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Mini Review 
Metabolic Syndrome, Irritable Bowel Syndrome (IBS), and leaky 

gut describe inflammatory processes of organs in the splanchnic sys-
tem. Our current work with MRI has shown that imaging findings of 
inflammation of segments of the upper GI tract (lower esophagus, 
stomach, duodenum, and jejunum) and hepatosteatosis are common-
ly observed in individuals with these clinical conditions and in obese 
patients presenting with abdominal pain. One initial consideration 
is that these conditions, and other similar ones, are all aspects of the 
same clinical picture, which may be best termed Splanchnic Metabolic 
Syndrome. There may be various underlying causes, but the essential 
findings are inflammation of the upper GI tract and hepatosteatosis, 
recognized as a widespread finding [1], with the root cause being the 
entry point to the system from the exterior, the upper GI tract.

Beyond the liver and GI tract, inflammation of all organs and tissues 
in the splanchnic system can be observed. The only imaging approach 
that can define the full extent of splanchnic inflammation and related 
disease is Gadolinium-based Contrast agent (GBCA) enhanced MRI. 
On imaging, this condition can be termed Splanchnic Inflammatory 
Syndrome (SIS). Our approach for imaging the splanchnic system 
involves imaging on modern MR systems, using conventional MR 
sequences, which include: 1. short duration fat-suppressed T2-weight-
ed; 2. In and Out-of-Phase T1 gradient echo sequence (Dixon may be 
optimal); 3. noncontrast T1 fat-suppressed (or similar dark-fat) gradi-
ent echo; late arterial and 5-minute post-GBCA gradient echo. Figure 
1 illustrates the imaging findings demonstrable on MRI of the SIS.

Based on our initial observations and experience of over 1,000 sub-
jects, many conditions in the splanchnic system that are inflammatory 
and may reflect, and probably most commonly reflect, SIS, as these 

other findings are commonly (possibly invariably) related to co-exist-
ent upper GI inflammation and hepatosteatosis. These include:

a.	 acute acalculous cholecystitis

b.	 biliary dysfunction of all forms

c.	 pancreatic steatosis

d.	 small pancreatic cysts, including side-branch IPMN.

e.	 mesenteric panniculitis.

Many benign and malignant lesions in these organ systems may also 
arise as a result of chronic inflammation of the splanchnic system.

Figure 1: 1(a).
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Image Interpretation
Liver and pancreatic steatosis are optimally evaluated using in-and-

out-phase and comparable (e.g., Dixon) strategies of all imaging ap-
proaches. Fat content can be quantified with this approach [2]. Gall-
bladder and biliary dysfunction, small pancreatic cysts, and IPMNs 
are well recognized on MRI, and many of these sequences are used in 
concert [3,4].

Mesenteric panniculitis is best shown on out-of-phase images sup-
plemented by other sequences [5]. Inflammation of the GI tract is 
shown in the combination of late arterial and 5-minute post-contrast 
images [6]. Early enhancement is consistent with significant acute 
inflammation, and late enhancement reflects prolonged interstitial 
dwell time in the extracellular matrix (ECM) seen in acute and chron-
ic inflammation.

The least generally understood imaging interpretation is the in-
creased enhancement of the upper GI tract, which should follow 
the established approach for imaging Crohn’s of the terminal ileum, 
Crohn’s, ulcerative colitis, and infective colitis in the colon [6]. The 
great majority of body MR radiologists to the present time do not have 
the experience to interpret upper GI tract inflammation well. This may 
partly reflect that inflammation is common and historically misinter-
preted as normal.

The first understanding is that the normal bowel should enhance ap-
proximately the same intensity as the paraspinal and other muscles. 
The greater the extent of inflammation of the bowel, the closer the 
bowel enhances to the signal of normal renal cortex and pancreas on 
arterial phase images and renal parenchyma on 5-minute post-contrast 
images. The most accessible segment to interpret as inflamed is the 
distal esophagus; the most challenging is the jejunum. Three patterns 
of abnormal jejunal enhancement are observed: diffusely increased 
enhancement (observed on arterial phase or both phases), patchy 
jejunal enhancement, and 5-minute increased serosal enhancement. 
This last appearance is often seen alone but invariably is present with 
mesenteric panniculitis and, when seen together, usually reflects more 
long-standing mesenteric inflammation. The ileum may also be shown 
to have a small caliber tubular, relatively featureless appearance with 
moderately intense mural enhancement that should be described.

We observe that many individuals with acute acalculous cholecyst-
itis have the MR appearance of intense inflammation of the proximal 
duodenum associated with a gallbladder that shows progressively in-
tense mural enhancement. A similar appearance is observed in cases 
of biliary dyskinesia.

Discussion
Obesity has become the most important disease condition in the 

American population and is progressively a worldwide phenomen-
on [1]. The Metabolic Syndrome, therefore, may be one of the most 
common conditions, yet it is under-reported [7-10]. We consider this 
partly because the designation is too broad and, hence, confusing. 
What of the many Metabolisms? A condition associated with Type II 
diabetes and dyslipidemia should be termed the Splanchnic Metabol-
ic Syndrome, as other organ system metabolic conditions have come 
to be described according to the organs involved. Based on our con-
siderable imaging experience, the findings of what has been called the 
Metabolic Syndrome, IBS, and leaky gut all have essentially identical 
MR findings. Hence, we believe the Splanchnic Metabolic Syndrome 
and the bowel manifestation represent a leaky gut early on and IBS 
as inflammation intensifies. Our opinion is that there is one umbrella 
condition, the Splanchnic Metabolic Syndrome, with likely multiple 
causes and bowel findings that reflect a prominent component of 
bowel inflammation and biliary findings a prominent component of 
biliary disease.

It may be particularly important to draw attention to the fact that 
individuals at present who have RUQ pain and normal appearance of 
the GB at sonography will undergo cholecystectomy. Studies show that 
clinical failure is expected because a sizable percentage have persistent 
RUQ. This reflects that the source of pain all along is the proximal duo-
denum, and inflammation of the gallbladder is a sympathetic response 
to bowel inflammation. Continued research into associated conditions 
in the Metabolic Syndrome has shown that multiple findings are evi-
dent: upper GI inflammation is common [11-13], fatty change of the 
pancreas is common [7,14,15], and mesenteric panniculitis is not un-
common [16]. This is identical to what we have observed in the MR-
based imaging designation of the SIS.

At present, the full spectrum of SIS findings is not reported in MR 
studies due to the lack of experience of most readers. However, this 
may currently be the most common disease present in MR studies 
and may be invariably present in adult obese patients with abdom-
inal pain. A final word on treatment. The primary treatment for SIS 
(and Splanchnic Metabolic Syndrome) is careful dietary modification. 
Our opinion is that individuals often experience intolerance to various 
foods, and this should be evaluated. Gluten may be a common cause, 
but many other food sources could be the cause. Also important is 
to determine if hyperchlorhydria or hypochlorhydria is a prominent 
component of upper GI inflammation, which may be most efficient-
ly performed as a week-long apple vinegar trial. SIS is very common; 
possibly only on MRI can the full extent be observed. Improved know-
ledge of interpreting upper GI findings also needs to be expanded.

Mild SIS As Shown on MRI

In-phase (a) and out-of-phase [Figure 2] (b) T1 gradient-echo im-
ages show normal relation mild higher signal of liver than spleen 
on in-phase (a) with signals becoming equivalent on out-of-phase 
(b) reflecting mild hepatosteatosis (measured fat fraction 11%). 5 
min post-GBCA image of the esophagus [Figure 3] (c) shows mild 
increased enhancement of the esophagus (arrow, c) with a 4 mm 
thick wall (within normal measurement) consistent with mild distal 
esophagitis. Duodenum shows mild increased enhancement with 5 
mm mural thickness, as shown on the late hepatic arterial phase image 
[Figure 4] (d). Late arterial [Figure 5] (e) and 5 min [Figure 6] (f) im-
ages at a lower anatomic level show mild increased enhancement of a 
portion of jejunum (arrow, e, f).

Figure 2: 1(b).

A mild level of upper GI inflammation and mild hepatosteatosis is 
the most common presentation of SIS. This is commonly observed in 
obese individuals with a clinical history of abdominal pain, which can 
be generalized, RUQ, or LUQ. The location of pain often reflects the 
location of the bowel, which is most inflamed.

https://doi.org/10.51626/ijgld.2023.03.00018


3

Citation: Semelka RC, Ramalho M. Splanchnic Inflammatory System – Expert Opinion. Int J Gastroenterol Liver Dis. 2023;3(2):1‒3. 
DOI: 10.51626/ijgld.2023.03.00018

Splanchnic Inflammatory System – Expert Opinion

Figure 3: 1(c).

Figure 4: 1(d).

Figure 5: 1(e).

Figure 6: 1(f).
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