
Citation: Bernstein L, Sabat JE, Montgomery M, Nwoke F, Natcheva H, et al. Postoperative Pneumoperitoneum: Clearing the Air. J Surgery. 2013;2(1): 4.

J Surgery
January 2014 Vol.:2, Issue:1
© All rights are reserved by Leitman et al.

Postoperative 
Pneumoperitoneum: Clearing the 
Air

Abstract
Introduction: Pneumoperitoneum seen on postoperative imaging 

presents a diagnostic dilemma. It can be a normal finding secondary 
to air that was introduced at surgery, which typically resolves in a 
matter of days. On the other hand, it could also represent a sign of 
a perforated viscus or an anastomotic leak, which might require re-
operation. Distinguishing one from the other is critical to successful 
management. This study examines clinical and radiological findings 
in order to determine objective criteria to facilitate the distinction 
between benign and pathological postoperative pneumoperitoneum.

Methods: A retrospective analysis of medical records from a large 
urban teaching hospital was performed. Imaging studies reporting 
“pneumoperitoneum”, “free air”, and “free intraperitoneal air”, from 
2008-2011 were selected for review. The cases were divided into two 
groups: patients who ultimately were returned to the operating room 
and had findings requiring operative intervention and those who 
were managed expectantly. Demographic, physical findings and 
laboratory studies were recorded. 

Results: 52 patients were found to have postoperative 
pneumoperitoneum after abdominal surgery. Nine (17.3%) underwent 
re-exploration because of presumed intra-abdominal complication 
and the remainder of patients was managed by observation alone. At 
re-operation, all 9 patients were found to have pathologic conditions 
requiring intervention. 

Thirty-seven patients had an open surgery initially and 15 had a 
minimally invasive abdominal procedure. The patients in each group 
were similar with regard to age, gender, vital signs, pain score, physical 
findings, or open vs. laparoscopic procedure. However, patients 
requiring re-operation were found to have pneumoperitoneum 7.7 
days after initial surgery compared to postoperative 4.3 days for 
those that could be managed expectantly (P = 0.003). Also, patients 
requiring re-operation had an average WBC of 17.4 compared to 9.7 
for those managed conservatively. This suggests that postoperative 
pneumoperitoneum after postoperative day 5 with a WBC greater 
than 10.5 was 80 % sensitive for patients requiring re-operation.

Conclusions: This study suggests that patients with postoperative 
free air still present a diagnostic and therapeutic challenge. However, 
free air several days following surgery with an elevated WBC may 
provide an indication that this finding should be of greater concern. 
Such patients have a greater likelihood of requiring reoperation for the 
treatment of a postoperative complication. 

Introduction
When a postoperative patient undergoes imaging that reveals 

postoperative pneumoperitoneum, it becomes a diagnostic dilemma 
to determine whether this intra-abdominal air is benign or pathologic 
(Figure 1). The ability to correctly distinguish between the two 
is paramount in the patient’s management in order to avoid the 
potentially unnecessary morbidity of a laparotomy or, on the other 
hand delaying a life-saving operation.

Physiologic postoperative pneumoperitoneum represents either 
atmospheric air retained in the abdominal cavity after an open 

abdominal operation or residual insufflated gas used to provide 
visualization and increased working space during a laparoscopic 
operation. This physiologic pneumoperitoneum is observed after 
60% of open and 25% of laparoscopic surgeries [1]. It is a benign 
finding that may be managed simply with observation of the 
patient. Physiologic postoperative pneumoperitoneum will resolve 
spontaneously with time, depending upon the imaging study used 
and certain patient characteristics. On plain chest or abdominal 
radiographs, it will resolve in 2 days in 67% of patients and in 5 days 
in 97% of patients [2]. On CT scan, however, it will still be seen at 3 
days postoperatively in 85% of patients and 6 days postoperatively 
in 50% of patients [3]. This is because CT scan is more sensitive at 
detecting pneumoperitoneum than plain radiography. Body habitus 
has been shown to have an effect on the duration of postoperative 
pneumoperitoneum on plain radiographs, with obese patients 
showing faster resolution of air than asthenic patients. This is not the 
case when utilizing CT scans [4].

Pathologic postoperative pneumoperitoneum results from a 
complication that develops some time after surgery. Most commonly, 
it indicates a surgical complication resulting non-contained abscess 
or a break in the continuity of the gastrointestinal tract, from a 
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Figure 1: CT scan with oral and intravenous contrast demonstrating benign 
pneumoperitoneum following laparoscopic sleeve gastrectomy.
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perforated viscous or an anastomotic leak. These conditions require 
prompt recognition and intervention in order to minimize morbidity 
and mortality. Most times the patient must be urgently returned to the 
operating room for exploration and definitive treatment (Figure 2).  

While some studies have investigated the phenomenon of 
physiologic postoperative pneumoperitoneum, very few have 
endeavored to explore pathologic postoperative pneumoperitoneum. 
In fact, Gayer et al. [4] concluded that the radiological demonstration 
of free air in itself should not play a major role in clinical decision-
making. In this study, we sought to discover any variables associated 
with postoperative pneumoperitoneum that would help predict 
which postoperative patients will require emergent intervention. 
Specifically, how can a clinician reliably determine whether the air 
seen on postoperative imaging is benign or pathologic?

Methods 
The Institutional Review Board at Beth Israel Medical Center 

approved this study. A search of our imaging database from 2008 to 
2011 for CT, chest X-ray, and abdominal films containing the phrases 
“free air”, “free intraperitoneal air”, and “pneumoperitoneum” were 
identified. The corresponding charts for radiological studies with 
these findings in postoperative patients were collected and divided 
into two groups. In one group were patients who had postoperative 
free air and returned to the operating room, and in the second group 
were patients who also had postoperative free air, but did not return to 
the operating room. The charts were analyzed for the following: age, 
gender, height, weight, vital signs, pain score, and leukocytosis both 
at the time of surgery and the time of imaging. The types of imaging 
and postoperative day of the observed free air were also collected. 
Continuous variables were tested for statistical significance with 
Student’s t-test, proportions with chi-squared statistic, and discrete 
variables with the Mann-Whitney U-test. Logistic regression was 
used to calculate the odds ratio for the post op day and leukocytosis. 

Results 
The results are shown in Table 1. Between 2008 and 2011 there 

were a total of 52 patients with postoperative free air, 9 of whom 
required an operative intervention in Group A, and 43 of whom were 
managed without returning to the operating room in Group B. The 
average age of groups A and B were 52.0 and 54.9 years respectively. 
As shown in the table, their height, weight and BMI were similar. 
There was only one female requiring reoperation in group A (11%) 
versus 30% in group B, but this was not statistically significant (p = 
0.44). The proportion of patients undergoing open surgery was 44% 
for group A and 77% for group B (p = .12). 

The vital signs, pain score, and leukocytosis were compared for 
each group on POD # 0. The data for both groups were similar with 
no statistically significant difference for any of these parameters. At 
the time of surgery, the same parameters were compared for each 
group. While the vital signs were the same for both groups at the time 
of imaging, there was a statistically significant difference found in 
the average white blood cell count of each group. In Group A, those 
patients requiring a reoperation had an average leukocytosis of 17.4 ± 
12.0 versus 9.7 ± 4.9 in Group B (p = 0.01). Group A was also observed 
to have postoperative free air further out from surgery at an average 
postoperative day of 7.7 ±2.6 versus 4.3 ± 2.9 in Group B (p = 0.003).

Discussion

In the present study, we evaluated the clinical data of patients who 
were found to have pneumoperitoneum on imaging obtained after 
an abdominal operation in order to determine if any variable exists 
that might help to differentiate between benign versus pathological 
pneumoperitoneum. We examined 52 patient cases, 9 of which were 
intervened upon operatively after their imaging study, and 43 of which 
were observed and managed expectantly. All nine patients who were 
re-operated on suffered a postoperative complication that resulted in 
the presence of pneumoperitoneum seen on their imaging study, and 
all 43 patients who were observed were managed successfully in an 
expectant manner.

Based upon the data collected during our study, there appears 
to be an increased risk of postoperative pneumoperitoneum being 
pathologic in etiology when it is seen on postoperative day 6 or 
later, and when the patient has an elevated white blood cell count. 
Specifically, of the patients with postoperative pneumoperitoneum 
requiring re-operative intervention, 7/9 (78%) had an elevated white 
blood cell count and 8/9 (89%) were 6 days postoperative or later 
when the imaging study showing pneumoperitoneum was obtained. 
Additionally, of the patients managed expectantly, 40/43 (93%) had 
white blood cell counts within normal limits and were less than 7 days 
postoperative when imaging showed pneumoperitoneum.

Based upon the results of our study, we determined that the 
presence of postoperative pneumoperitoneum on imaging after 
postoperative day 5 in a patient with a white blood cell count > 10.5 

Characteristic

Operative 
Intervention      

 (N = 9)

Conservative 
Management      

(N = 43)  

N % N %
Demographics p

Patients 9 17 43 83
Sex 0.44

Male 8 89 30 70
Female 1 11 13 30

Age 52.9 ± 15.3 54.9 ± 16.4 0.66
Height 176.3 ±9.7 170.2 ±8.9 0.085
Weight 70.8 ±17.7 74.3 ±12.7 0.51

BMI 24.5 ±7.7 25.8 ±5.0 0.547
Initial Operation 0.12

Laparotomy 4 44 33 77
Laparoscopic only 5 56 10 23

Data at time of operation mean ± sd mean ± sd p
Temperature (ºF) 98.6 ± 1.0 98.2 ± 1.0 0.31

Heart Rate 77 ± 10.1 85.5 ± 21.0 0.26
Systolic BP (mm Hg) 128 ±14 131 ± 20 0.66

Diastolic BP (mm Hg) 76 ±10 72 ± 15 0.42
Pain, mean (median) 3.5 (0.50) 3.2 (1.50) 0.83

WBC (x109/L) 12.5 ± 0.57 10.3 ± 3.8 0.21
Data at time of imaging p

Temperature (ºF) 99.2 ± 1.6 98.9 ± 1.2 0.57
Heart Rate 92.8 ± 24.3 91.8 ± 14.1 0.90

Systolic BP (mm Hg) 119 ± 19 127 ± 21 0.43
Diastolic BP (mm Hg) 73 ± 18 76 ± 14 0.67
Pain, mean (median) 3.8 (4.0) 3.2 (1.5) 0.56

WBC (x109/L) 17.4 ± 12.0 9.7 ± 4.9 0.01
Observed duration of PPP

Post op day 7.7 ± 2.6 4.3 ± 2.9 0.003

Table 1:
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is 80% sensitive for predicting that a patient will require operative 
intervention for pathologic pneumoperitoneum. This is the first 
study to correlate either postoperative date or presence and degree 
of leukocytosis as a risk factor for the need for operative intervention 
in patients with postoperative pneumoperitoneum. While we did not 
observe any negative re-laparotomies, using these criteria of WBC 
and postoperative day of observed pneumoperitoneum alone would 
have led to a false positive (type-I error) rate of 25%. While this may 
seem high, the morbidity and risks associated with a laparotomy are 
not insignificant. In one study by Ruler et al. [5] patients without clear 
indications for re-laparotomy (e.g. closed loops, intestinal ischemia, 
or patients with packing to control bleeding) were studied in order 
to find variables associated with a requirement for re-laparotomy. Of 
219 patients, 117 underwent re-laparotomy, 55 of whom did not have 
positive findings at re-laparotomy (47%). Using various clinical data 
(but not imaging or pneumoperitoneum) they developed a model 
with similar sensitivity and false-positive rates as ours (82% sensitive 
with a false positive rate of 24%). Our data shows that postoperative 
pneumoperitoneum can be a criterion to consider when deciding on 
re-laparotomy.

Others have investigated pathologic postoperative 
pneumoperitoneum. Lee et al. [6] recently published a study looking 
at the duration of physiologic postoperative pneumoperitoneum on 
plain radiographs and the radiographic characteristics of pathologic 
postoperative pneumoperitoneum in patients with anastomotic leak. 
They found that the initial air height measured on erect abdominal 
radiograph in those with the anastomotic leaks was significantly 
greater than those with physiologic postoperative pneumoperitoneum 
(12.16 ± 7.65 mm vs. 7.71 ± 5.08 mm, P = 0.04). Through further 
analysis, they determined that an initial air height of >11.7 mm on 
erect abdominal radiograph, air height that increases with time, and 
presence of a postoperative ileus might be indicators of anastomotic 
leakage. Spinelli et al. [7] published a series of case reports of 
patients with postoperative pneumoperitoneum in order to create an 
algorithm for the management of postoperative pneumoperitoneum. 
They suggest operative exploration in patients with postoperative 
pneumoperitoneum on plain radiograph in the presence of peritoneal 
signs on abdominal exam, hemodynamic instability, signs of sepsis, 
or failure of initial conservative management. Additionally, they 
recommend obtaining a CT scan if there is suspicion of a postoperative 
complication. These are logical recommendations; however, they are 
based mostly upon the existing literature. Of their four cases, only 

one patient was taken to the operating room for exploration, and was 
negative for any intra-abdominal pathology. 

Most studies examining postoperative pneumoperitoneum focus 
instead on physiological postoperative pneumoperitoneum. Shatari 
et al. [8] examined the incidence and duration of postoperative 
pneumoperitoneum identified on chest radiographs after open 
colorectal operations. Their results showed air with a height of < 
15 mm in 15% of radiographs taken during postoperative days 0-5, 
18% of during postoperative days 5-10, and none after postoperative 
day 10. Hope et al. [9] recently published a series on the incidence 
and duration of non-pathologic postoperative pneumoperitoneum 
after laparoscopic nephrectomy. Their results showed an incidence 
of postoperative pneumoperitoneum of 41% after laparoscopic 
nephrectomy. Most patients showed resolution of their 
pneumoperitoneum by postoperative day 3, however, it was seen up 
to nine days postoperatively in one patient. They maintain that their 
study population is unique in that the nephrectomy procedure entails 
an extensive retroperitoneal dissection.

Our study has several important limitations. The main weaknesses 
are the retrospective nature of the review and that the imaging studies 
were obtained for a variety of indications in a non-standardized 
manner. There were no studies done immediately postoperatively 
that would have allowed us to obtain our own incidence data and 
would have served as a baseline for comparison of studies obtained 
at a later date. Clearly, a larger prospectively performed study with 
standardized procurement of imaging would be the ideal way to 
confirm and expound upon the findings of this study. Finally, 
we are not able to definitively state that those patients who had 
pneumoperitoneum managed conservatively did not in fact suffer a 
postoperative complication. It is possible that a few of the patients 
with “benign” pneumoperitoneum actually had a pathologic or other 
process develop that turned out to be clinically benign and was treated 
successfully with conservative management. This entity has been 
named nonsurgical free air, and is defined by the fact that whatever 
the cause, it can be successfully managed in an expectant manner, 
or in some cases leads to a negative operative exploration [10]. We 
feel that the possibility of nonsurgical free air being present in our 
study patients does not significantly alter the utility of the results of 
the study, however, which is to aid in the prompt identification of 
those patients with pathologic postoperative pneumoperitoneum that 
requires emergent surgical intervention. Despite these limitations, 
though, we were able to make two interesting and potentially useful 
observations that can help guide clinicians when presented with the 
conundrum of postoperative pneumoperitoneum.
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