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ABSTRACT 

Objective: To study the post-operative outcomes of two-lung ventilation in patients undergoing prone position thoracoscopic-
esophagectomy. 
Study Design: Prospective comparative study. 
Place and Duration of Study: Department of Thoracic Surgery, Combined Military Hospital, Rawalpindi Pakistan, from Jan to 
Dec 2019. 
Methodology: A total of 60 patients operated for both groups of thoraco-esophagectomy in which 34 patients for TLV         
(two-lung ventilation) and 26 patients for One-lung ventilation were studied. Patients position was prone for Two-lung 
ventilation in Thoracoscopic-esophagectomy. Post-op blood loss, Hospital stay, duration of anesthesia and operative 
morbidity was calculated. 
Results: A total of 60 patients underwent two-lung ventilation in prone position out of which patient of thoracoscopic-
esophagectomy were 34, while 26 underwent One-lung ventilation in semi-decubitus position thoracoscopic-esophagectomy. 
All of them were successfully performed without conversion to open thoracotomy. In the study with preparation span for 
anesthesia induction, mean time of mobilization of thoracic esophagus, mean blood loss during the thoracic mobilization 
phase, the mean Intensive care unit stay and total hospital stay in two-lung ventilation was less than one-lung ventilation 
(p<0.05).  
Conclusion: The present study summarized the clinical outcomes of two-lung ventilation for thoracoscopic-esophagectomy 
operated patients. This study data showed that Two-lung ventilation intubation in prone position is better approach during 
the Thoracoscopic-esophagectomy.  
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INTRODUCTON 

Esophagectomy via a Thoracoscopic and/or lap-
aroscopic approach is very attractive because of bene-
fits of minimally invasive surgery.1 When Cuschieri et 
al, Thoracoscopic Esophagectomy in the prone position 
first described in 1992, it has rapidly achieved popula-
rity.2 Endeavor has continued to search for better met-
hods of anesthesia that have increased convenience, 
safety and least-trauma in managing the lung during 
thoracic esophageal mobilization phase of Thoracosco-
pic-Esophagectomy.3 In 2006, Palanivelu reported tho-
racic mobilization of esophagus during Two-lung ven-
tilation procedure, in prone position Thoracoscopic-
esophagectomy.4 After that, TLV with a single-lumen 
endotracheal tube has vastly achieved center of focus 
for many surgeon for Thoracoscopic-Esophagectomy.5 

Lot of researchers have evaluated the OLV vs 
TLV approach of mobilization of thoracic oesophagus 

and found it satisfactory.6 Induction time for anesthe-
sia remains lower, TLV is more technically demanding 
than OLV.7 Pulmonary complications are significantly 
lower in the OLV groups.8 The Thoracoscopic-Esopha-
gectomy can be performed by a single-stage laparo-
scopic-transhiatal approach, or by a staged thoracosco-
pic-laparoscopic approach. Thoracoscopic oesophageal 
mobilization in the lateral decubitus position is mostly 
done. Prone position for Thoracoscopic oesophageal 
mobilization has been advised as an optional to the 
lateral approach by Kitagawa et al, citing potential ben-
efits such as better surgeon ergonomics and operative 
exposure.9 It is only the operative time that has remai-
ned a debated aspect in different studies so far. As the 
technical expertise has evolved, we have also endeavo-
red to evaluate this paradigm. The goal of this study 
was to evaluate the use of One-lung ventilation in 
thoracic oesophageal surgery in terms of peri-operative 
outcomes of mobilization of thoracic esophagus while 
using two-lung ventilation in patients undergoing 
prone position thoracic esophagectomy. 
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METHODOLOGY 

 This comparative prospective study was done     
at department of Thoracic Surgery, Combined Military 
Hospital Rawalpindi, from January to December 2019 
after approval from the ERC/IERB (s. no: 01/08/ 19). 
Patients of age 35 years and more any race or sex un-
dergoing Thoracoscopic-Esophagectomy by TLV and 
OLV at our hospital were considered for the study. 
Sample size for this study calculated by using online 
sample size calculator for two means. By taking Thora-
cic operating time 128.83 ± 34.12 minutes in TLV group 
versus 155.08 ± 37.9 minutes in OLV group, and at 
power of the test 80% and level of significance 5%. 
Sample size was calculated using WHO sample size 
calculator (confidence level 95%, power=80). Sampling 
technique was non-probability consecutive sampling. 
The calculated sample size was 30 patients in each 
group.  

Inclusion Criteria: The patients who presented in 
Thoracic Surgery Department with benign esophageal 
disease and malignant esophageal disease stage-I to 
early stage-IV were included in this study. 

Exclusion Criteria: Comorbidity affecting the anesthe-
sia especially COPD patients, intrapleural adhesions 
requiring lung mobilization, bullous lung disease pati-
ents, patients of stage I and IV with metastasis eso-
phageal cancer, pleural effusion, preoperative finding 
of invasion of mediastinal structures and patients with 
spinal deformities. 

          Informed consent was undertaken from all pati-
ents before including them in this study. The patients 
of TLV and OLV were selected by consecutive samp-
ling. All surgeons are consultant thoracic surgeons 
having at least 3 years of post-fellowship experience. 
The principal investigator served as assistant in all 
procedure. Induction for anesthesia of the patient was 
done in supine position using Armored Single-lumen 
Endotracheal Tube (ASLET)  for TLV and using Dou-
ble-lumen endobronchial tube (Ethicon) for OLV. Arte-
rial line, two wide bore peripheral venous lines were 
established and Foley catheter was also placed. For 
mobilization of thoracic esophagus all patients of TLV 
were then shifted to prone position and a three-port 
VATS approach was used. In prone position both arms 
were abducted about 100 degrees and elbows flexed   
at 90 degrees. The head fixed with a Gel Pad in order 
to prevent ASLET tube malposition. Using three-port 
VATS technique with a 10mm Port placed in the fifth 
intercostal space on the mid-axillary line; two working 
5-mm ports placed at the 4th and 8th intercostal space, 

respectively. Same likely for OLV all patients positio-
ned to right semi-decubitus lateral position and bet-
ween midaxillary and posterior-axillary line in 5th int-
ercostal space mini thoracotomy incision given about 
4-5cm and collapsed right sided lung by occluding one 
sided of double lumen and thoracic esophagus mobi-
lized with VATS. The anesthesia parameters during 
thoracoscopic were as follows Tidal volume was 350ml 
for Two-lung ventilation and 400ml for One-lung ven-
tilation and changed according to fluctuation of air-
way pressure, Peak expiratory pressure was 5cmH2O; 
Fraction inspired oxygen was 100% and Respiratory 
rate was 16 time/min. Perioperative parameters recor-
ded in two groups (Anesthesia Induction time, Thora-
cic esophageal mobilization time was recorded separa-
tely along with the time taken for the procedure star-
ting from incision for ports to closure of wound, Blood 
loss, postoperative pulmonary complication, postop 
ICU and hospital stay as well post-operative morbidity 
and mortality was also recorded. Every patient was 
postoperatively observed and treated in ICU or HDU 
and then shifted to ward in Department of Thoracic 
Surgery, CMH Rawalpindi.  

Data was analyzed using SPSS-21. Mean along 
with standard deviation calculated for numerical vari-
able like induction time, operative time and blood loss, 
ICU stay and hospital stay were calculated. Chi square 
was applied, the p-value of <0.05 was taken as signifi-
cant difference. 

RESULTS 

A total of 87 patients underwent Thoracoscopic-
Esophagectomy for esophageal cancer out of which     
60 patients underwent TLV 34 patients and OLV 26 
patients these fulfilled the study criteria and were rec-
ruited for the study. However there was no significant 
difference of (e.g. Mean age p-value 0.096) demograp-
hic comparison of two groups (Table-I). Age range of 
35-80 years in the study with mean age of TLV 56.29    
± 5.98 and OLV 56.35 ± 6.07 years. All of them under-
went successful mobilization of mediastinal esophagus 
by VATS without requirement of conversion to open 
thoracotomy. Compared with TLV and OLV groups, 
TLV significantly better in surgical outcomes (e.g. tho-
racic operation time p-value 0.002) statically in (Table-
II), the mean preparation span for anesthesia induction 
was for TLV 44.00 ± 6.005 and OLV 68.35 ± 8.428 minu-
tes. Mean time of mobilization of thoracic esophagus 
was for TLV 106.41 ± 17.46 and OLV 149.42 ± 5.04 min-
utes. Mean blood loss during the thoracic mobilization 
phase was for TLV 66.58 ± 19.23 and OLV 222.8 ± 47.38 
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ml. The mean ICU stay was for TLV 2.12 ± 0.977 and 
OLV 3.15 ± 0.834 days. Total hospital stay in TLV was 
7.82 ± 1.29 and OLV 9.92 ± 1.093 days Thoracoscopic-
Esophagectomy patients. All thoracic mobilization of 
esophagus for esophagectomy were successfully achie-
ved by VATS and there was no incidence of VATS con-
version to Thoracotomy or any major operative comp-
lications, such as airway and pulmonary parenchymal 
injury, aortic or vena caval bleeding and or periopera-
tive death. There was no incidence of major surgical 
complications while peri-operative pulmonary compl-
ications there is no difference (e.g. Respiratory compli-
cation p-value 0.249) between two groups (Table-III) 
which was managed effectively with good intensive 
care.  

DISCUSSION  

Collapse of right lung is the most essential pre-
requisite for thoracic esophageal mobilization in prone 
or semi-decubitus positioning as part of minimally 
invasive esophagectomy.10 The aim is that lung falls 
down anteriorly and thus gives a clearer view of the 
posterior mediastinum housing the oesophagus. This 
was being achieved by employing double lumen endo-
tracheal tube which intubates the left main bronchus 
only allowing ventilation of left lung only and collapse 
of right lung.11 With the passage of time, the weak-
nesses of this technique have surfaced from complica-
tions of intubation for anesthesia, unsatisfactory expo-
sure for chest operative field, difficulty to save the left 
recurrent laryngeal nerve injury by double-lumen en-
dotracheal tube, the tendency of tracheal tube malpo-
sition while making a prone posture and reduced safe-
ty for re-intubation.12 Meanwhile, alternative choice for 
intraoperative management of tracheal intubation du-
ring Thoracoscopic esophagectomy came under lime 
light and a point of discussion13. Surgeons and anes-
thetists studying for none hazard intubation approach 
for adequate exposure and convenient surgical proce-
dure. With the introduction of insufflation during 
VATS to decompress the ventilating lung, Two-lung 
ventilation technique using ASLET came out as a pro-
mising option.14 It was better outcomes in Thoracosco-
pic esophagectomy under Two-lung ventilation prone 
position. The authors found less blood loss and shorter 
hospital stay time in TLV group as compared to OLV 
group.15 Mean blood loss in that study was greater in 
OLV group and then in TLV. Same like Mean hospital 
stay. This study exhibited that Two-lung ventilation 
use could ease anesthesia intubation, obtain good ex-
posure operative area and peri-operative pulmonary 
complications showed no mild difference between the 
both groups.16 Therefore, Thoracoscopic Esophagec-
tomy in prone position followed by Two-lung ventila-

Table-I: Characteristics of the patients. 

Parameters 
Two-lung 

ventilation n (%) 
34 (56.7) 

One-lung 
ventilation n (%) 

26 (43.3) 

p-
value 

Gender 

Male n=47 26 (75.5) 21 (80.8) 
0.689 

Female n=13 08 (23.5) 05 (19.2) 

Mean Age 56.29 ± 5.98 56.35 ± 6.07 0.096 

Smoking 

Yes 04 (11.8) 04 (15.4) 
0.683 

No 30 (88.2) 22 (84.6) 

Tumor Histology 

Adeno CA 26 (76.5) 13 (50.0) 
0.033 

SCC 08 (23.5) 13 (50.0) 

Tumor Site 

Upper third 06 (17.6) 08 (30.8) 

0.309 
Middle third 08 (23.5) 03 (11.5) 

Lower third 14 (41.2) 13 (50.0) 

GEJ type 2 06 (17.6) 02 (07.7) 

Neoadjuvant Chemotherapy 

Yes 03 (08.8) 04 (15.4) 
0.433 

No 31 (91.2) 22 (84.6) 

Pre T Stage 

2 08 (23.5) 04 (15.4) 

0.726 3 24 (70.6) 20 (74.9) 

4 02 (05.9) 02 (07.7) 
T=Tumor size stage 

Table-II: Comparison perioperative surgical parameters 
between two groups. 

Parameters 
Two-lung 
ventilation 

One-lung 
ventilation 

p-
value 

Induction time 
(min) 

44.00 ± 6.005 68.35 ± 8.42 <0.001 

Thoracic operation 
time (min) 

106.41 ± 17.46 149.42 ± 5.04 0.002 

Blood loss (mL) 66.58 ± 19.23 222.81 ± 47.38 0.017 

ICU stay (day) 2.12 ± 0.97 3.15 ± 0.83 0.004 

Hospital stay (day) 7.82 ± 1.29 9.92 ± 1.09 <0.001 

Respiratory 
complication 

2.29 ± 1.49 1.73 ± 1.19 0.249 

 

Table-III: Comparison Postoperative respiratory 
parameters between two groups. 

Parameters 
Two-lung 

ventilation 
One-lung 

ventilation 
p-

value 

Respiratory 
Complication 

07 (20.6) 11 (42.3) 
0.249 

Pneumonia 03 (8.8) 06 (23.1) 

Pleural effusion 

Bilateral 01 (2.9) 04 (15.4) 
- 

Right 02 (5.9) 00 

Pneumothorax 

Right 01 (2.9) 01 (3.8) - 
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tion could result in better peri-operative outcomes than 
One-lung ventilation comparative study patients. 

In year of 2006, a better technique of a General 
anesthesia endotracheal intubation of TLV was done in 
130 patients for thoracoscopic-esophagectomy in prone 
position, and the incidence of ARDS and pneumonia 
was 0.78% and 1.64%, respectively.17 Recently, resear-
chers from Japan published a result of thoracoscopic-
esophagectomy for 14 patients in prone position with 
TLV and created artificial pneumothorax by VATS, in 
which they reported a stable peri-operative hemodyna-
mics and oxygenation.18 

Here, we report the result of thoracoscopic-eso-
phagectomy performed on 60 patients in prone posi-
tion, with 34 patients of TLV and 26 patients of OLV. 
All patients underwent thoracoscopic operation with-
out undergoing conversion to open thoracotomy or 
drastic complications, such as airways and thoracic 
parenchymal tear, aorta injury, and peri-operative 
mortality. Compared to OLV group, while in the TLV 
group had less induction time for endotracheal intu-
bation, better during operation oxygenation status, less 
thoracoscopic esophagectomy time, less blood loss and 
postoperative hospital stay. There was no statistical 
difference in postoperative respiratory complications 
between the two groups. A major limitation of one-
lung ventilation surgical procedure is that it may re-
sults difficult in converting the VATS to thoracotomy. 
This limitation can be overcome by an endobronchial 
blocker tube/Fogarty catheter, and that it is plausible 
to affect function of left thoracic cavity if the pleura is 
breached during the procedure.19 

LIMITATION OF STUDY 

Our study has limitations, firstly it is a one hospital-
based research and might result an indeterminate patients of 
selection bias. Secondly, this present research is Prospective 
comparative study. So a well-designed randomized clinical 
trial (RCT) should be use in order to prevent statistical error. 
Thirdly, the deficiencies of prime follow-up in this research 
study can only be sort out with time. Thoracotomy or major 
complications, such as airway and pulmonary parenchymal 
injury, aortic bleeding, can become a major cause of peri-
operative mortality in patients undergoing VATS thoracic 
esophageal mobilization during Esophagectomy. Luckily, we 
did not have any such major complication or mortality.  

CONCLUSION 

Thoracic esophageal mobilization by employing TLV 
Two-lung ventilation is technically feasible and safe option in 
prone position while working in our setups. 
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