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Abstract
Background  Single-incision distal gastrectomy (SIDG) is technically difficult due to limited range of motion and unstable 
field of view. Solo surgery using a passive scope holder may be the key in allowing SIDG to be safer and efficient. We report 
our initial 100 cases of, to what we know, the world’s first solo SIDG, and calculate the learning curve.
Methods  Prospectively collected database of 100 patients clinically diagnosed as gastric cancer who underwent solo SIDG 
from October 2013 until July 2016 was analyzed. All the operations were held by a single surgeon with no assistants. A 
passive laparoscopic scope holder was used to fix the field of view.
Results  The mean operation time was 120.6 ± 30.2 min, and the average estimated blood loss was 33.5 ± 55.7 ml. Average 
body mass index was 23.4 ± 2.9 kg/m2. The median hospital stay was 5 (4–14) days, and the mean number of retrieved lymph 
nodes was 56.0 ± 22.8. There was no conversion to multiport or open surgery. Early complication of Clavien–Dindo grade 
III or more was 3%. Learning curve was calculated on operation time, and showed that an experienced surgeon in SIDG 
required 20 cases or less in stabilizing the operation time for solo SIDG.
Conclusions  Solo SIDG seems to be feasible and safe. The stable field of view created by a scope holder provides a favora-
ble environment for a finer and more consistent operation. In addition, manpower can also be saved without affecting the 
quality of surgery.
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The innovations in minimally invasive surgery have given 
rise to concepts such as reduced port surgery, and natural 
orifice transluminal endoscopic surgery (NOTES). Single-
port surgery or single-incision laparoscopic surgery (SILS) 
bridges conventional laparoscopic surgery and NOTES. 
SILS is technically fully laparoscopic, but it only uses a sin-
gle incision to have all the working ports. Until now, SILS 
has been adapted to various procedures such as cholecystec-
tomy [1], appendectomy [2], colectomy [3], bariatric surgery 
[4], and various other operations [5]. Some studies suggest 

that SILS allow less pain and better patient scar satisfaction 
in than conventional multiport laparoscopic surgery [6].

Since the first report of single-incision distal gastrectomy 
(SIDG) by Omori et al. [7] in 2011, there have only been 
few reports of SILS in gastric cancer [8, 9]. The largest case 
number was our previous retrospective study of 50 patients 
who underwent SIDG, and were matched with patients who 
had conventional laparoscopic distal gastrectomy [10]. The 
reason for the lack of popularity of SIDG among surgeons—
despite increasing patient demand—is mainly due to the 
technical difficulties involved in unstable camera view, col-
lision of instruments, and limited range of motion. Several 
surgeons in other surgical fields have tried to overcome this 
problem with the introduction of “solo surgery.” Camera 
holders have been applied to SILS with results showing less 
tremor of vision, and more room for motion [11–13], with no 
significant complications or prolongation of operative time. 
“Solo surgery” can also be applied to single-incision gastric 
cancer surgery as a means to assist the operator, and make 
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SIDG more feasible, without being have to be influenced by 
the availability of an experienced scopist.

This study illustrates our initial 100 cases of the world’s 
first solo SIDG, examines the learning curve, and suggests 
“solo surgery” as a viable option to overcome the difficulties 
associated with SIDG.

Methods

Patient criteria and study design

Records of consecutive 100 patients clinically diagnosed as 
early gastric cancer (EGC) who underwent solo SIDG from 
October 2013 until July 2016 were retrospectively reviewed. 
All the operations were done by a single surgeon in a single 
center. For this type of study, no formal written consent was 
required, and it was approved by the institutional review 
board in accordance with the Declaration of Helsinki.

Surgical techniques

Patient set‑up

The patient set-up and scope holder placement are illus-
trated in Fig. 1. The patient was placed in lithotomy posi-
tion with reverse Trendelenburg. The scope holder used 
was a passive scope holder (Laparostat; CIVCO Medical 
Solutions, Kalona, IA, USA) and was fixed on the left side 
of the patient at the pelvis level. The scope holder was then 
covered with sterile plastic sleeves (Sani Sleeve™, Dasol 
Int Co. Ltd, Gwangju, Korea). The operator sat between 
the patient’s legs facing cephalad. A transumbilical inci-
sion of 2.5  cm was made on the skin, with the fascia 
opened 4 cm more than the skin incision. Then, a four-
hole single port (Gloveport; Nelis, Bucheon, Korea) was 
inserted. A 10-mm HD flexible scope (Olympus, Tokyo, 

Japan) or a 3D flexible scope (Olympus, Tokyo, Japan) 
was used and fixed to the scope holder. The whole surgery 
was done by a single operator and one scrub nurse.

Distal gastrectomy with D1+ or D2 lymphadenectomy

Liver was retracted using the suture method previously 
explained in our study [14]. Partial omentectomy was 
performed in all patients. If the patient was diagnosed 
as advanced gastric cancer (AGC) or the laparoscopic 
impression was AGC, D2 lymphadenectomy was per-
formed. In patients with EGC, D1+ lymphadenectomy 
was performed according to the fourth Japanese Gastric 
Cancer Association (JGCA) treatment guidelines [15]. The 
Hit and Away technique [16] was performed for lymph 
node (LN) dissection, using small bites and short activa-
tion time of the energy device. During dissection, scope 
manipulation is done using the right hand while the left 
hand, usually retracting a tissue using a grasper, stays still 
in the field. Distal gastrectomy needs only about ten major 
fields of view, and movement of the scope within the major 
viewpoints can be done finely by adjusting the knobs of 
the flexible scope. The image of the field after gastrectomy 
and lymphadenectomy is shown in Fig. 2.

Reconstruction was decided depending on the patient 
characteristics such as age, tumor location, tumor extent, 
and length of remnant bowels. Patients who are younger 
(below 70 years) with a relatively low-stage disease have 
a longer life expectancy, so uncut Roux-en Y recon-
struction was favored to reduce bile reflux and heighten 
patients’ quality of life. Wound closure was done with 1–0 
interrupted vicryl sutures, and ropivacaine solution was 
injected close to the fascia. The skin was then closed with 
an intradermal suture, and surgical bond was applied over 
the umbilical wound to allow the patients to take a shower 
the day after the surgery (Fig. 3). No drain was placed.

Fig. 1   Set-up of the surgical 
field. A Diagram illustrating the 
set-up of the surgical field, B 
photo of the surgical field
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Statistical analysis

Data were analyzed and presented as either mean ± standard 
deviation or median (range). The Cumulative Sum (CUSUM) 
Control Chart analysis was performed on operative time to 
determine the learning curve. CUSUM analysis is the running 
total of differences between each chronological data and the 
mean. The cases were first ordered chronologically and the 
CUSUMOT of the first case was the difference between the 
operation time of the first case and the mean operation time. 
The CUSUMOT of the second case was the sum of the previ-
ous CUSUMOT and the difference between the operation time 
of the second case and the mean. This process continued until 
the last case, and a polynomial function was calculated to best 
represent the learning curve.

Results

Short‑term results

The mean age of the patients was 60.0 ± 13.4  years. 
Average body mass index was 23.4 ± 2.9 kg2/cm, 
and 59 patients were male. Mean operation time was 
120.6 ± 30.2  min, with an estimated blood loss of 
33.5 ± 55.7 ml. The most common reconstruction was 
the uncut Roux-en Y technique, composing of half of the 
reconstructions. Two patients had a simultaneous excision 
of another organ, and both were gallbladders due to gall-
bladder stones. The average number of retrieved nodes 
was 56.0 ± 22.8. There was no case where insertion of an 
additional port was needed, nor was there any case that 

Fig. 2   Surgical field after dissection in solo single-incision distal gas-
trectomy. A Number 6 lymph node area, B number 4sb lymph node 
area, C right side suprapancreatic lymph node area (number 7, 8a, 9, 
12a), D left side suprapancreatic lymph node area (number 7, 9, 11p). 
RGEA right gastroepiploic artery, RGEV right gastroepiploic vein, 

ASPDV anterior superior pancreaticoduodenal vein, GCT​ gastrocolic 
trunk, LGEV left gastroepiploic vein, RGA​ right gastric artery, LGA 
left gastric artery, PV portal vein, CHA common hepatic artery, SpA 
splenic artery, SpV splenic vein
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converted to an open procedure. Table 1 summarizes the 
demographics and operative outcomes.

Mean hospital stay was 5.9 ± 1.8 (range 4–14) days, and 
the mean time of first flatus was on postoperative day (POD) 
3.1 ± 0.8 (range 1–7). Diet was progressed according to 
patient tolerability, and the mean time of initiation of semi-
fluid diet was POD 3.3 ± 1.0 (range 2–8) (Table 2).

The short-term postoperative morbidity is also summa-
rized in Table 2. There were 11 (11.0%) early complications 
with three intestinal motility disorders, two leakage, two 
pancreatitis, two pneumonia, one wound infection, and one 
phlebitis. Three of the complications had a Clavien–Dindo 
grade [17] of III or more. One patient had fluid collection 
around the gastrojejunostomy, and was managed with per-
cutaneous drainage. One patient presenting with decreased 
intestinal motility was found to have internal herniation 
around the mesenteric space on POD 6. The patient under-
went hernia reduction and mesenteric space repair. The last 
patient complained of severe reflux symptoms, and under-
went a bypass operation. There was no mortality within the 
median follow-up of 27 (4–51) months. Within this median 
follow-up, there was also no case of incisional hernia.

Learning curve

Figure 4 shows the CUSUM control chart based on the oper-
ative time. The CUSUM chart is separated into two major 
phases due to a change in the operation technique after the 
48th case. In the first phase, the CUSUMOT peaks at the 

Fig. 3   Postoperative wound

Table 1   Patient characteristics and intraoperative outcomes

a American Society of Anesthesiologists
b All resected organs were gallbladders

Number of patients 100
Age (years) 60.0 ± 13.4
Sex (male:female) 59:41
Body mass index (kg2/cm) 23.4 ± 2.9
ASA scorea

 1 39 (39.0%)
 2 59 (59.0%)
 3 2 (2.0%)

Operation time (min) 120.6 ± 30.2
Estimated blood loss (ml) 33.5 ± 55.7
Reconstruction
 Billroth I 3 (3.0%)
 Billroth II 19 (19.0%)
 Roux-en Y 28 (28.0%)
 Uncut Roux-en Y 50 (50.0%)

American Society of Anesthesiologistsa

Resection of other organsb 2 (2.0%)
Conversion to open procedure 0 (0.0%)
Insertion of additional ports 0 (0.0%)
Number of retrieved lymph nodes 56.0 ± 22.8
Proximal margin (cm) 5.9 ± 2.5
Distal margin (cm) 6.9 ± 2.9
Stage (TNM)
 IA 70 (70.0%)
 IB 14 (14.0%)
 IIA 7 (7.0%)
 IIB 6 (6.0%)
 IIIA 3 (3.0%)

Table 2   Post-operative outcome and complication

a PCD insertion for anastomosis leakage, small bowel reduction and 
mesenteric space repair for ileus (mesenteric hernia), bypass opera-
tion for severe bile reflux

Hospital stay (days) 5.9 ± 1.8
Time of first flatus (postoperative days) 3.1 ± 0.8
Initiation of semi-fluid diet (postoperative days) 3.3 ± 1.0
Early complications (≤ 30 days) 11 (11.0%)
 Ileus 3 (3.0%)
 Pancreatitis 2 (2.0%)
 Pneumonia 2 (2.0%)
 Anastomosis leakage 1 (1.0%)
 Stump leakage 1 (1.0%)
 Wound infection 1 (1.0%)
 Phlebitis 1 (1.0%)

Clavien–Dindo III or morea 3 (3.0%)
Mortality 0 (0.0%)
Median follow-up month 27 (4–51)
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19th case then gradually decreases. In the second phase, the 
CUSUMOT decreases after the 61st case—13th case in this 
phase—and continues to decrease. A polynomial is drawn 
to represent the best fitting curve.

Discussion

Solo SIDG, with the use of a passive scope holder, is feasi-
ble and safe in short-term morbidity. The calculated learn-
ing curve shows that about 20 cases is needed to become 
accustomed to manipulating the passive scope holder. Once 
this learning curve is achieved, the difficulties in performing 
SIDG may be overcome.

Single-port or single-incision laparoscopic surgery is 
an attractive option for the patients mainly due to possible 
advantages in cosmesis [6], but recent studies also suggest 
that it may provide less pain, faster recovery, and better cost-
effectiveness [18–21]. A randomized trial by Tsimoyiannis 
et al. [19] reported that the SILS group had nonexistent 
pain 24 h after cholecystectomy. Despite possible benefits, 
SILS is a technically demanding operation for surgeons. 
A randomized trial by Abdelrahman et al. [22] analyzed 
surgeon stress and workload using maximum heart rate, 
salivary cortisol level, and workload questionnaire. Heart 
rate, cortisol revel, and surgery task workload index was 
significantly higher in the single-incision cholecystectomy 
group. Although there is no study analyzing surgeon stress 
in SIDG, due to limited range of movement, unstable vision, 
and instrument collision during fine LND, the technical dif-
ficulties can cause severe fatigue on the operator.

Application of scope holders in SILS has been reported 
in various literatures [2, 11, 23]. Kim et al. described the 
various scope holders in their review article regarding “Solo 

Surgery,” and concluded that despite the initial rise in opera-
tive time, the disadvantages are outweighed by the stable 
vision it provides. In our study, the use of a scope holder in 
SIDG not only provided stable vision, but also gave more 
room for movement since the head of the scope holder was 
smaller than a human hand. Once accustomed to using a 
scope holder, another advantage is that the operation can be 
very well standardized, without being influenced by the skill 
of the scopist or the assistant. Once the learning curve is 
fulfilled, patients can receive a more constant operation, and 
the operations will be influenced by the patient factor alone.

One hundred SIDG were performed with a mean opera-
tion time of 120 min which is comparable or faster than 
most of the reported operation time for laparoscopic dis-
tal gastrectomy (Table 3) [24]. There were three cases of 
morbidity which had a grade of Clavien–Dindo 3 or more. 
Although the long-term feasibility and oncologic safety is 
yet to be known, solo surgery in SIDG seems to be feasible 
in short-term. Nevertheless, when introducing a new pro-
cedure, patient safety cannot be left without upmost atten-
tion. Although there was no case of major bleeding or other 
cases of emergency in our first 100 cases, there was always 

Fig. 4   CUSUM chart of the 
learning curve based on opera-
tive time

Table 3   Comparison of early surgical outcome

KLASS Korean Laparo-endoscopic Gastrointestinal Surgery Study 
Group

Current study KLASS [24]

Operation time (min) 120.6 ± 30.2 184.1 ± 53.3
Estimated blood loss (ml) 33.5 ± 55.7 110.8 ± 135.7
Number of retrieved lymph nodes 56.0 ± 22.8 40.5 ± 15.3
Hospital stay (days) 5.9 ± 1.8 7.1 ± 3.1
Early complication rate 11.0% 13.0%
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available personnel to call for when required. In cases of 
minor bleeding, however, an operator with enough experi-
ence with a scope holder will find it easier to solve using the 
scope holder rather than an inexperienced scopist.

There were two phases for learning curve that had a simi-
lar shape. This was due to the fact that starting from the time 
of the 49th case, the insurance policies have changed in our 
country, and the closure of the entry holes changed from sta-
pling to hand-sewing. It was at this time that the Peterson’s 
and mesenteric spaces were also routinely closed using a 
nonabsorbable suture. There was an addition of procedures 
that required another learning curve. The interesting fact 
is that both learning curves reached a peak at 19 and 13 
cases respectively, and then entered the mastery phase. Thus, 
we can deduce that being accustomed to the passive scope 
holder will require about 15–20 cases. However, it is also 
important to keep in mind that all 100 cases were performed 
by a single surgeon who already had an experience of 106 
cases of SIDG with a scopist before starting solo SIDG. In 
a previous study [25], the learning curve of SIDG with a 
scopist was calculated to be 30 cases, and operation time was 
118 ± 34.5 min, and estimated blood loss was 40.7 ± 77.4 ml 
after reaching the learning curve. Comparing it to the results 
of solo SIDG from this study, the operative time and blood 
loss are similar. However, if a surgeon has had no experience 
with other SILS such as appendectomy or cholecystectomy, 
the learning curve is expected to be higher.

Several studies on SILS give their attention to incisional 
hernia. A meta-analysis by Antoniou et al. [26] analyzed 
19 randomized trials on single-incision surgery. They con-
cluded that transumbilical SILS is associated with higher 
trocar-site hernia with an odds ratio of 2.26 (95% confi-
dence interval 1.00–5.08, p = 0.05). On the other hand, a 
study by Lakdawala et al. [6] compared 600 sleeve gastrec-
tomy patients with 300 patients on the SILS arm and 300 
on the multiport arm. Among the 300 SILS patients, inci-
sional hernia was only found in 3 (1.0%). In our study of 100 
patients, there was no case of incisional hernia at all. Thus, 
the preconception that single-incision surgery causes more 
incisional hernia can be overcome with careful and thorough 
closure of the wound.

There are also concerns regarding resident or fellow 
training when performing solo SIDG. However, in laparo-
scopic surgery, most of the main procedures are done by 
the operator, and usually an assistant holds the scope or 
simply retracts and makes triangulation for a better dissec-
tion plane. Solo surgery is also similar to the DaVinci robot 
surgery in that aspect, where the operator takes control of 
the field including the camera. With the evolution of surgi-
cal techniques, surgical training must also undergo change. 
The trainee can first begin with observational learning using 
various multimedia and even some virtual reality training to 
have better exposure to the nature of disease and the reality 

of the surgical field. Then they should proceed to improve 
their skills with dry lab practice. Once they have enough 
basic skill training—perhaps with the aid of simulators—
they can do hands on solo surgery with the supervision of 
an expert advisor. After enough supervision, the advisor can 
decide if the trainee is qualified enough to perform a solo 
surgery alone.

Conclusion

Solo SIDG is safe in feasible for short-term outcomes. For a 
surgeon with enough experience in SIDG, the learning curve 
of using a scope holder is about 20 cases. The scope holder, 
once the learning curve has been overcome, can provide 
better vision, easier manipulation of instruments in SIDG, 
allowing the difficult procedure to become more feasible.
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