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ABSTRACT
Objective: To characterize clinically all of the patients with spontaneous 
pneumomediastinum (SPM) admitted to an adult pulmonology ward in Lisbon, Portugal. 
Methods: This was a retrospective descriptive study of all adult patients (≥ 18 years of 
age) diagnosed with SPM between January of 2004 and September of 2015. Results: 
At least one predisposing factor was identified in most (88.9%) of the 18 patients who 
presented with SPM during the study period. With regard to precipitating factors, bouts 
of cough were present in 50.0% of the patients. Other precipitating factors included 
a sudden increase in tobacco consumption, inhaled drug use, occupational inhalation 
of varnish fumes, intense exercise, and vomiting. The most common complaints were 
dyspnea (in 83.3%) and chest pain (in 77.8%). Other complaints included cough, neck 
pain, dysphagia, and odynophagia. Subcutaneous emphysema was found in most of 
the patients. The diagnosis of SPM was based on chest X-ray findings in 61.1% of the 
patients. Conclusions: Although SPM is a rare condition, it should be considered in the 
differential diagnosis of chest pain and dyspnea. It can develop without a triggering event 
or conclusive findings on a chest X-ray, which is usually sufficient for diagnosis. 
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INTRODUCTION

Spontaneous pneumomediastinum (SPM) or spontaneous 
mediastinal emphysema is a rare condition characterized 
by free air in the mediastinum not preceded by thoracic 
trauma, surgery, or any other medical procedure. (1-3) It was 
first described by Louis Hamman in 1939, which is why 
it is also known as Hamman’s syndrome. (1,2,4-7) However, 
secondary pneumomediastinum had previously been 
reported as a traumatic complication, by René Laennec in 
1819.(7) SPM is a benign and usually self-limiting condition 
that primarily affects young males. In many cases, the 
precipitating factor or underlying disease cannot be 
identified.(1,8) The literature describes pre-existing factors/
conditions that facilitate the onset of SPM, known as 
predisposing factors, and events/conditions that trigger 
it, known as precipitating factors.(7) 

The pathophysiology of SPM was first described 
in 1944 by Macklin and Macklin, who suggested the 
presence of an alveolar-interstitial pressure gradient. 
Increased airway pressure leads to alveolar rupture and, 
consequently, dissection of air along the bronchovascular 
sheath toward the mediastinum, which can extend to 
the cervical subcutaneous tissue, pleura, pericardium, 
peritoneal cavity, and epidural space.(2,5,9,10) The increase 
in pressure in the intrapleural space and in the airway is 
due to predisposing factors, such as smoking, bronchial 
asthma, respiratory infection, and interstitial lung 
disease,(1,2) in combination with precipitating factors, 

such as bouts of cough, emesis, and vigorous exercise. (4) 

In some cases, no identifiable cause is found.(4) SPM has 
also been associated with inhaled drug use—including 
marijuana, cocaine, and ecstasy use—which is related 
to various mechanisms, including performance of the 
Valsalva maneuver, strong pulmonary vasoconstriction, 
and direct effects on the alveolar membrane.(6) Although 
SPM has been associated with noninvasive ventilation(11) 
and dental procedures involving the use of a high-speed 
air-turbine handpiece,(12,13) such cases are best classified 
as iatrogenic. 

The most common symptoms and signs of SPM are 
dyspnea, chest pain, neck pain, and subcutaneous 
emphysema.(4,5,14) On chest auscultation, a crunching 
sound synchronous with the heartbeat (Hamman’s sign) 
can sometimes be heard.(1,4) Pneumomediastinum is 
typically diagnosed on the basis of posteroanterior and 
lateral chest X-rays.(3) 

SPM can go unnoticed for various reasons. First, it 
is a rare condition, the incidence of which ranges from 
1:7,000 to 1:45,000 hospital admissions.(7) Second, it is 
a poorly recognized disease; the only published studies 
to date are reports of isolated clinical cases or small case 
series. Finally, patient complaints are not specific to SPM 
and are common in numerous other cardiopulmonary 
diseases.(3,5,8,14) 

The prognosis is usually excellent with conservative 
treatment, i.e., rest, oxygen therapy, and analgesia (if 
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necessary). Although SPM is rare, patients should be 
monitored for complications such as hypertensive 
pneumothorax, pneumopericardium, pneumomedi-
astinum, pneumoperitoneum, pneumorrhachis, and 
mediastinitis. Although the risk of recurrence is low, 
secondary causes should be excluded,(2,4) including 
iatrogenic/traumatic perforation of the esophagus or 
trachea/respiratory tract and intrathoracic infection.(2) 

The objective of the present study was to characterize 
clinically all SPM patients admitted to the Pulmonology 
Ward of Centro Hospitalar Lisboa Norte Hospital de 
Santa Maria, in the city of Lisbon, Portugal, in the last 
11 years, by analyzing their progression and response 
to conservative treatment. 

METHODS

This was a retrospective descriptive study aimed 
at identifying all of the adult patients (≥ 18 years 
of age) who were admitted to the aforementioned 
ward with a diagnosis of SPM in the period between 
January of 2004 and September of 2015. To that 
end, all discharge documents issued during the 
study period were reviewed. Secondary causes of 
pneumomediastinum were excluded, including thoracic 
trauma, surgery, invasive tests, and upper aerodigestive 
tract manipulation. All patients were admitted via the 
emergency department of our hospital, either directly 
or referred by other hospitals. 

All data were collected in accordance with a previ-
ously established protocol and included the following 
information: demographic data; possible predisposing 
and precipitating factors; symptoms and signs; 
additional diagnostic tests; treatment received during 
hospital stay; clinical course; length of hospital stay; 
and readmissions. When data on symptoms and signs 
were collected, information regarding the presence of 
cough, dyspnea, dysphagia, odynophagia, neck pain, 
chest pain, and subcutaneous emphysema was actively 
sought. Outpatient files were also reviewed, in order 
to identify any recurrences. 

Statistical analysis was performed with Microsoft 
Office Excel 2013, proportions, means, and standard 
deviations being calculated. The study was approved 
by the Research Ethics Committee of Centro Hospitalar 
Lisboa Norte. 

RESULTS

Over a period of 11 years and 9 months, a total of 
1,835,817 adult patients (≥ 18 years of age) sought 
emergency room treatment at Hospital de Santa 
Maria, patients presenting with gynecological/obstetric 
conditions not being taken into account. During the 
same period, a total of 8,581 patients were admitted 
to our pulmonology ward. Of those, 18 were diagnosed 
with SPM. Therefore, the incidence of SPM in our study 
was approximately 1:102,000. Of the 18 patients 
diagnosed with SPM, 66.7% were male (the youngest 
being 18 years old and the oldest being 87 years old), 

and the mean age was 35.4 ± 24.7 years. The mean 
length of hospital stay was 10.5 ± 9.9 days. 

As can be seen in Table 1, at least one predisposing 
factor was identified in most of the patients (88.9%), 
as follows: 44.4% were current smokers; 22.2% 
were former smokers; 44.4% had a history of recent 
respiratory infection; 27.8% had a diagnosis of 
bronchial asthma; 22.2% had a history of bronchial 
hyperreactivity (without bronchial asthma); and 11.1% 
had a history of interstitial lung disease. With regard 
to precipitating factors (Table 2), 50.0% of the cases 
of SPM were related to bouts of cough; 2 were related 
to bouts of vomiting; 2 were related to inhaled drug 
use; 1 was related to a sudden increase in tobacco 
consumption; 1 was related to occupational inhalation 
of varnish fumes; and 1 was related to intense physical 
activity. In 2 (11.1%) of the patients, no potential 
precipitating factor was identified. 

As can be seen in Table 3, the following symptoms 
were identified: dyspnea, in 83.3% of the patients; 
chest pain, in 77.8%; cough, in 55.6%; neck pain, in 
55.6%; dysphagia, in 27.8%; and odynophagia, in 
16.7%. Physical examination revealed subcutaneous 
emphysema in 83.3% and Hamman’s sign in only 1 
patient (Table 3). 

All patients underwent the following tests: complete 
blood count; blood coagulation testing; renal function 
testing; hepatic function testing; determination of serum 
electrolyte levels; and arterial blood gas analysis. At 
emergency room admission, mean leukocyte count 
was 12,540 × 109 cells/L (range, 3,500 × 109 cells/L to 
20,570 × 109 cells/L). Of the total of patients, 10 had 
leukocytosis and 12 had neutrophilia (> 70% of the 
relative leukocyte count). All patients underwent chest 
X-rays, diagnosis being based on chest X-ray findings 
in 11 (61.1%). The remaining patients underwent 
chest CT scans in order to clarify the diagnosis. Of 
the 2 patients in whom SPM was related to a bout 
of vomiting, 1 underwent barium esophagography 
and 1 underwent upper gastrointestinal endoscopy, 
which excluded esophageal discontinuity. In most 
(11) of the patients, there were no complications 
directly related to SPM. Of the remaining 7 patients, 
5 had pneumothorax and 2 had pneumorrhachis.(15) 
Although 1 patient died—an 81-year-old male with a 
history of chronic hypersensitivity pneumonitis—the 
cause of death was unrelated to SPM. His death 
was attributed to nosocomial pneumonia with type 
II respiratory failure. Although the patient required 
noninvasive ventilation, SPM had been diagnosed 
before the initiation of noninvasive ventilation. 

All of the patients received conservative medical 
treatment for SPM. Treatment consisted of bed rest, 
analgesia, oxygen therapy, and serial chest X-rays. 
Of the 18 patients, 7 received antibiotic therapy for 
concomitant respiratory tract infection. There were no 
recurrences in the 13 patients who were subsequently 
followed as outpatients, the duration of follow-up 
having ranged from 1 month to 76 months. Of the 
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remaining 5 patients, 4 were lost to follow-up and 1 
died (as previously mentioned). 

As previously mentioned, there have been few reports 
of pneumomediastinum related to dental procedures 
involving the use of high-speed air-turbine handpieces. 
Therefore, we decided to mention here the case of a 
patient who was admitted to our pulmonology ward 
during the study period. It was not included in our 
statistical analysis because it was considered to be a 
case of iatrogenic/secondary pneumomediastinum. 
The patient was a 36-year-old nonsmoking female 
who had had sudden-onset cervical subcutaneous 
emphysema, chest pain, and neck pain during a 
dental cleaning procedure with the use of a high-speed 
air-turbine handpiece. Diagnosis was based on chest 
X-ray findings, and the patient received conservative 
treatment. She had no recurrence during her hospital 
stay and was discharged after 5 days. 

DISCUSSION

Although the true incidence of SPM is unknown, it 
is probably underestimated because few practitioners 
are aware of this condition, the diagnosis of which 
requires a high level of suspicion.(16) In Portugal, no 
published studies have been found that have examined 
this issue, and there had been no estimates of the 

incidence of SPM in the country before the present 
study. The incidence of SPM in our study (1:102,000) 
is much lower than that reported in other studies. 
Although this suggests that SPM is underdiagnosed, 
further studies are needed in order to confirm that. 

The demographic characteristics of our sample are 
also different from those reported in the literature. 
The mean age was relatively higher in the present 
study, which is probably due to the fact that our 
patients varied widely in age. In agreement with other 
studies,(3,17) there was a predominance of males in the 
present study (2:1). 

In most studies, the proportion of SPM cases asso-
ciated with a precipitating factor ranges from 21.0% 
to 75.0%.(2,4-6,14,17,18) In the present study, however, 
that proportion was substantially higher (88.9%). This 
might be due to the fact that all of the patients in the 
present study were admitted to a pulmonology ward 
where precipitating factors were actively investigated. 
Most of the cases of SPM in the present study were 
found to be related to the Valsalva maneuver performed 
during bouts of cough or vomiting, a finding that is in 
accordance with other studies.(5,6,10,14,19) In the cases 
in which SPM was associated with a sudden increase 
in tobacco consumption, with occupational inhalation 
of varnish fumes, or with inhaled drug use, SPM was 
also attributed to the Valsalva maneuver, performed 

Table 1. Predisposing factors for spontaneous pneumomediastinum (N = 18). 
Predisposing factor n %

Current smoking 8 44.4
Recent respiratory infection 8 44.4
Bronchial asthma 5 27.8
Past smoking 4 22.2
Bronchial hyperreactivity (without bronchial asthma) 4 22.2
Interstitial lung disease 2 11.1

Table 2. Precipitating factors for spontaneous pneumomediastinum (N = 18). 
Precipitating factor n %

Cough 9 50.0
Vomiting 2 11.1
Inhaled drug use 2 11.1
Intense exercise 1 5.6
Occupational inhalation of varnish fumes 1 5.6
Sudden increase in tobacco consumption 1 5.6
Unidentified 2 11.1

Table 3. Symptoms and signs present on admission (N = 18). 
Symptoms and signs n %

Dyspnea 15 83.3
Subcutaneous emphysema 15 83.3
Chest pain 14 77.8
Cough 10 55.6
Neck pain 10 55.6
Dysphagia 5 27.8
Odynophagia 3 16.7
Hamman’s sign 1 5.6
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either during inhalation or during the bouts of cough 
triggered by airway irritation. While reviewing the 
discharge documents, we found no reference to patients 
being systematically questioned about inhaled drug 
abuse and the type(s) of drug(s) used. 

In a systematic review of 27 studies of SPM (including 
a total of 600 patients), at least one predisposing factor 
was identified in 22.0% of the cases. The most common 
predisposing factor was bronchial asthma, followed by 
interstitial lung disease, COPD, bronchiectasis, bullae, 
thoracic neoplasms, cystic disease, and respiratory tract 
infection.(17) In the present study, the most common 
predisposing factor was current or past smoking (in 
12 of the 18 patients), which led to respiratory tract 
inflammation and, consequently, bouts of cough. The 
fact that current or past smoking was considered 
a predisposing factor for SPM in the present study 
significantly increased the number of patients with at 
least one predisposing factor for SPM. 

In all of the patients in the present study, SPM 
presented as an acute or subacute condition with 
no signs of hemodynamic instability or exuberant 
inflammatory response. With regard to the symptoms 
most commonly associated with SPM, our findings 
are consistent with those of most studies,(2-6,10,14,17-20) 
as is our finding of a mild to moderate inflammatory 
response to SPM.(4-6,18) 

In the present study, the diagnosis of SPM was based 
on chest X-ray findings in most (61.1%) of the patients. 
Thoracic CT was used only in cases of uncertainty, as 
recommended elsewhere.(6,16) However, one group 
of authors(9) reported that pneumomediastinum was 
visible on chest X-rays in only 52.9% of patients. 
This difference in proportions across studies might be 
due to the different medical or surgical specialties of 
the physicians involved and to the different hospital 
departments to which patients were admitted. 

In the present study, the clinical course of SPM was 
invariably benign, and all patients received conservative 
treatment. The mean length of hospital stay was 10.5 
± 9.9 days, significantly longer than that reported 
in a systematic review published in 2013 (4.1 ± 2.3 
days).(17) This discrepancy is explained by the fact 
that the mean age of the patients in the present 
study was higher and by the presence of associated 
conditions, such as interstitial lung diseases. In the 

13 patients who were followed as outpatients, there 
were no recurrences, a finding that is consistent with 
the literature.(17) 

Invasive procedures have rarely been described 
in SPM. Their use is reserved for tension pneumo-
mediastinum with respiratory distress,(21) significant 
cardiorespiratory compromise, such as in cases of 
pneumopericardium resulting in air tamponade,(22) 
and specific cases of esophageal tear.(23) 

Although SPM is a rare condition, it should be con-
sidered in the differential diagnosis of chest pain and 
dyspnea, which focuses on cardiovascular and pulmonary 
sources, including acute coronary syndromes, pericar-
ditis, aortic dissection, pulmonary thromboembolism, 
pneumonia, pleural effusion, and pneumothorax.(2) 

Musculoskeletal pain, gastroesophageal reflux disease, 
esophageal perforation, and spasm are also included 
in the differential diagnosis.(2) 

The present study confirms that SPM can develop 
without a triggering event and with no conclusive 
findings on a chest X-ray. Because they are usually 
sufficient for diagnosis, posteroanterior and lateral chest 
X-rays should be performed first, thoracic CT being 
reserved for cases in which chest X-ray findings are 
inconclusive. Likewise, esophagography and thoracic 
CT should be performed only if there is a history or 
clinical evidence of esophageal rupture, whereas 
fiberoptic bronchoscopy and thoracic CT should be 
performed only in cases of suspected tracheal rupture. 
Despite an excellent prognosis with conservative 
treatment and a low risk of recurrence, secondary 
causes should be excluded, and patients should be 
monitored for complications. Our findings suggest 
that it might be useful for pulmonology departments 
to implement protocols that allow early diagnosis of 
pneumomediastinum by including specific questions 
regarding inhaled drug use, as well as drug testing. 
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