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A B S T R A C T   

Management of severe coronavirus disease 2019 requires advanced respiratory support modalities including invasive mechanical ventilation (IMV), continuous 
positive airway pressure (C-PAP), and non-invasive ventilation ((NIV). IMV leads to either subtle forms of lung injury (pulmonary edema, lung cysts) or more severe 
form of lung injury manifested as subcutaneous emphysema, pneumomediastinum, and pneumothorax (herein collectively termed barotrauma). We have described 
two cases showing the two end of spectrum of ventilator associated lung injury (VALI).   

1. Introduction 

Acute respiratory distress syndrome (ARDS) and hypoxemic respi-
ratory failure are the most feared complication of severe COVID-19 
disease. 

Positive pressure ventilation (PPV) is non-physiological and invasive 
intervention that can be lifesaving in these patients. PPV, like any other 
intervention, carries its own risk and complication as it can lead to 
ventilator-associated lung injury, which may be associated with multi-
system organ failure in these patients with increased mortality and 
duration of hospital stay [1]. 

Different guidelines, including the last surviving sepsis campaign 
guidelines for COVID-19 patients recommends using low Vt (4− 8 ml/ 
kg) as it is believed to decrease VALI in a lung suffering from ARDS [2]. 
Other lung-protective strategies include targeting plateau pressures 
(Pplat) of <30 cm H2O to limit lung injury as Pplat > 32 were associated 
with higher short-term mortality and driving pressure (Pplat minus 
positive end expiratory pressure) below 13− 15 cm H2O. 

Because VALI may not be readily defined nor detected, our ability to 
determine its independent risk factors, incidence, and effects on 
outcome is inherently hampered. Barotrauma, which is more evident 
clinically and radiologically, is therefore used as a surrogate measure of 

VALI. The reported incidence rate of barotrauma is 4.8–11% in ARDS 
patients receiving IMV (3). However, the reported incidence of baro-
trauma is 15 % in severe COVID-19 patients requiring IMV and is more 
likely to occur in younger patients [3]. 

2. Case number 1 

A 37 year old male patient was admitted in our hospital; complaining 
of cough, shortness of breath and fever with RT-PCR (Reverse Tran-
scriptase- Polymerase Chain Reaction) confirmed COVID-19 disease. He 
was a smoker with undiagnosed prediabetes and no known preexisting 
lung disease. The CXR taken at the time of admission revealed no sig-
nificant abnormality (Fig. 1). The patient condition significantly dete-
riorated clinically in the first week of his admission in medical ward and 
he had to be shifted to ICU requiring IMV, due to severe hypoxemia 
(PaO2 69 % on high flow oxygen). As the patient hypoxemia worsened 
further, in an effort to maintain lung protective IMV strategy (Pplat of 
<30 cm H2O and driving pressure below 15 cm H2O), veno-venous 
extracorporeal membranous oxygenation (ECMO) was employed 7 
days after patient’s admission in ICU. 

The patient’s condition, however didn’t improve and after 4 weeks 
on IMV and ECMO, the treating physician noticed abnormal breathing 
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pattern & gasping whenever he tried to reduce patient’s sedation. Serial 
CXRs were taken during this time and the findings correlated with 
worsening clinical condition of the patient and ARDS. The CXR taken a 
day before HRCT Chest was requested showed extensive areas of con-
solidations in both lungs with greater affection of right lung and both 
lungs mid and lower zones, along with suspicion of cystic air filled 
spaces in right lung upper zone paratracheal region (Fig. 1). 

High resolution CT chest was requested after 6 weeks of his admis-
sion in ICU. HRCT chest was done on as per routine protocol on a MDCT 
scanner with 64 multidetector rows (Siemens Somatom Definition 
Edge). Volumetric spiral HRCT Chest with 1 mm slice thickness and 
3 mm gap was done with reconstruction at 1 mm increment and dedi-
cated ultra-sharp hard B157 kernel. The images were sent to PACS 
(Picture Archiving and Communications System) for interpretation. 

HRCT chest revealed extensive areas of ground glass opacities mixed 
with large areas of consolidation with air bronchogram showing antero- 
posterior gradient in both lungs, the typical imaging findings of ARDS. 

Discrete bizarre shaped scattered air filled variable size cystic lesions 
were seen in both lungs upper lobes more anteriorly & in right lung 
middle lobe with few internal septations within (Fig. 2). One of the 
differential diagnosis for the lung cysts seen is Langerhans Cell Histio-
cytosis (LCH) with patient’s history of smoking, however the lung cysts 
described with LCH are generally smaller and clustered with upper and 
mid lobe distribution and associated with scattered centrilobular nod-
ules in both lungs with sparing of cardio phrenic and costophrenic 
regions. 

Consolidations have a protective effect on the lung parenchyma 
under positive end expiratory pressure (PEEP) used in conjunction with 
IMV. The ventrally located areas of more aerated lung are more prone to 
the effects of VALI. 

The patient’s condition didn’t improve clinically and radiologically 
(on serial CXRs) and he could not be weaned from IMV and ECMO. CXR 
taken one week after the CT scan didn’t show any improvement with 
diffuse areas of consolidations in both lungs and serial CXRs thereafter 

Fig. 1. (A to D). (A) CXR on admission showing no significant abnormality (B) CXR one day prior to HRCT chest with patient on veno-venous ECMO and invasive 
mechanical ventilation, showing extensive areas of consolidations in both lungs with greater affection of both mid and lower zones (C) CXR one week after HRCT and 
(D) CXR one day prior to patient’s death showing no Radiological improvement with further worsening of both lung involvement. 
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showed greater involvement of both lungs with denser areas of consol-
idations (Fig. 1). The patient succumbed to death 16 days after CT scan 
and 57 days after he was put on invasive mechanical ventilation sec-
ondary to respiratory and multiorgan failure. 

Learning Points  

• VALI in the form of air filled cysts is predominantly seen in anterior 
more normal lungs (better ventilated areas) because of the protective 
mechanism of consolidation in posterior dependent regions of lungs 
in patients with ARDS. 

3. Case number 2 

A 70 year old male patient was admitted to our hospital complaining 
of cough and shortness of breath with RT-PCR confirmed COVID-19 
disease. He was known hypertensive and diabetic with no history of 
preexisting lung disease. At the time of admission, his CXR revealed left 
lung mid and lower zone haziness with mild density peripheral air space 
opacities (Fig. 3). Patient initial oxygen saturation was 96 % on 5 L 
oxygen mask. After 5 days of admission in medical ward, the patient’s 
condition started deteriorating with increased oxygen demand reaching 
up to 15 L oxygen on oxygen mask to maintain 94 % PaO2. 

The patient had to be shifted to ICU with increased oxygen demand 
and worsening hypoxemia. He had to be intubated and put on IMV. 
Serial CXRs were taken to monitor the severity of COVID-19 pneumonia 
and lung injury. 

After 5 days on mechanical ventilation, patient’s CXR revealed 
minimal right pneumothorax, pneumomediastinum and mild chest wall 
and neck emphysema which got worsened on serial CXRs (Fig. 3). 
Intercostal drainage tubes were placed along both lateral chest wall to 
relieve pneumothorax. However, pneumomediastinum and chest wall 
emphysema continue to worsen on serial CXRs. After 12 days of wors-
ening pneumomediastinum and chest wall emphysema, HRCT chest was 
done to determine the extent of barotrauma related complications. 

HRCT Chest revealed extensive neck, chest and upper abdominal 
wall emphysema with significant pneumomediastinum. Within the 
lungs, extensive areas of ground glass opacity mixed with consolidation 
showing antero-posterior gradient was seen in both lungs with right lung 
being more affected. Few small ~3− 5 mm subpleural cystic lesions were 
seen in both lungs. Inter and intralobular septal thickening was seen 
within the areas of ground-glass opacification with subpleural lines, as 
described in COVID-19 pneumonia common imaging findings. Mild 
cylindrical bronchiectatic changes more common in both lower lobes, 
affecting central bronchi predominantly, was seen (Fig. 4). 

Fig. 2. (A to D). HRCT Chest (A) & (B) Axial images at the level of aortic arch and carina, showing bizarre shaped multiple air filled cysts in anterior more aerated 
parts of both lungs with protective effective of consolidations in posterior dependent region of both lungs (C) Sagittal reformatted image showing multiple air filled 
cysts within anterior part of right lung upper and middle lobes with protective effect of consolidations in right lower lobe (D) Coronal reformatted image showing 
multiple bizarre air filled cysts in more aerated parts of both lungs with few small subpleural cysts and mild bronchiectatic changes in left lung upper lobe. 
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Post CT scan patient was taken off from IMV and put on C-PAP as 
patient clinical condition and blood oxygenation level improved. Patient 
pneumomediastinum and chest wall emphysema gradually resolved and 
serial CXRs suggested almost complete resolution of barotrauma related 
complications 8 days after CT scan, and 23 days after the first sign of 
barotrauma on CXR (Fig. 3). 

Learning points: 
-Changing ventilator settings or shifting patient from IMV to C-PAP 

or NIMV if possible (depending upon patient blood oxygenation and 
clinical condition) remains the mainstay of treatment of barotrauma [2]. 

4. Discussion 

The incidence of barotrauma (surrogate measure of VALI) varies 
according to the indication for mechanical ventilation, and patients with 
underlying lung disease (pneumonia, chronic interstitial lung disease) 
are more prone to barotrauma compared to patients who are intubated 
for septic shock or develop ARDS for a non-pulmonary insult. 

With over 37.5 million confirmed cases of COVID-19 worldwide as of 
October 12, 2020, the lack of consensus in patient management 

recommendations makes supportive care as still the mainstay of man-
agement of severe COVID-19 disease. Respiratory failure in patients 
with COVID-19 infection was initially thought to be due to viral pneu-
monitis progressing to ARDS; thus, many patients with severe COVID-19 
disease were put on IMV with high positive end-expiratory pressure 
(PEEP). Increased incidence of barotrauma has been reported in patients 
with severe COVID-19 disease and is seen more in younger patients [3]. 

Several mechanisms may explain increase incidence of barotrauma 
in COVID-19. Pathologic processes such as interstitial pneumonia, 
consolidation, and in-situ thrombosis, all seen in COVID-19 pneumonia, 
increases the friability of lung parenchyma and pleura, thus increasing 
the risk of fistulation between the distal airways and pleural space or 
hilum [3].The peripheral predominance of COVID-19 pneumonia and its 
propensity to cause cystic change, may further explain increase risk in 
these patients [4]. 

In ARDS, edema and atelectasis leads to reduced aerated lung vol-
ume in both lungs, predominantly in posterior dependent regions. This 
can result in damage from regional over distension in recruited lung 
(volutrauma), increased shear strain in ventilated alveolar tissue (ate-
lectrauma), high transpulmonary pressures (barotrauma), and 

Fig. 3. (A to D). (A) CXR on admission showing haziness in left lung mid and lower zones with peripheral air space opacities (B) CXR 12 days prior to HRCT chest 
with patient on invasive mechanical ventilation, showing patchy areas of consolidations in both lungs with bilateral chest wall and lower neck emphysema and 
pneumomediastinum with minimal right pneumothorax. Intercostal drainage tube is seen along right lateral chest wall in situ (C) CXR 8 days after HRCT showing 
almost complete resolution of VALI with persistent both lungs areas of consolidation (D) CXR 4 weeks after CT, showing significant interval Radiological 
improvement with reduced both lungs areas of consolidation and complete resolution of VALI. 
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surfactant dysfunction and inflammation (biotrauma), different forms of 
VALI. The process of subpleural air cyst formation associated with VALI 
in patients with ARDS begins with rupture of weaker alveoli along the 
margins of interlobular septa and vascular structures. Air then dissects 
along the interlobular septa and vascular structures, producing inter-
stitial emphysema. The interstitial air may rupture into pleural space 
(pneumothorax) or into the mediastinum (pneumomediastinum). Air 
may collect in extra alveolar spaces forming lung cysts [4,5]. 

In our first patient detailed above, bizarre multiple air filled cystic 
lesions were seen on HRCT scan in the anterior more normal lungs with 
rest of both lungs showing imaging’s findings of ARDS. Consolidation in 
posterior dependent areas of both lungs seen in ARDS have a protective 
effect on the lung parenchyma under PEEP ventilation, while the 
ventrally located areas of more aerated lung are more prone to the ef-
fects of VALI in the form of air cysts and bronchiectatic changes [6]. In 
addition to IMV, the patient was also on ECMO because of refractory 
hypoxemia. Unusually high incidence of pulmonary thromboembolism 
is seen in COVID-19 patients on ECMO that can affect the lungs besides 
other vascular complications associated with it (likely due to increased 
incidence of widespread thrombosis with microangiopathy and alveolar 
capillary microthrombi in patients with COVID-19) [7]. 

In our second case, HRCT chest revealed more common and severe 
detectable form of VALI that is barotrauma with evidence of extra- 
alveolar air. 

5. Conclusion 

VALI is a common subtle complication in severe COVID-19 pneu-
monia patients on IMV and may reflect a worse prognosis. Our case 
reports, showed two completely different end of spectrum of VALI 
associated with the management of severe COVID-19 pneumonia. Both 
the Radiologists and the treating physician should be aware of increased 
incidence of VALI and its possible manifestations in COVID 19 pneu-
monia with its unique ventilator management challenges. 

Compliance with ethical standards 

This retrospective study involving human participants was in 
accordance with the ethical standards of Ministry of Health, Kuwait and 
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committee. 

Informed consent was waived off, as ours is a retrospective study and 

Fig. 4. (A to D). HRCT Chest (A) & (B) Axial images at the level of proximal trachea and heart, showing extensive bilateral chest wall and neck emphysema, with 
pneumomediastinum and typical findings of COVID-19 pneumonia with ARDS (C) Sagittal reformatted image of right hemithorax showing barotrauma with lung 
findings of ground glass opacity mixed with consolidations showing anteroposterior gradient with bronchiectatic changes (D) Coronal reformatted image showing 
barotrauma, with few scattered small subpleural cysts in left lung. 
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