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High flow oxygen therapy for pneumatosis coli
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SUMMARY Symptomatic and radiological resolution of pneumatosis coli was achieved by intermit-
tent high flow oxygen therapy in five patients. In each case the extent of the disease was defined by
colonoscopy and contrast radiography before treatment. Despite the confirmation of pneumocyst
resolution, recurrence of colonic gas cysts was noted in two patients at six months and one year after
treatment. Bacteriological studies indicated that resolution of the disease, induced by oxygen
therapy, was not associated with eradication of anerobic bacteria from stool and colonic mucosa.
The clinical features and response to treatment of this group of patients are discussed, with particular
reference to previously reported methods of oxygen administration.

Primary pneumatosis coli is a disease of unknown
aetiology, in which multiple gas-filled cysts of varying
size and distribution are found in the large intestine.
Its prevalence in the general population is difficult to
assess as the disease may be asymptomatic, but it
seems to be rare. We have previously noted an
incidence of two cases in 6553 consecutive post
mortem examinations (Holt ez al., 1978). Two varie-
ties of pneumatosis coli are recognised. It may be
secondary to intestinal obstruction, infarction,
inflammatory bowel disease or trauma but more
frequently is of the primary idiopathic variety
(Marshak et al., 1977). The pattern of the disease may
have changed, as a review of the literature by Koss in
1952 identified only 13 of 213 cases of pneumatosis
cystoides intestinalis with lesions restricted to the
large bowel, whereas more recent reports imply a pre-
dilection for the gas cysts to occur in the left hemi-
colon without small intestinal involvement (Smith et
al., 1958; Varano and Bonanno, 1973 ; Shallal et al.,
1974; Wyatt, 1975; Marshak et al., 1977). Clinically,
pneumatosis coli may be asymptomatic or manifest
by persistent troublesome or intermittent symptoms,
and in certain cases may undergo spontaneous
resolution. Despite the lack of knowledge of its
aetiology, successful treatment with prolonged remis-
sion has been achieved by high flow oxygen therapy
(Forgacs et al., 1973 ; Wyatt, 1975).
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Although a number of authors have reported
resolution of pneumatosis cystoides intestinalis with
oxygen therapy, there is no published series in which
a consistent investigative and therapeutic approach
has been adopted. We describe five patients with
primary pneumatosis coli, in whom symptomatic and
radiological resolution of disease has resulted from a
standardised regime of intermittent high flow
oxygen therapy.

Methods

PATIENT STUDY AND TREATMENT

Five patients with primary pneumatosis coli (Table
1) underwent high flow oxygen therapy (Table 2) by a
modification of the method of Down and Castleden
(1975). Barium meal and follow-through, double
contrast barium enema, colonoscopy, sigmoido-
scopy, and biopsy before and after treatment were
performed to define the extent of pneumatosis and to
identify any associated gastrointestinal disease.
Studies of pulmonary function with twice daily
measurement of forced expiratory volume, vital
capacity and blood gases throughout the assessment
permitted identification of patients with respiratory
disease, monitoring of treatment, and the early
recognition of oxygen toxicity in the lungs. The
inspired oxygen concentration was estimated by
catheter sampling in the nasopharynx during
inspiration and was found to be between 60 and 70 %,.

BACTERIOLOGICAL STUDY
Specimens of faeces were obtained at sigmoidoscopy
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Table 1 Details of five patients with pneumatosis coli
Patient Age[sex  Radiological extent of = Associated disease Clinical features Follow-up
disease period
1 59F Descending and sigmoid Diverticular disease of ~ Five-year history of intermittent slimy diarrhoea, mid- 1} yr
colon sigmoid colon, abdominal colic, excessive flatus, and slight rectal
osteomalacia bleeding
2 69 F Total colon - Anaplasticcar¢inidma dof: Fouxmonth history of ifitermittent diarrhoea, copious 1} yr
' tonsil (age 42 yr) ﬂatus, and slight rectal bleeding
3 68 M Sigmoid colon Diabetes mellitus C yus rectal discharge for 8 w 3yr
4 63 M Splenic flexure to Cerebrovascular disease, Profuse, bubbly, watery diarrhoea with excessive flatus  9m
sigmoid colon epilepsy, chronic for 6 m. Crepitant mass in left hypochondrium
bronchitis . .
5 S5F Distal  transverse colon Osteoarthrosis of Four-week history of lower abdominal pain with episodes 9m

and proximal § of lumbar spine
descending colon with

small sigmoid segment

of abdominal distension

Table 2 Method and monitoring of high flow oxygen
therapy

Patient at rest in bed, in protected environment
Twice daily clinical assessment
Humidified oxygen delivered by MC mask (6 1/min) and nasal cannulae
(41/min)
Frequent check of oxygen flow rates
Measurement of inspiratory oxygen concentration at start of therapy
Intermittent therapy with three one-hour break periods, at 10.00,
16.00, and 20.00 hours
Estimation of daily arterial blood gases (one hour after morning break)
Measurement of FEV and VC twice daily
Daily plain abdominal radiograph
Chest radiograph on alternate days

and immediately cultured. An initial dilution of 1 in
100 was prepared by emulsifying 0-1 g faeces in 10 ml
19, glucose broth which had been rendered anaerobic
by pre-steaming and storage in an oxygen-free
atmosphere for 24 hours. Serial 10-fold dilutions were
then prepared from this primary dilution. Plates of
culture media (Table 3) for the isolation of anaerobic
organisms were stored in an oxygen-free atmosphere
for at least 24 hours before use. Media 1 and 2 were
seeded by spreading the surface of the plates with 0-1
ml of varying dilutions. Plates of media 3 to 13 each
received five single drops (002 ml) from a 50
dropper’ pipette at varying dilutions, using the
method of Miles et al. (1938).

All plates were seeded in duplicate and the
anaerobic plates were immediately sealed in Baird
and Tatlock jars. A suitable dilution—that is, one
yielding between 10 and 50 colonies per drop—was
chosen and the colonies on each plate were counted,
the mean value being used to calculate the number of
organisms present in 1 g of stool. Gram-stained films
were prepared from the counted colonies to provide a
presumptive check on the types of organisms
present.

Samples of gas cyst walls and colonic mucosa
obtained at sigmoidoscopy were placed directly into
Robertson’s cooked meat broth medium and
incubated anaerobically at 37°C overnight. Sub-

cultures from the meat medium were transferred to
aerobic and anaerobic blood agar plates, Mannitol
salt agar, MacConkey’s agar, and Willis and Hobb’s
medium. Quantitative bacteriological study was not
undertaken. The isolated organisms were classified
according to their morphology, gram-staining
properties, and cultural characteristics and were
identified by reference to the tables of Cowan and
Steel (1974) and API tables (Analytab Products Inc.,
1976).

Results

The extent of involvement of the large bowel by
pneumocysts could not be predicted from the
patients’ symptoms or signs, which were variable,
and no associated gastrointestinal disease was
detected. Plain abdominal radiography during treat-
ment demonstrated gradual disappearance of the
cysts, which occurred in all cases within five days.
The patients remained comfortable during the treat-
ment and oxygen toxicity was not observed. Sympto-
matic relief was promptly achieved and lasting,
except in case 5 where abdominal pain, unrelated to
the presence of pneumatosis, persisted. In case 4, the
crepitant abdominal mass was impalpable by the
third day of treatment. Chest radiography and
continuous monitoring of the pulmonary vital
capacity were normal, except in patient 4 who had
evidence of chronic obstructive airways disease. All
the patients have been reviewed with follow-up
periods from nine months to three years and
radiological resolution is maintained in three out of
the five patients. In case 2 and case 5 (Table 1)
pneumocysts have reappeared one year and six
months respectively, after treatment. In patient 5,
recurrent disease of a similar extent to that noted
before oxygen therapy is now apparent and bowel
symptoms with excessive flatus and slight rectal
bleeding have appeared for the first time. In patient 2,
who had total colon disease, gas cysts have recurred
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Table 3 Details of bacteriological analyses
Medium no.  Description of medium Atmospheric  Duration of Orgarisms
oy, i o
(hr)
1 Columbia agar* and 10 9; horse blood Aerobic 24 Total aerobes
2 Reinforced clostridial agar (Oxoid) enriched with 1% glucose, 10%; horse blood, 5% CO;:H, 96 Total anaerobes
and 1-0 ml 3 % aqueous China Blue/100 m] media
3 MacConkey agar* Aerobic 24 Coliform,
enterococci
4 Mannitol salt agar* Aerobic 24 Staphylococci
5 Thallous acetate tetrayolium glucose agar (TITG) Aerobic 24 Streptococci
6 Sabouraud’s agar*—incubated at 25°C Aerobic 48 Yeasts
7 Rogosa agar 10% CO,:air 48 Aerobic
8 1% glucose agar 10% CO,:air 48 lactobacilli
and
bifidobacteria
9 Rogosa agar 5%CO;:H, 48 Anaerobic
10 1% glucose agar 5%C0O;:H, 48 lactobacilli
and
bifidobacteria
11 Willis and Hobb’s agar + 200 p.g/ml neomycin 5%CO;:H; 48 Clostridia
12 Rogosa veillonellae agar 5%CO;:H; 48 Veillonellae
13 Reinforced clostridial agar* with 10 % horse blood and 100 ug/ml neomycinand 5% CO,:H, 48 Bacteroides

7-5 u.g/ml vancomycin

*Supplied by Oxoid Limited, Wade Road, Basingstoke, Hampshire RG24 0PW,

only in the left hemicolon is association with com-
plete symptomatic relapse.

Colonoscopy before treatment revealed the pleo-
morphic nature of the gas cysts, which were shown by
radiology to be predominantly submucosal in
position. In case 2, multiple small submucosal blebs
were noted at colonoscopy before therapy and were
due to submucosal pneumocysts, up to 0-5 cm in
maximum diameter. This colonoscopic finding
contrasts with case 4 where larger tense cysts up to 3
cm in diameter were observed to be partially occlud-
ing the large bowel lumen. In the first two patients,
who had suffered rectal bleeding, petechial haemor-
rhages were noted both on the ‘domes’ of some of the
cysts and also in a halo distribution around their
bases.

Biopsy of the cyst walls resulted in a ‘popping
noise’ indicating the presence of gas under some
degree of tension. Light microscpy of the cyst walls
demonstrated a patchy lining of histiocytic-type cells
with occasional multinucleate giant cells. After
treatment, the mucosa of the large bowel appeared
normal at colonoscopy, except for some redundancy
of mucosal folds, especially marked in case 2. Post-
treatment biopsy of the colon, taken from areas
known to be affected before treatment, demon-
strated a slight chronic inflammatory infiltrate in the
lamina propria of the mucosa. No significant changes
were apparent in the submucosa at the sites where
cysts were previously known to be present. In par-
ticular, submucosal multinucleate giant cells were
not identified in any of the colonic biopsies taken
after oxygen treatment.

Qualitative and quantitative faecal bacterial
studies of four patients (cases 1, 2, 4, and 5) demon-

strated a range of organisms that are encountered in
the faeces of normal Scottish subjects (Hill ez al.,
1971). It is apparent that the type and quantity of
bacteria in the faeces were not altered to any great
extent by oxygen therapy (Figure). In particular,
there was no evidence of eradication of anaerobic
organisms. Considering the cyst wall before treat-
ment and colonic mucosa after treatment, no unusual
organisms were isolated (Table 4). Although species
of enterobacteria were consistently grown from the
cyst wall, they persisted after treatment as did species
of clostridia. No single species or group of organisms
could be implicated in the pathogenesis of the
pneumocysts and there did not appear to be a dis-
placement of anaerobic organisms from the bowel
wall with oxygen therapy.

Discussion

Although the aetiology of primary pneumatosis coli
remains uncertain, the possibility that gas-forming
bacteria create and maintain the pneumocysts has
recently been advocated (Down and Castleden, 1975).
The experimental induction of pneumatosis by
clostridia in rats (Yale, 1975) and the suggestion that
high tissue concentrations of oxygen achieved during
oxygen breathing may kill anerobic gas-producing
bacteria (Down and Castleden, 1975) seem to favour
a bacterial hypothesis. Resolution of the disease in
humans by high flow oxygen therapy (Forgacs et al.,
1973), and perhaps by broad spectrum antibiotics
(Wandtke et al., 1977; Holt et al., 1978), provides
further circumstantial evidence for a bacterial
causation of pneumatosis cystoides intestinalis.

In our patients, several gas-forming organisms
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Figure Bacteria isolated from four patients’ faeces before (closed circles) and after (open
circles) treatment. The vertical dotted line represents the lower limit of sensitivity of the

counting method employed.

Table 4 Bacteria cultured from gas cysts and colonic mucosa before and after oxygen therapy

Patient no.

1 2 3 4

Before After Before After Before After Before After
Enterobacteria + + + + + + + +
Staphylococcispp +
Streptococcispp + + + + +
Clostridia spp + + + + +

were cultured from stool and cyst wall before treat-
ment but we were unable to identify any unusual
types or abnormal numbers of bacteria. A reasonably
consistent growth of enterobacteria was obtained
from the cyst wall before oxygen therapy but the
organisms persisted after treatment, as did species of
clostridia. Both these types of organisms have been
implicated as a cause of the disease in animals
(Naeslund, 1924; Yale, 1975), but their role in the
pathogenesis of the disease in man remains uncer-
tain. Although Down and Castleden (1975) presented
the hypothesis that high tissue concentrations of
oxygen occurring during therapy Kkill any anaerobic
gas-producing bacteria, our results indicate that the
anaerobic faecal flora in subjects with pneumatosis
coli are not substantially altered by oxygen treatment.
If there is significant microbial action at the colonic
mucosa in this condition, it is not demonstrable by

marked changes in the faecal bacterial populations
that we have studied, and it is not revealed by our
qualitative studies of the bacteria associated with the
colonic mucosa in affected sites. Based on our find-
ings, we cannot implicate bacteria as the prime
pathogenesis of gas cyst formation and mainten-
ance in humans with primary pneumatosis coli.

The composition of gas within the cysts has been
estimated as nitrogen 80-909%,, oxygen 5-16%;, and
carbon dioxide 0-3-4-09; (Lee et al., 1977), and free
diffusion of gas between the bowel lumen and capil-
laries is known to occur (Forgacs et al., 1973). In
normal circumstances, gas loculi do not persist in the
body because the total partial pressure of gases in the
venous blood is less than atmospheric pressure
(Nunn, 1977), and thus the mechanism of gas cyst
maintenance is difficult to explain. The gases within
the cyst are under some degree of tension as indicated
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by the ‘popping’ noise that is obtained when the
pneumocyst is punctured at biopsy. This finding has
led to the suggestion that gas is produced within the
pneumocyst at a rate that exceeds absorption
(Forgacs et al., 1973). It is the overall denitrogenation
of the blood that occurs during the breathing of high
concentrations of oxygen that leads to obliteration of
the gas cysts. The net effect in pneumatosis coli is an
alteration of the cyst capillary diffusion gradient in
favour of absorption and resolution occurs (Forgacs
et al., 1973; Gruenberg et al., 1977).

Various methods of oxygen therapy have been
described (Table 5) but an optimum procedure has
not been agreed. It was initially suggested that
arterial oxygen concentrations in excess of 40 kPa
(300 mm mercury) were necessary for resolution
(Forgacs et al., 1973) but more recent experience,
including that of the present series, suggests that
lower concentrations are also effective (Gruenberg e?
al., 1977; Lee et al., 1977). Masks and nasal cannulae
are more acceptable to patients, for oxygen tents are
restricting and may result in a feeling of isolation for
the patient (Lee et al., 1977). It would appear
unnecessary to supplement inspired oxygen con-
centration during rest periods as suggested by
Gruenberg et al., (1977), for we were able to dis-
continue therapy for short periods without any
apparent prejudice to resolution of the disease.

Anxiety has been expressed about the possibility of
oxygen toxicity (Gruenberg et al., 1977) and perhaps
even carbon dioxide narcosis (Lee et al., 1977) with
this form of treatment and, consequently, pulmonary
function should be monitored by clinical examina-
tion, measurement of the vital capacity, daily blood
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gas estimations and chest radiography during the
period of oxygen administration. A decrease in the
pulmonary vital capacity may be the most useful
early indicator of oxygen toxicity in man (Clark,
1971). None of our patients showed evidence of
oxygen toxicity during or after treatment but it is
notable that only one of our patients (case 4) had
evidence of chronic obstructive airways disease, an
allegedly common association with pneumatosis coli
(Doub and Shea, 1960).

To date, it has been uncertain whether or not
oxygen therapy affords a permanent cure of pneu-
matosis coli (Wyatt, 1975). A number of authors have
noted recurrence of the condition after treatment
(Table 5), but resolution has followed further oxygen
therapy (Hoflinand Vander Linden, 1974). Incomplete
initialresolution may account for some of the apparent
recurrences and aggressive oxygen therapy is recom-
mended for at least 48 hours (Wyatt, 1975). Despite
the confirmation of pneumocyst eradication by
contrast radiography and colonoscopy, recurrent
disease has occurred in two out of five patients in our
series. Bacterial gas production seems to be the most
likely cause of the disease (Gillon et al., 1978) and it
is possible that failure to eradicate anaerobic gas-
producing bacteria renders recurrent disease in-
evitable in some patients.

Although pneumatosis coli is an uncommon dis-
order, the nature of associated symptoms and lack of
clinical awareness of the condition may result in mis-
diagnosis, sometimes with unnecessary surgical inter-
vention (Thomson et al., 1977). It is important to
note that gas cysts may vary in size and extent with-
out specific treatment and that spontaneous resolu-

Table 5 Various methods of oxygen therapy for pneumatosis coli

Author No. of Oxygen  Flowrate Mode of delivery Arterial  Lengthof Follow-up
treated concentra- (1/min) POy (kPa) treatment
Dpatients  tion (days)
(%)
Forgacs 1 70-75 — Modified head tent 28-50-7 6 No recurrence at 6 m
etal.(1973)
Hoéflin and 2 68-72 —_ Oxygen tent — 5 Widespread recurrence at 5 and
Van der Linden 13m
(1974)
Down and 1 — 8 MC mask, 517 6 —
Castleden 4 nasal catheters
(1975)
Simon et al. 4 70 — Hudson mask 22-45'5 5-8 Recurrence in one patient at 6 m
(1975)
Wyatt (1975) 6 70-75 8 Pneumask (Vickers Ltd.) 40 4-7 Two patients relapsed at 1 yr and
18 m
Britten-Jones 2 — 8-12 Intranasal catheter 17-3-33-3  4-7 No recurrence at 15and 4m
(1975)
Watson 1 —_— 4 60 9%, face mask 40-5 5 —
(1976) 4 nasal catheter
Gruenbergetal. 2 70 5 Non-rebreathing mask, nasal 31-7-34 4-10 No recurrence at 10 m and 3m
977 cannulae respectively
Leeetal. 2 55-70 16 Hudson mask 13-7-387 5 No recurrence at 18 m
1977
Presentseries 5 60-70 6 MC mask, 18:7-38-7 4-5 Two patientsrelapsed at 1 yr and
4 nasal cannulae 6m
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tion may occur (Bloch, 1977; Marshak et al., 1977).
Our experience indicates that intermittent high flow
oxygen therapy provides a safe, comfortable, and
simple form of treatment for patients with sympto-
matic pneumatosis coli.

We thank Mr A. J. Duff and Mr T. J. McNair who
kindly referred patients 3 and 5 to our care and
Professor J. G. Collee for his guidance with the inter-
pretation of the bacteriological study.
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