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Abstract
Pneumoperitoneum is described as the presence of free air in the peritoneal cavity. In the majority of cases,
it is the manifestation of abdominal viscus perforation, requiring an emergent surgical exploration. In rare
cases, however, no evidence of perforation of the gastrointestinal or genitourinary tracts can be found at
exploration, and in such cases, the pneumoperitoneum is referred to as non-surgical pneumoperitoneum.
We present a case of an 87-year-old man who developed a non-surgical pneumoperitoneum in the setting of
gram-negative sepsis. The patient was admitted for treatment of obstructive uropathy and sepsis secondary
to a gram-negative urinary tract infection. Despite the initial resuscitation and antibiotic therapy, his
hospital course was complicated by worsening abdominal discomfort, and a chest radiograph revealed free
air under the diaphragm. He was taken to the operating room for an emergent surgical exploration that
revealed no visceral perforation or other possible surgical causes. He tolerated and recovered from surgery
well, and had a complete resolution of pneumoperitoneum in the early post-surgery period, per radiographic
imaging. This interesting case highlights a rare case of idiopathic nonsurgical pneumoperitoneum in the
setting of gram-negative sepsis. Additionally, we discuss considering non-surgical etiologies for patients
without clinical signs or surgical evidence of perforation.
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Introduction
Pneumoperitoneum, described as the presence of free air in the peritoneal cavity, generally mandates
emergent surgical exploration in the majority of cases [1,2]. Only 10% of these cases are non-surgical
pneumoperitoneum, also referred to as spontaneous or idiopathic pneumoperitoneum [1,3]. A diagnosis of
non-surgical pneumoperitoneum is appropriate when surgical repair is not the indicated treatment for the
known cause of pneumoperitoneum, or when an exploratory laparotomy is done and no perforation is
found [1,2]. We present a case of non-surgical pneumoperitoneum in the setting of gram-negative
septicemia.

Case Presentation
An 87-year-old Caucasian male with a past medical history of benign prostatic hyperplasia and irritable
bowel syndrome presented to the hospital with urinary incontinence, diarrhea, abdominal pain, hypotension
and altered mental status. A diagnosis of septic shock secondary to urinary tract infection was made on
arrival based on symptomology and initial investigation. The patient had a history of lower abdominal pain
for last two weeks. He visited his primary care physician and underwent a computed tomography (CT) scan
of the abdomen and pelvis which showed hypertrophy of the prostate and bilateral hydronephrosis. The
patient had progression of symptoms leading to hospitalization. On arrival to the hospital, the patient was
hemodynamically stable but quickly decompensated. Vitals showed a blood pressure of 88/55 mmHg, heart
rate of 143 beats per minute, respiratory rate of 20 breaths per minute, and temperature of 96.3°F. Initial
pertinent laboratory findings included acute kidney injury with serum creatinine of 12 mg/dL (from a
baseline of 1.2 mg/dL) and blood urea nitrogen (BUN) of 161 mg/dL. Labs demonstrated an anion gap
metabolic acidosis secondary to lactic acidosis. Urinalysis showed evidence of infection, and blood and urine
samples sent for cultures. Physical exam at arrival was significant for a minor distress, diaphoresis, enlarged
and tender prostate, abdominal distension without tenderness to palpation, guarding, rebound tenderness,
or abnormal dermatological findings. The white blood cell values from the day of surgery until discharge are
detailed in Table 1.
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Day of admission WBC value (x 103/uL)

Day 5 15.99

Day 6 11.92

Day 7 9.17

Day 8 7.26

Day 9 12

Day 10 12.66

Day 11 11.69

TABLE 1: White blood cell (WBC) count.

The patient received empiric intravenous antibiotics and fluid resuscitation in the emergency department
along with placement of a urinary catheter to relieve urinary obstruction. Urinary catheter placement
revealed gross hematuria, but hematuria resolved by the next day. Blood and urine cultures were positive for
E. coli and initial antibiotics were deescalated to ceftriaxone, to which the organism was sensitive.

No acute cardiopulmonary changes were visualized on chest X-ray taken three days prior (Figure 1).

FIGURE 1: Chest radiograph, day 2 of admission.
No radiographic evidence of acute cardiopulmonary pathology. Electrocardiogram wire visualized.

On day five of his admission, the patient experienced increased abdominal pain, constipation, and
subjective fevers. Vitals showed a temperature of 97.2°F, a blood pressure of 111/70 mmHg, a pulse of 87
beats per minute, respiratory rate of 20 respirations per minute, and oxygen saturation of 97%. Abdominal
exam was significant for hypoactive bowel sounds, mild distension, guarding, tympany on percussion, and
diffuse tenderness to palpation. An upright chest X-ray was ordered. Upright chest X-ray revealed free
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intraperitoneal air (Figure 2).

FIGURE 2: Chest radiograph, day 5 of admission.
Radiologic upright film of the chest demonstrates right-sided, free intraperitoneal air (red arrow). Possible
gastric bubble visualized cannot rule out left-sided, free intraperitoneal air. No evidence of other acute
changes, such as enlargement of the mediastinum, cardiomegaly, pleural effusion, or pneumothorax.
Electrocardiogram wires visualized.

An abdominal X-ray showed a nonobstructive bowel gas pattern without signs of dilated loops of bowel or
air-fluid levels. The surgical team was emergently consulted for evaluation of pneumoperitoneum, and an
urgent exploratory laparoscopy was recommended without further evaluation or imaging. The patient
underwent emergent exploratory laparoscopy that was converted to laparotomy, as there was no evidence of
a perforation visualized on laparoscopy. Meticulous examination of the abdominal cavity revealed no
evidence of an intestinal or genitourinary tract perforation or any other surgical causes, peritonitis, free
fluid, or abscess formation. Post-operative X-ray, completed on post-operation day one, demonstrated
resolution of the pneumoperitoneum (Figure 3).
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FIGURE 3: Chest radiograph, day 6 of admission.
No evidence of acute cardiopulmonary pathology. No radiologic evidence of pneumoperitoneum.
Electrocardiogram wires visualized.

Discussion
Pneumoperitoneum is the abnormal presence of air in the peritoneal cavity. Common symptoms associated
with pneumoperitoneum are often consistent with acute peritonitis. Symptoms include anorexia, vomiting,
bloating, and abdominal pain. Multiple imaging methods are available for the detection of
pneumoperitoneum: chest radiography, abdominal radiography, and CT of the abdomen. The combination
of abdominal pain and air under the diaphragm, even in the absence of other clinical signs, is usually
enough for the surgical recommendation of explorative laparotomy to search for the causative lesion. The
etiological spectrum is broad and includes both surgical and non-surgical causes from thoracic and
abdominal processes or procedures, as well as urological, and gynecological conditions [2]. Cases of
pneumoperitoneum with an unknown cause are termed idiopathic spontaneous pneumoperitoneum, and are
extremely rare [4]. Common etiologies of surgical pneumoperitoneum include appendicitis (34%),
diverticulitis (12%), and perforated peptic ulcer (10%) [4]. Non-surgical causes (~10%) include sepsis,
pneumatosis cystoides intestinalis, pneumomediastinum (caused by esophageal or pulmonary pathology),
oro-genital sexual intercourse, aerophagia, recent history of mechanical ventilation, cardiopulmonary
resuscitation, and peritoneal dialysis [2]. If there is clinical suspicion or evidence of a potential surgical
cause of pneumoperitoneum visualized on imaging, then exploratory laparotomy is the indicated treatment.
However, in the scenario where there is no clinical suspicion for a surgical etiology and the patient is
hemodynamically stable, then conservative management is a valid treatment option.

Kumar et al. reported visceral perforation causes 42% of cases of pneumoperitoneum, while 37% are caused
by post-operative residual air [3]. Even in the modern-day era where CT scanners are widely available in
emergency departments and provide invaluable etiologic data, conventional radiography using X-ray still
holds diagnostic significance in the diagnosis of pneumoperitoneum. Studies showed that the upright chest
radiograph holds a sensitivity of 71–98% in diagnosing pneumoperitoneum [5-7]. The sensitivity for free air
detection was greatest with the use of lateral decubitus abdominal radiograph (98%) and upright chest
radiograph (85.1%) [7]. However, the ability for free air to be detected on imaging is dependent on the cause
and location of the perforation, if one exists [3]. CT carries a higher sensitivity than chest radiography and
may help in localizing the source of the pneumoperitoneum. In a patient who is hemodynamically stable and
presents with symptoms consistent with a perforation in the abdominal cavity, CT scan would be a better
imaging modality. Studies have suggested extraluminal (free) gas in the sub-phrenic space as one of the
most common radiological findings [2], first described by Popper in 1915. A study by Chiu et al. reported
anterior superior oval sign as the most common finding in supine abdominal and chest radiography, and
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sub-phrenic radiolucency as the third most common finding on supine chest radiograph [7]. Other
radiographic signs are detailed by Kumar et al. and Chiu et al. [3,7]. Surgical pneumoperitoneum typically
presents with signs of peritonitis, such as abdominal rigidity, abdominal tenderness, fever, leukocytosis,
and/or elevated inflammatory markers. The management approach includes surgical exploration,
intravenous fluids, nutritional support, administration of broad-spectrum antibiotics, and hyperbaric
oxygen (if necrotizing enterocolitis is present) [8].

Exploratory laparotomy is typically performed in patients with radiographic pneumoperitoneum, abdominal
pain, and signs of peritonitis [2]. In cases of pneumoperitoneum where the etiology is believed to be non-
surgical in nature, conservative treatment has been proposed to prevent unnecessary laparotomy [4].
Conservative treatment includes but not limited to parenteral nutrition, intravenous fluid resuscitation,
intravenous antibiotics, and serial abdominal examinations and imaging to document resolution [8]. The
difficulty lies in identifying the patients in whom conservative management is indicated. Though rare, non-
surgical pneumoperitoneum must be considered as the etiology in patients with sepsis, recent mechanical
ventilation or peritoneal dialysis, and other potential causes listed above in order to avoid unnecessary
surgical exploration.

There are many proposed etiologies to explain the presence of pneumoperitoneum on radiographic imaging,
as mentioned above. Iatrogenic causes were immediately dismissed for our patient as there was no recent
history of positive airway pressure use, cardiopulmonary resuscitation, mechanical ventilation, peritoneal
dialysis, or invasive procedures (endoscopy, colonoscopy, laparoscopy, laparotomy). Urogenital injury must
be considered due to the traumatic Foley catheter insertion with gross hematuria in the emergency
department. However, since there was no obvious injury and there was no free fluid in the abdomen at
exploration, this etiology is less likely.

One potential, less likely, non-surgical etiology considered was Chilaiditi syndrome, where the transverse
colon is interposed between the liver and diaphragm. This could potentially be misinterpreted as
radiological evidence of a pneumoperitoneum. However, this was ruled out by the lack of haustra visualized
in the right upper quadrant and the findings on exploratory laparotomy.

The final potential etiology is that our patient developed non-surgical pneumoperitoneum secondary to
sepsis caused by documented gram-negative, gas-forming bacteria (Escherichia coli). There is no objective
evidence of any other etiology that may have resulted in a non-surgical pneumoperitoneum. One case
report described gram-negative bacteremia as the causative agent of pneumoperitoneum [9]. It is probable
that this etiology involves a micro-perforation of the intestinal tract caused by inflammatory mediators in
the setting of an infection. Similar micro-perforations have been reported to cause pneumoperitoneum after
colonoscopy and intestinal procedures, like endoscopic retrograde cholangiopancreatography.

Chandler et al. report that 28% of patients with non-surgical pneumoperitoneum were subjected to surgical
exploration. They report three recurring themes amongst these patients: a decision to perform exploratory
surgery completely based on radiological evidence, radiolucency consistent with pneumoperitoneum not
located at the apex of the diaphragm, and the clinical presence of marginal peritoneal symptoms [10].

Recognition of the potential for non-surgical pneumoperitoneum is important in preventing unnecessary
surgical procedures that expose patients to infection, complications, and extended recovery periods.
Consideration should be made for close evaluation of radiologic findings in cases where a clear surgical
cause of pneumoperitoneum does not exist, and evaluation of other potential causes undertaken. For the
case of the surgeon who elects to take a patient for exploratory laparotomy and finds no evidence supporting
a surgical etiology, it is acceptable to terminate surgical exploration after adequate inspection of the entire
length of the small and large bowel. The recognition of non-surgical pneumoperitoneum at the bedside and
further insight into its etiopathogenesis will likely lead to improved morbidity and mortality.

Conclusions
Our patient's clinical presentation and negative exploratory laparotomy imply a radiologically confirmed
idiopathic pneumoperitoneum. Although the association between non-surgical pneumoperitoneum and
gram-negative sepsis in this case is not impossible, the underlying pathophysiological mechanism is not yet
understood. Further research is necessary to investigate the potential pathophysiological mechanisms.
Overall, this case highlights the importance of careful consideration of clinical and radiographic findings in
the diagnostic and therapeutic approach to pneumoperitoneum. Considering the potential causes of non-
surgical pneumoperitoneum is important for the surgeon’s decision-making process for surgical versus non-
surgical management. Recognition of non-surgical pneumoperitoneum may prevent unnecessary surgical
procedures, like in the case of our patient, that contribute to morbidity and result in extended recovery
periods. Further characterization of cases with non-surgical pneumoperitoneum is necessary to improve
and solidify diagnostic criteria and allowing for effective, safe management and therapy.

Additional Information

2018 Sambursky et al. Cureus 10(4): e2493. DOI 10.7759/cureus.2493 5 of 6



Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Mularski RA, Ciccolo ML, Rappaport WD: Nonsurgical causes of pneumoperitoneum. West J Med. 1999,

170:41-46.
2. Williams NM, Watkin DF: Spontaneous pneumoperitoneum and other nonsurgical causes of intraperitoneal

free gas. Postgrad Med J. 1997, 73:531-537. 10.1136/pgmj.73.863.531
3. Kumar A, Muir MT, Cohn SM, Salhanick MA, Lankford DB, Katabathina VS: The etiology of

pneumoperitoneum in the 21st century. J Trauma Acute Care Surg. 2012, 73:542-548.
10.1097/TA.0b013e31825c157f

4. Tani T, Shirai Y, Sasagawa M, Wanifuchi T, Yagi K, Satoh I, Hatakeyama K: Conservative management of
idiopathic pneumoperitoneum masquerading as peritonitis: report of a case. Surg Today. 1995, 25:265-267.
10.1007/BF00311539

5. Woodring JH, Heiser MJ: Detection of pneumoperitoneum on chest radiographs: comparison of upright
lateral and posteroanterior projections. AJR Am J Roentgenol. 1995, 165:45-47. 10.2214/ajr.165.1.7785629

6. Chen SC, Wang HP, Chen WJ, Lin FY, Hsu CY, Chang KJ, Chen WJ: Selective use of ultrasonography for the
detection of pneumoperitoneum. Acad Emerg Med. 2002, 9:643-645. 10.1197/aemj.9.6.643

7. Chiu YH, Chen JD, Tiu CM, Chou YH, Yen DH, Huang CI, Chang CY: Reappraisal of radiographic signs of
pneumoperitoneum at emergency department. Am J Emerg Med. 2009, 27:320-327.
10.1016/j.ajem.2008.03.004

8. Čečka F, Sotona O, Šubrt Z: How to distinguish between surgical and non-surgical pneumoperitoneum? .
Signa Vitae. 2014, 9:9-15. 10.22514/SV91.042014.1

9. Milev OG, Nikolov PC: Non-perforation tension pneumoperitoneum resulting from primary non-aerobic
bacterial peritonitis in a previously healthy middle-aged man: a case report. J Med Case Rep. 2016, 10:163.
10.1186/s13256-016-0945-0

10. Chandler JG, Berk RN, Golden GT: Misleading pneumoperitoneum. Surg Gynecol Obstet. 1977, 144:163-174.

2018 Sambursky et al. Cureus 10(4): e2493. DOI 10.7759/cureus.2493 6 of 6

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1305434/pdf/westjmed00316-0043.pdf
https://dx.doi.org/10.1136/pgmj.73.863.531
https://dx.doi.org/10.1136/pgmj.73.863.531
https://dx.doi.org/10.1097/TA.0b013e31825c157f
https://dx.doi.org/10.1097/TA.0b013e31825c157f
https://dx.doi.org/10.1007/BF00311539
https://dx.doi.org/10.1007/BF00311539
https://dx.doi.org/10.2214/ajr.165.1.7785629
https://dx.doi.org/10.2214/ajr.165.1.7785629
https://dx.doi.org/10.1197/aemj.9.6.643
https://dx.doi.org/10.1197/aemj.9.6.643
https://dx.doi.org/10.1016/j.ajem.2008.03.004
https://dx.doi.org/10.1016/j.ajem.2008.03.004
https://dx.doi.org/10.22514/SV91.042014.1
https://dx.doi.org/10.22514/SV91.042014.1
https://dx.doi.org/10.1186/s13256-016-0945-0
https://dx.doi.org/10.1186/s13256-016-0945-0
https://www.ncbi.nlm.nih.gov/pubmed/835053

	Non-surgical Pneumoperitoneum in the Setting of Gram-negative Sepsis
	Abstract
	Introduction
	Case Presentation
	TABLE 1: White blood cell (WBC) count.
	FIGURE 1: Chest radiograph, day 2 of admission.
	FIGURE 2: Chest radiograph, day 5 of admission.
	FIGURE 3: Chest radiograph, day 6 of admission.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


