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[ Abstract] Objective To evaluate the relationships between the location and extent of
diffusion of free intraperitoneal air by multi-slice spiral CT (MSCT) and between the location and
size of acute gastrointestinal perforation. Methods This was a descriptive case series. We
examined abdominal CT images of 33 patients who were treated for intraoperatively confirmed
gastrointestinal perforation (excluding appendiceal perforation) in the Department of General
Surgery, Nanfang Hospital between January and September 2022. We identified five locations of
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intraperitoneal air: the subphrenic space, hepatic portal space, mid-abdominal wall, mesenteric
space, and pelvic cavity. We allocated the 33 patients to an upper gastrointestinal perforation
(n=23) and lower gastrointestinal perforation group (n=10) base on intraoperative findings and
analyzed the relationships between the locations of free gas and of gastrointestinal perforation.
Additionally, we established two models for analyzing the extent of diffusion of free gas in the
abdominal cavity and constructed receiver operating characteristic (ROC) curves to analyze the
relationships between the two models and the size of the gastrointestinal perforation. Results In
the upper gastrointestinal perforation group, free gas was located around the hepatic portal
area in 91.3% (21/23) of patients: this is a significantly greater proportion than that found in the
lower gastrointestinal perforation group (5/10) (P=0.016). In contrast, free gas was located in the
mesenteric interspace in 8/10 patients in the lower gastrointestinal perforation group; this is a
significantly greater proportion than was found in the upper gastrointestinal perforation group
(8.7%, 2/23) (P<0.010). The sensitivity of diagnosis of upper gastrointestinal perforation base on
the presence of hepatic portal free gas was 84.8% and the specificity 71.4%. Further, the sensitivity
of diagnosis of lower gastrointestinal perforation base on the presence of mesenteric interspace free
gas was 80.0% and the specificity 91.3%. The rates of presence of free gas in the subdiaphragmatic
area, mid-abdominal wall, and pelvic cavity did not differ significantly between the two groups (all
P>0.05). Receiver operating characteristic curves showed that when free gas was present in four or
more of the studied locations in the abdominal cavity, the optimal cutoff for perforation diameter
was 2 cm, the corresponding sensitivity 66.7%, and the specificity 100%, suggesting that abdominal
free gas diffuses extensively when the diameter of the perforation is >2 cm. Another model revealed
that when free gas is present in three or more of the studied locations, the optimal cutoff for
perforation diameter is 1 cm, corresponding to a sensitivity of 91.7% and specificity of 76.2%;
suggesting that free gas is relatively confined in the abdominal cavity when the diameter of the
perforation is <1 cm. Conclusion Identifying which of five locations in the abdominal cavity
contains free intraperitoneal air by examining MSCT images can be used to assist in the diagnosis of
the location and size of acute gastrointestinal perforations.

[ Key words] Gastrointestinal perforation; Multi-slice spiral CT; Free intraperitoneal air
quintillation; Hepatic portal space; Mesenteric space
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