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patients received oxygen inhalation therapy. Oral intake 
was restricted in 36 patients and 43 patients received pro-
phylactic antibiotics. The mean time taken for sympto-
matic improvement was 1.73 ± 0.85  days from diagnosis. 
The mean hospital stay was 3.93 ± 1.44 days and no patient 
developed recurrence of SPM during the follow-up period.
Conclusions  In addition to chest X-ray, chest CT is rec-
ommended for accurate diagnosis of SPM. However, fur-
ther invasive investigations, restriction of oral intake and 
the use of prophylactic antibiotics have minimal role in the 
diagnosis and treatment of SPM.
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Diagnosis · Treatment

Introduction

Spontaneous pneumomediastinum (SPM) is a condition 
where free air arises in the mediastinum. It is generally 
believed to be caused by rupture of the alveolar due to rapid 
increase in intrathoracic pressure [1, 2]. However, SPM 
can also arise without a clear cause of increased intratho-
racic pressure, such as severe cough, strenuous exercise 
and vomiting [3–6]. SPM is an uncommon condition with a 
benign nature that responds well to conservative treatment 
[3, 7–9].

There is no clear guidelines for SPM diagnosis and treat-
ment [6, 9, 10]. Many patients with SPM undergo invasive 
investigations such as esophageal endoscopy and/or bron-
choscopy to rule out esophageal or tracheal damage, and 
are admitted to hospital for observation as there is a risk 
of developing subsequent tension pneumomediastinum and 
other complications [3, 6, 9, 11, 12]. Therefore, the aim of 
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this study was to identify appropriate methods for diagnosis 
and treatment of SPM based on our clinical experience.

Patients and methods

Patients

The medical records of patients who were diagnosed with 
pneumomediastinum and treated at our hospital between 
April 2006 and July 2015 were retrospectively analyzed. 
The diagnosis of pneumomediastinum was based on the 
finding of free air in mediastinum on chest X-ray or chest 
computed tomography (CT) images.

Patients who had traumatic pneumomediastinum or iat-
rogenic pneumomediastinum following invasive investiga-
tions, had spontaneous pneumomediastinum but were not 
admitted, or who were transferred to other hospitals were 
excluded from this study. Therefore, only those who were 
diagnosed with spontaneous pneumomediastinum and were 
admitted to our hospital for treatment were included in this 
study. Fever was defined as axillary temperature of 37.2 °C 
or greater, leukocytosis was defined as white cell count 
of 10,800/mm3 or greater, and elevated C-reactive pro-
tein was defined as 3.0 mg/dL or greater. The demograph-
ics of the patients, symptoms of complaint, precipitating 
events, investigation findings, the management and clini-
cal course were investigated. This study was approved by 
the Institutional Review Board of our institution (SCHCA 
2016-07-046-001).

Statistical analysis

SPSS 14.0 software (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. Continuous variables were dis-
played as mean and standard deviation and categorical or 
dichotomous variables were displayed as the frequency and 
percentage (%).

Results

A total of 65 patients were diagnosed and treated for 
pneumomediastinum at the department of thoracic and 
cardiovascular surgery of our hospital. Of these patients, 
the following were excluded from this study: 12 who had 
developed pneumomediastinum following trauma such as 
motor vehicle accident, fall, direct trauma and stab injury; 
2 who had developed iatrogenic pneumomediastinum fol-
lowing invasive procedures or investigations; and 6 who 
were treated as outpatients or transferred to other hospitals 
for treatment of spontaneous pneumomediastinum. The 
remaining 45 patients were enrolled in this study.

The mean age of these patients was 18.96 ± 4.65 years, 
and 35 (77.8%) of these patients were male. The mean 
body mass index (BMI) was 20.40 ± 3.08  kg/m2. Five 
patients (11.1%) had previous history of respiratory 
conditions, two of whom had pneumothorax, two had 
tuberculosis, and one patient had asthma. Eight patients 
(17.8%) were current smokers. The most common symp-
tom was chest pain (40.7%), followed by throat pain or 
discomfort (38.3%), and dyspnea (18.5%).

Nine patients (20%) had history of precipitating events 
leading to pneumomediastinum, which were cough (n = 4, 
8.9%), exercise (n = 3, 6.7%), and vomiting (n = 2, 4.4%). 
The mean time taken from the first onset of symptoms to 
hospital admission was 0.82 ± 1.13 days. The oxygen sat-
uration at hospital presentation was 98.04 ± 1.19. Forty-
one patients (91.1%) had fever, but none of the patients 
had high fevers of 38.5 °C or higher. Sixteen patients 
were found to have leukocytosis (35.6%) and 7 patients 
had elevated CRP (15.6%) (Table 1).

Thirty-three patients (73.3%) had pneumomediasti-
num seen in the initial chest X-rays. Of these patients, 20 
(44.4%) had pneumomediastinum alone, and 12 (26.7%) 
patients had subcutaneous emphysema as well as pneu-
momediastinum. One patient (2.2%) had pneumomedi-
astinum with pneumothorax. The remaining 12 patients 
(26.7%) did not have clear sign of pneumomediastinum in 
the initial chest X-rays.

All patients underwent chest CT to investigate for 
pneumomediastinum as well as other causes of their 
symptoms. Pneumomediastinum was confirmed in all 
patients. Of these patients, 17 (37.8%) had subcutane-
ous emphysema and 2 (4.4%) had pneumothorax as well 
as pneumomediastinum in their CT. Thirty-six (80%) 
patients underwent esophagogram which showed that 
none of these patients had esophageal rupture or leak-
age. None of the 14 patients (31.1%) who underwent 
bronchoscopy had abnormal bronchoscopy findings. One 
patient who had melena (2.2%) subsequently underwent 
esophagram and endoscopy, which showed chronic gas-
tritis but no other significant conditions (Table 2).

All patients received oxygen inhalation therapy 
(n = 45, 100%) and all except two patients received pro-
phylactic intravenous antibiotics (n = 43, 95.6%). Oral 
intake was restricted in 36 patients (80%). All patients 
improved without further complications. The mean 
time taken from the onset of symptoms to symptomatic 
improvement was 2.5 ± 1.36  days, and the mean time 
taken for symptomatic improvement from hospital admis-
sion was 1.73 ± 0.85 days. There were no cases of recur-
rence of pneumomediastinum during the follow-up period 
(Table 3).
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Discussion

This study investigated the medical records of patients 
who were diagnosed with pneumomediastinum (with 
exclusion of patients with traumatic pneumomediasti-
num, iatrogenic pneumomediastinum, and SPM patients 
who were transferred to other hospitals after diagnosis) 

to define appropriate method of diagnosis and treatment 
of SPM. SPM is an uncommon condition, with a reported 
incidence of 1 in 30,000 of emergency department pres-
entations by Newcomb et  al. [3], 1 in 41,600 of emer-
gency department presentations reported by Esayag et al. 
[5], and 1 in 10,470 reported by Takada et al. [6].

Table 1   Demographic and clinical characteristics of the patients

SD standard deviation, WBC white blood cells

Variables

Age, years, mean ± SD (range) 18.96 ± 4.65 (13–31)
Gender, n (%)
 Male/female 35 (77.8) / 10 (22.2)

Body mass index, kg/m2, mean ± SD 
(range)

20.40 ± 3.08 (15.15–29.28)

Past history of pulmonary disease, n (%)
 Yes 5 (11.1)
 Penumothorax 2
 Pulmonary tuberculosis 2
 Asthma 1
 No 40 (88.9)

Smoker, n (%)
 Yes/no 8 (17.8)/37 (82.2)

Symptoms, n (%)
 Chest pain 33 (40.7)
 Throat pain/discomfort 31 (38.3)
 Dyspnea 15 (18.5)
 Cough 1 (1.2)
 Dysphagia 1 (1.2)

Precipitating events, n (%)
 Cough 4 (8.9)
 Exercise 3 (6.7)
 Vomiting 2 (4.4)
 None 36 (80.0)

Time from onset of symptoms to hospi-
tal admission, days, mean ± SD (range)

0.82 ± 1.13 (0–5)

O2 saturation, %, mean ± SD (range) 98.04 ± 1.19 (95–100)
Body temperature, ℃, mean ± SD 

(range)
36.64 ± 0.42 (36.0–38.4)

Body temperature, ℃, n (%)
 <37.2 4 (8.9)
 37.2–38.5 41 (91.1)
 ≥38.5 0 (0.0)

WBC, ×103, mean ± SD (range) 10.29 ± 3.15 (5.41–17.28)
WBC, ×103, n (%)
 <10.8 29 (64.4)
 ≥10.8 16 (35.6)

C-reactive protein (mg/dL), mean ± SD 4.47 ± 9.24 (0.1–37.9)
C-reactive protein (mg/dL), n (%)
 <3.0 38 (84.4)
 ≥3.0 7 (15.6)

Table 2   Findings of radiologic and interventional procedure

CT computed tomography

Variables

Chest X-ray findings, n (%)
 Pneumomediastinum 20 (44.4)
 Pneumomedistinum with subcutaneous emphysema 12 (26.7)
 Pneumomediastinum with pneumothorax 1 (2.2)
 No pneumomediastinum 12 (26.7)

Chest CT findings, n (%)
 Pneumomediastinum 26 (57.8)
 Pneumomediastinum with subcutaneous emphysema 17 (37.8)
 Pneumomediastinum with pneumothorax 2 (4.4)

Esophagogram performed, n (%)
 Yes 36 (80)
 No 9 (20)

Abnormal findings in esophagogram, n (%)
 Yes 0 (0)
 No 36 (100)

Bronchoscopy performed, n (%)
 Yes 14 (31.1)
 No 31 (68.9)

Abnormal findings in bronchoscopy, n (%)
 Yes 0 (0)
 No 14 (100)

Endoscopy performed, n (%)
 Yes 1 (2.2): 

chronic 
gastritis

 No 44 (97.8)

Table 3   Treatment and clinical course

SD standard deviation, SPM spontaneous pneumomediastinum

Variables

Treatment
 O2 inhalation, n (%) 45 (100)
 Prophylatic intraveouns antibiotics, n (%) 43 (95.6)
 Restriction of oral intake, n (%) 36 (80)
 Restriction of oral intake, days, mean ± SD 1.70 ± 1.56 (0–6)
 Time from onset of symptoms to symptomatic 

improvement, days, mean ± SD (range)
2.5 ± 1.36 (1–7)

 Time from hospital admission to symptomatic 
improvement, days, mean ± SD (range)

1.73 ± 0.85 (1–5)
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The exact pathogenesis of SPM is unclear, but Mack-
lin et al. [1] have suggested that it is caused by alveolar 
rupture due to an increase in intrathoracic pressure, lead-
ing to air leakage that dissects the interstitial sheath and 
moves to the mediastinum. Sakai et al. [2] have suggested 
that more than 95% of cases of pneumomediastinum are 
caused by alveolar rupture, and that it is more common 
than esophageal or tracheo-bronchial damage.

Although SPM can be preceded by events that increase 
intrathoracic pressure such as coughing, severe vomiting, 
strenuous exercise and asthma attacks, some patients do 
not have precipitating events prior to developing SPM. 
Caceres et al. [4] reported that 21% of their patients with 
SPM did not have identifiable precipitants, while Bakhos 
et al. [3] ,Takada et al. [6], Kim et al. [10], Esayag et al. 
[5] reported that of 41, 44, 53, and 54%, respectively.

A study of Medline database for 22  years showed that 
34% of patients with SPM did not have specific precipi-
tating factors [7]. In this current study, the precipitating 
events leading to SPM included cough (n = 4, 8.9%), physi-
cal activity and exercise (n = 3, 6.7%), and vomiting (n = 2, 
4.4%), while 36 patients (80%) did not have a clear precipi-
tating event (Table 1).

Previous studies have reported that SPM is more com-
mon in thin patients, as it is for spontaneous pneumothorax 
[4, 13–15]. However, other studies have reported mean BMI 
of 20.2 ± 4.0 and 21.1 ± 2.0  kg/m2 in patients with SPM 
[6, 16]. In this study, the mean BMI of SPM patients was 
20.40 ± 3.08 kg/m2, which is also in the normal range. Most of 
the patients in this study were young males, whose main com-
plaints were chest pain, throat pain or discomfort, and dysp-
nea, which is similar to previous studies [3, 4, 6, 7, 9, 10].

As discussed earlier, SPM can develop without a precip-
itating event, and can also occur in patients of normal BMI. 
Therefore, although the incidence is low, SPM should be 
considered as a differential diagnosis when a young male 
patient presents with chest pain, throat pain or dyspnea.

There is no consensus on the method of diagnosis of 
SPM [9]. While some authors report that simple chest X-ray 
alone is diagnostic [17, 18], other authors state that chest 
X-ray is sufficient for the diagnosis of SPM if a patient did 
not have preceding trauma, vomiting or swallowing history, 
and that further investigation is not required if the patient 
is well [5]. On the other hand, some authors suggested that 
all patients should undergo chest CT to diagnose SPM and 
investigate for other underlying conditions [14], while other 
recommend that chest X-ray is the initial method of diag-
nosis, but chest CT and other investigations should be per-
formed if SPM and other conditions are suspected [6, 13].

However, some studies have reported that approximately 
30% of patients with SPM have normal chest X-ray findings 
[11, 19, 20]. A study of 11 adolescent patients with SPM 
reported that only 3 of these patients had X-ray findings of 

SPM in their initial chest X-rays, and after re-examination 
of the chest X-ray 5 patents were diagnosed with SPM [8]. 
In this study all patients had both chest X-ray and chest CT 
for the diagnosis of SPM and other underlying conditions 
and it was found that 26.7% (n = 12) of these patients had 
normal chest X-rays but had SPM diagnosed on chest CT. 
Therefore, it is suggested that the initial chest X-ray is care-
fully interpreted for accurate diagnosis, and that patients 
with symptoms suggestive of SPM should undergo chest 
CT even if they have normal chest X-ray findings.

In addition to chest X-ray and CT, a number of patients 
in this study also underwent esophagogram (n = 36, 80%), 
bronchoscopy (n = 14, 31.1%) or endoscopy (n = 1, 2.2%) 
to rule out esophageal perforation or tracheo-bronchial 
injury, which were all normal except for one patient who 
was found to have chronic gastritis in endoscopy. This is 
consistent with previous studies [6, 8–10]. Based on these 
findings, we do not think it is necessary to perform invasive 
investigations such as esophagogram, bronchoscopy, and 
endoscopy in patients with suspected SPM without trau-
matic event.

Many authors have used conservative methods to treat 
SPM, such as bed rest, analgesia and oxygen inhalation 
therapy to absorb free air in the mediastinum [5, 7–10, 14, 
21] and similarly, all patients in this study underwent oxy-
gen inhalation therapy to promote free air absorption. The 
indication for the restriction of oral intake and using pro-
phylactic antibiotics is still debated, with some authors rec-
ommending its use for the prevention of mediastinitis [10, 
14, 16, 22, 23] and others reporting that it is not recom-
mended as the clinical benefits are unclear [6, 8].

Although there were 16 patients (35.6%) with leukocyto-
sis and 7 patients with elevated CRP (15.6%), most patients 
in this study were managed by restriction of oral intake 
(n = 36, 80%) and administration of prophylactic antibiot-
ics (n = 43, 95.6%) to prevent mediastinitis and other infec-
tions (Table 3). However, as mentioned eariler, there were 
no patients with esophageal injuries, and the vast majority 
of patients improved immediately after conservative treat-
ment. The results of this study suggest that restriction of 
oral intake and the use of prophylactic antibiotics are not 
required in patients with SPM.

The reported time taken for symptomatic improvement 
of SPM patients is within 24 h [5], after 1.8 days [6], after 
1–3 days [24], or within 7 days [25] of developing symp-
toms, which is similar to the results in this study (Table 3). 
Radiological findings of improvement are reported to take 
3–5 days [24], or up to 3 weeks [5].

The mean duration of hospital stay was longer than 
the duration of symptomatic improvement in this study 
(Table 3) which is due to performing further investigations 
and tests to follow-up on the patient’s progress. Thus, as 
mentioned earlier, we believe that it would be possible to 
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reduce the duration of hospital stay by avoiding unneces-
sary invasive investigations and restriction of oral intake.

There were no cases of recurrence of SPM in this study. 
As reported in previous studies, the risk of recurrence of 
SPM is uncommon [3, 7, 10], and patients generally do 
not require long term follow-up [6, 10]. We agree with this 
opinion. This study is limited in its retrospective nature, 
and also by the small number of enrolled patients.

Conclusions

This study showed that SPM is a self-limiting, benign con-
dition that responds well to conservative treatment. SPM 
can occur without precipitating events, and can also occur 
in patients who are not thin. Therefore, SPM should be con-
sidered as a differential diagnosis in young male patients 
presenting with chest pain, throat pain or discomfort, or 
dyspnea. Chest X-ray as well as chest CT is recommended 
for accurate diagnosis, as SPM may not be visualized on 
chest X-ray alone. However, we believe that performing 
additional invasive investigations such as esophagogram, 
bronchoscopy and endoscopy does not have an important 
role in the diagnosis of SPM patients, and restriction of oral 
intake and the use of prophylactic antibiotics have minimal 
a role in the treatment of SPM patients.
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