
Abstract. Background/Aim: Adequate mediastinal lymph -
adenectomy during thoracoscopic esophagectomy (TE)
requires an extensive operating field. In order to rectify this
problem, we developed slender tracheal forceps that can pass
through a 12-mm trocar. Patients and Methods: TE in the
prone position was performed in 58 patients with esophageal
cancer using slender tracheal forceps. Perioperative and
postoperative clinical data were compared against those of 61
patients who underwent transthoracic open esophagectomy
(OE). Results: The mean duration of thoracic manipulation
was significantly longer in the TE than OE group: 226.2
versus 171.3 minutes (p<0.0001). Mean blood loss was
significantly lower in the TE than OE group: 39.9 versus
176.8 g (p<0.0001). A mean of 23.4 mediastinal lymph nodes
were dissected in the TE group and 25.1 in the OE group. The
timing of extubation tended to be earlier in the TE group.
Postoperative morbidity did not differ between groups.
Conclusion: Slender tracheal forceps are acceptable for fine
mediastinal lymphadenectomy in thoracoscopic surgery for
esophageal cancer, and the technique could contribute to
development of minimally invasive surgery.

Surgery for esophageal cancer is time-consuming and
complicated. The three most common techniques for thoracic
esophagectomy are the transhiatal approach, Ivor Lewis

esophagectomy (right thoracotomy and laparotomy), and the
McKeown technique (right thoracotomy followed by
laparotomy and neck incision with cervical anastomosis) (1).
In Japan, extended transthoracic esophagectomy with three-
field lymphadenectomy (cervical, mediastinal and abdominal)
with the McKeown technique has been performed for the past
three decades (2). Although the prognosis of patients with
esophageal cancer has improved as a result of such extensive
surgery, postoperative morbidity and mortality are important
problems that remain to be resolved (3, 4).
Recently, thoracoscopic esophagectomy (TE) has become

more popular among surgeons, with an expectation that it
will become a minimally invasive procedure (5). Although
its consideration as a minimally invasive surgical technique
is controversial (6), it seems to be equal or superior to
conventional transthoracic surgery for anatomical recognition
because of its magnified field of view (7). For TE  to become
a standard operating procedure, sufficient lymphadenectomy
is required. 
In esophageal cancer surgery, removal of the upper

mediastinal lymph nodes, especially those of the right and
left recurrent nerves, is important because of their high rate
of metastasis (8). For adequate mediastinal lymph node
dissection, an extensive operating field is required, and
appropriate devices are needed to achieve this. 
At our Institute, TE in the prone position has been

performed for early-stage cancer. This approach is beneficial
for surgeons because an adequate surgical field can be
obtained without assistance, and it can provide surgeons with
superior ergonomics for the left lateral position (9).
However, the difficulty of lymph node dissection in the
upper mediastinum, especially on the left side of the trachea,
has been reported (10). In order to rectify this problem, we
developed slender tracheal forceps that can pass through a
12-mm trocar and create an adequate operating field. 
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In this study, we investigated the effectiveness of this
forceps and its suitability in TE. 

Patients and Methods

Patients. From January 2011 to October 2014, 172 patients with
esophageal cancer underwent esophagectomy at Dokkyo Medical
University Hospital, Japan. We excluded patients who underwent
transhiatal esophagectomy (40 cases), salvage esophagectomy (eight
cases) and cervical esophagectomy including laryngopharyngoeso-
phagectomy (five cases). Patients who underwent TE or transthoracic
subtotal esophagectomy were eligible. TE with mediastinal
lymphadenectomy in the prone position was performed in 58 patients
with thoracic or abdominal esophageal cancer (TE group). The
selection criteria for TE were as follows: no previous thoracic surgery;
no possibility of severe pleural adhesion; and no previous (chemo-)
radiotherapy of the esophagus. For the first 40 cases, this procedure
was performed in patients with clinical T1/T2, N0 esophageal cancer.
After that, the indications were extended to T3 and N1-3. In the same
period, 61 patients underwent transthoracic open esophagectomy (OE
group). The indications for transthoracic open esophagectomy were
clinical T1-4a/N0-3 esophageal cancer (Table I).

The patients were staged according to the TNM classification
(seventh edition) of the American Joint Committee on Cancer and
the International Union Against Cancer (11). Informed consent for
the operations was obtained from all patients according to our
institutional guidelines.

Thoracoscopic surgery. The patients were intubated with a single-
lumen endotracheal tube, and a blocking balloon was inserted into
the right main bronchus to deflate the right lung. The patients
were placed in the prone position. The first thoracoscopic port
(12-mm Xcel port; ETHICON, New Brunswick, USA) was
inserted at a posterior axillary line at the seventh intercostal
space, and inflated with CO2 at 6 mm Hg, which collapsed the
right lung. Next, another 12-mm port was inserted at the scapular
angle line at the ninth intercostal space. This port was used as the
main observation port. Thereafter, three ports were arranged as
follows: a 12-mm port at the middle axillary line at the third
intercostal space; a 12-mm port at the posterior axillary line at
the fifth intercostal space; and a 5-mm port at the scapular angle
line at the seventh intercostal space. TE was started with
mobilizing the upper esophagus with the regional lymph nodes.
In order to mobilize the upper esophagus, the azygos vein and the
right bronchial artery were divided. The upper mediastinal pleura
was dissected and the upper thoracic esophagus, right main
branch of the vagal nerve and right subclavian artery were
exposed. After that, the right recurrent nerve lymph nodes were
dissected up to the thyroid gland. We utilized a slender tracheal
forceps (total length: 400 mm, length excluding handgrip: 290
mm, length of head: 43 mm, maximum diameter of head: 8 mm)
that we developed ourselves (Figure 1). Moderate traction of the
subclavian artery using this forceps allowed effective
visualization of the surgical site (Figure 2). The upper thoracic
esophagus was circumferentially mobilized and taped to allow
moderate retraction. This tape was grasped by a Mini Loop
Retractor II (COVIDIEN JAPAN, Tokyo, Japan) inserted through
the chest wall at the inside of the right scapula. The upper
thoracic esophagus was retracted to the dorsal side by pulling up
the retractor. The adjacent trachea was rolled to the right and

ventrally by the tracheal forceps (Figure 3). Tissue including the
left recurrent nerve lymph nodes was radically dissected from this
extended surgical site. In the middle mediastinum, the bilateral
esophageal branch of the vagal nerve was divided, while the
pulmonary branches were preserved. The subcarinal and bilateral
main bronchial lymph nodes were dissected with the middle
esophagus. In the lower mediastinum, the esophagus and regional
lymph nodes were dissected along the layer that exposed the
pericardium, descending aorta and left mediastinal pleura. After
complete dissection of the thoracic esophagus and regional lymph
nodes, a 24 Fr chest drainage tube was inserted through the 
12-mm port site at the ninth intercostal space.

Perioperative and postoperative clinical course. The duration and
blood loss of thoracic surgery were measured in the TE and OE
groups, along with the number of dissected mediastinal lymph
nodes. Additionally, we noted the duration of intubation, intensive
care unit (ICU) stay, and postoperative hospital stay. Postoperative
morbidity was assessed according to the Clavien–Dindo
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Table I. Patient characteristics of thoracoscopic esophagectomy (TE)
and transthoracic open esophagectomy (OE) groups.

Factor                                            TE group        OE group        p-Value
                                                         (n=58)             (n=61)

Age (mean±SD)                          65.95±8.23      63.82±9.36        0.1911
Gender (M/F)                                    49/9                49/12             0.7220
Tumor location                                                                               0.9947
    Upper thoracic                                 7                      7                   
    Mid thoracic                                   32                    34                  
    Lower thoracic                               19                    20                  
Depth of tumor invasion                                                             <0.0001
    T0                                                     0                      1                   
    T1                                                    43                     6                   
    T2                                                     7                      6                   
    T3                                                     7                     40                  
    T4                                                     1                      8                   
Lymph node metastasis                                                               <0.0001
    N0                                                   44                    20                  
    N1                                                    8                     17                  
    N2                                                    4                     13                  
    N3                                                    2                     11                  
Distant metastasis                                                                           0.9713
    M0                                                  57                    60                  
    M1 (Lym)                                        1                      1                   
Stage                                                                                             <0.0001
    0                                                       0                      1                   
    I                                                       42                     8                   
    II                                                      8                     10                  
    III                                                     7                     41                  
    IV                                                     1                      1                   
Histology                                                                                        0.0381
    Squamous cell carcinoma              49                    53                  
    Barrett adenocarcinoma                  5                      1                   
    Adenocarcinoma                             0                      5                   
    Other                                                4                      2                   
Chemotherapy (yes/no)                    4/54                26/35           <0.0001

F: Female; M: male; SD: standard deviation; Lym: lymph node.



classification (12), and complications greater than grade II were
regarded as significant. Surgical mortality (Clavien–Dindo grade V)
included in-hospital deaths (by postoperative day 90).

Statistical analysis. Categorical analysis of variables was performed
using either the Chi-square of Fisher’s exact test, as appropriate.
Continuous data were compared with the Mann–Whitney U-test.
Differences were considered to be significant if the p-value was less
than 0.05. All statistical analyses were carried out using R software
(version 3.1.1).

Results

Perioperative course. The surgical outcomes of
esophagectomy are described in Table II. The duration of
thoracic manipulation in the TE group was significantly
longer than that in the OE group (p<0.0001) at a mean of
226.2 minutes compared to 171.3 minutes in the OE group.
Mean blood loss was 39.9 g in the TE group, compared with
176.8 g in the OE group (p<0.0001). Although there was a
tendency towards less frequent blood transfusion in the TE
group, it was not significant. There were a mean 23.2
mediastinal lymph nodes dissected in the TE group and 24.8
in the OE group. There was no significant difference
between the groups (p=0.1083). There was a mean of 4.2 left
recurrent nerve lymph nodes dissected in the TE group and
4.5 in the OE group, but this difference was not significant
(p=0.4885). In the TE group, the mean duration of intubation
was 0.03 days, compared with 0.33 days in the OE group.
Although the difference was not significant, there was a
tendency toward earlier extubation in the TE group
(p=0.0667). With regard to ICU stay and postoperative
hospital stay, there were no significant differences between
the groups (p=0.4980 and p=0.2066, respectively). 

Postoperative morbidity and mortality. There was no
postoperative mortality. The incidence of postoperative
morbidity did not differ significantly between the groups.
Each complication was analyzed according to the Clavien–
Dindo classification (Table III). With regard to recurrent
nerve palsy, grade I or more dysfunction is shown. For other
complications, including pneumonia, arrhythmia,
anastomotic leakage and wound infection, those over grade
II are shown. The most frequent complications for the whole

cohort were recurrent nerve palsy and anastomotic leakage.
The two groups did not differ significantly in regard to
frequency of complications. Wound infection did not occur
in these two groups. One patient each in the OE group had
pyothorax and pleuritis.
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Figure 1. Slender tracheal forceps made at our institution. A: Complete view of the forceps. B: Magnified view of the head of the forceps. The obtuse
angle allows gentle exclusion and traction of the trachea. This is appropriate as an artery or nerve exclusion forceps. 

Figure 2. Photograph of lymph node dissection of the right recurrent
nerve (white arrow) using a slender tracheal forceps. By excluding the
right subclavian artery (black arrow) ventrally, a sufficient surgical
view is obtained.

Figure 3. Photograph of lymph node dissection of the left recurrent
nerve (black arrow) using a slender tracheal forceps and Mini loop
retractor II. A: Mediastinal tissue, including left recurrent nerve, was
extended by pulling the upper esophagus to the dorsal side using a Mini
Loop Retractor II. (B) As a result of traction of the trachea to the
ventral and right side, clear view around the left recurrent nerve is
obtained. White arrow, trachea; E, esophagus. 



Discussion

Thoracoscopic surgery for esophageal cancer is often
performed as a type of minimally invasive surgery (13-17).
Although its importance as a minimally invasive procedure
has been controversial to date, the reduction in blood loss that
results from being able to recognize fine structure is a merit
of thoracoscopic surgery (18). Additionally, precise lymph
node dissection may be possible because of the ability to view
the fine structure (7). Recently, many institutions have
introduced TE, especially in Japan and East Asia. However,
more effective devices to enable sufficient lymphadenectomy
and less invasiveness will be required if thoracoscopic surgery
is to become a gold standard method of esophagectomy.
Among the mediastinal lymph nodes, those of the right

and left recurrent nerves are important targets for
lymphadenectomy because metastasis is frequent in these
areas (19-21). In order to create an adequate operating field,
we developed slender tracheal forceps.
TE is performed with the patient in the left lateral

decubitus position (22-24) or prone position (9, 25-27). At
our institute, we select to perform TE with the patient in the
prone position because of its convenience for effective
visualization of the mediastinum, and because accumulation
of blood in the operating field is rare. However, the prone
position is thought to be inferior to the left lateral position
regarding left upper mediastinal lymph node dissection
because effective visualization of the surgical field is
difficult. Our method using slender tracheal forceps and Mini
Loop Retractor II have an advantage of visualization of the
surgical field derived from retraction and extension of the
trachea and esophagus. For retraction of the trachea,
endoscopic gauze or dissectors are generally used. However,
it is easy for these instruments to slip on the membranous
portion of the trachea. Therefore, frequent modification of
retraction is necessary. There is rarely a need for
modification of tracheal exclusion using our method. With
regard to the Mini Loop Retractor II, which is a type of

needle device (28), it is useful to pull the esophagus to the
dorsal side, and to make a good operating field. Using these
devices fully, an effective operating field is exposed for
sufficient upper mediastinal lymphadenectomy.
Apart from effective lymph node dissection, prevention of

postoperative mortality is a requirement of thoracoscopic
surgery. Thoracoscopic surgery can minimize damage to the
thoracic wall and preserve the respiratory muscles (7).
Additionally, the magnified field of view allows for
preservation of the minute vessels around the trachea or
bronchus. In particular, a lateral longitudinal anastomosis,
derived from the inferior thyroid artery, subclavian artery,
internal thoracic artery, tracheoesophageal artery, and
costocervical trunk, is important for tissue blood supply in
the trachea (29). For the thoracoscopic technique, we can
confirm lateral longitudinal anastomosis and dissect the
lymph nodes around the trachea without injury. Our slender
tracheal forceps are helpful for preservation of the lateral
longitudinal anastomosis. 
The point needing improvement for TE is shortening the

long operative time. One report has highlighted the necessity
for a specialist team comprising three experts (namely a
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Table II. Surgical outcomes of thoracoscopic esophagectomy (TE) and transthoracic open esophagectomy (OE) groups.

                                                                                                                  TE group (n=58)                       OE group (n=61)                          p-Value

Duration of thoracic manipulation (mean±SD) (min)                               226.22±35.81                             171.25±35.40                            <0.0001
Blood loss in thoracic cavity (mean±SD) (g)                                             39.86±56.10                             176.82±131.07                           <0.0001
Blood transfusion (yes/no)                                                                                 4/54                                           11/50                                     0.0623
No. of dissected mediastinal nodes (mean±SD)                                          23.17±5.64                                 24.82±5.47                                0.1083
No. of dissected left recurrent nerve nodes (mean±SD)                              4.24±1.72                                   4.49±2.17                                 0.4885
Intubation time (d)                                                                                        0.034±0.184                               0.328±1.193                               0.0667
ICU stay (d)                                                                                                  1.000±0.000                               1.082±0.918                               0.4980
Hospital stay (d)                                                                                                  16.8                                            20.8                                      0.2066

ICU: Intensive care unit; SD: standard deviation.

Table III. Postoperative morbidity of thoracoscopic esophagectomy (TE)
and transthoracic open esophagectomy (OE) groups.

                                                      TE group        OE group        p-Value
                                                         (n=58)             (n=61)

Morbiditya                                    21 (36.2%)      26 (42.6%)        0.4742
Recurrent nerve palsyb                12 (20.7%)      13 (19.7%)        0.9337
Pneumonia                                      3 (5.2%)          4 (6.6%)          0.7483
Arrhythmia                                     3 (5.2%)          3 (4.9%)          0.9495
Anastomotic leakage                     8 (13.8%)        9 (14.8%)        0.8810
Wound infection                             0 (0%)             0 (0%)             -
Other                                               0 (0%)             2 (3.3%)          -

aOver Clavien–Dindo classification grade II; bgreater than Clavien–
Dindo classification grade I.



surgeon, an assistant, and an endoscopist) for smooth TE
(27). In our study, the operating time for mediastinal
manipulation was significantly longer than that required for
transthoracic surgery. One reason for this is that endoscopists
are changed at regular intervals (e.g. every 3 months). Unlike
transthoracic surgery, the skill of the endoscopist is important
in thoracoscopic surgery. Optimal visualization depends on
the endoscopist securing an effective visual field. Therefore,
the education of endoscopists is one of the most important
issues for effective thoracoscopic surgery. If standardization
of the thoracoscopic procedure is achieved by skillful
endoscopists and effective devices for surgical field extension
are available, shorter operating times will be possible.

Conclusion

In conclusion, our procedure using slender tracheal forceps
is acceptable for fine mediastinal lymphadenectomy in
thoracoscopic surgery for esophageal cancer. We believe that
the dissemination of these procedures could contribute to
further development of minimally invasive surgery for
esophageal cancer.
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