastase (NE) and myeloperoxidase (MPO)
release. Further, prolonged inflammatory factor infiltration
can destroy TJ function and alveolar epithelial barrier,
which causes plasma protein exudation and eventually pul-
monary edema.’®>” Damage to the alveolar epithelial bar-
rier could induce the above-mentioned pathogenesis.’” >’
Further, hypoxia-related inflammatory cytokines may

contribute to the development of high-altitude pulmonary
edema.*® A mouse model study reported that DEX signifi-
cantly increased ZO-1 expression; further, it remarkably
attenuated lung injury and pulmonary microvascular hyper-
permeability induced by renal ischemia-reperfusion.*' We
found that without DEX administration, pulmonary injury
pathogenesis is characterized by increased pulmonary per-
meability and intra-alveolar congestion, exudates, hemor-
rhage, diffuse infiltration of various inflammatory cells, and
pulmonary atelectasis. Furthermore, infusion with DEX
increased occludin and ZO-1 expression, as well as partially
maintained PEB integrity.

Regarding the beneficial effects of intraoperative DEX
infusion on inflammatory responses and oxygenation in
patients undergoing VATS, there were significant between-
group differences in the postoperative outcomes. According
to our results, patients treated with DEX showed an improved
duration of withdrawal of the pleural drainage tube and
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Table 2 Postoperative Outcomes

Variables Group D Group N P value
N =33 N =34
Duration of withdrawing the pleural drainage tube (d) 2.00 [2.31-2.44] 3.00 [2.78-2.99] < 0.00 | ***
Length of hospital stay (d) 7.00 [6.76-7.14] 8.00 [7.71-8.13] < 0.00|##*
Hospitalization expense (yuan) 65,300 [63,700-67,200] 70,700 [69,600-73,000] < 0.00 | ***
Total incidence of PPCs N (%) 4 (12.1) 12 (35.3) 0.03*
Purulent sputum N (%) 2 (6) 8 (23.5) 0.096
Low fever N (%) 2 (6) 2 (5.9) |
Prolonged air leakage N (%) 0 1 (2.9) |
Pulmonary embolism N (%) 0 1 (2.9) |

Notes: Values are mean * SD or medians with 95% confidence interval (Cl), number or percentage of patients. ***P < 0.001, compared with group N;*P < 0.05, compared

with group N.
Abbreviation: PPCs, postoperative pulmonary complications.

length of hospital stay. Notably, therapy with DEX could
decrease the risks of PPCs hospitalization expenses.
Previous literatures also pointed out that continuous infusion
of DEX could decrease the occurrence of PPCs during the
first seven postoperative days and shorten the length of hos-
pital stay.*** Although the average length of hospital stay
was 7-8 days in the present study, these patients usually
needed 3—4 days approximately to schedule indispensable
preoperative examinations; thus, most patients could dis-
charge within 1 day or so after the removal of the drain.
This study has several limitations. First, this study only
included patients with ASA I-II. Therefore, these findings
cannot be generalized to patients with ASA III-1V, especially
those with pulmonary dysfunction. Moreover, compared to
the traditional procedure in intubated general anesthesia,
VATS lung metastasectomy in non-intubated anesthesia
may have a lesser impact on both immunological and inflam-
matory response.** Herein, our further research will focus on
the effects of DEX on perioperative immunity and stress
response in awake patients with non-intubated anesthesia
for VATS lung metastasectomy. Second, given the general
cancer-promoting activity of catecholamines, DEX can be
postulated to exhibit carcinogen-initiated effects. This has
been reported by laboratory studies on animal and human
cancer cells exposed to o, agonists, which showed pro-
tumoral effects and detrimental effects on innate immune
system cells.**® Although the majority of laboratory evi-
dence is suggestive of the detrimental effect of a, agonists in
cancer surgery, their use could be allowed to reduce patient
exposure to volatile anesthetics and opioids, which are both
implicated in cancer recurrence.*’*® It remains unclear
whether these factors are balanced with respect to clinical
outcomes; however, clinical studies have not reported

beneficial effects on the recurrence risk. This study did not
use long-term follow-up data to investigate the correlation
between DEX use during the perioperative period and the
tumor recurrence risk. Third, we did not employ another
group with a specific inhibitor of the PI3K/Akt signaling
pathway to confirm whether the lung protection mechanism
of DEX is only dependent on the activation of this signaling
pathway. However, given the possible trauma to human self-
protection function, this method is only restricted to animal
trails. Finally, this was a single-center randomized controlled
clinical research; therefore, there is a need for further studies
to address the above-mentioned issues.

In conclusion, DEX administration can protect the
alveolar epithelium barrier, optimize the maintenance of
the oxygenation function of OLV patients, and eventually
improve the hospital outcomes by inhibiting inflammation
response in our pilot study which demonstrate the feasibil-
ity of a large study to confirm its lung-protective effects.
Further, it amplifies occludin and ZO-1 expression possibly
by activating the PI3K/p-Akt/HIF-1a signaling pathway.
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