Abdominal Radiology (2022) 47:1625-1635
https://doi.org/10.1007/500261-022-03410-x

HOLLOW ORGAN Gl ")

Check for
updates

Pneumatosis intestinalis in abdominal CT: predictors of short-term
mortality in patients with clinical suspicion of mesenteric ischemia

Simon D. Graber' - Stefanie Sinz? - Matthias Turina? - Hatem Alkadhi'

Received: 27 October 2021 / Revised: 3 January 2022 / Accepted: 5 January 2022 / Published online: 20 January 2022
© The Author(s) 2022

Abstract

Purpose Pneumatosis intestinalis (PI) in the bowel wall demonstrated in computed tomography (CT) of the abdomen is
unspecific and its prognostic relevance remains poorly understood. The purpose of this study was to identify predictors of
short-term mortality in patients with suspected mesenteric ischemia who were referred to abdominal CT and showed PI.
Methods In this retrospective, IRB-approved, single-centre study, CT scans and electronic medical records of 540 patients
who were referred to abdominal CT with clinical suspicion of mesenteric ischemia were analysed. 109/540 (20%) patients
(median age 66 years, 39 females) showed PI. CT findings were correlated with surgical and pathology reports (if available),
with clinical and laboratory findings, and with patient history. Short-term outcome was defined as survival within 30 days
after CT.

Results PI was found in the stomach (n=6), small bowel (n=65), and colon (n=85). Further gas was found in mesenteric
(n=54), portal (n=19) and intrahepatic veins (n =36). Multivariate analysis revealed that PI in the colon [odds ratio (OR)
2.86], elevated blood AST levels (OR 3.00), and presence of perfusion inhomogeneities in other abdominal organs (OR
3.38) were independent predictors of short-term mortality. Surgery had a positive effect on mortality (88% lower likelihood
of mortality), similar to the presence of abdominal pain (65% lower likelihood).

Conclusions Our study suggests that in patients referred for abdominal CT with clinical suspicion of mesenteric ischemia,
location of PI in the colon, elevation of blood AST, and presence of perfusion inhomogeneities in parenchymatous organs
are predictors of short-term mortality.
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Introduction

Pneumatosis intestinalis (PI) refers to the presence of gas
within the wall of the small or large intestine, which is usu-
ally diagnosed with abdominal computed tomography (CT).
CT typically demonstrates a low density linear and/or bubbly
pattern of gas within the bowel wall, which can be readily
diagnosed with CT due to its high spatial resolution and mul-
tiplanar reformation capabilities [1-3].

The pathogenesis of PI remains poorly understood and is
probably multifactorial. PI may be an incidental finding asso-
ciated with a benign etiology, whereas in others, it portends
a life-threatening abdominal condition. Therefore, the signifi-
cance of PI usually depends on the nature and severity of the
underlying etiology [4]. One of the most feared underlying
conditions for PI is mesenteric ischemia, which is associated
with a high morbidity and mortality [5]. Because of the wide
array of clinical settings in which PI is encountered, it is rec-
ommended to interpret radiological findings together with the
individual clinical presentation, laboratory findings and patient
history, in order to ensure a correct diagnosis and to guide
appropriate management [6].

Despite of this, the implications of PI are often misinter-
preted and patients are being operated for suspected mesen-
teric ischemia, finally demonstrating normal, non-ischemic
bowel during surgery. While some authors suggested that PI,
particularly when combined with portal-venous gas, was asso-
ciated with mesenteric ischemia in 69% of patients and with a
mortality of 50% [7], others showed that 40% of patients with
PI on CT and clinical findings being suggestive of mesenteric
ischemia had viable bowel at surgery or recovered without
surgery [8]. The latter finding was further corroborated by
Wiesner et al. [9] who showed that PI on CT does not always
indicate transmural necrosis of the bowel wall. Also, the prog-
nostic implications of PI seen in abdominal CT remains poorly
understood.

The purpose of our study was to identify predictors of mor-
tality in patients admitted to abdominal CT with suspicion of
mesenteric ischemia and showing PI of the bowel wall.

Materials and methods

Study population

In this retrospective study, we searched in our electronic
database system in the years from January 2014 to Decem-

ber 2019 for the terms “mesenteric ischemia”, “bowel
ischemia” and “intestinal ischemia” in all radiological
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reports of patients who underwent a non-enhanced and
contrast-enhanced abdominal CT examination in the arte-
rial and portal-venous phase. The entire report text was
screened for the terms mentioned above. The clinical sus-
picion of mesenteric ischemia was taken from the order
indication.

We found a total of 540 patients. 408/540 patients (76%)
had no PI in CT and were thus excluded. Care was taken to
not mistake pseudo-pneumatosis as PI [10]. Twenty-three of
the remaining 132 patients (30%) had to be excluded because
of a missing signed consent. The remaining 109 patients
were included in this study (Table 1). This study had insti-
tutional review board and local ethics committee approval.

Table 1 Patient demographics

Surgery Conservative Overall
management
n=_85 n=24 n=109

Gender

Female 30 (28%) 9 (8%) 39 (36%)

Male 55 (51%) 15 (14%) 70 (64%)
Age (years)

Mean (SD) 66 (£ 15) 62 (£14) 65 (£ 14)

Median 66 63.5 66
CT scan range

Abdomen 46 (42%) 9 (8%) 55 (51%)

Chest abdomen 32 (29%) 15 (14%) 47 (43%)

Neck chest abdomen 4 (4%) 0 4 (4%)
Died during index hospitalization

Yes 49 (45%) 22 (20%) 71 (65%)

No 36 (33%) 2 (2%) 38 (35%)
Smoking

Yes 55 (51%) 13 (12%) 68 (62%)

No 25 (23%) 11 (10%) 36 (33%)
Diabetes

Yes 26 (24%) 5 (5%) 31 (28%)

No 59 (54%) 18 (17%) 77 (711%)
Obesity

Yes 36 (33%) 12 (11%) 48 (44%)

No 47 (43%) 11 (10%) 58 (53%)
Nausea

Yes 29 (27%) 7 (6%) 36 (33%)

No 55 (51%) 16 (15%) 71 (65%)
Vomiting

Yes 38 (35%) 10 (9%) 48 (44%)

No 46 (42%) 13 (12%) 59 (54%)
Abdominal pain

Yes 58 (53%) 10 (9%) 68 (62%)

No 26 (24%) 13 (12%) 39 (36%)
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CT imaging

All CT examinations were performed on a second or third
generation dual-source CT scanner (SOMATOM Defini-
tion Flash or Force, Siemens Healthineers, Forchheim,
Germany) using our institutional multiphasic abdominal
CT protocol settings including a non-enhanced, followed
by an arterial and portal-venous phase CT scan (intra-
venous administration of 70-100 mL iodinated contrast
media depending on the body weight). Standard image
reconstructions were performed with a slice thickness of
2 mm (increment 1.5 mm) using a medium-soft tissue con-
volution kernel.

Image interpretation

Two radiologists (one with 4 years and one with 15 years of
experience in abdominal imaging) being blinded to the clini-
cal data evaluated independently all abdominal CT examina-
tions. The two readers evaluated all imaging findings being
indicative of mesenteric ischemia listed in Table 2 [11].
Readers were requested to note the anatomical location of all
abnormal findings. Concerning the bowel wall, the criteria
included wall thickening (> 0.5 cm), non-enhanced hyper-
dense wall, distension of the bowel (defined as >3 cm in
small bowel, >9 cm in cecum and > 6 cm in colon), reduced
wall enhancement, and presence of ileus (mechanical vs
paralytical). For the abdominal cavity, the readers listed the
presence of mesenteric edema (misty/dirty mesenteric fat),
ascites (the presence of fluid in anatomical pouches), free
air and additional locations demonstrating ischemia (namely
the liver, spleen, kidneys) [12]. The abdominal arteries and
veins were evaluated for atherosclerosis and occlusion. In
case of disagreement, consensus reading of the two radiolo-
gists was performed, which was required in 11 of the 109
patients (10%).

Data analysis

One of the readers (with 4 years of experience) collected
laboratory tests, clinical findings, patient history, treatment
during hospitalization and results from surgery and histo-
pathology, if available, for all patients (see Table 2). The
reviewed variables included also age, sex, smoking, obesity,
body mass index (BMI), comorbidities such as diabetes and
heart disease (including coronary atherosclerosis, heart fail-
ure such as hypertensive cardiomyopathy, valvular stenosis,
previous myocardial infarction, heart transplantation), other
risk factors such as underlying malignancy, as well as symp-
toms (pain, nausea, vomiting), and clinical findings at the
time of presentation and CT.

Treatment and patient outcome

The 109 patients were divided into two groups: Those who
were operated (n=85/78%) and those who were not operated
within 30 days of CT (n=24/22%). Patients who were not
operated underwent conservative therapy according to the
underlying disease.

Patients who underwent surgery were divided into
a group with curative intent and to an exploratory group
(which are not mutually exclusive, as there were explorative
laparotomies that turned into surgery with curative intent,
Fig. 1). Laparotomy and laparoscopy were categorised in
the explorative group. The following types of surgery (i.e.
subtotal and total colectomy, hemicolectomy right and left,
partial resection of the small bowel, Hartmann surgery, ile-
ocecal resection, sleeve gastrostomy and hepaticojejunos-
tomy) were noted. Conservative treatment included, among
others, the application of antibiotics, bowel rest and/or pal-
liative care.

Mortality rates were calculated for 30 days after CT
(hereafter called short-term mortality).

Statistical analysis

A binary regression model was conducted to predict short-
term mortality of the present data. A total of 78 bivariate
models were constructed, one for each predictor variable
of interest. Mortality was coded as a binary variable repre-
senting death, while the predictors were coded as continu-
ous, ordinary (categories), nominal (each category regarded
separately such as normal, high or low levels), and binary
variables.

There were nine possible groups of correlated variables
and one such group was discovered in the data (nausea and
vomiting). Multi-collinearity tests, tests for suppression
effects and confounding variables were performed to distin-
guish the independent effect of each predictor. In the cases
where the variables were highly correlated, a factor score
encompassing all of them was constructed after a parallel
analysis to determine the number of components. Addition-
ally, a principal component analysis was performed to cal-
culate the respective score. This factor score was then used
to calculate the unbiased effect of the variables.

Four separate multivariate models were conducted with
the location of pneumatosis, distension, thickening, and
edematous bowel wall as predictors. One multivariate logis-
tic regression was conducted with these abnormalities in
the colon as predictors. This was done because their effects
were both significant in the previously calculated bivari-
ate and multivariate models and there was a possibility of
confounding effects. Finally, a multivariate model was con-
ducted by including all significant variables. After tests of
multicollinearity, likelihood ratio tests, and comparisons of
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Table 2 Extracted data from
abdominal CT and from the
electronic patient records

CT findings

Laboratory tests

Clinical findings

Pneumatosis intestinalis location

Bowel

Abdominal cavity

Vessels

Liver and Pancreas

Kidney

Heart

Miscellaneous

Inflammatory

Blood findings

Symptoms

Vital parameters

Stomach

Small bowel

Cecum

Colon

Sigma

Mesenteric

Portal

Intrahepatic

Wall thickening

Hyperdense wall on non-enhanced phase
Distension

Reduced enhancement of bowel wall
Ileus (mechanical, paralytic)
Mesenteric edema

Ascites

Additional perfusion inhomogeneities
Free air

Atherosclerosis

Vascular occlusion (arterial/venous)
LDH? normal values 50-150 g/L

AST" normal values 7-37 IU/L

ALT® normal values 7-56 U/L

ALPY normal values 48—113 U/L

Lipase

Pancreatic amylase

Urea normal values 3—7 mmol/L
Creatinine normal values 60—108 mmol/L
Ck total® normal values 38-260 U/L
Myoglobin normal values 9-86 ng/mL
Phosphate normal values 0.8—1.5 mmol/L
Bicarbonate normal values 18-23 mmol/L
pH' normal values 7.34-7.44

Lactate normal values 0.5-2.2 mmol/L
CRP® normal values 0-5 mg/L

PCT"

HB! normal values 120-160 g/L
Leukocytes normal values 4-10 G/L
Albumin normal values 35-55 g/L.
Nausea

Vomiting

Abdominal pain

Pulse

Blood pressure (systolic/diastolic)

Fever
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Table 2 (continued) Patient history

Treatment
Surgery

Histopathology

Cardiovascular risk factors

Conservative

Smoking
Diabetes

Obesity

BMF

PAOD*

Heart disease
Atrial fibrillation

Additional surgery

Exploratory (laparotomy and laparoscopy)
Curative

Not available

No abnormality

Ischemia
Infection

Inflammation

Cursive written parameters were later excluded by the reason of the frequency of appearance

4LDH lactate dehydrogenase
AST aspartate aminotransferase
“ALT alanine aminotransferase
dALP alkaline phosphatase

°Ck total creatine kinase

pH potential of hydrogen

£CRP C-reactive protein

BPCT procalcitonin

{HB hemoglobin

JBMI body mass index

KXPAOD peripheral arterial occlusive disease

information criteria, a model with an optimal set of predic-
tors was constructed. All statistical analyses were performed
using commercially available statistical software (R, R Core
Team, version 4.0.2).

Results
Patient characteristics

The mean age of the 109 patients referred to imaging with a
clinical suspicion of mesenteric ischemia and PI on abdomi-
nal CT was 66 + 15 years. There were 39 females (36%)
and 70 males (64%). The majority of patients (90/109, 83%)
were in patients. The suspected etiology of PI was bowel
obstruction in most patients (43/109, 39%), followed by ves-
sel occlusion (30/109, 28%). The third most commonly sus-
pected etiology was carcinoma in 18 patients (17%), while
more rare probable causes were: pancreatitis, n=4; trauma,
n=2; colitis, n=1; Crohn’s disease, n=1; and lymphoma,

n=1 (Table 3). The etiology of PI remained unknown in
nine patients (10%). Of the 109 patients with PI, 66 patients
(61%) had histopathological proof of mesenteric ischemia.

Treatment during index hospitalization

As shown in Fig. 1, treatment information did not corre-
spond with the number of patients. In the conservatively
managed group, 17 of 24 patients did not undergo additional
procedures, while the other 7 patients received one or two
endoscopies (colonoscopy and/or gastroscopy). In the sur-
gical patient group, the total number of procedures was 96,
with a total number of 76 (79%) curative procedures.

Mortality
Overall, 71 of 109 patients died within one month, indi-
cating a cumulative probability of short-term mortality of

patients with clinical suspicion of mesenteric ischemia and
PI on CT of 65%. In total, 24 of the 109 patients (22%)
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Fig. 1 Study flowchart. Please .
note that the total amount Patients, suspected for

exceeds the number of patients intestinal ischemia n=540
as some received both endos-

copy and surgery
b Pneumatosis intestinalis NO
n=109 n=431
GASTROSCOPY
SURGERY n=6
n=96 n=26 NO IMAGING
YES NO n=17
COLONOSCOPY
| CURATIVE __| EXPLORATORY n=3
n=76 n=20
Total colectomy Exploratory laparotomy
n=3 n=18
Subtotal colectomy Exploratory laparoscopy
n=6 n=2

Hemicolectomy right
n=28

Hemicolectomy left
n=1

Partial resection of small bowel

n=29

Hartman surgery
n=3

lleocecal resection

n=4

Sleeve gastrostomy
n=1

Hepaticojejunostomy
n=1

underwent conservative treatment, from which 22 died  Clinical, laboratory and CT imaging variables

within one month, which indicates a 92% mortality in the

conservative treatment group. 85 (78%) of the patients Elevated blood levels of aspartate aminotransferase (AST)
underwent surgery indicating a 58% mortality rate in the ~ were found in 69 of the 109 patients (63%). The same num-
surgery group. ber of patients (69/109, 63%) had elevated blood lactate
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Table 3 Possible underlying etiology of PI in the patient population

Number Number of Mortality

of patients  deceased rate in %

(%) patients
Bowel obstruction/ileus 43 (39%) 37 86
Vascular occlusion 30 (28%) 23 77
Carcinoma 18 (17%) 5 28
Unknown 9 (8%) 6 67
Pancreatitis 4 (4%) 0 0
Trauma 2 (2%) 2 100
Clostridium difficile colitis 1 (1%) 0 0
Crohn’s disease 1(1%) 0 0
Lymphoma 1 (1%) 0 0

levels. A decreased blood pH was found in 59/109 patients
(54%). AST and blood lactate levels showed a negative and
significant correlation with short-term mortality (p <0.01),
and blood pH levels had a negative correlation with short-
term mortality (p <0.01). Presence of abdominal pain
(68/109 patients, 62%) correlated positively with mortality
(p<0.02).

Bivariate analysis showed significant differences of the
parameters abdominal pain, surgery, elevated blood levels
of AST and lactate, and lower levels of pH between patients
who died and those who did not (all, p <0.05).

In regard to CT, the presence of PI in the colon, reduced
enhancement of the colon wall, distension of the colon, and
ischemia of other abdominal organs showed significant dif-
ferences between groups (all, p <0.05) (Table 4).

The two CT findings that correlated with short-term mor-
tality were location of PI in the colon, which was observed in
47 (43%) of the patients and showed a mortality rate of 79%.
The second CT finding was presence of perfusion inhomo-
geneities in parenchymatous abdominal organs (i.e., spleen,
liver, kidneys), which was found in 25 (23%) of the patients
and which was associated with a substantial mortality (88%)
(Table 4).

The three additional CT findings showing some asso-
ciation with short-term mortality were mesenteric edema
(n=90, 83%, p=0.08), ascites (n=280, 73%, p=0.08), and
distension of the colon (n=22, 20%, p=0.05). However,
these parameters did not reach statistical significance.

Independent predictors of short-term mortality

Multivariate analysis revealed that the parameters PI in the
colon (odds ratio (OR) 2.86, 95% CI 1.08-8.04), surgery
(OR 0.16, 95% CI 0.02-0.64), and elevated AST blood levels
(OR 3.00, 95% CI 1.10-8.44) were significant, independ-
ent predictors of short-term mortality (Table 5). Presence
of perfusion inhomogeneities in other abdominal organs

had an OR of 3.38 (95% CI 0.96-16.01), however, did not
reach the statistical level of significance (p=0.08). Kaplan
Meier analysis showed the difference of mortality between
patients with elevation of AST versus those with normal
AST blood values. Surgery had a positive effect on mortality
(88% lower likelihood of mortality), similar to the presence
of abdominal pain (65% lower likelihood). Representative
image examples are provided in Figs. 2 and 3.

Discussion

PI is a frequent finding in abdominal CT, but its presence
is rather unspecific [1-3] and the prognostic value of this
sign on CT is not yet clearly defined. Our study evaluated
predictors of short-term mortality in patients in whom
there was a clinical suspicion of mesenteric ischemia and
in whom PI was found in CT. Results of this study suggest
that the localization of PI in the colon, elevation of blood
AST levels, and the presence of perfusion inhomogeneities
in parenchymatous abdominal organs such as the liver and
spleen were independent predictors of short-term mortality
in these patients.

The clinical and imaging diagnosis of mesenteric
ischemia remains challenging. Particularly the finding of
PI, when not taking into account also other CT signs of
mesenteric ischemia, is neither sensitive nor specific [11,
13-15]. This is well reflected by the results of our study
in which 39% of patients with a clinical suspicion of mes-
enteric ischemia and who had PI in the bowel wall had no
histopathological proof of mesenteric ischemia.

The high utilization rate of CT imaging in patients with
suspected mesenteric ischemia and, along with this, the fre-
quent finding of PI causes a dilemma, since the presence of
PI alone is not helpful in guiding further treatment [1-4].
Greenstein et al. [16] and Wayne et al. [17] proposed man-
agement algorithms for patients with PI having the aim to
divide patients into those requiring surgery and those who
do not. Both these studies suggested using PI combed with
clinical evaluation and laboratory findings. Greenstein et al.
[16] found that patients with PI, being older than 60 years,
having a white blood cell count above 12 ¢/mm?> and/or
emesis were most likely to have surgical intervention. In
their study, patients with PI and sepsis had the highest risk
for death. Wayne et al. [17] developed a different algorithm
including a score comprising risk factors, coronary artery
and peripheral vascular disease, heart failure, arrhythmia,
sepsis, vasculitis or venous occlusion, abdominal pain, ele-
vated lactate levels and small bowel PI for guiding patient
management [17].

Thompson et al. [18] evaluated in animal experiments
a correlation between mesenteric ischemia and various
enzymes. Similar to imaging, however, these laboratory
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Table 4 Results from bivariate
analysis

Table 5 Results from
multivariate analysis
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Variable Number of  Mortality Mortality (%) Bivariate analysis p value
patients (numbers) -
Odds ratio 95% Confidence
interval

Operation

No 24 22 92 - - -

Yes 85 49 58 0.12 0.02-0.46 <0.01
AST

Normal 30 13 43 - - -

High 69 53 77 4.33 1.76-11.05 <0.01
pH

Normal 37 19 51 - - -

High 12 5 42 0.68 0.17-2.51 0.56

Low 59 47 80 3.71 1.52-9.38 <0.01
Lactate

Normal 37 18 49 - - -

High 69 51 74 2.99 1.30-7.02 0.01

Low 1 0 0 - - -
Pain

No 39 31 79 - - -

Yes 68 39 57 0.35 0.13-0.84 0.02
Pneumatosis (colon)

No 62 34 55 - - -

Yes 47 37 79 3.05 1.32-7.46 0.01
Distension (colon)

No 82 49 60 - - -

Yes 27 22 81 2.96 1.09-9.55 0.05
Reduced enhancement of bowel wall (colon)

No 87 52 60 - - -

Yes 22 19 86 4.26 1.33-19.11 0.03
Ischemia in other abdominal organs additional organs

No 84 49 58 - - -

Yes 25 22 88 5.23 1.65-23.34 0.01
Variable Number of  Mortality Mortality (%) Multivariate analysis p value

patients (numbers) -
Odds ratio 95% Confidence
interval

Pneumatosis (Colon)

No 62 34 55 - -

Yes 47 37 79 2.86 1.08-8.04 0.04
Surgery

No 24 22 92 - -

Yes 85 49 58 0.16 0.02-0.64 0.02
AST

Normal 30 13 43 - -

High 69 53 77 3.00 1.10-8.44 0.03
Ischemia in other abdominal organs

No 84 49 58 - -

Yes 25 22 88 3.38 0.96-16.01 0.08




Abdominal Radiology (2022) 47:1625-1635 1633

Fig.2 CT in the soft tissue (a) and lung window (b) of a 70-year-old was 80 IU/L (normal values 7-37 IU/L), the blood lactate level was
male patient with PI in the colon (arrows) and distension of the small 8.1 mmol/L (normal values 0.5-2.2 mmol/L). The patient died one
bowel and colon. In addition, perfusion inhomogeneities indicating day after CT

ischemia in the spleen were found (c, arrow). The AST blood level

Fig.3 CT in the soft tissue (a) and lung window (b) of a 29-year- level was 18 IU/L (normal values 7-37 IU/L), the blood lactate level
old male patient with PI in the small bowel (arrows) as well as gas in was 3.1 mmol/L (normal values 0.5-2.2 mmol/L). The patient recov-
the mesenteric veins (not shown). The small bowel was distended and ered completely

showed wall thickening as well. Ascites was present. The AST blood
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biomarkers were unspecific as well. The most commonly
reported associations with mesenteric ischemia were ele-
vated blood AST and blood lactate levels [9]. In a systematic
review, Ekin et al. [19] analyzed the relationship between
lactate levels and mesenteric ischemia and reported a high
sensitivity but low specificity, the latter often below 50%.
Elevated blood lactate levels have been reported to be a late
finding in the course of mesenteric ischemia not predicting
mortality [19]. Some authors tried to create models includ-
ing lactate levels with accompanying conditions such as sep-
sis [16] and metabolic acidosis [17]. However, lactate was
still found to be of limited use for predicting the course and
mortality in patients with mesenteric ischemia.

AST is a sensitive indicator of necrosis of various human
tissues including the bowel [20]. In addition, AST has been
described as an independent predictor of death in patients
with acute mesenteric ischemia [21]. Still, liver enzymes
such as AST show limited sensitivity (73%) and specificity
(60%) [22].

Beyond the localization of PI in the colon and elevated
blood AST levels, we found ischemia in other organs than
the bowel such as the liver or spleen to show a trend as
another predictor of short-term mortality. The latter vari-
able, however, did not reach statistical significance, although
the odds ratio was high (3.38). We assume that ischemia in
parenchymal abdominal organs likely reflects advanced and
more severe disease including sepsis and heart failure, which
is associated with higher morbidity and mortality.

The following limitations of our study merit considera-
tion. First, the study was retrospective and reflects a single-
centre experience, which limits the generalizability of the
results. Second, mainly in-house patients were included,
which indicates further limited generalizability to a differ-
ent population. Third, sample size was rather small. This
is the most probable reason why the variable ischemia in
other abdominal organs failed to reach statistical signifi-
cance in multi-variate analysis. Fourth, there might have
been variation in words used in the various radiological
reports, which may have resulted in missed patients using
our search terms. Fifth, we cannot rule-out that we misdiag-
nosed patients as having PI although pseudo-pneumatosis
was present. However, we tried to avoid misdiagnosis using
previously described criteria [10]. Sixth, we cannot rule-out
milder forms of mesenteric ischemia in patients who were
not operated and who have no histopathological proof of
ischemia. Finally, it was not possible to determine the etiol-
ogy of Pl in all patients.

In conclusion, our study suggests that—in patients
referred to abdominal CT with a clinical suspicion of mesen-
teric ischemia and who show PI—location of PI in the colon,
elevated blood AST levels, and ischemia in other abdominal
parenchymatous organs are independent predictors of short-
term mortality.

@ Springer

Author contributions SG and HA conceived the presented idea. SG
and SS collected the presented data. SG performed the calculations.
SG and HA wrote the manuscript with inputs from all other authors.
HA and MT supervised the project.

Funding Open access funding provided by University of Zurich. There
was no funding for this study.

Data availability Data available on request from the authors.

Code availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on
reasonable request.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
The study had ethics committee approval (BASEC-No. 2019-00208).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent for publication Patients signed informed consent regarding
publishing their data.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ho LM, Paulson EK, Thompson WM. Pneumatosis intestinalis
in the adult: benign to life-threatening causes. AJR Am J Roent-
genol. 2007;188(6):1604-13.

2. Pinto A, Lanzetta MM, Addeo G, Bonini MC, Grazzini G, Miele
V. Errors in MDCT diagnosis of acute mesenteric ischemia.
Abdom Radiol (NY). 2020.

3. Sinha D, Kale S, Kundaragi NG, Sharma S. Mesenteric ischemia:
a radiologic perspective. Abdom Radiol (NY). 2020.

4. StPeter SD, Abbas MA, Kelly KA. The spectrum of pneumatosis
intestinalis. Arch Surg. 2003;138(1):68-75.

5. Park WM, Gloviczki P, Cherry KJ, Jr., Hallett JW, Jr., Bower TC,
Panneton JM, et al. Contemporary management of acute mes-
enteric ischemia: Factors associated with survival. J Vasc Surg.
2002;35(3):445-52.


http://creativecommons.org/licenses/by/4.0/

Abdominal Radiology (2022) 47:1625-1635

1635

10.

11.

12.

13.

14.

15.

Donovan S, Cernigliaro J, Dawson N. Pneumatosis intestinalis:
a case report and approach to management. Case Rep Med.
2011;2011:571387.

Lassandro F, Mangoni de Santo Stefano ML, Porto AM, Grassi R,
Scaglione M, Rotondo A. Intestinal pneumatosis in adults: diag-
nostic and prognostic value. Emerg Radiol. 2010;17(5):361-5.
Kernagis LY, Levine MS, Jacobs JE. Pneumatosis intestinalis in
patients with ischemia: correlation of CT findings with viability
of the bowel. AJR Am J Roentgenol. 2003;180(3):733-6.
Wiesner W, Mortele KJ, Glickman JN, Ji H, Ros PR. Pneumatosis
intestinalis and portomesenteric venous gas in intestinal ischemia:
correlation of CT findings with severity of ischemia and clinical
outcome. AJR Am J Roentgenol. 2001;177(6):1319-23.

Wang JH, Furlan A, Kaya D, Goshima S, Tublin M, Bae KT.
Pneumatosis intestinalis versus pseudo-pneumatosis: review of CT
findings and differentiation. Insights Imaging. 2011;2(1):85-92.
Treyaud MO, Duran R, Zins M, Knebel JF, Meuli RA, Schmidt
S. Clinical significance of pneumatosis intestinalis - correlation
of MDCT-findings with treatment and outcome. Eur Radiol.
2017;27(1):70-9.

Tahiri M, Levy J, Alzaid S, Anderson D. An approach to pneuma-
tosis intestinalis: Factors affecting your management. Int J Surg
Case Rep. 2015;6C:133-7.

Atre ID, Eurboonyanun K, O'Shea A, Lahoud RM, Shih A, Kalva
S, et al. Predictors of transmural intestinal necrosis in patients pre-
senting with acute mesenteric ischemia on computed tomography.
Abdom Radiol (NY). 2020.

Copin P, Ronot M, Nuzzo A, Maggiori L, Bouhnik Y, Corcos O,
et al. Inter-reader agreement of CT features of acute mesenteric
ischemia. Eur J Radiol. 2018;105:87-95.

Berritto D, Iacobellis F, Mazzei MA, Volterrani L, Guglielmi G,
Brunese L, et al. MDCT in ischaemic colitis: how to define the

Authors and Affiliations

16.

17.

18.

19.

20.

21.

22.

aetiology and acute, subacute and chronic phase of damage in the
emergency setting. Br J Radiol. 2016;89(1061):20150821.
Greenstein AJ, Nguyen SQ, Berlin A, Corona J, Lee J, Wong E,
et al. Pneumatosis intestinalis in adults: management, surgical
indications, and risk factors for mortality. J Gastrointest Surg.
2007;11(10):1268-74.

Wayne E, Ough M, Wu A, Liao J, Andresen KJ, Kuehn D, et al.
Management algorithm for pneumatosis intestinalis and portal
venous gas: treatment and outcome of 88 consecutive cases. J
Gastrointest Surg. 2010;14(3):437-48.

Thompson JS, Bragg LE, West WW. Serum enzyme levels during
intestinal ischemia. Ann Surg. 1990;211(3):369-73.

Demir IE, Ceyhan GO, Friess H. Beyond lactate: is there a role
for serum lactate measurement in diagnosing acute mesenteric
ischemia? Dig Surg. 2012;29(3):226-35.

Rej R. Aminotransferases in disease. Clin Lab Med.
1989;9(4):667-87.

Huang HH, Chang YC, Yen DH, Kao WF, Chen JD, Wang LM,
et al. Clinical factors and outcomes in patients with acute mesen-
teric ischemia in the emergency department. J Chin Med Assoc.
2005;68(7):299-306.

Khan SM, Emile SH, Wang Z, Agha MA. Diagnostic accuracy of
hematological parameters in Acute mesenteric ischemia-A sys-
tematic review. Int J Surg. 2019;66:18-27.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Simon D. Graber' - Stefanie Sinz? - Matthias Turina? - Hatem Alkadhi'

<] Hatem Alkadhi

hatem.alkadhi @usz.ch

Institute of Diagnostic and Interventional Radiology,
University Hospital Zurich, University of Zurich, Raemistr.
100, 8091 Ziirich, Switzerland

2

Department of Visceral Surgery, University Hospital Zurich,
University of Zurich, Ziirich, Switzerland

@ Springer


http://orcid.org/0000-0002-2581-2166

	Pneumatosis intestinalis in abdominal CT: predictors of short-term mortality in patients with clinical suspicion of mesenteric ischemia
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Materials and methods
	Study population
	CT imaging
	Image interpretation
	Data analysis
	Treatment and patient outcome
	Statistical analysis

	Results
	Patient characteristics
	Treatment during index hospitalization
	Mortality
	Clinical, laboratory and CT imaging variables
	Independent predictors of short-term mortality

	Discussion
	References




