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Diagnostic value of pneumoperitoneum
on plain abdominal film
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Background. Pneumoperitoneum is the presence of air outside the gut lumen as the hallmark of alimenta-
ry tract perforation. It can be spontaneous or traumatic in origin. The most frequent cause of spontaneous
pneumoperitoneum is the perforation of gastric or duodenal ulcer and the aim of the study was to assess the
diagnostic value of pneumoperitoneum on plain abdominal film.

Patients and methods. This is a retrospective study based on the diagnostic value of pneumoperitoneum
on plain abdominal film, with the patient in upright, supine and sometimes left lateral decubitus position.
The study included 79 patients who were admitted to our hospital during a 2-year period of time (1998-
1999) and operated on for perforated gastroduodenal ulcer.

Results. Ten (12.66 %) of 79 patients underwent operation without radiological procedure. Sixty-nine
(87.34 %) patients were examined radiographically and 53 (76.81 %) of them had signs of pneumoperi-
toneum initially on the plain film.

Conclusions. The most common cause of pneumoperitoneum was perforated duodenal ulcer in elderly male
patients. The most frequent sign of pneumoperitoneum was the crescent shaped free air beneath the di-

aphragm.
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Introduction

Pneumoperitoneum is the presence of air out-
side the gut lumen as the hallmark of alimen-
tary tract perforation on plain film.! It can be
spontaneous or traumatic in origin. The most
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frequent cause of spontaneous pneumoperi-
toneum is the perforation of gastric or duode-
nal ulcer? and that is the reason why we in-
cluded these patients in our study. The aim of
the study was to assess the diagnostic value of
pneumoperitoneum on plain abdominal film.

The traditional sign of pneumoperitoneum
is the crescent shaped free air beneath the di-
aphragm on erect chest seen on abdominal
plain film. In this position, it is possible to de-
tect as little as 1 to 2 ml of free air.3

The signs of pneumoperitoneum on supine
abdominal film are:
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* “the dog’s cap sign” - air in Morison’s
pouch,?

» free air occurring subhepatically inferior
and anterior to the liver as a linear collection
of air parallel to the lower edge of liver,’

* the falciform ligament sign as a vertically
oriented soft-tissue band parallel to the
right border of the spine in the region of
the thoracolumbar juncture,"’

* “Wind’s sign” or “lucent liver sign”,’

* “the dome sign” - free air trapped under
the middle part of the diaphragm,”

* “the double wall sign” or Riegler sign -
when there is air in the peritoneal cavity and
in the bowel lumen, the mucosal and seros-
al surfaces are simultaneously outlined,’

* “the sign of triangle” - the air between the
loops of bowel,”

* “the football sign” - the air-distended peri-
toneum beneath the anterior abdominal
wall,?

* and finally, rare signs of pneumoperitone-
um, like visible lateral umbilical ligaments
or urachus, free air in an inguinal or femo-
ral hernia sac and pneumoscrotum.810
Some of the described signs are visible on

Figures 1 and 2.

Figure 1. The sign of pneumoperitoneum on erect
chest film - crescent shaped free air beneath the di-
aphragm (arrows).
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Figure 2. The signs of pneumoperitoneum on supine
plain abdominal film (arrows): “Wind’s sign” or “lu-
cent liver sign”, free air subhepatic as a linear parallel
collection, the falciform ligament sign, “the dome

”

sign”.

Pneumoperitoneum may be a solitary
plain film finding or it may coexist with pneu-
momediastinum or pneumoretroperitoneum,
or both.111:12

It should be emphasized that there is a
condition known as “benign” or “internisti-
cal” pneumoperitoneum - spontaneous pne-
umoperitoneum without peritonitis which
usually has no clinical signs'® and can be di-
agnosed only by plain abdominal film.%15
“Benign pneumoperitoneum” was described
with gastric distension,"* jejunal diverticulo-
sis,'® pneumatosis intestinalis17 and sclero-
derm,’®1 and immunosuppressive thera-
py-'1% Such patients are treated by conserva-
tive therapy and very rare by surgical ope-
ration.20-21

The other conditions which can mimic the
signs of pneumoperitoneum are: interposi-
tion of the colon or Chilaiditi syndrome, fat
depositions, artifacts, intraabdominal ab-
scess, intraperitoneal or internal hernia and
volvulus, especially of the mobile caecum.

Pneumoperitoneum is usually diagnosed
on plain abdominal film with the patient in
upright, supine or left lateral position. Also, it
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can be diagnosed on erect chest film or using
ultrasound (US),?? or computed tomography
().

Patients and methods

During a 2-year period of time (1998-1999),
79 patients were admitted to our hospital and
operated on for perforated gastroduodenal
ulcers.

The abdominal plain films were taken in
69 (87.34 %) patients preoperatively, with the
patients in upright (62 cases), supine (3 cas-
es) and left lateral decubitus position
(4 cases)).

In 5 (7.25 %) of 16 patients with suspected
ulcer perforation but with normal findings on
plain film, the additional contrast-study un-
der diascopic control was performed.

We divided our patients in several groups,
according to their age, sex, type of ulcers and
signs of pneumoperitoneum.
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Results

We reviewed retrospectively the hospital data
of 79 patients who were admitted to our hos-
pital in the 2-year period of time from 1998 to
1999 and operated on for perforated gastro-
duodenal ulcer. The data are given in Table 1.

Ten (12.66 %) of them underwent an oper-
ation without radiological procedure.

We noticed that men had higher incidence
of both ulcers than women, especially duode-
nal (M:F = 55:24). Also, it was interesting to
note that women had equal incidence of both
ulcers (Figure 3).

The distribution of pathologic findings, ac-
cording to the age of patients is shown by lin-
ear chart (Figure 4). Apparently, most of the
patients were 40 to 60 years old.

The most frequent sign of pneumoperi-
toneum was the crescent shaped free air be-
neath the diaphragm (49 cases or 92 %), whe-
reas other known signs of pneumoperi-
toneum were mentioned and identified very
rarely (Figure 5).

Table 1. Operated patients because of perforated gastroduodental ulcers and radiologic examins performed in

emergency department

operated
patients
n=79 ( 100% )

[

f

1

operation, no x-ray
n=10(12,6%)

plain abdominal film

n=69 (87,4%)

1
| |
pneumoperitoneum no pneumoperitoneum
n=53 (76,8%) n=16 (23,2% )
fluoroscopy with contrast meal
n=5 (31,2%)
J
{ 1
leak no leak
n=3 (60%) n=2 (40%)
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male female

Figure 3. Type of perforated ulcer according to the sex.

@
" A

\
T

Number of patients

2
0
8
' /'/
4
2
0

A

0009 1019 2028 3039 4049 059 6069 7079 089 09

Age

Figure 4. The age incidence of patients with perforat-
ed ulcers shown by chart.
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Figure 5. Identified signs of pneumoperitoneum on
plain abdominal films graphically.

The other signs were: subhepatic collec-
tion (2 cases or 4 %), “doge’s cap sign” or free
air in Morison’s pouch (1 case or 2%) and
atypical collection of intraperitoneal air be-
tween the bowel loops (1 case or 2 %).
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Discussion

Most of radiologists describe the findings of
pneumoperitoneum as positive in 60-85 % of
cases.}32426 So our results are in corellation
with their findings.

Also, we have to emphasize that abdominal
plain films were analyzed by different radiolo-
gists in Emergency Department. Maybe, these
results would be better if the plain films were
analyzed by radiologists who are subspecialists
in gastroenterology. The most frequent sign
which we found was crescent shaped free air
beneath the diaphragm. We think that the rea-
son why it is so, is probably the fact that most
of radiologists (ours and others) prefer that,
whenever is possible, the abdominal plain film
are made with the patients in upright position.
It is the least dependent part of peritoneal cav-
ity and free air can be easily detected. We be-
lieve that, if radiologists were able to recognize
the signs of pneumoperitoneum, the position
of patient would not matter at all. In that case,
other signs of pneumoperitoneum, not only
the crescent shaped free air beneath the di-
aphragm (Figure 5), would be recognized and
identified on the plain abdominal films.

Since the policy of most surgeons is to rec-
ommend surgery in any patient with abdomi-
nal symptoms and suspected pneumoperi-
toneum, it is evident that the plain abdominal
films can give valuable information.?*

Should we perform the plain abdominal
film in all patients?

The “board - like” rigidity which generally
indicates an abdominal catastrophe needing
laparotomy can be found in 83-93 % of these
patients.!? It means that a substantial number
of patients with perforated ulcer are referred
to roentgen examination even though laparo-
tomy is indicated whatever the radiologic
findings. Some proportion of patients with
normal plain films operated on directly and
without further investigations may support
the impression that the plain films were tak-

en in many patients “just to be sure”.?
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Very often, less experienced surgeons
work in emergency departments and they
need a plain abdominal films as a diagnostic
support.

One argument that may support the prac-
tice of obtaining X-ray films in nearly all pa-
tients is related to the fact that the perfora-
tion occurs in elderly patients with often
atypical clinical findings.?>27-28

Our investigation also confirms this
(Figure 4).

The influence of age on a low proportion of
pneumoperitoneum in young patients is diffi-
cult to explain. Seely? and Taylor®® have sug-
gested that the acute ulcers, which may be
more common in young patients, can be ex-
pected to heal spontaneously.

Even in centers with unlimited resources,
plain films supplemented by gastrointestinal
contrast studies as needed, remain the mod-
ern standard for evaluation of patients who
have suspected gastrointestinal perforation.

These widely available, easy to perform,
and relatively inexpensive procedures are rel-
atively sensitive and specific for evaluation of
this problem. It is, therefore, crucial for radi-
ologists to be familiar with the often subtle
signs of gastrointestinal perforation on plain
abdominal films.

Skills of plain film interpretation should
not be permitted to erode in the environment
of newer technologies.*!

Although newer technologies like US??
and CT? give possibillity for detection of
pneumoperitoneum, they are not routinely
used in emergency departments so that the
signs of pneumoperitoneum detected by
them are significant, but usually an incidental
finding.

10.

11.

12.

13.

14.

15.

241

References

Shaffer HAJr. Perforation and obstruction of the
gastrointestinal tract. Assessment by conventional
radiology. Radiol Clin North Am 1992; 30: 405-11.

Sibbald W], Swenny JP, Inwood M]J. Portal venous
gas (PVG) as an indication for heparinization. Am
J Surg 1972; 124: 690-3.

Miller RE, Nelson SW. The roentgenological
demonstration of tiny amounts of free intraperi-
toneal gas: Experimental and clinical studies. Am |
Roentgenol 1971; 112: 574-85.

Hajdu N, De Lacey G. The Rutherford Morison
pouch: a characteristic appearance on abdominal
radiographs. Br ] Radiol 1970; 43: 706-9.

Menuck L, Siemers PT. Pneumoperitoneum:
Importance of right upper quadrant features. Am |
Roentgenol 1976; 127: 753-6.

Millerr E. Perforated viscus in infants: a new
roentgen sign. Radiology 1960; 74: 65-7.

Frkovi¢ M. Pathological conditions of gastroin-
testinal tract in children. In: Radiological atlas of
children’s gastrointestinal tract. Chapter 3. Zagreb:
Informator; 1998.

Bray JF. Pneumoscrotum with testicular delin-
eation - a new sign of pneumoperitoneum. Br |
Radiol 1982; 55: 867-8.

Jelaso DV, Schultz EH Jr. The urachus - an aid to
the diagnosis of pneumoperitoneum. Radiology
1969; 92: 295-8.

Weiner CI, Diaconis JN, Dennis JM. The “inverted
V”: a new sign of pneumoperitoneum. Radiology
1973; 107: 47-8.

Pear BL. Pneumatosis intestinalis: a review.

Radiology 1998; 207: 13-9.

Stahl JD, Goldman SL, Minkin SD, Diaconis JN.
Perforated duodenal ulcer and pneumomedi-
astinum. Radiology 1977; 124: 23-5.

Wellwood JM, Willson AN, Hopkinson BR.
Gastrografin as an aid to the diagnosis of perfo-
rated peptic ulcer. Br ] Surg 1971; 58: 245-9.

Felson B, Wiot JF. Another look at pneumoperi-
toneum. Semin Roentgenol 1973; 8: 437-43.

Frkovi¢ M, Mandic¢ A, Joni¢ N, Labar B, Mrsi¢ M.
Pneumatosis intestini in acute lymphoblastic
laeukaemia. Radiol Oncol 1996; 30: 41-5.

Radiol Oncol 2001; 35(4): 237-42.



242

16.

17.

18.

19.

20.

21.

22.

23.

Dunn V, Nelson JA. Jejunal diverticulosis and
chronic pneumoperitoneum. Gastrointest Radiol
1979; 4: 165-8.

Miller RE, Becker GJ, Slabaugh RD. Nonsurgical
pneumoperitoneum. Gastrintest Radiol 1981; 6: 73-
4.

Clavadetscher P, Binkert D., Wellauer J. Compli-
cations of cutaneous scleroderma. JAMA 1975;
232: 390-1.

Yerella JT, McCullough JY. Pneumoperitoneum in
infants without gastrointestinal perforation.
Surgery 1981; 89: 163-7.

Baker SR. Plain film radiography of the peritoneal
and retroperitoneal Spaces. In: The abdominal plain
film. Norwalk, Connecticut: Appleton & Lange;
1990. p. 71-125.

Knechtle SM, Davidoff AM, Rice RP. Pneumatosis
intestinalis: surgical management and clinical out-
come. Ann Surg 1990; 212: 160-5.

Kuang-Chau Tsai, Hsiu-Po Wang, Guang-Tang
Huang, Shih-Ming Wang. Preoperative Sonogra-
phic Diagnosis of Sealed-Off Perforated Gastric
Ulcer. ] Clin Ultrasound 1998; 26: 269-71.

Ranschaert E, Rigatus H. Confined gastric perfo-
ration: ultrasound and computed tomographic di-
agnosis. Abdom Imaging 1993; 18:318-9.

Radiol Oncol 2001; 35(4): 237-42.

24.

25.

26.

27.

28.

29.

30.

31.

Frkovic M et al. / Pneumoperitoneum on plain abdominal film

Svanes C, Salvesen H, Bjerke Larsen T, Svanes K.
Trends in value and consequences of radiologic
imaging of perforated gastroduodenal ulcer. A 50-
year experience. Scand | Gastroenterol 1990; 25:
257-62.

Winek TG, Mosely HS, Grout G, Luallin D.
Pneumoperitoneum and its association with rup-
tured abdominal viscus. Arch Surg 1988; 123: 709-
12.

De Bakey M. Acute perforated gastroduodenal ul-
ceration. A statistical analysis and review of the
literature. Surgery 1940; 8: 852-84.

MacKay C. Perforated peptic ulcer in the west of
Scotland: a survey of 5343 cases during 1954-63.
Br Med ] 1966; 240: 701-5.

Svanes C, Salvesen H, Espehaug B, Soreide O,
Svanes K. A multifactorial analysis of factors re-
lated to lethality treatment of perforated gastro-
duodenal ulcer 1935-1985. Ann Surg 1989; 209:
418-23.

Selly SF, Campbell D. Non-operative treatment of
perforated peptic ulcer: further report. Int Abstr
Surg 1956; 102: 435-46.

Taylor H. Non-surgical treatment of perforated
peptic ulcer. Gastroenterology 1957; 33: 353-68.

Young WS, Englebrecht HF, Stoker A. Plain film
analysis in sigmoid volvulus. Clin Radiol 1978; 29:
553-60.



