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Obesity is a global health problem with an increasing prevalence in adults as well 
as children in developed as well as developing countries1. Obesity is defined as a 
body mass index (BMI; weight/heigth2) of 30.0 kg/m2 or higher. A BMI between 
25.0 kg/m2 and 29.9 kg/m2 is defined as overweight2. At least one third of the 
world’s adult population are either overweight or obese3. Being overweight or 
obese results in a number of comorbidities which are a source of disease burden, 
diminished life expectancy and even mortality2-6. The increase in disease burden 
also increases healthcare costs5.

There are numerous lifestyle and pharmaceutical interventions to reduce body 
weight, however they seem to be minimal effective7. Bariatric surgery is the only 
proven modality for long-term results8, 9. In the Netherlands the indication for 
bariatric surgery is a BMI of 40 kg/m2 or higher, or a BMI between 35 and 40 
kg/m2 with serious comorbidities. The number of surgical options to diminish 
obesity is ever growing. From gastric banding and gastric reduction by means 
of sleeve gastrectomy, to a complete rearrangement of the digestive system by 
means of gastric bypass and its minor variants. Even with the higher costs of 
bariatric surgery, it is found to be cost effective due to the good outcomes in 
weight loss and reduction of comorbidities8.

The use of surgical techniques in the battle against obesity has increased with 
the increase of obese patients. A total of 40.765 bariatric operations were 
performed in the time period 2013-2018 in the Netherlands10. Gastric bypass 
surgery is currently the most used bariatric measure in the Netherlands, however 
sleeve gastrectomy is increasingly being used10. The most used gastric bypass 
procedure is the Roux-en-Y gastric bypass (Fig. 1).

During the Roux-en-Y gastric bypass procedure a small part of the stomach 
at the level of the oesophagus is stapled off: the gastric pouch. Furthermore, 
another dissection is made in the small bowel at around 80 cm from the stomach. 
The large part of the stomach, containing the cells producing digestive fluids, 
and the duodenum with the entry of the bile and pancreatic fluids are hereby 
disconnected from the digestive tract. This part of bowel with the digestive 
fluids is called the biliopancreatic limb. The pouch is then connected to the 
remaining small bowel, the jejunum and further on the ilium. However, without 
the digestive fluids food can’t be processed. Therefore, the biliopancreatic limb 
is connected to the digestive tract around 150 cm past the pouch, this point 
is called the jejuno-jejunostomy and the bowel loop between the pouch and 
the jejuno-jejunostomy is called the alimentary limb. In current literature there 
is some debate about the ideal limb lengths for a good nutritional status and 
maximum weight loss11-14. The above-mentioned lengths are the commonly used 
limb lengths in the Netherlands. 

Small parts of the mesentery are dissected from the jejunum to make the 
connections of the gastric bypass15. Because of the displacement of the 
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bowel loops, that are now no longer fully connected to the mesentery, two 
openings are created. The first opening lies between the alimentary limb and 
the transverse colon. This opening is called Petersen’s space. Furthermore, 
there is another opening at the level of the jejuno-jejunostomy, also called the 
mesenteric opening, because of the disconnection in the mesenteric membrane 
at this point16.

Fig. 1. Anatomy after gastric bypass surgery
1 = gastric pouch; 2 = stomach remnant; 3 = duodenum; 4 = biliary limb; 5 = alimentary 
limb; 6 = jejuno-jejunostomy; 7 = Petersen’s space; 8 = mesenteric opening; 9 = jejunum; 
10 = colon

After a gastric bypass procedure multiple complications can occur. There 
is a difference between early and late complications, and minor and major 
complications. Early complications occur within 30 days after the operation. 
Major complications are mainly classified as resulting in death or reoperation, 
prolonged hospital stay of more than 7 days, or the need for blood transfusion. 
Early major complications reported after gastric bypass are bleeding, 
enterocutaneous fistula, infection, intestinal obstruction, anastomotic leaks, and 
torsion of enteroanastomosis17, 18. Infection and bleeding were also seen as minor 



Chapter 1. General introduction

10

complications. Other early minor complications are dehydration and dysphagia17, 

18. Late major complications are anastomotic ulcera, gastrojejunal stenosis, 
stricture, obstruction due to adhesions, hernia (both internal and at trocar-site), 
severe dumping syndrome, and dehydration19, 20. Late minor complications are 
dumping, pneumonia, ulcer at gastrojejunal anastomosis, persisting trocar-
site pain, diarrhoea, dehydration, hair loss, and anemia20. Other described 
complications are omental torsion or necrosis, pulmonary embolus and deep 
venous thrombosis, symptomatic cholelithiasis, cardiovascular complications, 
urinary tract infection, inadequate weight loss, and nutritional deficiencies15, 17, 19, 

21. The rate of complications differs between surgical techniques such as open and 
laparoscopic procedures and use of stapler devices. In current times most gastric 
bypass procedures are performed laparoscopically. Operating laparoscopically 
instead of open has many advantages in terms of perioperative complications, 
however it increases the risk of hernias by diminishing postoperative adhesions16, 

21-23.

The previously described openings in the mesentery are the source of one of the 
late major complication after gastric bypass surgery, namely internal herniation 
(IH). An IH is the entrapment of a bowel loop or multiple bowel loops in one 
of these openings. There are two types of IH, named after the site where 
they herniate, namely Petersen’s herniation and mesenteric herniation21, 24. 
Furthermore, the alimentary limb can be positioned retrocolic or antecolic. With 
a retrocolic position of the alimentary limb another opening in the mesentery, 
the mesocolon in this instance, is created and therefore also another herniation 
space is created21. Multiple studies found a favouring for the antecolic positioning 
due to less IHs25-27. Therefore, a retrocolic position of the alimentary limb is 
nowadays not used. However, some patients with an older gastric bypass could 
still present with a retrocolic limb and herniation. Furthermore, closure of the 
mesenteric defects during the gastric bypass procedure was found to diminish IH 
and is therefore now standard practice28-30. The incidence of IH varies between 
1.1% and 16% in recent studies, a meta-analysis found a incidence of 3.3%24, 26, 

31, 32.

The goal of gastric bypass surgery is weight loss and reduction of morbidities 
related to obesity. However, the loss of intra-abdominal fat is also described as 
a risk factor for IH since it creates more room for bowel movement and possibly 
also enlarges the herniation sites by diminishing the fatty content16, 19, 22.

The most threatening of an IH is the risk of incarceration and eventually bowel 
ischemia. Incarceration causes abdominal pain, which might be more present 
after a meal due to the enhanced oxygen demand. Increased peristalsis may 
lead to cramping pain and colic. Sometimes the bowel repositions out of the 
herniation site without intervention leading to a reduction of complaints. IH can 
therefore be intermittent, with recurrence of symptoms at times of incarceration, 
but repositioning before ischemia23, 24.
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Due to the risk of bowel ischemia a proper and early diagnosis of IH is necessary. A 
diagnostic laparoscopy is performed to make this diagnosis, if needed expanded 
with a therapeutic intervention23. However, the incidence of abdominal pain in 
patients after a gastric bypass surgery is high due to the possible complications 
of ulcera, dumping, and bowel obstruction, but also idiopathic, possibly due to 
adhesions or nerve damage. Operating all patients presenting with abdominal 
pain is not feasible with the potential risks of surgery. Therefore, the patients 
that most likely have an IH and need laparoscopy have to be discriminated 
from the general patient with abdominal complaints or patients with other 
complications. To select these patients a CT scan is increasingly used24, 33-35. 
Ultrasound is not feasible because of its inability to properly visualize bowel 
location with an overview of the total intestines especially in obese patients. 
MRI can be used but there is less experience with this technique, resulting in 
lower accuracy. Moreover, technical limitations such as availability, duration 
and costs of a MRI reduce the use of this imaging technique. Currently, it is 
mostly used in pregnant patients in which radiation exposure is not desirable36, 

37. Furthermore, fluoroscopy is described as imaging technique, however this is 
not widely used.37 

The radiologist has to discriminate the normal postoperative anatomy after 
a gastric bypass from an IH or other complication. The signs of an IH are not 
always clear but the surgeons increasingly rely on the radiologist to make a 
correct diagnosis. Too much incorrect diagnoses means patients undergoing 
unnecessary operations with all the risks. However, if an IH is missed it can have 
potentially lethal consequences. Therefore, both the sensitivity and specificity 
of CT need to be high. To aid the radiologist different signs are formulated. One 
of the most known signs is the swirl sign. But also other signs are described 
ranging from relatively specific signs of bowel obstruction and displacement 
to more general signs such as mesenteric edema38-43. Furthermore, the aid of 
standardized reporting templates is found to be beneficial for both radiologist 
and surgeons. Radiologist make more complete and accurate reports, and 
surgeons better understand the reports and clinical value44-50.

The aim of this thesis was to investigate the usefulness of CT scans in diagnosing 
IH. We searched for possible ways to improve the diagnosis on CT scan by using 
CT signs and structured reporting. Additionally, we investigated other factors 
that may help in the diagnostic process.
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Outline of this thesis

To investigate the diagnostic value of CT scans in diagnosing IH, we explored the 
number of CT scans used in patients with a suspicion of IH after gastric bypass 
surgery and the accuracy of these CT scans in Chapter 2. Therefore, all patients 
with a gastric bypass were screened for CT scans and reoperations to identify 
patients with complaints of IH. Reoperation reports and follow-up of 90 days 
were used as reference for the diagnosis made on CT scans. If in the period of 90 
days after the CT scan no follow-up CT scan or reoperation was performed, the 
patient was considered to have no IH.  Due to the use of this follow-up period 
we could include all patients who underwent a CT scan.  

Subsequently, we studied the use of ten CT signs. In Chapter 3 the CT signs were 
used to review the CT scans found in chapter two by means of a standardized 
reporting template with the ten CT signs and a 5-point Likert scale. This was 
performed by an abdominal radiologist, a radiologist in-training, and an intern 
with little experience. We investigated if the diagnostic accuracy improved using 
these ten signs to diagnose IH, and if less-experienced readers could work with a 
standardized reporting template. In Chapter 4 we implemented the standardized 
template in clinical practice. All CT scans in our study centre from that point 
forward were documented on using the standardized template. These CT scans 
were compared with the previously reported CT scans with a free-text report.

In chapter 4 accuracy improved, however, not to a hundred percent. Therefore, 
in Chapter 5 we evaluated the misdiagnoses of IH on these previously reported 
CT scans. Patients complaints and surgery reports were thoroughly examined for 
possible other diagnoses. And all misdiagnosed CT scans were blindly reviewed 
by experienced readers to find possible wrongful diagnosis. The lessons learned 
from this evaluation were converted in recommendations for radiologists in 
diagnosing IH.  

There might be a range of other clinical diagnostics, such as symptoms and 
measurements, that can help in the diagnostic process of IH. One of the clinical 
measurements postulated to influence IH is the amount of weight loss. In 
Chapter 6 we studied the influence of weight loss on the risk of developing 
IH. The percentage of total weight loss was used as indicator for IH in the total 
post gastric bypass population and the patients presenting with complaints. 
Therefore, we used the preoperative and follow-up weights and weight at 
time of complaints. Furthermore, the type of complaints, such as cramping or 
colic pain and anorexia, were investigated as indicator for seriousness of the 
complaints and possible IH. 
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Abstract

Background 
Internal herniation, a serious complication after bariatric surgery, is challenging 
to diagnose. The aim of this study was to determine the accuracy of abdominal 
CT in diagnosing internal herniation.

Methods
The study included consecutive patients who had undergone laparoscopic gastric 
bypass surgery between 1 January 2011 and 1 January 2015 at a bariatric centre 
of excellence. To select patients suspected of having internal herniation, reports 
of abdominal CT and reoperations up to 1 January 2017 were screened. CT was 
presumed negative for internal herniation if no follow-up CT or reoperation 
was performed within 90 days after initial CT, or no internal herniation was 
found during reoperation. The accuracy of abdominal CT in diagnosing internal 
herniation was calculated using two-way contingency tables.

Results 
A total of 1 475 patients were included (84.7% women, mean age 46.5 years, 
median initial BMI 41.8kg/m2). CT and/or reoperation was performed in 192 
patients (13%) in whom internal herniation was suspected. Internal herniation 
was proven laparoscopically in 37 of these patients. The incidence of internal 
herniation was 2.5%. An analysis by complaint included a total of 265 episodes, 
for which 247 CT scans were undertaken. CT was not used to investigate 18 
episodes, but internal herniation was encountered in one-third of these during 
reoperation. Combining the follow-up and intra-operative findings, the accuracy 
of CT for internal herniation has a sensitivity of 83.8% (95% CI 67.3-93.2%), a 
specificity of 87.1% (95% CI 81.7-91.2%), a positive predictive value of 53.4% 
(95% CI 40.0-66.5%) and a negative predictive value of 96.8% (95% CI 92.9-
98.7%).

Conclusion
Abdominal CT is an important tool in diagnosing internal herniation, with a high 
specificity and a high negative predictive value. 
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Introduction

The clinical diagnosis of internal herniation (IH), a late complication of gastric 
bypass surgery, can be challenging. In the Netherlands, approximately 4000 
gastric bypass surgeries were performed between 2013 and 20151. The incidence 
of IH varied between 1.1% in a meta-analysis2 and 3.1% in a recent nationwide 
Danish study3. Therefore, IH after gastric bypass is a relevant problem and the 
prevalence of complaints with a suspicion of IH will be even higher. 

Clinical symptoms are not specific for IH and vary in severity, ranging from 
intermittent symptoms in case of transient herniation of the bowel through a 
mesenteric defect, to severe and acute complaints after small bowel obstruction 
or strangulation of the vessels4-6. Because of the risk of strangulation, IH 
is a potentially life-threatening condition that requires surgical treatment. 
Laparoscopic surgery is the standard procedure for diagnosing IH, but 19.5 to 
28.1% of laparoscopies in patients suspected to have IH are negative3, 5. To avoid 
unnecessary surgery, radiological imaging is frequently used in patients with 
suspected IH3, 5. 

There is limited evidence for the diagnostic accuracy of CT in diagnosing IH. In 
2007, Agaba et al.7 reported a sensitivity of 66% and a specificity of 29% in 75 
patients with acute abdominal complaints. More recently, Altieri et al.8 noted a 
sensitivity of 76% and a specificity of 60% in a cohort of 50 patients. In other 
studies4, 6, 9-14 with even smaller study populations, the sensitivity of  CT ranged 
from 40% to 83.3%. The technical aspects of CT have, however, changed and 
improved over the past decade, and different CT signs have been described to 
improve the value of CT in diagnosing IH (such as the swirl sign and venous 
congestion)15-18 (Fig. 1).

Fig. 1 a Axial and b coronal CT images of a patient with internal herniation, illustrating 
the swirl sign (black arrow), venous congestion (white arrow) and mesenteric oedema 
(arrowhead)
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The aim of this study was to evaluate the value of CT in diagnosing IH after 
gastric bypass surgery in terms of sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV). 

Methods

Patients were selected retrospectively from a database containing all patients 
who underwent bariatric surgery at Catharina Hospital, a bariatric centre of 
excellence. All consecutive patients who underwent laparoscopic gastric bypass 
between 1 January 2011 and 1 January 2015 were included. Information on 
demographics and type of surgery was extracted from the database. The local 
medical ethical review board waived ethical approval for this study.

Surgical Technique 
All patients had undergone a laparoscopic Roux-en-Y gastric bypass (LRYGB) 
with an antecolic position of the jejunal limb. Both primary and secondary 
LRYGBs were included. Secondary LRYGB was performed on indication after 
sleeve gastrectomy, adjustable gastric banding or vertical banded gastroplasty. 
During the study interval, the routine technique was not to close mesenteric 
and Petersen defects, not to split the omentum, and an anti-rotation absorbable 
suture was used to fix the alimentary limb to the stomach remnant.

Image Acquisition
All CT images were acquired with Brilliance iCT 256-slice or Brilliance 64 CT 
scanners (Philips Medical, Best, the Netherlands) with a slice thickness of 
1 mm. Multiplanar reconstructions were available. One litre of diluted oral 
contrast (Telebrix® (ioxithalamate) 6 mg iodine per ml; Guerbet, Gorinchem, the 
Netherlands) was administered 90 min before imaging. All scans were performed 
70 s after administration of 100 ml intravenous contrast (Iomeron® (iomeprol) 
300 mg iodine per ml; Bracco Imaging, Konstanz, Germany). 

All images were interpreted by the attending radiologist. No standard method 
was used to interpret CT images acquired for clinical suspicion of IH.

Image analysis
All abdominal CT scans performed for suspicion of IH until 1 January 2017 
were cross-checked by identification number of patients undergoing gastric 
bypass. The CT reports and conclusions were reviewed for the radiological 
diagnosis or suspicion of IH. In patients with a suspicion of IH, the date of first 
complaints associated with IH, types of complaint and outcome of reoperation 
were extracted from the electronic patient file. If the patient had a complaint 
episode evaluated at another hospital, the CT images and radiological report 
were requested and added to the study materials. 
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Reoperations
All reoperations after the initial gastric bypass until 1 January 2017 were screened 
to select patients who had surgery for suspected IH. Indications included 
clinical suspicion of IH without preoperative CT, clinical suspicion of IH after 
a positive CT scan, but also clinical suspicion of IH after negative CT. Surgical 
reports were screened for the presence of IH, defined as herniation of bowel 
through a mesenteric defect at the gastrojejunostomy (Petersen’s space) or the 
jejunojejunostomy. Defects without bowel herniation were also documented, 
and recorded as having no IH. Any mesenteric defects, at Petersen’s space 
and/or jejunojejunostomy, found during reoperation were closed during the 
operation regardless of bowel herniation.

Episode definition
If neither CT nor reoperation was performed within 90 days after the initial 
CT, the episode of suspected IH was considered negative. New CT scans or 
reoperations after this period were considered to indicate new episodes of 
suspected IH in the analysis. If CT and reoperation were undertaken within 
the first 2 days of the start of symptoms, the episode was considered acute. A 
subgroup analysis was performed of the value of CT in an acute setting.

Statistical Analysis
All data were entered into a computerized spreadsheet (Excel®; Microsoft, 
Redmond, Washington, USA) and analysed using SPSS® version 21.0 (IBM, 
Armonk, New York, USA). Patient characteristics are presented as mean (SD) 
or median (range), depending on the normality of the distribution. Continuous 
data were compared with the independent-samples t test or the Mann-Whitney 
U test, as appropriate, and  χ2 test or Fisher’s exact test was used for analysis of 
categorical data. The sensitivity, specificity, PPV and NPV of CT were calculated 
using two-way contingency tables. The significance level was set at p<0.05.

Results

A total of 1475 patients underwent laparoscopic gastric bypass surgery with a 
median follow-up of 44 months. Patient characteristics are shown in Table 1.

In all, 192 patients (13.0%) underwent CT and/or reoperation for abdominal 
complaints suspicious for IH. The median time interval from gastric bypass 
surgery until the first episode of such complaints was 415 (range 0-1689) days. 
The types of complaint are summarized in Table 2. IH was found in 37 patients, 
an incidence of 2.5%. On five occasions the IH was confirmed twice in the same 
patient. 
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Table 1: Characteristics of patients after laparoscopic gastric bypass surgery with or 
without proven internal herniation
Characteristic Total population 

(n=1475)
IH
(n=37)

No IH  
(n=1438)

p-value

Sex
Male (n (%))
Female (n (%))

226 (15.3)
1249 (84.7)

8 (21.6)
29 (78.4)

218 (15.2)
1220 (84.8)

0.281*

Age (y, mean (±SD)) 46.5 (±10.2) 45.0 (8.6) 46.5 (10.2) 0.360^

Initial BMI (kg/m2, 
median (range))

41.8 (22.7-80.7) 41.4 (32.9-48.3) 41.8 (22.7-80.7) 0.390~

*independent-samples t test; ^χ2 test; ~Mann-Whitney U test. IH = internal herniation; SD 
= standard deviation; BMI = body mass index.

Table 2:  Types of symptom at presentation in patients with complaints compared with 
those with complaints and proven IH
Symptom Episodes without IH 

(n=222)
Episodes with IH 
(n=43)

p-value*

Abdominal pain
 Present
 Absent
 Missing

218 (98.2)
3 (1.4)
1 (0.5)

43 (100)
0.657^

Abdominal cramping/colic
 Present
 Absent
 Missing

41 (18.5) 
143 (64.4) 
38 (17.1)

14 (32.6) 
18 (41.9) 
11 (25.6)

0.020

Nausea/vomiting
 Present
 Absent
 Missing

111 (50.0) 
64 (28.8) 
47 (21.2)

19 (44.2) 
17 (39.5) 
7 (16.3)

0.364

Abnormal defecation
 Present
 Absent
 Missing

52 (23.4) 
122 (55.0) 
48 (21.6)

14 (32.6) 
20 (46.5) 
9 (20.9)

0.429

Anorexia
 Present
 Absent
 Missing

50 (22.5) 
114 (51.4) 
58 (26.1)

8 (18.6) 
20 (46.5) 
15 (34.9)

0.491

Values in parentheses are percentages. IH = Internal herniation; *χ2 test; except; ^Fisher’s 
exact test; the analysis excluded patients with missing data.

CT results
Among the 192 patients with complaints, there was a total of 265 episodes 
with a suspicion of IH (Fig. 2). A total of 247 CT scans were performed during 
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these epsiodes (93.2%), with a radiological suspicion of IH in 58 (23.5%). Of the 
remaining 189 scans, 135 (54.7%) showed no abnormalities and 54 (21.9%) led 
to alternative diagnoses, mainly anastomotic complications. The median interval 
from the first clinical presentation with complaints suspected to indicate IH to 
CT was 8 (range 0-396) days. 

Reoperations
A total of 90 reoperation reports were analysed. IH was confirmed in 42 
reoperations (46.7%). In the remaining 48 reoperations, no explanation for 
the complaints was found (13), possible herniation sites were closed without 
identification of IH (21), in nine operations adhesiolysis was undertaken with (6 
of 9) or without (3 of 9) closure of possible herniation sites, the gastrojejunostomy 
was revised (3), and a gastric perforation was found and closed (2). Altogether, a 
mesenteric defect was closed with or without IH in 70 reoperations. Details of 
defects and herniation sites are shown in Table 3. There were no instances of IH 
that required bowel resection. 

Fig. 2: Distribution of confirmed internal herniation (IH) after reoperation with or without 
CT. 
*A second positive CT was performed within 90 days of the first positive CT, with 
subsequent reoperation.
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The median interval from start of complaints to operation was 25.5 (range 
0-364) days, and that from CT to reoperation was 6 (range 0-74) days. CT and 
reoperation were undertaken within 2 days of the start of complaints in 17 of 
the 265 episodes (6.4%).

Table 3: Types of herniation and defects observed and treated during reoperation
Type of herniation Herniation

(n=90) 
Defects
(n=90) 

Petersen 22 (24.4)        25  (27.8)
Jejunojejunostomy 17 (18.9) 20  (22.2)
Both 3   (3.3) 25  (27.8)
None 48 (53.3) 20  (22.2)

Values in parentheses are percentages.

Accuracy of CT
Data on the accuracy of CT in diagnosing internal herniation compared with 
operative findings, overall and in the acute setting, and compared with operative 
and follow-up findings, are summarized in Tables 4 and 5.

Table 4: Accuracy of CT in diagnosing IH overall and in the acute setting, with reoperation 
as reference

Internal herniation Defects
n % n % p-value*

Overall
Sensitivity 30 of 36 83.3 (66.5-93.0) 39 of 54 72.2 (58.1-83.1) 0.222
Specificity 19 of 36 52.8 (35.7-69.2) 10 of 18 55.6 (31.3-77.6) 0.847
Positive 
predictive value

30 of 47 63.8 (48.5-76.9) 39 of 47 83.0 (68.7-91.9) 0.036

Negative 
predictive value

19 of 25 76.0 (54.5-89.8) 10 of 25 40.0 (21.8-61.1) 0.010

Acute setting
Sensitivity 10 of 10 100 (65.5-100) 11 of 11 100 (67.9-100) 1.000
Specificity 4 of 7 57.1 (20.2-88.2) 4 of 6 66.7 (24.1-94.0) 0.725
Positive 
predictive value

10 of 13 76.9 (46.0-93.8) 11 of 13 84.6 (53.7-97.3) 0.619

Negative 
predictive value

4 of 4 100 (39.6-100) 4 of 4 100 (39.6-100) 1.000

Values in parentheses are 95% confidence intervals. *χ2 test.
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Internal herniation was found during reoperation after six negative CT scans. 
Reassessment of the images showed that the CT findings were not unequivocally 
negative in three of these patients. In one, the finding was described as an 
invagination, whereas in two others the surgeon had interpreted the CT scan 
as showing internal herniation. In the remaining three patients, persisting 
complaints led to reoperation between 16 and 41 days after the negative CT.

Table 5: Accuracy of CT in diagnosing IH, with reoperation and follow-up as reference
Internal herniation
n %

Sensitivity 31 of 37 83.8 (67.3-93.2)
Specificity 183 of 210 87.1 (81.7-91.2)
Positive predictive value 31 of 58 53.4 (40.0-66.5)
Negative predictive value 183 of 189 96.8 (92.9-98.7)

Values in parentheses are 95% confidence intervals.

Discussion

In this investigation of the value of abdominal CT in diagnosing IH in symptomatic 
patients after laparoscopic gastric bypass surgery, the accuracy was calculated 
among 247 CT scans from a cohort of 1475 patients, using a combination of 
follow-up and reoperation as reference. This resulted in a sensitivity of 83.8%, 
a specificity of 87.1%, a PPV of 53.4%, and a NPV of 96.8%. In an acute setting, 
the sensitivity was 100%, with a specificity of 57%, PPV 77% and NPV 100%, 
with reoperation as reference.

The incidence of IH in symptomatic patient is this study was 2.5%. This is 
comparable to that in a recent meta-analysis by Geubbels et al.19, who reported 
an incidence of 2% among patients who had an antecolic LRYGB with the 
defects left open. The incidence in the group with closure of all defects was 
lower (1%). Furthermore, in a recent RCT20, the incidence of IH decreased when 
defects were closed, from 7.3% to 2.2%. As a result of these and other published 
findings, bariatric surgeons at the authors’ unit started to close the defects 
during LRYGB from 2016 onwards. 

The median interval from initial surgery to start of complaints indicative of IH 
was 14 (range 0-54) months. This is comparable to recent studies that reported 
a median time until IH diagnosis of 9 and 15 months respectively3, 5. The 
most frequent complaint was abdominal pain, which occurred in 98.5% of the 
episodes. Nausea or vomiting was reported in 49.1% of the episodes. Abdominal 
cramping or colic pain in the umbilical region was significantly more common in 
the IH group. Geubbels et al.5 reported that cramping or colic pain was the most 
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common symptom in patients with IH. Abdominal pain and nausea or vomiting 
were the most common complaints in several previous studies3, 4, 7, 11, 12. 

A Petersen herniation was seen in half of those with an IH in this study (22 of 
42). In older studies6, 10, 13, 14, jejunojejunostomy hernias occurred more frequently 
than Petersen hernias, whereas more recent studies3, 5, 9, 11 found more Petersen 
hernias, with rates ranging from 40.5% to 75%. Defects were found to be equally 
distributed over the two sites in the present study.  

The accuracy of abdominal CT in the present study was comparable to that in 
a recent smaller study of 52 reoperations8, which reported a sensitivity of 76% 
(versus 83% here) and specificity of 60% (versus 53%). The findings were not in 
line with those in studies by Agaba et al.7 and Karilla-Cohen et al.21, in which 
sensitivities of 66% and 32%, and specificities of 29% and 54%, respectively 
were reported. The increase in accuracy in the present study compared to the 
Agaba study from 20087, is likely to be explained by the development of more 
signs for diagnosis of IH on CT. Several studies15, 18, 21 have reported better 
diagnostic accuracy with the use of these CT signs. Furthermore, the quality of 
CT scanners and the use of multiplanar reconstructions might have contributed 
to the improvement in accuracy. 

The accuracy of CT was investigated here using reoperation combined with 
a negative follow-up time of 90 days as reference. The authors assumed this 
combination to be the best way to evaluate the value of negative CT, as the 
existence of IH is considered very unlikely after 90 days without the need for 
further imaging or surgery. There seem to be no data on including follow-up as 
a reference in current literature. When follow-up and reoperation was used as 
reference, there was an increase in specificity and negative predictive value. The 
accuracy of CT in diagnosing IH was comparable between the first or subsequent 
episodes, and between patients with one episode and those with more episodes.
The PPV after CT was higher than that of episodes leading to reoperation without 
preoperative CT. Preoperative CT is therefore advised in all patients suspected 
to have IH. The surgeon might nevertheless decide on surgical exploration 
despite negative radiological findings on the basis of clinical suspicion. 

IH can be intermittent, resulting in more chronic abdominal pain.9 Owing to 
the absence of acute complaints, the interval between complaints, imaging and 
reoperation might be longer, with no IH visible on CT.22 An additional analysis 
was performed in patients with open herniation sites, with the aim of identifying 
patients with a history of intermittent IH. The presence of defects during 
reoperation might, however, not always be a definite indicator of intermittent IH. 
Analysis of open herniation sites led to a decrease in NPV. The PPV increased, 
which might contribute to the hypothesis that intermittent IH was present at 
the time of CT, but absent during reoperation. In an analysis including only 
patients treated in the acute setting, the diagnostic accuracy of CT did not differ 
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between IH and observed defects. These findings could support the intermittent 
IH hypothesis. In an acute setting, the sensitivity and NPV increased, with a 
slight increase in specificity and PPV. This increase was not significant owing to 
the small number of patients in the acute setting. 

The strength of the present study is the large population in which the accuracy 
of CT in diagnosing IH was investigated. By adding follow-up data, the clinical 
outcome data are more complete. There are also certain limitations to this 
study; abdominal CT was not undertaken in asymptomatic patients and no 
reoperations were performed in patients without IH on CT. These limitations 
are difficult to overcome, but adding the 90-day follow-up as a reference could 
compensate for this uncertainty. There is also selection bias, as not all patients 
with abdominal complaints were included. Patients were included in the cohort 
based on whether or not CT and/or reoperation were performed. On the other 
hand, the risk of IH was assumed to be very low in patients with abdominal 
complaints not severe enough to lead to CT or reoperation. Another limitation 
might be the follow-up time of 2-5 years, as the time until presentation with 
complaints varies from less than 24h after surgery to 9 years19. Although 90% 
of IH develop within 20-36 months, longer follow-up might have resulted in a 
higher incidence3, 5. 

The use of specific CT signs, such as the swirl sign, might further improve the 
accuracy of CT in diagnosing IH. Future research is needed on the benefit of 
systematic reading of CT images with use of the different signs described in the 
literature. Furthermore, more research into the follow-up after CT for suspected 
IH is desirable. Only a small percentage of patients undergo reoperation after CT; 
little is known about the development of complaints in other patients. Another 
problem is the high rate of CT imaging in the bariatric population, which is higher 
than that in the general population, with risks of repeated irradiation. CT could 
be replaced by MRI, but more research into the accuracy of MRI in diagnosing IH 
is required. More investigation of intermittent IH is also needed as this probably 
occurs frequently in patients with chronic abdominal complaints.

The present study has shown that abdominal CT is an important tool in diagnosing 
IH. Owing to its high specificity and NPV, using CT in the diagnostic evaluation 
can prevent unnecessary reoperations.
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Abstract

Objectives
To evaluate if systematically reviewing CT scans using ten signs leads to a better 
accuracy in diagnosing internal herniation (IH), compared to the original report. 
Also, the difference in accuracy was analysed between experience levels.

Methods
Patients were retrospectively included if they had undergone laparoscopic 
gastric bypass surgery between 2011 and 2014, and if additional radiological 
examination was performed for suspected IH between 2011 and 2016. Out 
of 1475 patients who had undergone laparoscopic gastric bypass surgery, 183 
patients had one or more additional radiological examinations. A total of 245 
CT scans were performed. All were reassessed by an abdominal radiologist, 
a radiology resident and intern. Assessment was done using ten signs from 
previous literature. Overall suspicion of IH was graded using a 5-point Likert 
scale. Accuracy was calculated using two-way contingency tables. Interobserver 
agreement was calculated using Fleiss’ Kappa.

Results
After 70 reoperations an IH was diagnosed in 48.6% (34/70). There was an 
increase in specificity for diagnosing IH with reoperation as reference from 
52.8% (19/36; 95% CI 35.7-69.2%) in the original report to 86.1% (31/36; 95% 
CI 74.8-97.4%) for the radiologist (p=0.002), 77.8% (28/36; 95% CI 64.2-91.4%) 
for the resident (p=0.026) and 77.8% (28/36; 95% CI 64.2-91.4%) for the intern 
(p=0.026). Inter-observer agreement was good.

Conclusion
Systematically reviewing CT scans using a list of ten CT signs can improve 
specificity and thereby reduce unnecessary reoperations, especially in a high 
pre-test-probability population. The tool can be easily taught to less experienced 
readers.
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Introduction

Internal herniation (IH) can be a serious complication after gastric bypass 
surgery and making the right diagnosis can be challenging. CT is often used in 
patients with abdominal complaints after gastric bypass surgery, but its accuracy 
for diagnosing IH is questioned. Differences between radiologists certainly exist; 
a lot of different signs can be used to diagnose IH1-3. Structured assessment 
using CT signs might simplify the radiological diagnosis of IH. An improved 
accuracy and uniformity of reading abdominal CT to diagnose IH might prevent 
unnecessary surgery. 

In The Netherlands, around 4000 gastric bypass surgeries were performed in the 
period 2013-20154. As a result of the rearrangement of the bowel during the 
gastric bypass procedure, two possible herniation ports arise. First is Petersen’s 
space which lies between the alimentary limb and the transverse mesocolon 
after gastrojejunostomy. Second is the mesenteric defect at the location of the 
jejeuno-jejunostomy. The incidence of IH in a recent meta-analysis was 2.5%5, 
thus making it a relevant problem. The prevalence of complaints with a suspicion 
of IH will be even higher. The gold standard to diagnose IH is reoperation. 
Obviously, this is an invasive method which should not be performed on all 
patients with symptoms of IH. Therefore, CT is used to help make a diagnosis. 

In recent literature the accuracy of CT for diagnosing IH varies from slight to 
moderate. In 2007, Agaba et al.6 found a sensitivity of 66% and a specificity 
of 29% in 75 patients with acute abdominal complaints. More recently, Altieri 
et al.7 found a sensitivity of 76% and a specificity of 60% in a population of 50 
patients. Since 2007 CT technique has improved and different CT signs were 
developed.

Eight CT signs have been repeatedly described in diagnosing IH: (1) swirl sign, (2) 
small-bowel obstruction, (3) clustered loops, (4) mushroom sign, (5) hurricane eye 
sign, (6) small bowel behind SMA, (7) right-sided anastomosis and (8) enlarged 
nodes1-3, 8, 9. Recently two new signs were added: (9) venous congestion and (10) 
mesenteric oedema10 (Table 1, Fig. 1). These previous studies found conflicting 
results in small study populations, and were carried out by highly experienced 
readers1-3, 8, 9. 

The aim of this study was to evaluate if systematically reviewing CT scans using 
10 signs in case of a suspicion of IH leads to better accuracy in terms of sensitivity 
and specificity compared to the original report. The sensitivity and specificity of 
all different CT signs were investigated. Furthermore, the difference in accuracy 
in reading CT scans was analysed between levels of experience.
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Fig. 1: Enhanced axial CT images after intravenous and oral contrast through the 
midabdomen. a. Swirl sign (arrow): rotation of superior mesenteric artery and vein. b. 
Small-bowel obstruction (arrow): multiple dilated bowel loops with air-fluid levels. c. 
Clustered bowel loops (circle): grouping of non-dilated small bowel near abdominal wall. 
d. Mushroom sign: protrusion of small bowel between superior mesenteric artery (black 
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arrow) and one of its branches (white arrow). e. Hurricane eye sign (arrow): rotation of 
distal mesenteric fat and vessels closely surrounded by bowel. f. Small bowel posterior 
to superior mesenteric artery (SMA), other than duodenum. In this figure visible as a 
bowel (white arrow) behind the SMA (black arrow) caudal of the level of the duodenum. 
g. Right-sided anastomosis (arrow): right-sided location of the distal jejunal anastomosis. 
h. Enlarged lymph nodes (black arrows): multiple enlarged lymph nodes in the mesentery, 
venous congestion (white arrows): enlargement of the mesenteric veins compared with 
the corresponding arteries, and mesenteric oedema (circle): haziness of the mesenteric 
fat. 

Table 1: Ten CT signs for assessing internal herniation
Sign Figure Description
Swirl sign 1a Swirled appearance of mesenteric fat or vessels at 

the root of the mesentery
Small-bowel obstruction 1b Dilated small-bowel loops with air-fluid levels
Clustered loops 1c Clustered loops of small bowel, mostly in the left 

upper abdomen in case of Petersen herniation, 
but also possible in other abdominal quadrants in 
mesenteric herniation

Mushroom sign 1d Mushroom shape of the herniated mesenteric root 
with protrusion of bowel between SMA and its 
branches

Hurricane eye sign 1e Tubular or round shape of distal mesenteric fat 
closely surrounded by bowel loops

Small bowel behind SMA 1f Small bowel other than duodenum passing 
posterior to the SMA

Right-sided anastomosis 1g Right-sided location of the distal jejunal 
anastomosis

Enlarged nodes 1h The presence of enlarged mesenteric nodes as 
a secondary sign of lymphatic obstruction from 
mesenteric torsion

Venous congestion 1h Tapering of mesenteric veins with subsequent 
engorgement

Mesenteric oedema 1h Haziness of the mesenteric fat

SMA = superior mesenteric artery

Methods

Patients were retrospectively selected from a prospectively collected database 
of all patients who had undergone bariatric surgery between 1 January 2011 and 
31 December 2014 in our bariatric centre of excellence. A total of 1475 patients 
had undergone laparoscopic gastric bypass surgery. During at least 2-year 
follow-up all CT scans in this population were reviewed and included if they had 
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been requested for suspected IH. In this patient population, 247 CT scans were 
performed in 184 patients due to suspicion of IH. Of these 247 CT scans, two 
CT scans were not available for reviewing and therefore excluded. In total 183 
patients were included (Fig. 2). Also, all surgical reports concerning reoperations 
with an indication of suspected IH were collected within the same time interval. 
Clinical follow-up was performed by visits to the outpatients department of the 
obesity centre.

Fig. 2: Flow-chart of CT scan inclusion in the study and outcomes of episodes.

As some patients had multiple CT scans, a new CT scan was considered the 
beginning of a new episode. Episodes were divided into two groups: IH positive 
and IH negative. Episodes were considered IH positive if bowel herniation 
through a mesenteric defect was seen during reoperation within 90 days 
after the CT scan. An episode was considered negative when no IH was seen 
peroperatively, or negative clinical follow-up during a period of 90 days. The 
clinical follow-up was considered negative if no reoperation or repeat CT scan 
was performed within these 90 days. The local medical ethical review board 
waived ethical approval for this study.

Surgical Technique
All patients had undergone a laparoscopic Roux-en-Y gastric bypass (LRYGB) 
performed with an antecolic position of the jejunal limb. Both primary and 
secondary LRYGB were included. Secondary LRYGB was performed on 
indication after sleeve gastrectomy, adjustable gastric banding or vertical 
banded gastroplasty. During this study period, mesenteric and Petersen defects 
were not routinely closed.

Image Acquisition and Analysis
All CT scans were performed with either a Briliance iCT 256 slice or a Brilliance 
64 CT scanner, with a slice thickness of 1 mm (Philips Medical, Best, the 
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Netherlands). Multiplanar reconstructions were available. One litre of diluted 
oral contrast (Telebrix, ioxithalamaat 6 mg I/mL; Guerbet, Gorinchem, The 
Netherlands) was administered 90 min before the CT scan. All scans were 
performed 70 s after administration of 100 mL intravenous contrast Iomeron 
(iomeprol 300 mg I/mL; Bracco Imaging, Konstanz, Germany). Injection rate 
varied between 3 and 5 mL/s. 

Of all included CT scans the original report was screened for suspicion of IH. 
The original reports were made by radiologist or resident (under supervision of 
a radiologist) without structured use of the CT signs. They had access to the 
clinical information provided by the clinicians. All conclusions of the original CT 
reports were analysed and divided into suspicion or no suspicion of IH. These 
findings were correlated with operation and follow-up findings.

After literature study, we found 15 signs with some overlapping conditions. We 
chose to investigate further the most described and most promising signs for 
the diagnosis of IH. Structured assessment of all CT scans was performed using 
a list of these 10 CT signs to score presence or absence: (1) swirl sign, (2) small-
bowel obstruction, (3) clustered loops, (4) mushroom sign, (5) hurricane eye sign, 
(6) small bowel behind SMA, (7) right-sided anastomosis, (8) enlarged nodes, 
(9) venous congestion and (10) mesenteric oedema (Table 1, Fig. 1). Moreover, 
an overall impression of the suspicion of IH was scored, using a 5-point Likert 
scale, 1 being very unlikely, 2 being unlikely, 3 being undecided, 4 being likely 
and 5 being very likely an IH 11. All CT scans were reassessed by three readers; 
an abdominal radiologist with 5 years of experience (JN), a fourth-year radiology 
resident specializing in abdominal imaging (SJ), and a radiology intern with little 
experience in cross-sectional imaging (JE). Before assessment of all CT scans, all 
three investigators underwent a tutorial with examples of CT images of the ten 
described signs1-3, 8. The three readers independently performed the assessment 
and they were told all CT scans were performed in patients after a gastric bypass 
with a clinical suspicion of IH. They had no knowledge of the original CT report 
or reoperation outcome.

Statistical analysis
All data were entered into a computerized spreadsheet (Excel; Microsoft, 
Redmond, WA, USA) and were analysed with Statistical Package for Social 
Sciences 21.0 (SPSS Inc. Chicago, IL, USA). Patient characteristics are listed as 
mean (±SD) or median (range), depending on the normality of the distribution. 
Continuous data were compared with the independent sample t test or Mann-
Whitney test for not normally distributed data. Categorical data were compared 
with Chi-square test or Fisher’s exact test. The sensitivity and specificity for 
overall impression and the 10 signs were calculated using two-way contingency 
tables. A 5-point Likert scale was used to score overall impression. The scale was 
digitised, considering 1-2 negative for IH, and 3-5 positive for IH. Sensitivity and 
specificity for overall impression and each sign were reported as a range from 
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lowest to highest values across all three readers. Inter-observer agreement for 
all signs and overall impression was calculated using Fleiss’ kappa for multiple 
readers. Kappa values can be interpreted as follows: <0.00: poor agreement, 
0.00-0.20: slight agreement, 0.21-0.40: fair agreement, 0.41-0.60: moderate 
agreement, 0.61-0.80: substantial agreement, and 0.81-1.00: almost perfect 12. 
The significance level was set at p<0.05.

Results

Demographics 
Of the 183 included patients, 85.2% were female with a mean age of 44.4 years 
and a mean body mass index (BMI) of 40.9 kg/m2. The CT scan population was 
significantly younger and had a lower baseline BMI; for patient demographics, 
see Table 2. The median follow-up time was 44 months. The median time interval 
from gastric bypass until the first episode of complaints suggestive of IH was 
472 days (range 0-1,689 days).

Table 2: Patient demographics
Characteristic Included patients

(n=183)
Not included patients 
(n=1292)

p-value

Sex  0.820
Male (n (%)) 27 (14.8) 199 (15.4)
Female (n (%)) 156 (85.2) 1093 (84.6)

Age (y, mean (±SD)) 44.4 (±10.4) 46.8 (±10.2) 0.003
Initial BMI (kg/m2, median (range)) 40.9 (22.7-69.6) 41.9 (22.0-80.7) <0.001
Operation 0.791
 Primary (n (%)) 126 (68.9) 922 (71.4)
 Secondary after Sleeve (n (%)) 27 (14.8) 114 (8.8)
 Secondary after ABG (n (%)) 21 (11.5) 179 (13.9)
 Secondary after VGB (n (%)) 9 (4.9) 77 (6.0)

SD = standard deviation; BMI = body mass index; kg = kilogram; m2 = square meters

After 70 CT scans a reoperation was performed, with a median of 6 days 
after CT (range 0-74 days). In 48.6% (34/70) of all these operations IH was 
confirmed. In the other 36 operations, no explanation of complaints was found 
in 11 operations, possible herniation sites were closed in 13, adhesiolysis was 
performed with (4) or without (3) closure of possible herniation sites in 7, revision 
of the gastrojejunostomy was performed in 3, and a gastric perforation was 
found in 2. In terms of episodes, 210 episodes were negative and 35 episodes 
were positive as one patient had two scans preoperatively. 
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Accuracy of CT 
Using reoperation as a reference
Using the conclusion of the original report resulted in a sensitivity and specificity 
for IH of 82.4% and 50%, respectively. Sensitivity and specificity of overall 
impression for IH were 79.4% and 86.1% for reader 1, 76.5% and 77.8% for 
reader 2 and 82.4% and 77.8% for reader 3. The improvement of specificity was 
significant (p = 0.0021-0.026; Table 3). 

Using reoperation and follow up as a reference
Using the conclusion of the original report resulted in a sensitivity and specificity 
for IH of 82.9% and 87.1%, respectively. Sensitivity and specificity of overall 
impression for IH were 77.1% and 91.9% for reader 1, 77.1% and 87.6% for 
reader 2 and 82.9% and 84.8% for reader 3 (Table 3).

The three best signs in terms of sensitivity were swirl sign (71.4-77.1%), venous 
congestion (54.3-74.3%) and mesenteric oedema (62.9-71.4%). The three best 
signs in terms of specificity were right-sided anastomosis (99.5-100%), small 
bowel behind SMA (90.5-100%), and hurricane eye sign (94.8-98.1%; Table 
4). The sensitivity and specificity for the ten signs were also calculated using 
reoperation as a reference (Table 5).

The inter-observer agreement of overall impression using structured assessment 
was substantial (0.67, 95%-CI;0.59-0.74). Inter-observer agreement was 
calculated for all ten different signs (Table 6).



Chapter 3. Systematically reviewing CT scans using ten signs

40

Table 3: Comparison original report vs. systematic reviewing
                                                 Original Systematic reviewing

Reader 1 p-value Reader 2 p-value Reader 3 p-value
* Reoperation
Sensitivity (n=34) 82.4 (28) [64.8-92.6] 79.4 (27) [61.6-90.7] 0.76 76.5 (26) [58.4-88.6] 0.55 82.4 (28) [64.8-92.6] 1.00
Specificity (n=36) 52.8 (19) [35.7-69.2] 86.1 (31) [69.7-94.8] 0.0021 77.8 (28) [60.4-89.3] 0.026 77.8 (28) [60.4-89.3] 0.026
Accuracy (n=70) 67.1 (47) [54.8-77.6] 82.9 (58) [71.6-90.5] 0.0318 77.1 (54) [65.3-86.0] 0.19 80.0 (56) [68.4-88.3] 0.085
* Reoperation + Follow-up 90 days
Sensitivity (n=35) 82.9 (29) [65.7-92.8] 77.1 (27) [59.4-87.1] 0.55 77.1 (27) [59.4-87.1] 0.55 82.9 (29) [65.7-92.8] 1.00
Specificity (n=210) 87.1 (183) [81.7-91.2] 91.9 (193) [87.1-95.1] 0.11 87.6 (184) [82.2-91.6] 0.88 84.8 (178) [79.0-89.2] 0.48
Accuracy (n=245) 86.5 (212) [81.5-90.4] 89.8 (220) [85.1-93.2] 0.26 86.1 (211) [81.0-90.0] 0.9 84.5 (207) [79.2-88.7] 0.52

All values are %, (n), [95% Confidence Interval]. Reader 1 abdominal radiologist; Reader 2 
radiology resident; Reader 3 radiology intern

Table 4. Sensitivity and specificity for follow-up and reoperation combined (n=245)
Sign Reader 1 Reader 2 Reader 3

Sensitivity 
(n=35)

Specificity 
(n=210)

Accuracy 
(n=245)

Sensitivity 
(n=35)

Specificity 
(n=210)

Accuracy 
(n=245)

Sensitivity 
(n=35)

Specificity 
(n=210)

Accuracy 
(n=245)

Swirl sign 71.4 (25) 
[53.5-84.8]

94.8 (199) 
[90.6-97.2]

91.4 (224) 
[87.0-94.5]

74.3 (26) 
[56.4-86.9]

91.0 (191) 
[86.0-94.3]

88.6 (217) 
[83.8-92.1]

77.1 (27) 
[59.4-89.0]

88.1 (185)
[82.7-92.0]

86.5 (212)
 [81.5-90.4]

Small bowel 
obstruction

5.7 (2) 
[1.0-20.5]

96.7 (203)
[93.0-98.5]

83.7 (205) 
[78.3-88.0]

14.3 (5)
 [5.4-31.0]

92.4 (194) 
[87.7-95.4]

81.2 (199) 
[75.6-85.8]

11.4 (4) 
[3.7-27.7]

93.3 (196) 
[88.8-96.2]

81.6 (200) 
[76.1-86.2]

Clustered loops 11.4 (4) 
[3.7-27.7]

97.1 (204) 
[93.6-98.8]

84.9 (208) 
[79.7-89.0]

14.3 (5) 
[5.4-31.0]

95.2 (200) 
[91.2-97.6]

83.7 (205) 
[78.3-88.0]

17.1 (6) 
[7.2-34.3]

95.7 (201) 
[91.8-97.9]

84.5 (207)
[79.2-88.7]

Mushroom sign 54.3 (19) [
36.9-70.8]

94.8 (199) 
[90.6-97.2]

89.0 (218) 
[84.2-92.5]

54.3 (19) 
[36.9-70.8]

92.4 (194)
[87.7-95.4]

86.9 (213) 
[81.9-90.8]

25.7 (9) 
[13.1-43.6]

99.5 (209)
 [97.0-100]

89.0 (218) 
[84.2-92.5]

Hurricane sign 51.4 (18) 
[34.3-68.3]

95.2 (200) 
[91.2-97.6]

89.0 (218) 
[84.2-92.5]

22.9 (8) 
[11.0-40.6]

98.1 (206) 
[94.9-99.4]

87.3 (214) 
[82.4-91.1]

14.3 (5)
[5.4-31.0]

94.8 (199) 
[90.6-97.2]

83.3 (204) 
[77.9-87.6]

Small bowel behind 
SMA

2.9 (1) 
[0.1-16.6]

100 (210) 
[97.8-100]

86.1 (211) 
[81.0-90.0]

14.3 (5) 
[5.4-31.0]

98.6 (207) 
[95.5-99.6]

86.5 (212) 
[81.5-90.4]

25.7 (9) [
13.1-43.6]

90.5 (190)
[85.5-93.9]

81.2 (199) 
[75.6-85.8]

Right-sided 
anastomosis

14.3 (5)
[5.4-31.0]

100 (210) 
[97.8-100]

87.8 (215) 
[82.8-91.5]

2.9 (1) 
[0.1-16.6]

99.5 (209) 
[97.0-100]

85.7 (210) 
[80.5-89.7]

8.6 (3) 
[2.2-24.2]

99.5 (209) 
[97.0-100]

86.5 (212) 
[81.5-90.4]

Enlarged nodes 37.1 (13) 
[22.0-55.1]

94.3 (198) 
[90.0-96.9]

86.1 (211) 
[81.0-90.0]

54.3 (19) 
[36.9-70.8]

84.8 (178) 
[79.0-89.2]

80.4 (197) 
[74.8-85.1]

8.6 (3) 
[2.2-24.2]

97.6 (205) 
[94.2-99.1]

84.9 (208) 
[79.7-89.0]

Venous congestion 74.3 (26) 
[56.4-86.9]

95.2 (200) 
[91.2-97.6]

92.2 (226) 
[88.0-95.1]

71.4 (25) 
[53.5-84.8]

76.7 (161) 
[70.2-82.1]

75.9 (186) 
[70.0-81.0]

54.3 (19) 
[36.9-70.8]

94.3 (198)
 [90.0-96.9]

88.6 (217) 
[83.8-92.1]

Mesenteric 
oedema

62.9 (22) [
44.9-78.0]

94.3 (198) 
[90.0-96.9]

89.8 (220)
[85.1-93.2]

65.7 (23)
 [47.7-80.3]

79.5 (167) 
[73.3-84.6]

77.6 (190) 
[71.7-82.5]

71.4 (25)
[53.5-84.8]

88.6 (186)
[83.3-92.4]

86.1 (211) 
[81.0-90.0]

Overall impression 77.1 (27) 
[59.4-87.1]

91.9 (193) 
[87.1-95.1]

89.8 (220) 
[85.1-93.2]

77.1 (27) 
[59.4-87.1]

87.6 (184) 
[82.2-91.6]

86.1 (211)
 [81.0-90.0]

82.9 (29) 
[65.7-92.8]

84.8 (178) 
[79.0-89.2]

84.5 (207) 
[79.2-88.7]

All values are %, (n), [95%-Confidence Interval]. Reader 1 abdominal radiologist Reader; 2 
radiology resident Reader; 3 radiology intern; SMA = superior mesenteric artery
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Table 3: Comparison original report vs. systematic reviewing
                                                 Original Systematic reviewing

Reader 1 p-value Reader 2 p-value Reader 3 p-value
* Reoperation
Sensitivity (n=34) 82.4 (28) [64.8-92.6] 79.4 (27) [61.6-90.7] 0.76 76.5 (26) [58.4-88.6] 0.55 82.4 (28) [64.8-92.6] 1.00
Specificity (n=36) 52.8 (19) [35.7-69.2] 86.1 (31) [69.7-94.8] 0.0021 77.8 (28) [60.4-89.3] 0.026 77.8 (28) [60.4-89.3] 0.026
Accuracy (n=70) 67.1 (47) [54.8-77.6] 82.9 (58) [71.6-90.5] 0.0318 77.1 (54) [65.3-86.0] 0.19 80.0 (56) [68.4-88.3] 0.085
* Reoperation + Follow-up 90 days
Sensitivity (n=35) 82.9 (29) [65.7-92.8] 77.1 (27) [59.4-87.1] 0.55 77.1 (27) [59.4-87.1] 0.55 82.9 (29) [65.7-92.8] 1.00
Specificity (n=210) 87.1 (183) [81.7-91.2] 91.9 (193) [87.1-95.1] 0.11 87.6 (184) [82.2-91.6] 0.88 84.8 (178) [79.0-89.2] 0.48
Accuracy (n=245) 86.5 (212) [81.5-90.4] 89.8 (220) [85.1-93.2] 0.26 86.1 (211) [81.0-90.0] 0.9 84.5 (207) [79.2-88.7] 0.52

All values are %, (n), [95% Confidence Interval]. Reader 1 abdominal radiologist; Reader 2 
radiology resident; Reader 3 radiology intern

Table 4. Sensitivity and specificity for follow-up and reoperation combined (n=245)
Sign Reader 1 Reader 2 Reader 3

Sensitivity 
(n=35)

Specificity 
(n=210)

Accuracy 
(n=245)

Sensitivity 
(n=35)

Specificity 
(n=210)

Accuracy 
(n=245)

Sensitivity 
(n=35)

Specificity 
(n=210)

Accuracy 
(n=245)

Swirl sign 71.4 (25) 
[53.5-84.8]

94.8 (199) 
[90.6-97.2]

91.4 (224) 
[87.0-94.5]

74.3 (26) 
[56.4-86.9]

91.0 (191) 
[86.0-94.3]

88.6 (217) 
[83.8-92.1]

77.1 (27) 
[59.4-89.0]

88.1 (185)
[82.7-92.0]

86.5 (212)
 [81.5-90.4]

Small bowel 
obstruction

5.7 (2) 
[1.0-20.5]

96.7 (203)
[93.0-98.5]

83.7 (205) 
[78.3-88.0]

14.3 (5)
 [5.4-31.0]

92.4 (194) 
[87.7-95.4]

81.2 (199) 
[75.6-85.8]

11.4 (4) 
[3.7-27.7]

93.3 (196) 
[88.8-96.2]

81.6 (200) 
[76.1-86.2]

Clustered loops 11.4 (4) 
[3.7-27.7]

97.1 (204) 
[93.6-98.8]

84.9 (208) 
[79.7-89.0]

14.3 (5) 
[5.4-31.0]

95.2 (200) 
[91.2-97.6]

83.7 (205) 
[78.3-88.0]

17.1 (6) 
[7.2-34.3]

95.7 (201) 
[91.8-97.9]

84.5 (207)
[79.2-88.7]

Mushroom sign 54.3 (19) [
36.9-70.8]

94.8 (199) 
[90.6-97.2]

89.0 (218) 
[84.2-92.5]

54.3 (19) 
[36.9-70.8]

92.4 (194)
[87.7-95.4]

86.9 (213) 
[81.9-90.8]

25.7 (9) 
[13.1-43.6]

99.5 (209)
 [97.0-100]

89.0 (218) 
[84.2-92.5]

Hurricane sign 51.4 (18) 
[34.3-68.3]

95.2 (200) 
[91.2-97.6]

89.0 (218) 
[84.2-92.5]

22.9 (8) 
[11.0-40.6]

98.1 (206) 
[94.9-99.4]

87.3 (214) 
[82.4-91.1]

14.3 (5)
[5.4-31.0]

94.8 (199) 
[90.6-97.2]

83.3 (204) 
[77.9-87.6]

Small bowel behind 
SMA

2.9 (1) 
[0.1-16.6]

100 (210) 
[97.8-100]

86.1 (211) 
[81.0-90.0]

14.3 (5) 
[5.4-31.0]

98.6 (207) 
[95.5-99.6]

86.5 (212) 
[81.5-90.4]

25.7 (9) [
13.1-43.6]

90.5 (190)
[85.5-93.9]

81.2 (199) 
[75.6-85.8]

Right-sided 
anastomosis

14.3 (5)
[5.4-31.0]

100 (210) 
[97.8-100]

87.8 (215) 
[82.8-91.5]

2.9 (1) 
[0.1-16.6]

99.5 (209) 
[97.0-100]

85.7 (210) 
[80.5-89.7]

8.6 (3) 
[2.2-24.2]

99.5 (209) 
[97.0-100]

86.5 (212) 
[81.5-90.4]

Enlarged nodes 37.1 (13) 
[22.0-55.1]

94.3 (198) 
[90.0-96.9]

86.1 (211) 
[81.0-90.0]

54.3 (19) 
[36.9-70.8]

84.8 (178) 
[79.0-89.2]

80.4 (197) 
[74.8-85.1]

8.6 (3) 
[2.2-24.2]

97.6 (205) 
[94.2-99.1]

84.9 (208) 
[79.7-89.0]

Venous congestion 74.3 (26) 
[56.4-86.9]

95.2 (200) 
[91.2-97.6]

92.2 (226) 
[88.0-95.1]

71.4 (25) 
[53.5-84.8]

76.7 (161) 
[70.2-82.1]

75.9 (186) 
[70.0-81.0]

54.3 (19) 
[36.9-70.8]

94.3 (198)
 [90.0-96.9]

88.6 (217) 
[83.8-92.1]

Mesenteric 
oedema

62.9 (22) [
44.9-78.0]

94.3 (198) 
[90.0-96.9]

89.8 (220)
[85.1-93.2]

65.7 (23)
 [47.7-80.3]

79.5 (167) 
[73.3-84.6]

77.6 (190) 
[71.7-82.5]

71.4 (25)
[53.5-84.8]

88.6 (186)
[83.3-92.4]

86.1 (211) 
[81.0-90.0]

Overall impression 77.1 (27) 
[59.4-87.1]

91.9 (193) 
[87.1-95.1]

89.8 (220) 
[85.1-93.2]

77.1 (27) 
[59.4-87.1]

87.6 (184) 
[82.2-91.6]

86.1 (211)
 [81.0-90.0]

82.9 (29) 
[65.7-92.8]

84.8 (178) 
[79.0-89.2]

84.5 (207) 
[79.2-88.7]

All values are %, (n), [95%-Confidence Interval]. Reader 1 abdominal radiologist Reader; 2 
radiology resident Reader; 3 radiology intern; SMA = superior mesenteric artery
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Table 5. Sensitivity and specificity for reoperation (n=70)
Sign Reader 1 Reader 2 Reader 3

Sensitivity 
(n=34)

Specificity 
(n=36)

Accuracy 
(n=70)

Sensitivity 
(n=34)

Specificity 
(n=36)

Accuracy 
(n=70)

Sensitivity 
(n=34)

Specificity 
(n=36)

Accuracy 
(n=70)

Swirl sign 73.5 (25) 
[55.3-86.5]

94.4 (34) 
[80.0-99.0]

84.3 (59) 
[73.2-91.5]

73.5 (25) 
[55.3-86.5]

88.9 (32) 
[73.0-96.4]

81.4 (57)
 [70.0-89.4]

76.5 (26) 
[58.4-88.6]

77.8 (28) 
[60.4-89.3]

77.1 (54) 
[65.3-86.0]

Small bowel 
obstruction

5.9 (2) 
[1.0-21.1]

88.9 (32) 
[73.0-96.4]

48.6 (34) 
[36.6-60.7]

14.7 (5) 
[5.5-31.8]

77.8 (28) 
[60.4-89.3]

47.1 (33) 
[35.2-59.4]

11.8 (4) 
[3.8-28.4]

80.6 (29) 
[63.4-91.2]

47.1 (33) 
[35.2-59.4]

Clustered loops 11.8 (4)
[3.8-28.4]

94.4 (34) 
[80.0-99.0]

54.3 (38) 
[42.0-66.1]

14.7 (5) 
[5.5-31.8]

86.1 (31) 
[69.7-94.8]

51.4 (36)
[39.3-63.4]

17.6 (6) 
[7.4-35.2]

94.4 (34) 
[80.0-99.0]

57.1 (40) 
[44.8-68.7]

Mushroom sign 55.9 (19) 
[38.1-72.4]

88.9 (32) 
[73.0-96.4]

72.9 (51) 
[60.7-82.5]

55.9 (19) 
[38.1-72.4]

80.6 (29) 
[63.4-91.2]

68.6 (48) 
[56.2-78.9]

26.5 (9)
[13.5-44.7]

97.2 (35) 
[83.8-99.9]

62.9 (44) 
[50.4-73.9]

Hurricane sign 52.9 (18) 
[35.4-69.8]

88.9 (32) 
[73.0-96.4]

71.4 (50) 
[59.2-81.3]

23.5 (8) 
[11.4-41.6]

97.2 (35) 
[83.8-99.9]

61.4 (43)
 [49.0-72.6]

14.7 (5) 
[5.5-31.8]

97.2 (35) 
[83.8-99.9]

57.1 (40) 
[44.8-68.7]

Small bowel behind 
SMA

2.9 (1) 
[0.2-17.1]

100 (36) 
[88.0-100]

52.9 (37) 
[40.6-64.8]

11.8 (4) 
[3.8-28.4]

100 (36) 
[88.0-100]

57.1 (40) 
[44.8-68.7]

26.5 (9) 
[13.5-44.7]

86.1 (31) 
[69.7-94.8]

57.1 (40) 
[44.8-68.7]

Right-sided 
anastomosis

14.7 (5)
 [5.5-31.8]

100 (36) 
[88.0-100]

58.6 (41) 
[46.2-70.0]

2.9 (1) 
[0.2-17.1]

100 (36) 
[88.0-100]

52.9 (37) 
[40.6-64.8]

8.8 (3) 
[2.3-24.8]

100 (36) 
[88.0-100]

55.7 (39) 
[43.4-67.4]

Enlarged nodes 38.2 (13) 
[22.7-56.4]

88.9 (32) 
[73.0-96.4]

64.3 (45) 
[51.9-75.1]

55.9 (19) 
[38.1-72.4]

75.0 (27) 
[57.5-87.3]

65.7 (46) 
[53.3-76.4]

8.8 (3) 
[2.3-24.8]

97.2 (35) 
[83.8-99.9]

54.3 (38) 
[42.0-66.1]

Venous congestion 76.5 (26) 
[58.4-88.6]

97.2 (35) 
[83.8-99.9]

87.1 (61) 
[76.5-93.6]

73.5 (25) 
[55.3-86.5]

61.1 (22) 
[43.5-76.4]

67.1 (47)
[[54.8-77.6]

52.9 (18) 
[35.4-69.8]

91.7 (33) 
[76.4-97.8]

72.9 (51) 
[60.7-82.5]

Mesenteric 
oedema

64.7 (22) 
[46.5-79.7]

91.7 (33) 
[76.4-97.8]

78.6 (55) 
[66.8-87.1]

67.6 (23) 
[49.4-82.0]

52.8 (19) 
[35.7-69.2]

60.0 (42) 
[47.6-71.3]

70.6 (24) 
[52.3-84.3]

80.6 (29) 
[63.4-91.2]

75.7 (53) 
[63.7-84.8]

Overall impression 79.4 (27) 
[61.6-90.7]

86.1 (31) 
[69.7-94.8]

82.9 (58) 
[71.6-90.5]

76.5 (26) 
[58.4-88.6]

77.8 (28) 
[60.4-89.3]

77.1 (54) 
[65.3-86.0]

82.4 (28) 
[64.8-92.6]

77.8 (28) 
[60.4-89.3]

80.0 (56) 
[68.4-88.3]

All values are %, (n), [95%-Confidence Interval]. Reader 1 abdominal radiologist; Reader 2 
radiology resident; Reader 3 radiology intern; SMA = superior mesenteric artery

Table 6: Fleisch Kappa for three reviewers 
Sign Fleisch Kappa 95% CI
Swirl sign 0.71 0.63-0.78
Small bowel obstruction 0.64 0.57-0.72
Clustered loops 0.048 -0.024-0.12
Mushroom sign 0.41 0.33-0.48
Hurricane sign 0.17 0.097-0.24
Small bowel behind SMA 0.084 0.012-0.16
Right-sided anastomosis 0.45 0.37-0.52
Enlarged nodes 0.33 0.26-0.40
Venous congestion 0.46 0.39-0.54
Mesenteric oedema 0.56 0.49-0.63
Overall impression (1-5) 0.35 0.30-0.39
Overall impression (1-2 vs 3-5) 0.67 0.59-0.74

SMA = superior mesenteric artery; CI = confidence interval
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Table 5. Sensitivity and specificity for reoperation (n=70)
Sign Reader 1 Reader 2 Reader 3

Sensitivity 
(n=34)

Specificity 
(n=36)

Accuracy 
(n=70)

Sensitivity 
(n=34)

Specificity 
(n=36)

Accuracy 
(n=70)

Sensitivity 
(n=34)

Specificity 
(n=36)

Accuracy 
(n=70)

Swirl sign 73.5 (25) 
[55.3-86.5]

94.4 (34) 
[80.0-99.0]

84.3 (59) 
[73.2-91.5]

73.5 (25) 
[55.3-86.5]

88.9 (32) 
[73.0-96.4]

81.4 (57)
 [70.0-89.4]

76.5 (26) 
[58.4-88.6]

77.8 (28) 
[60.4-89.3]

77.1 (54) 
[65.3-86.0]

Small bowel 
obstruction

5.9 (2) 
[1.0-21.1]

88.9 (32) 
[73.0-96.4]

48.6 (34) 
[36.6-60.7]

14.7 (5) 
[5.5-31.8]

77.8 (28) 
[60.4-89.3]

47.1 (33) 
[35.2-59.4]

11.8 (4) 
[3.8-28.4]

80.6 (29) 
[63.4-91.2]

47.1 (33) 
[35.2-59.4]

Clustered loops 11.8 (4)
[3.8-28.4]

94.4 (34) 
[80.0-99.0]

54.3 (38) 
[42.0-66.1]

14.7 (5) 
[5.5-31.8]

86.1 (31) 
[69.7-94.8]

51.4 (36)
[39.3-63.4]

17.6 (6) 
[7.4-35.2]

94.4 (34) 
[80.0-99.0]

57.1 (40) 
[44.8-68.7]

Mushroom sign 55.9 (19) 
[38.1-72.4]

88.9 (32) 
[73.0-96.4]

72.9 (51) 
[60.7-82.5]

55.9 (19) 
[38.1-72.4]

80.6 (29) 
[63.4-91.2]

68.6 (48) 
[56.2-78.9]

26.5 (9)
[13.5-44.7]

97.2 (35) 
[83.8-99.9]

62.9 (44) 
[50.4-73.9]

Hurricane sign 52.9 (18) 
[35.4-69.8]

88.9 (32) 
[73.0-96.4]

71.4 (50) 
[59.2-81.3]

23.5 (8) 
[11.4-41.6]

97.2 (35) 
[83.8-99.9]

61.4 (43)
 [49.0-72.6]

14.7 (5) 
[5.5-31.8]

97.2 (35) 
[83.8-99.9]

57.1 (40) 
[44.8-68.7]

Small bowel behind 
SMA

2.9 (1) 
[0.2-17.1]

100 (36) 
[88.0-100]

52.9 (37) 
[40.6-64.8]

11.8 (4) 
[3.8-28.4]

100 (36) 
[88.0-100]

57.1 (40) 
[44.8-68.7]

26.5 (9) 
[13.5-44.7]

86.1 (31) 
[69.7-94.8]

57.1 (40) 
[44.8-68.7]

Right-sided 
anastomosis

14.7 (5)
 [5.5-31.8]

100 (36) 
[88.0-100]

58.6 (41) 
[46.2-70.0]

2.9 (1) 
[0.2-17.1]

100 (36) 
[88.0-100]

52.9 (37) 
[40.6-64.8]

8.8 (3) 
[2.3-24.8]

100 (36) 
[88.0-100]

55.7 (39) 
[43.4-67.4]

Enlarged nodes 38.2 (13) 
[22.7-56.4]

88.9 (32) 
[73.0-96.4]

64.3 (45) 
[51.9-75.1]

55.9 (19) 
[38.1-72.4]

75.0 (27) 
[57.5-87.3]

65.7 (46) 
[53.3-76.4]

8.8 (3) 
[2.3-24.8]

97.2 (35) 
[83.8-99.9]

54.3 (38) 
[42.0-66.1]

Venous congestion 76.5 (26) 
[58.4-88.6]

97.2 (35) 
[83.8-99.9]

87.1 (61) 
[76.5-93.6]

73.5 (25) 
[55.3-86.5]

61.1 (22) 
[43.5-76.4]

67.1 (47)
[[54.8-77.6]

52.9 (18) 
[35.4-69.8]

91.7 (33) 
[76.4-97.8]

72.9 (51) 
[60.7-82.5]

Mesenteric 
oedema

64.7 (22) 
[46.5-79.7]

91.7 (33) 
[76.4-97.8]

78.6 (55) 
[66.8-87.1]

67.6 (23) 
[49.4-82.0]

52.8 (19) 
[35.7-69.2]

60.0 (42) 
[47.6-71.3]

70.6 (24) 
[52.3-84.3]

80.6 (29) 
[63.4-91.2]

75.7 (53) 
[63.7-84.8]

Overall impression 79.4 (27) 
[61.6-90.7]

86.1 (31) 
[69.7-94.8]

82.9 (58) 
[71.6-90.5]

76.5 (26) 
[58.4-88.6]

77.8 (28) 
[60.4-89.3]

77.1 (54) 
[65.3-86.0]

82.4 (28) 
[64.8-92.6]

77.8 (28) 
[60.4-89.3]

80.0 (56) 
[68.4-88.3]

All values are %, (n), [95%-Confidence Interval]. Reader 1 abdominal radiologist; Reader 2 
radiology resident; Reader 3 radiology intern; SMA = superior mesenteric artery

Table 6: Fleisch Kappa for three reviewers 
Sign Fleisch Kappa 95% CI
Swirl sign 0.71 0.63-0.78
Small bowel obstruction 0.64 0.57-0.72
Clustered loops 0.048 -0.024-0.12
Mushroom sign 0.41 0.33-0.48
Hurricane sign 0.17 0.097-0.24
Small bowel behind SMA 0.084 0.012-0.16
Right-sided anastomosis 0.45 0.37-0.52
Enlarged nodes 0.33 0.26-0.40
Venous congestion 0.46 0.39-0.54
Mesenteric oedema 0.56 0.49-0.63
Overall impression (1-5) 0.35 0.30-0.39
Overall impression (1-2 vs 3-5) 0.67 0.59-0.74

SMA = superior mesenteric artery; CI = confidence interval
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Discussion

The aim of this study was to determine if systematically reviewing CT scans using 
ten different CT signs results in a better accuracy in diagnosing IH, compared to 
the original report. In our study we reassessed 245 CT scans of laparoscopic 
gastric bypass patients with a suspicion of IH. Reassessment was done by an 
experienced abdominal radiologist, a radiology resident and a radiology intern. 
The sensitivity did not improve using systematic reviewing in comparison 
to the original radiological reports. The overall specificity using reoperation 
as a reference improved and the specificity of all signs was high. Right-sided 
anastomosis had the highest combined specificity, and mesenteric oedema had 
the lowest combined specificity. Sensitivity and specificity were comparable for 
the abdominal radiologist, the resident and the intern. 

Sensitivity for overall impression of IH was 76.4-82.4%, and the specificity 
was 77.8-86.1%. Only Lockhaert8 and Dilauro1 investigated overall impression. 
Our overall impression sensitivity was higher than the sensitivity described by 
Lockhaert (56-78%), but lower in comparison to Dilauro et al. (96-99%). The 
specificity was comparable with both previous articles (78-89% and 77-90%, 
respectively). The difference in sensitivity might be at least partially explained 
by the difference in incidence of IH in the studied population. Furthermore, both 
studies incorporated CT scans with alternate diagnoses (e.g. femoral hernia). 
Remarkably, in our study significant improvement in specificity was found 
when using reoperation as a reference. This was the group where the clinical 
suspicion for IH or another surgical emergency was high enough to perform a 
reoperation, even though the CT scan yielded negative for IH. Especially in this 
group, structured assessment might help to prevent unnecessary operations.

The interobserver agreement was overall slight to substantial. Previous studies 
also found slight to substantial inter-observer agreement for most of the signs 
even when both readers were experienced1-3. A reason for the relatively low 
inter-observer agreement might be the subjective nature of the signs. The three 
most sensitive signs were swirl sign (71.4-77.1%), venous congestion (54.3-
74.3%), and mesenteric oedema (62.9-71.4%). The sensitivity of swirl sign 
and mesenteric oedema were consistent with data from previous studies (53-
100% and 39-73%, respectively)1-3, 8-10, 13. Venous congestion was only reported 
in one study, Park et al.10 reported a higher sensitivity (79-84%). Furthermore 
two previous studies used superior mesenteric vein (SMV) compression or SMV 
“beaking” as a sign1, 9. These signs could be compared to venous congestion since 
this is a result of compression. Maier et al.9 found comparable sensitivity (67%), 
while Dilauro et al.1 found a higher sensitivity (80-88%). In most previous articles 
high specificities were found for right-sided anastomosis, small bowel behind 
SMA, and hurricane eye sign2, 3, 8. Mushroom sign, engorged nodes, or small-
bowel obstruction were found to have higher specificities in three articles1-3. 
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To our knowledge, we are the first to assess the difference in diagnostic accuracy 
between experience levels in reading CT scans using systematic reviewing. We 
found that both an intern and a resident, with less experience in reading CT 
scans can easily be trained in the structured assessment of CT scans in patients 
suspected of having IH. The learning process consisted of a brief explanation of 
each sign with examples. This proved sufficient training to be able to assess the 
CT scans systematically. When using the systematic reviewing, a relatively good 
diagnostic accuracy was found. Inter-observer agreement for overall impression 
was substantial for the three readers. This did not change when the results of 
the intern were excluded. 

Our study population is one of the largest presented thus far, and the first to 
include negative clinical follow-up as an adjunct to reoperation as a reference 
standard. There are, however, some limitations. The retrospective design of this 
study with no reoperation in all patients with complaints is a limitation, leading 
to uncertainty in the diagnosis of IH as intermittent IH can be self-limiting. Next 
to this, the intermittent nature of IH might also have resulted in not all IH having 
been scored peroperatively. Another limitation was the arbitrarily chosen cut-off 
point of 90 days follow-up. Regarding the different signs the subjective nature of 
identifying presence of IH is a limitation. Cut-off values were given if applicable, 
but none of the signs is objective.

This study investigated the accuracy of the different signs and systematically 
reviewing in a controlled setting. We found an improvement of specificity in our 
study population when using structured assessment. However we cannot fully 
predict if structured assessment will also improve the accuracy in daily practice. 
A prospective study design to test the structured assessment as support in the 
diagnosis of IH is recommended.

In summary we found that systematically reviewing CT scans using a list of ten 
CT signs can improve specificity and thereby reduce unnecessary reoperations, 
especially in a high pre-test-probability population.  All signs together assist in 
making a conclusion and combining all signs in assessing CT scans with suspicion 
of IH is advised. Furthermore, the tool can easily be taught to less experienced 
readers, who can use this tool with good diagnostic accuracy.
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Abstract

Objectives 
To confirm that structured reporting of CT scans using ten signs in clinical 
practice leads to a better accuracy in diagnosing internal herniation (IH) after 
gastric bypass surgery, compared with free-text reporting.

Methods
In this prospective study CT scans between June 1, 2017 and December 1, 2018 
were included from a cohort of 2606 patients who had undergone laparoscopic 
gastric bypass surgery between January 1, 2011 and January 1, 2018. The CT 
scans were made for a suspicion of IH and structured reports were made using a 
standardized template with ten signs: (1) swirl sign, (2) small-bowel obstruction, 
(3) clustered loops, (4) mushroom sign, (5) hurricane eye sign, (6) small bowel 
behind superior mesenteric artery, (7) right-sided anastomosis, (8) enlarged 
nodes, (9) venous congestion, and (10) mesenteric oedema. Furthermore an 
overall impression of IH likelihood was given using a 5-point Likert-scale. CT 
scans performed in 2011 until 2017, without structured reporting, were included 
for comparison. Sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), and accuracy were calculated using two-way contingency 
tables; the chi-square test was used for calculating p-value. Reoperation and 
3-month follow-up were used as reference.

Results 
A total of 174 CT scans with structured reporting and 289 CT scans without 
structured reporting were included. Sensitivity was 81.3% (95% CI 67.7-94.8%) 
and 79.5% (95% CI 67.6-91.5%), respectively (p=0.854); specificity was 95.8% 
(95% CI 92.5-99.1%) and 88.6% (95% CI 84.6-92.6%), respectively (p=0.016); 
PPV was 81.3% (95% CI 67.7-94.8%) and 55.6% (95% CI 43.3-67.8%), 
respectively (p=0.014); NPV was 95.8% (95% CI 92.5-99.1%) and 96.0% (95% 
CI 93.5-98.6%), respectively (p=0.909); and accuracy was 93.1% (95% CI 88.0-
96.2%) and 87.2% (95% CI 82.7-90.7%), respectively (p=0.045).

Conclusion 
Structured reporting for the diagnosis of internal herniation after gastric bypass 
surgery improves accuracy and can be implemented in clinical practice with 
good results.
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Introduction

With the worldwide increase of bariatric surgery, the occurrence of complications 
also increases. Internal herniation (IH) is one of these risks following gastric 
bypass surgery. An early and accurate diagnosis of IH is necessary to prevent 
potential ischaemic effects on bowel loops. CT scans are increasingly being 
used to enhance this diagnosis. To aid radiologists, different signs are described 
to differentiate between IH and normal postoperative anatomy1-6. However, 
these signs were never tested in clinical practice. In other diseases, structured 
reporting is found to help less experienced readers and improves surgeons’ 
confidence in the CT conclusion7-9. Due to increased completeness of reports, 
structured reporting improves oncological staging and surgical planning10-13. If 
structured reporting using CT signs improves accuracy of CT scans, unnecessary 
surgery might be prevented.  

Recently, a study was performed into the accuracy of ten CT signs: (1) swirled 
appearance of mesenteric fat or vessels at the root of the mesentery (swirl 
sign), (2) dilated small-bowel loops with air-fluid levels as a sign of small-
bowel obstruction, (3) clustered loops of small bowel, (4) mushroom shape of 
the herniated mesenteric root with protrusion of bowel between the superior 
mesenteric artery (SMA) and its branches (mushroom sign), (5) tubular or round 
shape of distal mesenteric fat closely surrounded by bowel loops (hurricane 
eye sign), (6) small bowel other than duodenum passing posterior to the SMA, 
(7) right-sided location of the distal jejunal anastomosis, (8) the presence of 
enlarged mesenteric nodes as a secondary sign of lymphatic obstruction from 
mesenteric torsion (enlarged nodes),  (9) tapering of mesenteric veins with 
subsequent engorgement (venous congestion, also referred to as beak sign), and 
(10) haziness of the mesenteric fat as a sign of mesenteric oedema, see Fig. 114. 
Structured reporting using these CT signs improved the specificity. Furthermore, 
no difference between experience levels was found. However, this study was 
performed on retrospectively obtained CT scans. To accurately study the effect 
of structured reporting, it should be implemented in clinical practice. 

The aim of this study was to investigate if using ten CT signs in a structured 
reporting template in clinical practice improves accuracy of  CT scans in case of 
a suspicion of IH, compared with non-structured free-text reporting previously 
performed.
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Fig. 1: Enhanced axial CT images after intravenous and oral contrast through the 
midabdomen. a. Swirl sign (arrow): rotation of superior mesenteric artery and vein. b. 
Small-bowel obstruction (arrow): multiple dilated bowel loops with air-fluid levels. c. 
Clustered bowel loops (circle): grouping of non-dilated small bowel near abdominal wall. 
d. Mushroom sign: protrusion of small bowel between superior mesenteric artery (black 
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arrow) and one of its branches (white arrow). e. Hurricane eye sign (arrow): rotation of 
distal mesenteric fat and vessels closely surrounded by bowel. f. Small bowel posterior 
to superior mesenteric artery (SMA), other than duodenum. In this figure visible as a 
bowel (white arrow) behind the SMA (black arrow) caudal of the level of the duodenum. 
g. Right-sided anastomosis (arrow): right-sided location of the distal jejunal anastomosis. 
h. Enlarged lymph nodes (black arrows): multiple enlarged lymph nodes in the mesentery, 
venous congestion (white arrows): enlargement of the mesenteric veins compared with 
the corresponding arteries, and mesenteric oedema (circle): haziness of the mesenteric 
fat. Figure reprinted from Ederveen et al, 201814

Methods

This prospective study was performed in all patients who underwent laparoscopic 
gastric bypass surgery in our bariatric centre of excellence between January 
1, 2011 and January 1, 2018. No patients were excluded. All consecutive CT 
scans for a suspicion of IH between June 1, 2017 and December 1, 2018, were 
prospectively included. Furthermore, all consecutive CT scans for a suspicion of 
IH between January 1, 2011 and January 1, 2017, were retrospectively included 
for comparison. All reoperation reports in patients undergoing a CT scan were 
screened to select reoperations for a suspicion of IH. Data on the presence of 
bowel herniation were extracted from surgery reports. 

Episodes were considered IH positive if bowel herniation through a mesenteric 
defect was seen during reoperation within 90 days after the CT scan. An episode 
was considered negative when no IH was seen during surgery, or in case of 
negative clinical follow-up during a period of 90 days. The clinical follow-up 
was considered negative if no reoperation or no repeat CT scan was performed 
within these 90 days. 

The local medical ethical review board approved the study design. Written 
informed consent was waived.

Part of the control group (1475 patients, undergoing gastric bypass surgery 
between 2011 and 2015) was previously reported in a study into the use of CT 
scans in case of suspicion of internal herniation and in a study into the accuracy 
of CT signs14, 15.

Surgical Technique
All patients had undergone a laparoscopic Roux-en-Y gastric bypass (LRYGB) 
performed with an antecolic position of the jejunal limb. Both primary LRYGB 
and secondary LRYGB were included. Secondary LRYGB was performed on 
indication after sleeve gastrectomy, adjustable gastric banding, or vertical 
banded gastroplasty. Only from 2017 onwards mesenteric and Petersen defects 
were closed routinely in our hospital. 
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Image acquisition and analysis
All CT scans were performed with either a Brilliance iCT 256 slice or a Brilliance 
64 CT scanner, with a slice thickness of 1 mm (Philips Medical). Multiplanar 
reconstructions were available. One litre of diluted oral contrast (Telebrix, 
Ioxithalamaat 6 mg I/mL; Guerbet) was administered 90 min before the CT 
scan if possible. All scans were performed 70 s after administration of 100 mL 
intravenous contrast Iomeron (Iomeprol 300mg I/mL; Bracco Imaging).

All CT scans between June 1, 2017 and December 1, 2018 were rated in clinical 
practice by the attending radiologist or in-training radiologist (under supervision 
of a radiologist) using a standardized template stating ten signs. They had access 
to the clinical information provided by the clinicians. The ten signs used were 
(1) swirl sign, (2) small-bowel obstruction, (3) clustered loops of small bowel, 
(4) mushroom sign, (5) hurricane eye sign, (6) small bowel posterior to SMA, 
(7) right-sided distal anastomosis, (8) enlarged nodes, (9) venous congestion, 
and (10) mesenteric oedema. Each sign was scored as being present or absent. 
Furthermore, an overall impression was given using a 5-point Likert-scale, 1 
being definitely no IH, 5 being definite IH. 

If the standardized structured reporting template was not used in the study 
period June 2017 until December 2018, the CT scans were excluded from 
further analysis.

For the control group, the radiologic report and conclusion of the included CT 
scans were analysed for the use of CT signs and the overall impression. The 
reports were made by a radiologist or an in-training radiologist (under supervision 
of a radiologist) without structured use of the CT signs. They had access to the 
clinical information provided by the clinicians.

CT scans performed in other hospitals and revised in the study institution were 
included in this study as well.

Statistical analysis
All data were entered into a computerized spreadsheet (Excel; Microsoft) and 
were analysed with Statistical Package for Social Sciences 21.0 (SPSS Inc.). 
Patient characteristics are listed as mean (±SD) or median (interquartile range 
(IQR) (25th – 75th percentile), depending on the normality of the distribution. 
Continuous data were compared with the independent sample t-test or Mann-
Whitney test for not normally distributed data. Categorical data were compared 
with chi-square test or Fisher’s exact test. The significance level was set at p<0.05. 
The sensitivity, specificity, positive predictive value (PPV), negative predictive 
value (NPV), and accuracy for overall impression were calculated using two-way 
contingency tables. A 5-point Likert-scale was used to score overall impression. 
The scale was digitised, considering 1-3 negative for IH, and 4-5 positive. 
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Results

Demographics
A total of 2606 patients underwent gastric bypass surgery in the study period, 
83.7% were female with a mean age of 43.3 (±10.5) years and a median body 
mass index (BMI) of 41.5 kg/m2 (IQR 38.9-44.7 kg/m2) (Table 1). In the study 
population, a total of 477 CT scans were performed in 354 patients. Patient 
characteristics are summarised in Table 1. The median follow-up time after CT 
scan was 31 months (IQR 13-52 months). The median time interval from gastric 
bypass until CT scan with an enquiry of IH was 555 days (IQR 276-1008 days). 

Table 1: Patient demographics
Characteristic Total population 

(n=2606)
Patients with CT 
scan (n=354)

Patients without 
CT scan (n=2252)

p-value

Sex  0.2243 

Male (n (%)) 426 (16.3) 50 (14.1) 376 (16.7)
Female (n (%)) 2180 (83.7) 304 (85.9) 1876 (83.3)

Age (y, mean 
(±SD))

43.3 (10.5) 40.7 (10.5) 43.7 (10.5) <0.0014 

Initial BMI (kg/m2, 
median ( IQR))

41.5 (38.9-44.7)1 41.1 (38.4-45.0) 41.6 (39.0-44.6)2 0.1885 

Operation <0.0013 

 Primary (n (%)) 1918 (73.6) 243 (68.6) 1675 (74.4)
 Secondary 
after Sleeve (n (%))

254 (9.7) 62 (17.5) 192 (8.5)

 Secondary 
after AGB (n (%))

308 (11.8) 35 (9.9) 273 (12.1)

 Secondary 
after VBG (n (%))

126 (4.8) 14 (4.0) 112 (5.0)

SD = standard deviation; BMI = body mass index; IQR = interquartile range (25th-75th 

percentile); AGB = adjustable gastric banding; VBG = vertical banded gastroplasty; 12556;  
patients; 22202 patients; 3p-value calculated using Chi square test; 4p-value calculated 
using Independent samples t-test; 5p-value calculated using Mann-Whitney U test

CT scans with structured reporting
In the time period June 1, 2017 until December 1, 2018, 188 CT scans performed 
in 166 patients were prospectively included in this study (Fig. 2). The structured 
reporting template was used in 92.6% (174/188). The other 14 CT scans were 
excluded from further analysis. After the CT scans with structured reporting, 58 
reoperations were performed, with a median of 1 day after CT scan (IQR 0-27 
days). In 53.4% (31/58) of all these operations, an IH was confirmed. 
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CT scans with free-text reporting
A total of 289 CT scans in 226 patients were included in the time period January 
1, 2011 and January 1, 2017 (Fig. 2). After these CT scans, 80 reoperations were 
performed, with a median of 5 days after CT scan (IQR 1-24 days). In 55.0% 
(44/80) of all these operations, an IH was confirmed.

Fig. 2: Flow-chart of patient and CT scan inclusion in the study and outcomes of episodes. 
Clinical conclusion is the final diagnosis at the surgical intervention or after 90 days 
follow-up

Comparison between free-text and structured reporting
Using the conclusion of structured reporting resulted in a sensitivity and 
specificity for IH of 81.3% (26/32) and 95.8% (136/142), respectively. Using 
the conclusion of the free-text reporting resulted in a sensitivity and specificity 
for IH of 79.5% (35/44) and 88.6% (217/245), respectively. Improvement of 
specificity was significant (p=0.016). Also the accuracy improved from 87.2% 
(252/289) in free-text reporting to 93.1% (162/174) in structured reporting 
(p=0.045) (Table 2).

Table 3 shows the accuracy of the different signs when structured reporting was 
used. Table 4 shows the overall impression in terms of Likert scale. 
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During structured reporting all signs were used per definition in 100% of the 
reports with the standardized template. Table 5 shows the signs mentioned in 
free-text reporting.

Table 2: Comparison structured reporting vs. free-text reporting
Structured reporting Free-text reporting p-value

Sensitivity 26/32 
(81.3; 67.7-94.8)

35/44 
(79.5; 67.6-91.5)

0.854

Specificity 136/142 
(95.8; 92.5-99.1)

217/245 
(88.6; 84.6-92.6)

0.016

Positive predictive value 26/32 
(81.3; 67.7-94.8)

35/63 
(55.6; 43.3-67.8)

0.014

Negative predictive value 136/142 
(95.8; 92.5-99.1)

217/226 
(96.0; 93.5-98.6)

0.909

Accuracy 162/174 
(93.1; 88.0-96.2)

252/289
(87.2; 82.7-90.7)

0.045

Values are numerator/denominator (%; 95% confidence interval). p-value was calculated 
using chi-square test

Table 3: Signs and overall impression in structured reporting
Sign Sensitivity Specificity Accuracy
Swirl sign 21/32 

(65.6; 49.2-82.1)
135/142 
(95.1; 91.5-98.6)

156/174 
(89.7; 83.9-93.6)

Small bowel 
obstruction

5/32 
(15.6; 3.0-28.2)

134/142 
(94.4; 90.6-98.2)

139/174 
(79.9; 73.0-85.4)

Clustered loops 8/32 
(25.0; 10.0-40.0)

128/142 
(90.1; 85.2-95.0)

136/174 
(78.2; 71.1-83.9)

Mushroom sign 11/32 
(34.4; 17.9-50.8)

140/142
(98.6; 96.7-100)

151/174 
(86.8; 80.6-91.3)

Hurricane sign 12/32 
(37.5; 20.7-54.3)

141/142 
(99.3; 97.9-100)

153/174 
(87.9; 81.9-92.2)

Small bowel behind 
SMA

7/32 
(21.9; 7.6-36.2)

139/142 
(97.9; 95.5-100)

146/174 
(83.9; 77.4-88.9)

Right-sided 
anastomosis

1/32 
(3.1; 0-9.2)

141/142 
(99.3; 97.9-100)

142/174 
(81.6; 74.9-86.9)

Enlarged nodes 17/32 
(53.1; 35.8-70.4)

119/142 
(83.8; 77.7-89.9)

136/174 
(78.2; 71.1-83.9)

Venous congestion 26/32 
(81.3; 67.7-94.8)

134/142 
(94.4; 90.6-98.2)

160/174 
(92.0; 86.6-95.4)

Mesenteric oedema 22/32
(68.8; 52.7-84.8)

128/142 
(90.1; 85.2-95.0)

150/174 
(86.2; 80.0-90.8)

Values are numerator/denominator (%; 95% confidence interval).
PPV = positive predictive value; NPV = negative predictive value; IH = internal herniation; 
SMA = superior mesenteric artery
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Table 4: Positive predictive value of Likert scale.
Overall impression IH (n) No IH (n) PPV (%, (95%-CI))
1 3 113 2.6 (0.7-7.9)
2 2 17 10.5 (1.9-34.5)
3 2 6 25.0 (0.4-64.4)
4 14 4 77.8 (51.9-92.6)
5 11 2 84.6 (53.7-97.3)

IH = internal herniation; PPV = positive predictive value; CI = confidence interval

Table 5: Signs mentioned in free-text reporting
Sign Mentioned Not mentioned Percentage
Swirl sign 170 119 58.8
Small bowel obstruction 156 133 54.0
Clustered loops 53 236 18.3
Mushroom sign 4 285 1.4
Hurricane sign 2 287 0.7
Small bowel behind SMA 2 287 0.7
Right-sided anastomosis 27 262 9.3
Enlarged nodes 94 195 32.5
Venous congestion 32 257 11.1
Mesenteric oedema 93 196 32.2

SMA = superior mesenteric artery

Discussion

The aim of this study was to investigate if using structured reporting with the 
use of ten CT signs in clinical practice improves accuracy of CT scans in case 
of a suspicion of IH, compared with free-text reporting. This study found that 
the use of ten CT signs improves accuracy in diagnosing IH on CT scans from 
87.2% to 93.1% (p=0.045). Furthermore, an increase in specificity and positive 
predictive value was found from 88.6% to 95.8% (p=0.016) and from 55.6% 
to 81.3% (p=0.014), respectively, hereby reducing the number of unnecessary 
laparoscopies. 

Our findings confirm the assumptions of previous studies, that also found that 
structured reporting using CT signs improved accuracy14, 16. However, these 
previous studies performed blind reading of the CT scans retrospectively and 
compared them with the original report. To our knowledge, this is the first study to 
prospectively use structured reporting in clinical practice for the diagnosis of IH. 
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The accuracy of the different signs can only be compared to retrospectively 
performed studies1-5, 14, 16. The range of sensitivity and specificity in and 
between these studies is broad. Most noteworthy, the sensitivity of the swirl 
sign decreased compared to most previous studies with a comparable increased 
specificity. However, the accuracy is comparable to a previous study into the 
ten CT signs, 89.7% compared to 86.5-91.4%14. The accuracy of small bowel 
obstruction, clustered loops, right-sided anastomosis, and enlarged nodes 
decreased compared to this previous retrospective study. Of these signs, the 
sensitivity is rather poor and also the accuracy is not excellent. The decrease 
in accuracy might be explained due to the variety of (in-training) radiologists 
who reported the CT scans in the prospective setting. The poor sensitivity of 
these signs suggests these might not be valuable in clinical practice and could be 
excluded from the structured reporting. In the retrospective setting of this study 
most of these signs were also infrequently mentioned.

The use of Likert scale in determining the possibility of IH gives a positive 
predictive value of 25.0% for the “doubt category” of 3. This means that radiologic 
doubt is in most cases not an IH. An independent experienced radiologist (SJ) 
blindly reviewed the nine CT scans with a Likert scale of 3. She diagnosed one 
IH correctly; however, she missed the other IH. Furthermore, one CT scan 
remained in category 3. All other CT scans previously given a 3 were found to be 
low suspect for IH. Having an experienced radiologist as second opinion in case 
of doubt gives more certainty and thereby might prevent unnecessary surgeries.
In the current study the ten most described signs in recent literature were used for 
the structured reporting template1-6. Some signs previously described differently 
in various articles were combined to one sign in our template. We found that the 
mushroom and hurricane eye sign were minimally sensitive, however had good 
specificity, PPV and NPV. Other minimally sensitive signs as clustered loops, 
small bowel behind the SMA, right-sided anastomosis, and enlarged nodes had 
also poorer PPV and NPV. Future research into the usefulness of all CT signs 
might be performed. Maybe not all currently used signs are necessary, or maybe 
other signs should be included in the structured reporting template.

Our study has several strengths and limitations. This study is the first prospective 
study into the use of CT signs for diagnosing IH in clinical practice. A limitation 
of this study is that radiologists in our hospital might be more aware of the 
signs that can be used for diagnosing IH on CT scans because of previous 
research on this subject performed in our hospital. To minimise this effect we 
excluded the time period January 2017 until June 2017. In May 2017, the signs 
were explained to all (in-training) radiologists and the implementation of the 
structured reporting was started. However, bias due to improvement in technical 
skills of the radiologists cannot be completely excluded. This bias is reduced 
because also new (in-training) radiologists, with minimal knowledge of IH and 
the signs, started working with the structured reporting template. Moreover, the 
in-training radiologists were the main reporters of the CT scans with suspicion 
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of IH. Another drawback is the fact that structured reporting was not used 
on all CT scans. This was mostly caused by an initial lack of knowledge of the 
structured reporting template in newly hired (in-training) radiologists. Surgeons 
in our hospital were also more aware of the diagnostic support radiologists 
could provide and more frequently requested CT scans before considering a 
reoperation. Due to the clear radiological reports with the use of standardised 
format, they might also be more inclined to rely on the radiological diagnosis, 
changing the reoperation considerations.

To increase the amount of includable patients in the accuracy analysis, 90 days 
follow-up was added as reference for the CT scan diagnosis. The cut-off of 90 
days was chosen because an IH was considered unlikely after 90 days without 
further intervention. This cut-off of 90 days is debatable, but in this study, it was 
believed to be reasonable.

To conclude, this study found an increase in accuracy when using structured 
reporting in clinical practice compared with free-text reporting in diagnosing 
internal herniation on CT scans after gastric bypass surgery. Also, the found 
increase in positive predictive value can prevent unnecessary reoperations in 
patients with low probability of IH. The use of structured reporting can possibly 
improve certainty of diagnosing IH on CT scans in less-experienced (in-training) 
radiologists. 
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Abstract

Background
With the increase of gastric bypass surgery also the amount of CT scans for 
suspicion of internal herniation(IH) increases. CT scans have been found to have 
a good accuracy. The aim of this study was to learn from flawed diagnoses and 
formulate recommendations for radiologists in diagnosing IH.   

Methods
All patients that underwent a laparoscopic primary or revisional gastric bypass 
between January 1, 2011 and January 1, 2018 were retrospectively included. 
All CT scans and reoperation reports in these patients between January 1, 2011 
and January 1, 2019 were screened for IH. All cases with discrepancies between 
radiological and clinical conclusion were further investigated.

Results
Out of the 525 CT scans for IH 49(9.3%) were found to be discrepant. After 
blinded revision by two experienced readers 30(61.2%) of these were considered 
initially misdiagnosed. In the remaining 19 cases, 9 were false negative (FN), and 
10 were false positive (FP). Eleven cases were considered to be an intermittent 
IH (7 FN and 4 FP). One FP had surgery much later due to persistent complaints, 
which did prove IH. One CT diagnosis of intussusception (FN) was found to 
be an IH. Two FP were found to be adhesions. One FN and three FP remained 
unexplainable (4/525;0.8%).

Conclusion
Specific radiological expertise of the signs of IH is the most important factor 
to prevent incorrect diagnosis. Second reading by an experienced reader can 
improve accuracy. However, intermittent internal herniation remains a pitfall 
and should be considered if there is delay between complaints, CT scan, and 
reoperation. Not all discrepancies can be avoided.
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Introduction

The amount of CT scans for the suspicion of internal herniation (IH) after gastric 
bypass surgery increases with the increasing overweight population undergoing 
a gastric bypass. Since IH is a serious complication surgeons need to be able to 
rely on a correct radiological CT report. However, accuracy of CT scans is not a 
hundred percent. 

Numerous signs are developed to help differentiate normal postoperative 
anatomy from changes matching with IH. Two recent retrospective studies 
reviewing CT reports with the use of these signs found an accuracy for the 
diagnosis of IH ranging between 75.0% and 89.8%1, 2. Without structured use 
of these signs the accuracy is lower, between 62% and 86.6% calculated from 
previous articles3-5. An accuracy of almost 90% can be considered good, however 
the risk of missing an IH and the risk of unnecessary operations should not be 
disregarded. Therefore further investigation of missed and wrongful diagnoses 
is necessary.

One of the main reasons for low accuracy is the possibility of intermittent IH6-8. In 
these cases bowel loops are herniated during CT scan but only open herniation 
sites are found during reoperation or the other way around. These scans are 
reported as misdiagnosed, but possibly the diagnosis was correct but changed 
in the time between CT scan and reoperation. Furthermore, lack of knowledge 
of the reading radiologist is also considered as a reason for wrongful diagnoses, 
with increase in accuracy after second opinion by an experienced radiologist in 
cases of radiological doubt9.

The aim of this study was to evaluate those cases with discrepancies between 
CT and clinical diagnosis to further improve strategies for radiologists to identify 
IH and to identify cases with possible intermittent IH. 
  

Methods

This retrospective study was performed on all patients who underwent 
laparoscopic gastric bypass surgery in our bariatric centre of excellence between 
January 1, 2011 and January 1, 2018. No patients were excluded. All consecutive 
CT scans for a suspicion of IH between January 1, 2011 and January 1, 2019 
were included. All reoperation reports in patients undergoing a CT scan were 
screened to select reoperations for a suspicion of IH. Data on the presence of 
bowel herniation were extracted from surgery reports. 

Episodes were considered IH positive if bowel herniation through a mesenteric 
defect was seen during reoperation within 90 days after the CT scan. An episode 
was considered negative when no IH was seen during surgery, or in case of 
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negative clinical follow-up during a period of 90 days. The clinical follow-up 
was considered negative if no reoperation or no repeat CT scan was performed 
within these 90 days. 

Intermittent IH was considered when during reoperation defects were closed 
without IH and complaints disappeared after reoperation. Or no complaints 
were present during CT scan, but patients were operated on later on when 
complaints recurred.

Discrepancies between CT conclusion and clinical conclusion were further 
analysed. In these cases the electronic patient files were studied for the reasons 
for performing a reoperation or not, nature of complaints and final diagnosis. 
Furthermore, the timing of the CT scan (working hours or not) and level of 
experience of radiologist (in-training or abdominal or general) were included. 
All CT scans with discrepancies were reviewed by two experienced readers (JE 
and JN) in consensus, without clinical information or knowledge of operation 
reports. They scored the CT scans as negative or positive for IH and alternative 
diagnosis such as adhesions were also given. 

CT scans performed in other hospitals and revised in the study-institution were 
not included in this study. The local medical ethical review board approved the 
study design. Written informed consent was waived. This study population was 
previously reported in a study into the value of structured reporting of CT scans 
in case of suspicion of internal herniation9.

Surgical Technique
All patients had undergone a laparoscopic Roux-en-Y gastric bypass (LRYGB) 
performed with an antecolic position of the jejunal limb. Both primary and 
secondary LRYGB were included. Secondary LRYGB was performed on 
indication after sleeve gastrectomy, adjustable gastric banding or vertical 
banded gastroplasty. Only from 2017 onwards mesenteric and Petersen defects 
were closed routinely in our hospital. 

Image acquisition and analysis
All CT scans were performed with either a Brilliance iCT 256 slice or a Brilliance 
64 CT scanner, with a slice thickness of 1 mm (Philips Medical, Best, Netherlands). 
Multiplanar reconstructions were available. One litre of diluted oral contrast 
(Telebrix, Ioxithalamaat 6 mg I/ml; Guerbet) was administered 90 min before the 
CT scan if possible. All scans were performed 70 s after administration of 100 ml 
intravenous contrast Iomeron (Iomeprol 300mg I/ml; Bracco Imaging).

All CT scans were reported on by a radiologist or an in-training radiologist 
(under supervision of a radiologist). They had access to the clinical information 
provided by the clinicians. From May 30, 2017 a standardized template stating 
ten signs was implemented in the radiological report. The ten signs used were 
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(1) swirl sign, (2) small-bowel obstruction, (3) clustered loops of small bowel, 
(4) mushroom sign, (5) hurricane eye sign, (6) small bowel posterior to superior 
mesenteric artery (SMA), (7) right-sided distal anastomosis, (8) enlarged nodes, 
(9) venous congestion, and (10) mesenteric oedema. Each sign was scored as 
being present or absent. Furthermore, an overall impression was given using a 
5-point Likert-scale, 1 being definitely no IH, 5 being definite IH. 

Statistical analysis
All data were entered into a computerized spreadsheet (Excel; Microsoft) and 
were analysed with Statistical Package for Social Sciences 21.0 (SPSS Inc.). 
Patient characteristics are listed as mean (±SD) or median (interquartile range 
(IQR)), depending on the normality of the distribution. 

Results

A total of 2,606 patients underwent gastric bypass surgery in the study period, 
83.7% were female with a mean age of 43.3 (±10.5) years, and a median body 
mass index (BMI) of 41.5 kg/m2 (IQR 38.9-44.7 kg/m2). The majority underwent a 
primary procedure (73.6%). In the study population a total of 525 CT scans were 
performed in 379 patients. The accuracy of all CT scans was 90.7% (476/525). 
Discrepancies between CT report and reoperation were found in 49 CT scans 
(9.3%) which were subsequently included. Of the 49 CT scans, 30 (61.2%) were 
scored correctly during revision, see figure 1.

Overall findings
In 30 CT scans the diagnosis was corrected during revision leading to an overall 
accuracy of 96.4% (506/525). The majority of the CT scans were performed 
during working hours (67.3%; 33/49) and reported on by a radiologist in-training 
(71.4%; 35/49). Eleven of the 30 (36.7%) corrected cases were reported on or 
supervised by a non-abdominal specialized radiologist, as well as seven of the 19 
(36.8%) misdiagnosed CT scans. There was also no significant difference in time 
period between corrected and misdiagnosed CT scans, respectively 31.6% and 
33.3% of the CT scans were performed outside working hours.

Analysis of false positive CT scans
A total of 35 of the 49 CT scans (71.4%) were false positive, see table 1. In 11/35 
cases no reoperation was performed, either because complaints disappeared or 
because the surgeon did not agree with the radiological diagnosis.  

In 24/35 cases a reoperation was performed, however no IH was seen during 
this operation. In 8 cases (33.3%) open ports were closed and in 6 cases (25%) 
an adhesion was seen. 
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Fig. 1. Flow-chart of false positive and false negative CT scans after revision.

IH = internal herniation

In 25 of the 35 cases (71.4%) without IH the diagnosis was corrected during 
revision, in these cases 3 of the 4 surgical found adhesion were scored correctly 
during revision. In the remaining 10 cases, 4 cases were considered intermittent 
IH. Two adhesions were diagnosed as IH on CT scan. Two patients were not 
operated on within 90 days but had persistent complaints, one of which was 
operated on eventually and found to have an IH. The remaining 2 cases remained 
false positive without explanation. One of these radiological looks as a classical 
scan of an IH, but there was no resolve of complaints after closure of herniation 
sites, so intermittent IH was less likely.
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Analysis of false negative CT scans
A total of 14 of the 49 CT scans (28.6%) were false negative, see table 2. In 7 
cases patients had variable complaints and there was a delay between CT scan 
and reoperation of 16-42 days. One case was diagnosed as an intussusception 
and therefore operated on and one case was diagnosed as an adhesion and 
therefore operated on.

During revision five of the 14 cases (35.7%) with IH were scored correctly. The 
7 patients with variable complaints and delay between CT scan and reoperation 
were also scored negative during revision, therefore they were considered 
intermittent IH. The case with the intussusception was scored no IH during 
revision, but remained an operation indication. One case remained false negative, 
with discrepancy between surgical and radiological interpretation.

Discussion

The aim of this study was to learn from the misdiagnoses and formulate 
recommendations for radiologists to further improve diagnosis of IH on CT 
scans after gastric bypass surgery. This study found a good accuracy of CT scans 
for diagnosing IH of 90.7%, which increases to 96.4% (506/525) when an ex-
perienced abdominal radiologist reviews the discrepant cases. In 2.1% (11/525) 
of the cases an intermittent IH was considered, and in 0.6% (3/525) of the cases 
there was an operation indication other than IH. One patient was initially not 
operated but was found to have an IH after persistent complaints. In the remaining 
0.8% (4/525) of the cases no explanation could be found for the misdiagnoses.

The overall accuracy in this study was slightly higher than in previous studies 
with accuracies ranging between 72 and 88%2-4, 10. Our findings are in line with 
the overall accuracy of 87.7-92.9% found in a previous study by Dilauro et al.11 
using nine CT signs. 

The use of CT signs is already found to be beneficial in diagnosing IH1, 2, 9. However, 
positive signs do not always conclude in being an IH. In the current cohort we 
only found small bowel obstruction in patients with adhesions. Although this is 
an operation indication, the initial CT diagnosis was incorrect. Also, mesenteric 
oedema can be found in both internal herniation and adhesions.

Therefore, not only the presence of CT signs for IH but the overall findings 
should result in a diagnosis. With more experienced radiologists this results in 
more correct diagnoses. However, three adhesions were not diagnosed on the 
CT scans correctly during revision. These patients had no dilated bowel loops 
and possibly the adhesions were only minor. Nonetheless, adhesions should also 
be considered as cause of abdominal discomfort in case of persistent complaints 
and no signs of IH on CT scan.
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Table 1. False positive CT scans
CT 
number

Revision
Corrected/
False

Operation
Yes/No

Outside 
working 
hours 
Yes/No

Abdominal 
radiologist
Yes/No

Resident
Yes/No

Structured 
reporting 
Yes/No 
(Likert scale)

Findings Diagnosis

1 C N N Y Y N Surgeon no suspicion
2 C N N Y Y N Surgeon no suspicion
3 C N N Y N N Surgeon no suspicion, no complaints
4 C N N Y N N Surgeon no suspicion and next morning no complaints
5 C N Y N Y N Surgeon no suspicion
6 C N Y Y Y N Herniation sides already closed therefore surgeon no 

suspicion
7 C Y N Y Y Y (4)
8 C Y N Y Y N No dilatation or adhesion on CT, adhesiolysis Adhesion
9 C Y N Y Y N
10 C Y N Y Y N
11 C Y N Y Y N
12 C Y N Y Y N
13 C Y N Y Y N
14 C Y N Y N N
15 C Y N Y N N
16 C Y N N Y Y (4)
17 C Y N N Y N
18 C Y N N N Y (4)
19 C Y N N N N Adhesion on CT during revision, adhesiolysis Adhesion
20 C Y Y Y Y N Adhesion on CT during revision, adhesiolysis Adhesion
21 C Y Y Y Y N
22 C Y Y N Y Y (5) Adhesion on CT during revision, adhesiolysis Adhesion
23 C Y Y N Y Y (5) Adhesion on CT during revision, no adhesiolysis
24 C Y Y N Y N Adhesion on CT during revision, no adhesiolysis
25 C Y Y N Y N
26 F N N Y Y N Surgeon no suspicion, persistent complaints, not operated Possible false positive
27 F N Y Y Y N Surgeon no suspicion, 4 years later new CT-scan with similar 

images, operation with IH
Persistent complaints, 
intermittent IH

28 F N N Y N N Displaced jejunum, patient no complaints Intermittent IH
29 F N N Y N N No complaints Intermittent IH
30 F N Y N Y N Next morning no complaints, later new complaints with IH Intermittent IH
31 F Y Y Y Y N Persistent complaints, change of anastomosis. Radiological 

classical
False positive

32 F Y N Y N N Radiological not very suspicious False positive
33 F Y N N Y Y (4) Radiological classical, varying complaints Intermittent IH
34 F Y N N Y N No dilatation or adhesion on CT, adhesiolysis Adhesion 
35 F Y N N N N No dilatation or adhesion on CT, adhesiolysis Adhesion

IH = internal herniation 
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Table 1. False positive CT scans
CT 
number

Revision
Corrected/
False

Operation
Yes/No

Outside 
working 
hours 
Yes/No

Abdominal 
radiologist
Yes/No

Resident
Yes/No

Structured 
reporting 
Yes/No 
(Likert scale)

Findings Diagnosis

1 C N N Y Y N Surgeon no suspicion
2 C N N Y Y N Surgeon no suspicion
3 C N N Y N N Surgeon no suspicion, no complaints
4 C N N Y N N Surgeon no suspicion and next morning no complaints
5 C N Y N Y N Surgeon no suspicion
6 C N Y Y Y N Herniation sides already closed therefore surgeon no 

suspicion
7 C Y N Y Y Y (4)
8 C Y N Y Y N No dilatation or adhesion on CT, adhesiolysis Adhesion
9 C Y N Y Y N
10 C Y N Y Y N
11 C Y N Y Y N
12 C Y N Y Y N
13 C Y N Y Y N
14 C Y N Y N N
15 C Y N Y N N
16 C Y N N Y Y (4)
17 C Y N N Y N
18 C Y N N N Y (4)
19 C Y N N N N Adhesion on CT during revision, adhesiolysis Adhesion
20 C Y Y Y Y N Adhesion on CT during revision, adhesiolysis Adhesion
21 C Y Y Y Y N
22 C Y Y N Y Y (5) Adhesion on CT during revision, adhesiolysis Adhesion
23 C Y Y N Y Y (5) Adhesion on CT during revision, no adhesiolysis
24 C Y Y N Y N Adhesion on CT during revision, no adhesiolysis
25 C Y Y N Y N
26 F N N Y Y N Surgeon no suspicion, persistent complaints, not operated Possible false positive
27 F N Y Y Y N Surgeon no suspicion, 4 years later new CT-scan with similar 

images, operation with IH
Persistent complaints, 
intermittent IH

28 F N N Y N N Displaced jejunum, patient no complaints Intermittent IH
29 F N N Y N N No complaints Intermittent IH
30 F N Y N Y N Next morning no complaints, later new complaints with IH Intermittent IH
31 F Y Y Y Y N Persistent complaints, change of anastomosis. Radiological 

classical
False positive

32 F Y N Y N N Radiological not very suspicious False positive
33 F Y N N Y Y (4) Radiological classical, varying complaints Intermittent IH
34 F Y N N Y N No dilatation or adhesion on CT, adhesiolysis Adhesion 
35 F Y N N N N No dilatation or adhesion on CT, adhesiolysis Adhesion

IH = internal herniation 
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Table 2: False negative CT scans
CT 
number

Revision
Corrected/ 
False

Operation
Yes/No

Outside 
working 
hours 
Yes/No

Abdominal 
radiologist
Yes/No

Resident
Yes/No

Structured 
reporting 
Yes/No 
(Likert scale)

Findings Diagnosis

1 C Y N Y Y Y (3)
2 C Y N Y Y N
3 C Y N Y N N
4 C Y Y N Y Y (3)
5 C Y Y N Y N
6 F Y N Y Y Y (1) Varying complaints, documented no complaints during CT-

scan, operation after 33 days
Intermittent IH

7 F Y N Y Y N Varying complaints, documented no complaints during CT-
scan, operation after 42 days

Intermittent IH

8 F Y N Y Y N Varying complaints, operation after 21 days Intermittent IH
9 F Y N Y N Y (1) Surgeon suspicion therefore operation False negative
10 F Y N Y N Y (1) On MRI-scan signs of IH, therefore CT-scan performed 

without signs of IH, operation after 33 days
Intermittent IH

11 F Y N Y N N Varying complaints, operation after 16 days Intermittent IH
12 F Y Y N Y Y (2) CT-scan conform earlier, persistent complaints, operation 

after 40 days
Intermittent IH

13 F Y Y N Y N Varying complaints, documented no complaints during CT-
scan, operation after 20 days

Intermittent IH

14 F Y Y N Y N Intussusception Operation indication

IH = internal herniation

Interpretation of the CT scan by the attending surgeon resulted in no operation 
in 8 of the 11 false positive CT scans. However, in one of these cases the patient 
returned with persistent complaints and similar CT findings and was found to 
have an IH. Another patient had persistent complaints but was never operated 
on. The remaining six patients had no complaints during follow-up and were 
also scored negative during revision. In four of the false negative CT scans 
the surgeon interpreted the CT scan as positive and therefore performed a 
reoperation and found an IH. The other false negative CT scans were followed 
by an operation due to persistent complaints. In three of the four cases the 
experienced radiologist agreed with the surgeons interpretation, one of these 
cases was scored negative during revision and remains unclear false negative. 
Nonetheless, nine of the twelve cases (75%) in which the surgeon had another 
interpretation would have been called correct by an experienced radiologist. 
Also in only 23.1% of the cases were surgeons operated after an negative CT 
scan an IH was found. Revision could decrease this to 15.3%. Therefore, in case 
of discrepancy between radiological and surgical suspicion, a second opinion by 
an experienced abdominal radiologist should be considered. 
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Table 2: False negative CT scans
CT 
number

Revision
Corrected/ 
False

Operation
Yes/No

Outside 
working 
hours 
Yes/No

Abdominal 
radiologist
Yes/No

Resident
Yes/No

Structured 
reporting 
Yes/No 
(Likert scale)

Findings Diagnosis

1 C Y N Y Y Y (3)
2 C Y N Y Y N
3 C Y N Y N N
4 C Y Y N Y Y (3)
5 C Y Y N Y N
6 F Y N Y Y Y (1) Varying complaints, documented no complaints during CT-

scan, operation after 33 days
Intermittent IH

7 F Y N Y Y N Varying complaints, documented no complaints during CT-
scan, operation after 42 days

Intermittent IH

8 F Y N Y Y N Varying complaints, operation after 21 days Intermittent IH
9 F Y N Y N Y (1) Surgeon suspicion therefore operation False negative
10 F Y N Y N Y (1) On MRI-scan signs of IH, therefore CT-scan performed 

without signs of IH, operation after 33 days
Intermittent IH

11 F Y N Y N N Varying complaints, operation after 16 days Intermittent IH
12 F Y Y N Y Y (2) CT-scan conform earlier, persistent complaints, operation 

after 40 days
Intermittent IH

13 F Y Y N Y N Varying complaints, documented no complaints during CT-
scan, operation after 20 days

Intermittent IH

14 F Y Y N Y N Intussusception Operation indication

IH = internal herniation

Interpretation of the CT scan by the attending surgeon resulted in no operation 
in 8 of the 11 false positive CT scans. However, in one of these cases the patient 
returned with persistent complaints and similar CT findings and was found to 
have an IH. Another patient had persistent complaints but was never operated 
on. The remaining six patients had no complaints during follow-up and were 
also scored negative during revision. In four of the false negative CT scans 
the surgeon interpreted the CT scan as positive and therefore performed a 
reoperation and found an IH. The other false negative CT scans were followed 
by an operation due to persistent complaints. In three of the four cases the 
experienced radiologist agreed with the surgeons interpretation, one of these 
cases was scored negative during revision and remains unclear false negative. 
Nonetheless, nine of the twelve cases (75%) in which the surgeon had another 
interpretation would have been called correct by an experienced radiologist. 
Also in only 23.1% of the cases were surgeons operated after an negative CT 
scan an IH was found. Revision could decrease this to 15.3%. Therefore, in case 
of discrepancy between radiological and surgical suspicion, a second opinion by 
an experienced abdominal radiologist should be considered. 

Noteworthy, there were no discrepancies between surgeons and radiologists 
after the implementation of the structured reporting template. All patients with 
a positive CT scan were operated on. However, even the structured reporting 
template is not flawless. Remarkable, the false diagnoses were corrected during 
revision or most probably based on intermittent IH. Two false negatives were 
on basis of Likert scale 3, this should always be an indication for consulting an 
experienced radiologist.  

Intermittent internal herniation remains an elusive diagnosis. In case of the 
seven false negative CT scans considered to be an intermittent IH, there was 
a time delay of 16-42 days. Furthermore, these patients had documented no 
complaints during the CT scan or had variable complaints and were not scanned 
in the acute setting. 

In case of the 4 false positive CT scans considered to be an intermittent IH, all 
had improvement of symptoms shortly after the CT scan. Two of these patients 
had open ports at surgery (3 and 132 days respectively). The other two never 
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showed symptoms until now and were not operated on.

Intermittent IH is found to cause discrepancies between radiological diagnosis 
and clinical diagnosis that might be improved by minimizing time delay between 
start of complaints, CT scan, and operation5. Patient’s complaints should always 
be the first directive for operation. Persisting complaints even after negative CT 
scan should herald an operation, as well as delay of operation can be considered 
in case of disappearance of complaints after a positive CT scan. In this case 
the possibility of recurrence of symptoms should be communicated with the 
patients with an advice to present themselves at the emergency department in 
case of acute complaints. In these cases an emergency CT scan should also be 
made.

This study was set up to improve diagnosis of IH even more. However, there 
are also some limitations. First and foremost, the reviewing by two experienced 
readers was used as gold standard for the radiological report, however they 
might still be incorrect. Expert opinion was the best possible comparison that 
could be used in this study. Next to this, the operation report is also open for 
some interpretation; maybe not every mentioned adhesiolysis is relevant for 
patient complaints, and IH can reposition during insufflation of the abdomen or 
during the laparoscopy without being recognised and therefore mentioned in the 
report. Furthermore, in four cases we could not find the reason for discrepancy 
between radiological and surgical diagnosis. Therefore, CT scans remain not one 
hundred percent accurate, which should be kept into consideration.

To conclude, three recommendations can be made based on our results. Most 
importantly, experience with postoperative anatomy after gastric bypass and 
signs of IH improves radiological diagnosis and therefore second opinion by an 
experienced abdominal radiologist should be considered in case of disagreement 
between radiologists and surgeons. Second, the possible intermittent nature of 
IH can cloud the diagnostic process and therefore minimizing time delay between 
start of complaints, CT scan, and operation can be beneficial. Third, although 
dilated bowel loops is considered a sign of IH, if it’s the only sign adhesions 
should be considered as possible diagnosis.
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Abstract

Introduction 
Weight loss is one of the desired outcomes after a gastric bypass, in order to 
reduce co-morbidity, and even mortality. However, weight loss might contribute 
to a serious complication: internal herniation (IH). Pre-operative diagnosis of 
IH is demanding. This study was conducted to investigate if percentage total 
weight loss (%TWL) is clinically usable in recognising patients with IH.

Methods 
Patients who had undergone a gastric bypass between 2011 and 2014, 
were included retrospectively if a CT scan or reoperation was performed for 
suspected IH between 2011 and 2016. Differences in %TWL were calculated in 
patients with IH and without (NO-IH). A sub analysis was done in patients with 
complaints. A multivariate analysis to identify risk factors for IH was performed. 

Results 
Out of 1007 patients, 31 patients were diagnosed with an IH (3.1%) after a 
median time of 16.5 months (range 6.5-46.1). The %TWL was higher in patients 
with an IH (34.2%±12.7) vs. NO-IH (30.8%±9.6). This result was also seen in 
patients presenting with symptoms (IH 34.2%±12.7 vs. NO-IH 27.0%±14.8). If 
%TWL is above 30%, IH is significantly more diagnosed in patients presenting 
with symptoms. A multivariate logistic model for IH in patients presenting 
with symptoms identified both ≥30%TWL (adjusted OR 3.1, 95% CI 1.1-8.8, 
p=0.036), and abdominal cramping (adjusted OR 3.2, 95%CI 1.2-8.5, p=0.0021) 
as risk factors.

Conclusion 
Our study showed significant more %TWL in patients with an IH. Both ≥30%TWL 
and cramping abdominal pain, result in a threefold higher risk of presence of IH.
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Introduction

Weight loss is one of the desired outcomes after gastric bypass (GBP). The results 
are excellent, both in terms of weight reduction, as well as in improvement of co-
morbidities, leading to a significant reduction in mortality1-4. However, reduction 
in weight might contribute to one of the well-known and serious  complications of 
gastric bypass surgery: internal herniation (IH)5-8. In general, experts assume that 
increased rates of IH after laparoscopic surgery occur due to lack of adhesions9, 
and as a result of weight loss as the amount of intraabdominal fat declines5, 10-17. 
This shift leads to subsequent enlargement of the surgically created mesenteric 
defects and a consecutive loosening of the mesenteric sutures. Any small defect 
in the mesentery becomes wider, resulting in an increase of internal herniation. 
As IH may lead to severe complications, such as small bowel obstruction and 
subsequent bowel ischemia18, it is crucial to recognise a patient with an IH. 

Three recent studies showed a significant weight reduction in patients with an 
IH after a laparoscopic antecolic gastric bypass. Schneider et al.19 found that 
patients undergoing periods of rapid weight loss, defined as excess weight loss 
(EWL) above 90th percentile of the group average, are at nearly twice the risk 
for development of IH. Geubbels et al.20 showed a significant higher %TWL loss 
in patients with an IH within the first year after GBP. Stenberg et al.21 found that 
%EWL is a significant risk factor for reoperation because of IH. Surprisingly, in 
the only meta-analysis about internal herniation after GBP, weight loss was not 
included due to too much diversity in reporting weight loss, and lack of quality 
of the included studies22. In patients presenting with symptoms, only three 
studies were conducted. Lockhart et al.23 found an increase in weight reduction 
of 126 vs. 76 lb (p=0.005) in patients with IH in comparison with patients with 
symptoms without an IH. Dilauro et al.24 found a higher total post-operative 
weight loss of 54 kg vs. 37 kg (p <0.0001). In a study with a different cohort 
selection (all patients received a re-laparoscopy) without further information 
regarding operation technique, no difference was found in %EWL25. Besides 
discrepancies in results, in clinical perspective none of these results can be used 
to determine which patient presenting with symptoms is more likely to have an 
IH.

The importance to investigate features and risk factors of patients presenting 
with symptoms is because IH is probably the most elusive complication to 
diagnose. In accordance with a very large variation of IH incidence (0-14.4%)6, 

15, 26-38, the presentation of IH can be very non-specific. It ranges from vague 
abdominal discomfort to acute small bowel obstruction, and from an acute 
onset to an intermittent character20, 39. IH can develop at any time after the 
initial operation, but seems to be highest at 1 to 2 years after surgery12, 15, 30, 

34, 40. CT has gained importance as a diagnostic tool since the introduction of 
systematically reviewing CT scans41, 42. But as a substantial part of patients after 
GBP experience a certain (chronic) abdominal pain (33% in a recent study9), it is 
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important to clinically select the patients with symptoms that need further and 
immediate action.

The aim of this study was to detect factors of influence in IH formation, as well 
as to determine a threshold of percentage total weight loss (%TWL) clinically 
usable in the diagnostic process of IH.

Methods

Cohort selection
Patients were selected retrospectively from a prospectively collected database 
following a primary or revision gastric bypass performed between January 2011 
and December 2014 and at least a follow-up of 12 months. The local medical 
ethical board waived ethical approval for this study. 

All patients underwent a laparoscopic Roux-en-Y gastric bypass (GBP) performed 
with an antecolic position of the jejunal limb, with placement of an anticlockwise 
rotation of the Roux limb, left Roux limb configuration, and without division of 
the jejunal mesentery. During this study period, Petersen defects were never 
closed; mesenteric defects were only closed in the last study year (2014) by one 
surgeon, responsible for approximately 25% of the operations. Secondary GBP 
was performed after sleeve gastrectomy, adjustable gastric banding or vertical 
banded gastroplasty. 

Data collection
Data on type of surgery, sex, age, height, initial and follow-up weight were 
extracted from the database. If a CT scan or an additional operation was 
performed in the study period, information regarding type of complaints, date of 
start of complaints, weight at start of complaints, and information regarding the 
CT scan or additional operation, were extracted from the electronic patient file. 
The conclusions of the CT reports were used for defining presence of IH on CT 
scans. In case of additional surgery, operation reports were checked on type of 
operation, and the presence of an IH. Patients with a negative laparoscopy for IH 
were checked for alternative diagnoses by searching the electronic patient file. 
In case no herniation or alternative diagnosis was found, but the defects were 
closed, electronic patient file was searched for follow-up on relief of symptoms. 

Definitions and analysis
Complaints were divided into five different symptoms; abdominal pain, 
abdominal cramping or colic pain, nausea or vomiting, abnormal defecation, 
and anorexia. Abnormal defecation was scored when defecation was changed 
from the normal routine after GBP, e.g., diarrhea or constipation. Anorexia was 
considered present in case of decreased sensation of appetite. 



79

6

An IH was defined as a protrusion of bowel through a mesenteric defect. Open or 
closed mesenteric defects, and protrusion of bowel through these defects, were 
extracted from the operation reports. If a bowel protrusion was mentioned, it 
was scored as an IH. Both herniation in Peterson’s space and mesenteric defects 
at the jejuno-jejunostomy were included. Open defects during operation without 
protrusion were scored as not having an IH (NO-IH). NO-IH was also scored 
when (1) no IH or open defects were seen during additional surgery, or (2) when 
neither CT nor reoperation was performed within 90 days after the initial CT. 

Differences in %TWL were compared between (1) patients with a confirmed IH 
and NO-IH, and (2) patients presenting with complaints with a confirmed IH and 
NO-IH. In case of a confirmed IH or complaints, the weight of that particular 
moment was used. In case patients did not have an IH or complaints, weight was 
used at the median time between operation and start of complaints of the total 
cohort, which is 350-450 days. In case multiple weights in this time frame were 
available, the lowest weight was included. To see if a possible %TWL is related 
with presence of IH in patients presenting with symptoms, steps of 10% were 
used. 

Statistical analysis
All data extracted from electronic patient files and databases was entered into a 
computerized spreadsheet (Excel; Microsoft, Redmond, WA, USA). Analysis was 
done by two independent researchers by using Statistical Package for Social 
Sciences 21.0 (SPSS Inc. Chicago, IL, USA) and STATA 12.0 (College Station, TX).
Patient characteristics were listed as mean (±SD) or median (range), depending 
on the normality of the distribution. Continuous data were compared with the 
independent sample t test or Mann-Whitney test for not normally distributed 
data. Categorical data were compared with chi-square test or Fisher’s exact test. 
Missing values in type of symptom were excluded. The significance level was set 
at p<0.05. 

Each of possible confounding variables was retained for the multivariate analysis 
if either the univariate effect of that variable was (near) significant or if the 
interaction with presence of IH was (near) significant. 

Results

Baseline characteristics
A total of 1475 patients underwent primary or secondary GBP between 2011 
and 2014. No patients died within 30 days of operation. After excluding patients 
without available weight measurements at initial operation or during follow-up, 
1007 patients were included in the definitive cohort.  Median follow-up was 45 
months (range 24-72 months). Most patients were female (84.7%) with a mean 
age of 43.2 years, and initial body mass index (BMI) of 42.3 kg/m2. Of these 
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patients, 136 patients presented with complaints. Thirty-one patients were 
diagnosed with an IH (3.1%), after a median time of 16.5 months after operation 
(range 6.5-46.1). Of the patients with complaints but with NO-IH (n=105), 22 
had a negative laparoscopy. Of these patients, in 17, an alternative diagnosis 
(n=14) could be diagnosed or the defects were already closed (n=3), in one 
patient, the defects were closed during the operation but there was no relief of 
symptoms afterwards (%TWL 39.1%), and in four patients, defects were closed 
with afterwards complete relief of symptoms (average %TWL 32.2%). There 
were no differences in demographics between patients with complaints with a 
confirmed IH and NO-IH (Table 1). Also in patients presenting with complaints 
(n=136), no differences in demographics were found (Table 2).

Bivariate analysis
The %TWL was higher (p=0.020) in patients with a confirmed IH (34.2%±12.7) 
in comparison with NO-IH (30.8%±9.6) (Table 1).

Table 1. Demographics in patients with and without IH
IH (n=31) NO-IH (n=976) n=1007

p-valueNumber % Number %
Sex 0.31

Male 7 22.6 147 15.1
Female 24 77.4 829 84.9

Type of operation 0.69
Primary GBP 21 67.7 701 71.8
Secondary GBPa 10 32.3 275 28.2

Mean SD Mean SD
Age (years) 41.4 8.6 43.3 10.1 0.29
Weight (kg)

Initial 118.8 18.9 121.2 20.4 0.58
At time of complaintsb 77.2 15.2 83.4 16.4 0.018

BMI (kg/m2)
Initial 41.4 4.4 42.4 5.9 0.46
At time of complaintsb 27.1 5.4 29.1 4.8 0.0027

%TWL 34.2 12.7 30.8 9.6 0.020

IH = internal herniation; GBP = gastric bypass; kg = kilogram; BMI = body mass index; m2 = 
square meter; %TWL = percentage total weight loss; SD = standard deviation; aSecondary 
GBP is a GBP after sleeve gastrectomy (n=99), after adjustable gastric banding (n=133), or 
after vertical banded gastroplasty (n=53); bWeight/BMI at time of complaints is weight/
BMI at the moment of diagnosis of IH or in case NO-IH was diagnosed, the lowest 
weight/BMI was used 350-450 days after operation
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In patients presenting with complaints, the %TWL was higher (p=0.012) 
in patients with a confirmed IH (34.2%±12.7) than in patients with NO-IH 
(27.0%±14.8) (Table 2). In Table 3, our analysis shows that when %TWL is equal 
or above 30%, IH is significantly more diagnosed in patients presenting with 
symptoms (p=0.0080). 

Table 2. Subanalysis: demographics in patients presenting with complaints with and 
without IH

IH (n=31) NO-IH (n=105) n=136
p-valueNumber % Number %

Sex 0.26
Male 7 22.6 14 13.3
Female 24 77.4 91 86.7

Mean SD Mean SD
Age (years) 41.4 8.6 41.2 11.0 0.98
Time until complaints 
(months)a

18.0 9.7 14.8 11.5 0.087

Weight (kg)
Initial 118.8 18.9 116.2 21.0 0.59
At time of complaints 77.2 15.2 83.5 17.3 0.060

BMI (kg/m2)
Initial 41.4 4.4 41.3 6.5 0.94
At time of complaints 27.1 5.4 29.7 5.5 0.010

%TWL 34.2 12.7 27.0 14.8 0.012

IH = internal herniation; kg = kilogram; BMI = body mass index; m2 = square meter; %TWL 
= percentage total weight loss; SD = standard deviation; aTime until complaints after the 
initial gastric bypass

Table 3. %TWL and diagnosis of IH in patient presenting with complaints
%TWL Number of patients (n=136) Number of IH (n=31) n=136

p-value
<10 19 2 0.24
≥10 117 29
<20 33 5 0.34
≥20 103 26
<30 64 8 0.0080
≥30 72 23
<40 101 18 0.033
≥40 35 13

 %TWL = percentage total weight loss; IH = internal herniation
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Patients with an IH experienced more (p=0.037) abdominal cramping or colic 
pain (n=11, 47.8%) in comparison with patients with complaints but with NO-IH 
(n=32, 23.9%). No differences were seen in presence of abdominal pain, nausea 
or vomiting, abnormal defecation, or anorexia (Table 4). 

Table 4. Type of complaint
Symptom IH (n=31) NO-IH (n=105) n=136

p-valuePresent Present
Number % Number %

Abdominal pain (n=134) 31 100 103 98.1 1.0
Abdominal cramping/colic (n=32) 11 47.8 21 23.9 0.037
Nausea/vomiting (n=67) 12 46.2 55 66.3 0.11
Abnormal defecation (n=34) 10 43.5 24 28.6 0.21
Anorexia (n=25) 6 27.3 19 26.0 1.0

IH = internal herniation

Adjusted odds ratios
A multivariate logistic model for IH identified an association with %TWL, and 
abdominal cramping or colic pain. For ≥30%TWL, an adjusted odds ratio of 
3.1 was found (95% confidence interval (CI) 1.1-8.8), standard error (SE) 1.7, 
p=0.036), and for abdominal cramping or colic pain an adjusted odds ratio of 3.2 
was found (95% CI 1.2-8.5, SE 1.6, p=0.0021) (Table 5).

Table 5. Multivariate analysis for diagnosing IH in patient presenting with complaints
Explanatory variable Adjusted odds 

ratio
95% CI SE Pseudo R2 n=111a

p-value
≥30%TWL 3.1 1.1-8.8 1.7 0.085 0.036
Abdominal cramping 3.2 1.2-8.5 1.6 0.021

IH = internal herniation; CI = confidence interval; SE = standard error; %TWL = percentage 
total weight loss; aPatients without information regarding abdominal cramping were 
excluded in this analysis

Discussion 

A significant reduction was found in %TWL at time of complaints in patients 
with an IH in comparison with %TWL at the same median time after operation 
(350-450 days). Also in patients presenting with the suspicion of IH, %TWL was 
higher in patients with an actual IH. Patients presenting with suspicion of IH 
have a threefold higher risk on presence of IH when %TWL ≥30%. Cramping 
abdominal pain also leads to a threefold higher risk of IH. 
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Our results are in line with existing literature. An incidence of 3.1% of IH in 
patients after GBP was found in this study, when defining IH as being present 
during re-laparoscopy. Meta-analysis found an incidence of IH after laparoscopic 
antecolic GBP of 2.0 to 3.0%, with no closure of any defects vs. closure of only 
the jejuno-jejunostomy defect22. Weight reduction was difficult to compare with 
literature due to different reporting standards. Geubbels et al20 found a %TWL 
of 35% vs. 28% in patients with IH vs. NO-IH. This is comparable with 34.2% vs. 
30.8% in patients with IH vs. NO-IH in this study, and in patients with symptoms, 
%TWL 34.2% vs. 27.0%. No earlier literature has been published about a cut-off 
value of %TWL that can be used in order to evaluate the risk on the presence of 
IH. This study showed that ≥30% TWL gives a threefold higher risk on IH.

In terms of symptoms, abdominal cramping was the only clinical symptom 
significantly associated with the presence of IH. In 47.8% of all patients with 
an IH, abdominal cramping was present. Literature supports this finding; 
an incidence of 65-80.4% was found in literature in patients with IH20, 39. 
Interestingly, also 23.9% of the NO-IH group experienced abdominal cramping. 
This might represent a part of the group of patients after a GBP with unexplained 
abdominal pain without an IH43, 44. Nausea was presented in 46.2% of patients 
with IH, but not significantly different from patients presenting with symptoms 
with NO-IH. In literature, the incidence of nausea was 27.5-57.2%20, 39. 

In literature, researchers identified also other risk factors associated with IH, 
such as age (HR 0.97, 95% CI 0.96-0.99, p=0.002)21, absence of hypertension 
(HR 0.70, 95% CI 0.55-0.91, p=0.006), previous anti-reflux surgery (HR 4.16, 
95% CI 1.32-13.10, p=0.015), and rapid excess weight loss (OR=1.83, 95% CI 
=1.07-3.02)19, 21. In univariate analysis, no association was found for age and 
IH. No information was available regarding anti-reflux surgery or hypertension. 
This study did not look into rapid weight loss. Regarding technical risk factors 
associated with IH, the following risk factors were identified in literature: non-
closure of the mesenteric defects (HR 3.39, 95%CI 2.22-5.17, p<0.0001)21, 
laparoscopic antecolic technique of GBP22, division of the jejunal mesentery26, 28, 
placement of an anti-obstruction stitch36, left or right Roux limb configuration17, 
and anticlockwise rotation of the Roux limb45. All patients in this study received 
the same operation (see “Methods”). Convincing evidence regarding routinely 
closure of all defects was not available during the study period, unlike these 
days21, 46, 47.

The current study was the first to investigate a cut-off value for %TWL in the 
diagnostic process of IH. However, there are certain limitations that should be 
taken into account when interpreting this study. First of all, the incidence of IH 
could be underestimated. The incidence of IH (3.1%) addresses only patients that 
were symptomatic, and during reoperation, an actual herniation was present. 
This is a major shortcoming for any study attempting to determine risk factors for 
IH. It is likely that due to the existence of asymptomatic (or intermittent) hernia, 
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the incidence is higher than reported. In order to estimate the potential amount 
of patients with an intermittent IH, an extra analysis of patients with a negative 
laparoscopy was performed. A maximum of four patients were discovered who 
might have suffered from an intermittent IH. Another imperfection of this study 
is that in order to be able to include asymptomatic patients, weight was used 
at the median time between operation and start of complaints of the total 
cohort (350-450 days). We believe this was the best and only way to be able 
to include this group of patients. Another limitation is the retrospective study 
design and therefore subjected to all potential flaws associated with this form 
of analysis, such as loss to follow up due to lack of follow up weight. However, 
no differences were found in demographics, when conducting an extra analysis 
between the included and excluded group. Also due to the study design, the 
described symptoms were retrospectively extracted. Therefore, there is lack of 
proper documentation and uniformity of description of symptoms. In order to 
further research symptoms at the presentation of IH, we suggest a prospective 
study with a questionnaire for patients that present with abdominal pain after 
GBP. Another limitation is due to the relative small number of IH, no extra 
potential risk factors of IH could be added in the multivariate analysis in order 
to avoid the statistical phenomenon multiple testing. In addition, no information 
regarding co-morbidities or medical history such as anti-reflux surgery was 
available, which could have potentially influenced our results21. 

In conclusion, our study showed a difference in %TWL between patients with IH 
and NO-IH. A high %TWL, especially equal to and over 30% TWL, and cramping 
abdominal pain are two risk factors in developing IH, and if present further 
investigation by a CT scan should be performed. In case of a negative CT scan 
but persistent clinical suspicion, a diagnostic laparoscopy should be considered. 
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With the increase of gastric bypass operations there is also an increase in 
complications. One of the long term complications after a Roux-en-Y gastric 
bypass is internal herniation (IH). The incidence of IH is documented to range 
between 1.1 and 16%1-4. Between 2013 and 2018 approximately 20.000 gastric 
bypass operations were performed in the Netherlands5. This counts up to around 
80 IHs every year. The main symptom for IH is abdominal pain, which is not very 
specific. Therefore, surgeons need other diagnostic tools before they perform 
laparoscopic surgery, which is considered the golden standard in diagnosing IH.
Imaging is increasingly used as a non-invasive tool to diagnose IH. CT is the 
most used imaging technique for the diagnosis of IH, with the use of MRI in 
case of pregnancy to prevent radiation exposure6, 7. Limitations of MRI include 
availability, study duration and costs. This results in less experience  in post-
bariatric patients, resulting in lower accuracy. Ultrasound and fluoroscopy are 
considered of lesser value. Ultrasound due to the presence of bowel air and 
abdominal fat in obese patients, which hampers the usability. Fluoroscopy is 
also considered of lesser value since it can only visualize the bowel lumen and 
doesn’t visualize the mesentery and surrounding abdominal structures6. 

Use and accuracy of CT scans

Since CT scans are increasingly being used to assist in the diagnostic process, 
we wanted to investigate the use and accuracy of CT in diagnosing IH in 
patients after gastric bypass surgery, and if CT scans are truly beneficial before 
laparoscopy. 

Two large multicentre studies from the Netherlands8 and Denmark2 found the 
use of CT scans preoperatively in 60-78.1% of patients. In the Danish study2 signs 
of IH were present on CT scan in 68.9% of the patients. Other smaller studies 
found sensitivities ranging between 32 and 76%, and specificities between 29 
and 60%9-11. With the development and use of CT signs for the diagnosis of IH 
the accuracy increased11-13.

In Chapter 2 we found that the incidence of IH in our population of gastric 
bypass patients was 2.5%, conform a previous meta-analysis1. However, 13% 
reported with symptoms suspected for IH to either the emergency room or the 
out-patient clinic. Some patients even had multiple episodes of complaints. A 
total of 265 episodes were investigated. In 93.2% of these episodes a CT scan 
was performed. We not only included patients with surgical confirmation but 
added a follow-up period of 90 days after the CT scan as an additional end-point. 
If there were no subsequent CT scans or reoperations an IH was considered 
unlikely. Therefore, we had a larger group in which accuracy was calculated. We 
documented better sensitivity and specificity of 83.8 and 87.1%, respectively, 
compared to previous research9-11. Especially the high specificity may contribute 
to a decline in unnecessary reoperations. We did not investigate all patients with 



91

7

abdominal complaints, only those in need of a CT scan or reoperation, which 
leads to a certain selection bias in our cohort. The risk of IH was considered 
very low if complaints were not severe enough to herald CT and/or reoperation. 
However, patients with minimal complaints and intermittent IH are possibly 
overlooked in the current study14. 

A CT scan should be included in the diagnostic work-up of patients with abdominal 
complaints after gastric bypass surgery. With this a minimization of unnecessary 
diagnostic laparoscopies could be established. This is not only beneficial for the 
patient because of the greater risks involved with a laparoscopy, but also reduces 
healthcare costs, since a laparoscopy with its subsequent ward day is four times 
more expensive than a CT scan15. Because of the possible intermittent nature 
of IH, negative CT scans can be repeated at time of complaints to increase the 
likelihood of IH at time of CT scan. However, since the sensitivity of CT scans 
is still not a hundred percent, patients with persistent complaints might still 
benefit from a diagnostic laparoscopy. To increase this sensitivity we further 
investigated systematic viewing and structured reporting in additional studies. 

Systematic viewing and structured reporting

Considering the accuracy of CT scans was not a hundred percent, we searched 
for methods to further improve this accuracy. In literature different CT signs 
were described for diagnosing IH. To evaluate these signs as means to increase 
accuracy we performed systematic viewing and implemented structured 
reporting.

Systematic viewing with the use of ten specific CT signs increases specificity, 
as documented in Chapter 3. The most sensitive signs were swirl sign (71.4-
77.1%), venous congestion (54.3-74.3%), and mesenteric oedema (62.9-71.4%). 
This was comparable to previous studies although they had a broad range in 
sensitivities of 53-100%, 39-73%, and 67-88%, respectively11-13, 16-19. In patients 
who underwent a reoperation we found that the combination of all ten signs 
resulted in a better specificity with an increase from 52.8% to 77.8-86.1%. In 
this subgroup clinical suspicion was high and in case of radiological uncertainty 
radiologists tended to confirm IH. Due to the systematic viewing radiological 
uncertainty decreased. This might prevent unnecessary reoperations. 

Furthermore, the difference in experience levels was investigated. The 
interobserver agreement was overall slight to substantial, with no significant 
difference in overall impression between the experience levels. Also in studies 
with two experienced readers interobserver agreement had a broad range12, 16, 17. 
The systematic viewing using ten CT signs results in a good diagnostic accuracy 
even in less experienced readers. 
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In Chapter 4 the ten CT signs were implemented in clinical practice by means of 
a structured reporting template in a prospective study. Our previous study and 
recent literature already showed an increase in accuracy when retrospective blind 
reading of CT scans was compared to the original report11. To our knowledge we 
were the first to investigate the usefulness of these CT signs in a prospective 
study with the use of structured reporting.

The accuracy increased from 87.2% in the free-text report to 93.1% in the 
structured report (p=0.045). An overall impression of diagnostic confidence on 
a 5-point scale was given in the structured reporting template. In only eight 
of 174 CT-scans (4.6%) a score of 3 was given, indicating radiological doubt. 
In the free-text report doubt was more often expressed by using words as 
probable, possible, potential and cannot be excluded. The structured reporting 
template can help less experienced (in-training) radiologist in making a more 
certain diagnosis. Second opinion by an experienced radiologist in case of doubt 
increases the accuracy even more. 

We chose to validate our structured reporting template in the same centre and 
therefore there is a risk that the increase in accuracy is not solely based on the 
use of the template but also on the increased knowledge of IH and its signs in 
the reporting radiologists. This bias is reduced because also new (in-training) 
radiologists started working in our centre during the implementation period. 
However, bias due to improvement in technical skills of the radiologists cannot 
be completely excluded. 

In our current studies ten signs were used for the systematic reviewing and 
subsequent structured reporting template. These were selected from previous 
studies investigating seven to nine different CT signs12, 18-21. We composed a 
list of the ten most feasible signs from these previous studies, in our opinion. 
However, different (combination of) signs might be more accurate. Therefore, 
further research into these signs, possible combinations of signs, and other 
and/or more signs is necessary. Furthermore, the presence of signs is objective, 
some cut-off points were given, but the conclusion remains in the hands of the 
performing radiologist.

Radiologists need to be aware of the signs that are helpful in diagnosing an 
IH and our study supports the view that structured reporting helps to increase 
this awareness. Structured reporting is already found to be beneficial in other 
diseases22-24. The current study shows that this also holds true for the diagnosis 
of IH, and structured reporting should become more common practice. 
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Misdiagnoses

Although accuracy increased with systematic viewing and structured reporting, 
still misdiagnoses were present. To evaluate these missed and wrongful diagnoses 
we further investigated these CT scans and corresponding patient data. 

Misdiagnoses were found in 9.3% of the investigated CT scans. However, after 
revision by two experienced readers this decreased to only 3.6%. Which again 
supports our previous statement that second reading by an experienced reader 
is of added value. Intermittent internal herniation remains a difficulty in the 
diagnostic process and was considered to have contributed to a substantial 
part of the wrongful diagnoses. CT scans at time of complaints is not always 
logistically possible and resolving complaints before surgery might postpone 
surgical intervention without finding an IH. Furthermore, adhesions were 
found as other diagnosis wrongfully considered to be an IH, however correctly 
considered to be a possible operation indication. In 0.8% of the CT scans there 
was no explanation for the discrepancy between radiological and surgical 
diagnosis.

In this study not only extra clinical information was used to study the 
misdiagnoses, but also a revision by two experienced readers. Nevertheless, 
these experienced readers are not the gold standard and intermittent IH cannot 
be proven with certainty. 

On basis of this study, second opinion by an experienced abdominal radiologist is 
encouraged in case of radiological doubt or disagreement between radiologists 
and surgeons. Intermittent IH should be considered, especially in case of 
persistent, variable complaints. Minimizing delay between complaints, CT scan, 
and operation can be beneficial. Finally, adhesions should be considered in case 
of dilated bowel loops. 

Other risk factors

Laparoscopic performance of gastric bypass surgery is known to be a greater 
risk for IH compared to open surgery. But the advantages such as less peri-
operative complications and quicker recovery, outweigh the increased risk of 
IH25, 26. However, there might be other factors that can be kept in consideration 
when a patient presents with abdominal complaints. Weight loss is not only 
the desired outcome of a gastric bypass operation, but possibly also a factor 
in the emergence of IH2, 27-29. In Chapter 6 we evaluated risk factors for IH and 
investigated if weight loss is clinically useable in recognizing patients with IH. 

A percentage total weight loss (%TWL) of 30% or more was found to result in a 
threefold higher risk of IH. Comparison with previous literature was difficult due 
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to the variety in weight loss documentation. Geubbels et al.8 documented %TWL 
between patients with and without IH (35% vs. 28%), which was comparable to 
our study (34.2% vs. 27.0-30.8%). 

Additionally, cramping abdominal pain was found to have a threefold higher risk 
of IH. Abdominal cramping was present in 47.8% of all patients with IH. This is 
comparable to findings in literature of 65-80.4%2, 8.

A limitation of this study was that due to the relative small number of IH, no extra 
potential risk factors of IH, such as age and previous anti-reflux surgery, could be 
added in the multivariate analysis in order to avoid the statistical phenomenon 
multiple testing. In addition, no information regarding co-morbidities or medical 
history such as anti-reflux surgery was available, which could have potentially 
influenced the results.

In patients presenting with abdominal complaints suspect for IH both %TWL of 
30% or more and cramping abdominal pain should raise the suspicion of IH and 
additional CT scanning should be considered. A negative CT scan in patients with 
these risk factors should be carefully interpreted, and possible second opinion 
by an experienced radiologist or diagnostic laparoscopy should be considered. 
Other risk factors for developing an IH should be investigated to optimize the 
diagnostic process.

Conclusions 

Internal herniation (IH) can be an elusive diagnosis in a patient population with 
a diverse range of postoperative complaints. This thesis focused on improving 
the diagnostic process of patients with abdominal complaints after laparoscopic 
gastric bypass surgery, by defining risk factors and improving radiological 
accuracy. 

Overall diagnostic accuracy of CT scans was found to be good. CT scans can 
reliably exclude IH and thereby prevent unnecessary surgery. Uncertainty in 
the radiology report is therefore not wanted. Structured reporting improved 
accuracy and can be used with good results even by inexperienced readers. 
Also in clinical practice the implementation of a structured reporting template 
improved accuracy and diagnostic confidence. In case of uncertainty an 
experienced abdominal radiologist can prevent wrongful diagnoses.

This thesis found two clinical risk factors for IH, namely cramping abdominal 
pain and a %TWL of 30% or more. Both were found to cause a threefold higher 
risk of IH. In the general post-gastric bypass patient with abdominal complaints 
the presence of these risk factors should herald a CT scan and potentially a 
reoperation.
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Future recommendations

The diagnosis of IH in patients after gastric bypass surgery is a joint effort of 
both surgeons and radiologist. Clinical symptoms and radiological signs are good 
indicators for IH. Radiologists need to be aware of the different CT signs and 
should be taught more of this subject during their residency. Furthermore, in 
bariatric centres a dedicated abdominal/bariatric radiologist is recommended. 
We encourage the use of specific standardized reporting templates for all 
CT diagnoses, but we want to emphasize here that structured reporting for 
the diagnosis of IH should be implemented in all bariatric centres. Good 
communication between surgeons and radiologists can further optimize the 
diagnosis of IH by exchanging feedback of the found diagnosis. The radiological 
exclusion of IH should not be disregarded and only in patients with persistent 
symptoms after negative CT scan(s) a diagnostic laparoscopy should be 
considered.
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Relevance

Obesity is a global health problem with increasing prevalence in the total world 
population1. To reduce the burden of obesity and related health problems bariatric 
surgery has become an accepted therapeutic measure. In the Netherlands 
laparoscopic Roux-en-Y gastric bypass is currently the most performed 
operation2. Presently there are more than 25,000 patients who have undergone 
a gastric bypass which increases with 5,000 patients every year. However, this 
procedure has it’s downsides. This thesis focussed on one of these downsides, a 
complication named internal herniation (IH).

The incidence of IH in this thesis was found to be 2.5%. With a total number 
of around 400 gastric bypass procedures every year in the current study centre 
only, this amounts to a substantial number of patients. With vague symptoms 
such as abdominal pain and reduced intake the diagnosis of IH is seldom clear 
at initial presentation. The number of patients with complaints indicating a 
possible IH are numerous with differential diagnoses of for example dumping, 
gallstones, and gastric ulcers. Therefore, the number of patients undergoing 
diagnostic measures such as CT-scans is substantially larger than the patients 
with IH alone. In our population 13.6% of patients underwent one or multiple 
CT scans after the gastric bypass procedure for an enquiry of IH. 

Radiological examination is used to help differentiate between the differential 
diagnoses. The gold standard for diagnosing IH is considered to be a diagnostic 
laparoscopy. Two major disadvantages of laparoscopy are the invasive nature of 
the procedure and the costs. The costs of a laparoscopy with an additional ward 
day are four times higher than that of an abdominal CT scan3. Abdominal CT scans 
can help prevent unnecessary laparoscopies and are increasingly being used.

Main findings

In Chapter 2 we found that the accuracy of CT for diagnosing IH is relatively 
good. Certainly in the acute setting CT scans can diagnose IH with good certainty. 
However, the accuracy could be improved. 

All CT scans of Chapter 2 were reviewed using a structured report of ten CT 
signs and overall impression in Chapter 3 and an increase in specificity was 
found. Also, we found in Chapter 3 that difference is experience levels were 
minimized due to the structured report.

In Chapter 4 the structured report was tested in clinical practice and an 
improvement of accuracy was seen. There were now only few CT scans with 
radiological uncertainty in diagnosis. And in these cases expert second opinion 
helped make a good diagnosis.
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The accuracy in Chapter 4 was not a hundred percent and therefore the 
missed and wrongful diagnoses were investigated in Chapter 5. Adhesions 
and intermittent IH were found to cause a substantial number of the wrongful 
diagnoses. Furthermore, inexperience remained an obstacle.

Clinical suspicion remains an important reason to operate regardless of CT 
results. Therefore, in Chapter 6 we investigated clinical risk factors for IH. 
Patients with complaints indicating an IH with a percentage total weight loss 
(%TWL) of 30% or more or colic pain were found to have a threefold increased 
risk for IH. 

Implications

CT scans should be the first diagnostic tool used in patients suspected of IH. 
It can discriminate other non-surgical diagnoses, reduce healthcare costs and 
is easily accessible. Accuracy is good, especially with the use of structured 
reporting. Also in-training radiologist or radiologist without an abdominal or 
bariatric specialization can diagnose or exclude IH with sufficient certainty 
when using structured reporting. Support from a specialized radiologist can 
further improve diagnosis and should be available in all bariatric clinics. In case 
of radiological doubt a second opinion of an experienced abdominal (bariatric) 
radiologist can be decisive. It is therefore important that radiology residents 
learn about bariatric patients and their complications. Not only knowledge about 
postoperative anatomy is necessary but also habituation with the different signs 
of IH on CT scans. 

Structured reporting is more and more used in the different fields of radiology. 
With the increase in images per scan the risk of forgetting important information 
in the report increases. A checklist ascertains that all relevant findings are 
described. In this thesis structured reporting was also found to benefit the 
diagnosis of IH. Consequently, we also advocate for the use of structured 
reporting in case of an enquiry of IH. Structured reporting can be implemented 
in clinical practice rather easily, especially with the recent picture archiving 
and communication systems and speech recognition reporting systems. We 
used a prewritten report with input fields which could be filled in with speech 
recognition or manually. This reduces reporting time and improves readability of 
the reports for the surgeons. 

Two alternative diagnoses found in the current cohort were adhesions and 
intermittent IH. Since adhesions are also an operation indication in most cases, 
a misdiagnosis on CT scans is not definitely a problem, but still it is not desirable. 
Dilated bowel loops, with or without presence of other signs of IH, should be 
carefully examined on CT and not be considered an IH instantly. 
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Intermittent IH is a rather elusive diagnosis. Because of its intermittent 
nature it cannot always be diagnosed with certainty, and is more a diagnosis 
per exclusionem. Patients with typical complaints for IH with reduction of 
complaints after closure of herniation spaces during laparoscopy are considered 
to have intermittent IH. This might result in false positive but also false negative 
outcomes of CT scans which can never be completely reduced. Limiting the time 
interval between start of complaints and CT scan and subsequent reoperation 
will improve the diagnostic accuracy, but is not always feasible. 

Documentation of and research into the different risk factors of IH is broad. 
Some risk factors can easily be reduced, for example the closure of herniation 
spaces during the initial gastric bypass procedure. Other risk factors cannot be 
reduced straightforwardly or are even desirable, such as weight loss. In case of 
significant weight loss it is necessary to be aware of risk factors and symptoms 
linked with the presence of IH to improve the clinical decision making. A thorough 
documentation of initial weight and weight during complaints and the nature of 
the complaints can help estimate the risk of an IH. In case of a negative CT 
scan the clinical risk estimation of an IH can further contribute in the diagnostic 
process and can even be a reason to choose for watchful waiting. 

Future perspectives

Radiological diagnosis can be improved even more by sufficient feedback 
between surgeons and radiologists. Documentation of reasons to operate or 
wait-and-see after a CT scan can help radiologist in their future reporting. For 
radiologist it is important to actively verify their diagnosis in comparison with 
the operation report or clinical information. In future maybe even support from 
the electronic patient file in the form of a notification of operation or follow-up 
examinations can improve this feedback. This electronic support is helpful in 
general and can improve the learning curve, especially in inexperienced readers. 
In difficult cases or cases with discrepancy between the CT and clinical picture 
direct review in person with the surgeon can further optimise the accuracy. 
Clinical input in this way may change visions on some CT signs with subsequent 
alteration of the structured reporting template or conclusions linked to specific 
signs. Therefore, an active collaboration between surgeons and radiologist 
is desirable. Especially in cases with persistent complaints where there is a 
tendency to repeat CT scans, direct communication with the surgeon might 
improve the diagnostic process. 

Furthermore, the surgeons have to rely on the radiological diagnose in order to 
prevent unnecessary surgeries. The standardised report can help in this process, 
because the surgeons can better understand the decision making process of the 
radiologist. Good feedback in cases of missed diagnosis or misinterpreted CT 
scans can further build the trust between surgeons and radiologists.
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Not only our reporting technique improved in recent years, also the operation 
technique and CT reconstruction abilities have undergone developments. The 
closure of possible herniation sites during the gastric bypass procedure is known 
to reduce the risk of IH and is now standard practice. Maybe in the following 
years extra sutures will further reconstruct the physiological situation in which 
the mesentery prevents the movability of the bowel structures. This leading to 
further diminishing the risk of IH. 

The development in CT reconstructions in abdominal imaging mainly focused 
on three dimensional reconstructions. The ability to visualise the position of the 
bowels in a 3D setting, might highlight wrongful position of bowel loops even 
more. This technique is currently only used in research setting in our hospital, 
but its value is promising. However, it will need considerable research and 
extensive training of radiologist before this technique can be implemented in 
clinical practice.

This thesis only focused on IH after Roux-en-Y gastric bypass in the bariatric 
population. In theory, all findings are applicable to a Roux-en-Y reconstruction 
in other situations, for example in case of gastric cancer. The CT signs will be 
relatively similar, and in our hospital the structured report is already used in 
other cases of Roux-en-Y reconstruction. However, the weight loss criterion is 
of lesser value in these patients. Further research into the signs in the broader 
Roux-en-Y reconstruction population might be helpful.
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The aim of this thesis was to find appropriate methods to diagnose internal 
herniation (IH) after gastric bypass surgery. Due to the potentially life 
threatening risk of IH a clear diagnosis with subsequent therapeutic measures is 
necessary. CT scans can assist in this diagnosis and thereby prevent unnecessary 
reoperations.

Chapter 2 explores the use of CT scans in patients after gastric bypass surgery. 
We documented on every patient with abdominal complaints with suspicion 
of IH that underwent CT scan and/or re-operation. We found that CT scans 
can reliably diagnose IH, but because of uncertainty in radiologist, but also in 
surgeons, still too many patients were operated unnecessary.

In Chapter 3 we search for a way to help diagnose IH on CT scans with more 
certainty. After literature search we found different CT signs that might indicate 
an IH. We chose ten CT signs which were the most promising in our eyes. All 
CT scans we investigated in chapter 1 were reviewed again by an experienced 
abdominal radiologist, a radiology resident with affiliation with abdominal 
radiology, and a radiology intern with little to no experience. They blindly 
reviewed the CT scans with the systematical use of the ten CT signs. We found 
an increase in accuracy, also for the less-experienced readers.

To investigate if the ten CT signs also improve accuracy in the clinical setting 
we implemented a standardized reporting template with the ten signs and an 
overall impression in Chapter 4. All CT scans that were made with an enquiry 
of IH were reported using this standardized template. After comparing these 
structured reports with the free-text reports that were previously used, we found 
an increase in accuracy. Structured reporting using the ten CT signs improves 
accuracy and thereby prevents unnecessary operations. It was an easy tool to 
use and improved certainty of the diagnosis in the radiologists and residents.

Although accuracy increased with the use of structured reporting it still was 
not a hundred percent. Therefore, we investigated al misdiagnoses in Chapter 
5. An increase in accuracy was found after revision by experienced readers. 
However, intermittent IH remained a pitfall which can never be completely 
diminished. Only in a very small number of cases there was no explanation for 
the discrepancy between CT scan and surgical findings. Second opinion by an 
experienced radiologist supports correct diagnosis, but in case of persistent 
complaints an operation should be considered to close herniation sides and 
prevent intermittent IH.

In Chapter 6 we investigated another possible factor that can improve certainty 
of diagnosis, namely weight loss. It is theorized that when a patient loses more 
weight the bowels can move more freely through the abdomen, increasing the 
risk of IH. We searched for a cut-off value that can be used to determine if 
a patient is more at risk for IH. After calculating the percent total weight loss 
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(%TWL), at the moment of IH, or at the moment of complaints suspect for IH, we 
compared these values with the %TWL in the overall patient population at the 
peak incidence of IH. We found that an %TWL of 30% gives a threefold higher 
risk of IH.

Abdominal CT scans are an important tool in diagnosing IH, with a high specificity 
and negative predictive value. The structured use of ten CT signs improved 
specificity in research and clinical setting. Furthermore structured reporting can 
be used with good results by less experienced readers. Second opinion by an 
experienced abdominal radiologist increases the accuracy even more. Another 
tool in diagnosing IH is the %TWL, with a %TWL of 30% or more the risk of IH 
increased threefold. Also cramping abdominal pain is considered a risk factor for 
IH.
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Achtergrond

Overgewicht en obesitas zijn wereldwijd een veelvoorkomend probleem, 
niet alleen in westerse landen maar ook steeds meer in ontwikkelingslanden. 
Naast vele diëten, leefstijladviezen en medicamenteuze hulpmiddelen om af te 
vallen, bestaat tegenwoordig ook de mogelijkheid van een “maagverkleining”. 
Wat in de volksmond maagverkleining heet, bestaat in de medische wereld uit 
verschillende operatieve mogelijkheden. Naast het daadwerkelijk verkleinen van 
de maag (sleeve gastrectomie) bestaat ook de mogelijkheid tot het omleiden van 
de darmen met een verminderde vertering als gevolg (gastric bypass). Daarnaast 
zijn er ook nog verschillende vormen van maagbandjes. Dit proefschrift is gericht 
op de gastric bypass operatie (Fig. 1).

Fig. 1. Anatomie na gastric bypass operatie

1 = pouch; 2 = restmaag; 3 = twaalfvingerige darm; 4 = biliaire lis; 5 = alimentaire lis; 6 
= jejuno-jejunostomie; 7 = Petersen’s space; 8 = mesenteriale opening; 9 = dunne darm; 
10 = dikke darm
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De gastric bypass is een operatie waarbij de maag wordt opgedeeld in twee 
delen, een klein deel aan de slokdarm en het grootste deel met alle cellen die 
de verteringssappen vormen en de overgang naar de twaalfvingerige darm. 
Het kleine deel aan de slokdarm wordt de pouch genoemd, hieraan wordt 
een dunne darm lis bevestigd. Hierdoor gaat het eten direct van de slokdarm 
in de dunne darm, dit stuk wordt de alimentaire lis genoemd. De maag waar 
alle verteringssappen geproduceerd worden en de twaalfvingerige darm waar 
het gal en de alvleeskliersappen in de darm terecht komen, worden ongeveer 
anderhalve meter verder op de dunne darm aangesloten. Dit stuk dunne darm 
wordt de biliaire lis genoemd. De aansluiting van dunne darm op dunne darm 
heet de jejuno-jejunostomie. Om de dunne darm op de pouch aan te kunnen 
sluiten is er enige bewegelijkheid van de darmen nodig. De dunne darmen zitten 
met een dun vlies aan de buikwand vast, het mesenterium. Om de beweeglijkheid 
te creëren worden er kleine stukken van dit mesenterium losgemaakt. Door 
de verplaatsing van de darm en het losmaken van het mesenterium ontstaan 
openingen waardoor de darmen kunnen bewegen. Als een darm klem zit in zo’n 
opening noemen we dit een inwendige herniatie (IH). Na de standaard gastric 
bypass operatie zijn er twee openingen, de eerste bevindt zich tussen de dunne 
darm en de dikke darm die onder de maag van de rechterkant naar de linkerkant 
van de buik loopt. Deze opening wordt Petersen’s space genoemd en een 
herniatie hier heet een Petersen hernia. Daarnaast is er een opening ter hoogte 
van de jejuno-jejunostomie, de herniatie hier heet een mesenteriale hernia.

Als de openingen groot genoeg zijn kan de darm vrij in en uit bewegen en zullen 
er weinig tot geen klachten zijn. Als de darm echter blijft steken in de opening 
kan de bloedtoevoer gecomprimeerd raken en in het ergste geval sterft de darm 
dan af. Patiënten ervaren buikpijn door de verminderde bloedtoevoer, dit kan 
erger zijn net na de maaltijd omdat de zuurstofbehoefte van de darm dan groter 
is. Daarnaast kan de peristaltiek van de darm toenemen als poging om weer in 
de goede positie te komen, dit zorgt voor krampende buikpijn, ook wel koliek 
genoemd. 

Soms gaat de darm vanzelf terug in de goede positie en verdwijnen de klachten 
weer. Er zijn ook patiënten die herhaalde episodes hebben van klachten, 
waarschijnlijk doordat de darm af en toe klem zit in de opening. Dit wordt een 
intermitterende IH genoemd.

Aangezien het belangrijkste symptoom van een IH dus vooral buikpijn is, is de 
diagnose moeilijk te stellen. Er zijn veel verschillende redenen waarom patiënten 
na een gastric bypass buikpijn krijgen. De chirurg moet dan het onderscheid 
maken tussen een potentieel ernstige IH waarvoor een nieuwe operatie nodig is, 
of een andere diagnose. De diagnose IH kan alleen met zekerheid worden gesteld 
met een operatie, maar niet alle patiënten met buikpijn zullen deze operatie 
ondergaan aangezien er ook risico’s verbonden zijn aan deze operatie. Om te 
helpen met de diagnose wordt steeds meer gebruik gemaakt van CT scans.
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Het belangrijkste doel van dit proefschrift was om de diagnostische accuratesse 
van CT scans voor het diagnosticeren van een inwendige herniatie na een gastric 
bypass te verbeteren. Daarnaast hebben we gekeken naar andere factoren die 
de diagnose van IH kunnen ondersteunen.

Hoofdstuk 2

Na het opbouwen van een database met alle patiënten die een gastric bypass 
hebben ondergaan in het Catharina Ziekenhuis Eindhoven (CZE) in de periode 
2011-2014, werden alle patiënten met een verdenking op een IH geselecteerd 
aan de hand van de CT scans en operaties bij deze patiënten na de gastric 
bypass. Een IH kwam in deze populatie in 2,5% van de patiënten voor. Echter in 
13% van de patiënten werd een CT scan of operatie gedaan met verdenking IH. 
Er werden in totaal 247 CT scans en 90 operaties uitgevoerd. Met CT werd de 
juiste diagnose gesteld in 86,6% van de gevallen. De conclusie van dit onderzoek 
was dat CT een goed hulpmiddel is om de diagnose IH te stellen. Maar misschien 
nog wel belangrijker CT scans zijn ook geschikt om een IH uit te sluiten, waardoor 
een patiënt niet onnodig geopereerd wordt.

Hoofdstuk 3

In hoofdstuk 2 werd een accuratesse van CT voor de diagnose van IH gevonden 
van 86,6%. Om dit te verbeteren worden verschillende tekenen beschreven 
in de literatuur die de diagnose IH op CT ondersteunen. Hiervan hebben we 
de tien naar ons idee meest toepasbare gekozen. De eerder onderzochte CT 
scans (245 van de 247) werden opnieuw beoordeeld aan de hand van deze tien 
signs. Deze beoordeling werd blind uitgevoerd door een ervaren radioloog met 
interessegebied abdomen (de buikregio), een assistent in opleiding tot radioloog 
met interessegebied abdomen en een coassistent met weinig tot geen CT 
ervaring. Er werd hierbij een verbetering van de accuratesse gevonden, zonder 
significant verschil tussen de verschillende ervaringsniveaus. 

Hoofdstuk 4

Om de verschillende CT signs echt te testen moesten ze toegepast worden in 
de klinische praktijk. Daarom hebben de radiologen en assistenten in het CZE 
alle CT scans met in de vraagstelling IH van juni 2017 tot en met november 
2018 beoordeeld aan de hand van een standaardverslag met de tien signs. Dit 
werd vergeleken met de uitkomsten van de verslagen van de CT scans zonder 
zo’n standaardverslag in de periode 2011-2016. Hierbij werd ook in de klinische 
praktijk een verbetering van de accuratesse gevonden door het gebruik van de 
tien signs. Het standaardverslag geeft met name meer zekerheid bij het uitsluiten 
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van een IH, wat onnodige operaties voorkomt.

Hoofdstuk 5

Na het toepassen van dit standaardverslag was de accuratesse van de CT scan 
voor het diagnosticeren van IH echter nog steeds geen honderd procent. Om 
te kijken of dit nog verder verbeterd kon worden, zijn we ons gaan verdiepen 
in de verkeerde diagnoses. In de gehele periode 2011 t/m 2018 werden er 
525 CT scans gedaan met op 49 (9.3%) scans een verkeerde diagnose. Na 
herbeoordeling van deze 49 scans door twee ervaren beoordelaars bleven er 
19 incorrect. Een groot deel hiervan lijkt te berusten op de eerder genoemde 
intermitterende IH. Daarnaast werden er andere diagnoses zoals verklevingen 
en invaginatie gesteld. Slechts 4 van de casussen konden niet worden verklaard. 

Hoofdstuk 6

Een IH ontstaat door een combinatie van de beweeglijkheid van de darmlissen in 
de buik en het ontstaan van openingen tussen de darmlissen na een gastric bypass 
operatie. De beweeglijkheid van de darmen en de grootte van de openingen 
nemen toe als het vet tussen de darmen afneemt. Hoewel gewichtsverlies 
de gewenste uitkomst van een gastric bypass is, zorgt het dus mogelijk ook 
voor een verhoogd risico op een IH. Om te onderzoeken of de hoeveelheid 
gewichtsverlies gebruikt kan worden als ondersteuning in het stellen van de 
diagnose IH, werden alle gewichten ten tijde van klachten met verdenking IH 
vergeleken met het gewichtsverlies in de gehele populatie. Dit gewichtsverlies 
van de gehele populatie werd berekend in het tijdsinterval na de operatie 
waarin een IH het vaakste voorkomt. Omdat gewichtsverlies een lastige maat 
is, werd er gebruik gemaakt van het percentage totale gewichtsverlies (%TWL) 
ten opzichte van het gewicht van voor de operatie. Hierbij vonden we dat een 
%TWL van 30% of meer een risicofactor is voor IH. Daarnaast geeft ook de 
eerder beschreven koliekpijn een driemaal verhoogd risico op het hebben van 
een IH dan bij patiënten zonder koliekpijn. 

Discussie

Ons onderzoek was het eerste grote onderzoek naar het gebruik en de 
accuratesse van CT scans. Eerder werden al onderzoeken uitgevoerd naar de 
accuratesse van CT scans in patiënten met een operatie met verdenking IH. Wij 
hebben echter ook alle patiënten geïncludeerd die na de CT scan geen operatie 
ondergingen. Indien zij in een periode van 90 dagen na de CT scan klachtenvrij 
waren, werd een IH onwaarschijnlijk geacht. Hoofdstuk 2 toonde een gebruik 
van CT scans in 13% van de patiënten na een gastric bypass met een goede 
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accuratesse. De sensitiviteit en specificiteit in ons onderzoek waren ook beter 
dan eerdere studies lieten zien. Daarom pleiten wij voor het gebruik van CT 
scans bij alle patiënten met een verdenking IH om zo onnodige operaties te 
voorkomen.

Ook het gebruik van specifieke CT signs verbeterde de specificiteit van CT scans 
wat reeds in eerder elders uitgevoerd onderzoek werd aangetoond. In hoofdstuk 
3 werd echter ook aangetoond dat minder ervaren radiologen (in opleiding) 
door het gebruik van de CT signs ook een correcte diagnose konden stellen. 
Met de implementatie van de CT signs in de klinische praktijk in hoofdstuk 4 
werd dit verder bevestigd. Een standaardverslag zou daarom vaker gebruikt 
moeten worden. Er is echter nog meer onderzoek nodig naar de signs die in het 
standaardverslag thuis horen. Mogelijk zijn er andere signs die in dit onderzoek 
niet gebruikt zijn of zijn er combinaties van signs die een beter beeld geven.

Om de accuratesse nog verder te verbeteren werden in hoofdstuk 5 enkele 
adviezen geformuleerd. Bij discrepantie tussen het radiologische verslag en de 
klinische verdenking van de chirurg wordt een second opinion door een ervaren 
abdomen radioloog geadviseerd. Daarnaast moet het tijdsinterval tussen de 
klachten, CT scan en operatie niet te lang zijn om zo een intermitterende IH te 
kunnen vinden.

Andere factoren die meespelen in het risico voor IH en dus mee moeten wegen 
in de diagnose zijn de hoeveelheid gewichtsverlies en specifieke symptomen. 
Overeenkomstig met de literatuur toonde hoofdstuk 6 aan dat patiënten met 
een IH meer gewichtsverlies hebben dan de algemene populatie en ook vaker 
krampende buikpijn vertonen. Verder onderzoek naar andere factoren die het 
risico op IH verhogen is echter nog wel nodig.

Conclusie

IH is geen makkelijke maar wel een belangrijke diagnose om op tijd te stellen. CT 
scans en vooral het gebruik van een standaardverslag met CT signs bevorderen 
de diagnose en kunnen IH met voldoende zekerheid uitsluiten. Hierdoor 
kunnen onnodige operaties voorkomen worden. Verder moeten de hoeveelheid 
gewichtsverlies en de aanwezigheid van koliekpijnen van invloed zijn op de 
diagnostische overwegingen van de chirurg. Samen met de radiologische 
bevindingen kan hierdoor een goed behandelplan voor de patiënt worden 
gemaakt.
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gekomen dat het tijd was om een promotor te zoeken, en toen was het leuk dat 
jouw leerstoel eigenlijk het beste paste bij mijn proefschrift. Zo ben je betrokken 
geweest bij alle onderdelen van mijn opleiding. 

Dr. Nederend, Joost, als copromotor was jij vanaf het allereerste begin bij mijn 
onderzoek betrokken. En dat vond ik best een beetje spannend. Toen ik met 
Harrie in overleg was over een wetenschappelijke stage bij jullie op de afdeling 
en hij jou voordroeg als begeleider, dacht ik vooral aan de momenten dat ik 
je hoorde mopperen tegen de assistenten. Gelukkig stellen wij dezelfde hoge 
eisen aan ons werk en liep de samenwerking goed. Zo goed zelfs dat mijn 
wetenschappelijke stage is uitgedraaid in een heel proefschrift. Bedankt voor al 
je hulp in de afgelopen jaren.

Dr. Nienhuijs, Simon, ook mijn copromotor. Aangezien het onderwerp van 
mijn proefschrift niet alleen radiologisch is, werd jij ook al snel bij mijn 
wetenschappelijke stage betrokken. Met jouw andere invalshoek zorgde je 
altijd voor de puntjes op de “i” in mijn artikelen. Daarnaast hebben we samen 
heel wat gebrainstormd over mogelijke onderzoeksvragen, en wat hier nu ligt is 
maar een klein deel van de plannen. Laten we dus vooral niet stoppen met het 
gecombineerde onderzoek tussen onze disciplines. 

Andrew en Roy, zonder jullie had dit boekje hier niet gelegen, of nou ja, dan 
was het waarschijnlijk over prostaten gegaan. Andrew, bedankt voor het goede 
idee, en mocht je toch nog ooit onderzoek willen doen, ik heb ook nog wel 
wat ideeën liggen. Roy, bedankt voor het helpen met de eerste stappen op 
onderzoeksgebied.

Marijn en Saskia, jullie bijdragen hebben gezorgd voor een verbetering van de 
kwaliteit van mijn artikelen, zowel op tekstueel als analytisch gebied, waarvoor 
dank.

Magaly en Lianne, bedankt voor het helpen vullen van mijn database, jullie werk 
heeft mij heel wat avondjes gescheeld. 
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Geert-Jan, zoals beloofd: Alle databases in dit proefschrift werden medemogelijk 
gemaakt door Geert-Jan van Brakel. Waarvoor oprechte dank! Al heb ik hopelijk 
al wel iets goed gemaakt met alle zelfgebakken koekjes die er tegenover stonden.

Reinoud en Lieke, samen sparrend over onze onderzoeken hebben we elkaar 
nog best eens vooruit geholpen. Lieke, bedankt dat je me hielp relativeren en 
zorgde dat ik ook af en toe rust nam. Reinoud, het feit dat de tekening in dit 
boekje versie 3 is, zegt al genoeg over je teken kwaliteiten, of misschien meer 
over hoe goed je snapt wat ik bedoel terwijl ik het zelf niet goed kan uitleggen. 

Joost, wat was het fijn om samen te kunnen mopperen als het even tegenzat, te 
weten dat je niet de enige bent die op zaterdagmiddag achter de computer zit 
om de revisies van weer een artikel af te maken of op zoek naar die ene patiënt in 
de database die niet klopt, en natuurlijk ook om samen de kleine overwinningen 
te vieren. Extra fijn is het dat we nu ook samen ons doctor-schap kunnen vieren! 
Maar waar gaan we dan nog over mopperen?

Vriendinnen, zonder jullie afleiding, etentjes, filmavondjes, wandelingen, 
weekendjes weg en vooral heel veel knuffels was ik er niet doorheen gekomen. 
Laten we hier vooral mee doorgaan.

Amber, ik hoefde je geeneens te vragen of je mijn paranimf wilde zijn, dat had 
je zelf al besloten. En dat is ook precies wat onze relatie typeert. Soms zien we 
elkaar veel te weinig, maar als we elkaar dan weer zien is het als vanouds. Dus 
het was ook niet meer dan logisch dat jij naast mij staat. 

Wim, om jou zo ver te krijgen dat je mijn paranimf wilde zijn kostte iets meer 
moeite. Gelukkig doe je alles voor je kleine zusje. En het scheelt dat je deze keer 
niet het woord hoeft te voeren, toch? 
Cate, obrigada por ter certeza de que ele está realmente aqui.

Pap en mam, ook al snapten jullie niet altijd precies waar ik mee bezig was, toch 
kon ik altijd rekenen op jullie steun. Of het nu was bij het oefenen van presentaties 
of tegenslagen tijdens het schrijven, jullie waren er altijd als luisterend oor. 

Lieve Laurens, je bent alleen betrokken geweest bij de afrondende fase, maar 
het was fijn om je daarbij te hebben. Voor de laatste input en spellingscheck, 
maar ook voor de steun tijdens de laatste loodjes en spannende momenten. Nu 
kunnen we lekker samen gaan genieten van alle vrije tijd die ik overhoud.
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Jannetje Clasina (Jeannette) Ederveen was born on March 3rd, 1994 in Erp. After 
cum laude graduation from Gymnasium Bernrode in Heeswijk-Dinther in 2011, 
she studied medicine at Maastricht University. 
Most of her internships were situated in the Catharina Hospital Eindhoven, and 
it was also here she discovered her love for Radiology. After an internship at 
this department the choice was clear and a scientific internship followed. What 
started as a mandatory part of the medical training, turned out to be quite more 
enjoyable than anticipated, and was the beginning of this promotion. 
After obtaining her medical degree in December 2017, she started working as 
resident at the department of Radiology and Nuclear Medicine in Maastricht 
University Medical Centre. 
The residency was combined with her research in spare hours. This resulted in 
this thesis and presentations during the Dutch Radiology Days (2017, 2019 (top 
5 abstract)), the 22nd World Congress of the International Federation for the 
Surgery of Obesity and Metabolic Disorders (2017), and the European Congress 
of Radiology (2019). 

Jannetje Clasina (Jeannette) Ederveen werd geboren op 3 maart 1994 in Erp. Na 
het cum laude behalen van haar diploma aan Gymnasium Bernrode in Heeswijk-
Dinther in 2011, studeerde ze Geneeskunde aan Universiteit Maastricht. 
Haar coschappen volgde ze grotendeels in het Catharina Ziekenhuis Eindhoven, 
waar ze ook haar liefde voor de radiologie ontdekte. Na een coschap op de 
afdeling radiologie was de keuze snel gemaakt en een wetenschappelijke stage 
volgde. Dit startte als een verplicht deel van de opleiding maar bleek veel leuker 
te zijn en heeft gezorgd voor een mooie basis voor het verdere promotietraject. 
Na het behalen van haar bul in december 2017, startte ze als arts-assistent in 
opleiding bij de afdeling Radiologie en Nucleaire Geneeskunde in Maastricht 
Universitair Medisch Centrum. 
Gedurende haar opleiding werden de vrije uren gebruikt voor het verdere 
promotieonderzoek. Dit heeft uiteindelijk geresulteerd in dit proefschrift en 
presentaties tijdens de Nederlandse Radiologen Dagen (2017, 2019 (top 5 
abstract)), het congres van de International Federation for the Surgery of Obesity 
and Metabolic Disorders (2017) en het Europese Congres voor de Radiol
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