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Abstract

Purpose To clarify the feasibility and utility of reduced
port surgery (RPS) for achalasia.

Methods Between September 2005 and June 2013, 359
patients with esophageal achalasia, excluding cases of reop-
eration, underwent laparoscopic Heller myotomy and Dor
fundoplication (LHD) according to our clinical pathway.
Three-hundred and twenty-seven patients underwent LHD
with five incisions (conventional approach), while the other
32 patients underwent RPS, including eight via SILS. The
clinical data were collected in a prospective fashion and
retrospectively reviewed. We selected 24 patients matched
for gender, age and morphologic type with patients in the
RPS group from among the 327 patients (C group). The
surgical outcomes were compared between the C and RPS
groups.

Results There were no significant differences between the
two groups in the duration of symptoms, dysphagia score,
chest pain score, shape of the distal esophagus and esopha-
geal clearance. The operative time was significantly longer
in the RPS group than in the C group (p < 0.001). There
were no significant differences between the two groups in
the length of postoperative hospital stay or rates of bleed-
ing, mucosal injury of the esophagus and/or stomach and
postoperative complications. The symptom scores signifi-
cantly improved after surgery in both groups (p < 0.001).
Furthermore, there were no significant differences between
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the C group and RPS group in terms of the postoperative
symptom scores or satisfaction scores after surgery.
Conclusions The surgical outcomes of RPS for achalasia
are comparable to those obtained with the conventional
method.

Keywords Esophageal achalasia - Reduced port surgery -
Single-incision laparoscopic surgery - Surgical outcome -
Laparoscopic myotomy

Introduction

Achalasia is a primary esophageal functional motility dis-
order characterized by aperistalsis of the esophageal body
and a lack of relaxation of the lower esophageal sphincter.
Manometry, esophagography and functional magnetic reso-
nance imaging [1] are useful tools for obtaining a diagnosis
of achalasia. There are two main types of procedures for
treating achalasia: endoscopic and surgical methods. For
endoscopic treatments, dilation with an endoscopic balloon
or bougie, botulinum toxin injection at the lower esopha-
geal sphincter and per-oral endoscopic myotomy are com-
monly used. With respect to surgical treatments, Heller
myotomy with anti-reflux surgery is generally applied. Cur-
rently, laparoscopic Heller myotomy with Dor fundoplica-
tion (LHD) is widely considered the gold standard surgi-
cal procedure [2-5]. Recently, reduced port surgery (RPS),
including single-incision laparoscopic surgery (SILS), was
developed to achieve cholecystectomy [6], appendectomy
[7], splenectomy [8], partial gastrectomy for submucosal
tumors [9], sleeve gastrectomy for obesity [10] and anterior
resection of sigmoid colon cancer [11].

In our institution, we introduced LHD for achalasia in
1994 and LHD via SILS in March 2010. Eight patients
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Fig. 1 Study design
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have since undergone LHD via SILS. The use of SILS with
an additional trocar placed under the left costal arch, so-
called SILS plus one therapy, was adopted in July 2011
due to the technical difficulty of performing SILS. Because
achalasia is a rare disease, with a prevalence of one in
100,000 people, the treatment outcomes of RPS, including
SILS, remain unclear. Therefore, we herein report our ini-
tial surgical results to help clarify the feasibility and utility
of RPS for achalasia.

Patients and methods
Patients

In our institution, we introduced LHD for achalasia in
August 1994 and adopted it as a standard treatment in
September 2005 because our surgical technique achieved
the desired outcomes. Prior to June 2013, 359 patients
with achalasia (excluding cases of reoperation) underwent
LHD. We began utilizing SILS in young achalasia patients
in March 2010 and SILS with an additional trocar placed
under the left arcus costalis, the so-called SILS plus one
technique, in July 2011 due to the technical difficulties of
performing SILS. Consequently, 327 patients underwent
LHD with five incisions (conventional approach) and 32
patients underwent RPS, including eight patients treated
with SILS (Fig. 1).

Indication and surgery technique for RPS
Females 40 years of age or younger were considered good
candidates for RPS due to its cosmetic advantage. In male

patients 40 years or younger who wished to receive RPS,
we obtained additional informed consent. The detailed
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Fig. 2 Reduced port surgery After EZ access was obtained via the
umbilical incision, three 5-mm trocars were inserted through the EZ
port. An additional 12-mm trocar was placed under the left costal arch

surgical technique of LHD for achalasia has previously
been reported [12].

Using two 12-mm trocars and three 5-mm trocars (total:
five trocars), five surgical incisions were required for LHD.
On the other hand, in RPS, the EZ access platform (Hakko
company, Tokyo, Japan) was placed at the umbilical inci-
sion, through which three 5-mm trocars were inserted. An
additional 12-mm trocar was introduced under the left cos-
tal arch at the left midclavicular line. In total, two surgi-
cal incisions were required to place four trocars according
to this procedure (Figs. 2, 3). There were no differences
in surgical procedures between the conventional approach
and RPS. After completing myotomy comprising approxi-
mately 6 cm of the abdominal esophagus and 2 cm on the
stomach side at the esophagogastric junction, we added an
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Fig. 3 Postoperative abdominal view. The arrows indicate operative
trocar sites

Table 1 Characteristics of patients with achalasia

Group C Group RPS p value
(n=24) (n=24)
Age (years) 33 (31-37) 32.5 (28-40.8) N/A
Male 2 (8 %) 2 (8 %) N/A
Dys score® 14 (12-16) 12 (9-16) 0.462
CP score® 3.5 (0-8) 4(0-4) 0.601
Non-Sig:Sig" 21:3 21:3 N/A
Maximum diameter 43.5 (35-62) 43 (35-50) 0.531
(mm)
TBE clearance test (n=24) (n=20)
Immediately 1 1 0.895
Within 1 min 0 2 0.113
Within 2 min 1 0 0.356
Within 5 min 0 1 0.268
No clearance 22 (92 %) 16(80 %) 0.261

TBE timed barium esophagogram

# Dysphagia score before operation, Chest pain score before opera-
tion

# Non-Sig: the shape of distal esophagus was not Sigmoid, Sig: the
shape of distal esophagus was sigmoid

anti-reflux procedure (Dor fundoplication) in both groups.
All short gastric vessels were divided to relieve the tension
from the fundic wrap.

Methods

We collected the following data: the patient’s age, gender,
symptoms, duration of symptoms, presence or absence of

weight loss and history of previous treatment prior to sur-
gery. We selected 24 patients matched for gender, age and
morphologic type with the patients in the RPS group from
among the 327 patients (C group).

To evaluate the condition of each patient, we conducted
upper gastrointestinal Barium swallow tests to judge the
shape of the distal esophagus and measure the maximal
diameter of the esophagus. The shape of the distal esopha-
gus was classified into two groups: non-sigmoid and sig-
moid types. The evaluation of esophageal clearance was
carried out using a timed barium esophagogram (TBE)
according to a previously reported protocol [13].

The perioperative data were analyzed for the opera-
tive time, blood loss, intraoperative and postoperative
complications and hospital stay. We judged the degree of
symptomatic improvement and satisfaction scores at least
3 months after the surgery. The degree of dysphagia and
chest pain was measured by calculating dysphagia and
chest pain scores [14]. These factors were evaluated both
before and after surgery.

Statistical analysis

To overcome the influence of potential confounders on
selection bias, a one-to-one match was applied using a pro-
pensity score analysis. Variables involved in the propensity
model were sex, age and distal shape of the esophagus. All
statistical analyses were performed using the SPSS version
17 software package (SPSS, Inc., Chicago, IL, USA). The
Chi-square test was used to analyze categorical variables.
Mann-Whitney’s U test was used to compare continuous
variables. The data are expressed as medians with the inter-
quartile range. A p value of <0.05 was considered to be sta-
tistically significant.

Results
Background and preoperative conditions of the patients

There were no significant differences between the two
groups in the duration of symptoms, dysphagia scores,
chest pain scores, maximal diameter or esophageal clear-
ance on TBE (Table 1).

Duration, bleeding, hospitalization and intraoperative
and postoperative complications

There were no significant differences between the two
groups in the length of postoperative hospital stay or rates
of bleeding, mucosal injury of the esophagus and/or stom-
ach and postoperative complications (Table 2).
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Table 2 Peri- and post-operative evaluation of the patients

Group C Group RPS p value

(n=24) (n=24)
Operation time (min) 163 (126-173) 230 (207-247)  <0.001
Bleeding (mL) =0 =0 0.523
Complications 521 %) 3 (13 %) 0.439
Mucosal injury 3 (13 %) 3 (13 %) 1
Bleeding >200 mL 0 0 1
Others 2(8 %) 0 0.149
Post-operative 4 4 0.085

hospital stay

Dys score® 0(0-2) 1(0-2) 0.462
CP score® 0.5 (0-3) 0 0.212
Satisfaction 5 5 0.934
TBE clearance test (n=24) (n=21)
Immediately 521 %) 8 (38 %) 0.202
Within 1 min 12 7 0.259
Within 2 min 2 2 0.889
Within 5 min 2 2 0.889
No clearance 3 (13 %) 2 (10 %) 0.751

TBE timed barium esophagogram

* Dysphagia score after operation, Chest pain score after operation

Improvements in symptoms and satisfaction

The median postoperative follow-up period was 32 months
(11-62) in the C group and eight months [3—13] in the RPS
group. The follow-up period in the C group was longer than
that in the RPS group.

There were no significant differences in the dysphagia
scores or chest pain scores between the two groups before
surgery (p = 0.462, p = 0.601). After surgery, the dysphagia
scores and chest pain scores significantly improved in both
groups (p < 0.001), with no significant differences between
the two groups in the dysphagia scores or chest pain scores
postoperatively (Table 2). No patients in the RPS group had
gastroesophageal reflux symptoms, such as heartburn, after
surgery, whereas three patients in the C group experienced
heartburn after surgery and one patient took a proton pump
inhibitor to control her symptoms. Furthermore, there were
no significant differences between the groups in the satisfac-
tion scores after surgery (p = 0.934); the patients in both
groups reported excellent satisfaction. All patients in the
RPS group were satisfied with their surgical incisions.

Esophageal clearance after surgery
Postoperative esophageal clearance significantly improved

in both the C group and RPS group compared to that
observed before surgery (p < 0.001). The 5-min complete
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clearance rate was 87 % in the C group and 90 % in the
RPS group, with no significant differences between the two
groups (Table 2).

Discussion

The etiology of achalasia is that of a primary esophageal
functional motility disorder for which the cause remains
unknown. The main symptoms are dysphagia and chest
pain, and the quality of life of patients decreases remark-
ably. Because the etiology has not been identified, there
is currently no curative therapy. Therefore, treatments
have focused on improving the passage of food from the
esophagus to the stomach to ameliorate the patient’s symp-
toms. The mainstay of treatment is traditionally surgery,
with Heller myotomy first reported in 1914. Simple Heller
myotomy is frequently associated with gastroesophageal
reflux and reflux esophagitis [15]; hence, anti-reflux pro-
cedures utilizing the Dor [2-5], Toupet [5, 16], or Nissen
[17] methods are often adopted. Although these procedures
were originally performed via conventional laparotomy or
thoracotomy, laparoscopic Heller myotomy with Dor fun-
doplication has been the gold standard procedure since
1991 [18]. The response rate to laparoscopic surgery is
approximately 90 %, which is compatible with that of open
surgery. Therefore, LHD has become the standard surgical
procedure for esophageal achalasia.

On the other hand, multiport laparoscopic surgery has
been slowly replaced by RPS, including SILS, for many
surgical diseases with the purpose of achieving better
cosmesis or minimizing surgical invasion. RPS has been
utilized in cases of cholecystectomy [6], appendectomy
[7], splenectomy [8], partial gastrectomy for submucosal
tumors [9], sleeve gastrectomy for obesity [10] and anterior
resection for sigmoid colon cancer [11].

As the lower esophagus is located in the deep intra-
abdominal dorsum and the distance from a navel is far,
performing LHD via SILS is difficult. Performing LHD
requires a good surgical view with elevation of the lateral
segment of the liver. In patients undergoing anti-reflux
surgery, it is necessary to suture between the muscle of
the esophagus and the fundus of the stomach with 10-15
sutures. It is not easy to perform LHD using pure SILS.
Eight patients have undergone LHD via pure SILS at our
institution. Because the forceps inserted through the trocars
in the umbilical port frequently interfere with each other in
the abdominal cavity, we adopted the placement of an addi-
tional trocar in the left costal arch in July 2011. This modi-
fication has significantly reduced the technical challenges
of these procedures, as interference between the instru-
ments is almost completely eliminated.
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There are few reports of the surgical results of RPS,
including SILS, for achalasia treatment. Most such reports
are case reports [19-22]. For example, Barry et al. [23]
published the only case series in which they performed
LHD via SILS in 66 patients since October 2007. Although
11 patients required the use of an additional port or inci-
sion, there were no cases of conversion to open surgery. In
addition, while the operative time was prolonged in the RPS
group compared with that noted with the open conventional
method, the effect of treatment was equivalent between the
two groups. According to the degree of improvement in
symptoms and esophgaeal clearance between before and
after surgery, the outcomes of the RPS group achieved the
equivalent therapeutic effect in comparison with the con-
ventional method. Notably, there was no variance in our
clinical pathway, and all patients were discharged from the
hospital within 4 days after surgery. Because our postop-
erative observation period was short, the long-term results
remain unclear. Nevertheless, although a long time follow-
up period is required, RPS is superior to the conventional
method due to its cosmetic advantage and good surgical
outcome. RPS for esophageal achalasia may be a good
choice for young people, particularly those with concerns
regarding the appearance of their surgical incision. If there
are no differences in long-term results between the C and
RPS groups in this study, RPS is a potential candidate for
the standard approach for surgical treatment in patients
with esophageal achalasia.
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