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1. Introduction
Pneumoperitoneum refers to the presence of air or 
another gas within the peritoneal cavity. This condition 
is most frequently caused by visceral perforation, 
such as from a perforated peptic ulcer. Patients with 
pneumoperitoneum secondary to perforated viscus 
generally present to the Emergency Department with 
“acute abdomen”, or sudden severe abdominal pain. 
Physical examination, though a key part of a patient’s 
evaluation, may sometimes be misleading or non-
specific, such as in patients presenting in the late stages 
of their disease, or in patients who are cognitively 
impaired. Plain radiographs are a useful tool to 
identify bowel obstruction or pneumoperitoneum, 
but smaller pneumoperitonea may not be visualized 
clearly. CT is now regarded as the “gold standard”, 

or primary diagnostic option in patients with acute 
abdominal pain. However, while ultrasound is 
frequently criticized as being operator-dependent, 
CT is also dependent on experienced radiologists 
for image interpretation [1]. Rural communities 
may also lack access to 24-hour CT scanning. Point-
of-care ultrasound (PoCUS) may be an alternative 
option for the rapid diagnosis of pneumoperitoneum. 
Though first reported in the 1980s, this technique 
remains relatively obscure due to the ubiquity of CT 
scanning [2]. In this article, we report on a case of 
pneumoperitoneum diagnosed with point-of-care 
ultrasound in the Emergency Department. However, 
literature review shows that there remains a lack of 
high-level evidence regarding the use of PoCUS in 
the diagnosis of pneumoperitoneum. 
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Abstract
Pneumoperitoneum secondary to perforated viscus is a commonly encountered diagnosis within Emergency 
Medicine and General Surgery. Plain radiographs and computed tomography are considered the gold standard 
for diagnosis. However, such investigations may not be possible if the patient is too unstable, or due to resource 
limitations. In this study, we report a case of pneumoperitoneum diagnosed with point-of-care ultrasound, 
without relying on the aforementioned gold standard investigations. 
A 50-year-old Chinese man presented to our Emergency Department with severe epigastric pain. Full physical 
examination and conventional plain radiography were not feasible due to the patient’s distress. Point-of-care 
ultrasound was used to diagnose pneumoperitoneum, which was later confirmed with a CT scan after admission 
to the Surgical unit. 
Therefore, the authors believe that point-of-care abdominal ultrasonography is a useful tool in diagnosing 
pneumoperitoneum. However, due to the lack of high-level evidence, it is currently unclear if this should be 
considered a routine examination in patients presenting with acute abdomen.
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2. Case presentation
A 50-year-old Chinese man arrived at our Emergency 
Department with a sudden onset of severe epigastric 
pain 7 hours ago. The pain was non-radiating, and 
he did not have any nausea, vomiting, diarrhea, or 
fever. He had a history of rheumatoid arthritis and 
was on Diclofenac as needed from our hospital’s 
rheumatology clinic. He had been taking Diclofenac 
at 3 times the prescribed dose over the past month 
due to worsening joint pain, without taking the co-
prescribed Pantoprazole.
He was afebrile with stable vitals and fully conscious 
on arrival. However, he was diaphoretic, and visibly 

in severe pain. He had tenderness, guarding, and 
rigidity over his entire abdomen. He could not tolerate 
further physical examination due to distress. 50mg 
of Tramadol was given intravenously for analgesia, 
after which erect chest and abdomen radiographs 
were ordered. Unfortunately, the patient was unable 
to sit upright due to persistent severe pain despite 
IV analgesia, and our radiographer could only take 
supine films [Fig. 1, Fig. 2]. Point-of-care venous 
blood gas analysis showed a of pH 7.31, pCO2 
6.8kPa, Bicarbonate 25mmol/L, Base deficit 2, and 
Lactate 3mmol/L. Other blood tests were drawn, but 
were not available at the time of diagnosis.

Figure 1. Supine chest radiograph without subdiaphragmatic free gas.

Figure 2. Supine abdominal radiograph without Rigler sign.
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Considering his serious condition, the patient was 
moved to our ED high dependency unit to expedite 
further management. Large-bore IV access was 
secured, through which a 500ml bolus of normal 
saline, and an additional 50mg bolus of IV Tramadol 
were given. The patient was admitted to the Surgical 
unit for treatment after prompt Surgical consultation. 
Lab blood tests were still in progress at the time of 
handover. The receiving Surgical Resident arranged 
an abdominal contrast CT after admission, which 
confirmed pneumoperitoneum secondary to duodenal 

(D1) perforation [Fig 5]. Emergency laparoscopic 
Graham patch repair was performed on the same 
day within 3 hours of admission. He was found 
intraoperatively to have a 5mm perforated duodenal 
ulcer at the anterior aspect of D1, and a moderate 
amount of intraperitoneal purulent fluid and exudate. 
He was discharged on post-op day 5 uneventfully and 
was advised to stop using NSAIDs. The patient was 
booked for a General Surgery follow-up 6 months 
post-discharge, which has not been reached as of 
writing this report.  

Figure 3. Signs of pneumoperitoneum in the epigastric region. Yellow arrow: Enhanced peritoneal stripe sign (EPSS). Red arrow: Dirty 
shadowing signifying local free gas. Decreased visualization of deeper structures is also an indirect sign of pneumoperitoneum.

Figure 4. Scanty free fluid at the tip of the left lobe of liver.

Point-of-care ultrasound was performed to guide 
further investigations. Dirty shadowing and enhanced 
peritoneal stripe sign (EPSS) were seen in the 
epigastric region immediately below the peritoneal 
stripe and above the left lobe of liver [Fig. 3]. Scanty 

amount of free fluid was also detected at the tip of 
left liver lobe [Fig. 4]. A sonographic diagnosis of 
pneumoperitoneum secondary to perforated viscus 
was therefore made.
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3. Discussion
As far as the authors are aware, this is the first case 
of pneumoperitoneum being diagnosed by emergency 
point-of-care ultrasound (PoCUS) in Hong Kong. A 
recent meta-analysis showed that PoCUS had a 91% 
sensitivity and 98% specificity in the diagnosis of 
gastrointestinal perforation in patients presenting 
with acute abdomen [3]. However, this meta-
analysis was limited by insufficient eligible studies, 
varying inclusion criteria, inconsistency regarding 
sonographers’ specialties and training, and a lack 
of standard scanning procedure [3]. Consequently, 
pneumoperitoneum is considered by some to be “terra 
ignota” in the field of emergency ultrasonography [4].
Seitz and Reising first described the ability to 
diagnose gastrointestinal perforation by identifying 
abdominal free gas through sonography back in 1982 
[2]. Several publications in later years confirmed Seitz 
and Reising’s findings that ultrasonography can be a 
useful tool for the diagnosis of pneumoperitoneum [3].
Various professional organizations, such as the Royal 
College of Emergency Medicine and the Royal College 
of Physicians and Surgeons of Canada, have included 
PoCUS into their respective postgraduate training 
curricula for emergency physicians. However, as of 
2023, sonographic detection of pneumoperitoneum is 
not mentioned in their curricula as competencies [5, 6]. 
The American College of Emergency Physicians does 
not include bowel ultrasound (including detection of 
pneumoperitoneum) in their resident level training, 
instead placing it under their optional Emergency 

Ultrasound Fellowship [7]. The Australian College 
of Emergency Medicine does not include diagnosis 
of pneumoperitoneum under their list of clinical 
indications for ultrasound imaging by emergency 
physicians, but instead writes in their policy titled “The 
use of focused ultrasound in emergency medicine” 
that they encourage further research into other known 
imaging techniques and modalities [8]. 
Plain radiographs and computed tomography remain 
the gold standard for diagnosis of pneumoperitoneum 
[9,10]. Chen et al’s study in 2002 showed that upright 
chest radiographs with additional left lateral decubitus 
radiographs had a sensitivity of 79%, specificity of 
64%, and PPV of 96% in detecting pneumoperitoneum, 
while he reports elsewhere that CT is the most 
sensitive imaging test, with a success rate of between 
83-100% [11,12]. Furthermore, PoCUS remains an 
operator-dependent modality of imaging. There is 
also a high heterogeneity in the reported sensitivity 
and specificity of abdominal ultrasound: Schleder et 
al reported that ultrasound is inferior to abdominal 
radiography and computed tomography [13]. 
Both linear-array probes and curvilinear probes have 
been used in studies to detect intra-abdominal free 
gas. Most agree that the best place to start scanning 
is in the right hypochondrium superficial to the liver, 
with the patient supine but with the thorax slightly 
elevated. The patient may also be placed in a left 
semilateral decubitus position [14]. However, one 
must be aware that patient positioning can be limited 
depending on the patient’s clinical condition.

Figure 5. Abdominal contrast CT, showing pneumoperitoneum anterior to the left lobe of liver and in the epigastrium.
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Due to the nature of ultrasonography, so-called direct 
signs of pneumoperitoneum are not, in fact, direct. 
They are derived from the scattering of ultrasonic 
waves at the tissue-air interface, gas also referred to 
as impedance mismatch. There is a lack of evidence 
comparing the sensitivity and specificity of the various 
sonographic signs of pneumoperitoneum. Hoffmann 
et al discussed the various signs of intra-abdominal air 
in his 2012 review article. Larger air bubbles can be 
visualized as bright, highly echogenic lines with distal 
reverberation and shadowing artefacts, commonly 
referred to as ring-down artefacts. Smaller gas bubbles 
can appear as bright punctuate foci without any ring-
down artefacts or shadowing. Dirty shadowing is 
another distinct sonographic sign, which appears as 
an irregular hyperechoic image with reverberation 
artefacts deep to the interface [15]. This is commonly 
seen during routine abdominal scanning but should 
not be present outside of the bowel [14,16]. 

Other more specific signs are also reported in 
literature, including the enhanced peritoneal stripe 
sign (EPSS), which includes an abnormally echogenic 
peritoneal reflection with horizontal reverberation 
artifacts below, and various other indirect signs, such 
as intraperitoneal free fluid, gas bubbles within ascitic 
fluid, and thickened bowel or gallbladder walls [17]. 
The “scissors manoeuvre” introduced by Karahan 
can also be used to increase the detection rate. It 
consists of scanning the right paramedial epigastric 
area with a parasagitally oriented linear-array probe. 
Free intraperitoneal gas shifts away and returns to the 
scanned area upon repeated application and release of 
probe pressure with the caudal part of the probe. This 
varying amount of gas can then be visualized with the 
direct signs listed above [18]. 

4. Conclusion
Further research is necessary to determine if abdominal 
ultrasonography should be a routine examination in 
patients presenting with acute abdomen. However, 
as highlighted in our case, there is a clear value for 
sonographic diagnosis of pneumoperitoneum in 
patients who are too ill to stand up or sit up for erect 
radiographs. It may prove to be an essential tool for 
rural emergency physicians when handling patients 
presenting with acute abdomen, particularly if they 
do not have any radiological service. 
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