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Background: Surgical enucleation is the treatment of choice for esophageal submucosal tumors (SMTs) with symp-
tomatic, larger, or ill-defined lesions. The enucleation of SMTs has traditionally been performed via thoracotomy.
However, minimally invasive approaches have recently been introduced and successfully applied. In this study, we
present our experiences with the thoracotomic and thoracoscopic approaches to treating SMTs. Methods: We retro-
spectively reviewed 53 patients with SMTs who underwent surgical enucleation between August 1996 and July
2013. Demographic and clinical features, tumor-related factors, the surgical approach, and outcomes were analyzed.
Results: There were 36 males (67.9%) and 17 females (32.1%); the mean age was 49.2+11.8 years (range, 16
to 79 years). Histology revealed leiomyoma in 51 patients, a gastrointestinal stromal tumor in one patient, and
schwannoma in one patient. Eighteen patients (34.0%) were symptomatic. Fourteen patients underwent a planned
thoracotomic enucleation. Of the 39 patients for whom a thoracoscopic approach was planned, six patients required
conversion to thoracotomy because of overly small tumors or poor visualization in five patients and accidental mu-
cosal injury in one patient. No mortality or major postoperative complications occurred. Compared to thoracotomy,
the thoracoscopic approach had a slightly shorter operation time, but this difference was not statistically significant
(120.0£45.6 minutes vs. 161.5£71.1 minutes, p=0.08). A significant difference was found in the length of the hospi-
tal stay (9.0+3.2 days vs. 16.5+5.4 days, p<0.001). Conclusion: The thoracoscopic enucleation of submucosal
esophageal tumors is safe and is associated with a shorter length of hospital stay compared to thoracotomic
approaches.
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INTRODUCTION very heterogeneous composition. Leiomyoma is the most

common benign esophageal tumor and accounts for 70% to

Esophageal submucosal tumors (SMTs) are rare, represent- 80% of esophageal SMTs. In contrast, gastrointestinal stromal
ing less than 1% of all esophageal tumors and showing a tumors are less common in the esophagus than in the stom-
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ach [1,2]. Such lesions are mostly asymptomatic and are
found incidentally in the course of upper gastrointestinal
endoscopy. Although chest computed tomography and endo-
scopic ultrasonography (EUS) are performed as additional di-
agnostic tests, they have limitations in distinguishing various
subtypes of esophageal SMTs. Ultimately, a definitive diag-
nosis is determined postoperatively through histopathological
and immunohistochemical examinations [3]. Indications for
thoracoscopic enucleation have not been established. Surgical
therapy is usually indicated for patients with the presence of
symptoms, a larger tumor size (>3 cm), and the need to ob-
tain a pathological diagnosis to exclude malignancy [4].
Conventionally, the standard approach has been to perform
enucleation through a thoracotomy. However, minimally in-
vasive surgery using thoracoscopy and laparoscopy has re-
cently been successfully applied and widely used. Few series
of the thoracoscopic enucleation of esophageal SMTs have
yet been reported, and therefore we investigated the results of
the surgical enucleation of esophageal SMTs in our hospital
and conducted a comparative analysis by dividing these cases

into a thoracotomy group and a thoracoscopy group.

METHODS

From August 1996 to July 2013, 53 consecutive patients
who underwent surgical enucleation of esophageal SMTs at
the Chonnam National University Hospital were selected, and
a retrospective analysis was conducted based on their medical
records. Patients suspected to have SMTs based on the results
of esophagoscopy (48 patients) or chest computed tomog-
raphy (5 patients), performed either as part of a routine
health screening or to evaluate gastrointestinal symptoms,
were referred to our outpatient clinic. EUS was performed in
40 patients to characterize the SMTs. With the exception of
early-stage patients, chest computed tomography was per-
formed preoperatively on all patients to identify the tumor lo-
cation and relationship with surrounding structures.

The main indications for the surgical enucleation of esoph-
ageal SMTs were the presence of tumor-related symptoms,
tumors greater than 3 cm, evidence of an increase in tumor
size, and the need to obtain a pathologic diagnosis to exclude

malignancy. The surgical approach was determined based on
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the location and size of the tumors. In most patients, a
right-side approach was chosen, except for two patients in
whom a left-side approach was used to treat tumors located
at the esophagogastric junction. A double-lumen endotracheal
tube was inserted into all patients, and all surgeries were per-
formed with the patient in the lateral decubitus position.

Since thoracoscopy was first introduced in our institution in
2006 for the enucleation of esophageal SMTs, it has been
successfully applied and usually approached using four ports
(two 5 mm ports and two 11 mm ports). After localization of
the tumor, the mediastinal pleura were dissected, and a my-
otomy was performed at the level of the tumor. The tumor
was carefully enucleated to preserve the vagal branches and
to prevent mucosal damage. The muscular layer was closed
with interrupted absorbable sutures. In case of suspected mu-
cosal damage during enucleation or difficulty in identifying the
location of the tumor, intraoperative esophagoscopy was per-
formed to confirm mucosal integrity or to localize the tumor.

A postoperative esophagogram was usually performed on
postoperative day three to five depending on the patient’s re-
covery status. The thoracic tube was removed once no abnor-
malities were found after enteral feeding. The length of hos-
pital stay was defined as the number of days from surgery to
discharge.

Descriptive data were expressed as meanz*standard devia-
tion for continuous variables with a normal distribution, and
as mediantstandard deviation for non-normally distributed
variables, while numbers and percentages were used for cate-
gorical variables. The chi-square test was used to compare
categorical variables and the Student t-test or the Mann-
Whitney U-test was used to compare differences between the
two groups. p-values less than 0.05 were considered statisti-
cally significant. All statistical analyses were performed using
IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA).

RESULTS

There were 36 males (67.9%) and 17 females (32.1%),
with a mean age of 49.2 years (range, 16 to 79 years). Of
these patients, 35 (66.0%) were asymptomatic and most of
their tumors were detected incidentally during health screen-

ing examinations. Eighteen patients (34.0%) had tumor-related
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Table 1. Comparisons between thoracotomy and thoracoscopy

Factors Thoracotomy (n=14) Thoracoscopy (n=39) p-value
Age (yn)” 53.3t13.4 47.7+£10.9 0.132
Male:female (%) 11 (78.6) : 3 (21.4) 25 (64.1) : 14 (35.9) 0.320
Symptomatic (%) 7 (50) 11 (28.2) 0.140
Size (cm)” 3.65%1.8 3.0+1.4 0312
Operation time (min)b) 161.5+71.1 120.0+45.6 0.080
Hospital stay (day)b) 16.5+5.4 9.0£3.2 <0.001

“Mean+standard deviation. "Median*standard deviation.

symptoms. Epigastric discomfort (n=5) was the most common
symptom, followed by dysphagia (n=4), chest pain (n=4),
dyspepsia (n=1), vomiting (n=1), and nonspecific gastro-
intestinal discomfort (n=3). The tumor was located in the up-
per thoracic esophagus in 18 patients, the middle thoracic
esophagus in 21 patients, and the lower thoracic esophagus in
14 patients. The mean tumor size was 3.25+1.49 cm (range,
1 to 7 cm). The indications for surgical enucleation were a
tumor greater than 3 c¢cm or with increasing size in 17 pa-
tients, the presence of tumor-related symptoms in 18 patients,
and the need to obtain a pathologic diagnosis in 17 patients.
In one patient, an incidentally detected SMT was enucleated
during a planned operation for esophageal achalasia.
Surgeries were mainly performed through a right-side ap-
proach, with the exception of two patients with tumors lo-
cated at the esophagogastric junction and deviating to the left
side of the esophagus. A planned thoracotomy was performed
in 14 patients, and a thoracoscopy was performed in 39
patients. After 2006, when thoracoscopy was introduced in
our institution for the enucleation of esophageal SMTs, a
thoracoscopic approach was initially used on all patients, ex-
cept for one patient with a 5 cm tumor that had unclear
boundaries with the adjacent azygos vein and the descending
thoracic aorta. Intraoperative esophagoscopy was performed in
seven patients. In five cases, intraoperative esophagoscopy
was performed to confirm the mucosal integrity, and in two
cases to identify the location of a small tumor. There was no
mucosal damage in the five patients who underwent intra-
operative esophagoscopy due to suspicion of mucosal tearing.
Mucosal injury occurred in only one patient, which was dis-
covered in the course of thoracoscopic enucleation due to a

large tumor (6 cm) with intensive adhesion to the mucosa. A

primary repair was performed with conversion to a
thoracotomy. Six patients (15.4%) required conversion to a
thoracotomy during thoracoscopy. Of the six conversions, three
were due to poor surgical visibility resulting from a pleural
adhesion and a marked deviation of the esophagus to the left,
two were due to difficulty in localizing very small tumors, and
one was due to a mucosal injury, as mentioned above.
Histopathological examination identified 51 cases of leio-
myoma, one case of a gastrointestinal stromal tumor, and one
case of schwannoma. We determined that enucleation was
sufficient treatment for the gastrointestinal stromal tumor be-
cause it was low-risk based on the mitotic index (less than
five mitotic figures noted per 50 high-power fields), and there
was no recurrence during a one-year follow-up period. There
were no postoperative leakages or other major complications.
There was also no perioperative mortality. The mean length
of the hospital stay was 10.9+5.1 days (range, 4 to 27 days).
The results of a comparative analysis evaluating the effect
of the surgical approach are presented in Table 1. There was
no significant difference in age, gender ratio, tumor size, or
presence of symptoms between the thoracotomy and thoraco-
scopy groups. The mean operation time was slightly shorter
in the thoracoscopy group (120.0£45.6 minutes) compared the
to thoracotomy group (161.5+71.1 minutes), but the difference
was not statistically significant (p=0.08). The mean length of
the hospital stay was significantly shorter in the thoracoscopy
group (9.0£3.2 days vs. 16.5t5.4 days, p<0.001) (Fig. 1).
The distribution of tumor size according to the surgical ap-
proach indicated that tumor size was not an inherent surgical
limitation for thoracoscopic enucleation (Fig. 2). Tumors 5
cm or larger were enucleated successfully through the thor-

acoscopic approach in 4 patients (tumor size range, 5.0 to 5.8
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Fig. 1. A graph showing the distribution of operation time and hospital stay for the thoracoscopy and thoracotomy groups. (A) The median
operation time (min): 120.0£45.6 vs. 161.5£71.1, p=0.080. (B) The median length of hospital stay (day): 9.0+3.2 vs. 16.5+5.4, p<0.001.
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Fig. 2. Tumor size and distribution in the thoracoscopy and thor-
acotomy groups. T, tumor size.

cm), although one patient required conversion to thoracotomy
because the tumor was too large (6 cm) and a mucosal injury

had developed during enucleation.

DISCUSSION

Esophageal SMTs occur rarely, representing less than 1%
of all esophageal tumors, and their composition is histologi-
cally heterogeneous. Even though they can cause symptoms
such as dyspepsia, epigastric discomfort, and pain, they are
frequently discovered incidentally without related symptoms.
According to the results of the surgical enucleation of SMTs
in 87 patients reported by Shin et al. [5], 66.7% of cases

were asymptomatic and patients with symptoms had a sig-

nificantly larger tumor size than asymptomatic patients. The
definitive diagnosis of SMTs can only be made through a
postoperative histological examination. Bonavina et al. [6]
recommended against performing a preoperative endoscopic
biopsy of the lesion. This is because endoscopic biopsy can
lead to mucosal damage or inflammation, both of which in-
crease the possibility of mucosal perforation during surgical
enucleation. However, some recent reports have evaluated the
use of esophagoscopy as a less invasive approach for enu-
cleation using esophagoscopy. Guo et al. [7] reported their
experience performing endoscopic enucleation on submucosal
tumors smaller than 12 mm in 47 patients, and concluded
that endoscopic enucleation facilitates the localized treatment
of small SMTs with relatively few complications and is ad-
vantageous for histological diagnosis. We do not routinely
perform endoscopic biopsies if submucosal tumors show be-
nign patterns in computed tomography and EUS. However, in
many cases, precisely differentiating between benign and ma-
lignant tumors through EUS can be difficult [8], and there-
fore endoscopic biopsies have been reported in the literature
in cases where the morphologic appearance of a tumor does
not exclude malignancy with a high probability. In this sit-
uation, the surgical enucleation of the tumor is usually post-
poned for two weeks in order to allow the mucosa to heal.

Esophageal SMTs can be treated with regular monitoring
or surgery depending on the tumor size, location, morphol-

ogy, and the presence of symptoms. Surgical treatment for
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asymptomatic patients remains controversial. Some authors
have recommended regular monitoring for asymptomatic pa-
tients who show a small lesion with a benign pattern on
EUS. However, surgical treatment has generally been em-
braced as the treatment of choice for SMTs, and many ex-
perts emphasize the necessity of surgery for the following
reasons: (1) the possibility of a malignant or symptomatic
transformation, (2) the need for a confirmatory histological
diagnosis, and (3) the ability to exclude malignancy only by
removal. There is also a consensus that enucleation is suffi-
cient treatment for esophageal SMTs. Nonetheless, esoph-
agectomy and reconstruction may be required for malignant
gastrointestinal stromal tumors [9].

Surgical enucleation has traditionally been performed
through thoracotomy, but minimally invasive surgery has be-
come increasingly common since Everitt et al. [10] in-
troduced thoracoscopic enucleation for the first time in 1992.

In most previous reports, thoracoscopic enucleation has
been performed in the lateral decubitus position to anticipate
possible conversion to a thoracotomy. Many reports have re-
cently investigated the prone position during minimally in-
vasive esophagectomy for esophageal carcinoma, focusing on
how it may contribute to suitable surgical visibility and the
reduction of postoperative complications. Claus et al. [11] re-
ported the successful thoracoscopic enucleation of esophageal
leiomyoma in the prone position with single-lumen endo-
tracheal intubation in 10 patients, without any conversions
[11]. We have also performed esophagectomy through a right
thoracoscopy in the prone position, followed by laparoscopy
and left cervicotomy in the supine position to treat upper
thoracic esophageal carcinoma. However, the thoracoscopic
enucleation of SMTs in our hospital is routinely performed in
the lateral decubitus position because it is easy to convert to
a thoracotomy if necessary.

Von Rahden et al. [4] conducted a comparative analysis of
12 cases of open thoracotomy and 133 cases in which a min-
imally invasive approach was employed. Their results were
not subjected to a statistical analysis, but showed that the
minimally invasive approach reduced pulmonary complica-
tions, duration of hospitalization, and postoperative pain com-
pared to open surgery. Kent et al. [12] reported that mini-

mally invasive resections of benign esophageal tumors were

associated with a shorter length of stay compared to open ap-
proaches, and that the minimally invasive technique was tech-
nically safe although two patients required the repair of a
mucosal injury during resection. Our study showed that mini-
mally invasive surgery using thoracoscopy resulted in a sig-
nificantly shorter hospital stay compared to open thoracotomy
and a shorter operation time, although the latter finding was
not statistically significant.

Several factors should be considered during minimally in-
vasive surgery for esophageal SMTs. First, it can be difficult
to identify the location of the tumor because a SMT cannot
be directly palpated during thoracoscopy, unlike during
thoracotomy. Second, there is the possibility of mucosal
injury. Choi et al. [13] analyzed surgical outcomes by com-
paring the thoracotomic and thoracoscopic approaches for
esophageal leiomyoma and concluded that the thoracoscopic
approach should be considered the standard surgical method.
They also suggested that regular monitoring should be con-
sidered in asymptomatic patients with tumors smaller than 1.5
cm, based on the high rate of conversion to thoracotomy
found in their study (3 of 4 patients, 75%) and the diffi-
culties found in localizing the tumor. However, tumor size it-
self has not been a contraindication for thoracoscopic enu-
cleation in the case of large tumors if the surgeon has suffi-
cient experience in thoracoscopic surgery. Jiang et al. [14] re-
ported that thoracoscopic enucleation was the best choice for
managing esophageal leiomyoma with diameters of 1 to 5
cm, whereas tumors larger than 5 cm can still be enucleated
by thoracoscopy, although the likelihood of conversion to a
thoracotomy increased along with the tumor’s size. In our
study, thoracoscopic enucleation was attempted in five pa-
tients with tumors 5 cm or larger, and we successfully per-
formed enucleation by thoracoscopy in four cases, while one
case was converted to thoracotomy due to mucosal injury.
Jeon et al. [15] reported that esophagoscopy was performed
during thoracoscopic enucleation in all of the 17 patients with
benign esophageal SMTs that were included in their study,
and suggested that intraoperative esophagoscopy may be help-
ful in identifying the location of a tumor and in determining
a suitable direction for the esophageal access incision. In our
study, intraoperative esophagoscopy was not routinely per-

formed in all patients, but was performed in seven patients



for tumor localization and confirmation of mucosal integrity.
Intraoperative esophagoscopy could enhance the accuracy and
safety of the thoracoscopic enucleation of esophageal SMTs,
despite being a time-consuming procedure.

Our study has some relevant limitations. First, this was a
retrospective analysis based on medical records over a rela-
tively long period. Second, we mostly employed the thor-
acotomic approach in the early period included in the study,
whereas thoracoscopic enucleation has been the preferred ap-
proach since 2006. Therefore, accumulated surgical experi-
ence might have affected the results of this study.

In conclusion, the thoracoscopic enucleation of esophageal
SMTs is a safe and feasible approach and is associated with
a shorter hospital stay. Technical difficulties that may occur
in the thoracoscopic procedure can be addressed by intra-
operative esophagoscopy. The thoracoscopic approach is rec-
ommended as the standard procedure to treat esophageal

SMTs in experienced centers.
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