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A b s t r act 

Background: Spontaneous pneumomediastinum has 
been infrequently reported as a complication of diabetic 
ketoacidosis. Evidence-based guidelines are currently not 
available to help in choosing the best diagnostic approach.
Methods: We conducted a systematic review of the literature 
and looked for diagnostic clues that might indicate the need 
for a work-up to rule out oesophageal perforation. 
Results: In all 56 published cases of spontaneous 
pneumomediastinum associated with diabetic ketoacidosis, 
the condition was self-limiting. We report one additional case 
of a 31-year-old female who presented with a spontaneous 
pneumomediastinum and also epidural pneumatosis, 
complicating diabetic ketoacidosis. 
Conclusion: Important pathology, such as oesophageal 
rupture, was not detected in any of the reported cases, and 
we suggest a restrictive diagnostic work-up. 
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Int   r o d uct   i o n

Pneumomediastinum or mediastinal emphysema, which 
was first described by Hamman in 1937,1 is defined as 
the presence of gas within the mediastinum. It may 
result from direct trauma or rupture of the oesophagus,2 
or mechanical ventilation (‘barotrauma’).3 Primary or 
spontaneous pneumomediastinum4 is believed to result 
from rupture of alveoli, following an activity that produces 

high intrathoracic pressure swings,4-9 such as labour, 
vomiting, coughing, sneezing or Valsalva manoeuvres. 
Diabetic ketoacidosis with acidotic (‘Kussmaul’) respiration 
and/or vomiting is one such condition.5 In a recent report,5 
51 cases were reviewed, including one case that was 
previously reported from the Netherlands.10 No guidelines 
are available to help in choosing the best diagnostic 
approach for patients presenting with diabetic ketoacidosis 
accompanied by pneumomediastinum. 

M eth   o d s

We searched MEDLINE and PubMed in English, Dutch, 
and German language publications, with the search 
strategy: ‘{pneumomediastinum OR (mediastin* AND 
emphysema}’ in association with ‘diabetic ketoacidosis’. We 
also used the references of all reviews and relevant papers 
that we retrieved, cross-checking for double publications. 
Two investigators (RP and TW) independently studied all 
relevant abstracts. Demographic data, blood gas analysis 
results, and all other laboratory data were entered in a data 
sheet for analysis. In addition, we report one additional 
case not previously published. 

Re  s u l t s

Until 2004, 51 cases of pneumomediastinum in association 
with diabetic ketoacidosis5 and since then five more cases 
have been reported, including our patient who we describe 
in detail below.11-14 Of these, we could summarise the 
clinical and laboratory data of the 40 cases that were 
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reported in the English, Dutch, and German literature 
(table 1). The mean age of these 40 evaluable patients was 
41 years, and there were twice as many males as females. 
Not all features studied were available for all of the 40 
patients. Vomiting was present in most but not all of these 
patients. Oesophageal rupture was not detected in any of 
these 40 patients during clinical follow-up. Computed 
tomography (CT) studies were negative in all of the five 
patients who had this test, and oesophageal integrity was 
not impaired in any of the 13 patients who underwent 
contrast swallow studies.

C a s e  r ep  o r t

A 31-year-old woman with type 1 diabetes mellitus had 
complaints compatible with gastroenteritis that initially 
subsided with antiemetics. When the vomiting recurred, 
diabetic ketoacidosis was suspected; she received additional 
short-acting insulin and was referred. She had pyrosis but 
no chest pain. She was on short-acting insulin three times 
daily before meals and long-acting insulin nocte, and an 
oral contraceptive. On admission, large tidal ventilations 
20/min were noted; there was no smell of acetone. Her 
pulse was regular at 130 beats/min; blood pressure was 

166/99 mmHg. No clinical signs indicating dehydration 
(i.e., dry arm pits, or reduced skin elasticity) were noted. 
Body temperature was 37.8°C. She had palpable skin 
crepitations in the supraclavicular fossae, left hemi-thorax 
and neck. Hamman’s sign, i.e. a crunching, popping noise 
over the cardiac apex and left sternal border, synchronous 
with each cardiac systole was present.1,4,6 Apart from 
modest abdominal tenderness, no other abnormalities were 
found. Laboratory investigations showed blood glucose 
16.8 mmol/l. Arterial blood gas analysis demonstrated a 
pH 7.42, bicarbonate 14 mmol/l, pCO2 2.9 kPa, pO2 14.6 
kPa and base excess -8.4 mmol/l without elevated lactate. 
Blood urea was elevated (16.1 mmol/l) and creatinine was 
normal (88 mmol/l), sodium 132 mmol/l, chloride was 
not measured so the anion gap could not be calculated, 
potassium 3.9 mmol/l, C-reactive protein slightly elevated 
(13 mg/l) and white blood cell count (WBC) normal (8.8 x 
109/l). A urine pregnancy test was negative; ketone bodies 
were present in the urine, as evidenced by a qualitative 
dip-stick analysis. Chest X-ray showed subcutaneous 
as well as pericardial emphysema, confirmed by 
chest CT scanning, showing a minor pneumothorax, 
a normal oesophageal wall and interestingly, epidural 
pneumatosis. Oesophageal swallow examination the next 
day (water-soluble contrast solution) was normal. With 

Table 1. Clinical and laboratory data of 40 patients reported in 30 papers retrieved from English, Dutch, and 
German publications with pneumomediastinum in association with diabetic ketoacidosis1,5,10-15,18-39

Patients analysed (n=40) Recorded in (n)

Age (years) 21 Mean 41 (± SD 12)  
Range 7-78

Female/male 40 13/27 

Vomiting 31 Present in 27 Absent in 4 

Chest discomfort 23 Present in 18 Absent in 5 

Temperature (°C) 19 Mean 36.9 (± SD 0.94)
Range 34.2-37.8

>37.7 (n=3)
Afebrile (n=7)

Pulse rate (beats/min) 30 Mean 131 (± SD 19)
Range 92-160

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

27 Mean 120 (± SD 19)
Range 80-169
Mean 73 (± SD 14)
Range 40-99

Respiratory rate (breaths/min) 24 Mean 35 (± SD 8)
Range 18-52

Tachypnoea, acidotic 
breathing (‘Kussmaul’) 
(n=10)

Hamman’s sign 27 Present in 22 Negative in 5 

pH 25 Mean 7.0 (± SD 0.14)
Range <6.8-7.42

Acidosis (n=1)

PaCO2 (kPa) 15 Mean 2.1 (± SD 0.9)
Range 0.8-3.6

Blood glucose concentration (mmol/l) 34 Mean 36.0 (± SD 15.2)
Range 13.8-87.4

WBC (x 109/l) 20 Mean 25.2 (± SD 8.9)
Range 8.8-42.2

CT scan  5 Epidural pneumatosis 
n=2

Oesophageal rupture: none

Oesophagus swallow study 13 Contrast leakage: none

Pneumothorax (chest X-ray)  2
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D i s cu  s s i o n

Pneumomediastinum is a benign, self-limiting 
complication of diabetic ketoacidosis. Epidural 
pneumatosis has only been reported once in association 
with diabetic ketoacidosis.5 However, it might be more 
common and perhaps went unnoticed before CT 
scanning became readily available. Apparently, vomiting 
may not explain all cases of pneumomediastinum.2,4-7 
Acidotic (‘Kusmaul’) breathing alone may apparently 
induce transalveolar pressure swings that are sufficient 
to cause alveolar rupture. Chest discomfort (in 45%) 
may result from air collections in the mediastinum 
or pleural space. Three patients including ours had 
pneumothorax but none required pleural drainage.15,16 
If air collections accumulate in the pharynx and larynx, 
the voice may change (‘hot potato voice’). Hamman’s sign 
may be present.1 Air collections may appear at different 
anatomical sites depending on the site of alveolar rupture. 
Subpleural alveolar rupture may result in pneumothorax, 
and subcutaneous emphysema which is often observed 
in association with pneumothorax. Rupture adjacent to 
bronchovascular bundles may cause pneumomediastinum 
and pneumopericardium, entities frequently associated 
with pneumothorax. Epidural gas collections may result 
from gas passing from the posterior mediastinum through 
the intervertebral foramina into the epidural space. 
Severe persistent vomiting and chest pain suggests 
oesophageal rupture (Boerhaave syndrome).5,11,12,16 
However, oesophageal rupture was not detected in any 
of the 40 cases of ketoacidosis-associated pneumome-
diastinum that we reviewed. Oesophageal rupture in 
this setting is unlikely.2,4,17 Spontaneous pneumome-
diastinum associated with conditions other than diabetic 
ketoacidosis also has a benign course.2,4,6-9,17 Most of 
the clinical signs are likely to have subsided by the time 
metabolic control has been achieved, and when patients 
are able to drink, we suggest that they are started on clear 
fluids first. 
Gastro-oesophageal endoscopy is only indicated when 
other pathologies are being considered. In our patient 
severe gastro-oesophageal reflux disease was diagnosed. 
Until perforation has been ruled out, endoscopy should 
not be performed. Oesophageal swallow imaging with 
water-soluble contrast solution is a safe procedure to rule 
out Boerhaave syndrome, provided that the patient is 
conscious.5 

C o nc  l u s i o n

Pneumomediastinum associated with diabetic ketoacidosis 
has a benign course and a restricted diagnostic approach 
is justified.

Figure 1. Postero-anterior chest radiograph showing 
pericardial and mediastinal emphysema

Figure 2. CT scan showing gas collections in the 
mediastinum, pericardium, pleural en epidural space; 
and subcutaneous emphysema
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intravenous insulin and fluid and potassium substitution, 
hyperglycaemia and metabolic derangements were readily 
corrected. Persistent pyrosis prompted an oesophago-
gastroscopy that revealed grade D distal reflux oesophagitis, 
successfully treated with omeprazole. Five days later the 
chest X-ray had normalised, and she was discharged. 
A chest film was compatible with subcutaneous as 
well as pericardial emphysema (figure 1). CT scanning 
confirmed the presence of subcutaneous emphysema 
and demonstarted the presence of a pneumopericardium, 
pneumothorax and epidural pneumatosis (figure 2).
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N o te

This report reviews the literature, and reports one 
additional case that cannot be recognised from the case 
description; ethics clearance by IRB was waived. The 
patient however declared to us that she would be pleased if 
her case was reported in the literature
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