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Pneumomediastinum secondary to invasive and non-invasive
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ABSTRACT

Pneumomediastinum (PM) is defined as the presence of abnormal gas in the mediastinum.
It is a known complication of invasive mechanical ventilation and has been reported with
non-invasive ventilation. Recent studies have reported that the incidence of barotrauma is
lowest in post-operative patients and is highest in mechanically ventilated patients with acute
respiratory distress syndrome. The incidence has dropped with the low tidal volume ventilation
technique. Chest x-rays can miss up to 25% of small PMs detected by computed tomography
scans of the chest. Pneumomediastinum is managed with low tidal volume ventilation with
plateau pressures <30 cm H,O and treatment of the underlying lung disease. Novel ways of
ventilation, such as high frequency oscillatory ventilation and asynchronous independent lung
ventilation, may improve ventilation in some patients.
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INTRODUCTION

Pneumomediastinum (PM) is defined as the pres-
ence of abnormal gas in the mediastinum. Air leak-
age from ruptured alveoli into the mediastinum can
occur spontaneously, or following trauma, invasive
procedures, and thoracic surgery, or during invasive
mechanical ventilation (IMV). Non-invasive ventilation
(NIV) has also been reported to cause PM. Rupture of
the alveoli leads to leakage of air along bronchovascu-
lar bundles into the hilum and from there into the medi-
astinum. Along with PM, pneumothorax, subcutaneous
emphysema, and sometimes pneumoperitoneum are
known complications associated with mechanical ven-
tilation (MV) and are collectively called barotrauma. A
decrease in lung compliance, e.g., acute respiratory
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distress syndrome (ARDS), age, and underlying lung
diseases, such as interstitial lung disease (ILD), chronic
obstructive pulmonary disease (COPD), cystic fibrosis,
and certain lung infections like Pneumocystis jiroveci
pneumonia (PJP), are risk factors for PM.

INCIDENCE

Laennec first described PM in 1819, and Hamman
described spontaneous PM in 1939." Hoo et al reported
the incidence of barotrauma was the lowest in post-op-
erative patients (0.5%) and the highest in mechanically
ventilated ARDS patients (86%).? Patients with ARDS
had a higher incidence of barotrauma than patients
with other diagnoses (40—60%) with a similar mortality
range.? Caceres et al reported higher mortality with PM
due to barotrauma induced by MV than with PM due
to other conditions not caused by MV. The incidence
has decreased with low tidal volume mechanical venti-
lation. De Lattore reported the incidence of barotrauma
in mechanically ventilated patients was 4% (22 out of
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553 patients). He also reported the incidence of PM and
pneumothorax was 38% (6 out of 16 patients) in inva-
sively ventilated patients with aspiration pneumonia.
This higher incidence was attributed to necrosis in the
bronchoalveolar structures injured by aspiration.* Perez
et al observed no difference in the incidence of air leak
syndromes in two groups of preterm infants treated with
surfactant managed with either continuous positive air-
way pressure (CPAP) or invasive ventilation.® No data
comparing PM caused by invasive vs non-invasive ven-
tilation in adults were found for this review.

PATHOPHYSIOLOGY

Mechanical ventilation can be complicated by PM,
which is one of the manifestations of barotrauma which
also includes pneumothorax, subcutaneous emphy-
sema, and pneumoperitoneum. Barotrauma refers
to increased stress and pressure in the alveoli and
is one of the different presentations of ventilator-
induced lung injury (VILI). Other presentations of VILI
include volutrauma, atelectrauma, and biotrauma.
Volutrauma refers to alveolar over-distension and
strain. Atelectrauma is the injury to the lung caused
by sheer forces secondary to cyclic alveolar collapse
and reopening, and biotrauma refers to extensive
inflammatory response in the lungs secondary to
mechanical ventilation.®® Regional lung tissue has
non-homogenous susceptibility to ventilator forces.
This local lung damage has been attributed to ani-
sotropic alveolar inflation when the alveoli open dur-
ing inspiration and collapse at the end of expiration.
Some regions of the lung are more susceptible to
volutrauma than others. Non-dependent parts of the
lung tend to have higher risk of rupture with high
inspiratory pressure of tidal volume, while depend-
ent parts of the lung are at risk of large stress with
opening during inspiration and then collapsing dur-
ing expiration with insufficient PEEP.® Pneumocystis
Jiroveci pneumonia can cause cysts and pneuma-
toceles that might rupture and lead to PM. Weng et
al retrospectively reviewed the medical records of
82 patients who were admitted to the ICU with non-
HIV related PJ pneumonia and concluded that PM
complicating PJ pneumonia carries higher mortality
(21% compared to 5% in patients without PM).” The

pathophysiologic process that connects the steps of
alveolar rupture, air leakage along the bronchovas-
cular sheaths, and then escape into the mediastinum
and at times subcutaneous tissues is known as the
Macklin effect. This effect is usually detected in chest
computed tomography (CT) scans.

The hemodynamic effects of PM were studied by
Tulapati; they measured changes in heart rate (HR),
blood pressure (BP), mean arterial blood pressure
(MAP), central venous pressure (CVP), and the size
of mediastinal air column in lateral chest radiography
(CXR) after inserting a mediastinal chest tube to drain
the air in 25 pediatric patients. The mean change in the
mediastinal air column was —1.6 cm. The change in HR
was —4 beats/minutes, systolic BP +16 mmHg, diastolic
BP +11 mmHg, MAP +12 mmHg, and CVP -2 mmHg.
In four patients, the cardiac index was measured after
mediastinal tube insertion, and it increased 34%. No
complications recorded with this intervention. No simi-
lar data in adults were found for this review.

Repetitive stretch of the lung caused by MV
causes VILI. Boudreault et al identified adaptive mole-
cules that help protect the lung against stress at a cel-
lular level. Those molecules are mettalothionein and
intracellular zinc. Mettalothionein is an antioxidant and
cytoprotective molecule that maintains cellular zinc
homeostasis. Its expression is greatly affected by zinc
levels which are mainly influenced by dietary intake.
They applied stress to the lung in a form of high tidal
volumes to mice lungs in vivo and stretch to cultured
human lung cells. During these maneuvers, increased
expression of mettalothionein was detected. Also in
this study, zinc deficiency was induced in a group of
mice using a zinc deficient diet. Zinc deficient mice
more frequently developed ventilator-induced lung
injury than control mice on a regular diet. They also
found that zinc levels in patients who developed ARDS
were lower than in other ICU patients without ARDS

and in healthy patients.®
DiaGNosis
Air leaks from ruptured alveoli into the mediasti-

num and can be detected radiologically before these
leaks present with clinical symptoms. Air accumulates

The Southwest Respiratory and Critical Care Chronicles 2019;7(27):36-42 37



Mousa et al. Pneumomediastinum Secondary to Invasive and Non-invasive Mechanical Ventilation

EXPIRATION

Figure 1. Patient presented with fever and tachycardia and
imaging showed PM with air around the heart (arrows).

)|
1]
Figure 3. Air around the heart (arrow) in an asthmatic

patient who presented 2 days following an acute asthma
exacerbation.

around the heart, in the retrosternal area, and around
the trachea. Chest x-rays (CXR) and CT scans of the
chest are the main methods used to diagnose PM
(Figures 1-4). Okada concluded that CXR can miss
up to 25% of small PM cases detected on CT scans.
In his study CXRs were reviewed retrospectively

Figure 2. Air around the heart (arrows) (same pateint Figure 4. Air in the mediastinum surround the heart
in Figure 1). (arrows) (same patient in Figure 3).
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in 20 patients who presented with spontaneous
PM. Five patients had negative CXR, but 64-slice
chest CT scans showed the Macklin effect in all 20
patients.’ Wong et al suggested that adding lateral
neck radiographs can help detect PM in patients with
normal CXRs and found free air in neck soft tissue in
9 out of 10 patients with spontaneous PM and a nor-
mal CXR." Wu et al suggested it was unnecessary
to use fluoroscopic esophagograms to detect esoph-
ageal perforation since chest CTs with contrast have
the same or higher sensitivity and negative predic-
tive values as esophagograms.’? Ho et al compared
the findings in multidetector CT scans in patients with
spontaneous PM and secondary PM and noted that
air is more likely detected in the anterior mediastinum
in spontaneous than in secondary PM. He also noted
that pleural effusions, acute pulmonary airspace
opacities, and sub-diaphragmatic air are more likely
in secondary PM than in spontaneous PM.™

CLINICAL SERIES

Umegaki et al retrospectively reviewed data on 149
ARDS patients who were mechanically ventilated and
showed that a peak pressure of >35 mmHg increased
the risk of barotrauma. Many patients who develop
ARDS have comorbidities that are treated with corti-
costeroids. Umegaki suspected that there might be an
association between corticosteroid use prior to admis-
sion and barotrauma. He retrospectively compared
patients who developed barotrauma on mechanical
ventilation who had ARDS and had been treated with
corticosteroids before admission and patients who
had not received these drugs. There was no signifi-
cant difference in the incidence of barotrauma.' Yang
et al analyzed clinical data from patients with severe
acute respiratory syndrome (SARS) and found that 7
out of 27 of patients with SARS on NIV developed PM
in contrast to 1 of 189 of patients with SARS on no
mechanical ventilation.'

Zhang et al analyzed the survival in 28 patients
with connective tissue disease who developed PM.
His analysis showed that 86% of patients who survived
a month after the PM survived more than 1 year. He
reported better prognosis in patients with high albumin

levels, in patients with “slow” air leaks, and in patients
who were started on immunosuppressive treatment with
in one month of starting corticosteroid therapy. He also
reported that the rate of air leak in patients with connec-
tive tissue disease complicated by PM has remarkable
impact on mortality independent of other factors. A slow
air leak rate was defined as the time from the develop-
ment of PM to the onset of dyspnea defined by either the
new onset respiratory failure needing ventilator support
or by drop in PaO, > 30 mmHg after PM greater than
3 days.'® Colombi et al retrospectively compared two
groups of patients, namely ILD with PM and ILD without
PM. Survival was analyzed, and PM was a strong pre-

dictor of mortality with a hazard ratio of 3.0 (p = 0.032)."

MANAGEMENT AND OUTCOMES

Management of PM caused by MV requires con-
tinued mechanical ventilation but with settings that are
less injurious to the lung, if possible. Low tidal volumes
of 4-8 ml/kg and plateau pressures less than 30 cm
H20, especially in patients with ARDS, are lung protec-
tive. Treating the underlying lung disease is also nec-
essary. Some case reports have described the use of
high frequency oscillatory ventilation and asynchronous
independent lung ventilation. Others reported that use
of extracorporeal membrane oxygenation (ECMO).

Some patients with spontaneous PM can be treated
as outpatients. Ebina et al reported that 23 patients out
of 34 (67.6%) with spontaneous PM required admis-
sion. These patients were admitted for observation,
treatment of an asthma exacerbation, respiratory fail-
ure after Influenza infection, or observation after child-
birth; only one patient had recurrent PM. This result
supports a strategy of treating some patients with
spontaneous PM as outpatients unless there is doubt
about the underlying cause or if the cause needs spe-

cific medical treatment or needs further workup.®

ILLUSTRATIVE CASES-CLINICAL DISORDERS

Any deterioration in a patient’s condition while on
NIV should raise suspicion of possible barotrauma,
especially in patients with underlying lung diseases.
Garcia et al reported a 12-year-old girl who developed
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PM after being admitted with status asthmaticus and
put on NIV."®

Pneumomediastinum can progress rapidly in
patients with underlying ILD despite aggressive med-
ical treatment of underlying lung disease. Bakhshaee
and co-workers reported a patient with dermatomy-
ositis on immunosuppressive medications who pre-
sented with neck pain and shortness of breath and a
CT scan of the chest showed ground glass infiltrates,
PM, and pneumothorax. This patient died despite
intubation and aggressive immunosuppression.?

Pneumomediastinum can cause fatal pericardial
tamponade; this is attributed to peak inspiratory pres-
sure increases if the patient is coughing while on NIV.
Ruggeri reported fatal PM in a 78-year-old patient
with an acute exacerbation of COPD and ILD, which
was treated with NIV who developed pericardial tam-
ponade as the cause of his death.?'

Jonathan reported a case of intraoperative cardiac
arrest secondary to tension PM in a patient with acute
intracranial bleed secondary to moyamoya syndrome.
This patient went into respiratory collapse, and most
causes of circulatory collapse were ruled out with arte-
rial blood gases, intraoperative trans-esophageal echo-
cardiogram, and bronchoscopy. Postoperative CT chest
ruled out pulmonary embolism. However, it did show PM
as a rare cause of intraoperative circulatory collapse.?

Bronchiolitis obliterans, bronchiolitis obliterans with
organizing pneumonia, and non-classifiable interstitial
pneumonia are known lung complications in graft versus
host disease (GVHD). Those complications can cause
extra-alveolar air leaks called the thoracic air leak syn-
drome. Colin el al reported a case of tension PM in a
patient with lung manifestations of GVHD consistent with
non-classifiable interstitial pneumonia after allogeneic
hematopoietic stem cell transplantation for non-Hodgkin
lymphoma.?® He developed air leak syndrome and inva-
sive pulmonary aspergilosis and died. Air leak syndrome

usually has a poor prognosis in these patients.

ILLUSTRATIVE CASES-TREATMENT

McGinley et al reported the use of high frequency
oscillatory ventilation in an 18-month-old child who

survived staphylococcal tracheitis and necrotizing
pneumonitis complicated by PM.?*

Mehdiratta et al reported a case of PM and tra-
cheobronchial disruption secondary to blunt trauma
that was treated with asynchronous independent
lung ventilation due to unilateral lung contusion.
Initially double lumen endotracheal tube placement
was attempted but could not be inserted due to air-
way edema. Later the patient became hypoxemic,
and emergent cricothyroidotomy was initiated; how-
ever, single lumen endotracheal (ETT) intubation was
placed before completion of the cricothyroidotomy.
Due to the location of the laceration, the single tube
could not isolate the defect. Then decision to proceed
with traditional tracheostomy with selective intubation
of the right mainstem with a 5.0 mm cuffed ETT, and
the left mainstem with a 6.0 mm ETT. The contused
lung was ventilated using airway pressure release
ventilation, and the other lung was ventilated using
standard ventilation. After few days on asynchronous
ventilation, the contused lung improved, and standard
ventilation was used with both lungs.?®

Ali and co-workers reported a patient with PJ
pneumonia complicated by PM while on NIV who then
needed invasive MV. Despite the MV patient contin-
ued to have severe hypoxemia and was then man-
aged with veno-venous extra-corporeal membrane
oxygenation (V-V ECMO) to help maintain adequate
oxygenation while his infection was being treated.?

Tension PM can present with complications,
such as cardiac arrest, that require decompression
to relieve the pressures around the heart. The cause
of PM usually determines the location of the air col-
lection in the mediastinum. Pneumomediastinum due
to alveolar rupture usually collects in the anterior
mediastinum, while PM due to esophageal rupture
usually accumulates in the posterior mediastinum.
Paluszkiewicz et al reported a case of tension PM as
a delayed complication of Boerhaave syndrome that
was complicated by cardiac arrest. Decompression
through cervical and subxiphoid mediastinostomy
was unsuccessful. Decompression of the lower peri-
esophageal space through the esophageal hiatus was
successful, and sinus rhythm returned immediately
afterwards. This case suggests that decompression
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of the posterior mediastinum in cases with failed clas-
sical anterior mediastinal decompression can reduce
the tension.?’

CONCLUSIONS

1. The incidence of PM in mechanically ventilated
patients is higher in ARDS and has decreased
with the low tidal volume ventilation.

2. Chest x-rays can miss up to 25% of small PMs
detected by CT scans of the chest.

3. Pneumomediastinum is managed with low tidal
volume ventilation with plateau pressures less
than 30 cm H,O and treatment of underlying lung
disease. Novel ways of ventilation, such as high
frequency oscillatory ventilation and asynchro-
nous independent lung ventilation, may improve
ventilation in some patients.

4. Spontaneous PM can often be managed as an
outpatient unless the underlying cause needs
medical treatment or further workup.
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