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Abstract

Background A thoracoabdominal esophagectomy for

esophageal cancer is a severely invasive procedure. A

thoracoscopic esophagectomy may minimize injury to the

chest wall and reduce surgical invasiveness. Conventional

thoracoscopic procedures are performed in the left lateral-

decubitus position. Recently, procedures performed in the

prone position have received more attention because of

improvements in operative exposure or surgeon ergonom-

ics. However, the efficacy of the prone position in an

aggressive thoracoscopic esophagectomy with an extensive

lymphadenectomy has not been fully documented.

Methods We successfully performed a thoracoscopic

esophagectomy with a three-field extensive lymphadenec-

tomy in 43 esophageal carcinoma patients in the prone

position from December 2007 to December 2009. We

describe our procedures with the patients in the prone

position, focusing especially on a lymphadenectomy along

the left recurrent laryngeal nerve where the nodes are fre-

quently involved and precise dissection is technically

challenging. To determine further the advantages of this

position, we retrospectively compared surgical outcomes in

43 patients to those of 34 patients who underwent a tho-

racoscopic esophagectomy in the left lateral decubitus

position as a historical control from January 2006 to

November 2007.

Results It was easier to explore the operative field around

the left recurrent laryngeal nerve during a thoracoscopic

esophagectomy in the prone position. The mean duration of

the aggressive thoracoscopic procedure in the prone posi-

tion was 307 min, which was significantly longer than in

the left lateral decubitus position, but the total estimated

blood loss in the prone position was significantly lower.

There was no difference in the incidence of postoperative

complications between the two procedures.

Conclusions A thoracoscopic esophagectomy in the

prone position is technically safe and feasible and provides

better surgeon ergonomics and better operative exposure

around the left recurrent laryngeal nerve during an

aggressive esophagectomy.
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A standard procedure for surgically curable thoracic

esophageal cancer has high operative morbidity and mor-

tality rates because of extreme invasiveness involving

extensive dissection of lymph nodes [1–3]. A thoraco-

scopic esophagectomy may minimize injury to the chest

wall and reduce the surgical invasiveness, and there have

been several reports of its feasibility and curability [4–12].

This procedure is traditionally performed in the left lateral

decubitus position, but recently the advantages of a tho-

racoscopic esophagectomy in the prone position have been

reported [13–15]. Compared to the left lateral decubitus

position, better operative exposure, improved surgeon

ergonomics, shorter operative time, and less blood loss

have been demonstrated in the prone position [16]. How-

ever, the potential benefits of the prone position during
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minimally invasive but aggressive esophagectomy accom-

panied with extensive lymphadenectomy are not fully

documented.

We introduced a thoracoscopic esophagectomy in the

left lateral decubitus position to reduce surgical invasive-

ness and accelerate early recovery [17] and have recently

developed the procedure with the patient in the prone

position to obtain better operative exposure and surgeon

ergonomics. Lymph nodes along the recurrent laryngeal

nerves are thought to be highly involved by carcinoma cells

as well as a main lymphatic chain to the neck, and com-

plete dissection of these nodes is recommended [1, 18–22].

However, a lymphadenectomy, especially along the left

recurrent laryngeal nerve during a thoracoscopic esopha-

gectomy, is thought to be a burdensome step because of

difficult operative exploration at the left upper mediasti-

num. To achieve a meticulous dissection of this portion,

stable operative views and technical feasibility are neces-

sary. We herein present our procedure of a lymphadenec-

tomy along the left laryngeal nerve by performing a

thoracoscopic esophagectomy in the prone position, and

retrospectively review the advantages of this procedure in

the prone position compared with those of the left lateral

decubitus position.

Methods

Patients

We reviewed the records of 95 consecutive patients with

potentially curable thoracic esophageal cancer who were

candidates for a thoracoscopic esophagectomy at our

institute and an affiliated one from January 2006 to

December 2009. From January 2006 to November 2007, 42

patients were treated in the left lateral decubitus position

(LLDP group), and from December 2007 to December

2009, 53 patients were treated in the prone position (PP

group). Distant metastasis, multiorgan involvement,

enlarged and fixed cervical lymph nodes, and suggestive

celiac lymph node metastasis on computed tomography or

FDG-PET scan findings were considered indications of

incurable disease. Contraindications for a thoracoscopic

esophagectomy were tumor infiltration into other struc-

tures; impaired circulatory or pulmonary function prohib-

iting single-lung ventilation; a concomitant serious medical

disorder such as severe diabetes mellitus, chronic renal

failure, or liver cirrhosis; and patient refusal to undergo

thoracoscopic surgery. Tumors were staged according to

the TNM classification system of the American Joint

Committee on Cancer and the Union Internationale Contre

le Cancer. Twenty patients underwent chemoradiation

therapy or chemotherapy before surgery for T3 and bulky

N1 or T3 N2 tumors. The abdominal portion of the pro-

cedure was performed laparoscopically in all but five

patients who had had previous serious abdominal surgery

(i.e., 2 in the PP group and 3 in the LLDP group). An

alimentary tract was reconstructed using a gastric conduit

in all patients except two who had had a previous gas-

trectomy (i.e., one in each group who underwent a small or

large intestinal reconstruction). All surgeries were per-

formed or supervised by a single senior surgeon (NH). The

patients were fully involved in the decision-making pro-

cess, and informed consent was obtained from all patients.

All patients who had undergone a thoracoscopic esopha-

gectomy had a scheduled enhanced computer tomographic

examination every 3 or 6 months after surgery to determine

the prevalence and location of local-regional recurrence.

This retrospective study was approved by the Institutional

Review Board of Saga University Hospital.

Thoracoscopic procedures in a prone position

Under a combination of epidural and general anesthesia

and using a double-lumen endotracheal tube for single-lung

ventilation, the patient was initially placed in a prone

position. The right arm only was raised cranially to expose

the right axillar fossa. The face was placed toward the right

to facilitate suction of the sputa by bronchial scope and to

avoid increasing ophthalmic pressure. All surgeons stood

on the right chest side of the patient, and a high-quality

video monitor was set up on the opposite side (Fig. 1). A

12-mm blunt trocar was inserted into the fifth intercostal

space (ICS) on the posterior axillary line, carefully con-

firming the absence of pleural adhesion. Another three

trocars were inserted under thoracoscopic control: a 12-mm

trocar in the third ICS behind the midaxillary line, a 5-mm

Fig. 1 Position of the patient, surgeons, and video monitors, and sites

of the four trocars. Roman numerals show the rib number. MA
midaxillary line, PA posterior axillary line
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trocar in the seventh ICS behind the posterior axillary line,

a 12-mm trocar in the ninth ICS on the scapular angle line

for the thoracoscope, and, if needed, a 5-mm trocar in the

seventh ICS on the scapular angle line (Fig. 1). Carbon

dioxide pneumothorax was achieved at a pressure of

6 mmHg to collapse the right lung and to expand the

mediastinum. Procedures in the prone position were basi-

cally the same as those in thoracoscopic procedures in the

left lateral decubitus position previously described [17].

The surgeon used a grasper in the left hand and a mono-

polar electrocautery, ultrasound-activated device (Sono-

Surg X, Olympus, Tokyo) or tissue-fusion system

(Ligasure V, Covidien, Norwalk, CT, USA) in the right

hand. The surgeon began by opening the mediastinal pleura

overlying the anterior aspect of the esophagus. The arch of

the azygos vein was then divided and the right bronchial

artery was carefully preserved. The lymph nodes around

the right recurrent laryngeal nerve could be dissected

nearly below the thyroid gland. The thoracic duct was

divided in preparation for attachment to the esophagus. The

pulmonary branches of the vagus nerves were preserved

and the esophagocardial branches were divided. The upper

esophagus was mobilized circumferentially, and the

esophagus was divided at the level of the aortic arch by

linear stapling (ETS flex 45–4.8, Ethicon, Somerville, NJ,

USA) to facilitate lymph node dissection on the left aspect

of the esophagus.

Dissection along the left recurrent laryngeal nerve

Before dissection along the left recurrent laryngeal nerve,

subcarinal nodes and nodes below the right bronchus were

dissected, and the preserved right bronchial artery was

extended by the division of the branch of the third inter-

costal artery to a point that allowed good visualization of

the left aspect of the trachea and the area below the aortic

arch. During the procedure, a main cuff of a double-lumen

endotracheal tube was deflated temporarily and the trachea

was rolled back carefully and strongly to the right and

ventrally by a grasper holding small gauze to explore the

left aspect of the trachea and the left bronchus (Fig. 2).

First, the divided esophagus on the oral side was released

from the trachea toward the neck to allow for a sufficient

number of lymph nodes up to the thoracic inlet to be dis-

sected. Next, the tissue, including the left recurrent lar-

yngeal nerve and lymph nodes, was dissected sharply just

along the trachea and the left bronchus to make the ventral

border of dissection. The posterior aspect, which was the

left border of dissection, was dissected on a vascular sheath

of the dense connective tissue covering the aortic arch and

the left subclavicular artery. This vascular sheath is sup-

posed to be developed to the pericardium around the heart.

This dense connective tissue includes a couple of superior

cardiac branches of the sympathetic nerve system that arise

at the neck and run down along the left subclavicular artery

(Fig. 3). Some esophageal or tracheal branches of the

identified left recurrent laryngeal nerve were divided, and

the thoracic duct was also divided at the thoracic inlet.

Finally, the left recurrent laryngeal nerve was sharply

isolated from the explored tissue without using an electric

device to avoid injury by electricity or heat, and lymph

nodes were consequently dissected in an en-bloc fashion

accompanied with the divided thoracic duct. At the verte-

bral side of the posterior aspect of this dissection, the

vascular sheath covering the aortic arch and the left sub-

clavicular artery was prepared with the divided esophagus

Fig. 2 A schematic drawing of the exploration around the left

recurrent laryngeal nerve and dissection along the left recurrent

laryngeal nerve preserving the cardiac branches within the vascular

sheath of the left subclavicular artery and the aortic arch. The curved

arrow shows the trachea rolled back by a grasper with small gauze.

The straight arrows show the dissected borders around the left

recurrent laryngeal nerve. CB cardiac branches, LNs lymph nodes,

LRLN left recurrent laryngeal nerve, LSA left subclavicular artery,

T trachea, VS vascular sheath

Fig. 3 The superb visualization and a magnified view provided by

the thoracoscope in the prone position around the left aspect of the

trachea and the area below the aortic arch. LRLN left recurrent

laryngeal nerve, T trachea, LSA left subclavicular artery, CB cardiac

branches, AA aortic arch
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on the descending aorta at the posterior face (Fig. 3).

During dissection below the aortic arch, the recurrent

portion of the left recurrent laryngeal nerve, left vagus

nerve, and one or two left bronchial arteries were identified

and preserved on the face of the trunk of the pulmonary

artery.

By dissecting the esophagus below the main bronchi, a

proper dissecting plane was created; the pericardium, left

pleura, descending aorta, and diaphragm were maintained

to perform sufficient paraesophageal, middle, and lower

posterior mediastinal and supradiaphragmatic lymph node

dissection.

After the thoracoscopic procedures were completed, a

single 28Fr chest tube or a 19Fr Blake drain (Ethicon) was

inserted. The patient was placed in the supine position and

then underwent the laparoscopic abdominal procedure. The

double-lumen endotracheal tube was changed to a standard

single-lumen endotracheal tube. The stomach was mobi-

lized accompanied by dissection of abdominal lymph

nodes; a gastric conduit was then created extracorporeally

through the small laparotomy incision. The reconstruction

of an alimentary tract was done at the neck between the

cervical esophagus and a gastric conduit pulled up through

the posterior mediastinum. A pyloroplasty was not per-

formed and no feeding jejunostomy tube was placed.

Statistical analysis

We determined the advantages of thoracoscopic esopha-

gectomy in the prone position compared to those of the left

lateral decubitus position. To determine whether an ade-

quate operative exposure around the left recurrent lar-

yngeal nerve was obtained, we confirmed that there was

adequate identification and exploration of the left subcla-

vicular artery from the aortic arch to the thoracic inlet,

which overlies the posterior aspect of the dissection, by

reviewing the medical charts and the video recordings of

all thoracoscopic procedures. As clinical data, we obtained

the following information from medical charts: age; sex;

concurrent illness; tumor characteristics; total and thoracic

operation times; total estimated blood loss; number of

retrieved total nodes, mediastinal nodes, and nodes along

the left recurrent laryngeal nerve; and incidence of recur-

rent nerve palsy and respiratory complications. If a patient

had hoarseness, then otolaryngologists were consulted to

determine whether recurrent laryngeal nerve palsy was

present. Respiratory complications were defined in this

study as a fever over 38�C, with radiographic evidence of

pulmonary infiltration, prolonged ventilation over 5 days,

or new use of a bronchodilator. The values are expressed as

the mean ± standard deviation (SD). Differences between

the groups were analyzed by Student’s t test or the v2 test

using Fisher’s exact probability [23]. A two-sided p value

of less than 0.05 was considered to be statistically

significant.

Results

During the study period, there was no patient who initially

was proposed to be a candidate for an open thoracotomic

esophagectomy. The thoracoscopic procedure in the prone

position was completed in all 53 patients with no conver-

sions to a conventional thoracotomy or thoracoscopic sur-

gery by the left lateral decubitus position. Ten patients who

underwent a thoracoscopic esophagectomy in the prone

position were excluded from this study for the following

the reasons: Eight patients of the original 53 had a limited

two-field lymph node dissection due to the superficial

spread of carcinoma that was preoperatively diagnosed as a

T1a tumor located in the lower third of the esophagus.

Another patient had an incurable T4 tumor that had been

diagnosed preoperatively as a resectable T3 tumor and

consequently underwent a palliative resection. One patient

had concomitant pharyngeal cancer and underwent a

pharyngolaryngectomy in addition to a radical esophagec-

tomy for esophageal cancer.

From January 2006 to November 2007, 42 patients

underwent a thoracoscopic esophagectomy in the left lat-

eral decubitus position for preoperatively curable esopha-

geal cancer. Eight of these patients were excluded from the

present study. In 2 of 42 patients, the thoracoscopic pro-

cedure was converted to a conventional open thoracotomy:

one because of dense pleural adhesion derived from pre-

vious surgery for lung cancer and the other because of

intraoperative bleeding from the left inferior pulmonary

vein. In this group, there was one patient with an incurable

T4 tumor and one patient with concomitant pharyngeal

cancer. Four patients had a two-field lymph node dissection

because of the superficial carcinoma preoperatively diag-

nosed as T1a tumor in the lower esophagus.

Consequently, 43 patients enrolled in this study under-

went a thoracoscopic esophagectomy in the prone position

(PP group) and 34 underwent a thoracoscopic esophagec-

tomy in the left lateral decubitus position (the LLDP

group). Patient and tumor characteristics are listed in

Table 1. There was no significant difference between the

two groups in age, gender, location of tumor, or staging.

All 43 patients in the PP group had a preoperative histo-

logical diagnosis of esophageal squamous cell carcinoma,

but there were 3 patients with adenocarcinoma in the LLDP

group. Twelve patients (28%) in the PP group and 7

patients (16%) in the LLDP group underwent preoperative

chemotherapy using a combination of cisplatin and 5-flu-

orouracil, and 1 patient in the PP group had preoperative

radiation therapy of 34 Gy in addition to chemotherapy.
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Proximal and distal surgical margins were free from car-

cinoma cells in all patients in both groups, according to

macroscopic and microscopic examinations. Lymph node

metastasis was identified in 26 (60%) of the 43 patients in

the PP group and in 18 (53%) of the 34 patients in the

LLPG group. The duration of the thoracoscopic procedure

was significantly longer in the PP group than in the LLDP

group (307 ± 66 min vs. 272 ± 58 min, p = 0.01

respectively), as shown in Table 2. Estimated blood loss in

the PP group was 142 ± 87 g, which was significantly

lower than that in the LLDP group (295 ± 416 g,

p = 0.045). The number of dissected and retrieved lymph

nodes in the thoracoscopic procedure was 27.0 ± 9.1 in the

PP group and 26.8 ± 11.0 in the LLDP group (p = 0.439).

The operative field around the left recurrent laryngeal

nerve was carefully explored in the PP group (Fig. 3).

Identification of the left subclavicular artery was achieved

in all of 43 patients (100%) in the PP group and in 28 of 34

patients (82%) in the LLDP group (p \ 0.0001). Further

adequate identification and exploration of the left subcla-

vicular artery to allow sufficient lymph node dissection

around the left recurrent laryngeal nerve was obtained in 41

of 43 patients (95%) in the PP group compared to only 22

of 34 patients (65%) in the LLDP group (p = 0.007). The

number of lymph nodes along the left recurrent laryngeal

nerve was counted in the en-bloc excised specimen from

the tracheobronchial node below the aortic arch to the

nodes at the cervical side attached to the left recurrent

laryngeal nerve as long as it could be dissected thoraco-

scopically. The number of dissected and retrieved lymph

nodes along the left recurrent nerve was 6.1 ± 3.9 in the

PP group and 5.4 ± 5.0 in the LLDP group (p = 0.556)

(Table 2).

Intraoperative complications, other than conversion of

the thoracoscopic procedure to conventional open thora-

cotomy in two patients in the LLDP group, were observed

in one patient in the PP group who had an injury to the

right inferior pulmonary vein. We were able to grasp the

bleeding point just before a massive hemorrhage and the

injury was closed successfully by suturing. Operative

mortality was observed in one patient in the PP group; the

patient died suddenly on postoperative day 8 from a serious

hemorrhaging into the thorax and gastric conduit from the

esophagogastrostomy. Postoperative complications devel-

oped in 15 of the 43 patients in the PP group (35%) and in

12 of the 34 patients of the LLDP group (35%) (Table 3).

Respiratory complications were observed in 5 (12%) of the

43 patients of the PP group and in 5 (15%) of the 34

patients of the LLDP group; there was no significant dif-

ference in the incidence of respiratory complications

between the two groups. Postoperative hoarseness and

palsy of the left recurrent laryngeal nerve was observed in

6 patients (14%) in the PP group and in 6 patients (18%)

in the LLDP group; there was no significant difference in

postoperative hoarseness or left recurrent nerve palsy

between the two groups. There were two patients with right

recurrent laryngeal nerve palsy in the LLDP group. One

Table 1 Clinical characteristics

PP group

(n = 43)

LLDP group

(n = 34)

p

Age (years)

Mean (range) 63 (54–83) 64 (50–80) 0.387

Gender

Male/female 37/6 27/7 0.545

Location of main tumor

Upper 5 5 0.528

Middle 20 19

Lower 18 10

Depth of tumor invasion

T1a 6 4 0.917

T1b 9 9

T2 6 5

T3 19 14

T4 3 1

Presence of lymph node metastasis 26 18 0.643

TNM stage

0–I 11 10 0.799

II–IV 32 24

Presence of preoperative therapy 13a 7 0.435

Numbers indicate number of patients unless otherwise indicated. T1a
tumor invades lamina propria or muscularis mucosa, T1b tumor

invades submucosa, T2 tumor invades muscularis propria, T3 tumor

invades adventitia, T4 tumor invades adjacent structures
a One patient had both preoperative chemotherapy and radiation

therapy

Table 2 Surgical results of a thoracoscopic esophagectomy

PP group

(n = 43)

LLDP group

(n = 34)

p

Operation time (min)

Total 572 ± 69 562 ± 82 0.598

Chest 307 ± 66 272 ± 58 0.021

Estimated blood loss (g) 142 ± 87 295 ± 416 0.045

Number of dissected lymph nodes

Total 49.6 ± 16.4 51.2 ± 23.1 0.750

Chest 27.0 ± 9.1 26.8 ± 11.0 0.939

Along the left recurrent

laryngeal nerve

6.1 ± 3.9 5.4 ± 5.0 0.556

Case of identification of the left subclavicular artery

Identification 43 28 \0.0001

Adequate identification

and exploration

41 22 0.007

Data are expressed as the mean ± SD unless otherwise indicated
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also had left nerve palsy and underwent a temporary tra-

cheotomy. All 12 patients, except for one in the LLDP

group, recovered from hoarseness and recurrent laryngeal

nerve palsy within 6 months. During a median follow-up

period of 22 months after surgery, primary local recurrence

along the left recurrent laryngeal nerve has not been

observed.

Discussion

To minimize morbidity and mortality after an esophagec-

tomy, a thoracoscopic esophagectomy was introduced as a

minimally invasive option [4, 5], with the same survival

benefit as conventional open esophagectomy [6–12]. The

thoracoscopic procedure is most commonly performed with

the patient in the left lateral decubitus position. Cuschieri

et al. [24] demonstrated the thoracic portion of this pro-

cedure performed in the prone position in six patients in

1994. However, their procedure was not widely adopted

until 2006. Recently, Palanivelu [13] reported his experi-

ence with 130 patients treated by thoracoscopic esopha-

gectomy in the prone position and stimulated new interest

in this approach. Fabian et al. [16] suggested potential

benefits compared to those of the procedure in the left

lateral-decubitus position. The authors reported increased

operative exposure, improved surgeon ergonomics, and

less operative time. Conversely, an aggressive esophagec-

tomy with an extended three-field rather than two-field

lymphadenectomy for thoracic esophageal cancer is

thought to be beneficial for survival after surgery, mainly

among Eastern surgeons [1, 25, 26], even though the effi-

cacy of a three-field lymphadenectomy has not been proven

by well-designed, prospective, randomized control trials

[18, 19]. Akiyama et al. [1] emphasized that the recurrent

laryngeal nerve lymphatic chains were of utmost impor-

tance for possible nodal metastases because of a high fre-

quency of tumor spread of over 30% wherever the primary

cancer was located in the mediastinum. The rationale of the

aggressive procedure is based on the high involvement of

upper mediastinal lymph nodes, especially along the

recurrent laryngeal nerves in thoracic esophageal cancer,

and improved survival benefits by radical dissection of

these nodes [1, 2, 25, 26]. However, both postoperative

morbidity and mortality are closely associated with the

extensiveness of the lymphadenectomy [3]. Otherwise,

chemoradiation should be adopted as an alternative adju-

vant therapy to improve the surgical outcomes in advanced

thoracic esophageal carcinoma with extensive nodal

involvement.

Reduced invasiveness with a thoracoscopic procedure is

documented in a radical esophagectomy with extensive

lymphadenectomy, which itself is an inherently invasive

procedure [5, 7, 8]. Less operative blood loss, fewer

respiratory complications, and preserved respiratory vital

capacity after thoracoscopic surgery were reported [5–12].

In addition, a magnified operative view may enhance

meticulous dissection of lymph nodes, thereby preserving

mediastinal structures. Despite these potential merits, it is

difficult to achieve better operative exposure during a

thoracoscopic esophagectomy in the left lateral decubitus

position because the positioning of the patient causes

mediastinal organs and structures to shift greatly to the left,

the right lung is collapsed by univentilation anesthesia and

overlies the esophagus, and exudates collect in the pos-

terior mediastinum of the operative field. A technically

skillful assistant must expose the operative views quickly

and gently using the forceps and suction. The surgeon’s

view of the monitor must be turned upside down to avoid

the counterimage when two monitors are set on each side.

In this situation, hand-eye coordination cannot be obtained

smoothly if a scope-holding assistant does not work cor-

rectly. The prone position could improve some of these

disadvantages. We were first struck by the superior oper-

ative exposure obtained when the patient was placed in the

prone position. Mediastinal organs and structures were

exposed spontaneously by both gravity and artificial

pneumothorax without any help from an assistant. The lung

fell away with or without minimal handling. As exudates

accumulated in the right anterior thorax, not in the pos-

terior mediastinum of the operative field, intermittent

suction of accumulated fluids were usually unnecessary

during surgery. In addition, the surgeon’s wrists and

shoulder joints were in a neutral position in relation to the

forearms and upper arms, minimizing fatigue and maxi-

mizing ergonomic function. The view of one monitor

standing in a single line to the operative field and the

improved surgeon ergonomics contributed to better hand-

eye coordination. Therefore, the prone position in

minimally invasive esophagectomy may provide many

advantages [13, 16] but its efficacy is not fully docu-

mented. In this study we described our aggressive

Table 3 Complications after a thoracoscopic esophagectomy

PP group

(n = 43)

LLDP group

(n = 34)

p

Mortality 1 0 [0.999

Morbidity 15 12 [0.999

Respiratory complications 5 5 0.742

Hoarseness 6 6 0.756

Anastomotic failure 3 0 0.251

Chylothorax 1 3 0.316

Others 1a 0 [ 0.999

a Pancreatic fistula
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procedure and determined the advantages of thoracoscopic

esophagectomy in the prone position compared to the left

lateral decubitus position, focusing on a lymphadenectomy

along the left recurrent laryngeal nerve where lymph node

dissection is thought to be important but difficult.

Increased operative exposure with the prone position

was greatly improved, even around the left recurrent lar-

yngeal nerve. Our hypothesis was that we could perform a

precise and accurate lymph node dissection in this area if

the operative field was sufficiently exposed because the

dissected area could be strictly defined and traced as

described above. In this study we confirmed the hypothesis

that adequate identification and exploration of the left

subclavicular artery in the posterior aspect of the dissected

area could be achieved. We found that the prone position

was superior to the left lateral decubitus position in this

respect. We also determined the number of thoracoscopi-

cally harvested lymph nodes along the left recurrent lar-

yngeal nerve below the aortic arch to the thoracic inlet with

an en-bloc excised specimen. We found that the number of

the harvested lymph nodes in the prone position was

slightly higher, but the difference was not significant. A

possible plateau in the skill of dissecting sufficient lymph

nodes along the left recurrent laryngeal nerve using tho-

racoscopy in the left lateral decubitus position may limit

the number of dissected lymph nodes despite increased

quality of dissection in this area. Nevertheless, we could

expect that the dissection of lymph nodes of this area by the

prone approach might be much more extensive due to

improved operative exposure. We demonstrated that the

left paratracheal nodes along the left recurrent laryngeal

nerve and infra-aortic nodes, which are considered to be

particularly difficult to dissect [27], were visualized and

dissected sufficiently with the use of the proper techniques

of a thoracoscopy in the prone position. Exposure around

the thoracic inlet and of the ventral side of the posterior

aspect of the left recurrent laryngeal nerve within this area

was accelerated by rolling back the trachea using a forceps

that grasped a small piece of gauze rather than retracting

the trachea or pressing the forceps as in the left lateral-

decubitus position. As a result we could expect lymph

nodes along the left recurrent laryngeal nerve to be dis-

sected and the nerve isolated in a more precise way by

thoracoscopic esophagectomy in the prone position. We

were concerned that the incidence of recurrent nerve palsy

would be increased by extensive manipulation of the nerve,

but this was not the case. We speculate that precision that

was thus achieved by the improved ergonomics of the

surgeon and operative exposure also minimized damage to

the left recurrent laryngeal nerve.

A mediastinal lymph node dissection is considered to be

critically important in ensuring patient survival after a

radical esophagectomy [1, 2, 18–21]. The average number

of retrieved nodes in the current series was 27, which was

nearly identical to that retrieved by open thoracotomic

esophagectomy, thus suggesting that thoracoscopic esoph-

agectomy in the prone position is oncologically equivalent

to open surgery and the left lateral-decubitus position.

Previous studies of thoracoscopic esophagectomy reported

mean numbers of dissected and retrieved intrathoracic

lymph nodes ranging from 11 [6] to 34 [8]. The numbers of

retrieved lymph nodes reported in Japanese studies seem to

be larger than those in Western studies [5, 11, 27]. The

difference in postoperative survival, especially in cases

with nodal involvement, may reflect this difference.

Better operative exposure was not associated with

shortened operative time in this series. It does not appear

that the operative time depended on the initial learning

curve of thoracoscopic esophagectomy in the prone posi-

tion. The chief surgeon in this study had the experience of

over 150 cases of thoracoscopic esophagectomy in the left

lateral decubitus position before introduction to the prone

position and had been trained in the prone technique at

another institute. Fabian et al. [16] also suggested that the

learning curve for the prone technique appeared to be rel-

atively short, within the first five cases. It took more time to

dissect lymph nodes extensively in the fields requiring

sufficient exploration in the prone position. In other

reports, the operative times for a thoracoscopic esopha-

gectomy in the prone position were much shorter than

those in the present series [13, 16]. However, the number of

dissected lymph nodes in those reports was also fewer than

that in the present series. The strategy of a lymphadenec-

tomy during an esophagectomy might be quite different.

Paraesophageal nodes might be dissected in most cases

[16], and the procedure might be determined on a case-by-

case basis with or without subcarinal nodes and nodes

along the recurrent laryngeal nerves [13]. We took more

time to preserve mediastinal organs and structures; i.e.,

recurrent nerves, bronchial arteries, cardiac branches of the

sympathetic nerves, a sheath of trachea, and pulmonary

branches of the vagus nerves. Therefore, we must try to

reduce the operative time by selecting the dissected por-

tions in each case or by achieving technical advances in

dissection. Furthermore, we should assess specific mea-

surements of task performance or surgeon fatigue in future

studies to advocate improved surgeon ergonomics.

Despite the prolonged operative time for thoracoscopic

esophagectomy in the prone position, the estimated blood

loss was lower. The blood loss occurs with either a tech-

nical event during mediastinal dissection or injury of

intercostal sites. Thoracoscopic surgery itself, by using four

or five surgical ports, can minimize damage to the chest

wall. Furthermore, a magnified view and superb visuali-

zation provided by thoracoscopic surgery allow better

identification of mediastinal structures and more

Surg Endosc (2010) 24:2965–2973 2971
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meticulous dissection, and consequently an injury to seri-

ous vessels can be avoided despite extensive dissection. In

addition to these advantages of thoracoscopic surgery, we

could expect that increased operative exposure and

improved surgeon ergonomics with the prone position may

allow precision for both dissection and hemostasis, result-

ing in less blood loss than in the left lateral decubitus

position. Even when there is accidental injury to a serious

vessel, as in our experience with the right inferior pul-

monary vein, immediate and successful hemostasis could

be achieved with the patient in the prone position.

Mortality and morbidity rates were low and acceptable

compared to the rates in recent reports on open surgery

[28–30] and even in reports on thoracoscopic procedures in

the left lateral decubitus position [6–12, 27]. The incidence

of respiratory complications in the prone position was 15%.

This is equivalent to that of the left lateral decubitus

position and is much lower than that reported for open

surgery [31, 32]. Minimal manipulation of the right lung as

well as early recovery after thoracoscopic surgery pre-

vented pulmonary complications. Because respiratory

complications are the most common problem leading to

prolonged hospital stay or postoperative mortality after a

thoracoabdominal esophagectomy, we expected that per-

formance of a thoracoscopic procedure in the prone posi-

tion would have a positive effect on the incidence of

respiratory complications. In the present series, differences

in respiratory complications in the prone position com-

pared to the lateral decubitus position were not apparent. A

minimally invasive esophagectomy by means of thoracos-

copy in the left lateral decubitus position and laparoscopy

already facilitates early recovery from postoperative dam-

age enough to minimize postoperative respiratory compli-

cations. Therefore, we failed to demonstrate striking

efficacy with the prone position compared to the combined

thoracoscopic and laparoscopic procedure. Careful selec-

tion of patients without preoperative impaired respiratory

function or anticancer therapy might make the clinical

efficacy of a minimally invasive esophagectomy more

apparent by limiting the surgical invasiveness of a radical

esophagectomy.

Obvious disadvantages of the prone position include

emergent or elective conversion to open surgery and the

need for an assistant to expose the operative field or retract

the organs. However, no such conversions were required in

this series. In one patient, there was an injury to the right

inferior pulmonary vein, but we were able to immediately

grasp the bleeding point just before a massive hemorrhage

and close a hole in the pulmonary vein by suturing.

Improved handling and better operative exposure with the

prone position permitted the critical situation to be

resolved. Emergent conversion to a posterior thoracotomy

could be performed in this position but would not be a

familiar surgical approach. If it was an elective conversion,

not due to an emergency, it might be better for the patient

to be placed in the left lateral decubitus position. A tho-

racoscopic esophagectomy in the prone position is carried

out almost in a solo-surgery fashion with minimal help

from an attending assistant. Technically skillful help from

an assistant would allow the surgeon to dissect more pre-

cisely and quickly. However, our current prone procedures

permit an assistant to use only a single port which is dif-

ficult to handle.

We conclude that a thoracoscopic esophagectomy in the

prone position is technically safe and feasible and provides

good surgeon ergonomics and excellent operative exposure

around the left recurrent laryngeal nerve. By meticulous

dissection with the patient in the prone position, the blood

loss or the incidence of recurrent nerve palsy is not

increased despite extensive manipulation of the nerve.

Except for the operative time, the present results do not

show disadvantages with thoracoscopic esophagectomy in

the prone position. We believe that improved visualization

and a magnified view provided by thoracoscopy in the

prone position would possibly prove more advantageous

during an aggressive esophagectomy with extensive dis-

section of lymph nodes in a long-term result.
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