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Simple test to distinguish between surgical and non-surgical
pneumoperitoneum in ventilated neonates
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SUMMARY A simple and accurate method is de-
scribed for rapid differentiation of surgical and
nonsurgical pneumoperitoneum by measuring the
partial pressure of oxygen in intraperitoneal air with
a blood gas analyser. Results in five ventilated
neonates in whom this distinction was not possible
by clinical or radiographic means are presented.

Clinical signs and symptoms with or without radiog-
raphic findings usually allow differentiation of
pneumoperitoneum resulting from air dissecting
transdiaphragmatically from the so called surgical
pneumoperitoneum caused by leakage of gas from
perforated bowel.1-3 In some ventilated infants a
clear distinction cannot be made between the two
types of pneumoperitoneum using these factors
alone, and Chang and Hernandez4 suggested a rapid
method of differentiation by measuring the oxygen
concentration in the intraperitoneal air. We propose
a less cumbersome and probably more reliable
method.
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Patients and methods

Between January 1985 and March 1988 nine out of
580 ventilated neonates in our neonatal intensive
care unit developed radiographic evidence of
pneumoperitoneum (table 1). In seven of these
(cases 1-7) the pneumoperitoneum was caused by
intestinal perforation, whereas in the other two the
nonsurgical pneumoperitoneum was the result of
dissecting extra-alveolar air.

In four of the seven babies with gastrointestinal
pneumoperitoneum (cases 1-4) no alveolar air leak
syndrome was present and sufficient clinical or
radiographic findings were available for a certain
preoperative diagnosis. In the remaining three
(cases 5-7) chest radiographs confirmed the pre-
sence of pulmonary air leak syndrome (pneumo-
thorax, pneumomediastinum, or interstitial emphy-
sema, or a combination) in association with hyaline
membrane disease before the finding of intra-
peritoneal gas. In these three neonates, as well as in
the two babies with pneumoperitoneum of respira-
tory origin (cases 8 and 9) neither clinical, nor
radiographic differentiating features were available

Table 1 Clinical and radiographic findings in nine ventilated newborn infants with pneumoperitoneum

Case No Extra alveolar air Differentiating features Postoperative diagnosis

1 None Pneumatosis intestinalis Necrotising enterocolitis
2 None Absence of gastric Gastric perforation

air/fluid level
3 None Intraperitoneal air/fluid level Colon perforation
4 None Perforation of appendix Neonatal appendicitis

identified by contrast
examination

5 Bilateral pneumothorax None Solitary ileal perforation
and pneumomediastinum

6 Unilateral pneumothorax, None Solitary ileal perforation
pneumomediastinum, and
pulmonary interstitial emphysema

7 Pneumomediastinum and None Solitary ileal perforation
pulmonary interstitial emphysema

8 Bilateral pneumothorax, None No operation
pneumomediastinum, and
pulmonary interstitial emphysema

9 Bilateral pneumothorax, None No operation
pneumomediastinum, and
pulmonary interstitial emphysema
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that permitted specific identification of the origin of
the intraperitoneal gas.
The partial pressure of oxygen in the inspired air

(PIO2) may be calculated when the oxygen concen-
tration in the inspired air (FiO2) and barometric
pressure (PB) are known: PI02=FiO2x(PB-6.25).5
According to the physical laws of Dalton and Henry,
partial pressure of oxygen in alveolar gas (PAO2)
must be less than that of the inspired gas. It may be
calculated from the alveolar air equation:
PAO2=PI02-PACO2/R (R=respiratory gas ex-
change ratio=0*8).5

In cases 5 to 9, a 20 gauge Quickcath was inserted
into the peritoneal cavity at the right lower quadrant
after emptying the urinary bladder. The catheter
was attached to a three way stopcock and a 10 ml
syringe. An aliquot of intraperitoneal air was
aspirated and the stopcock closed before removal of
the catheter. Aspirated air was gently introduced
into the syringe port of the pH blood gas analyser
(Coming 178, Coming Medical and Scientific) and
partial pressure of intraperitoneal oxygen was
measured and recorded without removing the
syringe until the readout had stabilised (readouts
endpoint).

Results

Table 2 shows the results of the calculated measure-
ments corresponding to the oxygen concentration
delivered by the respirator, and the results of
the partial pressure of intraperitoneal oxygen mea-
sured by the blood gas analyser. In the three infants
with surgical pneumoperitoneum (cases 5-7) the
partial pressure of oxygen delivered by the ventila-
tor (and the partial pressure of oxygen in the
alveolar gas) far exceeded the value of the intraperi-
toneal oxygen (swallowed room air). In contrast, in
the two infants (cases 8 and 9) with ventilator
induced pneumoperitoneum, the intraperitoneal
oxygen tension far exceeded the maximal pressure
of oxygen in room air (19-85 kPa) and reflected

clearly the calculated partial pressure of oxygen in
alveolar gas deduced from the oxygen concentration
delivered by the respirator.

Discussion

Diagnostic errors in differentiating pneumoperi-
toneum of intestinal from that of respiratory origin
in ventilated neonates have been well docu-
mented.l-4 6 Because clinical and radiographic
criteria are not always adequate, some infants have
been needlessly submitted to surgical intervention,
and some others to an unacceptable delay in
diagnosis, allowing general peritonitis to develop.

In the event that a clear distinction cannot be
made, abdominal paracentesis should be performed
in order to measure oxygen concentration in the
intraperitoneal gas as suggested by Chang and
Hemandez.4 We have suggested a less cumbersome
method based on measurement of the partial press-
ure of intraperitoneal oxygen with a blood gas
analyser.

Table 2 Calculated partial pressure of oxygen in inspired air, partial pressure of oxygen in alveolar gas,
and partial pressure of intraperitoneal oxygen measured by blood gas analyser

Case Oxygen concentration Partial pressure of Partial pressure of Partial pressure of
No in inspired air oxygen in inspired oxygen in alveolar intraperitoneal oxygen

air (kPa) gas (kPa) (kPa)

5 0-85 80-8 74-1 7-73
6 0-35 33-3 26-7 6 53
7 0-65 61-75 55-0 5-60
8 0-60 56-9 50 3 43-33
9 0-80 76-0 69-3 66-05

Assuming mean barometric pressure of 101-3 kPa, PACO2 of 5-33 kPa, and a respiratory gas exchange ratio of 0-8 (PAO2=FiO2 x
(101 3-6-25)-533/0-8). 1 mm Hg=0-1333 kPa.
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