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Introduction

The mediastinal cavity is defined as the area demarcated by 
the pleural cavities laterally, the thoracic inlet superiorly 
and the diaphragm inferiorly.[1] Pneumomediastinum 
(PM) also referred to as mediastinal emphysema was 
originally described in 1819 by Laënnec and[2,3] is defined 
as the presence of free air in the mediastinal cavity. 
The discovery of free air in the mediastinal cavity is 
often thought of as a phenomenon secondary to a more 
serious medical condition. PM is broken down into two 
categories [Figure 1], one is as a result of trauma or caused 

iatrogenically due to endoscopic or other therapeutic 
procedures. Such cases are referred to as secondary 
PM, with a clear and causative factor. The second is the 
presence of free air in the mediastinal cavity without a 
clear etiology. In this review, we explore instances where 
PM is discovered without an identifiable source, which 
is referred to as spontaneous pneumomediastinum 
(SPM). The diagnosis of SPM is often obscured due to 
the fact that chest pain and dyspnea, two of the most 
common presenting symptoms, are a sign of a multitude 
of cardio-pulmonary pathologies. A consensus needs to 
be formed regarding presenting symptoms, clinical signs 
and medical conditions pre-disposing to the formation 
of SPM. Our results are presented along with a review 
of the literature outlining the clinical presentation, 
diagnostic algorithm as well as the therapeutic process 
in the setting of SPM.

The aim of this review is to outline the clinical scenario 
of a case of SPM. A MEDLINE/PubMed search was 
performed with the objective of identifying all articles 
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published in the English language between January 1950 
and February 2013 with “SPM” in the title. Combinations 
of medical subject heading terms including “SPM,” 
“causes of SPM” and “symptoms of PM” were used. We 
largely selected publications from the last 10 years, but 
did not exclude any older publications that were widely 
referenced and highly regarded. We also searched the 
reference lists of articles identified by this search strategy 
and selected those we judged to be relevant. All pertinent 
reports were retrieved and the relative reference lists 
were systematically searched in order to identify any 
potential additional studies that could be included. All 
data was accessed between March and April 2013.

A total of six case series were selected and reviewed, 
which included a total of 201 patients that were admitted 
to their respected hospitals where an eventual diagnosis 
of SPM was established.[4-9] The range of ages was 
3-84 with an average age of 27.25 years (aggregate). 
Majority of patients, 74% (149 of 201) were male and 26% 
(52 of 201) were female.[4-9]

Features of  Presentation

Of the six case series reviewed, the most common 
presenting symptom was chest pain occurring in 75% 
of patients (150 of 201) [Table 1]. Other less common 
symptoms included dyspnea in 49%,[4-8] cough in 36%,[5-7]  
neck pain in 36%[4,5,7-9] and dysphagia in 18%.[4,5,7-9] 
There were also sporadic complaints of odynophagia, 
lightheadedness, weakness, dysphonia, back pain, 
nasally sounding voice (rhinolalia) and central abdominal 
pain (epigastralgia)[4-9] [Table 1].

Clinical examination of these patients revealed the 
presence of subcutaneous emphysema in 58% patients[4-9] 
[Table 2]. However, the presence of Hamman’s crunch, 
a crunching or bubbling sound over the mediastinum 
synchronous with the heart beat (Hamman’s sign)[1-3] was 
only observed in 18%[4,5,7-9] of SPM patients. There were 
sporadic findings of neck swelling as well as associated 
pneumothorax.[6]

Figure 1: Classification scheme of pneumomediastinum. 
Pneumomediastinum can be broken down into two main categories, 
secondary and idiopathic. Both categories have multiple causes

Table 1: Chief complaints prior to diagnosis of spontaneous pneumomediastinum
Chief complaint Abolnik et al. Macia et al. Caceras et al. Iyer et al. Kaneki et al. Jougan et al. Total
Chest pain 22 (88) 35 (85) 15 (54) 39 (63) 33 (100) 6 (50) 150 (75)
Dyspnea 15 (60) 20 (49) 11 (39) 27 (44) 19 (58) — 92 (49)
Neck pain 12 (48) 18 (44) — 11 (18) 23 (70) 3 (25) 67 (39)
Cough — 10 (24) 9 (32) 28 (45) — — 47 (36)
Dysphagia 10 (40) 5 (12) — 3 (5) 13 (39) 1 (8) 32 (18)
Odynophagia — 15 (37) 1 (4) — — — 16 (23)
Lightheaded — — — 11 (18) — — 11 (17)
Weakness 10 (40) — — — — — 10 (40)
Dysphonia — 5 (12) — 3 (5) — — 8 (4)
Back pain 4 (16) — — — 3 (8) — 7 (3)
Rhinolalia — — — — — 2 (17) 2 (1)
Epigastralgia 1 (4) — — — 1 (3) — 2 (1)
N 25 41 28 62 33 12 201

Table 2: Clinical findings in spontaneous pneumomediastinum patients
Clinical finding Abolnik et al. Macia et al. Caceras et al. Iyer et al. Kaneki et al. Jougan et al.
Subcutaneous emphysema 15 (60) 29 (71) 9 (32%) 28 (45) 26 (79) 11 (92)
Neck swelling — — 4 (14) — — 2 (17)
Hamman’s crunch 10 (40) 5 (12) — 0 (0) 17 (52) —
Pneumothorax — — 2 (7) — — —
N 25 41 28 62 33 12
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Pre-disposing factors
Of the six case series reviewed, four of them, totaling 
156 patients, discussed possible triggering events or pre-
disposing risk factors of SPM [Table 3]. Of the reporting 
case series, a positive history of smoking or tobacco use 
existed in 32%[5,6] of patients. A pre-existing diagnosis 
of asthma existed in 18%[4-7] of patients, interstitial lung 
disease (ILD) existed in 14%[6,7] and a recent history of 
upper respiratory infection was present in 9%[4,5]. A 
review of triggering events showed that emesis occurred 
in 14%[5-7] of patients, strenuous physical activity in 9%[4-7] 
of patients and bouts of cough in 7%[5,6] of patients.

Presentation
Though, this review focuses on the idiopathic form of 
PM it is important to mention that clinical presentation 
of SPM and mild secondary PM may be difficult to 
differentiate, so every effort must be made to eliminate 
possible secondary causes. Patients diagnosed to have 
SPM tend to be young, thin, males who present with 
arbitrary symptoms of chest pain, cough and dyspnea.[8] 
Due to the vague nature of these symptoms, the diagnosis 
requires a high-level of clinical suspicion. It has been 
estimated that up to 30% or more cases of SPM may go 
initially undiagnosed.[8]

Spontaneous mediastinum can also occur in a setting of 
a pre-existing pulmonary condition. A history of asthma 
and associated coughing bouts has been reported as 
a possible factor in the development of SPM in up to 
25% of cases.[10] Chronic obstructive pulmonary disease 
(COPD), ILD and recent history of an upper respiratory 
tract infection have also all been reported. Up to 32% of 
patients in reporting case series had a history of tobacco 
use, primarily smoking.[5,6]

SPM has also been linked to certain triggering events 
such as bouts of emesis, retching, cough and physical 
sporting activities [Table 3].[5-7] Though uncommon, SPM 
has also been identified in situations such as childbirth,[11] 

forceful straining during exercise, straining at passing 
stool, coughing and sneezing.[12]

Diagnosis
Majority of patients with eventual diagnosis of SPM 
presented with chest pain. The initial differential 
diagnosis is wide and includes pulmonary, cardiac, 
musculoskeletal and esophageal etiologies due to the 
vague nature of presenting symptoms. Eventually, 
majority causes can be safely diagnosed with a 
thorough history, detailed physical examination, 
electrocardiographic as well as radiographic or 
endoscopic assessment.[13] Though, it was Hamman in 
1939 that first reported of his pathognomonic sign for 
subcutaneous emphysema, it is not always observed 
in cases of SPM. Review of the case series showed that 
subcutaneous emphysema is present in majority of 
patients, but only a small percentage show a positive 
Hamman’s sign.[4,5,7-8] To make a definitive diagnosis, 
diagnostic imaging must be part of the work-up [Figure 2].  
Chest radiography is almost always the primary 
imaging technique of choice, which can identify SPM in 
up to 90% of cases.[8] There are certain radiological signs 
to look for in suspected cases of PM. If there is sufficient 
air, the thymus can become elevated to produce the 
thymic sail sign, which is more common in a pediatric 
population.[14] Another classical sign indicating free 
air in the mediastinum is called the “ring sign,” which 
is caused by air surrounding the pulmonary artery or 
either of its main branches, especially when the air 
surrounds the intramediastinal segment of the right 
pulmonary artery.[15] If a definitive diagnosis can be 
made with a plain chest film, no further testing is 
needed and the patient may be observed. However, 
in cases where chest film is not apparent computed 
tomography (CT) scanning is always diagnostic.[16]

Management
Usually, SPM is not part of the differential diagnosis 

Table 3: Triggering event and pre-existing condition/risk factors for spontaneous pneumomediastinum
Event/factor Abolnik et al. Macia et al. Caceras et al. Iyer et al. Total
Emesis — 4 (10) 10 (36) 4 (6) 18 (14)
Cough — 3 (7) 2 (7) — 5 (7)
Physical activity 6 (24) 5 (12) 1 (4) 2 (3) 14 (9)
Smoking/tobacco — 14 (41) 8 (29) — 22 (32)
Asthma 6 (24) 9 (22) 4 (14) 9 (15) 28 (18)
ILD — — 2 (7) 11 (18) 13 (14)
COPD — — 1 (4) 5 (8) 6 (7)
Inhaled drugs — 4 (10) — 6 (10) 10 (10)
URI 3 (12) 3 (7) — 5 (8) 11 (9)
N 25 41 28 62 156
ILD: Interstitial lung disease; COPD: Chronic obstructive pulmonary disease; URI: Upper respiratory infection
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and it is treated as another causative factor of chest 
pain, dyspnea and wheezing, i.e., asthma or COPD 
exacerbation. SPM usually follows a benign course and 
management is, in most cases conservative. Majority 
of patients admitted to the hospital are treated with 
analgesics, rest, oxygen therapy, bronchodilators 
and occasionally antibiotic treatment.[4] Pure oxygen 
treatment increases the diffusion pressure of nitrogen 
in the interstitium and promotes rapid absorption of 
the free air.[17] If any pre-disposing condition (asthma, 
infection, airway obstruction, etc.) is responsive to 
pharmacological management then SPM is self-limiting.[18]  
Once released from the hospital SPM patients may 
be followed on an out-patient basis with serial chest 
radiographs or CT scans until complete resolution. 
In addition, bed rest is a vital part of conservative 
management to help expedite the resolution of SPM to 
avoid any further complications.

Complications
Though complications are rare in SPM, prompt 
diagnosis and management are imperative to prevent 
further progression. In laboratory experiments induced 
by Macklin and Macklin, SPM showed a possibility 
to convert to tension or malignant PM,[17] which may 
lead to cardiac or great vessel compression. Cases 
of persistent mediastinal free air have been reported 

that suggest air leaking into the pericardial sac can 
result in pneumopericardium.[18] Similar mechanisms 
can lead to free air reaching the retropharyngeal and 
the retroperitoneal spaces.[18] Air can also easily pass 
through the cervical region due to the close proximity 
between the mediastinum and the upper spine which 
may result in pneumorrhachis, free air in the spinal 
canal.[19] Airflow movement through pleural structures 
can explain the onset of pneumothorax or even tension 
pneumothorax;[18] however, its occurrence is rare. If such 
complications arise they should be treated emergently 
with chest tube placement or surgical decompression.[20]

Discussion
The mediastinal cavity is defined as area demarcated 
by the pleural cavities laterally, the thoracic inlet 
superiorly and the diaphragm inferiorly.[1] PM refers 
to the presence of free air within the mediastinal 
cavity. SPM, which was initially described by Laennec 
in 1819, was further characterized in case series by 
Hamman in 1939.[10] SPM is a rare condition reported 
with incidence of less than 1:44,000 and often follows 
a benign course.[5] Though many pre-existing medical 
conditions have been thought to pre-dispose to the 
development of SPM, the pathophysiologic process is 
the same. It is thought that sudden changes in pressure 
in the thoracic cavity may precede the development 
of SPM due to the alveolar leakage. The pathogenesis 
of SPM was first proposed by Macklin in 1939, who 
thought that alveolar ruptures lead to air dissection 
along bronchovascular sheaths, which with eventual 
spreading of this pulmonary interstitial emphysema 
into the mediastinum.[21,17] The Macklin effect reported 
in 1944, the PM pathophysiology, is broken down into a 
three step process, alveolar ruptures, air dissection along 
bronchovascular sheaths and spreading of this pulmonary 
interstitial emphysema into the mediastinum.[21,17]  
The Macklin effect is also involved in secondary PM 
such as in blunt traumatic PM, but also in PM arising 
in various conditions, such as respiratory distress 
syndromes, barotraumas, asthma crises, mechanical 
ventilation and valsalva maneuvers (parturition, intense 
vomiting and epileptic seizures).[6-8,11,12]

Conclusion
SPM is a rare condition that often follows a benign 
course and is often under diagnosed due to a clinical 
presentation similar to many respiratory pathologies. Due 
to rare but serious complications, diagnosis and expectant 
management are necessary. Development of SPM is 
often seen in young males who are smokers or patients 
that have a pre-existing pulmonary condition. In SPM 
patients, chest pain and dyspnea are the predominant 

Figure 2: Diagnostic workflow for patients highly suspicious 
of spontaneous pneumomediastinum. Chest pain suspicious of 
spontaneous pneumomediastinum can be initially evaluated with 
a plain chest radiograph. Result depending, further investigations 
may be ordered
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symptoms often clouding the differential diagnosis. 
The pathognomonic sign of Hamman’s crunch is only 
be present in a small percentage of SPM patients, but 
it does not rule out the need for further investigations. 
In any patient, especially actively smoking young 
males, pulmonary patients or in patients that have a 
recent medical history with a high clinical suspicion, 
a full comprehensive radiological assessment must be 
performed to rule out presence of SPM due to its possible 
complications.
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