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Abstract
Background  Internal hernia (IH) is one of the critical complications after gastrectomy with Roux-en-Y reconstruction, 
which can be prevented by closing mesenteric defects. However, only few studies have investigated the incidence of IH after 
laparoscopic total gastrectomy (LTG) with Roux-en-Y reconstruction for gastric cancer till date. This study aimed to assess 
the efficacy of defect closure for the prevention of IH after LTG.
Methods  This multicenter, retrospective cohort study collected data from 714 gastric cancer patients who underwent LTG 
with Rou-en-Y reconstruction between 2010 and 2016 in 13 hospitals. We evaluated the incidence of postoperative IH by 
comparing closure and non-closure groups of Petersen’s defect, jejunojejunostomy mesenteric defect, and transverse mes-
enteric defect.
Results  The closure group for Petersen’s defect included 609 cases, while the non-closure group included 105 cases. The 
incidence of postoperative IH in the closure group for Petersen’s defect was significantly lower than it was in the non-closure 
group (0.5% vs. 4.8%, p < 0.001). The closure group for jejunojejunostomy mesenteric defect included 641 cases, while the 
non-closure group included 73 cases. The incidence of postoperative IH in the closure group of jejunojejunostomy mesen-
teric defect was significantly lower than that in the non-closure group (0.8% vs. 4.1%, p = 0.004). Out of 714 patients, 41 
underwent retro-colic reconstruction. No patients in the transverse mesenteric defect group developed IH.
Conclusion  Mesenteric defect closure after LTG with Roux-en-Y reconstruction may reduce postoperative IH incidence. 
Endoscopic surgeons should take great care to prevent IH by closing mesenteric defects.

Laparoscopic total gastrectomy (LTG) is a standard option 
for surgical treatment of gastric cancer due to its favorable 
postoperative recovery and precision due to the magnified 
operative view [1–3]. However, even though LTG has advan-
tages, the minimal invasiveness of the laparoscopic approach 
can be nullified if severe postoperative complications, such 
as internal hernia (IH), occur.

IH is one of the critical complications after gastrectomy 
with Roux-en-Y reconstruction and Roux-en-Y gastric 

bypass (RYGB). IH may occur through the Petersen’s defect, 
jejunojejunostomy mesenteric defect, or transverse colon 
mesenteric defect. The incidence of IH after laparoscopic 
gastrectomy for gastric cancer ranges from 1.4 to 22%, while 
the incidence of IH after RYGB ranges from 5 to 9% [4–7]. 
Previous studies associated laparoscopic surgery with an 
increased risk of postoperative IH because Roux-en-Y lapa-
roscopic gastric bypass (LRYGB) and LTG have fewer adhe-
sions than open RYGB and open total gastrectomy [7–9].

When IH occurs as a postoperative complication after 
gastrectomy or RYGB, the small bowel herniates through 
the mesenteric defects that are created during Roux-en-Y 
reconstruction. IH may cause small bowel strangulation 
with necrosis, perforation, and/or sepsis, which subse-
quently requires emergency surgery with extensive intestinal 
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resection. Therefore, preventing postoperative IH is essential 
for both patients and surgeons.

Closing defects, such as Petersen’s defects or jejunoje-
junostomy mesenteric defects, is recommended to prevent 
IH after RYGB [10, 11]. As is the case with LRYGB, defect 
closure is effective for preventing IH after gastrectomy for 
gastric cancer with Roux-en-Y reconstruction [7, 12, 13]. 
However, only a few studies have investigated the incidence 
of IH after LTG by comparing closure and non-closure of 
these defects. Therefore, this retrospective study aimed to 
assess the efficacy of defect closure for the prevention of 
IH after LTG. For this study, we used a multicenter, large-
scale cohort, which we used previously to compare linear 
and circular staplers for intracorporeal esophagojejunostomy 
during LTG [14].

Materials and methods

Patients and outcomes

From January 2010 to December 2016, patients with gastric 
cancer who underwent LTG with Roux-en-Y reconstruction 
were reviewed retrospectively at 13 hospitals that partici-
pated in the Kyoto Esophageal and Gastric Surgery Study 
Group. The inclusion criteria were as follows: gastric adeno-
carcinoma histologically diagnosed preoperatively, clinical 
stage I to III according to the Japanese Classification of Gas-
tric Carcinoma [15], and LTG with Roux-en-Y reconstruc-
tion. The exclusion criteria were as follows: patients who 
had gastric cancer with 3 cm or more esophageal invasion 
and remnant gastric cancer or those who had no defect clo-
sure information. In this study, we analyzed IH that required 
surgical treatment (Grade IIIb or higher, according to the 
Clavien–Dindo classification) [16]. Patients were catego-
rized into two groups for each defect: closure group and 
non-closure group. The IH incidence was compared between 
the two groups.

Surgical procedure

The patients were placed in the supine reverse Trende-
lenburg position with their legs spread apart. All patients 
received LTG with D1 + or D2 lymph node dissection, with 
splenectomy or pancreatic tail resection when required, 
according to the Japanese Gastric Cancer Treatment Guide-
lines [17]. The detailed lymphadenectomy during LTG pro-
cedures are described elsewhere [18–20]. Roux-en-Y recon-
struction was performed for all patients. A jejunal loop was 
transected approximately 20 cm distal from the ligament of 
Treitz to make a Roux limb. Then, jejunojejunostomy was 
performed and a 40–50 cm long Roux limb was created. 
The esophagojejunostomy was performed using a linear or 

a circular stapler. The surgeon determined the reconstruction 
route, ante-colic or retro-colic, as well as whether to close 
Petersen’s defect/jejunojejunostomy mesenteric defects. In 
the closure group, Petersen’s defects were closed intracor-
poreally in all cases, while jejunojejunostomy mesenteric 
defects were closed intra- or extracorporeally according to 
the surgeon’s preference.

Statistical analysis

Continuous variables were analyzed using an unpaired t-test, 
and categorical variables were analyzed using Fisher’s exact 
test. All p-values were two-sided, and a p-value of less than 
0.05 was considered statistically significant. Logistic regres-
sion analysis was used on multivariable analysis. JMP Sta-
tistical Software Version 13 (SAS Institute, Cary, NC, USA) 
was used to perform all the statistical analyses.

Results

Figure 1 shows the flow diagram of the study design. A total 
of 714 patients were enrolled. For Petersen’s defect, the non-
closure group comprised 105 patients, and the closure group 
comprised 609 patients. For jejunojejunostomy mesenteric 
defect, the non-closure group comprised 73 patients, and the 
closure group comprised 641 patients. The status of defect 
closure in each institute was shown in Supplemetary Table 1. 
Eight of the 13 institutes had at least one case without clo-
sure of Petersen's defect, while four institutes had cases 
without closure of jejunojejunostomy mesenteric defect.

Incidence of IH in patients with Petersen’s defects

Table 1 shows the patients’ characteristics of the patients. 
IH occurred in five cases (4.8%) in the non-closure group 
and three cases (0.5%) in the closure group. The incidence 
of IH was significantly lower in the closure group than in 
the non-closure group (p < 0.01). The follow-up period was 
shorter in the closure group (median: 923 days) than in the 
non-closure group (median: 1699 days) (Table 2). Table 3 
shows the characteristics of patients who developed IH 
through Petersen’s defect. All patients that developed IH had 
received reconstruction via the ante-colic route. The median 
time to IH occurrence was 487 days (range: 108–507). All 
8 patients underwent emergency surgery for IH repair with-
out bowel resection. Laparoscopic approach was employed 
in four patients, while open approach in four patients. All 
patients recovered well without any postoperative compli-
cations and no patients required permanent total parenteral 
nutrition. Multivariable logistic regression analysis was per-
formed to investigate whether non-closure was an independ-
ent risk factor of IH through Petersen’s defect. As shown in 
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Supplemetary Table 2, non-closure of Petersen’s defect of 
was an independent risk factor of IH.

Incidence of IH in patients with jejunojejunostomy 
mesenteric defects

Table 4 shows the patients’ characteristics. IH occurred 
in three patients (4.1%) in the non-closure group and five 
patients (0.8%) in the closure group. The incidence of IH 
was significantly lower in the closure group than in the 

Fig. 1   Flow diagram of this 
study

Table 1   Clinicopathological 
characteristics of LTG patients 
through Petersen’s defect

LTG laparoscopic total gastrectomy, BMI body mass index, ASA-PS American Society of Anesthesiologists 
physical status, NAC neoadjuvant chemotherapy, cStage clinical stage
a Median (minimum–maximum)

Non-closure group (n = 105) Closure group (n = 609) P value

Age 69 (40–89)a 70 (27–95)a 0.47
Sex 0.25
 Male 69 (65.7%) 437 (71.8%)
 Female 36 (34.3%) 172 (28.2%)

BMI 22.7 (15.8–37.1)a 21.9 (14–36.3)a 0.20
ASA-PS 0.21
 1,2 95 (90.5%) 571 (93.7%)
 3 10 (9.5%) 38 (6.3%)

NAC 3 (2.9%) 46 (7.6%) 0.09
Operation history 21 (20.0%) 154 (25.3%) 0.49
cStage 0.50
 I 59 (56.2%) 316 (51.9%)
 II, III, IV 46 (43.8%) 293 (48.1%)

Reconstruction route 0.04
 Antecolic 94 (89.5%) 579 (95.1%)
 Retrocolic 11 (10.5%) 41 (4.9%)

Table 2   Internal hernia of LTG 
patients through Petersen’s 
defect

LTG laparoscopic total gastrectomy,
a Median (minimum–maximum)

Non-closure group 
(n = 105)

Closure group (n = 609) P value

Internal hernia 5 (4.8%) 3 (0.5%)  < 0.01
Follow-up period (days) 1699 (3–2724)a 923 (5–2589)a  < 0.01
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non-closure group (p < 0.01). The follow-up period was 
shorter in the closure group (median: 932 days) than in the 
non-closure group (median: 1630 days) (Table 5). Table 6 
shows the characteristics of patients with jejunojejunostomy 
mesenteric defects who developed IH. Among this group, 
seven patients had received ante-colic reconstruction, and 
one patient had received retro-colic reconstruction. The 
median time to occurrence of IH was 604.5 days (range 
7–1908). All patients underwent emergency surgery for 
IH repair without bowel resection. Laparoscopic approach 
was employed in six patients, while open approach in two 
patients. All patients recovered well without any postopera-
tive complications and no patients required permanent total 
parenteral nutrition. Multivariable logistic regression analy-
sis was also performed to investigate whether non-closure 
was an independent risk factor of IH through jejunojejunos-
tomy mesenteric defect. As is the case with the aforemen-
tioned Petersen’s defect, non-closure of jejunojejunostomy 
mesenteric defect was an independent risk factor of IH (Sup-
plemetary Table 3).

Incidence of IH in patients with transverse 
mesenteric defects

Forty-one patients, who received reconstruction via the 
retro-colic route, had transverse mesenteric defects, and no 
patients with transverse mesenteric defects developed IH.Ta
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Table 4   Clinicopathological characteristics of LTG patients through 
the jejunojejunostomy mesenteric defect

LTG laparoscopic total gastrectomy, BMI body mass index, ASA-PS 
American Society of Anesthesiologists physical status, NAC neoadju-
vant chemotherapy, cStage clinical stage
a Median (minimum–maximum)

Non-closure 
group (n = 73)

Closure group 
(n = 641)

P value

Age 69 (40–89)a 70 (27–95)a 0.61
Sex 0.50
 Male 49 (67.1%) 457 (71.3%)
 Female 24 (32.9%) 184 (28.7%)

BMI 22 (14–28.9)a 22 (14.4–37.1)a 0.27
ASA-PS 0.01
 1,2 62 (84.9%) 604 (94.2%)
 3 11 (15.1%) 37 (5.8%)

NAC 8 (11.0%) 41 (6.4%) 0.14
Operation history 9 (12.3%) 166 (25.9%) 0.03
cStage 0.49
 I 35 (47.9%) 340 (53.0%)
 II, III, IV 38 (52.1%) 301 (47.0%)

Reconstruction route 0.06
 Antecolic 65 (89.0%) 608 (94.8%)
 Retrocolic 8 (11.0%) 33 (5.2%)
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Discussion

A large-scale, multicenter, retrospective cohort study was 
conducted to investigate the incidence of postoperative IH 
after LTG. In this study, we separately analyzed the efficacy 
of defect closure for Petersen’s defect and jejunojejunostomy 
mesenteric defect. The incidence of IH was significantly 
lower in the closure group than in the non-closure group for 
both mesenteric defects. The incidence of IH was 2.2% in 
all patients, 1.1% for Petersen’s defect, and 1.1% for jejuno-
jejunostomy mesenteric defect.

Defect closure is known to decrease the incidence of IH 
after gastrectomy. Kojima et al. and Hosoya et al. reported 
no incidence of IH in patients with defect closures [21, 
22]. In our study, the occurrence of IH was found not only 
in the non-closure group but also in the closure group. In 
the closure group, three patients with Petersen’s defects, 
and five patients with jejunojejunostomy mesenteric 
defects developed IH after LTG. The occurrence of IH in 
the closure group may have been due to insufficient closure 
of the defects. Routine closure of all mesenteric defects 
with running non-absorbable sutures is recommended 
for the prevention of IH [6, 12]. Our results also support 
this recommendation. However, because we did not col-
lect data on suturing methods in this study (i.e., running 
or interrupted, absorbable or non-absorbable sutures), we 
could not conclude how defects should be closed.

Laparoscopic surgery for gastrectomy and Roux-en Y 
gastric bypass is increasing globally [5, 23, 24]. However, 
several studies have reported that the incidence of IH is 
significantly higher after laparoscopic surgery than after 
open surgery due to the reduction of intra-abdominal adhe-
sions in laparoscopic surgery [25, 26]. The incidence of 
IH after LTG was 2.2% in this study, which was lower 
than the previous studies [7, 12, 27]. Moreover, Kelly et al. 
suggested that IH may occur early in the postoperative 
period because of the reduction in intra-abdominal adhe-
sions [13]. In this study, two patients developed IH within 
one month of their surgery.

Retro-colic route reconstruction is a risk factor for IH of 
transverse mesenteric defects. Transverse mesenteric defects 
created by retro-colic route reconstruction is one of the most 
common sites of IH [22, 28]. Therefore, ante-colic route 
reconstruction may be more favorable. However, the size of 
Petersen’s defects is affected by the reconstruction route and 

tends to be wider in ante-colic route reconstruction. Cruz-
Munoz et al. reported that all patients with Petersen’s defect 
hernias had undergone ante-colic route reconstruction [28]. 
Surgeons should, therefore, consider the route of Roux limb 
reconstruction and should know the pitfalls of the ante-colic 
and retro-colic routes. In our study, 41 patients were recon-
structed using the retrocolic route, and no patients developed 
IH through transverse mesenteric defects.

The length of the follow-up period may also affect 
the incidence of IH. The median follow-up period was 
948 days in this study. The follow-up period was longer 
in the non-closure group than in the closure group for 
both Petersen’s defects and jejunojejunostomy mesenteric 
defects. This difference is partly because our practice grad-
ually shifted from non-closure to closure in the middle of 
this study, as IH after LTG was being reported over time. 
Although the shorter follow-up period of the closure group 
would account for the lower incidence of IH in the closure 
group, 14 out of 16 patients developed IH within 2 years in 
our study. The other two patients, who developed IH after 
more than two years, were in the closure group. Previous 
studies have reported that IH occurs mostly within two 
years of surgery [13, 21, 22, 27]. Therefore, we considered 
that our follow-up period was sufficient to observe IH, 
even though it was shorter in the closure group compared 
to the non-closure group.

In our study, two patients with defect closure had early 
postoperative IH through jejunojejunostomy mesenteric 
defect, which occurred on a postoperative day 7 and day 10 
(Table 6). Although the detailed causes of IH were unclear 
due to the unavailability of data on suturing methods (con-
tinuous or interrupted), types of thread (absorbable or 
non-absorbable), and surgeon profiles, it is reasonable to 
assume that these complications resulted from insufficient 
closure. Taking our results of multivariable analyses into 
account that non-closure of Petersen’s and/or jejunojeju-
nostomy mesenteric defects was an independent risk factor 
for IH, laparoscopic surgeons should pay close attention 
to the sufficient closure of these defects.

Our study had several limitations. First, this study suffers 
from inherent limitations due to its retrospective nature. It 
was impossible to acquire data regarding the detailed proce-
dures of defect closures, or surgeon experience, which may 
have affected the occurrence of IH. Second, confounders 
were not adjusted due to the limited number of IH cases. 

Table 5   Internal hernia of 
LTG patients through the 
jejunojejunostomy mesenteric 
defect

LTG laparoscopic total gastrectomy
a Median (minimum–maximum)

Non-closure group (n = 73) Closure group (n = 641) P value

Internal hernia 3 (4.1%) 5 (0.8%)  < 0.01
Follow-up period (days) 1630 (3–2724)a 932 (5–2530)a  < 0.01
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Third, because the closure and non-closure group ratios var-
ied among 13 institutes in this study, there was a potential 
inter-institutional bias. For both Petersen's defect and jeju-
nojejunostomy mesenteric defect, we confirmed no inter-
institutional bias in the occurrence of IH in cases with defect 
closure (data not shown). On the other hand, the five cases 
of IH without closure of Petersen’s defect were all from the 
same institute, and the possibility of an inter-institutional 
bias cannot be denied (data not shown). However, there was 
no IH after surgeons changed their practice of non-closure 
into closure of the defects at that institute, suggesting that 
defect closure has a preventive effect on IH. Despite these 
limitations, we were able to show the effectiveness of defect 
closure in our multicenter study with a substantial sample 
size of 714 LTG patients and strengthen the evidence of 
previous studies regarding the prevention of IH.

In our study, the IH occurrence rate, through Petersen’s 
defects and jejunojejunostomy mesenteric defects after 
LTG, was lower in patients who underwent defects closure 
than in those who did not. Since IH sometimes result in 
critically serious conditions, endoscopic surgeons should 
take great care to prevent IH by closing defects after LTG. 
Further studies are necessary to clarify the optimal meth-
ods of closing defects, including the type of thread and 
suturing method.
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