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Abstract
Background and aim. Pneumoperitoneum following a recent abdominal surgery is a diagnostic dilemma. The aim of
the study was to determine the diagnostically significant amount of free air in the peritoneal cavity, evaluating probable
complications that are associated with a break of gastrointestinal (GI) integrity and to identify clinical, laboratory and
demographic impact on the results.
Materials and methods. 50 patients who underwent abdominal operations were examined, 30 had an uneventful postoperative period (the first group) and 20 developed complications (the second group). The abdominal radiographies
(AXR) were performed on the fifth postoperative day as well as the complete blood count and C-reactive protein (CRP)
tests. Pneumoperitoneum diagnosis was based on finding free air under the diaphragm.
Results. The average amount of free air in the first group was 6.59 mm, and in the second - 29.57 mm. Postoperative
complications were correctly diagnosed in 70% of cases, and correctly denied in 60% of cases. Using a cutoff point
of 9.65 mm, complications were diagnosed correctly in 70% of cases, and correctly denied in 83.33%. The amount of
free air has a significant correlation with the body mass index (r = -0.620; <0.001) and CRP (r = 0.596; p = 0.006). No
statistically significant difference of amount of free air between operated in an open manner and laparoscopically was
observed.
Conclusions. AXR has limited specificity and sensitivity for diagnosing postoperative complications that are associated
with a break of GI integrity; however, if the results are combined with CRP values, AXR remains a solid alternative to
computed tomography scan.
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INTRODUCTION
Free air in the abdominal cavity following a recent abdominal surgery is a diagnostic dilemma. This can be a normal finding (physiological
pneumoperitoneum) due to the passage of air
during open operation, injected gas to improve
visualization during laparoscopic surgery or
postoperative drainage. However, this can also be
a sign of anastomotic leakage or gastrointestinal
(GI) perforation. In order to avoid unnecessary
repetitive operations, it is essential to distinguish
between physiological pneumoperitoneum and
postoperative complications in which the patient
needs urgent assistance [1, 2].
There is still no exact agreement on the amount
of free air in the abdominal cavity and the duration of its observation, which would allow the

differentiation of the postoperative physiological
state from the pathological one. Early diagnosis
of GI integrity disorders is also aggravated by
the post-operative pain and the use of narcotic
drugs, abdominal muscle tension, and paralytic
ileus [3].
Computerized tomography (CT) and abdominal
radiography (AXR) are commonly used to detect
free air in the abdominal cavity. The CT study
is superior to APR in detecting free air; however, the CT is not so easily accessible, its price is
high, and CT is more harmful to the patient due
to its higher exposure compared to the X-ray
examination. As an alternative, X-rays are chosen, which are readily accessible, low-cost, and
the ionizing radiation is about 11.42 times lower
than in the CT scan [3, 4].
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Based on the available data, this is one of the
first studies in Lithuania that evaluates the role
of X-rays in diagnosing free air in the abdominal
cavity; however, there have been many studies in
other countries that investigated the etiology of
postoperative pneumoperitoneum, its size, duration and its correlation with clinical and laboratory data. Unfortunately, opinions about the role
of abdominal radiographs in diagnosing pathological pneumoperitoneum remain controversial. A large part of the authors only analyse the
duration of free-air in the abdominal cavity. The
aim of this study is not only to evaluate the diagnostic significance of detecting the free air
abdominal cavity, but also to establish the exact value for the free air that would differentiate
the physiological pneumoperitoneum from the
pathological state, and to ascertain the influence
of clinical, laboratory and demographic indicators on the results.
MATERIAL AND METHODS
2.1	Sources of data
The study was carried out in February, 2015 –
April, 2016 at the Hospital of LUHS Kaunas
Clinics, Departments of Surgery and Radiology,
after it was approved by the local ethic committee. The object of the research was the free air
in the abdominal cavity after intra-abdominal
operations. The subject of the study was the patients who had undergone intra-abdominal operations. This is a quantitative case-control study.
Patients were selected for the study in two stages:
using targeted selection while performing retrospective analysis of medical records and with
prospective patient research. A schematic diagram of the retrospective data collection is given
in Figure 1.
Prospectively, patients over the age of 18 who
had undergone surgery during which the gastro-intestinal tract was opened were included in
the study. Exclusion criteria were: patient’s disagreement, age ≤18 years, current or suspected
pregnancy. Abdominal radiographies as well as
the complete blood count and C-reactive protein
(CRP) tests were performed for all the patients
who participated in the study on the 5th postoperative day, regardless of whether symptoms of
possible postoperative complications were present. It was decided to perform ARX on 5th postoperative day, based on literature data, where
it is said that free air of physiological origin in
the abdominal cavity disappears in 97% of pa22

tients within 5 days [5], meanwhile in the case of
postoperative complications, associated with the
break of integrity of GI, the symptoms are most
commonly reported later than the 5th postoperative day, when patients are critically ill [6].
Therefore, the 5th postoperative day was considered as an optimal time to differentiate between
physiological and pathological pneumoperitoneum. Prospectively 33 patients were included in
the study, of which 3 cases of anastomotic leakage occurred during the postoperative period
and for the remaining 30 postoperative periods
were uneventful. After compiling the information base from the retrospective and prospective
sample data, two groups of study subjects were
identified. First group (n = 20) – patients who
had postoperative complications associated with
gastrointestinal integrity violation (anastomotic leakage or perforation of the gastrointestinal
tract) and second group (n = 30) - patients with
an uneventful postoperative period.
2.2. Assessment
The diagnosis of pneumoperitoneum was based
on the detection of free air under the diaphragm
domes. The amount of free air was measured
in millimeters, calculating the longest distance
from the top to the bottom of the free air edge
(Figure 2). In case of free air being under both
of the diaphragm domes, the distances were
summed up.
2.3.	Statistical analysis
Statistical data processing was performed using IBM SPSS Statistics for Windows, version
22.0 software package. The data is presented in
the calculation of the mean and standard deviation (± SD). The Kolmogorov-Smirnov test was
used to determine whether the variables corresponded to the normal distribution (p> 0.05).
Student’s t-test was used for comparison of parametric quantitative values. The interdependence of qualitative attributes was evaluated using
Fisher’s test. Pearson’s correlation coefficient was
calculated to determine the linear dependence
between the analyzed characteristics. Receiver
operating characteristic (ROC) curve analysis
was performed to evaluate the sensitivity and
specificity of free air on the 5th postoperative
day for predicting postoperative complications
that are associated with the violation of GI integrity (anastomotic leak or perforation). Logistic
regression was used to determine the sensitivity
and specificity of combination of two separate
diagnostic tests.
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RESULTS
The study population consisted of 50 patients.
Demographic characteristics of full sample and
characteristics of the complicated period group
are presented in Tables 1, 2 respectively. Prevalence of pneumoperitoneum among the patients
with uneventful and complicated postoperative
periods is presented in Figure 3. Based on full
sample data (n=50) the Fisher’s test showed that
the postoperative course and the detection of
free air were statistically significantly related (p =
0.048). Detection of free air on the 5th postoperative day in AXR has 70.00% sensitivity, 60.00%
specificity for diagnosing postoperative complications such as gastrointestinal anastomotic leak
or perforation. It was also found that the amount
of free air was statistically significantly different
depending on whether the postoperative course
was uneventful or complicated (t = -3,061; p =
0,005). The average amount of free air in the uneventful postoperative course group was 6.59
mm (SN = 17.39) meanwhile in the group with
postoperative complications it was 29.57 mm
(SN = 30.07). Based on the ROC analysis (Area
= 0,771; p = 0,001) the limit value of the amount
of free air which distinguishes physiological
pneumoperitoneum from pathological was determined. In the selection of 9.65 mm as a limit
value, sensitivity and specificity are 70.00% and
83.33% respectively (Figure 4). Analysis of data
from patients with an uneventful postoperative
TABLES AND FIGURES

period showed that there was no correlation between the amount of free air and demographic
and clinical criteria other than BMI. The results
are presented in Table 3. Also, there was no statistically significant difference in the amount of
free air between men and women (t = 0.648; p =
0.522) and between patients who had open and
laparoscopic surgery (t = 1.040; p = 0.307).
Analysis of the correlation between inflammatory laboratory parameters and the amount of free
air showed no statistically significant association
with WBC (r = -0,021; p = 0,930); however, a
statistically significant positive correlation with
CRP was observed (r = 0.596; p = 0.006) (Figure
5). Based on the ROC analysis (Area = 0,801; p
<0,001). a CRP value that distinguishes an uneventful postoperative period from a complicated
one (anastomotic leakage or perforation) was determined. In the selection of 110.85 mg/l as the
limit value for CRP, sensitivity and specificity for
identification of postoperative complications that
are associated with the violation of GI integrity
are 70.00% and 66.67% respectively (Figure 6).
After logistic regression, it was determined that
the combination of detection of free air (9.65
mm) under the diaphragm domes and CRP
110.85 mg/l on the 5th postoperative day for
identification of postoperative complications
that are associated with the violation of GI integrity has sensitivity and specificity 70.00% and
83.33% respectively.
Figure 1. Retrospective data collection
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Figure 2. Measurement of free air

Figure 3. Prevalence of pneumoperitoneum among the study groups
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Figure 4. ROC curve for determining limit value of amount of free air on AXR on the 5th postoperative day in patients with GI integrity complications

Figure 5. Correlation between the amount of free air and CRP
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Figure 6. ROC curve for determining limit value of amount of CRP on the 5th postoperative day in
patients with GI integrity complications

Table 1. Demographic data

Characteristics
Patients

All subjects

Subjects with unevent- Subjects with postoperaful postoperative period
tive complications

P value

50

30

20

Age

64,74 ± 15,04

60,66 ± 12,96

70,85 ± 15,49

0,017

BMI

23,18 ± 4,70

24,19 ± 3,94

21,66 ± 5,51

0,064

Male

25

16

9

Female

25

11

14

Sex
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Table 2. Patients in whom postoperative complications were proved
Patient

Type of surgery

Amount of
free air (mm)

WBC
(×109/l)

CRP (mg/l)

Complication

1

Right hemicolectomy

12,1

20,27

246

Anastomotic leak

2

SBR

30

1,98

87,74

Anastomotic leak

3

Hepaticojejunostomy

0

11,2

105

Anastomotic leak

4

PDR

16,2

9,67

281,84

Anastomotic leak

5

Sigmoidal resection

0

0,75

485

Anastomotic leak

6

Hepaticojejunostomy

45,2

9,9

303

Anastomotic leak

7

PDR

41

16,4

220

Anastomotic leak

8

PDR

35,6

6,9

112

Anastomotic leak

9

PDR

0

22,18

316

Anastomotic leak

10

Rectal resection

57,6

4,5

96

Anastomotic leak

11

Right hemicolectomy

34,2

8,3

144

Anastomotic leak

12

Sigmoidal resection

0

7,6

213

Anastomotic leak

13

Sigmoidal resection

0

9,6

70,91

Anastomotic leak

14

SBR

36

4,55

94,86

Anastomotic leak

15

Subtotal colectomy

67,54

17,16

175,74

Anastomotic leak

16

Sigmoidal resection

0

13,5

250

Anastomotic leak

17

SBR

121,13

11,2

193,65

Perforation

18

Gastrectomy

21,1

2

45,59

Perforation

19

SBR

46,5

6,51

278

Perforation

20

SBR

27,3

13,5

148

Perforation

SBR – small bowel resection; PDR - pancreatoduodenal resection.

Table 3. Correlation between the amount of free air of physiological origin and the demographic
and clinical criteria.
Criteria
Age
BMI
Drain input

Correlation coefficient (r)

P value

-0,133

0,482

-0,620

<0,001

-0,161

0,397

DISCUSSION
The results of the study showing that only 60%
of patients who had an uneventful postoperative
period were not diagnosed with pneumoperitoneum on the 5th postoperative day do not coincide with the data provided by Nielsen and his
colleagues stating that free air of physiological
origin in the abdominal cavity disappears in 97%
of patients in 5 days [5]. Some researchers point
out that postoperative pneumoperitoneum can
be diagnosed even up to 2 weeks after surgery

[6-8]. Such a long period of time forces us to ask
ourselves what influences these results.
Based on literature data pneumoperitoneum
is more commonly diagnosed in men, asthenic patients and patients with abdominal cavity
drainage [9]. In this study we found that with
increasing weight free air is less susceptible thus
results are similar to those obtained by Gayer
and his co-authors, but gender and age-related
correlations have not been found – the same
as with other authors who failed to do it [6, 7].
Results about the presence of abdominal free
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air shows sensitivity and specificity for identification of postoperative complications that are
associated with the break of GI integrity (anastomotic leakage or perforation) of 70.00% and
60.00% respectively are similar to those received
by Milone et al. [3]. In order to maximize the diagnostic capabilities, with the use of ROC curve
analysis, a limit value of free air of 9.65 mm was
determined, which does not change the sensitivity but increases the specificity to 83.33%.
Similar results are presented by Lee et al.: 11.7
mm limit value, 51.1% sensitivity and 83.7%
specificity [7]. The diagnostic value of CRP for
identifying postoperative complications associated with GI integrity violation was also studied
separately. When choosing 110.85 mg/l as a limit
value, the sensitivity and specificity are 70.00%
and 66.67% respectively. The value obtained is
nearest to the results of Ortega-Deballon and
co-authors: limit CRP value on the 4th postoperative day 125 mg/L [10]. In contrast to other
authors who studied the diagnostic value of CRP
[10-15] in this research one of the aims was to
find a connection between CRP and free air. By
establishing a significant positive correlation between amount of free air and CRP, it can be said
that if anastomotic leakage or perforation are
suspected, these two diagnostic tests should be
interpreted in parallel. After logistic regression,
it was found that the combination of these two
diagnostic tests (detection of free air (9.65 mm)
under diaphragm domes and CRP 110.85 mg/l
on the 5th post-operative day) show sensitivity
and specificity for identification of postoperative
complications associated with violation of GI integrity 70% and 83.33% respectively.
Although the CT scan is superior to AXR for
diagnosing free air in the abdominal cavity it
should not always be a first-choice test. AXR is
done technically faster, cheaper and less harmful for the patient than the CT scan. Based on
the results of this study and the data presented
in the scientific literature [3,7], it could be said
that in the postoperative period, when the patient develops an acute abdominal pain with elevated laboratory inflammatory parameters (CRB
≥ 110.85 mg/l) first of all it would be advisable
to perform AXR. When ≥ 9.65 mm of free air
28

is detected, a CT scan should be performed to
specify the suspected perforation or anastomosis
insufficiency. In the absence of free air in AXR, it
is almost completely likely that GI violation can
be ruled out thereby protecting patients from
unnecessary CT scan whose exposure is significantly higher than AXR. However, it is important
to emphasize that, even after denying the violation of GI integrity on AXR, one cannot forget
about other possible causes of acute postoperative abdominal emergencies which cannot be excluded with AXR. Even in the absence of free air
in the abdominal cavity on abdominal x-rays the
patient should be closely monitored for possible
complications such as intra-abdominal abscess,
vascular thrombosis etc. [3]. The limitation of
this study was that a part of the sample (retrospective patients’ data) was selected selectively
- only patients with complicated postoperative
period were included in the study, so this study
does not reflect the real ratio of complicated and
uncomplicated postoperative periods. This tactic
was chosen in order to collect as much data as
possible about patients who experienced postoperative complications associated with violation
GI integrity and thus ensure significant results
in a comparison between this and the control
group (the uneventful postoperative period). In
the future, research on this topic should abandon
the collection of selective and retrospective data,
accumulate information prospectively, randomly and for a longer period of time, thus collecting
a larger sample and ensuring not only significant
results in terms of comparison of the two groups
but also reliable incidence rates of complications
and pneumoperitoneum. The results and conclusions of this study should be interpreted and
adapted responsibly in clinical practice, bearing
in mind that the study was based on relatively
small sample (50) of partly retrospective nature
(17). There is still a need for further research in
larger samples, distinguishing and analyzing different causes of free air in the abdominal cavity,
in order to find the exact answer how to separate physiological pneumoperitoneum from the
pathological one. However, the results of this
study encourage to not underestimate the role of
the abdominal X-ray.
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CONCLUSIONS
Our study provides evidence that free air in the
abdominal cavity on the 5th postoperative day
is significantly more common in patients with
the anastomotic leak or perforation. In addition,
CRP values are increased in patients with higher amount of free air in the abdominal cavity.
Our data suggests that AXR examinations are
still necessary to rule out postoperative complications that are associated with the GI integrity
disruption.
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