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ABSTRACT

Background: Transection of the esophagus at a cancer-negative proximal surgical margin and alimentary
tract reconstruction through the hiatus during minimally invasive surgery (MIS) may be complicated and
difficult in some patients with Siewert type 11 or Il esophagogastric junctional cancer (EGJC). In this study,
we retrospectively determined requiring multi-steps during MIS for Siewert types Il and 111 EGJC.

Study Design: Fifty-one consecutive patients with surgically treated Siewert type Il or 11l EGJC were
reviewed from July 2006 to October 2016. Five patients were excluded, and the remaining forty-six patients
were divided into four groups based on the combination of laparoscopic and thoracoscopic surgical
procedures performed, according to Siewert classification and TNM-staging: one-step surgery (n = 16), two-
step surgery without novel transection of the esophagus (n = 8), two-step surgery with novel transection of
the esophagus (n = 13), and three-step surgery (n = 9).

Results: The esophagus was transected successfully with a cancer-free proximal margin in all but one
patient. However, only 16 patients (35 %) were treated successfully by laparoscopic surgery alone, and the
remaining 30 patients needed one or more additional steps to complete the anastomosis after transection of
the esophagus according to the extent of esophageal invasion of the tumor.

Conclusion: Multi-step procedures may be needed to achieve a cancer-negative proximal margin followed
by alimentary reconstruction during MIS in patients with Siewert type 11 or 111 EGJC.

© 2019 Hirokazu Noshiro. Hosting by Science Repaository

12]. However, the transhiatal procedure on the mediastinal side is very

Introduction

complex in some cases due to dissection of the lower mediastinal lymph
nodes, the need for a cancer-negative surgical proximal margin of the

The number of patients with esophageal or gastric cancer treated by
minimally invasive surgery (MIS) using thoracoscopy, laparoscopy, or
both has been increasing [1-5]. However, MIS for esophagogastric
junctional cancer (EGJC) has not been well documented, despite the
increased frequency of adenocarcinoma of the esophagogastric junction
[6-9]. Surgery for EGJC involves total or proximal gastrectomy with or
without radical esophagectomy, according to the extent of tumor
infiltration in the esophagus and the lymph node metastasis status [10-

esophagus, and reconstruction of the alimentary tract with a short
remnant esophagus [13-17]. It has recently been proposed that the
optimal cancer-negative proximal surgical margin for long-term survival
in patients with EGJC is > 2 cm or 3.8 cm of the esophagus. In cases
with EGJC or gastric cancer with long esophageal invasion, MIS
procedures involving two or more-steps may be required to ensure
transection of the esophagus with a cancer-negative proximal surgical
margin and safe reconstruction of an alimentary tract [7, 18, 19]. On the
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MIS for EGJ cancer

other hands, some patients with EGJC may be undergone initial
thoracoscopy for mediastinal lymphadenectomy or transection of the
esophagus to confirm the surgical strategy, before undergoing the
abdominal procedure.

We have treated patients with EGJC in our institutes according to a
uniform surgical strategy based on the Siewert classification and the
TNM staging system. In this study, we retrospectively reviewed a
consecutive series of patients with Siewert-type Il or Il EGJC who
underwent MIS, with a focus on the complexity of surgical steps required
to transect the esophagus with a cancer-negative proximal surgical
margin and to reconstruct the alimentary tract after resection.

‘ 36 patients with EGIC from July 2006 to June 2014 ‘
T

5 patients were excluded due to open surgery
or subtotal esophagectomy

‘ 46 patients with MIS for EGIC were enrolled ‘

Thoraoscopic surgery first

Laparoscopic surgery first

Reconstruction possible ‘ ‘ Reconstruction impossible ‘ Three-step surgery (n=9)
Proximal gastrectomy (n = 7)
Total gastrectomy (n = 2)

[ One-step surgery (n = 16}
Proximal gastrectomy (n = 5)
Total gastrectomy (n = 11)

Transhiatal transection possible H Transhiatal transection impossible ‘

Two-step surgery A (n = 8)
Proximal gastrectomy (n = 3)
Total gastrectomy (n =5)

‘ Transthoracic transection ‘

Two-step surgery B (n = 13)
Proximal gastrectomy (n = 12)
Total gastrectomy (n =1)

Figure 1: Consort diagram of patients enrolled in this study. One-step
surgery: all surgical procedures performed under a laparoscope alone;
two-step surgery: laparoscopic procedures followed by thoracoscopic
procedures; three-step surgery: thoracoscopic procedures followed by
laparoscopic procedures, followed by a second thoracoscopic procedure.

Patients and Methods

We started performing MIS for EGJC in July 2006 at our own or an
affiliated hospital, since when patients with EGJC have generally
undergone MIS. A total of 51 patients were treated surgically for a
diagnosis of Siewert type Il or 11l EGJC with curative intent from July
2006 until October 2017 [7]. Of these, three patients received combined
thoracoscopic and open laparotomic procedures due to previous major
laparotomic surgery, and two patients with advanced Siewert type Il or
111 tumors underwent subtotal esophagectomy and cervical anastomosis.
The remaining 46 patients who underwent totally MIS were enrolled in
this study (Figure 1). Distant metastasis, multi-organ involvement,
enlarged cervical lymph nodes, and findings suggestive of para-aortic
lymph  node metastasis on computed tomography or
fluorodeoxyglucose-positron  emission tomography scans were
considered to be indications of incurable disease.

| Surgical Strategy

Our surgical strategy for treating EGJC based on the Siewert
classification for adenocarcinoma of the esophagogastric junction was
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reported in 2012 [7, 20]. This was largely compatible with the surgical
therapeutic strategy based on the results of a nation-wide retrospective
study of lymphadenectomy for EGJC [21]. One-step transhiatal
laparoscopic surgery was the initial choice in patients with Siewert type
Il or Ill EGJC. Otherwise, patients scheduled for MIS underwent
multiple surgical steps involving a combination of transthoracic and
transhiatal procedures. Early stage Siewert-type Il or 11l tumors were
treated by a transhiatal abdominal approach, including cardiectomy with
dissection of the proximal perigastric lymph nodes, the nodes along the
left gastric artery and the lower mediastinal lymph nodes through an
abdominal approach, as well as esophagogastrostomy. Advanced EGJC
of type Il or 11l invading < 3 cm into the esophagus were treated by a
transhiatal abdominal approach including a proximal or total
gastrectomy with dissection of the perigastric lymph nodes, regional
second tier-nodes along the left gastric, common hepatic, splenic and
celiac arteries and lower mediastinal lymph nodes, and
esophagogastrostomy or Roux-en-Y esophagojejunostomy. Patients
with advanced type Il or 11l cancer invading > 3 cm into the esophagus
were treated using a transthoracic and abdominal approach for adequate
lower mediastinal lymph node dissection and to obtain a safe surgical
margin if subtotal esophagectomy with middle-upper mediastinal lymph
node dissection was avoidable. If the gastric remnant after proximal
gastrectomy was relatively small, jejunal interposition reconstruction
was selected to prevent reflux esophagitis. Treatments in other patients,
such as those with a sliding hiatal hernia, were planed individually
according to the proximal and distal extensions of the tumor and the
possible lymph node metastasis status. The proximal transection line at
the esophagus was predesigned by preoperative upper gastrointestinal
series or endoscopy or confirmed by marking clips placed preoperatively
or by intraoperative endoscopic examination. Patients were divided into
four groups based on the combination of laparoscopic and thoracoscopic
surgical procedures performed, according to Siewert classification and
TNM-staging: one-step surgery, two-step surgery without novel
transection of the esophagus, two-step surgery with novel transection of
the esophagus, and three-step surgery.

Il Laparoscopic Procedure Alone Group (One-Step Surgery
Group)

Patients in the one-step surgery group were treated by one-step
laparoscopic surgery with total or proximal gastrectomy followed by
esophagojejunostomy or esophagogastrostomy.

111 Thoracoscopic Procedure First (Three-Step Surgery Group)

If the lymph node metastasis status in the middle or upper mediastinum
needed to be examined before selecting the surgical procedures, or if
transection of the esophagus was thought to be difficult using the
transhiatal approach, thoracoscopy was initially performed for
mediastinal lymph node dissection and transection of the esophagus.
Following the abdominal procedure, either esophagojejunostomy or
esophagogastrostomy was performed during a second thoracoscopic
procedure, with a total of at least three steps.
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IV Laparoscopy Followed by Thoracoscopy (Two-Step Surgery)

Patients in whom transection of the proximal esophagus was possible but
reconstruction was not possible through the hiatus underwent initial
abdominal procedures, including either total or proximal gastrectomy
with systematic lymph node dissection including lower mediastinal
lymphadenectomy, followed by removal of the excised specimens, if the
esophagus could be divided at the cancer-free portion through the hiatus
(two-step surgery group A). In the two-step groups, a gastric conduit or
jejunal limb for Roux-en-Y reconstruction was prepared at the end of the
first abdominal step. The remaining procedures for the second step were
carried out via thoracoscopy, involving additional lower mediastinal
lymph node dissection, if necessary, and reconstruction of the alimentary
tract. One of the predominant reasons for three-step surgery was the
limitation of the approximate setting of an endoscopic linear stapler at
the proximal side of the esophagus through the hiatus during the first
abdominal laparoscopic phase. To solve this problem, we developed a
transthoracic endoscopic linear stapler technique in February 2013,
which allowed transection of the esophagus at a cancer-negative
proximal surgical margin during the first abdominal laparoscopic phase,
when appropriate transection of the esophagus at the proximal side
through the hiatus was impossible. Some patients who would originally
have been treated by the three-step procedure therefore received the two-
step procedure after February 2013. These patients who underwent
transthoracic transection of the esophagus were independently classified
into two-step surgery group B in this study.

V Surgical Procedures in Two-Step Surgery Groups

Two-step surgery was similar to the lvor-Lewis procedure, but we
examined the proximal surgical margins at the end of the abdominal
procedure. During the transhiatal procedures, the hiatus of the diaphragm
was opened vertically at the tendon center and the pleura was opened in
most cases. In some cases, the diaphragm was divided on the left side to
improve the operative view of the mediastinum mainly for the purpose
of the reconstructive procedures, if necessary. The esophagus was
divided at the cancer-free portion through the hiatus using the
endoscopic linear stapler, and thoracoscopic surgery was carried out
because transhiatal reconstructive procedures were considered
impossible (two-step surgery A). If the esophagus could not be
transected through the hiatus, the middle and lower esophagus was
mobilized circumferentially, and a 12-mm trocar port was placed at the
seventh or eighth intercostal space at the anterior axillary line. An
endoscopic linear stapler (60-mm in length) was then inserted through
the thoracic port to the esophagus, introduced into the predesigned
portion and approximated, and then fired. Transhiatal reconstructive
procedures were commonly impossible in these patients (two-step
surgery B). At the end of the laparoscopic procedures, the gastric conduit
or jejunal limb was brought up carefully until a sufficient length could
be obtained for an anastomosis. In addition, prevention of internal hernia
was performed by fixing transverse colon or mesocolon to the
diaphragm. The patient was then placed in the prone position for the
subsequent thoracoscopic procedure. Intrathoracic
esophagogastrostomy and esophagojejunostomy were created by an
overlapped method to make a side-to-side anastomosis, or an
intrathoracic  esophagogastrostomy was created by end-to-end
anastomosis using a triangular stapling technique [22]. In more recent
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cases, the intrathoracic esophagogastrostomy was made using a double-
flapped technique to prevent reflux esophagitis. During this thoracic
procedure, the gastric remnant was rotated upwards to face the
anastomotic aspect clearly, after fixation on the terminal side to the
esophagus by sero-muscular suturing. Finally, the normal arrangement
of the two organs was restored after completion of the anastomotic
procedures. After thoracoscopic reconstruction of an alimentary tract in
patients via two or three-step surgeries, another laparoscopic procedure
was sometimes performed to make a straight alimentary tract and to
ensure prevention of postoperative hiatal hernia.

VI Examination of Excised Specimens

A cancer-free proximal margin was confirmed in all patients by
intraoperative examination of frozen pathological sections, as soon as
the proximal surgical margin was obtained. After removal, the specimen
was immediately opened longitudinally, and the lymph nodes were
retrieved for pathological evaluation. The specimen was then stretched
maximally and pinned to a board for gross inspection of ex vivo
variables, and the specimen was then examined histologically. The
length of the proximal surgical margin was described after histological
examination. The tumors were staged according to the seventh edition of
the TNM classification system for both gastric and esophageal cancer
[23]. Some patients with clinical stage Il or Ill according to the
esophageal cancer staging system, received neoadjuvant chemotherapy
to accelerate curability [24]. All patients were fully involved in the
decision-making process, and informed consent was obtained from all
patients. This retrospective study was approved by the Institutional
Review Board of Saga University Hospital.

VII Statistical Analysis

We obtained the following clinical data from medical charts: age, sex,
preoperative and pathological tumor characteristics, status of adjuvant
therapy, total duration of the operation, total estimated blood loss, total
number of retrieved nodes and mediastinal nodes, the incidence of
complications and recurrence information. Postoperative morbidities
were defined as events > grade 2 according to the Clavien-Dindo
classification [25].

Values are expressed as the numbers of patients or the means + standard
deviation (SD). Differences among groups were analyzed by ANOVA
or 2 tests using Fisher’s exact probability. Potential risk factors affecting
the surgical step were assessed by logistic regression analysis. A two-
sided P value < 0.05 was considered to be significant. Statistical analysis
was performed using JMP software (SAS Institute, Cary, NC, USA).

Results

The treatment strategy and consort diagram are summarized in Figure 1.
EGJC was classified as a category of Siewert type Il (n = 28) or type 111
(n = 18) after thorough preoperative assessments with upper
gastrointestinal series and endoscopic examination. All 46 patients
underwent entirely laparoscopic procedures without conversion to any
type of celiotomic procedure. Sixteen patients (35 %) were treated
successfully by laparoscopic surgery alone (one-step surgery group), and
the remaining 30 patients needed an additional thoracoscopic procedure
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to complete the anastomotic procedure after resection of EGJC. None of
30 patients who underwent additional thoracoscopic procedures had no
conversion to conventional thoracotomy or minithoracotomy. Nine
patients received three-step surgery because the esophagus at the
proximal side needed to be transected at the middle portion of the

Table 1: Patients and tumor characteristics.

thoracic esophagus, or the lymph node status needed to be determined in
the mediastinum, as the lesions were spread relatively distant from the
squamo-columnar junctional line or metastatic nodes were suspected
preoperatively in the middle-upper mediastinum. The remaining 21
patients underwent two-step surgery.

Surgical group One-step Two-step A Two-step B Three-step p*
(without TTT) (with TTT)
(n=16) (n=8) (n=13) (n=9)
Siewert type (11/111) 5/11 3/5 12/1 8/1 0.0011
Gender (Female / Male) 4/12 1/7 3/10 3/6 0.7947
Age (years) 71+10 7146 65+14 7149 0.7793
Histology
(AD / SCC [/ special | 15/0/1 7/1/0 9/3/1 5/3/1 0.3126
types)
Depth of tumor invasion* | 5/6/2/4 4/0/3/1 5/4/3/1 6/1/1/1 0.3858
(T1/T2/T3/T4)
Lymph node metastasis* 6/5/31/2 4/17/2/1 7/15/1/0 5/2/0/2 0.7850
(NO/N1/N2/N3)
TNM stage* 5/3/7/1 4/0/4/0 713/310 5/1/2/1 0.6437
arnrmsivy 5 1 3 1 0.6468
Presence of NAC

Data given as number of patients or mean + SD. TTT: technique for transthoracic transection of the esophagus during the abdominal phase. AD:
adenocarcinoma. SCC: squamous cell carcinoma. NAC: neoadjuvant chemotherapy.

*Pathological staging.
#ANOVA or 2 test.

Table 2: Surgical procedures and results.

Surgical group One-step Two-step A Two-step B Three-step p*
(without TTT) (with TTT)
(n=16) (n=8) (n=13) (n=9)
Type of gastrectomy and reconstruction
TG Roux-en-Y EJ 11 5 1 2 0.0031
PG 5 3 12 7
JIP 2 0 1 0
EG 3 3 11 7
oL 2 0 4 1
TST 0 0 5 6
DFT 1 3 0 0
others 0 0 2 0
Total length of operation (min) 457+120 573147 490+183 537174 0.1451
Total blood loss (ml) 1434139 4071603 157+315 99+108 0.2318
Number of retrieved lymph nodes
Total 43.3+13.8 46.1+34.2 39.5+18.7 37.0£17.7 0.9452
Mediastinal 2.9+4.8 3.5+6.0 7.2455 9.7+8.6 0.0698
Mortality 0 0 1 0 0.4584
Presence of postoperative complications 5 2 5 5 0.5594
Respiratory 1 0 1 3 0.1045
Anastomotic 1 1 2 2 0.7092
Others 3 1 1 0 0.5163
Postoperative hospital stay (days) 22+17 58+80 28+22 40+29 0.1802
Postoperative observation period (months) 31+19 41+30 23+15 36+31 0.5681
Presence of recurrence 2 1 3 3 0.5834

Data given as number of patients or mean + SD. TG: total gastrectomy; PG: proximal gastrectomy; EJ: esophagojejunostomy; JIP: jejunal interposition; EG:
esophagogastrostomy; OL: overlapped method; TST: triangular stapling technique; DFT: double-flapped technique.

#ANOVA or y? test.

Ann Clin Oncol doi:10.31487/j.AC0O.2019.04.02
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Table 3: Results of examination of excised specimens

Surgical group One-step Two-step A Two-step B Three-step p#
(without TTT) (with TTT)

(n=16) (n=8) (n=13) (n=9)
Maximal tumor size 43+2.9 4.4+19 4.6+2.9 3.2+19 0.6583
(cm) 0.9+0.5 2.6x14 4.0+1.6 3.2+0.9 <0.0001
Length of esophageal 2.1.#16 2.9%15 2.9+1.8 35x14 0.2279
invasion (cm) 11.545.9 14.3£7.9 9.8+4.2 10.6+6.6 0.6168
Proximal margin (cm) 2.3+1.4 43+2.1 8.1+3.2 6.7+1.9 <0.0001
Distal margin (cm)
Length of excised
mediastinal organs (cm)

Data given as mean + SD.
#ANOVA.

| Patient Characteristics and Surgical Results

The patient and tumor characteristics according to the type of surgery
are summarized in Tables 1 and 2. The type of gastrectomy and number
of surgical steps were significantly associated with Siewert
classification. Of the 28 patients with a Siewert type Il tumors, three
underwent total gastrectomy with transhiatal esophagojejunostomy by
one-step surgery (n = 2) or intrathoracic esophagojejunostomy by three-
step surgery (n = 1), and 23 patients were treated with proximal
gastrectomy with esophagogastrostomy by one-step surgery (n = 2) two-
step surgery A (n = 3), two-step surgery B (n = 11), or three-step surgery
(n = 7). The remaining three patients with Siewert type Il tumors
underwent jejunal interposition after proximal gastrectomy by one- or
two-step surgery (n = 1 and 2, respectively). Of the 18 patients with
Siewert type 111 tumors, two underwent proximal gastrectomy under a
laparoscope alone, and the remaining 16 patients underwent
laparoscopic esophagojejunostomy after total gastrectomy by one-step
surgery (n = 9), thoracoscopic esophagojejunostomy after total
gastrectomy by two-step surgery A (n = 5) or two-step surgery B (n =1),
or by three-step surgery (n = 1). Transhiatal reconstruction of the
alimentary tract could not be carried out in any patients undergoing two-
or three-step surgery because of the short remnant esophagus. Overall,
patients with Siewert type Il tumors treated by total gastrectomy and
esophagojejunostomy were more likely to undergo one step-surgery. The
incidences of Siewert type Il or Il (P = 0.0011), total or proximal
gastrectomy (P = 0.0031), and esophagojejunostomy or
esophagogastrostomy (P = 0.0013) differed significantly among the four
surgical groups, but there were no significant differences in terms of
gender, age, histology, TNM staging, or use of neoadjuvant
chemotherapy.

The surgical procedures and outcomes of the 46 patients are summarized
in Table 2. The total duration of the operation included the duration of
the positional changes in this study. Although one-step surgery was the
shortest procedure in the current study, the difference was not
significant. There was no significant difference in estimated blood loss
among the four surgical groups. The type of gastrectomy and extent of
mediastinal lymph node dissection were associated with the total number
of retrieved lymph nodes. The numbers of total and mediastinal lymph
nodes, therefore differed between three-step and one-step surgery
groups. However, there was no significant difference in retrieved lymph
nodes among the four surgical groups.

Ann Clin Oncol doi:10.31487/j.AC0O.2019.04.02

Figure 2: Examination of excised specimens: (A) Length of esophageal
invasion by the tumor; (B) Length of the proximal surgical margin; (C)
Length of the excised mediastinal organs.

11 Examination of Excised Specimens

The results of examinations of the maximally stretched excised
specimens in each surgical group are shown in Table 3. No additional
esophageal resection was performed in the thoracic phase after the prior
laparoscopic procedures, because transection successfully achieved a
cancer-negative proximal surgical margin. There were no significant
differences in tumor size among the groups. The length of tumor
invasion of the esophagus was significantly shorter in the one-step
surgery group who underwent the laparoscopic procedure alone,
compared with the other surgical groups. Intraoperative pathological
examination of frozen sections was carried out to confirm a cancer-
negative proximal surgical margin in all 46 patients. However, one
patient in the two-step surgery group B had a cancer-positive proximal
margin at the final hematoxylin and eosin pathological diagnosis, despite
a negative margin during intraoperative pathological examination. The
ex vivo proximal surgical margin was longest in the three-step group, but
the difference was not significant. We measured the lengths of the ex
vivo excised mediastinal organs, which ranged from the lower portion of
the actual esophageal hiatus to the proximal surgical margin on the
excised specimens and were composed of a possibly sliding proximal
portion of the stomach and a distal portion of the esophagus (Figure 2).
The length of the excised mediastinal organs in the two-step surgery B
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group was similar to that in the three-step group and was much longer mediastinal organs minus the proximal margin, minus the length of the
than in the one- or two-step surgery A groups (P < 0.0001). The extent esophageal invasion by the tumor. There was no significant difference
to which the stomach slid into the mediastinum, i.e., the length of the in the lengths among the four groups.

sliding hiatal hernia, could be calculated by the length of the excised

Table 4: Results of univariate and multivariate logistic regression analyses of risk factors for multi-step surgery.

Variables One-step Multi-step* Univariate analyses Multivariate analyses
(n=16) (n=130) Odds 95% ClI P Odds 95% ClI P

Age (years) 71+10 69+11 0.978 0.921-1.038 0.4537

Gender 12/4 2317 1.095 0.267-4.500 0.8996

(M/F)

Histology 0/16 8/22 4.565 0.509-40.961 | 0.1749

(SCCIAD

+others)

Siewert type | 11/5 7/23 0.138 0.036-0.536 0.0042 0.069 0.003-1.861 0.1119

au/m

pT (pT2- | 12/5 15/15 0.381 0.100-1.455 0.1580

4/pT1)

pN  (pN1- | 10/6 14 /16 0.488 0.140-1.700 0.2596

3/pN0)

pStage (IIl- | 8/8 10/20 0.389 0.112-1.352 0.1373

IV/1-11)

NAC (+/-) 5/11 5/25 0.440 0.105-1.835 0.2599

Gastrectomy | 11/5 8/22 0.165 0.044-0.626 0.0080

type

(TG/IPG)

Reconstructi | 13/3 9/21 0.099 0.023-0.434 0.0022 0.049 0.002-1.564 0.0877

on type

(EJ/EG)

Operative 4574120 526+170 1.003 0.999-1.008 0.1608

time (min)

Blood loss | 143+139 206+385 1.001 0.998-1.003 0.5371

(ml)

Total LN 43.3+13.8 41.8+22.3 0.993 0.964-1.023 0.6530

Mediastinal | 2.9+4.8 6.946.9 1.146 0.998-1.317 0.0541

LN

Maximal 43+2.9 41424 0.998 0.974-1.022 0.8543

tumor  size

(cm)

Length  of | 0.9+0.5 35.#15 1.193 1.068-1.334 0.0018 1.271 1.042-1.549 0.0177

esophageal

invasion

(cm)

Proximal 2116 3.1.£1.6 1.047 0.998-1.098 0.0593

margin (cm)

Distal 11.545.9 11.2.46.0 0.999 0.988-1.010 0.8643

margin (cm)

Length of | 23114 6.7.£2.9 1121 1.044-1.203 0.0017

excised

mediastinal

organs (cm)

*Multi-step surgery group included two-step surgery groups A and B, and three-step surgery group.
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111 Postoperative Outcomes

In-hospital mortality occurred in one patient in the two-step surgery
group B who had a cancer-positive surgical margin and who died of
pulmonary edema, probably caused by the intense preoperative
induction chemotherapy performed with the aim of down-staging the
tumor. Postoperative morbidities were more common after two- and
three-step surgeries compared with after one-step surgery, but the
difference was not significant (Table 2). Respiratory complications were
not often observed in any surgery group. Anastomotic leakage occurred
in one patient with jejunal interposition reconstruction after proximal
gastrectomy in the one-step surgery group, in one patient with
intrathoracic esophagojejunostomy in the two-step surgery group A and
in two patients each with intrathoracic esophagogastrostomy in the two-
step surgery group B and three-step surgery group. The rate of
anastomotic failure after intrathoracic esophagogastrostomy was 19%
compared with 8% for esophagojejunostomy in the current series (P =
0.3893). The types of esophagogastrostomy that were resulted in
postoperative anastomotic leakage were the overlapped method (n = 2),
the triangular stapling technique (n = 1) and another hand-sewing end-to
end anastomosis (n = 1). Esophagogastrostomy with a double flapped
technique was performed recently in one case transhiatally and in three
cases transthoracically, with no anastomotic leakage. The length of
postoperative hospital stay was prolonged as a result of postoperative
complications, especially anastomotic  failure: however, the
postoperative hospital stay was shortest in the one-step surgery group,
but there was no significant difference among the groups. During the
postoperative observation periods, recurrent disease was observed in
nine patients with T2-T4 tumors and in one patient with a pathological
T1b N1-tumor. The recurrence sites were hematogenous metastasis in
the liver or lung (n = 5), peritoneal dissemination (n = 3) and recurrence
in the paraaortic lymph nodes (n = 1). Locoregional recurrence,
including at the anastomosis, has not been observed so far. There were
no significant differences in recurrence rates among the four surgical
groups.

IV Risk Factors for Requiring Multi-Step Surgery

Unadjusted regression analyses of all 46 patients showed that Siewert
type, proximal or total gastrectomy, esophagogastrostomy or
esophagojejunostomy, length of esophageal invasion, and length of
excised mediastinal organs were significant risk factors for requiring
multi-step surgery. Few patients underwent jejunal interposition
reconstruction after proximal gastrectomy, and type of reconstruction
was closely associated with the type of gastrectomy. The length of
excised mediastinal organs depended on the extent of esophageal
invasion. After exclusion of these confounding factors, multivariate
regression analysis showed that only the length of esophageal invasion
was an independent risk factor for requiring multi-step surgery (95%
confidence interval, 1.042-1.549; odds ratio, 1.271; P = 0.0177) (Table
4).

Discussion
In this study, we demonstrated that obtaining an optimal proximal

surgical margin by MIS in patients with Siewert type Il or 11l EGJC was
complicated, while the extents of gastrectomy and lymph node
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dissection were associated with the location and staging of the tumor.
Only 35 % of patients with EGJC were successfully treated by
laparoscopic surgery alone in our institutes, and the most significant risk
factor for requiring multi-step surgery was longer esophageal invasion
of the tumor which was associated with longer excised mediastinal
organs.

This study had some potential limitations or bias in relation to surgical
strategies, patient selections, and technical learning curves. However,
the surgical strategies for EGJC were consistent throughout during the
study period in our institutes, and all patients with EGJC were treated by
MIS, except for three cases who underwent previous major celiotomic
surgery and two who were treated with planned subtotal esophagectomy
and cervical anastomosis. Uniformity among the proximal surgical
margins among the four surgical groups suggested little bias in terms of
the surgical strategy. Regarding technical skills and learning curves, we
have performed laparoscopic gastrectomy for gastric cancer in our
institutes since 1996 and thoracoscopic esophagectomy since 1998 and
thus had extensive experience of MIS for both esophageal and gastric
cancer before starting MIS for EGJC [2-4]. In addition, if there had been
strong bias among surgeon was strong, logistic regression would not
have identified any factor being associated with requiring multi-step
surgery.

We consider that a cancer-free proximal margin is vital in the surgical
treatment of Siewert types Il and 1ll EJGC. The proximal resection
margin is known to have a major impact on the survival of patients with
EGJC. In aseries of 505 patients who underwent EGJC surgery, Barbour
et al. showed a significant survival benefit of grossly negative ex vivo
esophageal proximal surgical margins > 3.8 cm and RO resection with >
15 removed lymph nodes, though the benefit was limited to patients with
> T2 tumors and six or fewer positive lymph nodes [23]. In a review of
140 cases, Mine et al. revealed that gross proximal margin lengths of >
2.0 cm in resected specimens seemed to be satisfactory for patients with
type Il and 111 adenocarcinoma of the esophagogastric junction treated
by transhiatal gastrectomy [19]. Some researchers demonstrated that
positive proximal margins could be avoided by resecting > 10 cm of
macroscopically tumor-free esophagus because of the possibility of
direct submucosal tumor invasion or lymphatic permeation [26-28].
However, the optimal proximal surgical margins in EGJC remains
uncertain because the ways in which the ex vivo measurements of the
excised specimens were made differed among studies and considering
the serious shrinkage of the excised esophagus. We tried to obtain
macroscopic surgical margins > 2.0 cm and cancer-negative margin by
frozen pathological examination in this series. No locoregional
recurrence had been observed at the median postoperative observation
period of 51 months.

In this series, a sufficient length of proximal margin could be obtained
in patients with Siewert type 1l or Il tumors by transection of the
proximal esophagus through the hiatus using the laparoscopic approach
alone, if the length of esophageal invasion by the tumor was small.
However, transhiatal transection of the esophagus was difficult in
patients with mild esophageal tumor invasion and a serious sliding hiatal
hernia or a large tumor. The present transthoracic transection technique
enabled us to achieve similar proximal margins to those obtained during
three-step surgery. On one patient treated with transthoracic transection
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who had undergone intense induction chemotherapy prior to surgery had
a positive proximal margin according to the postoperative permanent
histological diagnosis, despite a cancer-negative intraoperative
pathological diagnosis by frozen section studies. However, we
considered that this case was exceptional. We measured the lengths of
the excised mediastinal organs which were composed of a sliding
proximal portion of the stomach and a distal portion of the esophagus.
The mean ex vivo length using the present transthoracic transection
technique was 8.1 cm, which was similar to that achieved by three-step
surgery. Considering shrinkage of the excised esophagus an ex vivo
length of 8.1 cm may correspond to > 10 cm in situ. During the
abdominal phase when a patient is placed in the supine position, the
maximal level of transection of the esophagus is limited by the anatomy
of the inferior pulmonary veins [29]. In contrast, transection of the
esophagus during a thoracoscopic right thoracic approach is not affected
by any anatomical structures, irrespective of the position (prone or lateral
decubitus) during the thoracoscopic phase. A transthoracic approach
prior to the abdominal phase may thus be optimal for surgical treatment
in some cases of EGJC. Even if a gross proximal margin > 2.0 cm is safe,
transection of the esophagus at the appropriate proximal side through the
hiatus during the abdominal phase as the first step of MIS cannot be
performed easily in a patient with a sliding hiatal hernia.

However, three steps were always required to complete these
procedures, unless the excised specimen was removed through an
additionally-created thoracotomy or minithoracotomy during the
thoracic phase as the second step after the abdominal laparoscopic phase.
The transthoracic transection technique is safe and feasible and helps to
ensure successful transection of the esophagus at a proximal cancer-
negative margin during the first abdominal phase in MIS. This resulted
in a reduction in patient-positioning changes, which was one of the most
time-consuming procedures requiring 20-30 minutes to move a patient
from a supine to a prone or lateral decubitus position. Moreover,
avoiding the thoracoscopic procedure might help to reduce respiratory
complications and shorten the operation. In this series, three of nine
patients who underwent three-step surgery developed respiratory
disorders (33%), compared with only one patient each in the one- and
two-step surgery groups (6% and 5%, respectively). However, this
difference was not significant, probably because of the small number of
patients in each group. In open surgery, transthoracic procedures are
associated with increased morbidity and mortality compared with
transabdominal and transhiatal approaches [30-32]. We expected that the
decreased invasiveness provided by MIS may be associated with fewer
respiratory complications. However, repeated thoracoscopic procedures
might be harmful and should be avoided. Previous reports found that
7%-37 % of patients with advanced gastric cancer invading the lower
esophagus had metastatic lymph nodes in the lower mediastinum [9, 13-
15]. Although a previous randomized controlled study of open surgery
demonstrated that an additional thoracotomic approach had no survival
benefit in patients with Siewert type Il or 11l tumors with esophageal
invasion was < 3 cm [15], other researchers have suggested that curative
resection of tumors invading the esophagus by > 3 cm should be
accompanied by lower mediastinal lymph node dissection [15, 33].
Considering the variety of surgical strategies used to treat EGJC, the
extent of lymph node dissection should be decided on an individual bias,
according to the tumor location and staging. In the current series,
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lymphadenectomy could be performed sufficiently below the inferior
pulmonary veins by the transhiatal approach.

Failure of the intrathoracic anastomosis, mainly by intrathoracic
esophagogastrostomy, is relatively common despite a cancer-free
proximal surgical margin. In the current study, creation of an
esophagogastrostomy between a short esophageal remnant and relatively
large gastric remnant was more difficult transhiatally compared with
esophagojejunostomy, and transthoracic anastomosis or jejunal
interposition reconstruction was consequently required. Jejunal
interposition may be useful but is complicated in MIS because it requires
the creation of at least three anastomoses [34]. Moreover, the reservoir
function of the gastric remnant is uncertain or may be spoiled in this type
of reconstruction. Regarding intrathoracic anastomosis, we previously
reported the success of intrathoracic esophagojejunostomy during the
initial seven cases treated with MIS however, the rate of anastomotic
failure after intrathoracic esophagogastrostomy was 19% compared with
8% for esophagojejunostomy in the current series [7]. The intrathoracic
overlapped esophagogastrostomy during the initial period of this study,
might have interrupted the blood supply of the gastric conduit around the
anastomosis.  We therefore subsequently created end-to-end
esophagogastrostomy using a triangular stapling technique, which is
commonly used for anastomosis at the neck after subtotal
esophagectomy however, this did not reduce the incidence of
anastomotic failure because of the complicated procedure in the thorax
[22]. In addition, end-to-end esophagogastrostomy using a triangular
stapling technique does not prevent regurgitation, which may occur in
the event of anastomosis at the middle —lower mediastinum. We recently
developed esophagogastrostomy using a double-flapped technique. The
reconstruction method in the abdominal procedure has been well
documented in patients treated by laparoscopic proximal gastrectomy
[35]. However, in contrast to esophagogastrostomy in the abdomen,
esophagogastrostomy using a double-flapped technique in the thorax, is
more complicated because the reverse arrangement between the gastric
remnant and the esophagus due to the prone positioning, and because the
operative view does not face directly from the right transthoracic side.
The anastomosis must therefore be created upside down during the
common abdominal procedure in the supine position and then reversed.
Intrathoracic or transhiatal esophagogastrostomy with a double-flapped
technique seems to be complicated but has advantageous in terms of
reducing anastomotic leakage and preventing reflux esophagitis. A
previous case report demonstrated an advantage of transhiatal
esophagogastrostomy with a double-flapped technique for EGJC, and
the results in the current series also suggested that this technique had
actual benefits [36].

Conclusion

We herein showed that multi-step procedures may be needed to achieve
a cancer-negative proximal margin followed by safe and successful
alimentary reconstruction in some patients with Siewert type 11 or Il
EGJC undergoing MIS. We also demonstrated that the need for multi-
step procedures was closely associated with the length of esophageal
invasion of the tumor. It is necessary to develop easier and more reliable
procedures minimize invasiveness during surgery for EGJC.
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