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ABSTRACT

Background: The current global pandemic of the coronavirus disease 2019(COVID-19) is a threat to the lives of the millions
of people worldwide. A high number of patients with COVID-19 infections lead to pneumonia or respiratory compromise and
followed by undergoing invasive mechanical ventilation. The invasive ventilation may cause barotrauma and further cause pneu-
mothorax, pneumomediastinum and subcutaneous emphysema in the head, neck and chest region.

Objective: To assess the surgical emphysema in the head, neck and thoracic region of the intubated COVID-19 patients. Meth-
ods: In this retrospective study, clinical and imaging data of the COVID-19 patients with invasive ventilation and development
of the subcutaneous emphysema were studied between March 2020 and September 2020. There were 262 patients files were
evaluated those were under mechanical ventilation at the intensive care unit (ICU) of COVID-19 hospital.

Results: A total of 262 patients with COVID-19 patients underwent invasive mechanical ventilation. Out of them, 38 patients pre-
sented with surgical emphysema in the head, neck and chest region. The mean age of the participating patient was 62 year +14
(standard deviation). Out of the 38 patients, 26(68.42%) were male and 12 female (31.57%) with male to female ratio of 2.16:1.

Conclusion: Patients with COVID-19 infections with invasive mechanical ventilation have a high chance of the barotrauma. The
development of the barotrauma in the lungs may lead to pneumothorax and surgical emphysema in the head, neck and chest
region.
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INTRODUCTION developing a life-threatening condition called as pneumome-
diastinum or pneumothorax where the air is present in the
mediastinum or pleural space respectively. These manifesta-
tions often lead to subcutaneous emphysema in the head and
neck region.* Clinical practice during non-COVID-19 time
showed the development of the subcutaneous emphysema
and pneumomediastinum as uncommon entities which often
result from air leak from the lungs or other luminal organs.® It
is commonly associated with injuries of the tracheobronchial
tree, lungs or pleural space and trauma to the oesophagus.
In the last few months, there is the increasing number of the
pneumomediastinum and subcutaneous emphysema in the
head, neck and chest region following orotracheal intubation
and ventilation in confirmed COVID-19 patients. This is a
novel clinical finding among the intubated COVID-19 pa-

The coronavirus disease 2019(COVID-19) is a dreaded viral
disease caused by anovel virus called severe acute respiratory
syndrome coronavirus 2(SARS-CoV-2) and has been called
as a pandemic by the World Health Organization(WHO) with
more than 4.8 million confirmed patients and 300 thousand
death globally.! Acute respiratory distress syndrome (ARDS)
and hypoxemic respiratory failure are found in COVID-19
infections and considered as feared complications of this dis-
ease.? These patients require intensive care admission and
mechanical ventilation. In current COVID-19 pandemic,
there is the rising number of patients requiring orotracheal
intubation or tracheostomy for ventilation. One study from
the USA, 22% of the hospitalized COVID-19 patients re-
quires invasive mechanical ventilation.> These patients are
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tients, which carries high morbidity and mortality. We found
many COVID-19 patients with invasive ventilation at the
COVID hospital ICU presenting with pneumothorax, pneu-
momediastinum and subcutaneous emphysema at the head.
Neck and chest region. On this observation, we hypothesized
that barotrauma related to invasive mechanical ventilation
can cause subcutaneous emphysema in COVID-19 patients.
Numerous publications are documenting the clinical presen-
tations and outcome of the COVID-19 infection. However,
there are very few or no studies done in these rare complica-
tions like pneumothorax, pneumomediastinum and subcuta-
neous emphysema in this region. Here, this study aims to
evaluate the details of the subcutaneous emphysema in the
head, neck and chest region in COVID-19 patients under in-
vasive mechanical ventilation.

MATERIALS AND METHODS

This retrospective study was conducted at a COVID-19 hos-
pital with an intensive care unit (ICU) attached to a tertiary
care teaching hospital. This study was done between March
2020 to September 2020. This study was approved by the
institutional ethical committee (IEC) of our medical col-
lege with reference number IEC/SOA/IMS/34/12.02.2020.
The institutional review board made waiver of authorized
consent by the patients or patient relatives because of the
urgent pandemic situation. There were 262 patients under
mechanical ventilation at the ICU who participated in this
study. All the participating patients were COVID-19 patients
confirmed based on real-time reverse transcription-poly-
merase chain reaction assays. The clinical features includ-
ing age, sex, date of admission, date of invasive mechanical
ventilation(IVM), date of development of the subcutaneous
emphysema and date of death (if applicable) were docu-
mented. The patient outcomes were evaluated. Chest X-ray
was done in all the participating patients. The inclusion cri-
teria of this study were age older than 18 years, COVID-19
patients with ARDS at the ICU and with invasive mechani-
cal ventilation. Patients admitted until September 30, 2020,
were included in the study. All the data and variables were
collected from the electronic patient registry. The diagnosis
of the pneumothorax and subcutaneous emphysema were
confirmed by the chest X-ray or CT scan. All these 38 pa-
tients were invasively ventilated for respiratory compromise
with severe hypoxemia. We documented details of the co-
morbidities, ventilation, signs and symptoms associated with
pneumomediastinum and the management. The patients with
a previous history of lung surgery or thoracotomy before the
diagnosis of the COVID-19 were excluded from this study.
The details of the ventilator settings were not documented as
these were outside the scope of this observational study. In
this study, all the data were recorded and analyzed by using
Statistical Package for Social Science (SPSS) software, v20.

RESULT

There were 38 patients (14.50%) developed subcutaneous
emphysema in the head, neck and thoracic region out of the
262 intubated patients at the ICU of the COVID hospital.
The age ranges were 18 years to 84 years with a mean age
of 61+14 years. Barotrauma was found in 64 cases (24.24%)
and confirmed in chest X-ray and CT scan of the thorax.
Out of 64 cases with barotrauma, 42 showed pneumothorax
(Figure 1), 38 showed subcutaneous emphysema and 32 with
pneumomediastinum. Out of the 38 patients with emphyse-
ma in the head, neck and chest region (Figure 2), 26 were
male and 12 female with male to female ration is 2.16:1. All
these 38 patients were also diagnosed with pneumothorax.
The majority of the patients had underlying comorbidities
such as hypertension in 22 patients (57.89%) and diabetes
mellitus in 18 patients (47.36%) (Table 1). Out of 38 pa-
tients, 11 (28.94%) were suffered from obesity and had body
mass index (BMI) above 30. There were 7 patients with a
previous history of COPD (18.42%). Out of 38 patients, 24
were intubated by using direct laryngoscopy and by video la-
ryngoscopy in 14 patients. No bougies or stylets were used at
the time of intubations in all of the cases. On average, COV-
ID-19 patients were hospitalized for 4.8 days before invasive
mechanical ventilation (range 1 to 22 days). Time to develop
subcutaneous emphysema after tracheal intubation ranged
from 5 hours to 16 days with a mean duration of 5.3 days.
All these 38 patients were managed with lung protective
strategies. Out of the 38 patients, 16(42.10%) showed evi-
dence of severe ARDS at the time of the barotrauma (PaO2/
Fi02<100) (Table 2). Positive expiratory pressure (PEEP)
requirements were 10 to 20 cmH20 with mean 14.6 cmH20.
All these 38 patients developed subcutaneous emphysema in
the head and neck region along with increasing requirements
of the oxygen. There were 32 patients with pneumomedi-
astinum (Table 3). The diagnosis of the pneumomediastinum
was done due to progressive increase of the subcutaneous
emphysema in the head and neck and chest area and this is
confirmed by the imaging such as X-ray chest or CT scan
of the chest. Four patients (10.52%) revealed tracheal injury
visible in the CT scan of the thorax and again confirmed by
the flexible bronchoscopy. Bilateral intra-pleural and subcu-
taneous chest drains were placed in 15 patients for treating
the sequelae presumed injuries at the trachea. All those de-
veloped pneumothorax underwent bedside insertion of the
thoracostomy tube. Out of the 38 patients with surgical em-
physema at the head, neck and thoracic region, 25 patients
(65.78%) were passed away. Three patients were died after
being put on extracorporeal membrane oxygenation (ECMO)
with increasing lactate and right heart failure because of pul-
monary hypertension. Ten patients were successfully decan-
nulated after removal of the chest drains and are presently
clinically stable.
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DISCUSSION

The current pandemic of the COVID-19 infections is a glob-
al threat and affect the lives of the millions of people of the
worldwide. It has made a huge burden on health care systems
globally. SARS-CoV-2 pneumonia often needs mechanical
invasive ventilation for treating the hypoxemia.® However,
the subcutaneous emphysema and pneumothorax aggravate
respiratory failure. The exact pathophysiology for develop-
ment of the pneumothorax and subcutaneous emphysema
in SARS patients are thought to be associated with diffuse
alveolar damage which causes leakage of the gas into the
pulmonary interstitium leading to the pneumomediasti-
num and subcutaneous emphysema.” This mechanism sup-
ported by the postmortem studies on SARS lungs showing
extensive features of acute exudative alveolar and vascular
damage.® The alveoli of the lungs are prone to rupture by a
diffuse alveolar injury caused by SARS-CoV-2 infections.’
The alveolar rupture causes air leakage and interstitial em-
physema. One report documented the alveolar rupture in
a patient without invasive ventilation which indicates that
subcutaneous emphysema and pneumothorax may be associ-
ated with SARS-CoV-2 infection.!” In this study, 38 patients
(14.50%) presented with subcutaneous emphysema and
42(16.03%) presented with pneumothorax. As there is long
term increase of alveolar pressure, decrease in alveolar capil-
lary blood supply and impairment in the nutrition of the lung
tissue in chronic obstructive pulmonary disease (COPD),
the tolerance and elasticity of the alveolar wall are usually
weakened. So, SARS-CoV-2 pneumonia in COPD patients
is more likely to result in spontaneous pneumothorax and
subcutaneous emphysema.!' Pneumothorax, mediastinal em-
physema and subcutaneous emphysema are known compli-
cations of invasive mechanical ventilation found in critical
patients.!? In case of invasive ventilation in the patient, the
air pressure in the respiratory tract is very high which lead
to the raised pressure gradient between the alveoli and sur-
rounding tissues, causing rupture of the alveoli and develop-
ment of the emphysema. During the same time, as average
air pressure at the mediastinum is lower than surrounding
lung tissue, the air enters the mediastinum and cause pneu-
momediastinum and subcutaneous emphysema.'’ Traumatic
or improper intubation of the endotracheal tube may cause
injury to the tracheal wall and further cause subcutaneous
emphysema. The airway of the elderly persons is more prone
to injury than young age during tracheal intubation. Patients
with a history of thoracotomy are more prone to the develop-
ment of the subcutaneous emphysema. In this study, patients
with a history of thoracotomy were excluded. Patients with
mediastinal emphysema, pneumothorax and subcutaneous
emphysema and with ventilators progress to more respira-
tory dysfunctions. So, patients with ventilators require a dy-
namic review with chest radiograph to early identification of
the complications.COVID-19 patients COPD and invasive

mechanical ventilation are prone to respiratory failure. So,
clinicians should think of these clinical situations and repeat
X-ray chest for preventing respiratory failure.

COVID-19 infections cause inflammation and oedema of the
upper and lower airways and make patients vulnerable to in-
jury from the instrumentation.!* Tracheal intubation in case
of hypoxemia during an emergency may cause tracheobron-
chial injury. Proximal injury of the trachea is often respon-
sible for the development of the subcutaneous emphysema
at the head and neck area. In this study, 4 patients revealed
tracheal injury visible in the CT scan of the thorax and again
confirmed by the flexible bronchoscopy. The COVID-19
patients who develop acute respiratory syndrome (ARDS)
require aggressive ventilatory support and further may land
in multi-organ failure which needs intensive care stay for
longer periods. There is an unusual occurrence of pneumo-
thorax or pneumomediastinum along with surgical emphy-
sema in the head and neck region in intubated patients.'
Subcutaneous emphysema and pneumomediastinum are usu-
ally resulting of spontaneous rupture of the alveoli or more
rarely due to disruption of the upper airways or gastrointes-
tinal tract and associated with the presence of air within the
mediastinal cavity or in subcutaneous tissues respectively.'®
The clinical presentations of subcutaneous emphysema and/
or mediastinum depend on the amount of the extravasated
air and degree of extension in the affected area. Mostly, the
presentations include swelling and crepitus in the affected
anatomical site, chest pain, dyspnea and dysphagia.!” The
most commonly accepted explanation for the development
of the subcutaneous emphysema and pneumomediastinum
are presently based on the sequence of events called as the
so-called “Macklin Effect”.!® Once there is rupture of the al-
veoli due to primary lung trauma or increased pressure gradi-
ent between alveoli and their surrounding interstitial space,
free air enters along the peri-bronchovascular interstitial
sheaths or the visceral pleura. This air finally spreads into the
mediastinum and head and neck region.!”” During the SARS
outbreak in 2002-2003, a study at Hong Kong documented
an incidence of 11.6% of spontaneous pneumomediastinum
in infected persons. 2° There is rarely any study for establish-
ing the exact incidence of spontaneous pneumomediastinum
and subcutaneous emphysema in COVID-19 patients. In this
study 38 cases (14.50%) presented with subcutaneous em-
physema, 42 (16.03%) presented with pneumothorax and 32
cases (12.21%) presented with pneumomediastinum.

COVID-19 patients have a higher chance of barotrauma.
This incidence may be explained based on the previous stud-
ies with ARDS resulting from pneumonia which may cause
early barotrauma.?! These patients often need high PPEP to
maintain oxygenation, which increases the chance for baro-
trauma. Reports from China also documented the spontane-
ous pneumomediastinum in COVID-19 patients.”> In COV-
ID-19 patients, barotrauma may occur and progresses rapidly
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after invasive mechanical ventilation, which may show the
worsening of the spontaneous barotrauma from lung injury
as seen in some of our patients. This manifestation may also
reflect the severity of lung injury by SARS-CoV-2 infections.

There were three case reports published of spontaneous de-
velopment of pneumomediastinum in COVID-19 patients.
In the first case, pneumomediastinum developed on 11" day
after intubation, however, resolved with conservative man-
agement.”® The second case of 38-year-old man developed
pneumomediastinum was found to be with multiple bullae
leading to surgical emphysema and pneumomediastinum.
This was thought to be increased intra-thoracic pressure
after coughing which managed conservatively.” The third
case was a female patient where CT thorax showed pneu-
momediastinum. This patient passed away after two days
with respiratory failure.” Pneumomediastinum is an uncom-
mon but well-documented entity in acute respiratory distress
syndrome (ARDS). One retrospective study on CT scans of
the thorax in invasively ventilated patients for ARDS shown
7.4% radiologically confirmed pneumomediastinum.?® Sub-
cutaneous emphysema and pneumomediastinum are usually
diagnosed with chest X-ray, however, non-contrast CT scan
of the chest is more sensitive for diagnosis.?” As the pres-
ence of the subcutaneous cervical and thoracic emphysema
is suggestive of injury to thoracic structures, the examination
of the chest may also give a further diagnostic benefit. So,
the clinical presentations and imaging are helpful for diag-
nosis of the surgical emphysema and pneumomediastinum
in intubated patients with COVID-19 infections.”® Pruning
of the mechanically ventilated patients for optimizing the
ventilation-perfusion mismatch is a possible cause for tra-
cheobronchial injury and surgical emphysema in the head
and neck part along with pneumothorax. The repositioning
manoeuvre is a risk factor for causing this dreaded clinical
entity, so clinicians should be alert before planning the prone
position of the patient.? Rupture of alveoli and subsequent
development of the pneumothorax may be the cause of de-
velopment of the surgical emphysema in the head and neck
region. In instances of barotrauma which progress into pneu-
mothorax, a percutaneous thoracostomy tube is often done as
treatment of choice in comparison to the open thoracostomy
as it decreases the exposure of the health care staffs and other
patients to the aerosolized particles.

CONCLUSION

Development of the subcutaneous emphysema, pneumo-
thorax and pneumomediastinum in COVID-19 patients are
considered as bad prognostic markers. Alveolar damage and
weak membranous part of the trachea, traumatic intubation
in emergency scenarios, frequent pruning and barotrauma
due to high ventilator pressures may lead to pneumomedi-
astinum and follow by the emphysema at the head &neck

and thoracic region. Bilateral chest and subcutaneous drains
are helpful for the management of this critical situation for
avoiding the decompression. In conclusion, subcutaneous
emphysema in the head and neck region, pneumothorax and
mediastinal emphysema may found in patients with SARS-
CoV-2 infections.
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Figure 2: COVID-19 patient showing subcutaneous emphy-

sema in head and neck region.
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Table 1: Clinical profiles of the participating patients

Total patients with subcutaneous emphysema 38(14.50%)
Age (mean + SD) 61+14 years
Co-morbid conditions
Hypertension 22(57.89%)
Diabetes mellitus 18(47.36%)
Obesity 11(28.94%)
Asthma/COPD 7(18.42%)
Table 2: Severity of the acute respiratory distress syndrome (ARDS)
Severity of ARDS Number of patients Percentage (%)
Mild 5 13.15
Moderate 17 44.73
Severe 16 42.10
Table 3: Barotrauma findings in COVID-19 patients with invasive mechanical ventilation
PEEP( 10-15) PEEP(>15)
Subcutaneous emphysema(n=38) 16 22
Pneumothorax(n=42) 26 16
Pneumomediastinum(n=32) 16 16
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