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Abstract

BACKGROUND

Overlapped esophagojejunostomy (OE]) is a secure purely laparoscopic reconstruction
after laparoscopic total gastrectomy (LTG). However, long-term surgical results have

not been documented well.

AIM
In this paper, we report unusual patients who manifested jejunal limb stricture near the
esophageal hiatus without anastomotic stenosis during long-term observation after

surgery.

METHODS

From April 2009 untili May 2020, we retrospectively reviewed 211 patients
underwent LTG followed by OE] for gastric carcinoma and took a standard surveillance
program. We aimed to characterize a novel complicated disorder observed in these

patients to assist treatment and prevention.




RESULTS

Five patients (2.4 %) had unusual jejunal limb stricture after LTG and OEJ, occurring at
a mean of 10 mo after initial radical LTG. All five patients had disturbed oral intake and
marked weight loss, and two had aspiration pneumonia. Various diagnostic modalities
and intraoperative findings in each patient revealed an intact anastomosis, bent or
tortuous jejunal limb resulting from loose fibrous adhesions on the left crus at the
esophageal hiatus and no cancer recurrence. All five patients were successfully treated
by reoperation for adhesiolysis, division of the left crus and rearrangement of the

jejunal limb.

CONCLUSION

Disturbed passage through the jejunal limb near the hiatus can occur after some types
of OE] following LTG. We speculate that it may be resulted from a short remnant
esophagus, excessive mobilization of the jejunal limb that permit bending or tortuosity
and adhesions on the left crus at the hiatus. Prevention for this complication is possible

during the original LTG procedure.
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Core Tip: Overlapped esophagojejunostomy (OE]) is a secure purely laparoscopic
reconstruction after laparoscopic total gastrectomy (LTG). However, disturbed passage
through the jejunal limb near the esophageal hiatus can occur. In this paper,
mechanisms and prevention for this complication are described. Five patients (2.4%)

had disturbed oral intake and marked weight loss, all had unusual jejunal limb stricture




after LTG and OE]. Reoperation for adhesiolysis and division of the left crus and
rearrangement of the jejunal limb was required. Prevention for this complication is

possible during the original LTG procedure.

INTRODUCTION

Since the development of safe and feasible intracorporeal anastomosis under
laparoscopy [ 2, purely laparoscopic total gastrectomy (LTG) has been widely used to
treat gastric carcinoma occupying the upper third of the stomach [3-7]. Overlapped
esophagojejunostomy (OEJ) is a secure purely laparoscopic side-to-side reconstruction
method that uses an endoscopic linear stapler after LTG [2. Very few cases of
postoperative anastomotic leakage or stenosis have been reported in patients treated
with OFEJ after LTG [8 91 In addition, this technique is applicable even to patients treated
by LTG with long esophageal excision [10]. However, we have experienced five unusual
cases of jejunal limb stricture near the esophageal hiatus without anastomotic stenosis
during long-term observation after LTG with OE]. All five patients required reoperation
for this complication. In this report, we sequentially analyzed these five patients and

describe the characteristics of this complication to assist treatment and prevention.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of Saga University Hospital
(2020-07-06). All data and clinical findings were obtained retrospectively from the
medical charts and videos, which were stored in our department library.

Patients

Since April 2009, all patients with curable gastric carcinoma at Saga University Hospital
have been treated basically with laparoscopic surgery. Open surgery was performed in
one patient for systemic para-aortic lymphadenectomy and in four patients who
underwent other open surgery concomitantly. From April 2009 until May
2020, 925 patients underwent laparoscopic gastrectomy and were followed for at least 5

years. During the study period, no patient had conversion to open surgery and only




four patients missed postoperative surveillance appointments. Among the 925 patients,
six had intrathoracic OE] through a thoracoscopic approach because they required
excision of over 4 cm of the esophagus. In one patient who underwent proximal
gastrectomy, OE] was performed as a part of double-tract reconstruction. After
exclusion of these seven patients, 211 patients who underwent LTG followed by OE] for
reconstruction of the alimentary tract were enrolled in this study.

Surgery

To provide information that allows speculation about the mechanisms of the
complication, we summarize the detailed surgical procedures below. Five abdominal
ports were placed during robotic surgery and laparoscopic surgery. Lymph node
dissection extended to the stations along the hepatic, splenic and celiac arteries ['!], and
splenectomy was occasionally performed for complete dissection around the splenic
hilum [12I. The esophago-cardiac branch of the subphrenic artery was divided, but the
main artery was generally preserved. The esophageal hiatus was enlarged to a variable
extent in the ventral direction in the tendinous portion of the diaphragm for the
subsequent OE] procedure. When further enlargement of the hiatus was requested for
operative views and procedures, division of the left crus of the diaphragm was added.
We intentionally transected the isolated esophagus vertically, using an endoscopic
linear stapler, to create the OEJ on the posterior side on the esophageal stump.
However, the transection often seemed to be horizontal after division. The jejunum was
transected with a stapler 15 to 20 cm from the ligament of Treitz, and the mesentery was
divided up to the bifurcation of the jejunal arteries and veins. If the approximation
between the jejunal limb and the esophageal stump needed improvement, a combined
jejunal artery and vein was divided after a clamp test to confirm blood supply. The
jejunal limb was raised through the antecolic route as the first choice; the retrocolic
route was used when the antecolic route was not possible. A small hole for insertion of
the stapler fork was created on the posterior portion of the esophageal stump when the
esophagus was transected vertically. Otherwise, the right portion was selected in most

patients because of facilitation of the procedures and proper arrangement of the jejunal




limb. A small enterotomy was also created on the antimesenteric side of the jejunal limb
45 mm from the stump. A 45-mm endoscopic linear stapler was used to create an
overlapped side-to-side anastomosis. The stapling device for creation of the
anastomosis was commonly introduced through the left abdominal port by the
assistant’s left hand. After adjusting, approximating and firing of the linear stapler, the
entry hole was closed with continuous hand-sewing with absorbable 4-0 monofilament
suture so that the V-shaped anastomosis was maximally widened. Barbed 3-0 suture
was often available in more recent procedures [13l. The esophagus was generally not
fixed at the hiatus. The jejunal limb was rarely fixed to the hiatus or to the other
structures unless arrangement of the limb looked tortuous. When the jejunal limb
passed via the retrocolic route, it was always fixed to the transverse mesocolon with a
couple of nonabsorbable sutures. Prevention of Petersen’s internal hernia was carefully
performed with nonabsorbable sutures. A drainage tube was placed when there were
concerns about anastomotic leakage, massive accumulation of lymphorrhea or
pancreatic fistula.

Postoperative clinical course

Postoperative management after LTG was carried out according to the regular critical
care protocol. Patient without postoperative complications usually left the hospital on
POD 10 to 14. After discharge, patients who were diagnosed with pathological stage II
or higher received adjuvant chemotherapy [l Postoperative surveillance was
performed every 2 to 3 mo for patients with advanced-stage gastric cancer and every 6
to 12 mo for patients with early-stage cancer, for at least 5 years after surgery. During
the observation period, body weight measurement, blood sampling and CT
examination were routinely performed. Endoscopic examination or upper

gastrointestinal X-ray series was added for patients with any unusual complaints.

RESULTS

Characteristics of patients




Among the 211 patients who underwent LTG followed by OEJ, the mean ge was 69
years (range 25-88 years), and the female-to-male ratio was 42:169. The clinical stages
accordinato the 8t edition of the TNM classification system [15 were as follows: 94
patients were stage I, 46 were stage II, 55 were stage III and 16 were stage IV. Five
patients (2.4%) had unusual jejunal limb stricture after LTG and OEJ. The characteristics
of these five patients at the first radical LTG are listed in Table 1. The group included
one woman and four men. The age range at first LTG was 65 to 80 years. Three patients
had gastric carcinoma located in the upper stomach, and one had Siewert type III
esophagogastric junctional carcinoma invading 1 cm of the esophagus. The fifth patient
had remnant gastric carcinoma after open distal gastrectomy and Billroth I
reconstruction 13 years prior to LTG. The clinical depth of invasion was T1 in three
patients and T2 in two patients; all patients were diagnosed as free from lymph node
metastasis preoperatively, corresponding to clinical stage I in all patients. Therefore,
none of the patients was treated with neoadjuvant chemotherapy. After pathological
examination of the excised stomach specimens, one patient was diagnosed with
pathological T3 and two had lymph node metastasis. One patient diagnosed with
pathological stage IIB with T3 and N1 disease was treated with oral adjuvant
chemotherapy for 1 year.

Summary of initial laparoscopic total gastrectomy

A summary of the initial radical LTG in the five patients is shown in Table 1. All five
patients had LTG without splenectomy; four patients were treated with laparoscopic
surgery and one with robotic surgery. The mean length of excised esophagus was 2.0
cm (range 1.5-3.5 cm). The direction of the esophageal transection was horizontal in
four patients and vertical in one. In the four patients with horizontal transection, the
entry hole was created on the right side of the esophageal stump. The esophageal hiatus
was slightly enlarged toward the ventral side in the tendinous portion of the diaphragm
in two patients and was greatly enlarged in the same portion in three patients. After the
reconstructive procedures, the enlarged hiatus was not closed in any patient. The

jejunal limb was raised to the esophageal stump via the antecolic route in three patients




and via the retrocolic route in two patients. In all patients, a stapling device was
introduced through the left abdominal port as usual for the anastomosis. At surgery,
the level of the closed entry hole was above the hiatus in two patients, at the hiatus in
one patient and below the hiatus in two patients. No patient had fixation of the
esophagus to the hiatus. One patient whose anastomotic level was high had fixation of
the jejunal limb using absorbable sutures around the hiatus to achieve proper
positioning. A drainage tube was placed in all patients.

Postoperative clinical course after LTG

None of the five patients had abnormal findings on postoperative upper gastrointestinal
X-ray series with contrast medium at the first admission for LTG. Four of the five
patients had a typical postoperative clinical course and were discharged from the
hospital. The patient who was treated for remnant gastric cancer had persistent
anorexia resulting from a feeling of abdominal fullness and had a prolonged hospital
stay.

Severe symptoms developed within nine months after LTG in all patients. After a
mean interval of 10 mo (range 5-21 mo), the five patients underwent reoperation to
treat ongoing complications. Clinical findings and surgical procedures for reoperation
are summarized in Table 2. All patients had disturbed oral intake. X-ray examination
showed poor passage of contrast medium at the hiatus, jejunal stenosis (approximately
1 cm in length) at the hiatus and dilatation of the distal esophagus (Figure 1a). Bending
of the jejunal limb was also suggested or suspected in all patients. Body weight
decreased markedly after the first LTG in all patients (Table 3). The mean weight loss
was 26% (range 14%-33%) at the time of reoperation. Two patients experienced
aspiration pneumonia, which was confirmed with CT examination. In all five patients,
endoscopy showed an intact anastomosis, but the jejunal limb was bent and sometimes
seemed to be tortuous (Figure 1b). However, the 1-cm diameter endoscope could be
passed through the bent portion in all patients. Endoscopic balloon dilatation was tried
in all cases but did not achieve permanent results. No cancer recurrence was observed

in any patient in any of several diagnostic modalities.




Laparoscopic adhesiolysis

Laparoscopic adhesiolysis around the hiatus was planned. Adhesiolysis was performed
via the previous five port sites, except for one patient who could be treated via four
ports. In all patients, adhesions between the liver and suprapancreatic portion were
very strong, and adhesiolysis at the esophageal stump was also challenging because of
scar formation at the staple line. However, adhesions at other locations were released
easily in four patients, who had all undergone previous surgery by laparoscope. In the
one patient who had undergone prior open distal gastrectomy before LTG, adhesiolysis
was challenging in the upper abdominal cavity. However, adhesions were mild around
the hiatus, which had been newly manipulated during LTG. On the left crus of the
diaphragm, the jejunal limb was bent and had fibrous adhesions (Figure 2a and b). The
anastomosis was elevated far above the hiatus after adhesiolysis up to the level of
anastomosis in all cases. The jejunal limb above the hiatus was slightly shifted to the left
side in the mediastinum. As shown in Figure 3, a schema based on these findings, the
jejunal limb stricture resulted from the shortened remnant esophagus and jejunal
bending resulting from loose and fibrous adhesions on the left crus at the esophageal
hiatus. This was confirmed by the presence of a pressure mark on the jejunum after
completion of adhesiolysis (Figure 2c). During reoperation, the hiatus was enlarged by
dividing the left crus in all patients to obtain a better operative view and to prevent
jejunal stricture. The jejunal limb was fixed to the right side of the hiatus or other
abdominal structures to achieve a straight line after intraoperative endoscopic luminal
examination (Figure 4a).

Postoperative clinical course after adhesiolysis

Postoperative X-ray examinations after reoperation showed no disturbed passage or
bending of the jejunal limb in any of the five patients (Figure 4b). There were no
operative morbidities after the reoperation for adhesiolysis. All patients gained body
weight after the reoperation (Table 3). After a mean duration of 47 mo (range 11-82 mo)

after reoperation for adhesiolysis, all patients were well and had usual oral intake.




DISCUSSION

In this report, we describe unusual disturbed passage through the jejunal limb near the
esophageal hiatus that occurred in five patients (2.4%) after purely LTG followed by
OE]. This serious complication did not result from anastomotic stenosis after alimentary
tract reconstruction or from hiatal stenosis caused by scar formation; the jejunal limb
stenosis was caused by a shortened remnant esophagus and excessive mobilization of
the jejunal limb, which produced bending or tortuosity and loose fibrous adhesions on
the left crus at the hiatus. Because balloon dilatation did not successfully resolve this
disorder, surgical treatment for adhesiolysis, division of the left crus and rearrangement
of the jejunal limb were performed.

Anastomotic stenosis is a well-known postoperative complication after
esophagojejunostomy following total gastrectomy. In early reports, Tujimoto et al
summarized that the complication occurred in 0% to 3.8% of patients undergoing LTG
followed by OE]J; this rate was lower than that after circular-stapled anastomosis and
the functional end-to-end method [8l. In recent reports, the rate of anastomotic stenosis
is similarly low, ranging from 0% to 4.6% [3, 9, 16-18]. However, little is known about
disturbed passage of the jejunal limb near the esophageal hiatus. In our series, 2.4% of
patients had this uncommon disorder. Huang et al reported difficulty with solid food
intake in somﬁpatients after LTG and OE]J, according to clinical queries of constituent
items of pain on the European Organisation for Research and Treatment of Cancer 30-
item Core Quality of Life Questionnaire (EORTC-QLQ-C30) and dysphagia on the
EORTC-QLQ 22-item Stomach assessment tool [19l. Therefore, it is possible that this
postoperative change might happen to some extent in every patient after LTG and OE]J.
In that case, this disorder might not be an independent category of postoperative
complications. We initially thought that we encountered the five patients in whom
severe symptoms developed. However, the patients’ serious complaints would not have
improved without surgical treatment. Therefore, we summarize below the
characteristics of this complicated disorder in our five patients to help others avoid

missing the timing for reoperation.




First, severe symptoms developed in the relatively early period after LTG. Next,
oral intake was seriously disturbed and weight loss was severe. Aspiration pneumonia
developed in some patients. Disturbed oral intake could be verified by X-ray
examination, which showed poor passage of contrast medium resulting from jejunal
stenosis and bending of the jejunal limb near the hiatus, in addition to dilatation of the
distal esophagus. No anastomotic stenosis was seen on endoscopic luminal
examination. Moreover, the scope could be passed through the bent jejunal limb and
endoscopic balloon dilatation was unsuccessful in permanently resolving the disorder.
Finally, several cancer surveillance processes revealed no recurrence of gastric
carcinoma.

We think that disturbed oral intake, continued weight loss or aspiration
pneumonia suggest the need for surgical treatment of this disorder after LTG. Total
gastrectomy is often associated with reduced oral intake and weight loss. Okabe et al
reported that the patients had lost 7.2% of initial body weight at 2 years after
laparoscopic distal gastrectomy and 139% at 2 years after laparoscopic total
gastrectomy Bl In our five patients, weight loss reached 26% of body weight, which was
much greater compared with the 13.9 % reported by Okabe et al Moreover, LTG is not
directly associated with aspiration pneumonia. Two patients in our series developed
aspiration pneumonia, which should be considered a serious sign for the advanced
stage of this disorder. Because endoscopic balloon dilatation was unsuccessful in all
patients, surgical treatment for adhesiolysis should be considered as soon as
possible. We did not hesitate to perform laparoscopic surgical treatment because
postoperative intraabdominal adhesions are relatively easy to release when the prior
surgery has been performed by laparoscopy [?l. One patient previously had the open
distal gastrectomy before LTG, which should be called laparoscopic complete
gastrectomy. Even in this patient, adhesions at the newly manipulated surgical sites
around the hiatus were not very strong at reoperation for adhesiolysis.

Commonly observed findings in our series enable us to speculate on the

mechanisms of disturbed passage through the jejunal limb near the hiatus after LTG.




Dense and tough adhesions were not observed around the esophageal hiatus, except on
the staple line at the esophageal stump, even if the esophageal hiatus had been divided
and enlarged. Therefore, uncommon severe scar formation was an unlikely cause of
jejunal stricture near the hiatus. It is also unlikely to the drainage tube placed during
LTG was responsible for these strictures. Our speculations are described below.

First, the remnant esophagus was short, and the anastomotic site was elevated
at reoperation in all patients. Approximately 5 cm of the remnant esophagus had to be
isolated to perform the overlapped method. A prepared and isolated esophagus easily
shrinks [21l. Because the remnant esophagus was not fixed at the hiatus, the anastomotic
site moved upward into the mediastinum, elevating the jejunal limb to the level of the
hiatus.

Next, bending or tortuosity of the jejunal limb and adhesions on the left crus at
the hiatus might play an important role. Generally, the jejunal limb is prepared so that it
is easily approximated to the esophageal stump during LTG. This is because the tension
is not easily assessed because of the decreased tactile sensation using laparoscopic
forceps and high tension is associated with anastomotic leakage. Excessive mobilization
of the raised jejunal limb might result in higher elevation of the anastomosis when the
anastomosis is not fixed. Bending of the jejunal limb might occur at the hiatus because
of excessive mobilization of the jejunal limb. The left crus of the diaphragm, which is a
left side component of the esophageal hiatus, is commonly prepared to isolate the
esophagus or dissect the left paraesophageal lymph nodes during total or proximal
gastrectomy for gastric or esophagogastric junctional cancer. Therefore, this portion
generally is stripped of serosa after total or proximal gastrectomy, resulting in some
adhesion formation even after laparoscopic surgery. Finally, jejunal limb stricture at the
hiatus might be produced through this process. As the operative findings showed,
fibrous adhesions were always observed at this portion and were suspected to be
responsible for bending of the jejunal limb. The jejunal stricture length of approximately
1 cm was consistent with the thickness of the crus which sometimes made a pressure

mark on the jejunal limb. To prevent these conditions, the anastomosis must be fixed




firmly around the hiatus; however, fixation cannot always be performed if the remnant
esophagus is short. In this case, arrangement of the jejunal limb may help to avoid
adhesions between the jejunal limb and the left crus that cause bending. We consider
that the jejunal limb, except for the mesenteric component, should be fixed to the right
side of the hiatus or other abdominal structures by a couple of stitches using
nonabsorbable sutures to achieve a linear alimentary tract near the hiatus.

The direction of the esophageal transection and the anastomotic side on the
esophageal stump did not account for this complication. We considered that the flexible
organs would move easily with gravity to the wide left subphrenic space after total
gastrectomy. Laparoscopic surgery results in few postoperative adhesions, which
facilitates this movement [?°L. If anastomosis is made on the left side of the esophageal
stump that is transected horizontally -4 9 16,1722, 23] the jejunal limb will fall into the left
subphrenic space after the anastomosis. The jejunal limb could then become largely
tortuous unless the limb is fixed to other abdominal structures to avoid torsion.
However, we previously believed that flexibility of the jejunal limb should not be
disturbed by fixation to promote better peristalsis. Indeed, this concern was consistent
with a previous report that jejunal elevation could cause intractable stenosis after LTG
with circular-stapled esophagojejunostomy, depending on the side of the afferent loop
124, To prevent stenosis, the anastomosis should be created on the right side [518] or the
posterior side [13 25 of the esophageal stump. In these cases torsion will be minimal,
even if the jejunal limb falls into the vacant space under the left diaphragm. We now
consider it important to arrange the jejunal limb in a straight line without excessive
mobilization after OE], regardless of where the anastomosis is created on the
esophageal stump. In addition, enlargement of the hiatus by division of the left crus
might be useful. In all five of our patients, the left crus was cut to arrange the jejunal

limb in a straight line during reoperation.

CONCLUSION




In conclusion, disturbed passage through the jejunal limb near the esophageal hiatus
can occur in the relatively early period after OE]J following LTG, and surgical treatment
for adhesiolysis, division of the left crus and rearrangement of the jejunal limb is
required to treat this complication. Depending on the speculated cause of jejunal limb
stricture, prevention of this complication may be possible during the original LTG

procedure.
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