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SUMMARY
Pneumatosis intestinalis (PI), or the presence of air in 
the bowel wall, is a rare disorder that is associated with 
a variety of underlying diseases, including connective 
tissue disorders. PI presents on a spectrum from 
asymptomatic to bowel obstruction and acute abdomen. 
In general, treatment of PI consists of treating the 
underlying disease. Both normobaric and hyperbaric 
oxygen have been used to treat PI directly. Here we 
report a symptomatic scleroderma-related case of PI that 
responded clinically to hyperbaric oxygen therapy. This 
report adds to a growing body of literature supporting a 
role for hyperbaric oxygen therapy in symptomatic PI.

BAckgRoUnd
Pneumatosis intestinalis (PI) is a rare disorder char-
acterised by the presence of gas in the bowel wall.1–3 
This condition and its variants, termed pneumatosis 
intestinalis cystoides, intestinal emphysema, bullous 
emphysema, pneumatosis coli and lymphoneuma-
tosis, may occur anywhere along the gastrointes-
tinal tract in patients of all ages.3 4 PI can manifest 
as either a primary condition, or secondary to an 
underlying problem, such as gastrointestinal disor-
ders, infection, ischaemia, pulmonary disease, rheu-
matological disorders or medication effects.3–5 The 
pathogenesis of PI is not well understood, but bacte-
rial, mechanical, gaseous and nutritional factors are 
proposed.3 6–8 The fact that many different systemic 
conditions are associated with PI suggests a multi-
factorial pathogenesis, which may differ based on 
the condition.

Patients with incidental PI findings may be 
asymptomatic. Otherwise, nausea, vomiting, 
abdominal distension, constipation, diarrhoea, 
pain or inability to tolerate oral intake are possible 
symptoms.2 3 Severe cases can manifest gastrointes-
tinal bleeding, bowel obstruction, peritonitis and 
associated systemic symptoms. The diagnosis of PI 
is typically made with abdominal radiographs or CT 
and, less commonly, abdominal ultrasound.6 Find-
ings include intramural radiolucent gas collections 
in the bowel wall, luminal distension and pneumo-
peritoneum, although the significance of the latter 
is a matter of debate.2 3 6 9 10

Identification of PI on radiography mandates a 
thorough investigation for an associated condi-
tion. Consideration of life-threatening causes, such 
as intestinal ischaemia/infarction, is particularly 

important. Early evaluation for associated condi-
tions helps identify potentially fatal complications 
and guides therapy for managing the underling 
disease.

Treatment options for PI are limited. Medical 
management includes bowel rest, antibiotics, 
parenteral feeding and treatment of the underlying 
disease process. Surgical intervention may be neces-
sary in the setting of an acute abdomen or failure 
of medical management. Both normobaric11 12 and 
hyperbaric oxygen (HBO2)

13 therapies have been 
used to treat PI not responding to conservative 
measures.3 14 Cases documenting the effective use 
of HBO2 therapy for PI have been published and 
are the subject of a recent review.3 Here we present 
a case of PI complicated by ileus and pneumoperi-
toneum in a patient with underlying scleroderma. 
Clinical improvement occurred shortly after initi-
ation of HBO2 therapy, providing further evidence 
that HBO2 therapy may be beneficial for treating PI.

cASe pReSentAtion
A female patient in her late 60s presented to a 
scheduled outpatient clinic appointment for evalu-
ation of a possible connective tissue disease in the 
setting of a chronic pericardial effusion. Positive 
serologies included elevated antinuclear antibody 
titre  ≥1:2560  and  antimitochondrial  antibodies 
at  1:160.  Remaining  serologies  were  negative 
(rheumatoid factor; anti-scl70, antithyroglobulin, 
anti-dsDNA, anticardiolipin, anti-ribonucleopro-
tein(RNP),  anti-smith(sm),  anti-Ro  and  anti-La). 
Medical history included hypertension, type 2 
diabetes mellitus, gastro-oesophageal reflux disease, 
Raynaud’s phenomenon and chronic rectal prolapse 
repaired by complete proctectomy and colostomy. 
In the clinic visit, the patient described progressive 
dyspnoea over weeks, as well as increasing nausea, 
vomiting, abdominal distension and inability to 
tolerate oral intake in the preceding days. Normal 
tolerance to fluids and solid food had progressed 
to vomiting and infrequent sips of water. She 
denied fevers, chills, night sweats, weight loss, but 
endorsed decreased ostomy output. Her condition 
prompted immediate referral to an emergency 
department (ED) for evaluation. Physical exam 
in the ED revealed a non-tender but distended, 
tympanic abdomen with present bowel sounds and 
no fluid wave. Pertinent investigations were abdom-
inal CT (figure 1) and plain radiographs (figure 2C) 
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revealing extensive PI, small volume pneumoperitoneum and 
moderately distended loops of the small bowel thought to repre-
sent a developing ileus. The patient was admitted to the hospital 
with a working diagnosis of scleroderma with associated pericar-
dial effusion and secondary PI.

Her early hospital course was notable for inability to tolerate 
oral intake, increasing abdominal distension and obstipation 
with reduced ostomy output. A surgical consult on hospital day 4 
recommended serial abdominal exams and conservative manage-
ment. Despite intravenous hydration and elimination of oral 
intake, serial abdominal exam revealed increasing non-tender 
abdominal distension with absent bowel sounds (figure 2A). 
Serial abdominal radiographs again revealed dilated loops of 
bowel, multiple air-fluid levels and persistent PI.

tReAtMent
Metronidazole 500 mg intravenously every 8 hours was initiated 
on hospital day 6, and methylprednisolone 10 mg intravenously 
daily was started on hospital day 8. On hospital day 10, there 
was complete cessation of ostomy output, and total parenteral 
nutrition (TPN) was initiated. By hospital day 14, with no 
improvement in symptoms, the hyperbaric medicine service 
was  consulted.  Given  the  patient’s  lack  of  improvement  thus 
far  in her hospital  course,  the patient’s high  risk of morbidity 
and mortality, and the relatively low risk of treatment with case 
reports documenting potential benefit, the decision was made 
to initiate a trial of HBO2 therapy. Daily HBO2 therapy was 
conducted in a multiplace chamber at 2 atmospheres absolute 
(ATA) for 2 hours per session once daily on hospital days 15–17.

Figure 1 CT scan (coronal reformat) of the patient prior to hyperbaric 
oxygen therapy. White arrows indicate pneumatosis intestinalis — 
pockets of air tracking within the bowel wall. An asterisk marks the 
patient’s chronic pericardial effusion.

Figure 2 Photographs (A,B) and plain radiographs (c,d) of the patient before (A,c) and after (B,d) hyperbaric oxygen therapy. Magnified insets 
of the intestinal wall are included for both radiographs (c,d). Both abdominal distension and radiographical pneumatosis intestinalis were markedly 
reduced after treatment. Maximum abdominal circumference decreased from 111.5 cm to 102 cm after three hyperbaric oxygen treatments.
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oUtcoMe And Follow-Up
The patient tolerated HBO2 well aside from mild bilateral 
otic barotrauma during the first treatment. After three HBO2 
sessions,  the patient’s  symptoms had markedly  improved  such 
that abdominal distension was diminished from a circumference 
of 111.5 cm to 102 cm (figure 2B). At this point, the patient 
was able to tolerate a level 3 National Dysphagia Diet, TPN 
was  discontinued  and  ostomy  output  had  resumed.  Radiog-
raphy revealed a markedly reduced PI gas pattern and decreased 
distension of bowel loops (figure 2D). On hospital day 20 she 
was discharged to a skilled nursing facility.

diScUSSion
Here we report an autoimmune-related case of PI that responded 
clinically to HBO2 therapy, further supporting the conclusions of 
a recent review.3

Like a small number of previous reports, the PI in this case was 
felt to be secondary to scleroderma.15–19 However, our patient 
differs both in her severity of symptoms and in the rapid resolu-
tion of symptoms after only a few HBO2 sessions. For example, 
PI cases in patients with scleroderma described by Togawa et 
al and Satoh et al required 5 and 8 HBO2 treatments for full 
symptomatic relief, respectively, with the latter patient requiring 
ongoing TPN. Shimada et al20 treated a patient with PI twice 
daily for 30 days, and achieved clinical and endoscopic resolu-
tion of the lesions. They also reviewed the Japanese literature 
on patients with PI with different underlying diseases, revealing 
a range of 3–60 HBO2 treatments leading to improvement or 
resolution in 15/15 patients with one documented recurrence.20 
Frossard et al21 administered 17 treatments to a patient with 
non-scleroderma PI, including multiple Comex 30 hyper-
baric  treatments  (50:50  heliox  gas mixture)  typically  reserved 
for severe decompression illness.22 There is also a case report 
of pneumatosis coli and diarrhoea resolving after an 8-week 
tapering regimen of HBO2 therapy.23 Ongoing resolution of 
bowel wall gas cysts in PI after HBO2 therapy is documented for 
6 months to 9 years after HBO2, although immediate recurrence 
is also documented.21 24 In one case report of postoperative PI 
following emergent laparotomy with ileostomy, a single HBO2 
session was sufficient to resolve symptoms.25

Our patient was able to restart oral feeds and discontinue TPN, 
central venous access, nasogastric tube and the mobility restric-
tions imposed by these interventions shortly after completion of 
only three HBO2 treatments. Confounders in defining a precise 
role for HBO2 in our patient were concurrent treatment with 
methylprednisolone and metronidazole, as they can both treat 
PI symptoms.3 26 27 However, metronidazole has been reported 
to resolve symptoms in 1–5 days,28 29 while our patient did not 
improve until 11 days on this drug. Whether antibiotics have 
less efficacy in scleroderma-associated PI or improved effect 
with HBO2 are unknown. The potential effect of methylprednis-
olone in this case is less clear, particularly at the low dose (10 mg/
day) and because PI may be more likely to occur in patients with 
collagen vascular disorder on corticosteroid therapy.3 15 19

HBO2 therapy likely addresses some of the underlying patho-
physiological mechanisms of PI. The gaseous lesions found in PI 
contain hydrogen produced by bacteria, and nitrogen. A possible 
mechanism for gas accumulation is counterdiffusion of these 
gases between the bowel lumen and capillary, allowing super-
saturation of the bowel wall or mesentery with hydrogen.12 30–33 
HBO2 therapy effectively reduces the volume of various gas-filled 
body cavities,34 related to the oxygen window, or the differ-
ence between arterial and tissue oxygen partial pressures. This 

difference in partial pressure  promotes diffusion of oxygen 
into the gas-filled cavities. Oxygen within the cavity is metab-
olised while hydrogen moves out of the cavity by diffusion. 
This process occurs more effectively with the greater diffusion 
gradients created by HBO2 therapy as compared with normo-
baric oxygen. Typically, the bowel relies on coordinated stretch 
to regulate peristalsis.35 36 Distension of both the bowel lumen 
and the wall may disrupt this coordinated stretch process and 
alter bowel motility, but by removing luminal and bowel wall 
gas, HBO2 therapy may help return bowel stretch closer to phys-
iological parameters.

While identifying the underlying cause of PI is clearly important 
for both prognostic and therapeutic reasons, it is unclear how, or 
if, it affects response to HBO2 therapy. The case report literature 
includes successful HBO2 treatment of PI associated with several 
different conditions, including ischaemia, infection and rheuma-
tological disease.15–21 23 This suggests that HBO2 therapy may 
be effective regardless of underlying cause. In this case, HBO2 
was successful in treating PI that was most likely related to the 
patient’s underlying  connective  tissue disease,  as  there was no 
evidence of other associated conditions.

No consensus guideline for treatment of PI is available. 
Togawa et al18 proposed the use of normobaric or hyperbaric 
oxygen in patients with symptomatic PI without peritonitis. 
Tahiri et al37 suggested a treatment algorithm based on clinical, 
laboratory and imaging results, and considered HBO2 therapy as 
appropriate in the absence of indications for surgery. A recent 
review of PI also proposed an algorithmic approach, advocating 
HBO2 therapy at 2.5 ATA for 2 hours for at least three sessions 
in patients with symptomatic, ‘non-alarming’ PI.3 A large multi-
centre retrospective trial yielded a clinical prediction rule that 
elevated lactate level with either hypotension/vasopressor 
requirement or peritonitis was associated with worse outcomes, 
but did not comment on intervention with HBO2 therapy.38 We 
propose that HBO2 may be beneficial in PI when there is clinical 
deterioration, including inability to tolerate PO intake, leucocy-
tosis and elevated lactate,39 or imaging findings of portomesen-
teric venous gas, bowel dilatation, bowel wall thickening, ascites 
or mesenteric stranding.6 40 In the present case, three HBO2 
sessions at 2 ATA for 2 hours was sufficient to hasten recovery 
and hospital discharge after other conservative therapies failed 
to produce observable improvement.

learning points

 ► Hyperbaric oxygen (HBO2) therapy should be considered 
for moderate to severe pneumatosis intestinalis (PI) failing 
medical management and may be warranted prior to 
surgical intervention.

 ► A rigorously designed, randomised, controlled, double-
blinded prospective trial would more conclusively define a 
role for HBO2 in this disease.

 ► Unfortunately, such a trial is unlikely to occur given the rarity 
of PI and the limited access to hyperbaric oxygen facilities. 
As such, the case report literature remains a valuable source 
of treatment guidance for symptomatic cases of PI.
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