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ABSTRACT 

Study Objective: We compared the effects of intraoperative body position on blood gas and fluid balance in patients 
undergoing a thoracoscopic esophagectomy as well as during operation and postoperative laboratory data. Design: Pro- 
spective study. Setting: Operating room and intensive care unit. Patients: ASA physical status 1 and 2 patients (n = 26), 
scheduled for elective thoracoscopic esophagectomy and immediate reconstruction under general anesthesia with 
one-lung ventilation were enrolled. Interventions: Patients were assigned to either the lateral (n = 16) or prone (n = 10) 
position groups based on the planned intraoperative body position. A pneumothorax procedure was concomitantly per- 
formed only in the prone position group. Measurements: Fluid balance, PaO2/FIO2 ratio (P/F ratio), and maximum 
PaCO2 during the operation and postoperative laboratory data were analyzed. Main Results: There were no significant 
differences between the groups for amount of blood loss, blood transfusion, fluid infusion, or urine output. The P/F ratio 
during one-lung ventilation was significantly higher in the prone than the lateral position group (379 ± 122 vs. 297 ± 67 
mmHg, p = 0.017), as was maximum intraoperative PaCO2 (72.2 ± 15.6 vs. 48.3 ± 6.3 mmHg, p < 0.001). Conclusions: 
A thoracoscopic esophagectomy in the prone position performed concomitantly with a CO2 pneumothorax procedure 
resulted in a significantly better P/F ratio during one-lung ventilation as compared to the lateral position, indicating that 
the prone position is more advantageous for oxygenation. 
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1. Introduction 
The less invasive characteristics of a thoracoscopic eso- 
phagectomy procedure in the lateral position in compa- 
rison with an open esophagectomy have been shown [1]. 
However, the lateral position presents technical disad- 
vantages, such as visualization obstructed by the lung 
and accumulated bleeding, resulting in frequent changes 
of instruments and prolonged operative time [2]. 

In 1994, Cuschieri proposed positioning patients un- 
dergoing this procedure into a prone position [3], while 
Palanivelu et al. reported outcomes of a prone thoraco- 
scopic esophagectomy performed with a CO2 pneumotho- 
rax procedure in 2006 [4]. In the prone position, the lung  

becomes located in a lower position by gravity and CO2 
pressure in cases that undergo a concomitant pneumotho- 
rax procedure, allowing for blood to pool outside of the 
operative field. These conditions provide a better opera- 
tive view for the surgeon, and decrease the amount of re- 
traction of the lung and frequency of instrument changes 
[2]. Fabian et al. also reported significantly shorter times 
for thoracoscopic procedures in the prone position in 
comparison to the lateral position due to decreased re- 
traction and fewer instrument changes [5]. 

However, prone positioning during an esophagectomy 
leads to inevitable hypercapnia in cases that utilize a CO2 
pneumothorax procedure and the risk of tracheal tube 
complications is increased. Few studies have compared 
between the prone and lateral positions in patients un- 
dergoing a thoracoscopic esophagectomy procedure, thus 
we sought to identify clinical differences between these  
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intraoperative positions in the present study. 

2. Patients and Methods 

Twenty-six patients underwent a thoracoscopic esopha- 
gectomy procedure and immediate reconstruction per- 
formed by a single surgeon from March 2008 to March 
2010 at Osaka City General Hospital. 

An epidural catheter was inserted 5 cm cranial from 
Th6-Th9 and 3 ml of 1.5% lidocaine (45 mg) was in- 
jected on a trial basis. Approximately 3 minutes later, 
absence of signs of subarachnoid anesthesia was con- 
firmed and general anesthesia was induced. After setting 
the target control infusion of propofol concentration in 
blood to 2.8 - 3.5 μg/ml, general anesthesia was main- 
tained by intermittent administrations of fentanyl and 
vecuronium, while 1.5% lidocaine was administered at 4 - 
8 ml/hour through the epidural catheter. A BIS sensor 
(BIS XP version 4.0; Aspect Medical Systems, Natick, 
MA, USA) was attached to the frontal region for moni- 
toring. For respiratory management, a left-sided double 
lumen tube (Broncho-cath: Tyco Healthcare, Argyle, 
Mansfield, MA, USA) was utilized. After securing the 
airway, the patient was changed to a lateral decubitus or 
prone position, with the following ventilation conditions: 
inspired oxygen concentration, 1.0 - 0.7; pressure-limited 
method; maximal inspiratory pressure, 15 - 25 cm H2O; 
positive end-expiratory pressure, 5 cm of H2O; respira- 
tory rate, 15 - 20 breaths/minute; and tidal volume, 220 - 
300 ml. 

Patients were divided into the prone (n = 10) and lat- 
eral (n = 16) position groups, according to the planned 
intraoperative positioning by chief surgen. A CO2 pneu- 
mothorax procedure with 8 mmHg of CO2 pressure was 
also utilized in all patients in the prone position group 
except for 1 case with a CO2 pressure of 5 mmHg, while 
none in the lateral position group, underwent that proce- 
dure. Patients who underwent a second reconstruction or 
limited operation were excluded from analysis. 

For patient background characteristics, we examined 
age, American Society of Anesthesiologists physical status, 
Brinkman index, and preoperative respiratory function 
between the groups. To clarify clinical differences, we 
examined operative time, one-lung ventilation time, an- 
esthesia time, amount of bleeding, amount of blood 
transfusion, arterial blood gas data, and clinical labora- 
tory data (white blood cell count, C-reactive protein, total 
protein, albumin). 

3. Statistical Analysis 

The statistical significance of differences observed be- 
tween the groups was assessed with a two-tailed Mann-  

Whitney U-test using yStat 2008 software (statistical 
program file developed with Microsoft Excel, Igakuto- 
shoshuppan, Tokyo, Japan). Differences were considered 
significant when the P value was < 0.05. 

4. Results 

There were no significant differences between the groups 
for age, American Society of Anesthesiologists physical 
status, Brinkman index, or preoperative respiratory func- 
tion between the groups (Table 1). As for intraoperative 
data, no significant differences were seen in regard to ope- 
rative time, one-lung ventilation time, anesthesia time, 
amount of blood loss, or amount of blood transfusion 
(Table 2). In contrast, the P/F ratio during one-lung ven- 
tilation was significantly higher in the prone position in 
comparison with the lateral position (379 vs. 297, p = 
0.017), while maximum intraoperative PaCO2 was higher 
in the prone position group (72.2 vs. 48.3 mmHg, p < 
0.001). There were no significant differences in regard to 
clinical laboratory data obtained on postoperative days 0, 
1, 2, and 3 (Table 3). 

 
Table 1. Preoperative data. 

 
Prone position  
group (n = 10) 

Lateral position 
group (n = 16) 

P value

Male/Female 8/2 11/5 0.52 

Age (yr) 65 ± 8 64 ± 7 0.52 

%VC (%) 107 ± 24 102 ± 14 0.41 

FEV1.0 (%) 77 ± 11 83 ± 8 0.12 

P/F ratio 451 ± 50 430 ± 61 0.41 

Brinkman index 1021 ± 756 790 ± 724 0.51 

%VC = % vital capacity; FEV1.0 = forced expiratory volume in 1 second; 
P/F ratio = PaO2/FIO2 ratio; Brinkman index = the number of cigarettes 
smoked per day multiplied by the number of years of smoking. 

 
Table 2. Intraoperative data. 

 
Prone position 
group (n = 10) 

Lateral position 
group (n = 16)

P value

Operation time (min) 462 ± 60 457 ± 63 0.53 

Anesthesia time (min) 546 ± 65 528 ± 73 0.22 

OLV time (min) 230 ± 19 232 ± 38 0.53 

Blood loss (ml) 316 ± 314 608 ± 932 0.11 

Blood transfusion (ml) 304 ± 438 338 ± 685 0.56 

Infusion (ml) 3545 ± 992 4151 ± 1.424 0.35 

Urine output (ml) 480 ± 273 608 ± 424 0.50 

P/F ratio during OLV 379 ± 122 297 ± 67 0.017

Peak PaCO2 during OLV    

(mmHg) 72.2 ± 15.6 48.3 ± 6.3 <0.001

OLV = one-lung ventilation; P/F ratio = PaO2/FIO2 ratio. 
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Table 3. Postoperative data. 

 
Prone position 
group (n = 10) 

Lateral position 
group (n = 16)

P value

White blood cells (103/µl)    

Day 0 8.98 ± 2.62 8.75 ± 3.50 0.41

Day 1 11.57 ± 2.96 10.94 ± 3.88 0.51

Day 2 11.02 ± 2.75 11.23 ± 3.35 0.56

Day 3 10.09 ± 3.63 9.43 ± 2.89 0.44

C-reactive protein (mg/dl)    

Day 0 0.85 ± 1.00 1.06 ± 0.87 0.25

Day 1 6.23 ± 2.16 7.02 ± 2.57 0.35

Day 2 11.69 ± 5.83 11.71 ± 5.72 0.57

Day 3 12.34 ± 7.53 11.73 ± 7.81 0.54

Total protein (g/dl)    

Day 0 4.5 ± 0.5 4.7 ± 0.6 0.52

Day 1 5.2 ± 0.3 4.9 ± 0.4 0.14

Day 2 5.3 ± 0.4 5.1 ± 0.4 0.52

Day 3 5.3 ± 0.6 5.7 ± 0.6 0.19

Albumin (g/dl)    

Day 0 2.5 ± 0.3 2.7 ± 0.3 0.23

Day 1 2.9 ± 0.4 2.8 ± 0.3 0.55

Day 2 2.8 ± 0.3 2.8 ± 0.3 0.54

Day 3 2.7 ± 0.3 2.9 ± 0.4 0.38

OLV = one-lung ventilation; Day 0 = day of surgery (after admission in ICU 
after operation); Days 1, 2 and 3 = 1, 2 and 3 days after surgery. 

5. Discussion 

A thoracoscopic esophagectomy procedure has been shown 
to be less invasive as compared with a thoracotomy due 
to a smaller reduction in postoperative respiratory func- 
tion [6] and lower levels of cytokines (IL-6 and IL-8) in 
blood [7], while it has also been shown to be not inferior 
to that procedure in regard to radical lymph node dissec- 
tion [8]. However, when a lateral approach is employed, 
the thoracoscopic view is often obscured by both the 
overlying lung and a small amount of pooled blood, re- 
sulting in frequent changes of operative instruments. On 
the other hand, the prone position is considered to pro- 
vide a better view due to both downward movement of 
the lung by gravity and exclusion of the lung by use of a 
concomitant CO2 pneumothorax procedure, thus enabling 
a lower frequency of instrument changes [2]. 

As shown in the present study, hypercapnia is inevita- 
ble in the prone position when a CO2 pneumothorax pro- 
cedure is concomitantly performed. However, since pul- 
monary oxygenation capacity during one-lung ventilation 
was significantly higher in the prone position group, that 
position is considered to be advantageous for oxygena- 
tion. We consider that surgery done in the prone position 

has a potentially reduced risk of postoperative respiratory 
complications and is a promising method, as long as hy- 
percapnia is controllable within a tolerable range (pH > 
7.25, PaCO2 < 70 mmHg) along with transient bilateral 
lung ventilation.  

Although operative time in the prone position was 
shorter as compared with the lateral position in a previ- 
ous study [5], no difference in operative time was ob- 
served between the groups in our study. Along with ac- 
cumulation of additional experience with the prone method, 
its lower level of invasiveness may be reinforced by a 
shorter operative time. 

The present study has some limitations. The number of 
patients was relatively small and they were not random- 
ized for grouping, thus a large randomized controlled 
trial is necessary. As for postoperative course, we ob- 
tained clinical laboratory data only during the early pe- 
riod following surgery. Additional investigation of post- 
operative courses of treated patients may better reveal the 
degree of invasiveness of a thoracoscopic esophagec- 
tomy in the prone position performed with a pneumotho- 
rax procedure. 

In summary, we compared intraoperative findings and 
postoperative courses between patients who underwent a 
thoracoscopic esophagectomy in the prone position with 
a concomitant pneumothorax procedure and those who 
underwent that esophagectomy in a lateral position. The 
prone position was shown to be more advantageous for 
oxygenation and is a promising method to reduce post- 
operative respiratory complications. 
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