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Purpose: Internal hernia after gastrectomy is a rare but potentially life-threatening condition without
surgical intervention. Clinical risk factors of internal hernia should, hence, be reviewed after gastrectomy.
From 2008 to 2018, patients who underwent gastrectomy for gastric cancer were investigated.

Methods: Abdominal computed tomography (CT) was used to screen for internal hernia, and surgical
exploration was performed to confirm the diagnosis. Using retrospective statistical analysis, the incidence,
characteristics, and risk factors were identified, and the characteristics of the internal hernia group were
reviewed.

Results: The overall incidence of internal hernia was 0.9%. From statistical analysis, it was found that
laparoscopic surgery was almost five times riskier than open gastrectomy (odds ratio [OR], 4.947; 95%
confidence interval [CI], 1.308-18.710; p = 0.019). Body mass index < 25 kg/m?* (OR, 4.596; 95% CI, 1.056—
20.004; p = 0.042) and proximal gastrectomy (OR, 4.238; 95% CI, 1.072-16.751; p = 0.039) were also
associated with internal hernia. Among 20 patients with internal hernia, 12 underwent laparotomy, and
five had their bowels removed due to ischemia. All patients with bowel resected had suffered from short
bowel syndrome.

Conclusion: Suspecting an internal hernia should be an important step when a patient with a history of
laparoscopic gastrectomy visits for medical care. When suspected, emergent screening through CT scan
and surgical intervention should be considered as soon as possible to prevent lifetime complications
accordingly.
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small bowel through mesenteric defects that can be produced

by bowel reconstruction after gastric surgery [1]. Internal hernia

Internal hernia after gastrectomy is defined as herniation of the
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may lead to closed-loop obstruction that can be life-threatening
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Internal hernia after gastrectomy

without surgical intervention. There could be various types of
mesenteric defects based on the approach that a surgeon may
choose for reconstruction after gastrectomy. The antecolic ap-
proach creates two mesenteric defects: Petersen’s space, between
the Roux limb and the transverse colon, and a defect around the
jejunojejunostomy. In Billroth I anastomosis, Petersen’s space
is referred to as the defect between the jejunal loop and the
transverse colon. Another mesenteric defect can be created by
retrocolic approach anastomosis; the defect is within the trans-
verse mesocolon [1,2]. During or after recovery, bowel movement
causes small intestines to herniate into one of these defects, even-
tually giving rise to an internal hernia.

Laparoscopic surgery has become the treatment of choice for
early gastric cancer rather than open abdominal surgery. Un-
fortunately, postoperative intraabdominal adhesion formation
after laparoscopic surgery is markedly less than that after open
abdominal surgery. The patterns of adhesions are also differ-
ent based on the surgical approach. After laparoscopic surgery,
adhesions form between the abdominal wall and the bowels,
as opposed to visceral adhesions, which commonly occur after
open abdominal surgery [3]. Less adhesion formation explains
the higher motility of bowel, which creates the possibility of
herniation through mesenteric defects. Following the concept of
adhesion formation, iatrogenic adhesions within the mesenteric
defects have been attempted to prevent internal hernias. Many
promising results have shown that closure of mesenteric defects

19

with either absorbable or non-absorbable sutures helps prevent
internal hernia [4]. However, this late complication still occurs
and threatens patients’ lives.

In the surgical treatment of morbid obesity, internal hernia
is a common complication after laparoscopic procedures [5,6].
Nevertheless, in this study, we focused on gastrectomy for gastric
cancer, and the characteristics and clinical factors of internal
hernia after gastric cancer surgery. Based on this review of inter-
nal hernia cases, we would like to suggest steps for management
of internal hernia after gastric cancer surgery.

METHODS
Patients

From December 2008 to December 2018, the electronic charts of
2,599 patients were retrospectively reviewed. The inclusion crite-
ria were age of 19 to 80 years, diagnosis of gastric cancer, having
undergone gastrectomy based on the location of the cancer. A to-
tal of 319 patients who underwent Billroth I reconstruction were
excluded because no mesenteric defects could be generated after
the anastomosis. We also excluded 10 other patients whose sur-
gery was discontinued due to the confirmation of carcinomatosis
peritonei during surgical exploration. Eventually, 2,270 patients
who underwent gastrectomy with Roux-en-Y (RY) reconstruc-
tion, Billroth II reconstruction, or double-tract reconstruction

Patients underwent gastrectomy for gastric cancer
from December 2008 to December 2018 (n=2,599)

Exclusion criteria
1. Billroth-1 anastomosis (n=319)
2. Discontinued surgery (n=10)

A

A

2,270 Patients were included in this study

y

| 935 Patients underwent open abdominal surgery

v v v

y
| 1,335 Patients underwent laparoscopic surgery |

v v v

|| 383 TG + RY || 26 PG + DTR |

| 1,155 DG || 111 TG + RY || 69 PG + DTR |

v v

| 230 B-lI | | 296 RY |

|
v v

765 B-ll | | 390 RY |

Fig. 1. Patient selection. We reviewed the data of 2,599 patients who underwent gastrectomy for gastric cancer from December of 2008 to 2018. Three
hundred twenty-nine patients were excluded and the remaining 2,270 were investigated for internal hernia. DG, distal gastrectomy; TG, total gastrec-
tomy; RY, Roux-en-Y; PG, proximal gastrectomy; DTR, double-tract reconstruction; B-Il, Billroth II.
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(DTR) for gastric cancer were included in the study (Fig. 1). The
endpoint of this study was when the patient was diagnosed with
internal hernia for the first time after the initial gastric cancer
surgery.

Selection of internal hernia

Abdominal computed tomography (CT) and surgical explora-
tion were performed as diagnostic modalities for internal hernia.
The CT results were used to screen for internal hernia after gas-
trectomy. Following the first operation, all patients underwent
abdominal CT for routine postoperative regular check-up for
cancer recurrence. During or after admission for initial surgery,
when a patient showed abnormal symptoms such as severe ab-
dominal pain, fever, nausea, or vomiting, associated with abnor-
mal follow-up laboratory studies including elevated white blood
cell (WBC) counts or C-reactive protein (CRP) levels, the patient
underwent abdominal CT for further evaluation. When the
imaging study showed a whirl sign, Petersen’s hernia or internal
hernia, the patient was suspected as having internal hernia. The
final diagnosis was confirmed by surgical exploration, either
open or laparoscopic surgery.

There are many CT signs that suggest internal hernia, such
as the mesenteric whirl sign (or swirl sign), the mushroom sign,
hurricane eye, small bowel obstruction, clustered loops, bowel
behind the superior mesenteric artery, right-sided anastomosis,
engorged nodes, superior mesenteric vein beaking, criss-cross,
and others [7-10]. Previous radiologic studies suggest that the
whirl sign is the most predictive sign, with high interobserver
agreement, regardless of the level of training [8]. Thus, we chose
the mesenteric whirl sign on abdominal CT as an indication for
internal hernia, even in the context of normal laboratory studies
and physical examinations (Fig. 2).
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Management of internal hernia

We reviewed patients’ charts to determine the time interval for
internal hernia occurrence from initial surgery to screening for
internal hernia by CT scan. Only with the surgical intervention,
we confirmed the internal hernia and we chose either laparo-
scopic exploration or explorative laparotomy as the surgical
intervention depending on the degree of bowel distension and
the presence or absence of bowel wall enhancement from the
CT scan. The treatment of internal hernia was determined by
exploring the conditions of the herniated bowel. Bowel resection
and anastomosis were performed with necrotic herniated bowels.
When bowel conditions were intact, however, manual reduction
and closure of mesenteric defects were performed with consider-
ation of a second-look laparotomy within 24 to 48 hours.

Statistical analysis

Descriptive statistics including frequency were used to identify
the incidence of internal hernia. Chi-square and Fisher exact tests
were used to identify the risk factors of internal hernia. Sex, cur-
rent smoking state, body mass index (BMI) at the time of initial
surgery, types of gastrectomy, surgical approach for gastrectomy,
pathologic stage of cancer, and American Society of Anesthesi-
ologists (ASA) physical status classification were considered as
variables for analysis. For multivariate analysis, logistic regres-
sion analysis was used accordingly. The covariance input crite-
rion was less than 0.1, and the elimination criterion was less than
0.05. For subgroup analysis of patients with internal hernia, the
chi-square test, Fisher exact test, and Mann-Whitney U test were
performed. IBM SPSS version 23.0 for Windows (IBM Corp., Ar-
monk, NY, USA) was used to analyze the data. All results with a
p value of less than 0.05 were considered significant.

Fig. 2. The whirl sign from the abdomi-
nal computed tomography. Among many
radiologic signs, the mesenteric whirl
sign is known as the most predictive
sign for screening the internal hernia af-
ter gastric surgery. White arrows indicate
mesenteric whirl signs from axial view (A)
and coronal view (B).
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RESULTS

We analyzed data from 2,270 patients who underwent gastrec-
tomy for gastric cancer, and the basic characteristics are shown
in Table 1. Among them, 935 patients (41.2%) underwent open
gastrectomy surgery and 1,335 (58.8%) underwent laparoscopic

Table 1. Characteristics of patients received gastrectomy

Variable Value

No. of patients 2,270
Sex

Male 1,497 (65.9)

Female 773 (34.1)
Age (yr) 61.2+11.1
Body mass index (kg/m?)

>25 758 (33.4)

<25 1,512 (66.6)
Current smoking status

No 1,790 (78.9)

Yes 480 (21.1)
Type of gastrectomy

Distal gastrectomy 1,681 (74.1)

Total gastrectomy 494 (21.8)

Proximal gastrectomy 95 (4.2)
Surgical approach

Open 935 (41.2)

Laparoscopy 1,335 (58.8)
Pathologic cancer stage

I 1,472 (64.8)

[ 336 (14.8)

1] 448 (19.7)

IV 14 (0.6)
ASA PS classification

I 838 (36.9)

I 1,329 (58.5)

1] 100 (4.4)

\Y 3(0.9)
Internal hernia

No 2,250 (99.1)

Yes 20 (0.9)

Values are presented as number only, number (%), or mean + standard
deviation.
ASA PS, American Society of Anesthesiologists physical status.
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gastrectomy. Distal gastrectomy was performed in 1,681 patients
(74.1%), 494 patients underwent total gastrectomy, and 95 patients
underwent proximal gastrectomy with DTR for gastric cancer.
Internal hernia was found in 20 patients, with an overall inci-
dence of 0.9%. These 20 patients were investigated separately,
and their clinical characteristics are shown in Table 2. The mean
time interval between initial gastrectomy and internal hernia
occurrence was 28 months (standard deviation, 25.6 months). All
20 patients underwent surgical intervention. Eight patients were
treated only with laparoscopic reduction of the internal hernia
with mesenteric defect repair. The other 12 patients underwent
explorative laparotomy to treat the internal hernia; among them,
five underwent bowel resection because of bowel ischemia and
Necrosis.

Based on the results of univariate analysis, initial BMI, types
of gastrectomy, and surgical approach methods were individually
associated with the occurrence of internal hernia. In particular
with the surgical approach of gastrectomy, only 0.3% experienced
internal hernia in the open gastrectomy group, while 1.3% expe-
rienced internal hernia in the laparoscopic gastrectomy group (p
= 0.017). On multivariate analysis, the difference in incidence of
internal hernia between open and laparoscopic gastrectomy was
statistically significant (odds ratio [OR], 4.947; 95% confidence
interval [CI], 1.308-18.710; p = 0.019). In addition to the approach
methods of gastrectomy, BMI, and types of gastrectomy also
played a role in cases of internal hernia. Patients with a BMI be-
low 25 kg/m” had significantly more internal hernias than those

Table 2. Characteristics of internal hernia after gastrectomy for gastric
cancer

Characteristic Value

Age (yr) 64.0+11.2
Sex

Male 13 (65.0)

Female 7 (35.0)
Interval from initial surgery to internal hernia (mo) 28.0+25.6
Treatment of internal hernia

Laparoscopic reduction 8 (40.0)

Explorative laparotomy 12 (60.0)
Internal hernia site

Petersen 18 (90.0)

Jejunojejunostomy 2(10.0)
Bowel resection

Yes 5(25.0)

No 15 (75.0)

Values are presented as mean =+ standard deviation or number (%).
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Table 3. Univariate and multivariate analysis for associated factors of internal hernia

Without With Multivariate analysis
Variable . . . p value
internal hernia  Internal hernia OR 95% Cl p value
No. of patients 2,250 20
Sex 0.928
Male 1,484 (99.1) 13(0.9)
Female 766 (99.1)
Current smoking 1.000
No 1,774 (99.1) 16 (0.9)
Yes 476 (99.2) 0.8)
Initial BMI (kg/m?°) 0.026
>25 756 (99.7) . 1.000
<25 1,494 (98.8) 18(1.2) 4.596 1.056-20.004 0.042*
Types of gastrectomy <0.001*
Distal gastrectomy 1,671 (99.4) 10 (0.6) 0.404 0.116-1.409 0.155
Total gastrectomy 490 (99.2) 1.000
Proximal gastrectomy 89 (93.7) 4.238 1.072-16.751 0.039*
Surgical approach 0.017*
Open 932 (99.7) 3(0.3 1.000
Laparoscopy 1,318 (98.7) 17(1.3) 4.947 1.308-18.710 0.019*
Pathologic cancer stage 0.401
-l 1,790 (99.0) 18 (1.0)
M-V 460 (99.6) 0.4)
ASA PS classification 1.000
Il 2,147 (99.1) 20(0.9)
M-V 103 (100) 0(0)

Values are presented as number only or number (%) unless otherwise specified.
OR, odds ratio; Cl, confidence interval; BMI, body mass index; ASA PS, American Society of Anesthesiologists physical status.

*Statistically significant difference (o < 0.05).

with a BMI above 25 kg/m” (OR, 4.596; 95% CI, 1.056-20.004; p =
0.042). When we compared the results of total gastrectomy with
proximal gastrectomy, we found that patients who underwent
proximal gastrectomy had a fourfold higher risk of developing
internal hernia (OR, 4.238; 95% CI, 1.072-16.751; p = 0.039) (Table
3).

Laboratory findings such as WBC counts and CRP levels were
compared among the groups. Higher WBC counts were observed
in cases of explorative laparotomy than in those of laparoscopic
surgery, with statistical significance (p = 0.025). There were no
statistically significant differences between the bowel resec-
tion and manual reduction groups with respect to WBC counts.
There were also no correlations between the decision of treat-
ment methods and CRP levels (Fig. 3).
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DISCUSSION

The incidence of internal hernia after gastrectomy for gastric
cancer was much lower than the rate after bariatric gastric by-
pass surgery, which in previous studies was reported to range
from 5% to 9% [11]. Going by technical differences and various
follow-up periods, calculating the definite incidence of internal
hernia would be challenging. Nevertheless, integrating the results
of recent studies and ours, the incidence of internal hernia after
gastric cancer surgery ranges from 0.14% to 4.2% [1,12-16]. The
Roux limb length difference could be one of the explanations
for the lower incidence in gastric cancer surgery than in gastric
bypass. Comparing two groups with different Roux limb lengths
that underwent gastric bypass surgery, internal hernia occur-
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Fig. 3. Laboratory study of internal hernia. White blood cell (WBC) counts and C-reactive protein (CRP) levels were compared between the subgroups
to understand the diagnostic modules for choosing the proper management timing and methods. In aggressive treatment methods such as laparotomy
and open conversion surgery, WBC counts were significantly higher than that in the laparoscopy group (o = 0.025) (A), while CRP levels were irrelevant
(0 = 0.521) (B). (C) Interestingly, even though the statistical significance is irrelevant, WBC counts were similar in both the bowel resection group, due to
bowel necrosis, and the reduction only group (o = 0.735). (D) CRP levels were even lower in the bowel resection group than in the reduction only group (o =

0.933). *p < 0.05.

rence was higher in the longer limb group [5,6]. Since shorter
Roux limbs are reconstructed in gastric cancer surgery than in
gastric bypass surgery, internal hernia could be considered a rare
complication after gastrectomy.

Although internal hernia is a rare complication that can occur
after gastrectomy, it can be life-threatening because of closed-
loop obstruction with necrosis of herniated small bowel, which
may lead to sepsis and multiorgan failure. Among our internal
hernia cases, five patients underwent bowel resection due to
severe bowel necrosis. At least 100 cm of the small bowel had
to be removed in these cases. All five patients had short bowel
syndrome and needed hospital care for conservative treatment,
including total parenteral nutrition. For this reason, it is impor-
tant not to delay surgical intervention when an internal hernia is
suspected.

Based on understanding of the severity of internal hernia,
many previous studies have suggested various methods to pre-
vent internal hernia after gastric surgery. Adhesion formation
is an important concept to explain internal hernias. Iatrogenic
adhesions caused by closure of mesenteric defects have been used
to prevent internal hernia. Some studies have tried alternative
methods to increase adhesion within mesenteric defects by rub-
bing the sponge against the mesentery until petechiae appear [17].
Despite the hard work of prevention, internal hernia after gastric
surgery still occurs. Partially, technical errors such as loosening
the sutured knots can cause re-opening of mesenteric defects;
however, the reduction of visceral fat due to excessive weight
loss after gastric surgery is a well-known cause of widening the
defects [13]. Although closure of mesenteric defects is commonly

performed to prevent internal hernia, proper management is still
necessary. According to our results, the timing of internal hernia
is unpredictable. This is why we suggest the first step of manage-
ment should be suspicion of internal hernia. In addition to un-
predictable features, a low incidence of internal hernia makes it
harder to suspect this complication when the patients have severe
abdominal pain, nausea, and vomiting with a history of gastrec-
tomy.

After suspecting internal hernia, the next step, in general,
would be laboratory and imaging studies. According to our
results, laboratory findings are not helpful in determining the
surgical approach for managing internal hernia. The most use-
ful screening modality would be abdominal CT with contrast.
When a CT scan shows mesenteric whirl sign, the possibility of
internal hernia increases. Either with or without the enhance-
ment of bowel wall through the CT scan, it is still important not
to hesitate the surgical intervention [18]. Without decreased en-
hancement, there is possibility of salvaging the herniated bowel.
Based on our clinical experience, we have learned that laparo-
scopic exploration would be a better choice for surgical interven-
tion to explore the inside of the abdomen prior to making a long
incision. In most cases of non-necrotic bowel conditions, simple
manual reduction and closure of the mesenteric defect would be
sufficient for surgical treatment of internal hernia. To standard-
ize the management protocol for internal hernia, however, fur-
ther study with a control group may be needed.

Clinical factors of internal hernia have been analyzed in many
previous studies. Our results show that well-known, clinical fac-
tors, such as BMI and laparoscopic surgical technique, also influ-
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ence the incidence of internal hernia. One interesting result from
our analysis was the higher incidence of internal hernia after
proximal gastrectomy with DTR compared to total gastrectomy
with RY anastomosis. Many studies have been conducted com-
paring proximal gastrectomy with total gastrectomy for proxi-
mal gastric cancer; the oncological safety was not significantly
different between the proximal and total gastrectomy [19-23].
Focusing on late complications such as internal hernia, the results
were different from each other [19,24]. Our initial assumption
was to form an extra mesenteric defect by performing gastroje-
junostomy during DTR. Unfortunately, from our results, 90% of
internal hernia patients were observed with Petersen’s defect, and
the rest (10%) were observed with the jejunojejunostomy defect
(Table 2). Thus, to establish a comparison of proximal and total
gastrectomy by complication occurrence, including internal her-
nia, further studies are needed with larger numbers of patients.

This study has several limitations, including the varied follow-
up periods for individual patients. Some internal hernia cases
might have been lost if the patient visited other facilities at symp-
tom onset. From an academic point of view, this study is retro-
spective and single-center in nature. Also, it has a small sample
size. Despite these limitations, this study was able to achieve
statistically valid results by investigating all patients who under-
went gastrectomy with RY anastomosis, Billroth II anastomosis,
or DTR for gastric cancer. Lastly, from a technical point of view,
due to lack of information about closing mesenteric defects and
reconstruction approach methods from initial gastrectomy, we
were unable to analyze the effects of closing mesenteric defects.

In conclusion, laparoscopy itself is a risk factor for internal
hernia after gastric cancer surgery. In addition, patients with a
BMI of <25 kg/m’ or those who underwent proximal gastrecto-
my as previous surgery had a higher risk of internal hernia. Thus,
it is important to suspect internal hernia when evaluating the
cause of new-onset severe abdominal pain, nausea, and vomiting
symptoms in patients with a history of laparoscopic gastrectomy.
Furthermore, after the suspicion and screening process, emergent
surgical intervention would be a practical step to prevent massive
bowel resection and life-long complications such as short bowel
syndrome.
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