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INTRODUCTION

Esophageal cancer is one of the most common 
malignant tumors in digestive tract. Most esophageal 
cancer patients are middle-aged and elderly (Mak et 
al., 2010). They often suffer from the malnutrition and 
metabolic disorders, and have many complications 
in circulatory and respiratory systems. The reserve 
function of important organs such as heart and lung 
is poor, and the tolerance to surgery and anesthesia is 
low. The radical esophagectomy is the common used 
method for treating the esophageal cancer (Nishimaki 
et al., 1998). One-lung ventilation (OLV) technology 
is widely used in the radical esophagectomy, which 

can provide a good surgical field. However, OLV can 
increase the intrapulmonary shunt and induce the local 
and systemic inflammatory response, which easily leads 
to the hypoxemia and lung injury, especially in elderly 
patients with pulmonary insufficiency (Ojima et al., 
2007). Therefore, it is particularly important to alleviate 
the pulmonary complications in OLV. Studies have shown 
that, the remote ischemic preconditioning (RIPC) is a kind 
of preconditioning that can mobilize the body’s anti-injury 
ability, and has protective effect on lung injury (Olguner et 
al., 2006; Li et al., 2014). Dexmedetomidine (Dex) is a new 
highly selective adrenergic receptor agonist, which can 
stabilize the hemodynamics (Talke et al., 2000), alleviate 
the stress response (Sulaiman et al., 2012), and inhibit 
the inflammatory response (Bulow et al., 2016). The 
mechanisms of RIPC and Dex in alleviating lung injury 
are different, and it is not clear whether the combination of 
Dex and RIPC has synergistic effect in preventing the lung 
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injury during OLV in radical esophagectomy. This study 
aimed to investigate the protective effect of Dex on lung 
injury during OLV in elderly patients undergoing radical 
esophagectomy with RIPC and explored the related 
mechanism. The objective was to provide a reference 
for clinical application of this strategy. 

PATIENTS AND METHODS

Patients

Fifty-four esophageal cancer patients undergoing 
radical esophagectomy from June 2017 to December 2018 
in The Second Affiliated Hospital of Nantong University 
were enrolled in this study. Their age ranged from 61 to 
75 years, with an average age of 67.41±8.38 years. There 
were 43 males and 11 females. The body mass index 
(BMI) was 22.15±2.73 kg/m2. In American Society of 
Anesthesiologists (ASA) grade, there were 42 cases of 
grade I and 12 cases of grade II. The surgery duration was 
169.52±29.87 min. The OLV duration was 139.73±18.55 
min. The patients were divided into control group, RIPC 
group and RIPC+Dex group, 18 cases in each group. This 
study was approved by the Ethics Committee of The First 
Affiliated Hospital of Nanchang University. All patients 
signed the informed consent.

Inclusion criteria and exclusion criteria

The inclusion criteria were as follows: undergoing 
radical esophagectomy; without history of diabetes, 
obesity, anemia or serious cardiovascular or 
cerebrovascular disease. The exclusion criteria were 
as follows: with incomplete medical records; had the 
radiotherapy, chemotherapy or immunotherapy within 1 
month before surgery; had pulmonary infection within 
2 weeks before surgery. 

Anesthesia and ventilation

After admission for radical esophagectomy, the 
blood pressure, heart rate, electrocardiogram and blood 
oxygen saturation were monitored routinely. The anesthesia 
induction was performed by intravenous injection of 

midazolam (0.05 mg/kg), sufentanil (0.8 μg/kg), propofol 
(1-2 mg/kg), and cisatracurium (0.15 mg/kg). The left 
double-lumen bronchial catheter was intubated and the 
position of the catheter was determined by fiberoptic 
bronchoscopy. The catheter was connected to the anesthesia 
machine for mechanical ventilation. The inspiratory to 
expiratory ratio was 1: 2. The respiratory frequency of two-
lung ventilation was 12-14 times/min, with tidal volume of 
8-10 ml/kg. The respiratory frequency of OLV was 14-16 
times/min, with tidal volume of 6-8 ml/kg. The PETCO2 was 
maintained as 35-45 mmHg. The anesthesia maintenance 
was performed by intravenous infusion of propofol (5-8 
mg/(kg·h)) and intermittent injection of cisatracurium (0.05 
mg/kg) and sufentanil (0.2 μg/kg). During the surgery, the 
mean arterial pressure fluctuation was maintained less than 
20% of the baseline value, with blood oxygen saturation > 
95%, airway pressure < 40 cmH2O and bispectral index of 
40-55. In RIPC group, at 10 min after tracheal intubation, 
the lower limb blood flow was blocked for 5 min, followed 
by restoring for 5 min, repeated for three times, and the 
ischemic preconditioning was performed. In RIPC+Dex 
group, at the time of ischemic preconditioning beginning, 
Dex was infused intravenously at a load of 0.5 μg/kg for 15 
min, and then Dex was infused intravenously at a rate of 
0.5 μg/(kg·h) until the end of surgery. In control group, only 
normal saline with equal volume was infused intravenously. 
After the surgery, the catheter was extubated only after 
the patient’s consciousness was clear and the spontaneous 
breathing was completely restored. The patients were sent 
to anesthesia recovery room for observation. The oxygen 
inhalation by mask and routine monitoring were performed.

Observation indexes

Ten milliliter of blood sample from radial artery 
was collected immediately before OLV beginning 
(T1), at 60 min of OLV (T2) and at the end of surgery 
(T3), respectively. Four milliliter of blood sample was 
analyzed by blood gas analyzer. The oxygenation index 
(OI) and respiratory index (RI) were recorded. Three 
milliliter of blood sample was used to measure the 
oxidative stress indexes. The serum superoxide dismutase 
(SOD) level was measured by xanthine oxidase method 
and the malondialdehyde (MDA) level was measured 
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Comparison of OI and RI among three groups

At T1, there was no significant difference of OI or 
RI among three groups (P > 0.05). At T2 and T3, the OI 
in each group was significantly lower than that at T1, 
respectively (P < 0.05), and that at T3 was significantly 
higher than that at T2 (P < 0.05). At T2 and T3, the RI 
in each group was significantly higher than that at T1, 

respectively (P < 0.05), and that at T3 was significantly 
lower than that at T2 (P < 0.05). Compared with control 
group, the OI in RIPC and RIPC+Dex groups at T2 and T3 
was significantly increased, respectively (P < 0.05), and the 
RI was significantly decreased (P < 0.05). Compared with 
RIPC group, the OI in RIPC+Dex group at T2 and T3 was 
significantly increased, respectively (P < 0.05), and the RI 
was significantly decreased (P < 0.05) (Figure 1).

TABLE I - General information of patients in three groups

Group Control RIPC RIPC+Dex P

n 18 18 18

Age (months) 67.45±8.65 68.32±9.12 66.68±8.44 > 0.05

Gender (n) > 0.05

Male 14 16 13

Female 4 2 5

BMI (kg/m2) 23.82±2.52 22.05±2.17 21.49±3.33 > 0.05

ASA grade (n) > 0.05

I 14 12 16

II 4 6 2

Surgery duration (min) 178.45±27.45 160.78±23.57 167.12±28.12 > 0.05

OLV duration (min) 146.16±18.27 132.62±18.18 140.33±17.83 > 0.05

 BMI, body mass index; OLV, one-lung ventilation.

by thiobarbituric acid method. Three milliliter of 
blood sample was used to measure the inflammatory 
markers. The serum tumor necrosis factor α (TNF-α) 
and interleukin 6 (IL-6) levels were determined using 
the enzyme-linked immunosorbent assay. The kits 
were provided by Nanjing Senbeija Biotechnology Co., 
Ltd. (Nanjing, China). In addition, the postoperative 
complications of all patients were observed.

Statistical analysis

All statistical analysis was carried out using 
SPSS 23.0 software (SPSS Inc., Chicago, USA). The 
enumeration data were presented as number, and 

were compared using χ2 test. The measurement data 
were presented as mean±standard deviation, and were 
compared using single-factor analysis of variance with 
SNK-q test. A P value of less than 0.05 was considered 
statistically significant.

RESULTS

General information of patients

The general information of patients in three groups 
was shown in Table I. There was no significant difference 
in age, gender, BMI, ASA grade, surgery duration or 
OLV duration among three groups (P > 0.05).
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FIGURE 2 - Comparison of serum SOD and MDA levelsamong three groups. #P < 0.05 compared with T1; *P < 0.05 compared 
with T2; aP < 0.05 compared with control group; bP < 0.05 compared with RIPC group. SOD, superoxide dismutase; MDA, 
malondialdehyde.

Comparison of serum SOD and MDA levels among 
three groups

In each group, there was no significant difference 
of serum SOD or MDA level between T1 and T2 (P > 
0.05). Compared with T1 and T2, in each group the SOD 
level at T3 was significantly decreased, respectively (P 
< 0.05), and the MDA level was significantly increased 
(P < 0.05). At T1 and T2, there was no significant 

difference in serum SOD or MDA level among three 
groups (P > 0.05). At T3, compared with control 
group, the SOD level in RIPC and RIPC+Dex groups 
was significantly increased, respectively (P < 0.05), 
and the MDA level was significantly decreased (P < 
0.05). Compared with RIPC group, the SOD level in 
RIPC+Dex group was significantly increased (P < 
0.05), and the MDA level was significantly decreased 
(P < 0.05) (Figure 2).

FIGURE 1 - Comparison of OI and RI among three groups. #P < 0.05 compared with T1; *P < 0.05 compared with T2; aP < 0.05 
compared with control group; bP < 0.05 compared with RIPC group. OI, oxygenation index; RI, respiratory index.
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Postoperative pulmonary complications

There was no serious adverse pulmonary reaction in 
the three groups during the surgery. After surgery, there 
were 7, 3 and 1 cases of pulmonary infection in control, 
RIPC and RIPC+Dex groups, respectively, with incidence 
of 38.89, 16.67% and 5.56%, respectively. There was 
significant difference among three groups (χ2 = 6.393; 
P = 0.041). In all patients, the pulmonary infection was 
cured aftertreatment.

DISCUSSION

OLV is often used for anesthesia in radical 
esophagectomy. However, the long-term OLV and special 
surgical position and will cause the ischemia-reperfusion 
injury of lung (Gothard, 2006). RIPC is a method to 
mobilize the body to resist injury by utilizing endogenous 

protective phenomena after reperfusion injury. At present, 
it is known that RIPC has certain protective effect on 
heart, lung, kidney and other organs, but the specific 
mechanism is not clear (Zhou et al., 2010; Pedersen et 
al., 2012). Dex is an α2 adrenergic receptor agonist, 
which can improve microcirculation during pulmonary 
ventilation, thereby alleviating the lung injury (Gu et al., 
2011). This study investigated the protective effect of Dex 
on lung injury during OLV in elderly patients undergoing 
radical esophagectomy with RIPC. Results showed that, 
compared with control group, the OI in other two groups 
at T2 and T3 was significantly increased, and the RI was 
significantly decreased. Compared with RIPC group, the 
OI in RIPC+Dex group was significantly increased, and 
the RI was significantly decreased. This indicates that, 
the single RIPC has the protective effect on lung injury 
during OLV, and Dex can further enhance the protective 
effect of RIPC.

Comparison of serum TNF-α and IL-6 levels among 
three groups

At T1, there was no significant difference in serum 
TNF-α or IL-6 level among three groups (P > 0.05). At 
T2 and T3, the TNF-α and IL-6 levels in each group were 
significantly lower than that at T1, respectively (P < 0.05), 

and those at T3 were significantly higher those at T2, 
respectively (P < 0.05). Compared with control group, the 
TNF-α and IL-6 levels in RIPC and RIPC+Dex groups at 
T2 and T3 were significantly decreased, respectively (P < 
0.05). Compared with RIPC group, the TNF-α and IL-6 
levels in RIPC+Dex group at T2 and T3 were significantly 
decreased, respectively (P < 0.05) (Figure 3).

FIGURE 3 - Comparison of serum TNF-α and IL-6 levelsamong three groups. #P < 0.05 compared with T1; *P < 0.05 compared 
with T2; aP < 0.05 compared with control group; bP < 0.05 compared with RIPC group. TNF-α, tumor necrosis factor α; IL-6, 
interleukin 6.
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During OLV, the non-ventilated lung collapses, 
resulting in ischemia and hypoxia of lung tissue and 
decreased oxygen free radical scavenging function. 
After restoring of two-lung ventilation, the re-expansion 
of atrophic alveoli induces the oxidative stress and 
production of a large number of oxygen free radicals 
(Misthos et al., 2005). Studies (Birdas, 2006; Yuluğ 
et al., 2007) have found that, the oxidative stress may 
be one of the important mechanisms for mediating the 
acute lung injury during OLV. Oxygen free radicals act 
with the unsaturated fatty acids on cell membranes, 
leading to the peroxidation. MDA is an important 
product of lipid peroxidation. The content of MDA in 
body can indirectly reflect the activity of oxygen free 
radicals (Davenport, Hopton, Bolton, 1995). SOD is 
an important antioxidant enzyme in the body. It can 
catalyze the transformation of oxygen free radicals to 
hydrogen peroxide, thus avoiding the damage to cells 
(Southard et al., 1987). The activity of SOD in body 
can reflect the level of antioxidant reaction. Therefore, 
the dynamic changes of SOD and MDA can reflect the 
degree of lung injury. Results of this study showed that, 
compared with control group, the SOD level in other 
two groups at T3 was significantly increased, and the 
MDA level was significantly decreased. Compared 
with RIPC group, the SOD level in RIPC+Dex group 
was significantly increased, and the MDA level was 
significantly decreased. This suggests that, RIPC 
can alleviate the oxidative stress during OLV, thus 
preventing the lung injury, and Dex can further 
alleviate the oxidative stress, thus improving the 
protective effect.

It is found that the excessive expansion of alveoli 
and the shear stress caused by repeated opening and 
closing of alveoli and the atrophy of local lungs during 
mechanical ventilation can induce the inflammatory 
response in the lungs (Stüber et al., 2002). TNF-α is 
produced by monocytes and macrophages. It plays an 
important role in the inflammatory response, and can 
cause the necrosis of tumor cells (Salas et al., 2000). 
In addition, TNF-α has the function of anti-infection 
and immune regulation (Mancusi et al., 2018). It is one 
of the most influential inflammatory mediators in the 
early stage of inflammation. IL-6 is a cytokine that 

increases the biological function. It can promote the 
aggregation, activation and differentiation of T and B 
lymphocytes, and participate in cellular and humoral 
immune processes (Saito et al., 1998). At the same 
time, IL-6 is also a pro-inflammatory factor. When the 
inflammation occurs, IL-6 can not only stimulate the 
production of C-reactive protein in the liver, but also 
directly mediate the inflammatory response to cause 
the tissue damage. It is the main index reflecting the 
severity of tissue injury (Pereira et al., 2014). Results of 
this study showed that, compared with control group, 
the TNF-α and IL-6 levels in other two groups at T2 
and T3 were significantly increased. Compared with 
RIPC group, the TNF-α and IL-6 levels in RIPC+Dex 
group were significantly decreased. This indicates that, 
RIPC and Dex have the synergistic effect in reducing 
the inflammatory response during OLV, thus alleviating 
the lung injury.

In conclusion, for elderly patients undergoing radical 
esophagectomy, Dex and RIPC have the synergistic 
effect during OLV. The combined use of them can 
effectively inhibit the oxidative stress and inflammatory 
response, thus alleviating the lung injury and reducing 
the postoperative complications. This study still has 
some limitations. Firstly, the sample size of this study is 
relatively small. Larger sample size will make the results 
more convincing. In further studies, the sample size 
should be further enlarged for obtaining more satisfactory 
outcomes. Secondly, the time points of index observation 
are a little less. Thirdly, there may be other mechanisms 
for the protective effect of Dex on lung injury, and more 
indexes should be detected in further studies. 
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