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Introduction

Petersen’s hernia is an internal hernia that typically 
occurs after gastrojejunostomy. It happens when part of 
the patient’s intestine or mesentery passes through the 
Petersen defect (the potential gap between the transverse 
mesocolon and the input or output loop mesentery after 
gastrojejunostomy) (1). Petersen’s hernia can affect patients 
of antecolic or retrocolic gastrojejunostomy. It can lead 
to severe complications, such as small bowel obstruction, 
intestinal ischemia and infarction, necrosis, and, in severe 
cases, death (2).

Internal hernia is a rare late complication of laparoscopic 
Roux-en-Y gastric bypass surgery, with a reported incidence 
of 0.2% to 9% (3). Petersen’s hernia accounts for only 
7.5% of all internal hernia cases and is most commonly 
seen after laparoscopic gastric bypass surgery (4). Internal 
hernia after open surgery is extremely rare, with an 
incidence of only approximately 1% (4). However, internal 
hernia is not only rare, but its clinical symptoms are not 
typical, and patients usually present to hospital because of 
abdominal pain, nausea, and vomiting. Therefore, an early 
diagnosis is particularly important. For clinicians, computed 
tomography (CT) can provide proof of incarcerated or non-
incarcerated Petersen’s hernia.

Here, we report three cases of Petersen’s hernia that 
occurred after open Billroth II or Roux-en-Y reconstruction 
surgery for gastric cancer. Besides, we conducted a 
comprehensive review of their CT findings to help improve 
the accuracy of the preoperative diagnosis of Peterson’s 
hernia.

Case presentations

All procedures in this study were performed in accordance 
with the ethical standards of the West China Hospital’s 
ethics board and the Declaration of Helsinki (as revised in 
2013). Written informed consent was obtained from the 
patient for publication of this case report and accompanying 
images. A copy of the written consent is available for review 
by the editorial office of this journal.

Case 1

Case 1 was a 60-year-old woman who had undergone 
open Billroth II reconstruction surgery for gastric 
cancer 1 month previously. The patient presented with 
worsening back pain that had started without an apparent 
precipitating factor 15 hours earlier. The pain was most 
apparent in the epigastric region, radiating to the back, 
and was accompanied by nausea and vomiting. A physical 
examination revealed significant tenderness in the left upper 
abdomen without rebound tenderness.

CT showed a cluster of the small intestine located in the 
left middle and upper abdominal region, with the proximal 
intestine dilating and migrating to the left upper abdominal 
region. Local mesenteric vessel stretching, mesenteric vessel 
rotation, and mesenteric fat haziness were observed. The 
distal superior mesenteric vein (SMV) had a “beaking” sign 
(Figure 1).

Subsequently, the patient underwent exploratory 
laparotomy. During the procedure, it was found that the 
distal small intestine had rotated clockwise along the 
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mesenteric root and moved into Petersen’s space, resulting 
in partial displacement of the distal small intestine to the 
left upper abdomen. The color and peristalsis of the small 
intestine were normal. The herniated small bowel was 
repositioned and the gap closed by suturing. The patient 
recovered well after the operation.

Case 2

Case 2 was a 68-year-old man who had undergone open 
Billroth II reconstruction surgery for gastric cancer 2 years 
previously. The patient presented with abdominal pain 
and distension, nausea, vomiting, and constipation; these 
symptoms had started without any obvious precipitating 
factor 1 week prior. A physical examination revealed 
tenderness in the abdominal wall, without rebound 
tenderness.

CT imaging showed that the right lower quadrant 
ileocecal junction had shifted forward, and the terminal 
ileum had shifted to the left abdomen from upward of the 
afferent loop. A local small intestinal mesenteric torsion and 
SMV “beaking” were observed (Figure 2).

Exploratory laparotomy revealed herniation and torsion 

of the distal small intestine from the hiatus above the 
afferent loop. The twisted small bowel and mesentery were 
repositioned, and the small intestine was ruddy in color. 
During the procedure, the gap between the transverse 
mesocolon and afferent loop was closed.

Case 3

Case 3 was a 64-year-old man who had undergone open 
distal gastrectomy and Roux-en-Y reconstruction for gastric 
cancer 7 months previously. The patient had developed 
persistent pain around the umbilicus and had vomited once 
after eating breakfast. A physical examination revealed 
periumbilical tenderness and rebound tenderness.

CT imaging showed that the biliopancreatic loop was 
located behind the superior mesenteric artery. A local 
mesenteric torsion could be seen in addition to SMV 
“beaking”. Dilation of the small intestine was observed in 
the left upper abdomen (Figure 3).

The patient underwent exploratory laparotomy a few 
hours after CT imaging. During the procedure, it was 
found that the original jejunojejunostomy of the small 
intestine was twisted at 720° along the mesangium and 

Figure 1 Case 1: a 60-year-old woman with Petersen’s hernia. (A) A cluster of small intestine (arrows) located in the left middle and upper 
abdominal region, and the adjacent mesentery rotates (circle). (B) Superior mesenteric vein (SMV) “beaking” (thick arrow) and mesenteric 
vessel stretching (thin arrow). The intestine in the left upper abdomen is dilated.
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Figure 2 Case 2: a 68-year-old man with Petersen’s hernia. (A) Rotation of the mesenteric vessels and intestine (circle) can be seen, in 
addition to dilation of the afferent loop (arrow). (B) Mesenteric vessel stretching and engorgement (arrow). (C) The intestine in the lower 
abdomen is dilated and accumulated.

Figure 3 Case 3: a 64-year-old man with Petersen’s hernia. (A) The mesentery of the mid-abdomen is twisted and stretched (circle). (B) 
Superior mesenteric vein (SMV) “beaking” was seen. (C) Dilatation and aggregation of the intestine in the left upper abdomen. (D) The 
biliopancreatic loop (thick arrow) is located behind the superior mesenteric artery (thin arrow).
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herniating into the Petersen’s defect. The entire small 
intestine was congested, swollen, and dark red in color. 
The small intestine was repositioned and soaked in warm 
saline, and the patient was given alprostadil to expand the 
microcirculation. After 1 hour of careful observation, the 
color and peristalsis of the small intestine had recovered, 
and the mesangial blood vessels pulsed well. The incision 
was then closed, and the operation went smoothly.

Discussion

Radical distal gastrectomy is a standard surgical procedure 
for most tumors affecting the distal part of the stomach (5). 
There are three surgical options available for reconstruction 
after distal gastrectomy: Billroth I reconstruction, Billroth 
II reconstruction, and Roux-en-Y reconstruction. Of these 
three types of surgery, Billroth I reconstruction is the most 
common in the treatment of early-stage gastric cancer. 
This type of reconstruction provides a normal digestive 
tract, but the relatively high tension at the anastomotic site 
can lead to complications (6). Moreover, resection of the 
pylorus in Billroth I reconstruction can cause constant bile 
reflux, which may be a problem in the long term. Currently, 
Billroth II and Roux-en-Y reconstruction are more 
commonly performed for the treatment of locally advanced 
gastric cancer (7). However, these localized gastric resections 
are contraindicated in all cases of a diffuse histological 
type (Lauren classification), in which total gastrectomy 
(plus lymphadenectomy) is the appropriate treatment. 
Billroth II reconstruction is easier to perform than Roux-
en-Y reconstruction but results in more bile reflux. 
Therefore, a modified Roux-en-Y reconstruction based on 
Billroth II reconstruction has been devised to reduce bile 
reflux. It has been shown that despite reflux gastritis and 
heartburn symptoms being more common after Billroth II 
reconstruction than after Roux-en-Y reconstruction, there 
is no significant difference in patients’ nutritional status 
or quality of life between the two surgical procedures; 
therefore, both can be used for the treatment of gastric 
cancer (7). However, with any gastrojejunostomy procedure, 
there is potential for defects in the abdominal cavity, 
which can lead to the occurrence of Petersen’s hernia (8).  
In most cases, surgeons can avoid this herniation by closing 
the defects during the initial surgery (9,10).

Laparoscopic surgery is generally superior to open 
surgery in terms of reducing pain, reducing blood loss, 
shortening hospital stay, and improving cosmetic results; as 
a result, it is often the first choice for doctors (11). However, 

despite these advantages of laparoscopic surgery, some 
studies have suggested that intestinal obstruction due to 
internal hernia is more common after laparoscopic gastric 
cancer than after open surgery. For example, the incidence 
of internal hernia following laparoscopic Roux-en-Y gastric 
bypass surgery has been reported to be between 0.2% and 
9% (3). In some studies, the incidence of internal hernia 
after laparoscopic surgery is in the range of 1% to 4%, 
whereas after open surgery it is less than 1% (4,12). The 
higher incidence of internal hernia after laparoscopic bypass 
surgery may be because laparoscopic surgery reduces tissue 
trauma, which decreases the probability of tissue adhesion 
compared with laparotomy. Without adhesions, the small 
intestine can move freely, which increases the probability of 
herniation into the potential space generated by surgery (13).

The transverse mesocolon forms a natural barrier 
between the stomach and small intestine. After the 
establishment of either type of gastrojejunostomy, antecolic 
or retrocolic, a potential defect between the limbs of the 
small intestine and the transverse mesocolon can result in 
the formation of internal hernias. Some studies have found 
differences in the incidence of internal hernia between 
the antecolic and retrocolic routes (14-17). Some studies 
have suggested that the incidence of internal hernia can be 
reduced by placing the limbs of the small intestine in front 
of the transverse colon (14,15). In a meta-analysis by Al 
Harakeh et al. (16), internal hernias were reported in 1.3% 
of patients in the antecolic route group, compared with 
2.3% of patients in the retrocolic route group. In contrast, 
others have found no significant difference in the incidence 
of internal hernia between the antecolic and retrocolic 
routes (17). Although the antecolic route can significantly 
reduce the operation time, it can also increase the tension 
at the gastrointestinal anastomosis and elevate the risk 
of anastomotic leakage and stenosis (17,18). Therefore, 
surgeons should choose the most appropriate surgical 
procedure according to the patient’s condition and their 
own experience.

Potential mesenteric defects are one of the major causes 
of internal hernia after gastrojejunostomy. Although there 
are no guidelines for the closure of mesenteric defects, some 
researchers have investigated this issue. For example, Sun  
et al. (19) considered that the omission of a procedure 
closure technique was one of the reasons for the increased 
incidence of Petersen’s hernia after gastrojejunostomy. 
Furthermore, Blockhuys et al. (9) suggested that closing 
both mesenteric and Petersen’s defects could significantly 
reduce the incidence of internal hernia, and in their study, 
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Kojima et al. (20) showed that the incidence of Petersen’s 
hernia decreased from 5.1% to 1.7% by using absorbable 
sutures to seal the Petersen’s defect. Other studies have 
suggested that the incidence of internal hernia can be 
reduced by using non-absorbable suture materials (4,21). 
However, because of the effects of suture techniques 
and follow-up time, among other factors, no consistent 
conclusion has been reached.

Internal hernia can cause severe complications, such as 
small bowel obstruction followed by bowel ischemia, and in 
severe cases, death (2). However, its clinical symptoms are 
not typical, and patients usually present to hospital because 
of abdominal pain, nausea, and vomiting. Therefore, an 
early diagnosis is particularly important. Abdominal CT 
has certain advantages in the diagnosis of internal hernia. 
The following seven CT signs have been described as 
being typical of internal hernia: the swirl, small bowel 
obstruction, mushroom, clustered loops, hurricane eye, 
small bowel behind the superior mesenteric artery, and 
right-sided anastomosis signs (22). Recently, two new CT 
signs have been added: SMV “beaking” and a “criss-cross” 
appearance of the second-order mesenteric vessels (23). At 
present, research suggests that mesenteric swirl, small bowel 
obstruction, and SMV “beaking” are the best indicators 
for the diagnosis of internal hernia, with mesenteric swirl 
having a sensitivity of 70% to100%, and small bowel 
obstruction and SMV “beaking” having a specificity of 70% 
to 94% and 94% to 95%, respectively (9,23,24). However, it 
remains challenging to distinguish the four types of internal 
hernia on CT. A 2011 study on the CT signs of four types 
of internal hernia found that the key to distinguishing them 
lies in identifying anatomical landmarks and determining 
the position of clustered small bowel loops and the hernial 
orifice (25). In all three cases of Petersen’s hernia reported 
herein, mesenteric swirl and SMV “beaking” were observed; 
in addition, the location of the hernial orifice of Petersen’s 
hernia helped us determine the type of internal hernia in all 
three cases.

To sum up, to prevent the occurrence of internal hernia, 
appropriate surgical procedures and suture techniques 
should be carefully selected. In particular, the internal 
gap needs to be closed by suturing during the operation. 
Because internal hernia can lead to severe complications, 
more attention should be paid to patients with symptoms 
such as nausea, vomiting, and abdominal pain, and to 
those with a previous history of gastrojejunostomy. Also, 
timely CT examination is needed for a definite diagnosis of 
internal hernia. If there is a possibility that a patient has an 

internal hernia, surgical exploration should be performed as 
soon as possible.
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