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Key points

+ CT features of bowel ischemia differ between occlu-
sive and non-occlusive mesenteric ischemia.

+ In NOMI, pneumatosis overdiagnoses necrosis. The
absence of bowel wall enhancement and a thinned
wall on CT better predict transmural necrosis.

+ In occlusive AMI, necrosis is underdiagnosed if only
pneumatosis is considered. More frequent features
such as bowel dilation and should not be overlooked.

+ Overall, pneumatosis is not a synonym of irreversible
transmural necrosis and should not systematically
lead to surgical exploration.

Background
To the Editor in Chief,

We read with interest the article entitled ‘Many faces
of acute bowel ischemia: overview of radiologic staging’
by Davarpanah A. et al. [1] recently published in Insights
into Imaging.

The authors propose a stimulating review of all eti-
ologies of acute bowel infarction (ABI) with compel-
ling illustrations of correlations between pathologic and
radiologic findings of ABI according to the three main
stages of bowel ischemia (i.e., early, Intermediate, and
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late phase of ischemia). We congratulate the authors for
their extensive overview, and we fully share their call for
a better understanding of the pathophysiology of ABI to
help improve patient management. However, we believe
two points call for comments. First, the authors imply
that radiologic and pathologic findings of the different
ischemic stages are similar in NOMI and in occlusive
forms of AMI, which is inaccurate. Second, they endorse
the idea that a gas pattern is a specific finding of a late
phase of ischemia, which is questionable and should be
challenged.

Main text

As stated by the authors, physiopathology, timeline, and
contexts are very different between NOMI and occlu-
sive forms of AMI Occlusive AMI occurs in patients
with a frequent history of cardiovascular comorbidities
and presents as a time-dependent continuum between
ischemia and necrosis that leads to organ failure and
eventually death. NOMI classically occurs in critically ill
patients. Bowel ischemia is often more diffuse and fluctu-
ates over time, leading to different patterns of necrosis.
Understandably, clinical, biological, but also radiologi-
cal characteristics substantially differ between NOMI
and occlusive AMI. While the distinction between early,
intermediate, and late forms presented by the authors
seems more suited to the pathophysiology of occlusive
AMI, the development of necrosis remains the most
important prognostic factor in all forms nonetheless.
Therefore, the assessment of the probability of necro-
sis is of utmost importance. In this setting, bowel wall
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pneumatosis has been classically considered one of the
most specific features on imaging.

Pneumatosis has a long medical story. First described
as pneumatosis cystoid in 1730 and initially subject to
confusion between diagnosis and symptom, its detec-
tion has been primarily favored by the widespread use of
CT over the past decades. Due to its easily recognizable
character and its striking semiology, the gas pattern has
fascinated the medical community, especially radiolo-
gists, because of their first-line position in the diagnos-
tic workup. It has been rapidly associated with late-stage
AMI and necrosis, but also with many other benign
conditions.

When dealing with pneumatosis in AMI, the question
of surgical exploration is always an underlying issue. In
1998, Pear et al. [2] concluded that pneumatosis in AMI
“represents a surgical emergency” However, a few years
later, Kernagis et al. [3] and Wiesner et al. [4] already
alerted that gas pattern was not a synonym of transmural
necrosis in AMI. They presented a correlation between
pathologic extension of necrosis in patients with a gas
pattern and showed that the presence of gas “[did] not
allow prediction of transmural bowel infarction” Never-
theless, the idea that a gas pattern in AMI requires urgent
surgical exploration remains. We propose several expla-
nations. First, gas is associated in the collective imagi-
nation with necrosis, gangrene, and putrefaction. Gas
pattern frightens physicians and surgeons. Second, until
recently, no other feature was clearly associated with
transmural necrosis (except for the pneumoperitoneum,
of course). Recent evidence addresses this issue.

In AMI, a gas pattern is the consequence of mural
necrosis that allows gas to pass from the mucosal to
the submucosal space and eventually to bowel veins.
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Therefore, in occlusive AMI, pneumatosis indicates that
bowel ischemia has begun, the occurrence of transmural
necrosis being a matter of hours. One well-recognized
downfall of this feature is its low sensitivity: pneumatosis
occurs very late. In a prospective study of patients with
occlusive AMI, our group identified bowel dilation as an
independent predictor of necrosis requiring resection [5].
This has been validated internally since (submitted for
publication). The bowel dilation is explained by ischemic
lesions to the myenteric plexi, consistent with a late form
of ischemia, and is depicted before the occurrence of
pneumatosis. It is important to stress that said suspicion
of necrosis should be reinforced by clinical (organ failure)
and laboratory tests (elevated serum lactate) that should
be interpreted altogether [5]. Therefore, an isolated pneu-
matosis in the absence of bowel dilatation or laboratory
anomalies should not be considered a sign of necro-
sis. Conversely, bowel dilation in patients with elevated
serum lactate indicates the presence of necrosis, even
without pneumatosis. Of note, bowel dilation cannot be
used in NOMI because most critically ill patients suffer
from gastrointestinal failure, receive parenteral nutrition,
and suffer from paralytic ileus for multiple reasons [6].

In NOMI, pneumatosis should be considered a marker
of current or recent bowel ischemia because it fails to
assess the stage of AMI (Fig. 1). Our group recently
showed that more consistent CT features should be
searched for [6], namely a thinned wall (more specific)
and an absence of bowel wall enhancement (more sensi-
tive). Those signs should be assessed independently from
the presence of pneumatosis to diagnose transmural
necrosis (Fig. 2). In our recent study [7] of 154 patients
with NOMI undergoing laparotomy, 81 underwent sur-
gical exploration for suspected small bowel transmural
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Fig. 1 Time of onset of main CT features of acute mesenteric infarction according to the three main stages of bowel ischemia (i.e, early,
intermediate, late). Differences between occlusive and non-occlusive mesenteric ischemia are presented

Absence of bowel wall enhancement

Gas pattern

Necrosis

Bowel dilation

Gas pattern




Calame et al. Insights into Imaging (2022) 13:25

Pneumatosis with absence
of bowel wall enhancement

Pneumatosis with normal
bowel wall enhancement

Early — intermediate stage Late stage

Fig. 2 Representation of the two distinct situations in non-occlusive
mesenteric ischemia when dealing with gas pattern. Analysis

of bowel wall enhancement is mandatory even in the case of
pneumatosis

necrosis. Among them, 31 (31/81, 38%) had gas pattern
at CT. At the end, among these 31 patients with sus-
pected small bowel NOMI associated with gas pattern,
none of the patients (0/4) with normal wall enhancement
had transmural necrosis. In contrast, 77% (21/27) of
patients with gas patterns associated with an absence of
bowel wall enhancement did. Here again, the meaning of
pneumatosis shall be weighed against several other imag-
ing and laboratory anomalies (Prothrombin time, serum
bicarbonates).

Conclusion

Pneumatosis will continue to be at the center of discus-
sions in patients with AMI, as intensivists and surgeons
will likely be bewitched by gas patterns. It is our role,
as radiologists, to decipher this entity. If pneumatosis
alone is considered, necrosis is likely to be overlooked
in occlusive AMI and over diagnosed in NOMI. In all
cases, more frequent, accurate, and valuable CT features
of necrosis shall be searched for. Notably, the presence of
a gas pattern should not be the sole reason for surgical
exploration.
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