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Abstract

Background Although postoperative esophageal hiatal
hernia (EHH) is primarily considered a post-operative
complication of esophagectomy, it is also a rare post-op-
erative complication of laparoscopic total gastrectomy
(LTG), with a reported incidence rate of 0.5 %. The pur-
pose of this study is to analyze the incidence, clinical
features, and prevention of EHH following L'TG for gastric
cancer.

Methods Between October 2008 and July 2014, 78 patients
who underwent LTG for gastric cancer in our hospital were
analyzed. We compared the crus incision group (in which
the left crus of the diaphragm was incised without suture
repair) with the crus conserving or repair group (in which
the crus was preserved or the crus was incised and
underwent suture repair). The primary endpoint was inci-
dence of postoperative EHH.

Results Of the 78 patients, 7 (9.0 %) developed postop-
erative EHH. Three of seven patients (42.9 %) were
symptomatic and required an emergency operation for
intestinal obstruction. Four of seven patients (57.1 %) were
asymptomatic and did not require an operation. Incising the
left crus of the diaphragm without suture repair during
LTG was considered the only risk factor for postoperative
EHH (0 of 29 for preserving the crus or incising and per-
forming suture repair of the crus vs. 7 of 49 in crus incision
without suture repair; p = 0.033).
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Conclusions The present data suggest that incision of the
crus without suture repair is associated with EHH after
LTG. If crus incision is required, crus repair may be
effective for the prevention of postoperative EHH.
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The number of laparoscopic total gastrectomies (LTGs) for
gastric cancer has recently been increasing in Japan [1-4].
It has been suggested that the reduction in adhesions after
laparoscopic surgery could increase the risk of internal
hernia [5, 6]. Jejunojejunostomy mesenteric defect, Peter-
sen’s space, and mesenterium of the transverse colon are
known internal hernia orifices after gastrectomy with
Roux-en-Y reconstruction [1, 2, 7-9]. In the case of total
gastrectomy, postoperative esophageal hiatal hernia (EHH)
is an important complication [1, 3, 4]. The purpose of this
non-randomized, retrospective cohort study was to analyze
the incidence, clinical features, and prevention of EHH
after LTG for gastric cancer.

Patients and methods
Patients

Between October 2008 and July 2014, 78 patients under-
went LTG for gastric cancer that was diagnosed by endo-
scopy and biopsy in our hospital. All operations were
performed by an experienced surgeon who was also a
licensed attending doctor for laparoscopic surgery. All
patients in this study underwent the following standard
operations: (1) LTG, which was indicated because of the
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location and macroscopic appearance of the primary tumor,
and (2) DO, D1, D1+, or D2 lymphadenectomy as per the
guideline of the Japanese Gastric Cancer Association [10].

Definition of EHH

Preoperative EHH was defined as dilation of cardia, which
was diagnosed on the basis of endoscopic observation.
Postoperative EHH was divided into two types: (1) the
conventional type involving herniated contents other than a
jejunum limb (Fig. 1) and (2) the migration type involving
migration of the anastomotic staple from the esophageal
hiatus (=3 cm) (Fig. 2) [11-20]. Both diagnoses were
based on computed tomography (CT) scan findings. A CT
scan was performed every 6 months after surgery at
minimum.

Surgical technique for esophagojejunostomy
Functional end-to-end anastomosis [21]

The jejunal limb and the esophagus were excised suffi-
ciently to allow passage of the jaws of the endoscopic
linear stapler (ETS45, Ethicon Endo Surgery, blue car-
tridge) or (Endo-GIA 45, Covidien, purple cartridge)
(Fig. 3). The stapler device was closed and fired, creating
an anastomosis. These firing procedures converted the two
holes into one common hole, which was then closed with
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Fig. 1 Postoperative esophageal hiatal hernia (conventional type:
herniated contents other than the jejunum limb)
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Fig. 2 Postoperative esophageal hiatal hernia [migration type:
migration of anastomotic staple from the esophageal hiatus (>3 cm)]

Fig. 3 The jejunal limb and the esophagus were excised sufficiently
to allow passage of the jaws of the endoscopic linear stapler

one or two linear staplers (Fig. 4). Functional end-to-end
anastomosis was completely established (Fig. 5).

Overlap method anastomosis [22]

An enterotomy was made 5 cm distal to the stapler line on
the antimesenteric side of the jejunum. Another enterotomy
was made on the left edge of the esophageal stump. After
each fork was completely inserted into each lumen, the
firing of the linear stapler converted the two openings into
an entry hole to create an end-to-side anastomosis (Fig. 6).
An AV-shaped anastomotic staple line between the
esophagus and the jejunum was created, and intraluminal
hemostasis was confirmed. The entry hole of the stapler
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Fig. 4 These firing procedures converted the two holes into one
common hole, which was then closed with one or two linear staplers
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Fig. 5 Functional end-to-end anastomosis was

established

completely

was closed by an intracorporeal interrupted hand-sewn
technique with 3-0 monofilament absorbed fiber (Fig. 7).
Overlap method anastomosis was completely established
(Fig. 8).

Crus incision and repair

We divided the patients who received LTG into three
groups: (1) crus preserving, (2) crus incision and repair,
and (3) crus incision without repair. During LTG, the left
crus of the diaphragm was widely incised for overlap
anastomosis or intrathoracic functional end-to-end anasto-
mosis (Fig. 9). For crus repair, we sutured the hiatus and
anchored the jejunal limb to the hiatus using 3-0 non-ab-
sorbable monofilament fiber (Fig. 10).

Fig. 6 After each fork was completely inserted into each lumen, the
firing of the linear stapler converted the two openings into an entry
hole to create an end-to-side anastomosis
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Fig. 7 The entry hole of the stapler was closed by an intracorporeal
interrupted hand-sewn technique with 3-0 monofilament absorbed
fiber

Statistical analysis

Patient characteristics and operative details were analyzed
using the Chi-square test, the unpaired ¢ test, and the
Mann-Whitney test. The association between the inter-
vention of the crus of the diaphragm, and the EHH was
analyzed using the Chi-square test. All statistical analyses
were performed using the Stata/IC (STATA Statistical
Software, version 14.0; Stata Corp., College Station, TX,
USA). Two-sided probability (p) values of <0.05 were
considered significant.
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Fig. 9 During laparoscopic total gastrectomy, the crus was widely
incised for overlap anastomosis
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Fig. 10 We sutured the hiatus and anchored the jejunal limb to the
hiatus using 3-0 absorbable monofilament fiber
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Results
Baseline characteristics (Table 1)

Of the 78 identified patients who underwent LTG for
gastric cancer, there were 51 males (65.4 %) and 27
females (34.6 %), aged 34-93 years (median: 66 years).
The follow-up period after surgery was 1-73 months
(median: 25 months). There was no significance in the
baseline characteristics of patients who underwent LTG
with respect to preoperative factors, intraoperative factors,
or postoperative factors. There were 15 cases of preserving
the crus, 14 cases of the incision and repair of the crus, and
49 cases of crus incision.

Patients with EHH after LTG (Table 2)

Of the 78 patients, seven (9.0 %) were diagnosed with
postoperative EHH. All patients were diagnosed by CT.
The mean interval between LTG and diagnosis of EHH
was 17.6 months (1-36 months). Of the seven patients
with postoperative EHH, three (42.9 %) were symptomatic
and required an emergency operation for intestinal
obstruction. There were no complications in the three
patients who required an operation. Four patients (57.1 %)
were asymptomatic and did not require an operation. In the
symptomatic patients, two were of the conventional type
and one had comorbid hernias (migration type and Peter-
sen’s hernia) and underwent crus repair and jejunum fixa-
tion to crura. The patient with comorbid hernias also
underwent closure of the Petersen’s hernia orifice.

EHH risk factors (Chi-square test) (Table 3)

Table 3 shows the relationship between the intervention of
the crus of the diaphragm and EHH. Only crus incision
without repair during LTG was associated with an
increased risk in the development of postoperative EHH (0
of 29 for preserving the crus or the incision and repair of
the crus vs. 7 of 49 for crus incision without repair;
p = 0.033).

Discussion

Laparoscopic surgery reduces adhesions, and patients
undergoing LTG are thus at risk of developing internal
hernias such as EHH [5, 6] Internal hernias after laparo-
scopic gastrectomy, such as jejunojejunostomy mesenteric
defect, Petersen’s space, and mesenterium of the transverse
colon, are common and major post-operative complications
of Roux-en-Y reconstruction [1, 2]. Although reports of
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Table 1 Patient characteristics and operative details
Variables Total Crus pres./rep. Crus inc. p value
n (%) or median (range)
Preoperative factors
Age 66 (34-93) 65 (43-85) 66 (34-93) 0.893*
Sex 0.985"
Male 51 (65.4 %) 19 (65.5 %) 32 (65.3 %)
Female 27 (34.6 %) 10 (34.5 %) 17 (34.7 %)
BMI 23 (17-31) 23 (17-30) 24 (17-31) 0.864*
Serum albumin (mg/dl) 4.1 (1.4-5.2) 4.1 (3.0-5.2) 4.1 (1.4-4.6) 0.144%3
Esophageal hiatal hernia 23 (29.5 %) 9 (31.0 %) 14 (28.6 %) 0.8317
Tumor size (mm) 35 (4-280) 35 (9-280) 37.5 (4-280) 0.973%*
Neoadjuvant chemotherapy 3 (3.8 %) 00 %) 3 (6.1 %) 0.174"
Diagnosis 0.062"
Gastric cancer (adenocarcinoma) 76 (97.4 %) 27 (93.1 %) 49 (100 %)
GIST 2 (2.6 %) 2 (6.9 %) 0 (0 %)
Pathological stage 0.437"
I 39 (50.0 %) 11 (379 %) 28 (57.1 %)
I 16 (20.5 %) 7 (24.1 %) 9 (18.4 %)
11 20 (25.6 %) 9 (31.0 %) 11 (22.4 %)
v 1(1.3 %) 0 (0 %) 1 (2.0 %)
Intraoperative factors
Type of anastomosis (esophagojejunostomy) 0.001"
Functional end-to-end anastomosis 9 (11.5 %) 8 (27.6 %) 1 (2.0 %)
Overlap method 69 (88.5 %) 21 (724 %) 48 (98.0 %)
Intrathoracic anastomosis 1 (1.3 %) 00 %) 1 (2.0 %) 0.439"
Type of reconstruction (Roux-en Y) 0.001"
Antecolic, isoperistaltic 51 (65.4 %) 16 (55.2 %) 35 (71.4 %) 0.2467
Antecolic, antiperistaltic 9 (11.5 %) 9 (31.0 %) 0 (0 %) 0.000"
Retrocolic, isoperistaltic 17 (21.8 %) 4 (13.8 %) 13 (26.5 %) 0.188"
Retrocolic, antiperistaltic 1(1.3 %) 0 (0 %) 1 (2.0 %) 0.4397
Resected organ 0.184"
Gallbladder 5 (6.4 %) 4 (13.8 %) 1 (2.0 %)
Spleen 16 (20.5 %) 5(17.2 %) 11 (22.4 %)
Pancreas and spleen 2 (2.6 %) 2 (6.9 %) 0 (0 %)
Jejunostomy 19 (24.4 %) 8 (27.6 %) 11 (22.4 %) 0.609"
Extent of lymph node dissection 0.249"
D1 4 (5.1 %) 0 (0 %) 4 (8.2 %)
D1+ 56 (71.8 %) 22 (75.9 %) 34 (69.4 %)
D2 18 (23.1 %) 7 (24.1 %) 11 (224 %)
Intervention of crus diaphragmatis
Preserving crus 15 (19.2 %) 15 (51.7 %) 00 %) -
Crus incision 49 (62.8 %) 0 (0 %) 49 (100 %) -
Incision and repair of crus 14 (17.9 %) 14 (48.3 %) 0 (0 %) -
Open convert 2 (2.6 %) 2 (6.9 %) 0 (0 %) 0.063"
Surgical duration (min) 380 (261-632) 382 (312-629) 370 (261-632) 0.146%*
Estimated blood loss (ml) 150 (20-1650) 165 (10-1550) 105 (10-1650) 0.511%**
Postoperative factors
Complication 0.745"
Pancreatic fistula 5 (6.4 %) 2 (6.9 %) 3 (6.1 %)
Aspiration pneumonia 1(1.3 %) 1 (3.4 %) 0 (0 %)
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Table 1 continued

Variables Total Crus pres./rep. Crus inc. p value
n (%) or median (range)
Bowel obstruction 1(1.3 %) 0 (0 %) 1 (2.0 %)
Weight loss (kg) 12 (0-31) 6.5 (0-20) 12 (0-31) 0.937%*

Crus pres./rep. crus preserving or incision and repair, Crus inc. crus incision without repair

 Chi-square test
* Unpaired ¢ test
** Mann—Whitney test

Table 2 Patients of esophageal hiatal hernia after laparoscopic total gastrectomy

Patient Age Histology Esophagoenterostomy Interval between Surgical Hernia type (content)
(years) Condition of crura LTG and EHH (m) treatment
1 62 Adenocarcinoma (pT1 ~ Overlap 3 Hiatoplasty Conventional type
NO MO RO) Left Crus incision Jejunum fixation ~ (transverse colon)
2 68 Adenocarcinoma (pT3  Overlap 18 Hiatoplasty Migration type
N2 MO RO) Left Crus incision Jejunum fixation (symptomatic)
Closure of Petersen’s hernia
hernia orifice (comorbid)
3 69 Adenocarcinoma Overlap 36 Hiatoplasty Conventional type
(pT1 NO MO RO) Left Crus incision Jejunum fixation ~ (jejunum)
4 62 Adenocarcinoma (pT3  Overlap 30 No operation Migration type
NO MO RO) Left Crus incision (asymptomatic)
5 61 Adenocarcinoma (pT3  Overlap 8 No operation Migration type
NO MO RO) Left Crus incision (asymptomatic)
6 64 Adenocarcinoma (pT4  Functional end to end 1 No operation Migration type
N2 MO RO) Left Crus incision (asymptomatic)
7 66 Adenocarcinoma (pT1  Overlap 27 No operation Migration type

NO MO RO)

Left Crus incision

(asymptomatic)

LTG laparoscopic total gastrectomy, EHH esophageal hiatal hernia

Table 3 Analysis of risk factor

: Variables Frequency of herniation Risk difference (95 % CI) p value
for postoperative esophageal
hiatal hernia Crus pres./rep. 0 (0 %) - -
Crus inc. 7(14.3 %) 0.045-0.240 0.033"

Crus pres./rep. crus preserving or incision and repair, Crus inc. crus incision without repair

T Chi-square test

EHH after LTG are rare [3, 4], with a reported incidence
rate of 0.5 % [1], there are many papers on EHH following
esophagectomy [11-20]. The incidence of EHH after
esophagectomy is reported to be 0.4-13 %, though this
may vary if asymptomatic EHH is included [19, 20]. There
is some pathogenesis involved in postoperative EHH,
including the suction effect of the negative intrathoracic
pressure and positive abdominal pressure, reduced adhe-
sions after laparoscopic surgery, and enlargement of the
hiatus [19, 20, 23, 24].

@ Springer

EHH is difficult to diagnose because many cases are
asymptomatic and the symptoms have a nonspecific and
broad spectrum, including chest or abdominal pain, respi-
ratory distress, nausea, vomiting, constipation, and gas-
trointestinal bleeding, all of which are easily interpreted as
complications of chemotherapy [11-18]. Because a delay
in diagnosis and treatment can result in intestinal necrosis
with the need for resection of the small intestine, mortality
rates increase from 10 to 20 to 80 % depending on the
length of diagnostic delay [19, 20]. Although the accuracy
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has not been firmly established, CT scans are useful for
evaluating hernia contents and for providing indications for
operative intervention [11-20].

Some authors argue that all postoperative EHH should
be repaired because of the high mortality related to delayed
diagnosis and the high rate of hernia recurrence [12, 13]. In
contrast, some authors hold that, in the case of small her-
nia, asymptomatic hernia, or a short life expectancy due to
progressive cancer, a wait-and-see approach is another
treatment option [15, 19, 25]. It is well accepted that
patients presenting with severe complications such as
obstruction or strangulation need immediate surgical
repair. For surgical repair, there are several options:
transabdominal or transthoracic, simple hernia closure with
or without a relaxing incision in the left hemi diaphragm,
mesh repair, or another repair (prolene suture web-shoe-
lace-like pattern) [11-18, 26]. We believe that a wait-and-
see approach is preferred in the case of small hernia,
asymptomatic hernia, or a short life expectancy. The
patient’s condition determines which repair should be
performed.

The results revealed that crus incision is the only risk
factor for EHH after LTG. Van Sandick concluded that
only iatrogenic enlargement of the hiatus during the oper-
ation was significantly associated with an increased risk of
EHH after esophagectomy [19]. In this report, our data
suggest that crus incision without repair is associated with
EHH after LTG. For reconstruction after LTG, especially
in overlap anastomosis, some surgeons believe that the
wider the crus incision, the easier it is to perform
esophagojejunostomic anastomosis [22]. Previously, we
cut the left crus and dissected the abdominal and lower
thoracic esophagus widely in order to make anastomosis
easy. As of August 2014, however, if crus incision and
division of the esophagus are needed, to repair the crus, we
now always attempt to suture the hiatus and anchor the
jejunal limb to the hiatus using 3-0 non-absorbable
monofilament fiber (Fig. 2) [27-29].

This study has several limitations. According to a
previous report, the frequency of EHH after LTG was
0.5 % (1 in 218 cases); this case was symptomatic and
required an operation [1]. In the present series, 9.0 % (7
of 78 patients) had radiological evidence of herniated
bowel into the chest and included both symptomatic and
asymptomatic cases. The actual incidence of EHH could
thus be even greater than reported. This may result from a
technical issue (iatrogenic enlargement of the hiatus). A
second limitation is that there were too few cases to
conduct multivariate analysis. Moreover, in the crus
preservation and repair group, because there was no EHH,
we were not able to use the logistic regression model and
perform the Chi-square test to analyze the risk factors for
EHH.

Conclusions

EHH after LTG is an important complication that can
require an emergency operation. Our data suggested that
crus incision without repair is associated with EHH after
LTG. Reduced division of the crus and dissection of the
esophagus is preferable, but if necessary, suture repair may
help avoid postoperative EHH.
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