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Abstract
[bookmark: OLE_LINK2031][bookmark: OLE_LINK2032]AIM: To use more representative sample size to evaluate whether computed tomography (CT) scan evidence of the concomitant presence of pneumatosis and portomesenteric venous gas is a predictor of transmural bowel necrosis. 

METHODS: Data from 208 patients who were referred for a diagnosis of bowel ischemia were retrospectively reviewed. Only patients who underwent a surgical intervention following a diagnosis of bowel ischemia who also had a post-operative histological confirmation of such a diagnosis were included. Patients were split into two groups according to the presence of histological evidence of transmural bowel ischemia (case group) or partial bowel ischemia (control group). CT images were reviewed for findings of ischemia, including mural thickening, pneumatosis, bowel distension, portomesenteric venous gas and arterial or venous thrombi.

RESULTS: A total of 248 subjects who underwent surgery for bowel ischemia were identified. Among the 208 subjects enrolled in our study, transmural bowel necrosis was identified in 121 subjects (case group), and partial bowel necrosis was identified in 87 subjects (control group). Based on CT findings, including mural thickening, bowel distension, pneumatosis, pneumatosis plus portomesenteric venous gas and presence of thrombi or emboli, there were no significant differences between the case and control groups. The concomitant presence of pneumatosis and porto-mesenteric venous gas showed an odds ratio of 1.95 (95%CI: 0.491-7.775, P = 0.342) for the presence of transmural necrosis. The presence of pneumatosis plus porto-mesenteric venous gas exhibited good specificity (83%) but low sensitivity (17%) in the identification of transmural bowel infarction. Accordingly, the positive and negative predictive values were 60% and 17%, respectively.

[bookmark: OLE_LINK2036][bookmark: OLE_LINK2037]CONCLUSION: Although pneumatosis plus porto-mesenteric venous gas is associated with bowel ischemia, we have demonstrated that their co-occurrence cannot be used as diagnostic signs of transmural necrosis. 
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[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Core tip: Although the finding of pneumatosis plus porto-mesenteric venous gas is useful in verifying transmural necrosis with a specificity of 83%, the very low sensitivity of 17% indicates that the diagnosis of transmural necrosis cannot be excluded based on a normal findings. Thus, our results appear to be encouraging by indicating that neither portomesenteric venous gas nor pneumatosis were pathognomonic of bowel transmural infarction.
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INTRODUCTION
Acute bowel ischemia is an urgent, life-threatening vascular condition with a mortality rate of approximately 70%[1-3]. 

The slightest suspicion of mesenteric ischemia should be ruled out through imaging diagnostics[1]. In such a case, the diagnostic tool of choice is computed tomography (CT) angiography using an early arterial contrast medium bolus injection, followed by an evaluation of the primary axial layers and a multiplanar reconstruction of the imaging technique[1].
In recent years, CT has increasingly been used to evaluate patients with clinical signs and symptoms of ischemic bowel disease. Depending on the severity and the extent of disease, intestinal ischemia may be detectable by CT based on a spectrum of findings, including intestinal pneumatosis, bowel wall thickening, portomesenteric venous gas and arterial or venous thrombi[4-7]. 
Pneumatosis plus portomesenteric venous gas have been considered signs of advanced disease that usually indicate irreversible injury and transmural necrosis[6-8]. 
Although Wiesner et al[6] and Kernagis et al[9] found an association between transmural bowel infarction and the comorbid presence of pneumatosis and porto-mesenteric venous gas, these studies represented only reports and included up to seven patients. 
The purpose of our study was to use a more representative sample size to evaluate whether CT scan evidence of the concomitant presence of pneumatosis and portomesenteric venous gas is a predictor of transmural bowel necrosis. 

MATERIALS AND METHODS
Data of patients referred during a 13-year period (from January 2000 to December 2012) to the University of Naples “Federico II” and to the “Fatebenefratelli” Hospital of Naples with diagnoses of bowel ischemia were retrospectively reviewed. Only patients who underwent a surgical intervention following a diagnosis of bowel ischemia and obtained a post-operative histological confirmation of the diagnosis were included. 
The patients were split into two groups according to the presence of histological evidence of transmural bowel ischemia (case group) or partial bowel ischemia (control group). Medical records were reviewed to determine the demographic and clinical characteristics of the patients in both groups.
CT images were reviewed for findings that were consistent with the most common signs of ischemia that had been identified in previous literature[4-9], including mural thickening, pneumatosis, bowel distension, portomesenteric venous gas and arterial or venous thrombi.
A measurement of 2-3 mm as the upper limit of normal thickness has been used[10], and air bubbles or continuous bands of air in the bowel wall were considered to be a sign of pneumatosis[9]. Gas in the mesenteric veins or gas in the intrahepatic branches of the portal vein were indicative of gas in the portomesenteric circulation (Figure 1)[9], and only the emboli or thrombi in the mesenteric arteries and veins that were clearly shown on contrast-enhanced CT images were assessed[11]. 
To minimise selection bias, all CT scans were analysed by an observer with 30 years of experience related to the interpretation of computed tomography who was blinded to the surgical and pathological findings and to the eventual clinical outcomes for each patient included in the chart review.
Patients without a contrast-enhanced CT obtained with 150 mL of iodinate contrast media and 5- and 7-mm slice collimations (pitch, 1.3:1, 200-220 mAs), reconstructed with a soft-tissue algorithm, were excluded from the study.
Superficial damage of the bowel mucosa and submucosa was classified as partial bowel ischemia before the development of transmural infarction based on the histological examination[12]. 
The results were then correlated with the clinical and pathological data to determine the frequency with which pneumatosis plus portomesenteric venous gas was associated with irreversible transmural infarction. 

Statistical analysis
[bookmark: OLE_LINK2023][bookmark: OLE_LINK2024]Statistical analysis was performed with SPSS 16.0. The Yates corrected χ2 test was used to evaluate differences in categorical variables, and the independent samples t-test was used to analyse continuous variables. To adjust for covariates and to make predictions, linear and logistic regression models were used. Statistical significance was accepted when the P value was less than 0.05.

RESULTS
A total of 248 subjects who underwent surgery for bowel ischemia were identified. Of these, 208 subjects were included in the analysis; 28 subjects were excluded because they lacked adequate CT images, and 12 subjects were excluded for lacking a properly conducted pathological differentiation of mural bowel necrosis. 
Among the 208 subjects enrolled in our study, transmural bowel necrosis was identified in 121 subjects (case group), and partial bowel necrosis was identified in 87 subjects (control group).
There were no significant demographic, clinical and laboratory differences between the case and control groups (Table 1). Based on a group comparison of CT findings of mural thickening, bowel distension, pneumatosis, pneumatosis plus portomesenteric venous gas and the presence of thrombi or emboli, no significant differences were observed between the case and control groups (Figure 2).
A multivariate analysis indicated that after adjusting for major clinical and demographic patient characteristics, none of the CT findings were found to be predictive of transmural necrosis. Specifically, the concomitant presence of pneumatosis and porto-mesenteric venous gas showed an OR of 1.95 (95%CI: 0.491-7.775, P = 0.342) for the presence of transmural necrosis. Similarly, the presence of isolated pneumatosis (P = 0.840), of mural thickening (P = 0.974) and of thrombi (P = 0.483) did not predict the presence of transmural necrosis. 
The presence of pneumatosis plus porto-mesenteric venous gas showed good specificity (83%) but low sensitivity (17%) in the identification of transmural bowel infarction. Accordingly, the positive and negative predictive values were 60% and 17%, respectively. Specifically, we registered 96 cases of transmural necrosis without pneumatosis plus porto-mesenteric venous gas (false negatives) and 12 cases of transmural necrosis with pneumatosis plus porto-mesenteric venous gas (false positives). In a ROC curve analysis, the evidence of pneumatosis plus porto-mesenteric venous gas was associated with an area under the curve of 0.50 (95%CI: 0.420-0.580) for predicting the presence of transmural bowel infarction. 

DISCUSSION
To our knowledge, no previous group has evaluated a large series of patients to statistically analyse whether the presence of pneumatosis intestinalis and portomesenteric venous gas facilitates the prediction of ischemic bowel wall damage severity. 
Acute intestinal ischemia is pathogenetically and histologically divided into four primary clinical categories, including acute mesenteric embolus, acute mesenteric thrombus, non-occlusive disease and mesenteric vein thrombosis[3,13-15]. 
Although acute intestinal ischemia is generally uncommon, as it accounts for < 1 in 1000 hospital admissions[16,17], it is a highly complex clinical problem faced during the daily routines of surgeons, gastroenterologists, and radiologists[4] due to the difficulty of providing a diagnosis.
The severity of bowel ischemia may range from mild and transient superﬁcial damage of the bowel mucosa to life-threatening transmural bowel infarction[18,19]. 
Early diagnosis and treatment determine the overall outcome. As a result, increased awareness among physicians who have clinical patients with suspected mesenteric ischemia and a timely diagnostic workup and initiation of therapy are the keys to saving a patient’s life[4,20]. 
However, the absence of specific symptoms upon clinical examination may make an appropriate assessment more difficult[4,21]. Typically, the course of an ischemic condition is triphasic. During the initial stage (0-6 h), there is intense, acute abdominal pain that is often accompanied by shock and diarrhoea. These signs are normally followed by a phase with little evidence of symptoms, known as the silent phase (7-12 h), which is characterised by dull abdominal pain, intestinal paralysis, and a rapid deterioration of the general condition. During the final phase (12-24 h), manifest ileus and bacterial peritonitis with sepsis are evident, and multi-organ failure has begun. Satisfactory treatment results are only possible in the early stage (0-12 h)[1]. 
Necrosis is typically accompanied by increased serum lactate (> 4 mmol/L), increased CRP (> 10 mg/L), and leukocytosis (> 15000/mL). Furthermore, the blood gas analysis indicates an ischemic necrosis exhibiting acidosis with a pH of < 7.2 and a base excess of minus 7-8 mmol/L[1]. Despite these signs, no laboratory-chemical parameters currently exist that are specifically designed to confirm intestinal necrosis.
Currently, contrast-enhanced biphasic multidetector-row helical CT of the abdomen is conducted as the primary imaging modality in many medical centres. This technique enables the imaging of the entire abdomen with high temporal and spatial resolution in the arterial and portal venous phases[4]. 
In addition to high sensitivity and specificity, multidetector CT provides the following advantages: it is a rapid and non-invasive technique that is available 24 h a day in most acute-care medical centres. Due to its high sensitivity, specificity, availability, and non-invasiveness, the multidetector CT is a suitable modality for the diagnosis of acute mesenteric ischemia. Furthermore, it is extremely helpful for triage patients who require subsequent conventional angiography, surgery, or clinical surveillance[4]. 
[bookmark: OLE_LINK2025][bookmark: OLE_LINK2026]Aschoff et al[5] reported a sensitivity of 93% and a specificity of 100% of CT angiography for the diagnosis of acute mesenteric ischemia. Diagnosis was based on an analysis of both vascular occlusions and the consequences of tissue damage, such as intestinal pneumatosis, bowel wall thickening, portomesenteric venous gas, or solid organ infarction[4]. 
An association between pneumatosis intestinalis and portomesenteric venous gas is a strong indicator of the presence of mesenteric infarction or segmental ischemia, and it is therefore an indication for emergency exploratory surgery[9,22-26]. 
Data from the literature suggest that the combination of pneumatosis intestinalis and portal venous gas is associated with the presence of bowel ischemia in approximately 70% of all cases[22,27,28]. We extended these results by evaluating the association of this CT finding with the severity of mural necrosis. 
Bowel pneumatosis is an imaging phenomenon that can represent the presence of gas in the bowel wall[22]. Hepatic portal venous gas is defined radiologically as tubular areas of decreased attenuation in the liver periphery[29,30]. 
Although the etiology of pneumatosis appears to be multifactorial, the exact causes are not known. Two primary theories have been proposed in the medical literature. A mechanical theory hypothesises that gas dissects into the bowel wall from either the intestinal lumen or the lungs, via the mediastinum, due to some mechanism that causes increased pressure (i.e., bowel obstruction or emphysema). In contrast, a bacterial theory proposes that gas-forming bacilli enter the submucosa through mucosal rents or increased mucosal permeability, thereby producing gas within the bowel wall. A combination of both theories is also plausible. Bacterial overgrowth in the gastrointestinal tract arising from a variety of causes can lead to excessive hydrogen gas production, bowel distension, and subsequently, the dissection of intraluminal hydrogen gas into the bowel wall[25]. In the case of ischemia, pneumatosis has been considered to be an ominous radiographic ﬁnding, particularly if it is associated with portomesenteric venous gas. In some articles, pneumatosis has been described as an advanced sign of ischemic bowel disease, usually indicating irreversible injury and transmural necrosis[6-8]. 
Wiesner et al[9] supports the hypothesis that patients with pneumatosis and portomesenteric venous gas are more likely to exhibit transmural infarction. Similarly, Kernagis et al[6] determined that patients with CT ﬁndings of pneumatosis and portomesenteric venous gas were more likely to have transmural infarction than those with pneumatosis alone. 
However, these studies share several limitations, as they were retrospective investigations with small sample sizes (up to seven patients), which may have magnified the effects of selection bias on the study population. 
Although pneumatosis plus porto-mesenteric vanous gas is associated with bowel ischemia, we have demonstrated that it cannot be used as a diagnostic sign of transmural necrosis. No statistical associations were identified between transmural infarction and the presence of pneumatosis plus porto-mesenteric venous gas, according to both univariate and multivariate analyses. Although the finding of concomitant pneumatosis plus porto-mesenteric venous gas is useful in verifying transmural necrosis with a specificity of 83%, the very low sensitivity of 17% indicates that the diagnosis of transmural necrosis cannot be excluded based on normal findings. Some limitations of our study warrant discussion. A major concern is the retrospective design of the present study, which has inherent limitations and biases. Moreover, we included only patients who underwent surgical intervention in the analyses. As a result, we are likely to have selected patients with more severe clinical presentations. Thus, further ad hoc-designed prospective studies with adequate sample sizes are needed to evaluate whether pneumatosis intestinalis and portomesenteric venous gas facilitates the prediction of ischemic bowel wall damage severity. However, our encouraging results appear to suggest that neither portomesenteric venous gas nor pneumatosis were pathognomonic of bowel trans-mural infarction.

COMMENTS
Background
Pneumatosis plus portomesenteric venous gas have been considered signs of advanced disease, usually indicating irreversible injury and transmural necrosis. Although some authors have identified an association between transmural bowel infarction and the presence of concomitant pneumatosis plus porto-mesenteric venous gas, these studies only represented reports that included up to seven patients. 

Research frontiers
Although a strong indicator of the presence of mesenteric infarction or segmental ischemia is the association of pneumatosis intestinalis with portomesenteric venous gas, their study demonstrates that these findings are not useful in assessing the presence of transmural necrosis.

Innovations and breakthroughs
The finding that pneumatosis plus porto-mesenteric venous gas is useful in verifying transmural necrosis with a specificity of 83%, but its very low sensitivity of 17% indicates that the diagnosis of transmural necrosis cannot be excluded based on normal findings.

Applications
Their study emphasises that pneumatosis and portomesenteric venous gas cannot be considered signs of transmural necrosis.

Terminology
A superficial damage of bowel mucosa and submucosa was histologically assessed as partial bowel ischemia before the development of transmural infarction. Air bubbles or continuous bands of air in the bowel walls were considered to be signs of pneumatosis, whereas gas in the mesenteric veins or gas in the intrahepatic branches of the portal vein were indicative of gas in the portomesenteric circulation at the time of computed tomography examination.

Peer review
This is an interesting study in which authors use more representative sample size to evaluate whether computed tomography scan evidence of the concomitant presence of pneumatosis and portomesenteric venous gas is a predictor of transmural bowel necrosis. The results are interesting and suggest that although pneumatosis plus porto-mesenteric venous gas is associated with bowel ischemia, they have demonstrated that their co-occurrence cannot be used as diagnostic signs of transmural necrosis.
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[image: ]Figure 1 A case of intra-hepatic venous gas without trans-mural necrosis.
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Figure 2 Association between the evaluated computed tomography findings and the presence of transmural or partial necrosis.

[bookmark: OLE_LINK2048][bookmark: OLE_LINK2049]Table 1 Demographic and clinical characteristics of the included patients in both groups n (%)
	Characteristics
	Transmural necrosis group
	Partial
necrosis group
	P value

	[bookmark: OLE_LINK2046][bookmark: OLE_LINK2047]Age  (mean ± SD), yr
	66.6 ± 8.1
	66.2 ± 5.9
	0.7

	Sex (male)
	61 (50.8)
	43 (49.4)
	1.0

	Hypertension 
	57 (47.1)
	43 (49.4)
	0.7

	Type 2 diabetes
	26 (21.5)
	20 (23.0)
	0.8

	Chronic pulmunary disease
	21 (17.3)
	13 (14.9)
	0.7

	Atrial fibrillation
	10 (8.3)
	14 (16.0)
	0.1

	Chronic renal failue 
	7 (5.8)
	6 (6.9)
	0.7

	Coronary artery diseases
	15 (12.4)
	15 (17.2)
	0.4

	Pain
	121 (100.0)
	87 (100.0)
	1.0

	White blood cell count  > 15000/mL
	75 (62.0)
	56 (64.4)
	0.7

	pH < 7.2 on blood gas analysis
	56 (46.3)
	36 (41.4)
	0.5

	Lactate in serum > 4 mmol/L
	69 (57.0)
	55 (63.2)
	0.3
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