
 

 

 
 

 

 

 



FAS-GIP Protocol 
Focused Assessment with Sonography for 

Gastro-Intestinal Perforation 

 

Introduction 
Ultrasonography is very useful for the diagnosis of pneumoperitoneum indicating 

gastrointestinal perforation in patients with acute abdominal pain or abdominal blunt trauma. 

Emergency ultrasonography is a frequently used imaging tool in the bedside diagnosis of the 

acute abdomen. Classic indications include imaging for acute cholecystitis, hydronephrosis, 

abdominal aneurysm, intra-abdominal free fluid in patients with trauma or suspected ectopic 

pregnancy rupture. But evaluation for pneumoperitoneum is often neglected during abdominal 

US due to unfamiliarity with the common US features of pneumoperitoneum.  

Although sonographic detection of abnormal free air has been described and recognized for 

decades, it is often overlooked in traditional ultrasound teaching, especially in the emergency 

medicine and critical care communities. This is unfortunate, given evidence that, in experienced 

hands, ultrasound may be as effective as CT at diagnosing pneumoperitoneum. 

 

Familiarity with the characteristic sonographic appearances combined with a careful sonographic 

technique should allow a timely diagnosis of gastrointestinal perforation during general 

abdominal sonography, especially when this condition is not suspected clinically. 

As patients with undiagnosed abdominal pain often undergo ultrasound as part of the diagnostic 

process, all ultrasound users should be aware of signs of pneumoperitoneum. And incorporating 

the assessment of US pneumoperitoneum signs in the standard abdominal US protocol may 

provide faster and more accurate diagnosis at the bedside. 

 

Pneumoperitoneum may be readily detectable during the performance of the bedside focused 

assessment with sonography for gastro-intestinal perforation (FAS-GIP protocol) by emergency 

physicians and surgeons with training in abdominal ultrasound.   

Therefore, it is imperative that emergency physicians and surgeons performing bedside 

ultrasound should be familiar with the sonographic findings associated with perforation of a 

hollow viscus and techniques to gain the experience required to make the diagnosis with 

confidence.  

FAS-GIP protocol has especial usefulness in resource-poor environments, where ultrasound 

becomes the imaging tool of choice, especially in endemic areas of the Typhoid Fever with a 

high frequency of intestinal perforation. 

 

 

Working in Central Regional Hospital in Angola during 

three years, I have lot of cases of typhoid intestinal 

perforation (3-5 cases per day), and so I have big experience 

in the diagnosis of pneumoperitoneum, using FAS-GIP 

protocol every day. 

Applying the FAS-GIP protocol in all patients with 

unexplained abdominal pain allows me to stratify patients 

with an undifferentiated acute abdomen and prompt 

definitive diagnosis of gastro-intestinal perforation. 

 

Dr. Yuliya, Sonologist, Ukraine,  

Lubango Central Regional Hospital, Angola, 2016  

Sonomir.wordpress.com 



Perforation of a hollow viscus 
 

Perforation of a hollow viscus is a life-threatening condition with short-term mortality in up to 

30% of patients and morbidity in up to 50%.  

 

Gastrointestinal tract non-traumatic perforation is most commonly caused by a perforated gastro-

duodenal peptic ulcer, together with perforated diverticulitis (in developed countries). Less 

frequent causes include perforated neoplasms, ischemic disease (gangrene), bowel obstruction, 

foreign bodies, iatrogenic from endoscopy. Infection is the commonest cause of intestinal 

perforations in developing countries. This includes typhoid fever and tuberculosis. 

 

Perforation of a peptic ulcer is now less frequent because of the availability of adequate medical 

therapy for peptic ulcer disease. Most cases of perforation in the lower abdomen are due to 

perforated sigmoid diverticulitis. Among patients who are evaluated for possible acute 

diverticulitis, only 1%–2% have free perforation.  

 

The clinical presentation of gastro-intestinal perforation may be variable and is related to a 

multitude of factors, including the source of the perforation and its mechanism, the site and 

extent of the perforation, time since perforation, the degree of contamination of the peritoneal 

cavity, and the patient’s age and comorbidity burden. Acute abdominal pain as a result of 

gastrointestinal tract perforation is most commonly caused by a perforated gastroduodenal peptic 

ulcer or diverticulitis. The clinical presentation in non-traumatic perforation of small intestine 

often is non-specific. Besides the variable symptoms of the underlying mechanism, a rigid 

abdomen usually is present. Recognizing a perforation and establishing the cause and site of the 

perforation can yield crucial information for the surgeon.  

 

 

Perforated ulcer morphology 
 

The most common causes of pneumoperitoneum are perforated gastric or duodenal ulcers in 

developed countries and intestinal perforation at typhoid fever in developing countries. 

   

Gastroduodenal peptic ulcer 

 

An ulcer is a focal full-thickness erosion of the mucosa that may extend into the submucosa 

and muscularis propria.  

 

 

The majority of gastric ulcers are found along the 

lesser curve near the pylorus, whereas duodenal 

ulcers overwhelmingly occur in the anterior wall of 

the duodenal bulb—usually within 3 cm of the 

pylorus. 

 

The most common perforation sites are: 

 duodenal bulb (35–65%) 

 pylorus and prepyloric antrum (20–45%) 

 gastric body (5–15%) 



Erosion through the anterior duodenal wall commonly results in perforation into the 

peritoneal cavity. Ulcers perforating into the lesser sac, retroperitoneum, and other organs, 

although not rare, are less common.  

Ulcers that perforate into the biliary tree or colon also may lead to fistula formation. An abscess 

in the left lobe of the liver or spleen may result from posterior wall penetrating ulcers. 

 

Acute intraperitoneal perforation may be contained by preexisting adhesions to the liver or may 

rapidly localize into a walled-off pocket. A duodenal perforation is often contained by apposition 

to the undersurface of the medial segment of the left hepatic lobe between the gallbladder and 

falciform ligament. 

Spontaneous self-sealing by the greater omentum is very common, with half of the perforated 

duodenal ulcers estimated to be sealed at the time of admission. Subacute and chronic nonsealed 

perforations into a walled-off pocket have been described. 

 

 

Typhoid Fever 

 

 

The terminal ileum is usually mostly involved due to the high 

concentration of Payer’s patches.  

Terminal ileum is the most common site of typhoid perforation 

due to hyperplasia, necrosis and ulceration of Payer’s patches. 

 

 

 

 

 

 

 

Pneumoperitoneum  
 

 

Pneumoperitoneum is free air within the peritoneal cavity (free intraperitoneal or extra-luminal 

gas).  

Pneumoperitoneum is an expected finding after certain procedures including abdominal 

laparoscopy or laparotomy, peritoneal dialysis, culdocentesis or paracentesis. Free air after 

surgery may be absorbed within 3-6 days, but can last as long as 18 days, with incidence and 

quantity declining over time. Also pneumoperitoneum occurs as a result of penetrating 

abdominal injury.  

 

Acute pneumoperitoneum in nonpost-operative scenarios can be caused by pathologic findings 

such as perforated hollow viscus, peritonitis with gas-forming organisms, intra-abdominal 

abscess rupture, bowel obstruction with permeation of gas through the bowel wall, 

cardiopulmonary resuscitation, mechanical ventilation and extension of pneumothorax or 

pneumomediastinum. 

 



 

In patients with postoperative acute abdominal pain, a common diagnostic dilemma centers on 

whether postoperative intraabdominal air represents benign residual air from the surgery or a 

pathologic condition such as anastomotic failure. The distinction between benign and pathologic 

etiologies should be made on a case-by-case basis. 

 

 

 

 

 

 

 

 

The diagnosis of pneumoperitoneum relies upon the detection of gas in the 

abdominal cavity outside the lumen gastro-intestinal. 
 

 

 

 

Intra-luminal gas. 

 

Physiologic air present within the lumen of the gastrointestinal tract 

should be recognizable by its association with the bowel and will 

move with peristalsis. 

 

 

 

 

 

 

 

Extra-luminal gas. 

 

Pathologic air in the peritoneal cavity (outside the lumen gastro-

intestinal). 

 

 

 

The detection of free gas in the peritoneal cavity is the clue to the diagnosis of perforation of the 

gastro-intestinal tract. 

 

 

 

 

 

 

 

 

Pneumoperitoneum most commonly results from perforated hollow viscus  

as indirect finding of the perforation 



Diagnostic methods of pneumoperitoneum 

 
Pneumoperitoneum on radiological examination is highly indicative of a perforated viscus organ. 

Traditionally, it is diagnosed through the detection of pneumoperitoneum on an erect chest x-ray 

or an upright abdominal x-ray (easy, cheap and quick to do and can be diagnostic). 

 

 

 

Gastrointestinal perforation. Pneumoperitoneum is 

demonstrated as free gas under the diaphragm. 

 

Subdiagraphragmal sickle-like air collection (red arrows) 

in plain X-ray in standing position.  

 

 

 

 

However, its sensitivity is only 75%. Unfortunately, many of these patients are too sick to be 

positioned upright. In a clinical study, the diagnosis could only be established in 56% of cases 

with supine radiographs because of interpretive difficulties. 

 

Ultrasonography is a more sensitive modality than plain radiography and is an effective tool in 

the diagnosis of pneumoperitoneum.  Ultrasound can detect a minimal amount of free gas, 

equating to a single bubble. 

 

The accuracy of sonography for pneumoperitoneum in the clinical setting was found to be high 

in several large prospective trials. Seitz and Reising reported a sensitivity of 90% and a 

specificity of 100% for the detection of pneumoperitoneum, evaluating 4000 consecutive 

patients with nontraumatic acute abdominal pain. The authors concluded that sonography may be 

a valuable screening tool for intra-abdominal free air. 

 

 

 

Sonographic appearances of free intraperitoneal gas. 

 

Patient with perforated ileal tuberculosis. Right intercostal 

view obtained with 6-MHz transducer shows 

bright echogenic line of free air (arrows) overlying liver (L) 

surface with posterior artifacts (arrowheads). 

Inset shows corresponding axial CT image. 



US is more sensitive than plain film for diagnosing pneumoperitoneum or pneumo-

retroperitoneum, but CT is the most accurate method. Abdominal CT scan has become the 

imaging modality of choice because of its superior sensitivity (98%). 

 

 

 

 

 

 

 

 

 

 

Computed tomography findings of 

the cases in which ultrasonography 

could not detect intraperitoneal free 

air (IPFA) because of small and few 

bubbles in a minor amount of fluid 

in the intermesenteric space (arrows 

in A) and because the IPFA did not 

appear in front of the liver surface 

(only in the left anterolateral 

abdomen) (arrows in B). 

 

 

 

It can also detect simultaneously other pathology which would help in ruling out other 

conditions. Detection of ancillary signs, such as fluid collections, inflammation, and thickened 

gastric or intestinal wall, offers a clear diagnostic advantage over radiography, making CT the 

current imaging modality of choice in suspected gastro-intestinal perforation.  

 

Radiologic identification of the perforation site is important because it may influence patient 

management. For example, laparoscopic closure may be considered over laparotomy depending 

on the site and size of the perforated peptic ulcer and extent of intraabdominal soiling. Surgical 

closure is usually necessary when the perforation is still leaking at the time of diagnosis, whereas 

nonoperative treatment may be considered in self-sealed perforated duodenal ulcers with 

minimal contamination of the peritoneal cavity. Although CT is often successful at showing the 

site of perforation, direct visualization of a relatively small perforation defect with CT is less 

frequently achieved. 

 

Although CT imaging is still the gold standard for pneumoperitoneum, US could be useful as an 

initial diagnostic test that can be done rapidly at the bedside, with minimal positioning of the 

patient, immediate reporting and no radiation exposure). CT may be reserved for patients with 

non-diagnostic ultrasonography results. 

 

 

 

 

 

 

 

 

US is a useful tool that can be done at the bedside to rapidly detection of 

pneumoperitoneum. But US should not be considered definitive in excluding 

a pneumoperitoneum. 

 

 

CT scan is superior to plain radiography and ultrasonography. CT allows 

accurate detection of very small amounts of free intra-peritoneal air. 

 



Sonographic findings of gastrointestinal 

perforation 
 
Intra-peritoneal free air (IPFA) is indirect sign of gastrointestinal perforation. 

Presence of intra-peritoneal free air and echogenic (dirty) free fluid consistent with a final 

diagnosis of a perforated hollow viscus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pneumoperitoneum  

 
Sonographically, intra-peritoneal free air (IPFA) will appear as hyperecogenic  areas with 

posterior reverberation artifacts in any place of the the peritoneal cavity outside of the gastro-

intestinal tract. 

 

But due to it’s low density, gas will generally move in an antigravitational direction to the most 

elevated areas. In a supine patient, highly echogenic lines or spots with distal reverberation 

artifacts representing intraperitoneal free air are seen adjacent to the abdominal wall (adjacent to 

the peritoneal line). 

 

  

 

Key US findings of perforated viscus 
 

 Pneumoperitoneum – enhanced peritoneal stripe sign (EPSS) 

with posterior reverberation artifacts that shift with change 

in patient position and/or hyperechogenic small bright spots 

with/or without posterior reverberation artifacts in free fluid. 

 Echogenic free fluid (dirty fluid). 

 



US findings of pneumoperitoneum 
 

 

Enhanced peritoneal stripe sign (EPSS) 

 
Normally, parietal peritoneum on the sonographic image looks as thin hyperechogenic line 

posterior to the anterior abdominal wall.  

Below this hyperechogenic line visualized intra-abdominal organs sliding «to-and-fro» 

synchronously with respiratory movements, also are visible peristalting bowel loops.  

Therefore peritoneal line which is looking as thin hyprechogenic strip, which well visualized on 

interface between anterior abdominal wall and moving structures of abdominal cavity.  

 

 

Normal peritoneal stripe (arrow) in a 

patient without pneumoperitoneum at 

right hypochondrium scan with linear 

probe 12MHz. 

 

 

The normal peritoneal stripe is 

identified by US as thin echogenic line 

posterior to the anterior abdominal wall 

(located below a muscular layer and a 

preperitoneal fat of the abdominal 

wall). 

 

 

At pneumoperitoneum the bubbles of gas inside the peritoneal cavity will tend to rise anteriorly 

in the supine patient until it contacts the anterior peritoneal lining. At the level of anterior 

parietal peritoneum the bubbles of gas are produced a sonographic appearance of focal 

enhancement and thickening of the peritoneal stripe, due to immediately adjacent free air acting 

as a bright reflector. 

 

Pneumoperitoneum on ultrasound is typically identified as a prominent hyperechoic peritoneal 

stripe (enhanced peritoneal stripe sign EPSS) with reverberation artifacts starting from peritoneal 

line. 

 



 

Appearance of pneumoperitoneum. 

Schematic drawing shows common locations of free 

gas (arrows) in epigastrium as highly echogenic lines 

or spots underneath abdominal wall with distal 

artifact. 

Free air is seen as focally increased echogenicity of 

peritoneal stripe (white arrowheads) or highly 

echogenic spots between anterior liver surface and 

anterior abdominal wall with distal artifacts. 

 

Stripe of transversalis fascia (black arrowhead) may 

be seen lying superficially to peritoneal line. 

 

 

 

A specific sign of pneumoperitoneum is enhancement of 

the peritoneal stripe (peritoneal line looks much more 

echogenic and thicker than normal peritoneal line). 

 

Sonogram of the right upper quadrant shows area of 

enhancement of the peritoneal stripe (large arrow) 

representing intraperitoneal air with multiple horizontal 

reverberation artifacts (ring-down artifacts).  

 

Ring-down artifact produces multiple parallel lines of 

similar length (open arrows). 

 

Note normal adjacent peritoneal stripe (small arrows). 

 

 

 

 

 

The EPSS (Enhanced Peritoneal Stripe Sign) is a reliable and accurate sonographic sign for the 

diagnosis of pneumoperitoneum with specificity 100%. 

 

 

 

This figure clearly shows a gas collection in the peritoneal 

cavity. The free fluid allows optimal delineation of the 

peritoneal space.  

 

The patient had a colon biopsy 5 days ago and presented 

with acute severe abdominal pain and hypotension. 

 

 

 

 



Differentiating extraluminal gas from adjacent intraluminal gas may be difficult.  

However, more often pneumoperitoneum is diagnosed on US by detection of air between the 

anterior abdominal wall and the liver because it is are the most non-dependent part of the 

abdominal cavity where abdominal gas can accumulate between liver surface and anterior 

abdominal wall (between the visceral and the parietal peritoneum), and where intestinal loops are 

not present at this location and is therefore more easily detected. 

 

Pneumoperitoneum  is most easily seen between the liver and the abdominal wall, 

where intestinal loops are not present at this location. 
 

In the right upper quadrant and/or epigestric area, pneumoperitoneum is seen as hyperechogenic 

lines or spots between the anterior abdominal wall and the liver with posterior ring-down or 

comet-tail artifacts, but sometimes can be without artifacts (if present tiny bubbles of gas). 

 

 

Pneumoperitoneum is detected in epigastric area 

between the surface of left lobe of the liver and the 

abdominal wall. 

 

 

 

 

 

 

 

Pneumoperitoneum is detected in RUQ 

between the surface of right lobe of the liver 

and the abdominal wall. 

 

Posterior hyperechoic reverberation artifacts 

emanating from an enhanced peritoneal stripe. 

 

 

 

 

 



Amount of intra-abdominal free gas  
 

 

The presence of large amounts of intraperitoneal gas in some patients after perforation can be  

explained by great distention of gastrointestinal tract with gas prior to perforation. The absence 

of free intraperitoneal gas in other patients may be the result of insidious perforations, walled off 

by adhesions prior to ultrasonographic examination, or perhaps perforation occurred in segment 

of bowel not distended with gas. 

 

 

 

 

 

 

 

A large percentage of perforated gastric and duodenal ulcers seal off rapidly. As a result, free 

intraperitoneal gas can be detected, for example, on plain abdominal radiographs in only about 

two thirds of patients with perforated ulcers. 

 

 

 

 

 

 

 

 

 

Difficulties in the diagnosis of pneumoperitoneum may occur at too large (massive 

retroperitoneum) or too small amount of free gas.  

 

A marked pneumoperitonium can cause unexpected difficulty in obtaining of any images of 

abdominal organs and it can be wrongly accepted as significant amount of intraluminal gas.  

This sign is similar to a sign at marked pneumothorax when unexpected difficulty at attempt to 

obtain of the heart images from transthoracal access. 

 

 

 

 

Types of posterior artifacts 

 
Pneumoperitoneum will be visualized as hyperechogenic lines or spots between the anterior 

abdominal wall and the liver (or in any place of the peritoneal cavity outside of the gastro-

intestinal tract), with posterior reverberation artifacts (ring-down or comet-tail artifacts). 

 

The shape of artifacts varied according to the size and distribution of the individual bubbles. A 

single layer of tiny bubbles produced a V-shaped column, which created the classic appearance 

of a comet tail owing to tapered reverberation (V-artifacts).  

When the reverberation echoes retain their width, the artifact is termed as ‘ring-down’. 

Ultrasonography is useful for the diagnosis of IPFA (Intra-Peritoneal Free Air), 

as indirect sign of gastro-intestinal perforation in patients with acute abdominal 

pain or blunt trauma, except in patients with gastrointestinal perforation 

without IPFA. 
 

Detection of pneumoperitoneum depends on the quantity of air present in the 

peritoneal cavity. 
 



Ring-down artifact produces multiple parallel horizontal lines of similar length, whereas these 

lines gradually decrease in length in comet-tail artifact. 

Posterior reverberation artifact depends on the amount of accumulated gas. 

 

Large gas collections will have appearance as a wide focal peritoneal line enhancement 

with ring-down reverberation artifacts, that obscures the underlying anatomy.   

 

Small gas collections will have appearance as a small bright spots with short path ‘ringdown’ 

artifacts or comet-tail artifact (dirty shadowing artifact). The reverberation echoes are "dirty" in 

comparison with clear shadowing from calculi. 

 

Very small gas collections may show little or no distal reverberation artifacts. 

 

 

 

Patient with typhoid intestinal perforation. 

Transversal scan in the right upper quadrant. 

 

Large gas collection between the liver and the 

anterior abdominal wall has appearance as a bright 

hyperecogenic line with wide ring-down 

reverberation artifacts that obscures the underlying 

anatomy. 

 

 

 

 

 

 

 

Patient with typhoid intestinal perforation. 

 

Free fluid with free gas in abdominal cavity. 

 

Large gas collection adjacent to the peritoneal line 

has appearance as wide focal enhancement of the 

peritoneal stripe with wide ring-down reverberation 

artifacts (column of multiple, equally spaced echoes 

parallel to the face of the transducer). 

 

 

 



 

Patient with typhoid intestinal perforation. 

Transversal scan in the right upper quadrant. 

 

Small gas collections has appearance as a small bright 

spots with short path ‘ring-down’ artifacts  

between the liver and the anterior abdominal wall. 

 

 

 

Patient with typhoid intestinal perforation. 

Transversal scan in the right upper quadrant. 

 

Pneumoperitoneum visualized as multiple 

echogenic lines and spots with posterior 

reverberation artifacts (ring-down and comet-

tail artifacts). 

 

 

 

 

Longitudinal scan in the right upper quadrant. 

 

Between anterior abdominal wall and liver 

surface visualized  a focal enhancement of 

peritoneal stripe (large arrow) representing 

tiny bubbles of intraperitoneal air with a linear 

reverberation artifact (comet-tail artifact). 

Comet-tail artifact (dirty shadowing artifact) – 

open arrows. 

 

Note normal adjacent peritoneal stripe (small 

arrows). 

 

 

 

 

 



 

Pneumoperitoneum – peritoneal stripe 

enhancement (large arrow) associated with 

multiple horizontal reverberation artifacts 

(open arrows) and focal enhancement of the 

peritoneal stripe (arrowhead) without 

associated posterior artifact representing small 

bubble gas.  

 

Normal peritoneal stripe (small solid arrows).  

 

 

 

 

Free intraperitoneal air. 

 

Enhancement of peritoneal stripe without posterior 

artifact (large arrow) representing tiny bubbles of 

intraperitoneal air.  

 

Note normal adjacent peritoneal stripe (small 

arrows). 

 

 

 

Sometimes may be present gas foam artifacts, occurs less often. 

 

 

Patient with typhoid intestinal perforation. 

Appearance of gas foam. 

Transversal scan in the right upper quadrant. 

Free fluid between anterior abdominal wall and  

liver surface with multiple bright-echo spots e 

posterior artifacts (multiple comet tail artifacts and 

dirty shadowing), representing extended layer of 

multiple tiny bubbles of gas adhered to each other 

and to the peritoneal line.  

Physical explanation. Scattering from many 

interfaces that are smaller than the wavelength of 

the ultrasound beam causes the reverberations and 

dirty shadowing, which are the classic appearances 

of gas foam. 

 

 

 



Moveable gas  

 
Free gas can move with patient positioning or probe pressure. “Shifting phenomenon” and 

‘Scissor’s phenomenon’ can confirm the free movement of intraperitoneal air, as opposed to 

intraluminal or alveolar air. 

 

“Shifting  phenomenon” 

 
The free intra-peritoneal air will move with patient movement to the most anti-dependent area of 

the peritoneal space. ‘Shifting’ of air to the highest point of the cavity is most easily seen as 

movement of the enhanced peritoneal stripe from the anterior epigastrium to the lateral aspect of 

the liver when the patient repositioned from the supine to the left lateral decubitus position.  

 

 

 

 

Pneumoperitoneum (fig A) 

 

Upper midline US image obtained with the patient supine 

shows a small area of enhancement of the peritoneal 

stripe (yellow arrow) with ring-down artifact. 
 
 

 

 

 

 

 

Pneumoperitoneum (fig B) 

 

US image of the right upper quadrant, obtained with the 

patient in the left lateral decubitus position, shows that 

the area of enhancement of the peritoneal stripe (arrow) 

has moved between the liver and the abdominal wall – 

“shifting phenomenon”, thereby facilitating 

differentiation between intra-peritoneal air from intra-

luminal bowel gas. 

 

 

 

 

 



“Scissor’s  phenomenon” 
 

 

Probe pressure can be used to rapidly move the gas. Free air pocket would migrate when 

pressure from the ultrasound transducer deformed the abdominal wall.  

This phenomenon was described as ‘scissor’s phenomenon’ by Karahan et al. The sensitivity of 

sonography was 94% and specificity was 100% in this study. Thus scissors maneuver may be a 

useful adjunct for improving the diagnostic yield of sonography. 

 

 

 

 

Scissor’s phenomenon. 

 

Ultrasonography findings showing intraperitoneal 

free air (IPFA) on the ventral surface of the left 

lobe of the liver which is easily movable with 

compression of the probe. 

 

Probe pressure results in the gas ‘parting’, 

creating an effect of curtains parting or scissors 

opening, confirming it is free moveable intra-

abdominal gas. 

 

 

The maneuver consists of applying and then releasing slight pressure onto the abdominal wall in 

epigastic area with sagittaly oriented probe. Probe pressure results in the gas ‘parting’, creating 

an effect of curtains parting or scissors opening, confirming it is free moveable intra-abdominal 

gas.  

 

 

Scissor’s phenomenon observed in large gas collection. 

 

 

 

Pneumoperitoneum - large free gas collection 

(arrow) above the surface of the left lobe of the 

liver, completely obscuring the liver 

architecture.  

 

Convex probe 6 MHz. 

 



 

Scissor’s phenomenon.  

 

Free gas is easily movable with compression of 

the probe. 

 

Probe pressure results in the gas ‘parting’, 

creating an effect of curtains parting or scissors 

opening, confirming it is free moveable intra-

abdominal gas. 

 

 

 

 

Scissor’s phenomenon. 

 

Probe pressure results in the gas ‘parting’. 

The more probe pressure, the more gas ‘parting’. 

 

 

 

 

At the releasing probe pressure onto the 

abdominal wall free gas reappears above the 

surface of the left lobe of the liver, again 

completely obscuring the liver architecture. 



In small free gas collection probe pressure usually results in the gas moving, without ‘parting’. 

 

 

In small free gas collection probe pressure results in the gas 

moving, without ‘parting’. 

 

Free air would migrate when pressure from the ultrasound 

transducer deformed the abdominal wall, applying and then 

releasing slight pressure onto the abdominal wall with sagittaly 

oriented linear probe.  

 

But even at large free gas collection, with probe pressure applying onto the abdominal wall, free 

gas can move without ‘parting’. 

 

 

A) Scanning of the epigastric area with sagittaly oriented 

linear probe 12 MHz. 

 

Pneumoperitonem – large free gas collection (red arrow) 

above the surface of the left lobe of the liver, completely 

obscuring the liver architecture. 

 

  

 

 

 

B) Probe pressure results in the gas moving, without 

‘parting’. 

 

Free air moving (to and fro) in real time when pressure from 

the ultrasound transducer deformed the abdominal wall, 

applying and then releasing slight pressure onto the 

abdominal wall with sagittaly oriented linear probe.  

 

 

 

 

 

 

 

 



 

Echogenic free fluid (dirty fluid) 
 

 

Free fluid at perforation may not be completely anechoic and usually is echogenic as the result of 

gastric or intestinal content in the fluid. 

 

This dependent fluid appears similar to the typical positive FAST examination in the trauma 

patient, with the exception of echogenic debris distributed throughout the fluid. This debris is a 

result of gastric or enteric contents that contain food particles that reflect the US beam, 

producing at times a swirling cloudy fluid. 

 

 

 

Intestinal perforation at Typhoid Fever. 

 

Echogenic free fluid in the left flank with 

bright food particles that reflect the US beam, 

producing a swirling cloudy fluid. 

 

 

US examination could help confirm intestinal paresis and obtain evidence of intra-peritoneal free 

fluid if IPFA (intra-peritoneal free air) has not been detected at gastrointestinal perforation. 

 

 

 

Free gas within the free fluid 
 

The air bubbles at perforation, which not reached the peritoneal line, can be detected within the 

free fluid or within localized collections of fluid. 

 

They appear as floating hyperechogenic foci with/or without reverberation artifacts.  

Posterior reverberation artifact depends on the amount of gas present. 

 

Larger air bubbles may appear as bright, highly echogenic foci with distal reverberation and 

shadowing artifacts. Smaller air bubbles can appear as bright tiny foci without ring-down 

artifacts and shadowing within the free fluid. 

 



 

Patients with typhoid intestinal perforation.  

Linear probe 12 MHz. 

 

In right flank free air visualized as highly reflective 

foci with distal comet-tail artifact within the 

echogenic free fluid. 

 

 

 

 

 

Patients with typhoid intestinal perforation and 

peritonitis during several days. 

Linear probe 12 MHz. 

 

Fibrinous strands with trapped bubble of air (blue 

arrow) within the echogenic free fluid. Bubble of air 

visualized as highly reflective particle with distal 

comet-tail artifact. 

 

 

 

 

 

75-year-old man with perforated anterior 

prepyloric ulcer.  

Convex probe 3.5MHz. 

 

Right intercostal sonogram shows 

several bubbles of free gas (black arrows) trapped 

in complex fluid with echogenic debris anterior to 

liver and dependent gas pocket (open arrow) with 

comet-tail artifact. 
 

 

 



FAS-GIP Protocol 
 

Focused Assessment with Sonography for Gastro-Intestinal Perforation 
 

FAS-GIP technique 
 

 

Patients with acute abdominal pain may have unsuspected gastrointestinal perforation. 

In patients with abdominal pain, US is often utilized to look for intra-peritoneal free fluid. The 

discovery of unexplained abdominal free fluid should prompt further abdominal scanning to look 

for the presence of pneumoperitoneum, which would indicate the diagnosis of perforated 

viscus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Together, these signs (free fluid and free gas) could 

enhance the accuracy of US in the diagnosis of 

gastro-intestinal perforation.   

 

 

 

Detection of free fluid 

 Detection of free air 



Detection of free fluid 

 

 

Intra-abdominal free fluid at non-traumatic gastrointestinal 

perforation appears similar to the typical positive FAST 

examination in the trauma patient. 

(see FAST protocol). 

 

In addition, positive FAST examination in trauma patient 

with echogenic (dirty) free fluid should raise the concern of 

hollow viscus rupture.  

Recently, E-FAST protocol also includes detection of 

pneumoperitoneum, as indirect confirmation of hollow 

viscus rupture in trauma patient. 

 

At gastrointestinal perforation free fluid is usually present, which contains air bubbles and food 

particles. Perforation of a hollow viscus on ultrasound examination is frequently accompanied by 

free intraperitoneal fluid more echogenic than typically found on FAST scans of trauma patients, 

and may appear as non-homogeneous (complex “dirty” free fluid) due to the spilled gastric or 

intestinal contents. But anechoic fluid also can occur at gastrointestinal perforation. 

In doubtful cases diagnostic puncture can help, identifying the nature of fluid (reveals turbid, 

fecal or purulent fluid). 

 

 

Patient with typhoid fever without intestinal perforation. 

Anechoic free fluid in pelvis without free intra-peritoneal 

air. 

 

 

UB – urinary bladder 

 

 

 

 

 

 

 

 

Convex probe 6 MHz. Patient with typhoid intestinal 

perforation. Echogenic intra-peritoneal free fluid due to 

echogenic debris distributed throughout the fluid. This 

debris is a result of the enteric contents that reflect the US 

beam, producing a swirling cloudy fluid. 

Also within the echogenic fluid are multiple bright 

hyperechogenic foci without posterior artifact, representing 

the tiny gas bubbles, which very quickly move up to the 

peritoneal line. Free gas bubbles are moving faster than the 

particles of the enteric contents, with the direction to the 

peritoneal line, unlike the particles of the enteric contents 

with swirling movement (in real time). 

 



 

Linear probe 12 MHz. 

Patient with typhoid intestinal perforation. 

Echogenic interaperitoneal free fluid with 

multiple bright hyperechogenic foci without posterior 

artifact, representing the tiny gas bubbles, which very 

quickly move up to the peritoneal line (in real time). 

 
Echogenic fluid may be less obvious than the anechoic free fluid and should not be overlooked. 

Familiarity with the typical appearance of the peritoneal reflections and of the normal 

configuration of the solid organs should improve recognition of echogenic free fluid.   

 

 

Intestinal perforation. 

Sagittal view of the anterior right 

upper quadrant (RUQ) with convex probe  

3.5 MHz. 

 

FF – echogenic (dirty) free fluid  

K – kidney 

L – liver  

D – diaphragm 

 

Intraperitoneal free gas was detected in 

RUQ. 

 

 

 

Intestinal perforation. 

Sagittal view of the left upper quadrant 

(LUQ). 

 

FF – echogenic (dirty) free fluid 

K – kidney 

S – spleen 

D – diaphragm 

 

 

Intraperitoneal free gas was detected in 

RUQ. 

 



 

Woman with typhoid intestinal perforation. 

Convex probe 6 MHz. 

Pneumoperitoneum was detected above the 

liver and echogenic free fluid in pelvis. 

 

Familiarity with the typical appearance of the 

peritoneal reflections and of the normal 

configuration of the solid organs should 

improve recognition of echogenic (dirty) free 

fluid.   

 

 

 

Intestinal perforation. 

Sagittal view of the anterior right 

upper quadrant (RUQ) with linear probe  

12 MHz. 

 

F – echogenic free fluid with free gas in 

abdominal cavity. 

 

 

 

 

 

 

Typhoid intestinal perforation. 

Linear probe 12 MHz. 

Echogenic free fluid with free gas in right flank. 

 

Echogenic fluid with debris distributed throughout the 

fluid in right flank. Free gas is seen as focally 

increased echogenicity of peritoneal stripe with 

posterior ring-down artifact within the echogenic free 

fluid in right flank. 

 

Also pneumoperitoneum was detected above the liver.  



 

Detection of pneumoperitoneum 
 

 

In all cases with or without intra-abdominal free fluid in patients with unexplained abdominal 

symptoms must be performed focused searching of pneumoperitoneum. 

 

When assessing the abdomen for evidence of pneumoperitoneum, attention must be 

paid to technique. 
 

Both convex probe with the frequency (3.5–6 MHz) and linear probe with the high-frequency  

(7–13MHz) must be used to detect intra-peritoneal free air.  

 

Searching for pneumoperitoneum starts with scanning epigastrium and RUQ using convex probe 

(that is normally performed in patients with acute abdominal pain). In doubtful cases or not 

detection of free air convex probe must be changed to linear. Linear high-frequency probe is 

more sensitive for the detection of pneumoperitoneum because of the higher resolution. 

 

 

 

Using higher frequency linear probe is necessary to 

best visualize the peritoneal line and associated free 

air. 

High-frequency (7–13 MHz) transducers enables 

better visualization of small gas bubbles. 

 

 

The presence of air within the bowel will have an identical sonographic appearance to that of 

free peritoneal air. Therefore, in some cases, it may be difficult to determine the exact location of 

the air collection (gas intraluminal or exrtaluminal). Scans of the hepatic region may resolve any 

doubt because any free air here will be separate from the bowel. Looking between the liver and 

the abdominal wall makes identification of free air easier. 

 

 

 

 

 

 

 

 

 

 

At pneumoperitoneum gas can be visualized in any part of the abdominal 

cavity, but the most frequent and better intraperitoneal gas is visualized in 

epigastric area and in the right upper quadrant (RUQ), between anterior 

hepatic surface and anterior abdominal or thoracic wall. 



Step 1 
 

The patient should first be scanned in supine position with a slightly elevated thorax 

to facilitate accumulation of free air at the anterior parietal peritoneum. In the supine position, air 

will tend to accumulate anterior over the liver in the epigastrium and RUQ. 

 

The scanning protocol consists of scanning the anterior hepatic surface from the epigastrium 

through the right upper quadrant (RUQ) along longitudinal, transverse or oblique axes.  

 

Attention should be concentrated on the epigastric region and the right upper quadrant (RUQ) for 

evaluation the anterior hepatic surface, looking for free air between anterior liver surface and 

anterior abdominal wall (between visceral and parietal peritoneum).  

Must be performed close attention to minor abnormalities of peritoneal line looking for EPSS. 

The presence of even minute amounts of pneumoperitoneum will result in an enhancement of the 

peritoneal line. 

 

 

 

The initial probe position is in the epigastric region 

under the xiphoid process in the longitudinal direction 

(for air searching between the left liver lobe and 

anterior abdominal wall). 

Problems are encountered in patients with small left 

liver lobe. In such cases, gas in the stomach or 

transverse colon may be interpreted as 

pneumoperitoneum. Imaging upon deep inspiration and 

directing the ultrasound beam at the left liver lobe may 

be helpful. 

 

 

 

 

 

 

Then probe should be gradually displaced in right 

upper quadrant, the anterior and right lateral aspects 

of the liver are scanned in each position (for air 

searching between the right lobe of the liver and 

anterior abdominal wall). 
 

 

 

 

 

 



 

Then probe should be moved along the right lower 

intercostal spaces to the thoracic-abdominal border 

(the tissue “step” at the border of the liver and lung) 

for air searching under the diaphragm. 

 

 

The thoracic-abdominal border (pleuroperitoneal 

step-off sign) see below (page 40).    

 
 

 

 

A systematic evaluation of the epigastric area and right hypochondrium for EPSS should be 

performed, beginning with a convex probe 3.5-6 MHz, at depth settings of about 8–10 cm. Areas 

of interest are further evaluated using a high-frequency linear probe 7-13 MHz .  

Always necessary to use high-frequency linear probe if the free gas was not detected with 

convex probe 3.5-6 MHz. 

 

The exam includes an assessment non-movement of EPSS with respirations, scissors maneuver, 

and shifting, which can increase sensitivity of US in detecting intraperitoneal free air. 

Free air pockets positioned independent of respiratory movements, but would migrate 

when pressure from the ultrasound transducer deformed the abdominal wall ‘scissor’s 

phenomenon’ or ‘shifting of air’ by moving the patient from a supine to a decubitus position to 

confirm the free movement of intraperitoneal air, as opposed to intraluminal or alveolar air.  

 

 

 

Pneumoperitoneum. 

Small amount of free air has appearance of 

hyperechogenic spot between anterior liver surface and 

abdominal wall with posterior artifacts.  

 

This patient presented with several days of mild-to-

moderate abdominal pain and normal vital signs, and 

was diagnosed with perforated diverticulitis. Free air 

was also found in the left lower abdomen. 

 

 

Step 2 
  

In cases when the free air is not found in the hepatic region in supine position, the patient should 

be placed in the left lateral decubitus position to facilitate the rise of free air to the RUQ from the  

other parts of the peritoneal cavity. The imaging of gas under the diaphragm on the right side 

becomes optimal in the left lateral decubitus position. 

 

 



 

 

 

 

 

 

 

 

Probe should be moved from epigastric area along the right lower 

intercostal spaces to the thoracicabdominal border (the tissue 

“step” at the border of the liver and lung) for air searching under 

the diaphragm. 

 

 

Ultrasonographic evidence for the pneumoperitoneum is enhancement of the peritoneal stripe 

associated with posterior artifacts between the right lobe of the liver and the inner thoracic wall. 

 

The examination is similar on the left side above the spleen, but the patient is then positioned on 

the right side. When the patient is positioned in left lateral decubitus or right lateral decubitus, 

free air collects in the ventral hepatoperitoneal space (right) or at the lower pole of the spleen 

(left). But IPFA is easier and best detected in the left lateral decubitus position (in RUQ). 

 

 

 

Intestinal perforation. Pneumoperitoneum. 

 

Intercostal view was obtained with the patient 

in the left lateral decubitus position. 

 

Free gas in the peritoneal cavity  

(in right subdiaphragmatic space) has 

appearance of enhanced peritoneal stripe with 

posterior artifacts.  

 

The free fluid allows optimal delineation of the 

peritoneal space.  

 

When the presence of air is suspected, the patient should be positioned on back. The 

disappearance of air from this localization confirms its free character (free movability). This test 

is also conducted to rule out gas in subdiaphragmatic or hepatic abscesses localized under the 

capsule in this area. 

Free intraperitoneal air above the liver surface is best detected in the left 

lateral decubitus position. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Step 3 
 

 

In cases when the free air is not found in the hepatic region, with the patient in the left lateral 

decubitus position, then the patient should be scanned in supine position with linear probe  

7-13 MHz to investigate all zones of the abdominal cavity for detecting free air as enhancement 

of the peritoneal line with posterior reverberation artifacts and free air in peritoneal free fluid or 

in localized fluid collection, outside of the gastrointestinal tract. 

 

 

 

Should be examined all parts of the abdominal 

cavity, including right flank, central parts and left 

flank, applying transverse scanning with linear 

probe  

7-13 MHz, for detection of free fluid and free air 

outside of the gastrointestinal tract, especially 

when the free fluid is not detected at FAST scan, 

applying the convex probe 3.5-6 MHz. 

 

 

 

At gastrointestinal perforation present slightly echogenic free fluid and may appear as non-

homogeneous (complex “dirty” free fluid) due to the spilled gastric or intestinal contents. 

Attention must be paid to searching for free fluid and bubbles of free air within free fluid, and 

looking for EPSS, if free air reaches the peritoneal line. 

 

 

 

Patient with typhoid intestinal perforation. 

Large amount of echogenic free fluid with floating 

bubbles of gas within the fluid, visualized as 

highly reflective particles with shadowing 

artifacts. 

 

Smaller air bubbles appears as bright tiny foci 

without shadowing artifacts within the free fluid. 

 

 



 

Patient with typhoid intestinal perforation and 

peritonitis during several days.  

 

Sonogram with linear 12 MHz transducer depicts 

echogenic free fluid (F) and pneumoperitoneum.  

Free intra-peritoneal gas reached peritoneal line  

 – enhancement of peritoneal stripe (arrow) 

associated with artifacts. Inflamed peritoneum 

(red arrow), thickened and hypoechogenic.  

 

Care must be taken to distinguish between intra-luminal gas and extra-luminal gas. 

 

 

Intra-luminal gas or extra-luminal gas? 
 

Free air may be detected anywhere in the abdominal cavity as obvious enhancement of the 

peritoneal line and thus can be distinguished from adjacent intraluminal gas. 

As a strong reflector, gas creates a bright reflection which creates the appearance of thickening 

of the peritoneal line (EPSS). It is essential to ensure that the gas seen is adjacent to, or 

continuous with, the peritoneal line. 

 

 

Patient with intestinal perforation.  

Sonogram with 12 MHz transducer depict slightly 

echogenic free fluid (asterisk) and free gas (EPSS) with 

posterior reverberation artifacts.  

 

 

 

It is essential to ensure that the gas seen is adjacent to, 

or continuous with, the peritoneal line. 

 

Care should be taken not to mistake bowel gas with pneumoperitoneum when a thin-walled 

aperistaltic bowel loop lies against the abdominal wall. In such case, bowel gas may lie very 

close to the peritoneal stripe, which may be confusing. Confident differentiation can be made 

when a normal peritoneal stripe is visualized and it overlies the line of the bowel gas. 

Physiological gas, within bowel, will rise to be near the peritoneal line but will be separated from 

it by the bowel wall thickness, which will appear as a thin, hypoechoic line between the bright 

peritoneal line and the bright gas surface. Use of a high frequency linear transducer must be 

required to demonstrate this. 



 

Intestinal (intraluminal) gas. 

 

Normal intraluminal bowel gas (curved arrows) always 

associated with more superficial peritoneal stripe (small 

arrows). Thin hypoechoic bowel wall (asterisk). 

 

Intraluminal bowel gas is located always under peritoneal 

line and separated from it hypoechogenic or anechogenic 

thin strip presented by bowel wall. 

 

 

 

Sonogram with 10 MHz transducer depict normal 

bowel gas (curved arrows) lying deep in relation to 

normal peritoneal stripe (white arrowheads) 

underneath abdominal wall (asterisk).  

Note transversalis fascia line (black arrowheads) 

overlying peritoneal stripe. 

 

Thin hypoechoic bowel wall (blue arrows). 

 

 

 

Appearance of normal intestinal gas with free fluid in 

abdominal cavity.  

 

Normal air within the lumen of the intestinal tract is 

recognizable by its association with bowel and moves 

with peristalsis. 

 

Normal intestinal gas is separated from peritoneal line 

by the thin hypoechoic bowel wall, between the bright 

peritoneal line and the bright gas surface.  

 

Intraluminal bowel gas is always associated with a more 

superficial, normal thin peritoneal strip. 

 

Free fluid (asterisk). 

 

 

 

 

 



 

 

 

 

 

 

 

 

Appearance of pneumoperitoneum and normal 

bowel gas. 

 

Free intraperitoneal gas – enhancement of 

peritoneal stripe sign EPSS (large straight arrow) 

associated with multiple reverberation artifact (open 

arrow).  

 

Note adjacent intraluminal bowel gas (curved 

arrow) with more superficial peritoneal stripe (small 

solid arrows). 

 

 

 

Appearance of normal bowel gas. 

Normal air within the lumen of the intestinal tract is 

recognizable by its association with bowel and 

moves with peristalsis. 

 

In addition, gas within bowel will, if followed, be 

seen to either move away from the peritoneal line as 

the bowel loop folds deeper into the abdomen, or 

show the normal mucosal folds of bowel. Peristalsis 

or movement with respiration may also be observed, 

confirming the gas is within a loop of bowel. The 

peritoneal line, by comparison, can be traced as a 

continuous line around the abdomen with no folds. 

 

In doubtful cases the “shifting phenomenon” can help to distinguish free air from intraluminal air 

(as the patient turned from the supine to the left lateral decubitus position thus will be visualized 

rapid displacement of free air unlike intraluminal air).   

A marked pneumoperitoneum can cause unexpected difficulty in obtaining of any images of 

abdominal organs and it can be wrongly accepted as significant amount of intraluminal gas.  

This sign is similar to a sign at marked pneumothorax when unexpected difficulty at attempt to 

obtain of the heart images from transthoracal access.  

But absence more superficial echogenic peritoneal stripe will help to diagnose 

pneumoperitoneum.  

 

Normal intestinal gas is separated from peritoneal line by the thin hypoechoic bowel wall, 

between the bright peritoneal line and the bright intraluminal gas surface. Intraluminal bowel 

gas is located always under normal thin peritoneal line, whereas the free intra-peritoneal air 

associated with an enhanced, thickened peritoneal stripe. 

 



IPFA findings may be subtle 
 
Sensitivity of the exam is highly operator dependent as sonographic findings of perforation may 

be subtle, requiring a certain degree of expertise to detect. 

 

 

 

(Fig.1) Patient with typhoid fever and 

intestinal perforation. 

 

Linear probe 12 MHz. 

Only small amount of echogenic free fluid 

was detected in right flank without air 

bubbles. 

 

 

 

 

 

(Fig.2) Patient with typhoid fever and intestinal 

perforation. 

 

Linear probe 12 MHz. 

Intra-abdominal free gas was not detected 

between liver and anterior abdominal wall. 

Very small amount of intra-abdominal free gas 

was detected only in splenic region. 

 

 



 

(Fig.3) Patient with typhoid fever and intestinal 

perforation. 

 

Linear probe 12 MHz. 

Inflamed terminal ileum and ulceration with gas 

(due to necrosis) tracking through wall, 

surrounded by the omentum. 

 

 

 

Perforated typhoid ulcer in terminal ileum with 

self-sealing by the omentum was confirmed 

intraoperatively. 

 

 

 

Small amounts of free gas, particularly those that have not risen to the peritoneal line, may be 

difficult or impossible to see by ultrasound due to overlying bowel gas. 

 

Also small quantities of free gas may not rise at all when trapped underneath the left liver or 

liver fissures, or settled among fibrin strands in thick fluid. 

 

 

Patient with typhoid fever, complicated by 

intestinal perforation, with peritonitis during 

several days. 

 

Intra-peritoneal fluid with multiple fibrinous 

septums (red arrows). 

Bright echogenic spots (intra-abdominal gas)  

settled among fibrin strands in thick fluid. 

 

Free gas was not detected between liver and 

anterior abdominal wall due to gas localization 

among fibrin strands and gas not reached the 

peritoneal line.  

 

 

 

 

 

 

 

To gain proficiency in FAS-GIP technique, one should examine patients after 

laparoscopies or laparotomies, in whom carbon dioxide or air may be 

detected in the peritoneal cavity for several days after surgery. 

 

 

 

 

 

 

 



Other localization of IPFA 

 

 

Free gas may be found layering against the posterior liver surface in the hepatorenal space and 

gallbladder fossa, near the porta hepatis.  

 

 

 

Transverse epigastric sonogram with 3.5 MHz 

transducer depicts pocket of shadowing gas (arrow) 

adjacent to gallbladder (GB) and porta hepatis 

(asterisk) under posterior surface of liver (L). 

 

 

Free gas from a gastro-duodenal perforation can pass along the hepatoduodenal ligament into the 

fissure for ligamentum teres, ligamentum venosum. 

 

 

 

The presence of air in abnormal sites such as along with 

the fissures of liver should raise the suspicion of IPFA. 

 

Detection of free intraperitoneal air in fissure for 

ligamentum teres “ligamentum teres sign”, the “periportal 

free gas sign” - strongly suggests upper GI tract 

perforation (gastrointestinal perforation). 

 

 
Evidence of gas in the fissure for ligamentum teres is a further hint and may be the single sign in 

cases of perforation. 

 

 



 

Normal appearance of the echogenic ligamentum 

teres with normal fat in Fissure of Ligamentum 

Teres (FLT). 

 

Longitudinal scan shows the ligament coursing to 

the anterior abdominal wall. This is the characteristic 

appearance and location of fat in the fissure of the 

ligamentum teres.  

 

 

 
At perforation free air in the fissure for the ligamentum teres is seen as discrete hyperechogenic 

locules of gas in the fissure for ligamentum teres along. 

Free air in the fissure for the ligamentum teres (FLT) is a subtle but reliable indicator of 

pneumoperitoneum and strongly suggests upper GI tract perforation (gastrointestinal 

perforation). 

 

 

 

Subtle findings of free gas in the fissure for 

ligamentum teres in patient with perforated gastric 

ulcer. 

 

Small amount of free intra-peritoneal gas was 

detected above the left lobe of the liver and small 

amount of free fluid in pelvis. 

 

 

 

 

Subtle findings of free gas in the fissure for 

ligamentum venosum in patient with perforated 

gastric ulcer. 

 

C – caudate lobe 

 

 



Pneumoretroperitoneum  

Retroperitonal gas 
 

 

The second and third parts of the duodenum, ascending and descending colon and middle third 

of rectum are retroperitoneal and fixed; therefore, they may present with gas within the  

retroperitoneal compartment, usually the anterior pararenal space, at perforation in trauma, 

inflammation, infection, or neoplastic processes, also pneumoretroperitoneum  is a rare 

complication of endoscopic retrograde cholangiopancreatography (0.5%) and other iatrogen-

invasive procedures. 

 

The anterior pararenal space is the most common site of retroperitoneal gas. The structures 

located in the anterior pararenal space (duodenum, ascending and descending colon and 

pancreas) may all be sources of air. In the upper abdomen the duodenum is the typical location 

of retroperitoneal perforation caused primarily by perforated duodenal ulcer or by endoscopic 

sphincterotomy. Free gas may be seen in the pararenal space, and also extend into the 

intraperitoneal cavity.  

 

 

Diagram of the retroperitoneal spaces.  

 

C – colon 

P – pancreas 

K – kidney 

 

 

 

The posterior pararenal space will be the site of air which has spread from the rectum. 

Perforation of the extraperitoneal portion of rectum and anal canal is most commonly seen 

following trauma or surgery (anastomotic breakdown).  

In a patient with a pneumothorax, particularly when they are mechanically ventilated, gas may 

track into the retroperitoneal cavity.  

 

Detection of free gas in the right pararenal or perirenal space will usually point to the possibility 

of perforation of the second portion of the duodenum. Likewise, sonographic discovery of 

retroperitoneal gas collecting anterior to the right kidney and near the duodenum may raise the 

suspicion of perforated peptic ulcer, although other causes, such as perforated duodenal 

diverticulum, iatrogenic duodenal perforation, and emphysematous pyelonephritis, should also 

be considered. When a large amount of air has accumulated in the right perirenal 

space, the right kidney may be obscured on sonography. Thickening and increased 

echogenicity of the right anterior extrarenal tissues associated with perforated duodenal ulcer 

have also been reported. 

 

 



 

Retroperitoneal perforation. The large amount of 

gas bubbles (arrows) around the right kidney and 

gas collections (arrows) obscuring the large 

retroperitoneal vessels are typical of a 

retroperitoneal perforation. 

 

Renal rind sign – hyperechogenicity 

of the right anterior extrarenal tissue.  

 

 

 

Pneumoretroperitoneum with perirenal air caused 

by a duodenal perforation after ERCP. 

Right kidney obscured by retroperitoneal air.  

 

Retroperitoneal perforation with pneumo-retroperitoneum obscures retroperitoneal vessels and 

organs. Typical sonographic findings include air collections around the right kidney, causing it to 

appearance  ‘overcast’ or ‘veiled’, air ventral to the aorta and the inferior vena cava, giving the 

appearance of ‘vanishing great vessels’, and air collections around retroperitoneal parts of the 

duodenum, pancreatic head, and posterior to the gallbladder. In contrast to intra-abdominal free 

air, the shifting phenomenon is not observed. Rather, air is found in closed relation to an organ 

or around retroperitoneal viscus. 

 

Potential pitfalls in the diagnosis of free 

intra-abdominal gas 

 

 

The practitioner should be aware of several conditions that may mimic pneumoperitoneum.  

Before identifying pathologic collections of intra-peritoneal air, however, the 

critical care sonographer must also understand the appearance of normal 

collections of air, such as the lung, stomach and bowel at baseline. 



Mimics of a pneumoperitoneum include artifacts from adjacent air-filled lung or artifacts from 

intraluminal gas of gastro-intestinal tract, pneumatosis intestinalis or artifacts from subcutaneous 

emphysema. Gas in the right upper quadrant may be confused with emphysematous 

cholecystitis, mural calcification, adenomyosis and air within an abscess. 

 

Intra-abdominal gas or pulmonary gas? 

When scanning the right upper quadrant, a ring-down artifact may be seen originating from lung 

gas. Air artifacts emanating from visceral pleura will show characteristic respiratory movements 

and originate from the thoracic cavity. 

 

 

Probe 6 MHz 

 

Appearance of physiologic air in the thoracic 

cavity: air artifacts emanating from the thoracic 

cavity and the lung over the liver. 

 

Air artifacts emanating from visceral pleura will 

show characteristic respiratory movements with 

sliding of the lung over the liver. 

 

 

In contradistinction to shadowing from the lung edge, free intraperitoneal gas does not move 

with respiration.  

It is important to confirm the image of the sliding of the lung over the liver, which can 

differentiate the line of the peritoneum from the line of the parietal pleura and IPFA from air in 

the lung. 

Is necessary to identify the peritoneal line (abdominal cavity), above which is the parietal pleura 

(pleural cavity) and diaphragm, separating them. 

 

Assessment for pleuroperitoneal step-off sign. 

The thoracic-abdominal border is characterized by the presence of the diaphragm, which on the 

right side separates the aerated lung from the liver, and on the left side – the aerated lung from 

the spleen.   

 



 

These elements can be observed from the side of the lungs in the following order: two parallel 

hyperechoic lines representing two portions of the parietal pleura (costal and diaphragmatic) 

focused in the phrenicocostal sinus, the diaphragmatic muscle of lower echogenicity and 

diaphragmatic peritoneum (hyperechoic line).   

The diaphragm in this region creates a hypoechoic band that separates the pleural cavity from the 

peritoneal cavity. The thoracic-abdominal border is characterized by a tissue “step” caused by 

the presence of the barrier created by the diaphragm. In such a situation, both the liver and spleen 

will always be situated below the diaphragm and gas in pneumoperitoneum will always be found 

in these localizations. 

 

 

Drawing corresponds to right intercostal sonogram 

and shows difference between lung gas and free 

intraperitoneal gas. Highly reflective shadowing band 

of lung gas (black arrowheads) glides with breath-

related movements (open black arrow and open white 

arrow) in and out of costophrenic recess above 

diaphragm (asterisk). In contrast, free air (solid black 

arrow) is seen stretching on liver surface (white 

arrowheads) underneath peritoneal stripe (solid white 

arrow) and diaphragm. 

 

 

Right intercostal sonogram with 3.5 MHz 

transducer depicts echogenic line of lung gas 

(black arrowheads) above diaphragm (asterisk).  

 

Echogenic stripe of liver capsule (white 

arrowheads) and thin stripe of parietal 

peritoneum (white arrow) on undersurface of 

diaphragm.  

 

The thoracic-abdominal border (pleuroperitoneal step-off sign) is better visualized by using of 

high-frequency probe. 



 

Right intercostal sonogram with high-frequency probe 

12 MHz depicts echogenic line of lung gas with 

posterior reverberation artifacts above the diaphragm 

(asterisk).  

 

Echogenic stripe of liver capsule and thin stripe of 

parietal peritoneum on undersurface of diaphragm.  

In pneumoperitoneum the step-off is noted from the more superficial alveolar artifacts and the 

pneumoperitoneum artifacts just inside the peritoneum. 

 

Example of abdominal (below the diaphragm) and pleural fluid 

(above the diaphragm) in patient with liver cirrhosis. 

 

Diaphragm (asterisk). 

 

 

Appearance of lung gas and pneumo- 

peritoneum with high-frequency probe. 

Red arrowhead –  parietal peritoneum 

(hyperechoic line). 

Diaphragmatic muscle - band of lower 

echogenicity (asterisk). 

White arrowhead – phrenicocostal sinus –  

two parallel hyperechoic lines representing 

the parietal pleura (costal and 

diaphragmatic). 

Blue arrow – pleural cavity  

Green arrow – pulmonary gas 

(move with respirations). 

Yellow arrow – abdominal gas  

(not move with respirations). 

Pink arrow – free fluid in abdominal cavity 

between the liver and the peritoneal line. 



In cases where it is difficult to differentiate pulmonary air from free intraperitoneal air in the  

hepatic region because of the appearance of a continuous line of reverberation artifacts, the 

patient should be evaluated during inspiration and expiration. During inspiration the pulmonary 

and free intraperitoneal air will overlap, but during expiration the pulmonary and free 

intraperitoneal air will appear separate. Also intra-peritoneal free gas should change with patient 

movement (shifting) to confirm the free movement of air, as opposed to alveolar air. 

 Gas within the liver 

Gas seen within the liver may be within the biliary tree (Pneumobilia), within the portal veins 

(Portal Venous  Gas), within the liver abscess. Portal venous gas is usually associated with bowel 

ischemia, necrosis, perforated ulcer it forms a fine branching or multiple diffuse hyperechoic foci 

pattern extending to the periphery of the liver. Biliary gas is secondary to biliary disease, 

incompetent sphincter of Oddi, biliary-enteric fistula, instrumentation or previous surgery. This 

is usually forms a branching pattern which is more centrally located.  

A simple mnemonic for remembering the difference in appearance is:  

 Portal venous gas = Peripheral 

 Biliary tree gas = Central 

 

Gas seen within the liver (gas in biliary tree).  

 

Gas seen within the biliary tree (Pneumobilia). 

Gas within the biliary tree forms a branching pattern 

which is more centrally located. 

 

 

 

 

 

 

 

 

Gas in portal tree. Portal venous gas forms multiple 

diffuse hyperechoic foci pattern extending to the 

periphery of the liver.    



 

 

Intestinal perforation in patient with typhoid fever.     

Combination of the free gas (EPSS with artifacts) in 

abdominal cavity with portal vein gas (gas in portal 

veins of the liver).  

 

 

Patient with liver abscess. 

A) Convex probe 6 MHz. 

Liver abscess with gas (multiple hyperechogenic 

spots within the abscess – blue arrow).  

Abscess localized next to the surface of the liver. 

 

 

Patient with liver abscess. 

B) Linear probe 12 MHz. 

Liver abscess with gas (multiple hyperechogenic spots 

within the abscess).  

Abscess localized next to the surface of the liver. 

 



Other gas outside the bowel  

Gas in superficial structures (subcutaneous emphysema and intramuscular gas) and artifacts 

distal to an overlying rib or artifacts from abdominal or thoracic wall may mimic a reverberation 

artifact suggestive of pneumoperitoneum. In this case, the origin of the artifact should be 

traceable to a point superficial to the peritoneal line.  

 

 

Ultrasonography findings showing 

intramuscular emphysema in lower abdomen in 

patient after trauma, mimicking intraperitoneal 

free air (IPFA), which can be differentiated 

from IPFA by the origin of the reverberation 

artifacts in the abdominal wall, above the 

peritoneal line (pink arrows), and immovability 

in response to compression of the probe 

or at change in the body position. 

 

 

Linear probe 12 MHz. 

 

 

Emphysema in anterior abdominal wall.  

Small gas collection and reverberation artifacts originating 

from the abdominal wall, above the peritoneal line. 

 

Linear probe 12 MHz. 

 

 



 

 

Abscess with gas in anterior abdominal wall. Gas within the 

abscess is localized above the peritoneal line (red arrow). 

 

 

Linear probe 12 MHz. 

 

 

Intra-abdominal or retroperitoneal abscesses (e.g. appendiceal, diverticular or post-operative) can 

cause collections of gas outside bowel. 

 

The differential diagnosis on the right side under the diaphragm should include the presence of a 

subdiaphragmatic abscess with gas and a hepatic abscess with a similar content. 

 

 

 

Right subdiaphragmatic abscess 

between the diaphragm and liver, with 

tiny foci of gas within abscess.  

Convex probe 6 MHz. 

 

 

 



 

Right subdiaphragmatic abscess between the diaphragm and 

liver, with gas within abscess (linear probe 12 MHz). 

 

 

 

Chilaiditi syndrome 
 

Chilaiditi syndrome is a rare condition in which in colonic bowel is interposed between the liver 

and the diaphragm. Its potential to mimic free air under the diaphragm on upright chest 

radiography is well known. In such cases, there are no clinical signs of gastrointestinal 

perforation, and detailed examination reveals the typical image of the colon, i.e. haustra, 

prolonged scanning may show peristalsis within the hepato-diaphragmatic recess, leading to the 

diagnosis of this condition. 

 

 

 

 

 

 

Site of  perforation 
 
The mainstay of treatment for gastro-intestinal perforation is surgery. Endoscopic, laparoscopic 

and laparoscopic-assisted procedures are now being increasingly performed instead of 

conventional laparotomy. Moreover, if any signs and symptoms of generalized peritonitis are 

absent and the perforation site has sealed spontaneously, then a perforated peptic ulcer can be 

treated with non-surgical procedures. It is important to identify location and cause of the 

perforation correctly for appropriate management and surgical planning. 

 

It is important to note that establishing the cause and location of the perforation is difficult with 

US and even with CT, but experienced ultrasonographer can detect the site of perforation in 80% 

of cases. Lee and colleagues were able to identify the site of perforation in 4 of 5 patients in their 

case series.  

 

 

 



 

In a typical clinical picture of so-called acute abdomen, pneumoperitoneum is usually a sign of 

gastric or duodenal perforation in developed countries, or intestinal rupture after trauma, or 

intestinal perforation at typhoid fever in developing countries. 

 

 

 

 

If free intraperitoneal gas is noted sonographically, the area of the distal stomach and duodenal 

bulb, ileo-cecal and sigmoid area may be given detailed analysis with sonography.  

Etiology of the IPFA and direct sign of perforation may be detectable, particularly if they are 

associated with other sonographic abnormalities.  

 

 

Detection of associated sonographic  findings:  

 

Intraperitoneal free or localized fluid collections, gastro/intestinal wall thickening, wall defect, 

inflamed omentum or mesenteric fat tissue, thickened gall bladder wall, decreased bowel 

motility or ileus, portal vein gas, mesenteric and portal vein thrombosis may point toward a 

peritoneal inflammatory process that can be associated with gastro-intestinal perforation. 

 

 

Direct Signs of Perforation 
 

Ultrasound can be used to identify active ulceration when the ulcer crater erodes deep into the 

muscularis propria layer and when some inflammatory change around the lesion is present. The 

main finding that points to the location of the active lesion is usually asymmetric thickening of 

the gastric or duodenal wall. When an ulcer crater contains a pocket of gas, it can be visualized 

as a sharply defined highly reflective focus or line within the thickened wall.  

 

Depending on the depth of ulceration, the crater gas pocket may be seen tracking peripherally 

toward the serosa, where there is often evidence of echogenic inflammatory change in the 

adjacent fat. Extension of the gas track into an adjacent organ together with surrounding 

inflammatory change may suggest a penetrating ulcer. 

 

On the outside of the wall, the bright gas track may be seen to be in continuity with the gas 

bubbles that are pooling in the adjacent subhepatic space. Depending on the presence of free 

fluid around the perforated site, two sonographic configurations may be observed. When present, 

anechoic free fluid outlines the perforation seen as a focal cleft or defect on the outside surface 

of the wall. Real-time inspection may reveal apparent propagation of the gas bubbles from the 

lumen through the wall defect into surrounding fluid. This observation may indicate active 

spillage and is associated with leaking perforation.  

 

Another configuration is seen when free fluid is absent. In this case, perforation may be 

visualized as a linear gas pattern tracking through the full thickness of the wall. The lack of free 

fluid may indicate self-sealing. 

Accurate sonographic differentiation of the duodenal bulb from the pylorus and antrum 

may be problematic in the setting of perforation. However, the preoperative localization 

of the anterior perforation within the juxtapyloric area does not influence management and 

is clinically unimportant. 

 

 

The site and underlying cause of the pneumoperitoneum may be detected 

with ultrasound only by experienced ultrasonographers. Direct visualization 

of the perforated ulcer may be achieved with vigilant sonographic technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 1. 

A 54-year-old man visited emergency department 

with severe upper abdominal pain. Physical 

examination revealed muscle guarding and 

rebound tenderness.  

 

Emergent sonography revealed marked 

thickening of the duodenal wall and a linear 

hyperechoic band involving the entire wall of the 

duodenal bulb (arrow). 

 

Convex probe 6 MHz. 

 

Right decubitus position allows gastric fluid, which is usually present in peptic ulcer disease, to 

proceed to the duodenum, enabling a better visualization of the ulcer. In case of perforation, an 

air-track can be found from the ulcer to the peritoneal cavity usually in ventral or cranial 

direction. 

 

 

Figure 2. 

 

Small hyperechoic spots were found continuously 

moving from the band towards the abdominal 

cavity with formation of free air. 

 

A perforated duodenal ulcer with active air 

leakage was suspected. 

 

Convex probe 6 MHz. 

 

 

 

52-year-old man with perforated ulcer in anterior 

duodenal bulb. Epigastric sonogram using 6 MHz 

transducer reveals ulcer crater seen as pocket of gas 

(open arrow) in thickened wall of pyloroduodenal 

region (white arrowheads) distal to antrum (A) and 

linear track of gas (black arrow) connecting ulcer 

crater to extra-luminal gas bubbles (black 

arrowheads) that are pooling underneath liver margin 

(L).  

Gallbladder (GB) lying next to duodenal bulb is 

noted. 



 

Extraluminal gas bubbles are often found collecting close to the site of gastrointestinal tract 

perforation. Localized extraluminal gas pooling against the posterior surface of the left hepatic 

lobe is frequently seen close to the perforated peptic ulcer in the gastroduodenal region. The 

presence of a few bubbles of periduodenal gas may be the first sign of ulcer perforation. 

 

 

 

42-year-old woman with leaking peptic 

perforation in anterior duodenal bulb. 

Sagittal epigastric sonograms from cine loop at 

different time intervals show spillage of gas 

bubbles 

through anterior wall perforation (open arrow). 

Propagation of echogenic gas particles from 

lumen 

through anterior wall defect into surrounding free 

fluid was obvious during dynamic observation.  

 

Pool of gas bubbles (solid arrow) is seen 

underneath liver (L) next to pyloroduodenal area. 

 

 

 

 

 
 

Perforated duodenal ulcer. (A) In the right upper quadrant impressive wall thickening in the 

duodenal bulb is found. There are both transmural and extramural (arrow) gas configurations. 

The inflamed fat represents mesenterial and omental fat attempting, in vain, to wall off the 

perforation. (B) In the right lower quadrant US a large amount of debris-like peritoneal fluid is 

found. (C) In the left decubitus position free air (arrowheads) can be seen to collect between 

liver and the lateral abdominal wall. 

 

 
 

 

 



 

Causes of intestinal perforation 
 

Crohn disease, diverticulitis, advanced segmental or focal bowel ischemia of various causes such 

as thromboembolic occlusion of the mesenteric vessels, strangulated hernias, adhesive bands, 

volvulus, and vasculitis can result in transmural necrosis and perforation. 

Intestinal malignancies and a variety of intraabdominal malignancies may cause intestinal 

perforation. Radiotherapy for cervical carcinoma and other intraabdominal malignancies may be 

associated with late complications including bowel perforation. Long-standing use of 

nonsteroidal anti-inflammatory drugs may lead to small bowel ulceration and perforation, 

although this is rare. 

 

AIDS-related infection such as tuberculosis and cytomegalovirus infections may involve the 

small bowel and may cause perforation in severely immunocompromised patients.  

The major differential diagnosis of Crohn disease is tuberculosis, which should be considered 

in a high-risk population. 

 

 

Perforated small bowel in patients with ileal 

tuberculosis. 

 

34-year-old man with perforated distal ileum from 

tuberculosis.  

Sonogram obtained using 3.5 MHz probe shows cross 

section of thickened terminal ileum (ti) and large 

pockets of dependent extraluminal gas (arrow) in 

adjacent fluid collection (asterisk), which is obscured 

by gas shadow and thus is poorly seen. 

 

Various small bowel infections, particularly typhoid, can cause small bowel perforation in 

endemic regions. Typhoid Fever is the commonest cause of intestinal perforations in developing 

countries, but is exceptionally rare in the western population.  

 

 

Perforated typhoid ulcer of the terminal ileum in 

patient with Typhoid Fever.  

Was detected large amount of echogenic free fluid 

and IPFA. 

 

Thickened intestinal wall (red arrows) and site of 

perforation - ulcer (hyperechogenic spots of gas) and 

tiny bubbles of gas reaching periphery of the wall 

(yellow arrow). 

Adjacent mesenteric lymphadenopathy (blue arrows). 

 

 

 

 



 

Difficulties can occur in differentiating intestinal perforation in ileocecal area due to 

inflammatory process of different causes from perforated appendicitis. 

In such cases careful assessment of this region must be made. At appendicitis inflammatory 

changes are more prominent in appendiceal wall than in ileocecal wall and site of perforation 

may be found. At intestinal perforation often observed large amount of free fluid. 

Also at perforated appendicitis IPFA (intra-peritoneal free air) is rarely observed at the level of 

peritoneal line, and tiny bubbles of gas can observed in periappendiceal fluid collection. 

 

 

 

Perforated appendicitis 

 

30-year-old woman with perforated appendicitis. 

Sonogram obtained with 3.5 MHz probe shows 

mildly thickened ileum (i) next to small fluid 

collection (asterisk) that contains pocket of dependent 

gas (arrowhead) with shadow. Because there is also 

enlarged appendix (arrow) involved in 

collection, small periappendiceal abscess was 

suggested, which was confirmed at surgery. 

 

Perforated diverticulitis 
Diverticulitis is a common cause of the acute abdomen, and usually affects the sigmoid 

colon. Perforated sigmoid diverticulitis produces free gas, which will initially track into the 

adjacent sigmoid mesentery, before entering the inframesocolic compartment, and then the rest 

of the peritoneal cavity. 

 

Foreign Bodies 

Perforation is uncommon because ingested foreign bodies that have passed below the diaphragm 

will usually pass in the stool. When perforation occurs, localized abdominal symptoms usually 

imitate various inflammatory conditions depending on the site of the perforation and the patient’s 

medical history and age. Most patients will have no recollection of ingesting a foreign body. 

Both sharp and blunt foreign bodies can cause bowel perforation, which is thought to result from 

slow pressure necrosis. In very recent or early perforation, there may be no fluid collection or 

extraluminal gas, but sonography may uncover the cause of abdominal pain by showing a foreign 

body embedded in the thickened bowel wall. However, more commonly, sonography will reveal 

a fluid collection adjacent to a short segment of mildly thickened bowel and inflammatory 

change in the perienteric fat. Extraluminal gas next to the bowel is a helpful finding, but free gas 

is not always present. Examples of ingested foreign bodies include fish and chicken bones and 

toothpicks, which are seen as bright linear or curvilinear objects of peculiar geometry piercing 

the bowel wall or lying in a fluid collection adjacent to the bowel. Ingested wire bristle from a 

grill cleaning brush is another example of a potential perforating foreign body, perforating 

ingested plastic bread-bag clips have also been reported, although rarely. 

 



 

Perforations caused by foreign body. 

 

62-year-old man with acute left abdominal colicky 

pain suspected of having renal colic. Sonographic 

view (inset) of left flank obtained using 10 MHz 

transducer shows linear foreign body (arrows) 

embedded in thickened wall of jejunum (j) and trace 

of fluid (asterisks), which correlates with subsequent 

CT. No free gas is present.  

 

Fish bone perforating jejunum was found at surgery. 

 
Small bowel perforation often produces subtle yet diagnostic sonographic abnormalities of which 

the sonologist/radiologist should be aware. Detection of localized extraluminal gas, a fluid 

collection, and inflammatory change adjacent to a thickened bowel segment should alert the 

sonologist/radiologist to suspect a perforation. 

 

 

 

Complications of gastro-intestinal 

perforation 
 
The US appearances of infective peritonitis includes free or localized fluid that contains debris, 

gas, fibrin strands. US is superior to CT in demonstrating the complexity of the fluid in these 

cases. Diffuse thickening of the peritoneum, omentum and mesentery may also be observed. 

 

 

Perforation of the sigmoid colon with fecal 

peritonitis.  

Fluid collection with multiple fibrin strands 

(arrows) and bright echogenic foci (arrowheads), 

which represent gas bubbles. 

 

 

 

 

 

 



 

Paralytic ileus in patient with generalized 

peritonitis due to typhoid intestinal perforation.  

 

Dilated small bowel loops with “to-and-fro” 

movement of bowel content.  

 

 

Delayed treatment of peritonitis may lead to development of an intraperitoneal abscess. Because 

of gravity, abscesses tend to develop in the dependent areas of the abdomen and pelvis, such as 

the subphrenic and subhepatic areas, and the pouch of Douglas. Abscesses may also be found 

interposed between bowel loops, the interloop abscess. Recognized features of intraabdominal 

abscesses include round or oval fluid collections with a welldefined and irregular wall. An 

abscess commonly contains internal septa and debris; however, anechoic fluid collections may 

also be infected. The presence of gas within the collection is virtually diagnostic of infection.  

 

The limitations of US in detecting intraabdominal fluid collections and in differentiating sterile 

and infected collections are well recognized, especially in the obese or postoperative patient. 

Unfortunately, gas within an abscess may also be problematic for detection of abscesses, 

particularly interloop abscesses, due to similar appearance with a gas-filled adjacent bowel loop. 

At times, the small gas bubbles are difficult to differentiate from microabscesses.  

In the appropriate clinical setting, the presence of gas bubbles within a complex fluid collection 

suggests an abscess. 

 

 

 

Patient with typhoid fever, complicated by 

intestinal perforation with purulent peritonitis.  

 

Intra-abdominal abscess in right flank with large 

and small air collections (arrows) within the 

abscess. 

 

 

 

 

 



Limitations 
 

Successful evaluation dependent upon several things: 

 

 Machine resolution 

 Patient cooperation 

 Thoroughness of examination 

 Operator experience and skill 

 

With judicious use, careful sonography can detect a minimal amount of free gas, equating to a 

single bubble, because of its exclusive ability to produce distinctive bright echoes and artifacts. 

Nevertheless, it is worth remembering that although sonography has a number of strengths 

including its unique real-time value and excellent spatial resolution, the diagnostic 

quality of a sonographic study can be compromised by obesity, excessive bowel gas and pain.  

 

Small amounts of gas, particularly those that have not risen to the peritoneal line, may be 

difficult or impossible to see by ultrasound due to overlying bowel gas. 

Also small quantities of free gas may not rise at all when trapped underneath the left liver or 

settled among fibrin strands in thick fluid. 

Also IPFA could not be visualized by US despite the presence of sufficient amounts for its 

detection.  

 

Other potential weaknesses of this modality is related to the skill of the operator; the equipment 

used; and availability of expertise for this type of evaluation, which will depend on the local 

radiology practice model.  

 

Accuracy of the diagnosis of pneumoperitoneum depends on the accuracy of the interpretation of 

the US findings, which is based on the examiner impression of the findings. High level of 

technique is necessary. US remains operator dependent. Hence it cannot be interpreted with the 

same confidence and certainty by a non-expert operator. Nevertheless, its detection may be 

difficult even for an experienced sonographer.  

 

When expert ultrasonographer interprets the presence of free abdominal air it would be sufficient 

and the patient need not be subjected for further confirmation by radiography. 

But US should not be considered definitive in excluding a pneumoperitoneum. 

When ultrasonography fails to detect the presence of free intraabdominal air in clinically 

strongly suspected cases it is better to go for further study (plain radiography, CT) for the 

confirmation or surgical exploration must be made on an individual basis. 

 

   

Conclusion 

 
Bedside abdominal US is a valuable clinical bedside tool for identifying free air in the peritoneal 

cavity. Being familiar with the signs of intra-peritoneal free air (IPFA) and other evidence of a 

perforated hollow viscus would be particularly valuable to stratify patients with an 

undifferentiated acute abdomen. The finding of intra-abdominal free air may allow for a 



definitive diagnosis at the bedside within minutes for the patient with an acute abdomen. Prompt 

diagnosis will facilitate correct management planning and a prompt operative procedure. 

 

Abdominal ultrasound instruction should include the teaching of techniques to detect 

pneumoperitoneum, so that the next generation of practitioners may routinely acquire the skill 

necessary to make the diagnosis with confidence.  
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