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The aim of this study was to determine the incidence and duration of postoperative pneumoperitoneum on plain
radiographs and to identify the radiologic findings associated with anastomotic leakage. A retrospective analysis
was conducted on plain radiographs of 384 patients who underwent intra-abdominal anastomoses between March 2005 and
December 2008.

86 patients (92.5%) had physiologic pneumoperitoneums and 7 patients (7.5%) had pneumoperitoneums associated with

Of the 384 patients, 93 patients (24.2%) had postoperative pneumoperitoneums. Of the 93 patients,

anastomotic leakage. The initial air height was significantly greater in the leakage group than the physiologic air group (12.16
+7.65 mm vs. 7.71 + 5.08 mm, P = 0.04). The area under the receiver operating characteristic curve of the initial height of free
air for anastomotic leakage was 0.69 (95% confidence interval, 0.59 to 0.78). The best cut-off point was 11.7 mm. The height of
the pneumoperitoneum increased with time in the leakage group. Ileus was significantly more prevalent in the leakage
group than the physiologic air group (P < 0.01). Postoperative pneumoperitoneum is a common phenomenon
after abdominal surgery. An initial air height >11.7 mm, increasing air height over time, and the presence of ileus on plain

radiographs suggest a high likelihood of anastomotic leakage.
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the gastrointestinal tract during the early postoperative

period is limited by the presence of physiologic free air

A postoperative pneumoperitoneum (PP) following re-
cent abdominal surgery may be a normal finding due to
the air introduced during surgery or postoperative drains.
However, a pneumoperitoneum on plain radiographs
may also be an indicator of anastomotic leakage or gastro-
intestinal perforation [1-4]. When free air is visualized on
plain radiographs, it may be unclear whether or not the
free air represents a physiologic PP or progressive air de-
velopment suggestive of infection or anastomotic leakage.

Therefore, the utility of a PP in diagnosing a disruption in

from the laparotomy. Clinically, a variety of tools are used
to diagnose postoperative peritonitis, including physical
examinations and clinical signs, such as fever, abdominal
pain, and distension. With respect to radiologic tools, ab-
dominal computerized tomography (CT) is clearly superi-
or to plain radiographs for the detection of free air and per-
itonitis in clinical settings [5]. However, abdominal CT
may not be easily available whenever patients complain of
abdominal symptoms. The costs of abdominal CT are rela-

tively high and abdominal CT poses the additional risk of
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radiation exposure. Alternatively, plain radiographs are
simple, the cost is low, and plain radiographs are readily
accessible. Therefore, plain radiographs are likely to be ob-
tained first rather than abdominal CT in some insidious
cases. Plain radiographs can also provide some in-
formation regarding the presence of free air, ileus, and
bowel gas patterns. The aim of this study was to determine
the incidence and duration of PP on plain radiographs and
to identify the radiologic findings which may predict

anastomotic leakage.

After Institutional Review Board approval was ob-
tained, we retrospectively identified 457 patients who un-
derwent intra-abdominal anastomoses by two surgeons at
Chonbuk National University Hospital between March
2005 and December 2008. Of the 457 patients, 384 patients
had postoperative plain radiographs of the abdomen
while standing erect, and in which the costovertebral an-
gle was delineated. All radiographs were performed sec-
ondary to abdominal discomfort, including pain, dis-
tension, nausea, and vomiting. The initial radiograph was
taken after the first appearance of the symptoms men-
tioned above. Follow-up radiographs were taken when
the patients showed changes in symptoms, but we used ra-
diographs taken on day 3, 6, 9, >10 for our data analysis.

Pneumoperitoneums were noted in 93 patients. These pa-
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tients were classified into physiologic air and anastomotic
leakage groups to identify factors that could predict anas-
tomotic leakage in patients with PP. The correlation was
evaluated between the duration of physiologic air and
clinical or radiologic variables, including patient age,
weight, body mass index (BMI), operative time and type,
duration and type of drainage, and initial height of air. The
height of free air was defined as the longest distance from
the superior to the inferior margin in right sub-
diaphragmatic air. The data are expressed as the mean +
standard deviation or percentage according to the
variable. To compare between the groups we used a stand-
ard t-test for continuous variables and a chi-square test or
Fisher's exact test for categorical data. In addition, we per-
formed receiver operating characteristic (ROC) analysis to
calculate the area under the curve and identify the best
cut-off point for initial air height to determine anastomotic
leakage. P-values < 0.05 were considered statistically

significant.

Of the 384 patients, 93 patients (24.2%) had PPs. Within
this group, 86 patients (92.5%) were classified in the phys-
iologic air group and 7 patients (7.5%) were classified in
the anastomotic leakage group. Among the 7 anastomotic
leakage patients, 6 underwent lower anterior resections
for rectal cancer and 1 underwent a right hemi-colectomy
for ascending colon cancer. The mean duration of physio-
logic air was 6.9 + 2.4 days (range, 2 to 13 days). Among the
384 patients, 92 (24.0%), 68 (17.7%), 33 (8.6%), and 21

Correlation of demographic and clinical parameters with
the duration of physiologic air (n = 86)

Parameter Correlation coefficient (r) P-value

Age -0.19 0.08
Weight 0.15 0.16
Body mass index 0.13 0.22
Operative time 0.20 0.06
Duration of drainage

Tube drain (n=13) 0.37 0.22

J-P drain (n=73) 0.01 0.97
Initial height of air -0.05 0.62
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(5.5%) had visible sub-diaphragmatic free air on post-
operative days 3, 6, 9, and > 10, respectively (Fig. 1). In the
physiologic group, there was no correlation between the
time to disappearance of free air and our demographic and
clinical parameters. These parameters included age, body
weight, BMI, operative time, duration and type of drain-
age, and initial air height (Table 1). Comparison of the
physiologic air group with the anastomotic leakage group
yielded no measurable differences between age, gender,
BMI, operative time, and open surgery versus laparo-
scopy. However, the initial air height was significantly
higher in the leakage group than the physiologic air group
(12.16 £7.65 mm vs. 7.71+ 5.08 mm, P=0.04). Additionally,
the height of the pneumoperitoneum was increased over
time in the leakage group, but decreased in the physio-
logic air group. Moreover, paralytic ileus, which was de-
fined as a transient, functional impairment of intestinal
motility and gaseous distension in radiographs occurring
after surgery, was significantly more common in the leak-
age group than the physiologic air group (P < 0.01) (Table
2). The area under the ROC curve of the initial height of
free air in patients with anastomotic leakage was 0.69 (95%
confidence interval, 0.59 to 0.78). Using a cut-off point of
11.7 mm, we found that the sensitivity, specificity, positive
predictive value, and negative predictive value were
57.1%, 83.7%, 22.2%, and 96.0%, respectively (Fig. 2).

Postoperative pneumoperitoneum

Pneumoperitoneums are common following abdomi-
nal surgery, and can be detected by clinical examination
[6] or imaging [7]. The standard method for confirmation
of a pneumoperitoneum is plain radiography [8]. If per-
formed correctly with the patient in the left lateral decubi-
tus position for 10 to 20 minutes and in the upright posi-
tion for 10 minutes prior to radiography, as little as 1 to 2
mL of free intraperitoneal air can be reliably detected [9].
Anastomotic leakage is a serious, life-threatening compli-
cation and early detection and emergent intervention is re-
quired to avert a catastrophic situation. Anastomotic leak-
age may initially present with vague abdominal dis-

comfort without definitive peritoneal irritation signs, fe-
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height of free air in patients with anastomotic leakage.

Comparison of demographic and clinical parameters between the physiologic air and anastomotic leakage groups

Physiologic air group (n= 86) Leakage group (n= 7) P-value
Demographic factors
Age (yr) 65.58 +11.36 71.29+10.73 0.20
Gender (male/female) 59 (68.6)/27 (31.4) 5(71.4)/2 (28.6) 1.007
Body mass index (kg/m’) 22.03 £3.06 23.84 +4.89 0.16
Operative findings
Duration of surgery (min) 156.45 +49.80 204.86 +103.69 0.27
Surgery (open/laparoscopy) 79 (91.9)/7 (8.1) 6(85.7)/1 (14.3) 048"
Radiologic findings
Initial height of air (mm) 7.71+5.08 12.16 £7.65 0.04
Decreased height of air 86 (100) 0(0) <0.01?
Teus 8(9.4) 7 (100) <0.01?
Pulmonary complications 4(4.7) 2(28.6) 0.06”
Values are presented as mean + SD or number (%).
Fisher's exact test.
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ver, and tachycardia. In such cases, plain radiographs
would be obtained first, rather than an abdominal CT
scan. In detecting PP by plain radiographs, we question
whether or not intraperitoneal gas is benign or detri-
mental.

In our study, pneumoperitoneums were detected in
24.2% (93/384) of postoperative patients. Only 7.5% (7/93)
of the PPs were due to anastomotic leakage. These find-
ings are comparable to those of other studies [2,3,7-9]. The
mean duration of physiologic air was 6.9 +2.4 days (range,
2 to 13 days), and the percentage of patients with visible
free air decreased over time (observed in 24.0%, 17.7%,
8.6%, and 5.5% of patients on postoperative days 3, 6, 9,
and >10, respectively). According to other studies, the
prevalence of PPs after abdominal surgery within the first
3 postoperative days has been reported to be 21 to 53%,
with PPs persisting in some patients for 5 to 18 days
[2,3,7-12]. Indeed, PPs may sometimes be observed for
several weeks [4,13-15]. Alternatively, there is a report that
PPs are more prevalent in asthenic patients, in males, and
in patients with intraperitoneal drains [16]; however, we
did not show that any of these factors correlated with the
duration of PPs, as in other studies [3,14]. Are there any ra-
diologic findings which may predict anastomotic leakage?

Our study found that several factors might be used to
differentiate anastomotic leakage from the normal physio-
logic state. An initial air height >11.7 mm, an increased
height of air over time, and the presence of ileus may be in-
dicators of anastomotic leakage. No previous study has re-
ported a correlation between the height of free air and
anastomotic leakage. It is not surprising that as the
amount of intraperitoneal free air increased, the possi-
bility of leakage increases. However, this finding should
be evaluated further because of the small sample size, rela-
tively low sensitivity, and low positive predictive value.

Our study had several limitations. First, not all leakage
cases which we encountered were included. Because pa-
tients with definitive evidence of leakage underwent
emergent surgery and patients with suspected leakage ini-
tially had an abdominal CT scan rather than a simple ra-
diograph, this study only included mild or unquestioned
cases, which might lead to selection bias. Second, our re-

sults should be applied to clinical situations with caution
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due to the intrinsic limits of retrospective studies. Also, we
do not claim that the radiologic demonstration of free air
alone should play a major role in clinical decision-making
about whether or not an exploratory laparotomy is
required. Nevertheless, our results may be a useful ad-
junct in the management of patients with postoperative
abdominal symptoms.

In conclusion, PPs are common after abdominal
surgery. The findings of an initial air height >11.7 mm, in-
creasing air height over time, and the presence of ileus on
plain radiographs suggest a high likelihood of anasto-

motic leakage.
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