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Introduction

Esophageal cancer is one of the most common can-
cers in the world.1) The pathological types are mainly 
divided into squamous cell carcinoma and adenocarci-
noma. These two pathological types account for more 
than 95% of the total number of esophageal cancers. In 
contrast to European and American populations, in 
which adenocarcinoma predominates, more than 90% of 
esophageal cancer patients in China have squamous cell 
carcinoma. Esophagectomy is considered to be the best 
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therapeutic treatment for resectable esophageal cancer. 
In recent years, minimally invasive esophagectomy 
(MIE) has gained popularity with less trauma, morbidity, 
and mortality than open surgery.2) In contrast to tradi-
tional double-lumen endotracheal intubation (DLET) 
anesthesia, single-lumen endotracheal intubation com-
bined with right bronchial occlusion (SLET) under car-
bon dioxide (CO2) artificial pneumothorax is a new type 
of anesthetic technology. It has less complexity of intu-
bation, less damage to the trachea, and easier tube man-
agement. Continuous artificial pneumothorax achieves 
better lung collapse and surgical field exposure, which 
are more convenient for tumor resection and lymph-
adenectomy, especially for the left recurrent laryngeal 
nerve (RLN). This study retrospectively analyzed 165 
patients who underwent minimally invasive McKeown 
esophagectomy at Peking Union Medical College Hos-
pital from 2014 to 2019. We evaluated the feasibility, 
safety, and surgical advantages of SLET under artificial 
pneumothorax compared with traditional DLET.

Materials and Methods

A total of 165 patients who underwent minimally 
invasive McKeown esophagectomy by one major sur-
geon (Dr. Li) at Peking Union Medical College Hospital 
from 2014 to 2019 were retrospectively selected. All 
patients were diagnosed with esophageal cancer by gas-
troscopy biopsy, and the tumor location was evaluated 
by upper gastrointestinal angiography and enhanced 
computed tomography of the chest and abdomen. Dis-
tant metastases were excluded by positron emission 
tomography (PET) and enhanced head nuclear magnetic 

resonance imaging (MRI). In all, 48 patients received 
traditional DLET (the DLET group), and 117 patients 
received SLET under artificial pneumothorax (the 
SLET-B group). The DLET group included patients who 
underwent MIE from 2014 to 2019, but the SLET-B 
group included patients since 2017 (Fig. 1). The study 
was approved by the independent medical ethical com-
mittee of the Peking Union Medical College (IRB num-
ber S-1050) and all the patients signed extensive 
informed consents.

Anesthetic and surgical procedure
General anesthesia was adopted in all patients. In the 

DLET group, a left double-lumen endobronchial intuba-
tion was inserted. A fiber bronchoscope was used to con-
firm the tube position in the left bronchus. The patient 
was arranged in a left semi-prone position inclined 45°, 
and the tube and blocker position were confirmed again 
by auscultate. In the SLET-B group, a 7-Fr or 7.5-Fr 
single- lumen endotracheal tube was inserted. Then, a 
bronchial blocker was inserted into the tube lumen under 
the guidance of a fiber bronchoscope to block the right 
main bronchus. Artificial pneumothorax was created by 
CO2 insufflation with a pressure of 8 mmHg. The param-
eters of the anesthetic machine and anesthetic drugs 
were the same between two groups. If the endotracheal 
tube was displaced, it was adjusted and fixed again by 
fiber bronchoscopy.

In the thoracic phase, the esophagus was mobilized, 
and standard lymphadenectomy was performed, espe-
cially bilateral RLN lymph nodes and subcarinal nodes. 
Then, the patient was turned to the supine position. The 
bronchial blocker was removed in the SLET-B group, and 
both groups resumed two-lung ventilation. Laparoscopic 
abdominal exploration was performed, including stomach 
mobilization, lymphadenectomy, and feeding  jejunostomy. 
Afterwards, cervical anastomosis was performed through 
a left cervical incision. Selective cervical lymphadenec-
tomy was performed according to the preoperative ultra-
sonography of suspicious metastatic cervical lymph 
nodes. All patients were transferred to the intensive care 
unit under anesthesia after the operation, and the dual- 
lumen endotracheal tube was replaced with a single- lumen 
endotracheal tube in patients in the DLET group.

Variables collection
We collected the baseline characteristics, intraopera-

tive hemodynamics during anesthesia, surgical and post-
operative characteristics in this study.

Fig. 1  Number of MIE cases in our center from 2014–2019. 
MIE: minimally invasive esophagectomy; SLET-B: 
single lumen endotracheal tube with right bronchial 
occlusion; DLET: double lumen endotracheal tube. 
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Statistical analysis
Analysis was performed using Statistical Product and 

Service Solutions 19.0 statistical software. The measure-
ment data are expressed as means (x±s) or medians (Q1, 
Q3). The student’s t-test or nonparametric test was used 
to compare the means between groups according to nor-
mal distribution test (K-S test). The chi-squared test was 
used to compare the count data. Differences for which 
P values were <0.05 were considered significant.

Results

The baseline characteristics are presented in Table 1. 
A total of 48 patients were assigned to the DLET group, 
and 117 patients were assigned to the SLET-B group. No 
significant differences were observed between the two 
groups in age, sex, preoperative pulmonary function 
(forced expiratory volume in 1 second/forced vital 
capacity [FEV1/FVC]), American Society of Anesthesi-
ologists (ASA) grading, tumor location, pathology, neo-
adjuvant therapy, postoperative staging (TNM staging 
according to the 2015 Union for International Cancer 
Control guidelines) or concomitant disease.

The patient characteristics and intraoperative hemo-
dynamics during anesthesia are presented in Table 2. 
Characteristics including heart rate (HR), systolic blood 
pressure (SBP), diastolic blood pressure (DBP), blood 
oxygen saturation (SpO2), peak airway pressure (Ppeak), 
end-tidal carbon dioxide pressure (PetCO2), and arterial 
blood gas value (potential of hydrogen, pH; partial pres-
sure of oxygen, PaO2; partial pressure of carbon dioxide, 
PaCO2) were collected at four time points: T0 (before 
anesthesia), T1 (45 minutes after the thoracic phase 
started), T2 (90 minutes after the thoracic phase started), 
and T3 (half an hour after the thoracic phase ended). 
Before anesthesia (T0), there were no significant differ-
ences between the two groups. In the thoracic phase (T1 
and T2), patients in both groups had lower HR, SBP, 
DBP, and pH and higher Ppeak, PetCO2, PaO2, and 
PaCO2 after CO2 insufflation. However, the SLET-B 
group had higher pH and lower Ppeak, PetCO2, and 
PaCO2 than the DLET group (P <0.05). These parame-
ters were alleviated after the thoracic phase (T3), and no 
differences were found between the two groups except 
arterial blood pH.

Surgical and postoperative characteristics are pre-
sented in Table 3. The SLET-B group had a significantly 
shorter intubation time and lower tube dislocation rate 
than the DLET group. The SLET-B group had lower tube 

dislocation rate than the DLET group. The SLET-B 
group had less intraoperative hemorrhage, shorter tho-
racic phase time, shorter total hospital stay, and more 
harvested bilateral recurrent laryngeal and total thoracic 
lymph nodes than the DLET group. However, no differ-
ences were found in total operation time, intraoperative 
blood transfusion, conversion to thoracotomy, or post-
operative complications between the two groups.

Discussion

In recent years, MIE has become the recommended 
treatment for resectable esophageal cancer. DLET is the 
most commonly used anesthetic method for thoracic sur-
gery, and it can achieve single-lung ventilation to pro-
vide sufficient surgical field exposure. However, the 
shortcomings of this anesthetic method include the com-
plicated intubation process, high incidence of tube dislo-
cation during operation, difficulty in adjustment, and 
postoperative respiratory complications. Furthermore, it 
is difficult to access the aortopulmonary window and left 
RLN due to the lower tracheal mobility of the double- 
lumen endotracheal tube. Complications such as aorta/
pulmonary artery injury and RLN paralysis may occur 
during lymphadenectomy.3) Single-lumen endotracheal 
intubation combined with bronchial occlusion has the 
following advantages.4) First, the application access is 
relatively simple. The bronchial blocker can provide an 
effective seal of the bronchus with minimal trauma to 
achieve single-lung ventilation. Furthermore, the intra-
operative adjustment is simple, as the surgeon can help 
to adjust the position of the blocker under the direct 
vision of the operation. Second, single-lumen endotra-
cheal intubation causes less damage to the airway 
mucosa and respiratory tract while DLET usually causes 
postoperative pharyngeal discomfort or pain. Third, after 
the thoracic phase of surgery, one only needs to remove 
the bronchial blocker for subsequent surgery. Patients 
need to be changed to a single endotracheal tube when 
returning to the intensive care unit after surgery, which 
can cause secondary injuries as well as postoperative 
pharyngeal discomfort. In our study, the advantages of 
perioperative tube management were shown by the sig-
nificantly lower intubation time and intraoperative tube 
dislocation rate in the SLET-B group than in the DLET 
group. DLET needs complicated preoperative intubation 
and intraoperative management while fiberoptic bron-
choscopy adjustment is needed, if necessary. Thus, the 
intubation time is longer than SLET-B. In addition, the 
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manipulation of the trachea while removing the nodes 
along the RLNs may contribute to DLET tube disloca-
tion, especially in patients with anatomical abnormality, 
such as narrow A-P width of the superior mediastinum. 
Furthermore, adjustment of DLET is difficult during sur-
gery.

When CO2 is continuously insufflated into the tho-
racic cavity, the internal pressure of the pleural cavity 
changes from negative pressure to positive pressure, 
forming tension pneumothorax, leading to lung collapse, 
which achieves the purpose of surgical field exposure. 
Palanivelu et al. used CO2 pneumothorax for the first 

time in thoracoscopy for esophageal cancer in 2006 and 
found that it could reduce postoperative respiratory com-
plications.5) Positive pressure can make capillaries col-
lapse and reduce bleeding. Previous studies have reported 
that in patients with MIE performed by experienced sur-
geons, two-lung ventilation during thoracic phase has 
better surgical variables, such as operation time and hos-
pital stay, than one-lung ventilation.6,7) The SLET-B is an 
improved one-lung ventilation, which is different from 
two-lung ventilation. Although this study does not con-
tain direct comparison of our SLET-B + artificial pneu-
mothorax with above-mentioned method of two-lung 

Table 1 Baseline characteristics

Variables
SLET-B 
group 

(N = 117)

DLET group 
(N = 48)

P value

Age (years) 61.84 ± 8.17 61.42 ± 9.04 0.771
Sex 0.728
 Male 100 40
 Female 17 8
FEV 1/FVC (%) 81.09 ± 7.95 80.59 ± 9.54 0.728
ASA grading 0.134
 I 11 10
 II 94 34
 III 12 4
Tumor location 0.497
 Upper 22 13
 Middle 63 23
 Lower 32 12
Pathology 0.801
 Squamous cell carcinoma 106 45
 Adenocarcinoma 7 2
 Other 4 1
Neoadjuvant therapy 0.417
 No 76 36
 Chemotherapy 39 11
 Hemotherapy+radiotherapy 2 1
Postoperative staging 0.788
 I 33 17
 II 40 14
 III 37 15
 IVA 7 2
Concomitant disease
 Hypertension 38 20 0.262
 Diabetes mellitus 22 10 0.765
 Cardiovascular disease 19 12 0.191
 Respiratory disease 26 15 0.223
Field of lymphadenectomy 0.317
 Two-field 92 41
 Three-field 25 7

FEV 1: forced expiratory volume in 1 second; FVC: forced vital capacity; DLET: 
double-lumen endotracheal intubation; SLET-B: single-lumen endotracheal intubation 
combined with right bronchial occlusion

342 Ann Thorac Cardiovasc Surg Vol. 27, No. 6 (2021)



Right Bronchial Occlusion in esophagectomy

ventilation combined with artificial pneumothorax, we 
think SLET-B has the advantage of maintaining better 
surgical field created by synergetic effect of one-lung 
ventilation and artificial pneumothorax while excluding 
potential disadvantage of intubation with stiff differen-
tial endotracheal tube. In our study, intraoperative 
hemorrhage, thoracic phase time, and total hospital stay 
in the SLET-B group were less than those in the DLET 
group. These results indicate that compared with right 
lung collapse in DLET group, artificial pneumothorax 
can provide satisfactory surgical field exposure of the 
mediastinal space and facilitate the dissection of lymph 
node tissues, reducing intraoperative hemorrhage and 
the probability of accidental injury during surgery, which 
may contribute to fewer total hospital stay.

As it is difficult to remove the RLN nodes by placing 
a rigid double-lumen endotracheal tube in the main 
bronchus, the number of bilateral recurrent RLN nodes 
and the total number of thoracic lymph nodes harvested 
were significantly fewer in the DLET group. Bilateral 
RLN lymph node metastasis may be as high as 40%, and 
locoregional recurrence (especially lymph node recur-
rence) was the most common type of initial treatment 
failure after curative surgery among patients with esoph-
ageal cancer,8) thus optimized lymphadenectomy can 
help us to acquire accurate postoperative pathological 
staging, which may improve the survival rate in esopha-
geal cancer patients. Furthermore, there were fewer 
postoperative complications in the SLET-B group, 
although no significance was found.

The safety of CO2 pneumothorax is an aspect that 
needs attention. First, lung collapse, low tidal volume 
ventilation and direct absorption of carbon dioxide may 
lead to hypercapnia and acidosis during surgery, which 
may cause potential damage to the lungs, especially in 
patients with poor pulmonary function. Second, hemo-
dynamic disturbances may lead to cardiac insufficiency 
in high-risk patients. Furthermore, CO2 pneumothorax 
may cause gas embolization in rare cases. Garg et al. 
considered that when oxygenation and circumfusion are 
sufficient, permissible hypercapnia (PHV) allows a max-
imum PaCO2 of 67 mmHg and a minimum pH of 7.2 in 
arterial blood gas.9) According to previous research, car-
bon dioxide artificial pneumothorax under low pressure 
(<8 mmHg) has no significant effect on respiration and 
circulation.10) In our study, after 8 mmHg CO2 insuffla-
tion, arterial blood gas analysis, and ventilator parame-
ters indicated a decrease in pH and an increase in PetCO2 
and PaCO2, suggesting acidosis and hypercapnia within 

Ta
bl

e 
2 

P
at

ie
nt

 c
ha

ra
ct

er
is

ti
cs

 a
nd

 in
tr

ao
pe

ra
ti

ve
 h

em
od

yn
am

ic
s 

du
ri

ng
 a

ne
st

he
si

a

V
ar

ia
bl

es
T

0
T

1
T

2
T

3

SL
E

T-
B

D
L

E
T

SL
E

T-
B

D
L

E
T

SL
E

T-
B

D
L

E
T

SL
E

T-
B

D
L

E
T

H
R

 (
bp

m
)

73
.5

8 
± 

12
.6

3
74

.1
7 

± 
10

.8
0

70
 (

62
,7

5)
70

.5
 (

63
,7

7.
25

)
70

 (
62

,7
6.

5)
70

 (
62

.7
5,

80
)

70
 (

62
,7

8)
68

 (
62

,7
9.

5)
SB

P 
(m

m
H

g)
12

1.
96

 ±
 1

6.
86

12
0.

50
 ±

 1
5.

28
11

3.
87

 ±
 1

3.
16

11
3.

79
 ±

 1
9.

21
11

2.
98

 ±
 1

3.
00

11
6.

71
 ±

 1
5.

11
11

2.
54

 ±
 1

2.
14

11
5.

25
 ±

 1
3.

07
D

B
P 

(m
m

H
g)

71
.0

1 
± 

10
.5

4
72

.0
4 

± 
11

.8
5

66
.5

2 
± 

9.
02

63
.8

8 
± 

10
.8

3
67

.4
4 

± 
7.

86
68

.4
3 

± 
8.

29
64

.9
6 

± 
7.

56
64

.0
4 

± 
7.

09
Sp

O
2 

(%
)

10
0 

(1
00

,1
00

)
10

0 
(1

00
,1

00
)

10
0 

(9
9.

5,
10

0)
10

0 
(9

8.
5,

10
0)

10
0 

(9
9,

10
0)

10
0 

(9
9,

10
0)

10
0 

(9
9,

10
0)

10
0 

(9
8,

10
0)

Pp
ea

k 
(m

m
H

g)
21

.1
6 

± 
5.

18
22

.1
7 

± 
5.

98
27

.1
4 

± 
4.

98
*

29
.6

5 
± 

7.
07

26
.4

4 
± 

5.
11

*
29

.1
5 

± 
6.

91
20

.7
0 

± 
4.

65
22

.0
2 

± 
5.

90
Pe

tC
O

2 
(m

m
H

g)
37

.4
6 

± 
3.

94
36

.2
5 

± 
3.

93
41

 (
38

,4
5)

*
43

.5
 (

41
,4

7)
44

.7
4 

± 
5.

24
*

46
.6

7 
± 

5.
06

35
.0

9 
± 

4.
14

36
.0

4 
± 

4.
73

PH
7.

39
 ±

 0
.0

5
7.

37
 ±

 0
.0

5
7.

32
 (

7.
26

,7
.3

5)
*

7.
29

 (
7.

24
,7

.3
1)

7.
29

 ±
 0

.0
5*

7.
27

 ±
 0

.0
6

7.
35

 ±
 0

.0
5*

7.
33

 ±
 0

.0
5

Pa
O

2 
(m

m
H

g)
92

.0
3 

± 
7.

94
91

.1
7 

± 
9.

53
18

1.
04

 ±
 4

8.
45

16
9.

73
 ±

 4
7.

44
18

5.
44

 ±
 4

7.
16

18
8.

27
 ±

 5
1.

31
21

9.
44

 ±
 6

2.
38

20
1.

72
 ±

 6
0.

78
Pa

C
O

2 
(m

m
H

g)
39

.4
5 

± 
4.

11
39

.8
1 

± 
4.

40
46

.2
 (

43
.4

,5
1.

9)
*

53
.4

5 
(4

5,
57

.3
)

53
.0

4 
± 

6.
06

*
55

.4
4 

± 
7.

34
42

.9
2 

± 
6.

16
44

.8
3 

± 
6.

14

*P
 <

0.
05

 c
om

pa
re

d 
be

tw
ee

n 
tw

o 
gr

ou
ps

D
B

P:
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 D
L

E
T

: 
do

ub
le

-l
um

en
 e

nd
ot

ra
ch

ea
l 

in
tu

ba
tio

n;
 P

pe
ak

: 
pe

ak
 a

ir
w

ay
 p

re
ss

ur
e;

 P
aO

2:
 p

ar
tia

l 
pr

es
su

re
 o

f 
ox

yg
en

; 
Pa

C
O

2:
 p

ar
tia

l 
pr

es
su

re
 o

f 
ca

rb
on

 
di

ox
id

e;
 P

et
C

O
2:

 e
nd

-t
id

al
 c

ar
bo

n 
di

ox
id

e 
pr

es
su

re
; S

B
P:

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e;

 S
L

E
T-

B
: s

in
gl

e-
lu

m
en

 e
nd

ot
ra

ch
ea

l i
nt

ub
at

io
n 

co
m

bi
ne

d 
w

ith
 r

ig
ht

 b
ro

nc
hi

al
 o

cc
lu

si
on

; S
pO

2:
 

bl
oo

d 
ox

yg
en

 s
at

ur
at

io
n

Ann Thorac Cardiovasc Surg Vol. 27, No. 6 (2021) 343



Li L, et al.

acceptable levels. After the end of artificial pneumotho-
rax, these abnormalities were relieved, which fit the pro-
tective lung ventilation strategy. In terms of respiratory 
and circulatory function, HR, blood pressure, SpO2, and 
other indicators were not significantly different. Further-
more, better anesthetic conditions were acquired in the 
SLET-B group with significantly higher pH and lower 
Ppeak, PetCO2, and PaCO2 than in the DLET group. The 
ventilation parameter adjustment by the anesthesiologist 
during the operation may contribute to the difference. 
Another possibility may be that SLET-B was associated 
with incomplete blockade of the right main bronchus and 
right lung could partially be participated in ventilation. 
Therefore, our study indicates that CO2  artificial pneu-
mothorax is safe under strict control of CO2 pressure and 
standardized protocols.

The bronchial blocker also has limitations in the suc-
tion of airway secretions and difficulty in lung inflation, 
which makes its use restricted in lung surgery. With 
fewer airway secretions and the requirement of repeated 
lung collapse and inflation, the use of bronchial blockers 
has more advantages in esophagectomy. Another disad-
vantage is the inability of continuous sucking of the 
operative field, which may cause difficulty in the hemo-
static process and increased operation time. In our study, 
however, the operation time and intraoperative hemor-
rhage in the thoracic phase were significantly shorter in 
the SLET-B group. Therefore, we believe that this 

shortcoming can be overcome through more experience 
with this surgical technique.

Still, several limitations in our study are noted. First, 
this is a retrospective study, and although baseline 
characteristics were comparable, patient selection bias 
may exist. In addition, this study is also a historical com-
parison of two different techniques, our data included 
patients who underwent MIE from 2014 to 2019, but the 
SLET-B method has only been applied since 2017 (Fig. 1). 
Thus, more experience with this surgical technique may 
contribute to a better outcome in the SLET-B group. Fur-
thermore, our study is the comparison of SLET-B with 
artificial pneumothorax and DLET without artificial pneu-
mothorax. We cannot separate the effect of different intu-
bation techniques and effect of pneumothorax.

Conclusion

Therefore, SLET under artificial pneumothorax is fea-
sible and safe in MIE under strict control of CO2 pres-
sure and standardized protocols. It had advantages in 
tube management, surgical field exposure, shortened 
surgery time, increased efficiency of lymphadenectomy, 
and fewer postoperative complications.

Disclosure Statement

The authors have no conflict of interest.

Table 3 Surgical and postoperative characteristics

Variables SLET-B group DLET group P value

Intubation time (minutes) 18.28±5.00 21.33±4.63 <0.001
Tube translocation 7 8 <0.05
Total hospital stay (days) 11 (10, 14) 15 (14, 19.75) <0.001
Thoracic phase time (minutes) 100 (75, 132.5) 135 (116.25, 168.75) <0.001
Total operation time (minutes) 300 (270, 332.5) 315 (296.25, 348.75) 0.083
Intraoperative hemorrhage (mL) 200 (100, 200) 200 (200, 300) <0.001
Intraoperative blood transfusion 3 2 0.585
Conversion to thoracotomy 1 1 0.512
Lymph node harvest
 Left RLN 5 (3, 10) 2 (2, 3) <0.001
 Right RLN 4 (2, 6) 2 (1.25, 3) <0.001
 Total thoracic 22 (18, 31) 16.5 (12.25, 20.5) <0.001
Postoperative complications
  Anastomosis leak 10 6 0.436
  RLN paralysis 12 8 0.252
 Respiratory complications 6 5 0.216
 Cardiovascular complications 5 2 0.975
  Chylothorax 2 1 0.870
 Postoperative mortality 1 0 0.521

RLN: recurrent laryngeal nerve
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