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Objectives: To determine the local and systemic immune response (IR) to open 
chest surgery using one-lung ventilation (OLV) during either propofol intravenous 
or sevoflurane inhalational anesthesia.

Patients & Methods: The study included 56 patients undergoing thoracotomy and 
resection for lung cancer; patients were divided into two equal groups: Group P 
received propofol infusion and Group S received sevoflurane inhalation with OLV 
using 100% oxygen and a tidal volume of 8-10 ml/kg at a rate to maintain the 
PaCO2 between 35 and 40 mmHg. Bilateral broncho-alveolar lavage (BAL) was 
performed in all patients in supine position after intubation and at end of surgery. 
Synchronously, venous blood sample was obtained and then serum was separated. 
The BAL fluid of both sides and serum samples were ELISA assayed for estimation 
of interleukin (IL)-1β, IL-6, IL-10 and tumor necrosis factor (TNF)-α levels. 

Results: Propofol anesthesia allowed significantly lower blood pressure measures 
and heart rate both during two-lung and one-lung ventilation compared to 
sevoflurane anesthesia. At the end of surgery, serum and BAL fluid levels of pro- 
and anti-inflammatory cytokines were significantly higher compared to levels 
estimated prior to surgery and irrespective of anesthetic modality used. Local 
IR was more fulminate than the systemic IR manifested as significantly higher 
BAL levels of cytokines estimated at the end of surgery compared to serum levels. 
Sevoflurane significantly modulated the local pulmonary IR as manifested by 
significantly lower BAL levels of TNF-α, IL-1β and IL-6 with significantly higher 
levels of IL-10 in both lungs at the end of surgery compared to propofol group. 

Conclusion: Open chest surgery using OLV triggers vigorous inflammatory 
response in both ventilated and collapsed lungs. This response was manifested 
at the end of surgery and was more pronounced locally than systemically. 
Sevoflurane inhalational anesthesia significantly suppressed such local immune 
response compared to propofol and is advocated for anesthesia for chest surgery.

Keywords: One-lung ventilation, Lung resection, Sevoflurane, Propofol, 
Broncho-alveolar lavage, Cytokines levels

One-lung ventilation (OLV) has become a standard procedure for many 
interventions in thoracic surgery with a need for deflation of the lung 
to facilitate the surgical procedure. Experimental and clinical studies 
have shown that mechanical ventilation with increased tidal volume and 
airway pressure can induce a pro-inflammatory reaction in ventilated 

lung. However, only limited data exist on inflammatory alterations in the temporarily 
non-ventilated and thus atelectatic lung in patients undergoing thoracic surgery (1, 2, 3).

One-lung ventilation strategy initiates a series of patho-physiologic events that can 
be attributed to two major factors, namely hypoxia and re-oxygenation. The cellular 
damage that follows the oxygen deprivation is exacerbated during the re-oxygenation 
by the generation of free radicals. OLV in animals has been accepted as an ideal model 
to produce lung injury associated with organ failure and high mortality levels. The 
control of the pulmonary inflammation resulting from thoracic surgical manipulations 
has been a great challenge. Although some pharmacological treatments aiming to 
suppress the acute lung injury or acute respiratory distress syndrome has been used, 
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many specific therapies have not proved beneficial, such as 
mortality reduction (4, 5, 6).

Sevoflurane is a highly fluorinated methyl-isopropyl 
ether widely used for induction and maintenance of general 
anesthesia. In addition to its anesthetic properties, it has also 
shown to be involved in protective mechanisms in conditions 
of hypoxia or endotoxemia, mostly studied in neuronal and 
myocardial tissues. Moreover, sevoflurane pretreatment during 
endotoxin-induced shock in rats significantly improved systolic 
blood pressure, acid–base balance and reduced mortality rates 
and plasma levels of tumor necrosis factor alpha (TNF-ɑ) 
and interleukin-6 (IL-6), thus showing an attenuation of the 
inflammatory response (7, 8, 9).

Tissue injury causes the release of pro-inflammatory 
cytokines such as TNF-ɑ and IL-1β which are involved 
in many aspects of inflammation. Resident cells such as 
macrophages, mast cells and lymphocytes are able to release 
large amounts of TNF-ɑ and IL-1ß after stimulation by 
exogenous inflammatory stimuli and/or endogenous mediators, 
such as lipopolysaccharide and enterotoxins (10, 11, 12).

The produced TNF-ɑ triggers the release of a cascade 
of cytokines, which mediate the release of prostaglandins 
and sympathomimetic amines. Indeed, TNF-ɑ stimulates 
the production of IL-1ß and IL-6, which in turn stimulate the 
production of cyclooxygenase products and IL-8/neutrophil 
chemoattractant-1 thereby enhancing the production of 
sympathomimetic amines (13, 14). IL-6 is also able to promote 
T-helper 2 (Th2) phenotypic responses and its actions can be 
classified as both pro- and anti-inflammatory. The local balance 
of IL-6 and IL-10 is an important determinant of subsequent 
immune responses. The Th2 responses predominate in critically 
ill patients and after surgery (15). 

The current prospective comparative study aimed to 
determine the local and systemic immune response to open 
chest surgery using one-lung ventilation during either propofol 
intravenous anesthesia or sevoflurane inhalational anesthesia.

Patients & Methods
The current study was conducted at Departments of Chest 

Surgery and Anesthesia, Naser Insurance Institute since Jan 
2010 till April 2013. After approval of the study protocol by the 
Local Ethical Committee and obtaining written fully informed 
patients’ consent; 56 patients undergoing thoracotomy and 
resection for lung cancer were enrolled in the study. Exclusion 
criteria were patients assigned for pneumonectomy or minimal 
invasive procedures, patients had immunomodulating disease 
states other than the pulmonary pathology, patients maintained 
on immunosuppressant drugs. Patients were divided into two 
groups according to maintenance anesthesia used: Group P 
(n=28) received propofol infusion and Group S (n=28) received 
sevoflurane inhalation. 

Anesthetic procedure
Anesthetic procedure was standardized for all patients 

including the use of double-lumen endobronchial tubes under 
fiber-optic control to allow single lung ventilation. All patients 
were taken into the operating room unpremedicated and 
after standard monitoring with non-invasive blood pressure, 

electrocardiography and peripheral oxygen saturation (SpO2);
 

administration of Lactated Ringer’s solution was started. 
Patients were positioned in the lateral decubitus and after 
identification of the epidural space using the loss of resistance 
technique, a 20 gauge epidural catheter (Perifix 401, B. Braun, 
Melsungen AG) was inserted through an 18-gauge Tuohy needle 
that was placed at the T9–10 interspace and advanced 3 to 5 cm 
into the epidural space. After injection of 3 ml of 2% xylocaine 
through the epidural catheter as a test dose, the catheter was 

fixed and the patient was repositioned supine. Continuous 
epidural infusion of bupivacaine 0.125% was injected at 
time of induction of anesthesia prior to skin incision to act as 
preemptive analgesia and was continued as intraoperative and 
postoperative analgesia. 

Anesthesia was induced by a bolus of remifentanil (1 μg/
kg) followed by propofol (1-2 mg/kg) and vecuronium was 
given in dose of 1 mg/kg to facilitate tracheal intubation and 
was continued throughout duration of surgery. All patients 
received remifentanil-based maintenance anesthesia by slow 
remifentanil 0.05 to 0.25 µg/kg/min for remifentanil infusion 
in addition to propofol infusion 100 µg/kg/min of propofol in 
Group P or 1-2% sevoflurane in Group S.

After the induction of anesthesia, an arterial catheter was 
placed in the radial artery, and a central venous line (two 
lumens 20 cm long) was applied. After clinical confirmation 
of correct double-lumen tube placement (by inspection and 
auscultation) with the patient in both the supine and lateral 
decubitus positions ventilation was controlled by using 100% 
oxygen and a tidal volume of 8-10 ml/kg at a rate to maintain 
the PaCO2 between 35 and 40 mmHg. Effective lung isolation 
was determined by the absence of a leak from the non-
ventilated lumen of the endobronchial tube. When the pleura 
was opened, the isolation was confirmed by direct observation 
of the collapsed non-ventilated lung and the absence of leak 
from this lung. 

Blood samples were withdrawn simultaneously from the 
distal central venous lumen and arterial catheters and analyzed 
within 5 min for measurement of arterial and venous blood 
gases. Heart rate (HR), systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and mean arterial pressure (MAP) were 
measured, always with the patient in the lateral position, in 
three phases: during two-lung ventilation (TLV), 15 min and 
30 minutes after beginning of OLV (OLV15 and OLV30). These 
measurements were made before ligation or division of any 
pulmonary vessels or bronchi. The duration of surgery, the 
duration of OLV, the amount of intraoperative blood loss, type 
of tumor and extent of resection were recorded.
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 Operative techniques
With the patient lying in the lateral decubitus position, a 

postero-lateral thoracotomy was  made and pleural cavity was 
entered either through the fourth or the fifth intercostal space. 
The lobe to be resected was mobilized by preparation of the 
hilum and the interlobar fissures. Systematic mediastinal lymph 
node dissection was performed, then the tumor was resected 
either by a lobectomy, a bi-lobectomy, a sleeve-lobectomy or by 
an anatomical segmentectomy using staplers for the vascular, 
bronchial and parenchymal resection. After completing the 
systematic lymph node dissection, the pleural space was 
drained using one or two intercostal tubes. After ensuring 
proper hemostasis, wound closure was done.

Samples collection
Bilateral broncho-alveolar lavage (BAL) was performed 

in all patients in supine position after intubation and at end 
of surgery. The BAL fluid was immediately centrifuged at 
2500 rpm for 15 minutes and the supernatant stored at -20°C. 
Synchronously, at time of obtaining BAL sample, a venous 
blood sample was collected under complete aseptic conditions 
in clean dry tube and allowed to clot and then serum was 
separated in clean dry Eppendorff tube to be stored at -80oC 
till assayed. The BAL of both sides and serum samples were 
assayed for ELISA estimation of levels of IL-1β (16), IL-6 (17), 
IL-10 (18) and TNF-α (19). 

Statistical analysis 
Sample Power was calculated according to Kraemer & 

Thiemann (20) using the proposed figure showed the sample 
size for 60% power would require an N of 26/group and 80% 
power would require an N of 31/group. This hypothesis was 
documented by Murphy & Myors (21). Thus the current study 
sample size was chosen to be 28 patients per group. Obtained 
data were presented as mean±SD, ranges, numbers and ratios. 
Results were analyzed using Wilcoxon; ranked test for unrelated 
data (Z-test) and Chi-square test (X2 test). Statistical analysis 
was conducted using the SPSS (Version 15, 2006) for Windows 
statistical package. P value <0.05 was considered statistically 
significant.

Results
The study included 56 patients; 41 males (73.2%) and 

15 females (26.8%) with mean age of 59±10.8; range: 30-73 
years. Mean duration of disease was 3.9±0.4; range: 3-5 years. 
Mean body mass index was 31.8±3.2; range: 24.4-37.6 kg/m2. 
Thirty-two patients were ASA grade II, 20 patients were ASA 
grade III and only 4 patients were ASA grade I. There was non-
significant (p>0.05) difference between both groups as regards 
demographic and preoperative data, (Table 1).

Forty-two patients (75%) had lobectomy, 6 patients (10.7%) 
had sleeve lobectomy and 5 patients (8.9%) had segmentectomy, 
while only 3 patients (5.4%) required bi-lobectomy. Mean 
duration of surgery was 197.2±24.7; range: 135-240 minutes; 

Total Group P Group S P value

Age (years) 59±10.8 
(30-73)

59.6±10.2 
(35-73)

58.4±11.6 
(30-70)

P>0.05 (=0.676)

Gender Male 41 (73.2%) 21 (75%) 20 (71.4%)
P>0.05 (=0.429)

Female 15 (26.8%) 7 (25%) 8 (28.6%)

Duration of disease (years) 3.9±0.4
(3-5)

4±0.5
(3-5)

3.8±0.3 
(3.5-4.2) P>0.05 (=0.676)

Body weight (kg) 89.3±6.5
(73-97)

89.2±7.1
(73-97)

89.4±6 
(78-95) P>0.05 (=0.838)

Body height (cm) 167.8±5
(159-182)

168.1±5.5
(159-182)

167.5±4.6 
(160-180) P>0.05 (=0.760)

Body mass index (kg/m2) 31.8±3.2
(24.4-37.6)

31.7±3.5
(24.4-37.1)

31.9±2.9 
(26.7-37.6) P>0.05 (=0.936)

ASA 
grade

I 4 (7.1%) 2 (7.1%) 2 (7.1%)

P>0.05 (=2.575)II 32 (57.1%) 14 (50%) 18 (64.3%)

III 20 (35.8%) 12 (42.9%) 8 (28.6%) 
Data are presented as mean±SD & numbers; ranges & percentages are in parenthesis. ASA:

Table 1. Patients’ enrolment data
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mean duration of OLV was 178.6±25.5; range: 120-225 
minutes and mean amount of intraoperative blood loss was 
437.2±121.9; range: 250-710 ml. As regards the type of tumor; 
34 patients (60.8%) had adenocarcinoma, 11 patients (19.6%) 
had large cell carcinoma and another 11 patients (19.6%) had 
squameous cell carcinoma. There was non-significant (p>0.05) 
difference between both groups as regards operative data and 

type of tumor, (Table 2).

Baseline hemodynamic data showed non-significant 
(p>0.05) difference between patients of both study groups. 
However, propofol anesthesia allowed significantly (p<0.001) 
lower blood pressure measures and heart rate both during 
two-lung and one-lung ventilation compared to sevoflurane 
anesthesia, (Table 3).

Total Group P Group S P value

Surgical 
procedures

Lobectomy 42 (75%) 20 (71.5%) 22 (78.6%)

p>0.05 
(=0.119)

Bi-lobectomy 3 (5.4%) 2 (7.1%) 1 (3.6%)
Segmentectomy 5 (8.9%) 3 (10.7%) 2 (7.1%)
Sleeve lobectomy 6 (10.7%) 3 (10.7%) 3 (10.7%)

Duration of surgery (minutes) 197.2±24.7
(135-240)

196.2±22.7
(145-225)

198.1±26.9 
(135-240)

P>0.05 
(=0.129)

Duration of lung ventilation  (minutes) 178.6±25.5
(120-225)

178.4±23.8
(125-215)

178.9±27.5 
(120-225)

P>0.05 
(=0.600)

Amount of intraoperative blood loss (ml) 437.2±121.9
(250-710)

399.6±92.2
(250-540)

474.8±137.2 
(300-710)

P>0.05 
(=1.843)

Type of 
tumor

Large cell carcinoma 11 (19.6%) 6 (21.4%) 5 (17.9%)
p>0.05 
(1.451)Adenocarcinoma 34 (60.8%) 18 (64.3%) 16 (57.1%)

Squameous cell cancer 11 (19.6%) 4 (14.3%) 7 (25%)
Data are presented as mean±SD & numbers; ranges & percentages are in parenthesis

Table 2. Operative data

Group P Group S Statistical significance 

HR (beats/min)

Baseline 81.3±3.7 80.8±3.4 p>0.05
TLV 73.6±3.4 76±5.9 p<0.05

OLV15 69.4±3 76.4±5.4 P<0.001
OLV30 68.3±3.4 76.6±5.9 P<0.001

SBP (mmHg)

Baseline 114.8±6.5 114±5.6 p>0.05
TLV 92.2±6.9 104.3±6.8 p<0.001

OLV15 88.5±8.5 100±5.6 P<0.001
OLV30 83.4±6.9 95.7±5.1 P<0.001

DBP (mmHg)

Baseline 81.3±4.6 81.7±3.8 p>0.05
TLV 75.9±3.6 77.8±3.2 p<0.001

OLV15 74.3±2.3 76.1±2.5 P<0.001
OLV30 72.8±2.4 74.6±2.1 P<0.001

MAP (mmHg)

Baseline 92.4±4.2 92.5±3.6 p>0.05
TLV 81.3±3.5 86.5±3.1 p<0.001

OLV15 79±3.4 84±2.3 P<0.001
OLV30 76.4±2.7 81.6±2.2 P<0.001

Data are presented as mean±SD; TLV: two-lung ventilation; OLV: one-lung ventilation; HR: Heart rate; SBP: systolic blood pressure; DBP: 
diastolic blood pressure; MAP: mean arterial pressure

Table 3. Intraoperative hemodynamic data during two-lungs and one-lung ventilation at 15- and 30-minutes compared to 
baseline data



Journal of The Egyptian Society of Cardio-Thoracic  Surgery  •  Volume 21, Number (3)      139

Ibrahim Kasb, et al. Thoracic

Th
or

ac
ic

Baseline serum levels and BAL levels of either the 
ventilated (BAL-V) or collapsed (BAL-C) lung of estimated 
cytokines showed non-significant (p>0.05) difference between 
both groups. Estimated serum TNF-α levels at the end of 
surgery were significantly (p<0.05) higher compared to that 
estimated prior to surgery with non-significantly (p>0.05) 
higher serum levels in patients of group P compared to group S. 
Mean BAL-C levels of TNF-α estimated at the end of surgery 
were significantly (p<0.05) higher in both groups compared 
to levels estimated prior to surgery with non-significantly 
(p>0.05) higher levels in group P compared to group S. On the 
other hand, mean BAL-V levels of TNF-α estimated at the end 
of surgery were significantly (p<0.05) higher in both groups 
compared to levels estimated prior to surgery with significantly 
(p<0.05) higher levels in group P compared to group S. 
Moreover, BAL levels of TNF-α estimated at the end of surgery 
in collapsed lung were non-significantly (p>0.05) higher, but 
were significantly (p<0.05) higher in ventilated lung compared 
to serum levels of the same patients, (Table 4, Fig. 1).    

Estimated serum IL-1β levels at the end of surgery were 
significantly (p<0.05) higher compared to that estimated prior 
to surgery with non-significantly (p>0.05) higher serum levels 
in group P compared to group S. Mean BAL-V levels of IL-
1β estimated at the end of surgery were significantly (p<0.05) 
higher in both groups compared to levels estimated prior to 
surgery with significantly (p<0.05) higher levels in group P 
compared to group S. On the other hand, mean BAL-C levels 
of IL-1β estimated at the end of surgery were significantly 
(p<0.05) higher in group P, but were non-significantly (p>0.05) 
higher in group S compared to levels estimated prior to surgery 
with significantly (p<0.05) higher levels in group P compared 
to group S. In both groups, mean BAL levels of IL-1β were 
significantly higher in ventilated lung compared to collapsed 
lung. Moreover, in group P, BAL levels of IL-1β estimated at 
the end of surgery both in collapsed and ventilated lungs were 
significantly (p<0.05) higher compared to serum levels of the 
same patients. On contrary, in group S, BAL levels of IL-1β 
estimated at the end of surgery were significantly (p<0.05) 
higher in ventilated lung, but non-significantly higher in 
collapsed lung compared to serum levels of the same patients 
(Table 4, Fig. 2).    

Estimated serum IL-6 levels at the end of surgery were 
significantly (p<0.05) higher compared to that estimated prior 
to surgery with non-significantly (p>0.05) higher serum levels 
in group P compared to group S. Mean bilateral BAL levels of 
IL-6 estimated at the end of surgery were significantly (p<0.05) 
higher in both groups compared to levels estimated prior to 
surgery. Mean BAL-V level of IL-6 estimated at the end of 
surgery in group P was significantly (p<0.05) higher compared 
to group S, while mean BAL-C levels showed non-significant 
(p>0.05) difference between both groups despite being lower 
in group S. Moreover, bilateral BAL levels of IL-6 estimated 
at the end of surgery in both groups were significantly (p<0.05) 
higher compared to serum levels of the same patients (Table 4, 
Fig. 3).    

Estimated serum IL-10 levels at the end of surgery were 
significantly (p<0.05) higher compared to that estimated prior 
to surgery with significantly (p<0.05) higher serum levels in 
group S compared to group P. Mean bilateral BAL levels of IL-
10 estimated at the end of surgery were significantly (p<0.05) 
higher in both groups compared to levels estimated prior to 
surgery with significantly (p<0.05) higher levels in group S 
compared to group P. Mean BAL-V level of IL-10 estimated at 
the end of surgery in group S was significantly (p<0.05) higher 
compared to its level in BAL-C, while the difference was non-
significant (p>0.05) in group P. Moreover, in group S, mean 
BAL levels of IL-10 estimated at the end of surgery in both 
lungs were significantly (p<0.05) higher compared to serum 
levels of the same patients; while in group P the difference was 
non-significant despite the higher BAL levels (Table 4, Fig. 4).  

Group P Group S

TNF-α

Prior to 
surgery

Serum 2.3±0.66 2.25±0.65
BAL-V 2.15±0.56 2.13±0.46
BAL-C 2.1±0.51 2.08±0.53

After 
surgery

Serum 3.2±1.13a 2.93±0.9a

BAL-V 6.4±1.4acd 4.87±1.35abcd

BAL-C 3.4±0.89a 3.14±0.97a

IL-1β

Prior to 
surgery

Serum 8.82±5.52 8.39±5.24
BAL-V 10.86±4.21 11.21±7.5
BAL-C 11±4.41 12±3.69

After 
surgery

Serum 17.64±5.94a 13.93±4.79a

BAL-V 59.14±30.52acd 17.86±4.26abcd

BAL-C 26.75±14.9ad 13.14±3.17b

IL-6

Prior to 
surgery

Serum 16.5±6.3 19.3±8.7
BAL-V 14.2±8 17.6±8.8
BAL-C 16.2±8.5 15.5±5.7

After 
surgery

Serum 24.9±6.5a 22.1±8.4a

BAL-V 62.1±17acd 53.6±10.7abd

BAL-C 55.6±14.8ad 50±19ad

IL-10

Prior to 
surgery

Serum 21.9±5.6 23±5.3
BAL-V 23.3±7.8 25.7±6.9
BAL-C 23.5±6.3 24.9±5.9

After 
surgery

Serum 39.5±8.9a 49.9±11.3ab

BAL-V 47±14.2a 68±12.1abcd

BAL-C 43.2±11.8a 63.1±8.1abd

 Data are presented as mean±SD; BAL-V: Broncho-alveolar lavage of 
ventilated lung; BAL-C: Broncho-alveolar lavage of collapsed lung; 
Preop.: Preoperative; PO: postoperative; TNF-α: Tumor necrosis 
factor-α; IL-6: Interleukin-6; a: significance versus preoperative 
level; b: significance versus Group P; c: significance versus BAL-C; d: 
significance versus serum level.  

Table 4. Mean serum and BAL levels of studied cytokines in 
both studied groups estimated prior to and after surgery 
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Discussion
The current study showed that chest surgery triggers a 

vigorous systemic inflammatory response (IR) manifested as 
significantly higher levels of both pro- and anti-inflammatory 
cytokines estimated at the end of surgery in serum and locally 
in BAL and irrespective of anesthetic modality used. Moreover, 
the local IR was more fulminate than the systemic IR manifested 
as significantly higher BAL levels of cytokines estimated at the 
end of surgery compared to serum levels.

These findings supported that previously reported in 
literature concerning the impact of open chest surgery on 
IR; Walker & Leaver (22) documented that conventional 
open major surgery evokes an injury response involving 
endocrine, neural, and immunologic mechanisms with the 
immunologic responses are characterized by release of 
cytokines, inflammatory mediators, and acute-phase proteins 
and by adverse disturbances in immune cell function. Bobocea 
et al. (23) reported that prospective thoracoscopic lobectomy 
trials found better preservation of lymphocyte T-cell function 
and quicker return of proliferative responses to normal, lower 
levels of CRP, thromboxane and prostacyclin and concluded 
that immune function is influenced by the extent of surgical 

trauma. Also, Leite et al. (24) experimentally detected that 
OLV significantly increased myeloperoxidase activity in the 
collapsed and continuously ventilated lungs (31% and 52% 
increase, respectively) and serum IL-6 and CRP levels were 
markedly higher in OLV group compared with control.

The current study reported significantly higher BAL levels 
estimated at the end of surgery in ventilated lung compared to 
collapsed lung. These data indicated a possible role for OLV as 
a stimulant for IR exaggeration. In support of these findings; 
Zingg et al. (25) reported that both the ventilated and the 
collapsed lungs during OLV in transthoracic esophagectomy 
showed an inflammatory response which was more pronounced 
on the ventilated side and the response was already observed 
at the end of surgery, indicating a rapid reaction to the surgical 
and anesthetic trauma. Breunig et al. (26) found that both sides 
of the lung showed a significant increase in IL-6 and IL-1 
receptor-A concentrations over time and concluded that the 
difference in extent of response underlines the complexity 
of the inflammatory processes during OLV. Jonker et al.(27) 
conducted clinical study for the impact of thoracic injury on 
local and systemic IR and found that injured patients had 
significantly higher BAL fluid and serum TNF-α, IL-1β, and 
IL-6 concentrations with greater increases in the BAL fluid 
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than in the serum and concluded that injury significantly 
increases human airway TNF-α, IL-1β, and IL-6 and increases 
are greater in the airway than in serum, implying a local rather 
than a systemic stress response to thoracic injury. Leite et 
al. (28) experimentally found that bronchial occlusion for 1 or 
3 hours followed by lung re-expansion exhibited pulmonary 
edema formation and neutrophil recruitment as well as a higher 
myeloperoxidase activity with increased levels of IL-6, IL-1β, 
and TNF-α in BAL fluid in comparison with control rats.

Sevoflurane significantly ameliorated the effects ventilation 
on local pulmonary IR as manifested by significantly lower 
BAL levels of TNF-α, IL-1β and IL-6 in both lungs at the 
end of surgery in patients received sevoflurane compared to 
those received propofol. In support of these data; De Conno 
et al. (29) reported an immuno-modulatory role for the volatile 
anesthetic sevoflurane in patients undergoing OLV for 
thoracic surgery with significant reduction of inflammatory 
mediators and a significantly better clinical outcome during 
sevoflurane anesthesia with the increase of inflammatory 
mediators on OLV was significantly less pronounced in the 
sevoflurane group. Schilling et al. (30) reported that alveolar pro-
inflammatory cytokines were increased in the ventilated lung 
after OLV and the mediator release was more enhanced during 
propofol anesthesia compared with desflurane or sevoflurane 
administration with significantly higher levels of TNF-α, IL-8 
and IL-1β, whereas the systemic proinflammatory response 
was negligible, and concluded that OLV increases the alveolar 
concentrations of proinflammatory mediators in the ventilated 
lung, but both desflurane and sevoflurane suppress the local 
alveolar, but not the systemic inflammatory responses to OLV 
and thoracic surgery. Sugasawa et al. (31) reported that BAL 
levels of IL-1β, IL-6, and IL-8 were significantly increased 
in the dependent lung and the nondependent lung after OLV 
compared with baseline levels; moreover, IL-6 BAL level in the 
dependent lung was significantly higher in the propofol group 
than in the sevoflurane group after OLV and concluded that 
OLV induced inflammatory responses of the bronchial epithelia 
in both lungs during lung resection and this inflammatory 
response was significantly suppressed by sevoflurane 
compared with propofol and the anti-inflammatory effect of 
sevoflurane was more pronounced in the dependent lung than 
in the nondependent lung during OLV. Schmid et al. (32) tried 
to explore the immuno-modulatory action of sevoflurane and 
found that sevoflurane inhibits granulocyte activation during ex 
vivo extracorporeal circulation and therefore has the potential 
to decrease the triggered inflammatory response.

It could be concluded that chest surgery using OLV 
triggers vigorous inflammatory response in both ventilated and 
collapsed lungs. This response was manifested at the end of 
surgery and was more pronounced locally than systemically. 
Sevoflurane inhalational anesthesia significantly suppressed 
such local immune response compared to propofol and is 
advocated for anesthesia for chest surgery
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