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The hybrid position is superior to the prone position for
thoracoscopic esophagectomy with upper mediastinal
lymphadenectomy
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Background: Thoracoscopic esophagectomy (TE) is becoming a common surgical method for esophageal
cancer. TE is performed with the patient the left lateral decubitus position, prone position, or hybrid
position combining the left lateral decubitus and prone positions. However, only few studies have compared
the clinical utility of these TE positions. In our institute, we introduced TE in the prone position (prone TE)
in 2014, and have performed TE in the hybrid position (hybrid TE) since March 2017. The present study
compared the short-term outcomes of prone TE versus hybrid TE.

Methods: One-hundred-and-three patients with esophageal or esophagogastric junction cancer who
underwent TE between March 2014 and December 2019 were included. Patients were divided into those
who underwent prone TE (prone TE group; n=43) and those who underwent hybrid TE (hybrid TE group;
n=60). Clinicopathological data were retrospectively reviewed and compared between groups.

Results: There were no differences between groups in age, tumor histology, and tumor location. The
proportion of females was significantly higher in the prone TE group than the hybrid TE group (23.3% vs. 8.3%,
P=0.034). Compared with the hybrid TE group, the prone TE group had a smaller tumor depth (P<0.001),
lower grade of lymph node metastasis (P=0.003), and less severe tumor stage (P=0.001). The operation time
for the thoracoscopic procedure was shorter in the hybrid TE group than the prone TE group (318.9 vs.
249.2 min, P=0.002). There were no significant differences between the two groups in the reconstruction organ
and route, bleeding volume, and number of dissected mediastinal lymph nodes. Although several factors can
affect postoperative complications, the rate of recurrent laryngeal nerve paralysis (Clavien-Dindo grade I-11IT)
was significantly lower in the hybrid TE group than the prone TE group (41.9% vs. 11.7%, P<0.001), whereas
there were no differences between groups in the rates of anastomotic leakage, atelectasis, or pneumonia.
Conclusions: In hybrid TE, the upper mediastinal procedures were performed in the left lateral decubitus
position. Therefore, the most significant differences between prone TE and hybrid TE involved the upper
mediastinal procedures. Because the assistant stands opposite to the operator in hybrid TE, the motion of
the assistant’s forceps causes less interference with the operative field compared with prone TE in which the
assistant stands next to the operator. Furthermore, in hybrid TE, the angle at which the operator's forceps
approach the upper mediastinal lymph nodes and the recurrent laryngeal nerve enables the maintenance of
appropriate traction. These advantages resulted in a shorter operation time and less recurrent laryngeal nerve

paralysis in hybrid TE compared with prone TE.
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Introduction

Esophageal cancer is one of the leading causes of cancer-
related death worldwide. In the Asia-Pacific region,
including Japan, the vast majority of esophageal cancers
are squamous cell carcinomas (SCC) (1). In contrast,
esophageal SCC is rare in western countries, where most
esophageal cancers are adenocarcinomas at the lower
portion of the thoracic esophagus (2). Esophagectomy with
two- or three-field lymphadenectomy plays a major role
in achieving locoregional control as part of the treatment
strategy for resectable thoracic esophageal cancer.
However, esophagectomy is a highly invasive procedure
that can lead to severe postoperative complications (3).
Therefore, minimally invasive esophagectomy (MIE) with
the thoracoscopic and/or laparoscopic approach has been
recently developed and widely performed worldwide.
However, there is currently no established evidence
supporting the use of MIE as an alternative to open
esophagectomy for esophageal cancer (4). In thoracoscopic
esophagectomy (TE), the patient is placed in the left lateral
decubitus position (LD-TE), prone position (prone TE),
or hybrid position combining the left lateral decubitus and
prone positions (hybrid TE) (5-9). However, only a few
studies have compared the clinical utility of TE with the
patient in these positions.

In our institute, prone TE was introduced in 2014, and
hybrid TE has been performed since March 2017. The
present study compared the short-term postoperative
outcomes of prone TE versus hybrid TE.

Methods
Patients

Between March 2014 and December 2019, 90 patients with
esophageal cancer and 15 patients with esophagogastric
junction cancer underwent TE followed by reconstruction
at the Department of Surgery, Hamamatsu University
Hospital. Of these 105 patients, two patients who underwent
TE with intrathoracic anastomosis were excluded. Thus,
103 patients were included in the present retrospective
analysis. Prone TE was performed from March 2014 to
March 2017. From March 2017 to December 2019, hybrid
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TE was performed in all patients except for one who
underwent prone TE. The patients were classified as those
who underwent prone TE (prone TE group; n=43) and
those who underwent hybrid TE (hybrid TE group; n=60).

Surgical procedures

Prone TE was performed under general anesthesia with a
single-lumen endotracheal tube. Patients were placed on
the operating table in the prone position, with the right
side of the upper body slightly elevated on a bolster. The
first port was inserted using the visually guided optical
view method, and the other trocars were placed under
direct thoracoscopic vision after lung deflation as shown in
Figure 14. The procedures were performed using either
a two-dimensional high definition video system (VISERA
ELITE, Olympus, Tokyo, Japan) with a flexible scope
or an ultra-high definition video system (VISERA 4K
UHD, Olympus) with a 30° rigid scope. Extended radical
lymphadenectomy was performed from the lower to the
upper mediastinum.

Hybrid TE was performed under general anesthesia
with selective intubation to block the right lung. Patients
were placed in the left semi-prone position, and the
operating table was then rotated to create the left lateral
decubitus position. The first port was inserted using an
open technique or via mini-thoracotomy, and the other
trocars were placed as shown in Figure 1B. A three-
dimensional high definition video system with a flexible
scope (ENDOEYE FLEX 3D, Olympus) was used for
the procedures. Extended radical lymphadenectomy was
performed from the upper to the lower mediastinum.
After the upper mediastinal procedure was performed, the
patients were moved to the prone position by rotating the
operating table, and then the lower and middle mediastinal
procedures were performed (Figure 2) (9).

In both procedures, artificial pneumothorax was
achieved using carbon dioxide at a pressure of 8 mmHg to
collapse the right lung and expand the mediastinum. The
surgeon used a grasper in the left hand and a monopolar
electrocautery, ultrasound-activated device, or bipolar
tissue-fusion system in the right hand. The azygos arch was
divided using a linear stapler. The right bronchial artery was
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Figure 1 Thoracoscopic port placement for prone TE (A) and hybrid TE (B). The numbers indicate the intercostal spaces. Prone TE,

thoracoscopic esophagectomy performed with the patient in prone position; hybrid TE, thoracoscopic esophagectomy performed with the

patient in hybrid position combining the left lateral decubitus and prone positions; MAL, middle axillary line; PAL, posterior axillary line;

SL, scapular line.

Figure 2 Intraoperative images of hybrid thoracoscopic esophagectomy in the left lateral decubitus position (A) and prone position (B).

dissected, while the left bronchial artery was preserved. The
upper mediastinal lymphadenectomy along the bilateral
recurrent laryngeal nerves (numbers 106recR and 106recL)
was performed mainly using micro-scissors (Figure 3).
The upper or lower thoracic esophagus was divided using
a linear stapler, depending on the tumor location. The
thoracic duct was dissected with the esophagus when tumor
invasion was suspected. After the thoracoscopic procedures
were completed, a 24 Fr chest tube was inserted in the right
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chest cavity. The patient was placed in the supine position,
and then the laparoscopic or open abdominal procedure and
cervical procedure were performed. Bilateral cervical lymph
node dissection was generally performed for advanced SCC
and superficial SCC located in the middle or upper thoracic
esophagus, except for patients with low surgical tolerance or
those considered high surgical risk patients. Gastric conduit
was mainly used for reconstruction in one-stage surgery; the
right colon was used in one-stage surgery and in second-
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Figure 3 Intraoperative views of upper mediastinal lymphadenectomy along the bilateral recurrent laryngeal nerves (numbers 106recR and

106recL) in prone TE (upper panels) and hybrid TE (lower panels). Prone TE, thoracoscopic esophagectomy performed with the patient in

prone position; hybrid TE, thoracoscopic esophagectomy performed with the patient in hybrid position combining the left lateral decubitus

and prone positions.

stage surgery in patients with concomitant gastric cancer or
a history of gastrectomy. The gastric conduit was pulled up
to the neck through the posterior mediastinal, retrosternal,
or subcutaneous route, depending on the tumor stage or
patient condition. The subcutaneous route was used for
reconstruction with the right colon. The cervical esophagus
and gastric conduit or terminal ileum were anastomosed
using hand-suturing techniques.

Postoperative complications

Postoperative complications including pneumonia,
anastomotic leakage, and recurrent laryngeal nerve paresis
were evaluated in accordance with the Clavien-Dindo
classification (10). Pneumonia was defined as the evidence
of pulmonary infiltration and/or consolidation on chest
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radiography or chest computed tomography (CT) scan.
Anastomotic leakage was defined as the presence of signs
indicating clinical leakage and/or findings of radiographic
leakage by esophagogram or CT scan. Atelectasis was
defined as an area of no ventilation and/or collapse
identified on chest radiography or chest CT scan. Recurrent
laryngeal nerve paresis was defined as the presence of
hoarseness and/or laryngoscopic vocal cord palsy.

Endpoint

Clinicopathological data and operative and postoperative
courses were retrospectively reviewed. The primary
endpoint was the short-term postoperative outcome, which
was compared between the prone TE and hybrid TE
groups.
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Table 1 Patient background characteristics Statistical analyses
Characters Prone TE Hybrid TE P value All statistical analyses were performed using the SPSS
group (n=43) group (n=60) Lo .
statistical software program (version 6 22; SPSS Inc.,
Ageinyears,mean+  63.9+7.9 67.4:8.4 0.516 Chicago, IL, USA). The chi-squared test and Student’s
standard deviation ..
t-test were used for the statistical analyses. P values of <0.05
Sex 0.034* were considered significant. Data collection and analyses
Male 33 (76.7) 55(91.7) were approved by the institutional review board of the
Fernale 10(23.3) 56.9) Hamamatsu University Hospital.
Tumor histology
Results
Squamous cell 39 (90.7) 47 (78.3) 0.221
carcinoma Patient background characteristics
Adenocarcinoma 403 12(20.0) There were no significant differences between the prone
Malignant melanoma 0(0.0) 1(1.7) TE and hybrid TE groups in age, tumor histology, or tumor
Tumor location 0.138 location. The proportion of females was significantly higher
Uboer thoraci 5 (116 467 in the prone TE group than the hybrid TE group (23.3%
pperfhoracie (1.8 €7 vs. 8.3%, P=0.034). Compared with the hybrid TE group,
Middle thoracic 23 (53.5) 22 (36.7) the prone TE group had a smaller tumor depth (P<0.001),
Lower thoracic 12 (23.9) 23 (38.3) lesser grade of lymph node metastasis (P=0.003), and less
Esophagogastric 3(7.0) 11(18.3) severe tumor stage (P=0.001) (7able 1).
junction
Tumor depth <0.001** Operative factors
cT1 29 (67.4) 24 (40.0) The rate of patients who underwent three-field radical
cT2 8 (18.6) 5(8.3) lymphadenectomy was higher in in the prone TE group
T3 6 (14.0) 31 (51.7) than the hybrid ’.l"E.g.roup (?0.7 % vs. 59.5%, P<0.001).
There were no significant differences between the two
Lymph node metastasis 0.003™ groups in the reconstruction organ or route. The operation
cNO 35 (81.4) 29 (48.3) time for the thoracoscopic procedure was significantly
N1 3(7.0) 19 (31.7) shorter in the hybrid TE group than the prone TE group
(318.9+66.2 vs. 249.2+42.4 min, P=0.002). There were
ch2 5(11.8) 9(15.0 no significant differences between the two groups in the
cN3 0(0.0) 3(5.0 bleeding volume or the number of mediastinal lymph nodes
Tumor stage 0.001** dissected during TE (Table 2).
cStage 0 3(7.0) 3(5.0)
cStage | 26 (60.5) 17 (28.3) Short-term postoperative outcomes
cStage Il 9 (20.9) 13 (21.7) The rate of recurrent laryngeal nerve paralysis (Clavien-
cStage Il 49.3) 27 (45.0) Dindo grade >I) was significantly lower in the hybrid
TE group than the prone TE group (41.9% vs. 11.7%,
cStage IV 1(2.3) 0(0.0)

P<0.001), whereas there were no significant differences

*P<0.05, **P<0.01, **P<0.001. Values are presented as number between groups in the rates of recurrent laryngeal nerve
(%) unless stated otherwise. Prone TE group, patients who

underwent thoracoscopic esophagectomy in the prone position;
hybrid TE group, patients who underwent thoracoscopic
esophagectomy in the left lateral decubitus and prone positions.

paralysis classified as Clavien-Dindo grade >II or >III.
There were no differences between the two groups in the
rates of anastomotic leakage, atelectasis, or pneumonia of
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Table 3 Postoperative complications

Factors Prone TE Hybrid TE P value Complications Prone TE Hybrid TE P value
group (n=43) group (n=60) group (n=43) group (n=60)
Lymphadenectomy <0.001** Recurrent laryngeal nerve paralysis
Two fields 4(9.3%) 25 (40.5%) Grade = 18 (41.9) 7(11.7) <0.001"
Three fields 39 (90.7%)  35(59.5%) Grade =l 5(11.6) 4(6.6) 0.379
Reconstruction organ 0.312 Grade =lIl 1(2.3) 1(1.7) 0.811
Stomach 42 (97.7%) 56 (92.9%) Anastomotic leak
Colon 1(2.3%) 4(7.1%) Grade =| 8(18.6) 9(15.0) 0.627
Reconstruction route 0.86 Grade =l 8(18.6) 8(13.3 0.466
Posterior mediastinal 38 (88.4%) 51 (85.7%) Grade =lll 8(18.6) 46.7) 0.063
Retrosternal 3 (7.0%) 6 (9.5%) Atelectasis
Subcutaneous 2 (4.7%) 3(4.8%) Grade I 20 (46.5) 30 (50.0) 0.727
Operation time for 318.9+66.2 249.2:42.4  0.002% Grade Il 11(25.6) 23(3839) 0175
TE (min) Grade =llI 6 (14.0) 17 (28.3) 0.084
Bleeding volume (g) 262.2+328.4 314.9+418.9 0.087 Pneumonia
No. of pLNs dissected in TE Grade =I 8(18.6) 10 (16.7) 0.798
Total 37.5+14.0  33.5+14.0 0.817 Grade 2II 8(18.6) 10(16.7) 0.671
Upper mediastinum ~ 17.08.2 13.2+7.4 0.314 Grade =lIl 0(0) 1(1.7) 0.395
Middle mediastinum 16.3+8.8 15.5+7.2 0.346 *P<0.001. Complications were graded in accordance with the
Clavien-Dindo system. Prone TE group, patients who underwent
Lower mediastinum 4.2+3.6 4.9+3.6 0.354

*P<0.01, **P<0.001. Values are presented as number (%) or
mean + standard deviation. Prone TE group, patients who
underwent thoracoscopic esophagectomy in the prone position;
hybrid TE group, patients who underwent thoracoscopic
esophagectomy in the left lateral decubitus and prone positions;
TE, thoracoscopic esophagectomy; pLNs, pathological lymph
nodes.

any Clavien-Dindo grade (7able 3). There was no 30-day
mortality or in-hospital mortality in either group.

Discussion

MIE through the right thoracic approach in the lateral
decubitus position (LD-TE) was first reported in 1992,
combining the laparoscopic approach with reconstruction
via a gastric conduit anastomosed to the neck (11). LD-
TE with mediastinal lymphadenectomy was subsequently
reported by others (5,6,12). In 1994, the first case series of
six patients who underwent prone TE was reported (7), and
later studies reported on higher numbers of patients who

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

thoracoscopic esophagectomy in the prone position; hybrid TE
group, patients who underwent thoracoscopic esophagectomy
in the left lateral decubitus and prone positions.

underwent prone TE (13-15). However, these initial reports
showed high rates of conversion to open thoracotomy and
postoperative respiratory complications, and therefore
did not show a convincing advantage of the thoracoscopic
approach.

In 2006, a study evaluating prone TE with insufflation
at a pressure of 6-8 mmHg reported no conversions to an
open procedure and a very low incidence of postoperative
pneumonia (16). In 2010, another study reported that
43 patients with esophageal cancer who underwent
prone TE had a significantly lower total estimated blood
loss compared with 34 patients who underwent LD-TE
as a historical control (8). Since the publication of these
studies with promising outcomes and the subsequent
technical improvements, prone TE has been introduced
as a MIE in many institutes, while some institutes still
prefer LD-TE.
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The hybrid TE procedure was developed in 2009 and
reported in 2014 (9). In the first report of hybrid TE, the
number of harvested mediastinal nodes and the PaO,/FiO,
ratio on postoperative day 1 were both greater in the hybrid
TE group compared with the group who underwent LD-
TE in earlier years (9). In addition, there were no significant
differences between groups in the in-hospital mortality or
the rate of complications other than vocal cord palsy, which
was more frequently observed after hybrid TE than after
LD-TE (9).

The present study is the first to compare the clinical
outcomes of prone TE and hybrid TE. However, there
were some differences between the two groups in the
patient background characteristics and operative factors.
Regarding the patient background characteristics, there
was a significantly greater proportion of females in the
prone TE group than the hybrid TE group; this may have
occurred by chance, as there was no bias for patient sex in
the indication of TE. Regarding the operative factors, as
prone TE was indicated only for superficial cancers in its
introductory phase, the prone TE group inevitably had a
smaller tumor depth, lesser grade of lymph node metastasis,
and less severe tumor stage than the hybrid TE group.
Furthermore, the rate of lower thoracic and esophagogastric
junction cancers tended to increase over the study period;
although this increase was not statistically significant, it
may have at least partially contributed to the significantly
lower rate of patients who underwent three-field radical
lymphadenectomy in the hybrid TE group compared with
the prone TE group. Despite these differences between the
two groups, the present study showed the superiority of
hybrid TE over prone TE in terms of a shorter operation
time for TE and less recurrent laryngeal nerve paralysis.

In hybrid TE, the upper mediastinal procedures are
performed in the left lateral decubitus position. Therefore,
the upper mediastinal procedures most significantly differ
between prone TE and hybrid TE. Because the assistant
stands on the opposite side of the operating table to the
operator in hybrid TE, the motion of the assistant’s forceps
causes less interference, which enables the creation of a
better operative field (Figure 24) compared with prone
TE in which the assistant stands next to the operator
(Figure 2B). In addition, another advantage of hybrid TE
over prone TE seems to be that the angle at which the
operator’s forceps approach the upper mediastinal lymph
nodes and the recurrent laryngeal nerve better enables
the maintenance of appropriate traction (Figure 3). These
differences in the upper mediastinal procedures during

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.
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prone TE versus hybrid TE may have resulted in the
lower incidence of postoperative recurrent laryngeal nerve
paralysis in the hybrid TE group, although other factors can
also affect the operative outcomes.

There are several limitations in the present study. First,
as this was a retrospective study conducted in a single
institute that compared data collected in different time
periods, there were some differences between groups in
patient background characteristics. Second, the operative
outcomes of prone TE and hybrid TE may have been
affected by other factors such as the different video systems
used for TE, the development of surgical instruments
and the technical development of surgeons and surgical
teams during the study period, and improvements in
perioperative care with advanced rehabilitation and nutrient
supports. However, hybrid TE appears to have potential
advantages over prone TE in performing upper mediastinal
lymphadenectomy, which may have contributed to the
lower rate of recurrent laryngeal nerve paralysis after hybrid
TE versus prone TE.

Recently, robot-assisted thoracic esophagectomy (RTE)
using the da Vinci® robotic system (Intuitive Surgical,
Sunnyvale, CA, USA) has been increasingly performed
for esophageal cancers, and appears to have the potential
to overcome the limitations of conventional TE and to
improve the short-term postoperative outcomes of TE
(17,18). The first report of RTE in 2006 described RTE
performed in the left lateral decubitus position (19),
while the first reports of RTE in the prone position were
published in 2010 (20) and 2011 (21). In RTE using the da
Vinci® surgical system, the consistent prone position seems
satisfactory for the performance of the lower to upper
mediastinal procedures; however, the advantages of hybrid
TE over prone TE during the upper mediastinal procedures
may help improve the potential limitations of future RTE
using new robotic systems.

Conclusions

In our series of patients who underwent TE for resectable
esophageal cancer, the hybrid TE group had a shorter
operation time for the thoracoscopic procedure and a lower
rate of recurrent laryngeal nerve paralysis than the prone
TE group. Although further studies are needed to compare
the operative outcomes of hybrid TE versus prone TE in a
prospective manner, hybrid TE appears to have advantages
over prone TE, especially during the upper mediastinal
procedures.
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