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Abstract

Background This retrospective study was designed to assess the feasibility of laparoscopic total gastrectomy (LTG)

in clinical stage I gastric cancer patients, and validate the appropriateness of the widespread adoption of LTG for

experienced open surgeons.

Methods Eighty-eight patients with clinical stage I gastric cancer underwent LTG in our hospitals (n = 55) and

affiliated hospitals (n = 33). Esophagojejunostomy was performed intracoporeally using a circular stapler with an

incision in the left upper abdomen. We investigated the patients’ clinicopathologic factor, and evaluated the effect of

hospital volume on short-term outcomes.

Results Fixed insertion of the anvil head was successfully achieved in all patients (lift-up method in 58 patients and

transoral method in 28 patients), although 2 patients were converted to open surgery. The approach using a circular

stapler through a small incision from the upper left quadrant of the abdomen facilitated a good laparoscopic visual

field for the plane of the esophagojejunostomy. Fourteen patients developed Clavien–Dindo classification grade II or

more postoperative complications, and the overall operative morbidity rate was 15.9 %. No anastomotic leakage was

encountered in this series. No significant difference was observed in clinical outcomes between patients in the high-

and low-volume hospital groups.

Conclusions Laparoscopic total gastrectomy can be performed safely on clinical stage I gastric cancer patients by

surgeons with sufficient experience in open gastrectomy and therefore represents a feasible procedure that is not

clinically impacted by hospital volume.

Introduction

Laparoscopic gastrectomy has recently been widely per-

formed because it is less invasive than traditional surgical

techniques [1–4]. Laparoscopic total gastrectomy (LTG),

however, is not yet widespread compared to laparoscopic

distal gastrectomy (LDG). Although expert laparoscopic

surgeons have reported the safety and feasibility of LTG in

a limited numbers of institutions [5–8], many surgeons still

hesitate to perform LTG, especially esophagojejunostomy,

owing to technical complexities and difficulties.

The fundamental difference between LDG and LTG is

the difficulty of reconstruction. Reconstruction has often

been performed through mini-laparotomy in LTG; there-

fore, esophagojejunostomy, which consists of fixation of

the anvil head and insertion of a circular stapler into the

abdominal cavity, was performed through an upper median

mini-laparotomy when LTG was first being developed.

However, a good view of the esophageal stump is difficult

to be secured during esophagojejunostomy, sometimes
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resulting in anastomotic complications. More recently,

several novel laparoscopic procedures for anvil fixation

into the esophageal stump have been developed and shown

to contribute to safe anastomosis [9–11]. These reports of

these procedures, however, were based on the results of

LTG performed by experienced laparoscopic surgeons in a

small number of hospitals.

This retrospective study was designed to assess the

feasibility and surgical outcomes of LTG in clinical stage I

gastric cancer patients and to evaluate the appropriateness

of the widespread adoption of LTG for experienced open

surgeons, as well as the effect of hospital volume on short-

term patient-outcomes.

Materials and methods

Patients

Eighty-eight patients with clinical stage I gastric cancer

(T1N0, T1N1, and T2N0) underwent LTG with D1 plus

or D2 lymph node dissection between 2007 and 2013 at

Kyoto Prefectural University of Medicine and affiliated

hospitals (10 hospitals listed in the Acknowledgements

section). The indication for LTG consisted of a tumor

located in the upper- and/or middle-third of the stomach.

Preoperative clinical diagnoses of tumor invasion and

metastasis were generally made based on the findings of

endoscopy, barium study, and computed tomography

(CT). Written informed consent was obtained from all

patients prior to surgery. Patients were converted to open

surgery if there were intraoperative findings of more

advanced disease, such as serosal invasion and/or

extended nodal metastases. The clinicopathological fac-

tors and postoperative complications of these patients

were reviewed retrospectively from hospital records. The

macroscopic and microscopic classification of gastric

cancer was based on the Japanese Classification of Gastric

Carcinoma [12].

The annual average number of gastrectomies was over

100 at our university hospital, whereas the average num-

bers of gastrectomies were less than 30 at most of the

affiliated hospitals. After the first author (D.I.) performed

the procedure on 30 cases as an operating surgeon, LTG

was also performed by three surgeons (S.K., T.K., K.O.)

under the supervision of D.I. in our hospital. On the other

hand, LTG was performed by surgeons at affiliated hos-

pitals at their request. In the affiliated hospitals, doctors

who had performed open gastrectomy on at least 30

patients performed LTG, while D.I. guided the operation as

an assistant. The procedure for the first 30 cases in our

university hospital was also the same as that described

below; however, the indication was cancer clinically

diagnosed as T1N0 only.

a b c
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Fig. 1 Intraoperative view of the ‘‘lift-up’’ method. a The anterior

wall of the abdominal esophagus was incised, and nasogastric tube

was pulled out. b–d The anvil connected to the nasogastric tube was

pulled up into the esophageal lumen. e After the anvil insertion,

transection of the esophagus was performed using a linear stapler to

keep the insertion opening as tight as possible. f This approach from

the left side facilitated a good laparoscopic visual field, and prevented

the surrounding fatty tissues and organs from intervening between the

anastomosis planes
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Surgical procedure for LTG

With the patient under general anesthesia, a 12-mm port

was inserted through the umbilicus using the open tech-

nique. After pneumoperitoneum with carbon dioxide, five

trocars were inserted: one below the xiphoid appendix for

liver retraction, and the remaining four at the bilateral

hypochondrium and the mid-abdomen.

From the left side of the patient, the greater omentum

was divided 3 cm from the right gastroepiploic vessels

using laparoscopic coagulating shears (LCS) (Harmonic

Scalpel, Ethicon Endo-Surgery, Cincinnati, OH, USA).

The right gastroepiploic vessels were clipped and divided.

From the right side of the patient, the left side of the greater

omentum was divided toward the lower pole of the spleen,

and the left gastroepiploic and short gastric vessels were

divided. After retracting the left lobe of the liver using a

snake retractor (Stryker, San Jose, CA, USA), the right

gastric vessels were clipped and divided. The gastro-

pancreatic ligament was then lifted toward the ventral side

with the assistant’s right hand grasper, and the supra-pan-

creatic lymph nodes were dissected. The left gastric vein

was then exposed and dissected. The left gastric artery was

exposed from the left side, double clipped, and divided.

The posterior and short gastric vessels were divided, and

the regional lymph nodes (right and left cardial, along the

short gastric arteries) were also dissected. Lymph node

dissections were performed based on the Guidelines of the

Japanese Gastric Cancer Association.

The anvil of a circular stapler was placed into the eso-

phageal stump using the ‘‘lift-up’’ anvil insertion method,

which was previously reported by Hiki et al. (Fig. 1.) [9] or

using a transorally inserted anvil method (OrvilTM, Covi-

dien, Mansfield, MA, USA) [13]. The transoraly inserted

anvil method was only used in patients with tumors in

which the oral margin was approximately less than 2 cm

from the esophagogastric junction. The left upper trocar

incision was extended to 4 cm, and the entire stomach,

Table 1 Clinicopathological characteristics

Total (n = 88) University hospital

(high-volume group)

Affiliated hospitals

(low-volume group)

p value

Age, years (mean) 67 67 67 0.85

Sex

Male 72 46 26 0.57

Female 16 9 7

BMI (mean) 23 24 22 \0.01

Location

U, UM 61 41 20 0.17

MU 27 14 13

Size (mean) 40 42 37 0.46

Histology

Diff 49 28 21 0.24

Undiff 39 27 12

Retrieved LN (mean) 36 36 35 0.73

Op.time (median) 414 407 417 0.87

Blood loss (median) 93 70 110 0.60

pT

1 68 46 22 0.16

2 8 2 6

3 9 5 4

4 3 2 1

pN

0 72 47 25 0.36

1 6 2 4

2 7 5 2

3 3 1 2

U upper third, M middle third, Diff. differentiated adenocarcinoma, Undiff. undifferentiated adenocarcinoma, LN lymph nodes, Op. time

operation time, pT pathological T category, pN pathological N category
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with the regional lymph nodes, was removed through the

incision after protection of the wound using a wound-

sealing device (Wound Protector and Retractor, Applied

Medical, Rancho Santa Margarita, CA, USA).

The jejunum, 30 cm from the ligament of Treitz, was

marked and removed from the abdominal cavity through

the small incision and transected with a linear stapler,

followed by the jejunojejunal anastomosis in a side-to-side

fashion using the linear stapler. The length between the

esophagojejunostomy and the jejunojejunostomy was

approximately 40 cm. The head of a circular stapler was

introduced into the distal segment of the transected

jejunum, passed through the small incision into the ab-

dominal cavity, and guided in the direction of the eso-

phageal stump through the antecolic route from the left side

abdominal wall. The opening through which the circular

stapler was inserted was then closed using a linear stapler.

The Petersen and jejunojejunostomy mesenteric defects

were closed with interrupted sutures.

Postoperative complications

Postoperative complications were classified by the Clavien–

Dindo classification, and recorded cases more than Grade II.

Early complications were defined as having occurred within

30 days of surgery, while complications occurring more than

30 days after surgery were defined as late complications.

Anastomosis leakage was confirmed by both clinical symp-

toms and a radiological study with an orally administrated

contrast agent. Anastomotic stenosis was defined as difficul-

ties with scope passage, requiring expansion by an endo-

scopic balloon bougie. Pancreatic fistula was diagnosed

comprehensively not only according to drain amylase levels,

but also changes in the properties of the drain, clinical find-

ings, laboratory data, and imaging findings, such as ultra-

sonogrphy (USTG) and/or computed tomography (CT), as

previously reported [14]. For example, patients whose drains

were removed that developed postoperative fever, leukocy-

tosis, and the collection of peripancreatic fluid detected on

USTG and/or CT were also diagnosed with pancreatic fistula.

Statistical analysis

Student’s t test and the Mann–Whitney U test were used to

compare continuous variables, and the Chi-square test or

Fisher’s exact test was used for categorical variables.

Significant differences were accepted at p\ 0.05.

Results

Characteristics of patients and tumors

The clinicopathological features of the patients are shown in

Table 1. The mean age was 67 years (range 35–89), and the

mean body mass index (BMI) was 24 (range 14.9–42.3). The

median surgical duration and amount of blood loss were

414 min (range 245–653) and 93 ml (range 0–780),

respectively. In total, 71 patients were diagnosed patho-

logically as stage I (81 %), and 10 and 7 patients were

diagnosed pathologically as stage II and III, respectively.

The mean and median numbers of LTG were 3.3 and 3

cases at low-volume hospitals, respectively (range 1–8

cases). The mean and median numbers of LDG performed

Table 2 Postoperative complictaions

Total (n = 88) University hospital (high-volume group, n = 55) Affiliated hospitals (low-volume group, n = 33)

All* Grade IIIa or more All* Grade IIIa or more

Early complications

Anastomotic leakage 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %)

Anastomotic bleeding 1 (1.1 %) 0 (0 %) 0 (0 %) 1 (3.3 %) 0 (0 %)

Pancreatic fistula 2 (2.3 %) 1 (1.8 %) 0 (0 %) 1 (3.3 %) 0 (0 %)

Intraabdominal abscess 1 (1.1 %) 1 (1.8 %) 0 (0 %) 0 (0 %) 0 (0 %)

Acute cholecystitis 1 (1.1 %) 0 (0 %) 0 (0 %) 1 (3.3 %) 0 (0 %)

Blind loop syndrome 1 (1.1 %) 1 (1.8 %) 1 (1.8 %) 0 (0 %) 0 (0 %)

Pneumothorax 1 (1.1 %) 1 (1.8 %) 0 (0 %) 0 (0 %) 0 (0 %)

Late complications

Anastomotic stenosis 3 (3.4 %) 2 (3.6 %) 2 (3.6 %) 1 (3.3 %) 1 (3.3 %)

Internal hernia 2 (2.3 %) 2 (3.6 %) 2 (3.6 %) 0 (0 %) 0 (0 %)

Ileus 2 (2.3 %) 1 (1.8 %) 0 (0 %) 1 (3.3 %) 0 (0 %)

Morbidity (total)* 14 (15.9 %) 9 (16.4 %) 5 (9.1 %) 5 (15.2 %) 1 (3.3 %)

Mortality 0 (0 %) 0 (0 %) 0 (0 %)

* Clavien–Dindo classification grade II or more complication

World J Surg (2015) 39:1782–1788 1785

123



by surgeons at low-volume hospitals before they started to

perform LTG were 7.9 and 7 cases, respectively (range

3–14 cases).

Perioperative findings and postoperative course

The lift-up method was utilized for insertion of the anvil into

the esophageal stump in 58 patients, whereas a transoral

method (OrvilTM) was used for 28 patients. Fixed insertion of

the anvil head was successfully achieved in all patients,

although 2 patients had to be converted to open surgery

because of an unanticipated hemorrhage during the intro-

ductory period. The approach using a circular stapler through

the mini-laparotomy from the upper left quadrant of the

abdomen facilitated a good laparoscopic visual field for the

plane of the esophagojejunostomy (Fig. 1.), and no recon-

struction-related intraoperative complication was encoun-

tered. Postoperative complications are listed in Table 2.

Fourteen patients developed Clavien–Dindo classification

grade II or more postoperative complications, and the overall

operative morbidity rate was 15.9 %. No anastomotic leak-

age was encountered in this study. One patient had blind loop

syndrome and another 2 patients with internal hernia

required reoperation. Totally, 6 patients (6.8 %) suffered

from major complications (grade IIIa or more). However, no

significant difference was observed in complication rates

between high- and low-volume hospitals.

Comparison of the clinical course between high-

and low-volume hospitals

In the comparison between high- and low-volume hospi-

tals, the body mass index (BMI) values were higher in

patients in the high-volume hospital, although no sig-

nificant differences between the two groups were observed

regarding patient age, the number of lymph nodes

retrieved, the operation time, or blood loss (Table 1). All

LTG procedures in low-volume centers were performed by

doctors at the affiliated hospitals and succeeded without

severe intraoperative anastomosis-related complications.

During the postoperative course, there was no significant

difference between the two groups (Table 2).

Discussion

Laparoscopic gastrectomy has rapidly gained popularity since

the first report by Kitano et al. [15]. With regard to LDG,

several recent reports have shown that this procedure provides

not only favorable short-term outcomes but also equivalent

oncologic outcomes [1, 2]. Although almost all of the reports

are retrospective and inconclusive, LDG has gained wide

acceptance as a treatment option for early gastric cancers.

Meanwhile, LTG is still recognized as a difficult pro-

cedure because of the technical complexity of the recon-

struction and the challenging maneuver of dissecting the

distal splenic artery and the splenic hilar lymph nodes.

Despite these technical difficulties, several groups recently

reported that LTG is feasible and safe using standardized

techniques and new laparoscopic instruments [5–8].

Concerning the reconstruction procedure, a variety of

surgical techniques have been developed for the establishment

of esophagojejunostomy. For instance, some experienced

laparoscopic surgeons have developed linear-stapled side-

to-side esophagojejunostomy [16–19]. Linear-stapled

esophagojejunostomy has the advantages of accessibility

through a trocar, operating in a limited working space, and a

better visual field. This technique, however, suffers from the

disadvantages of creating sufficient length of esophageal

stump for anastomosis and the need for hand-suturing skills,

especially in the ‘‘overlap’’ method. By contrast, most sur-

geons perform circular-stapled esophagojejunostomy because

they are familiar with this technique in conventional open total

gastrectomy [9–11]. Circular-stapled esophagojejunostomy

has the advantages of rapid anastomosis and reliable

re-establishment of esophagojejunal continuity. However,

this type of anastomosis suffers from some technical issues,

primarily how to insert and fix the anvil into the esophageal

stump. Hiki et al. developed a novel insertion technique for

inserting the anvil head into the esophageal lumen [9]; this lift-

up method allows easy and safe insertion of the anvil head into

the esophageal stump without any skilled techniques, and

simultaneous pushing of the tail and pulling of the anvil head

via the nasogastric tube can reduce the need for excessive

force. After the anvil has been inserted, transection of eso-

phagus maintains the insertion opening as tightly as possible,

and pulling down the anvil head to the esophageal stump

safely secures the fixation of the anvil head [20]. This method

is a double-stapling technique, however anastomotic stricture

can be prevented by closing the transverse incision in a lon-

gitudinal direction. Recently, a transorally inserted anvil

(OrvilTM) was introduced as an alternative method for

esophagojejunostomy reconstruction [13]. This method is

relatively simple and does not require a learning period for

surgeons and has been reported to be technically feasible with

an acceptable rate of anastomosis-related complications.

However, there remains the risk of esophageal injury using the

transoral OrvilTM system; therefore, our initial choice for anvil

insertion was the lift-up method. The OrvilTM system was

used only in patients with tumors in which the oral margin was

approximately less than 2 cm from the esophagogastric

junction.

In the circular-stapled anastomosis, the circular stapler

itself sometimes blocks the visual fields of the anastomotic

site because of the limited working space, which may result

in inaccurate anastomosis. For this reason, we employed an
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approach of circular stapling from a small upper left

abdominal incision [21]. This approach provided a good

visual field of the anastomosis site without unnecessary

tension or an awkward angle for the laparoscope, even for

obese patients. Moreover, the good laparoscopic view at

the site of anastomosis prevented the surrounding fatty

tissues and organs from intervening between the anasto-

mosis planes and consequently allowed accurate and safe

anastomosis. Our method, which involved the approach of

circular stapler from the small upper left abdominal inci-

sion, facilitates LTG, at least reconstruction, even for less

experienced laparoscopic surgeons. In fact, there were no

severe anastomosis-related complications, except for 3

patients with delayed anastomotic stenosis, and no patients

required reoperation for anastomosis-related complications

in this series. We found 2 patients with Petersen’s hernia in

an early phase of the study. Thereafter, all mesenteric

defects were closed using interrupted sutures, and then no

additional cases of internal hernia were observed. It is not

possible to directly compare our results to previous data

because of the different publication dates, among other

factors. The complication rates, however, were acceptable

in our series and were not correlated with the hospital

volume. In low-volume hospitals, the LTG procedures

were performed by less experienced laparoscopic surgeons

who had sufficient experience performing open total gas-

trectomy. There has been no clear evidence concerning the

experience of the surgeons to indicate the number of open

gastrectomies or laparoscopic distal gastrectomies that is

considered sufficient as experience for LTG. However, we

previously reported that surgeons with experience of 30

cases of open gastrectomy could safely perform LDG [22];

therefore, we defined surgeons with experience of 30 cases

of open gastrectomy as experienced open surgeons, and

they performed LTG in this study. However, there was no

significant difference in the number of lymph nodes

retrieved between the high- and low-volume groups, which

indicate that adequate lymph node dissection was also

performed by doctors at the low-volume hospitals. These

findings indicate that LTG followed by esophagojejunos-

tomy as described above is a safe and feasible procedure.

Conclusions

Laparoscopic total gastrectomy can be performed safely by

surgeons with sufficient experience in open gastrectomy and

therefore represents a feasible procedure for clinical stage I

gastric cancer patients that is not affected by hospital volume.
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