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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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