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Real-Time-reverse-transcription-Polymerase-Chain-Reaction  from  nasopharyngeal  swabs  and  chest
computed  tomography  (CT)  depicting  typically  bilateral  ground-glass  opacities  with  a peripheral  and/or
posterior  distribution  are  mandatory  in the  diagnosis  of  COVID-19.  COVID-19  pneumonia  may present
though  with  atypical  features  such  as pleural  and  pericardial  effusions,  lymphadenopathy,  cavitations,
and  CT  halo  sign.  In  these  two  case-reports,  COVID-19  presented  as pneumothorax,  pneumomediastinum
and  subcutaneous  emphysema  in critically  ill patients.  These  disorders  may  require  treatment  or  can  be
Pneumothorax
Pneumomediastinum
Subcutaneous emphysema
Chest computed tomography
Lung ultrasound

even  self-limiting.  Clinicians  should  be  aware  of  their  potential  effects  on  the  cardiorespiratory  status
of critically  ill  COVID-19  patients.  Finally,  pneumothorax  can  be  promptly  diagnosed  by means  of  lung
ultrasound.  Although  operator  dependent,  lung  ultrasound  is  a useful  bedside  diagnostic  tool  that  could
alleviate  the  risk  of cross-infection  related  to COVID-19  patient  transport.

©  2020  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
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Introduction

In December 2019 in Wuhan city, China, a novel coro-

navirus was identified and subsequently named the Severe
Acute Respiratory Syndrome Corona Virus-2 (SARS-CoV-2) [1].
Since then SARS-CoV-2 disease (COVID-19) has been linked to

Abbreviations: SARS-CoV-2 disease, COVID-19; RT-PCR, Real-Time-reverse-
transcription-Polymerase-Chain-Reaction; CT, computed tomography; US, ultra-
sound; ED, emergency department; ICU, intensive care unit; ARDS, acute respiratory
distress syndrome; MV,  mechanical ventilation; PEEP, positive end-expiratory-
pressure; HFNC, high flow nasal cannula; SpO2, saturation of peripheral oxygen;
PaO2/FiO2, partial arterial pressure of oxygen to fractional inspired concentration of
oxygen; CRS, cytokine release syndrome.

∗ Corresponding author at: Critical Care Dept., King Saud Medical City, PO Box
331905, Shemaisi, 11373, Riyadh, Saudi Arabia.

E-mail addresses: a almshal@hotmail.com (A. Alharthy),
homaidabakheet@hotmail.com (H. Bakheet), abdullahbalhamar@gmail.com
(A. Balhamar), Peter.Brindley@albertahealthservices.ca (P.G. Brindley),
salqaht1@jhmi.edu (S.A. Alqahtani), zmemish@yahoo.com (Z.A. Memish),
karakitsosdimitrios@gmail.com (D. Karakitsos).

u
p
c
o
i
t
c
C
m
[
t
t
s
n

https://doi.org/10.1016/j.jiph.2020.12.019
1876-0341/© 2020 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Ab
CC  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
org/licenses/by-nc-nd/4.0/).

ver 1.100.000 deaths worldwide [2–4]. COVID-19 symptoms
nclude fever, sore throat, fatigue, anosmia, cough, shortness of
reath, abdominal pain, and myalgias. Diagnosis is confirmed
sing nasopharyngeal swabs and real-time-reverse-transcription-
olymerase-chain-reaction (RT-PCR) [5–7]. In terms of imaging,
hest computed tomography (CT) findings include ground-glass
pacities with a peripheral and/or posterior distribution and mainly
nvolving the lower lobes, and variable infiltrates and consolida-
ions [8–10]. Pleural and pericardial effusions, lymphadenopathy,
avitations, and CT halo sign were less commonly observed [11].
OVID-19 was previously associated with spontaneous pneu-
othorax, pneumomediastinum and subcutaneous emphysema

12–16]. We  present two  critically ill COVID-19 male patients:
he first case with pneumothorax/pneumodiastinum and subcu-
aneous emphysema, while on mechanical ventilation, and the
econd case with the same findings, while on high-flow nasal can-

ula (HFNC).
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Fig. 1. Upper panel (Case 1): Chest X-rays showing right-sided pneumothorax, pneumo-mediastinum and subcutaneous emphysema (left) that was  confirmed (barcode sign)
by  the M-mode of the lung ultrasound (middle) and resolution after chest drain insertion (right). Lower panel (Case 2): axial lung window views of chest computed tomog-
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raphy  scans depicting bilateral peripheral ground-glass opacities, dependent air-s
emphysema.

Case reports

Case 1

A fifty-three year-old previous healthy male was  admitted to the
intensive care unit (ICU) with COVID-19 pneumonia. The patient
was diagnosed in the emergency department (ED) where he pre-
sented with recent onset fever (38.5 ◦C), dry cough, altered level of
consciousness and chest pain a few days after being in contact with
a recovered COVID-19 case. Throat swab RT-PCR assay confirmed
the diagnosis [5–7]. His heart rate and respiration rate were 119 and
32 per minute, respectively. Blood pressure was 96/70 mmHg and
arterial oxygen saturation (SpO2) was 73%. The patient was  intu-
bated in the ED and his ratio of partial arterial pressure of oxygen
to fractional inspired concentration of oxygen (PaO2/FiO2) was 170
post-intubation. Baseline laboratory examinations were unremark-
able apart from lymphocytopenia (0.71 × 10/L, normal: 1.1–3.2 ×
109/L), and increased serum C-reactive protein [(CRP) 75.1 mg/liter,
normal: 0−7 mg/L], lactate dehydrogenase (445 units/liter, nor-
mal: 100–190 units/L], and ferritin (802 ng/mL, normal: 23−336
ng/mL). Upon ICU admission, he received acute respiratory dis-
tress syndrome (ARDS)-net mechanical ventilation (MV) [tidal
volume: 6 mL/kg and positive-end-expiratory-pressure (PEEP) of
13 cm H20] and was placed in the prone position, but deteriorating
further to a PaO2/FiO2 ratio of 150. On day-2 he became hemo-
dynamically unstable necessitating noradrenaline administration
(0.5 mcg/kg/ min). On physical examination he had neck subcuta-
neous emphysema and his chest X-ray, which was  complemented
by lung ultrasound (US), revealed right sided pneumothorax, pneu-
momediastinum and subcutaneous emphysema. A chest drain was
placed bedside (Fig. 1). Subsequently, his oxygenation markedly
improved (PaO2/FiO2: 230). Also, he received antiviral therapy
(lopinavir/ritonavir: 400/100 mg  twice daily for two weeks), mox-
ifloxacin (400 mg  once daily for five days), dexamethasone 6 mg
intravenously that was given for two days (discontinued upon the
discovery of pneumothorax and pneumomediastinum), prophy-

lactic anticoagulation and supportive ICU care. He continued to
improve and was gradually weaned from MV;  while the chest drain
was removed on day-10. He was discharged from the ICU on day-15.
RT-PCR test and microbiology were negative on day-20. All work-up
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onsolidations, small pneumothoraces, and pneumodiastinum with subcutaneous

or systemic and other viral diseases was negative. He was dis-
harged to home isolation in good condition on day-27. Informed
onsent was  obtained from the patient for this case report.

ase 2

A sixty year-old male diabetic and hypertensive presented to
he ED with recent onset anosmia, myalgias, headache, persistent
ough, and shortness of breath. Throat swab RT-PCR confirmed
OVID-19. His heart rate and respiration rate were 114 and
7 per minute, respectively. Blood pressure was 112/65 mmHg.
aseline laboratory examinations were within normal apart from

ymphocytopenia (0.85 × 109/L, normal: 1.1–3.2 × 109/L), and
ncreased C-reactive protein [(CRP) 62.2 mg/L, normal: 0−7 mg/L].
e was admitted to the ICU with an arterial peripheral oxy-
en saturation (SpO2) of 72; thus, he was  started on HFNC
flow: 60 L/min, fraction of inspired oxygen 40%) and proned. His
aO2/FiO2 ratio improved temporarily to 290. However, he subse-
uently deteriorated (PaO2/FiO2 ratio: 160) and thus was intubated.
ost-intubation chest CT scan showed bilateral pneumothoraces,
ubcutaneous emphysema and pneumomediastinum along with
ilateral patchy ground-glass opacities with peripheral distribu-
ion (Fig. 1). He received intravenously piperacillin–tazobactam
4.5 g/8 h) for ten days along with empiric antiviral therapy
lopinavir/ritonavir: 400/100 mg  twice daily for two  weeks), pro-
hylactic anticoagulation and supportive ICU care. Conservative
V  strategy with low tidal volumes and PEEP of 8–10 cm H20 was

pplied and his oxygenation improved gradually. The patient made
n uneventful recovery and was extubated on day-14. RT-PCR test
nd microbiology were negative on day-20. All work-up for sys-
emic and other viral diseases was negative. He was discharged to
ome isolation in good condition on day-31. Informed consent was
btained by the patient for this case report.

iscussion
Although the majority of COVID-19 patients are asymp-
omatic or exhibit mild symptoms, a minority can develop
ife-threatening disease characterized by ARDS, multi-system
rgan failure, cytokine release syndrome (CRS), and thromboem-
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bolic disease [1–4,17–22]. Our two cases showed that critically ill
COVID-19 patients can also develop pneumothorax, pneumomedi-
astinum, and subcutaneous emphysema.

Our cases both had lymphocytopenia and increased levels of
inflammatory mediators, which were previously associated with
extensive lung parenchymal injury and CRS [1–4,18,19]. Severe
COVID-19 pneumonia was associated with bronchial wall thicken-
ing, hemorrhagic nodules, pleural effusion, and lymphadenopathy
[11–16]. In our institution, chest CT is used in the screening of
COVID-19 patients, especially if the RT-PCR is negative [9–11].
Chest CT scan is associated with increased cost, the need to trans-
port unstable patients, and greater risk of viral shedding when
compared with portable chest X-ray and/or US [23,24]. Recently,
we showed that lung US can reliably depict lung parenchymal
abnormalities (i.e., B-lines, pleural line irregularities, and variable
consolidations), and identify complications such as pneumotho-
rax in critically ill patients with COVID-19 [25]. Although operator
dependent, lung US is a useful bedside diagnostic tool that could
minimize the risk of cross-infection related to COVID-19 patient
transport. Moreover, ultrasound requires fewer resources and
delivers no ionizing radiation.

In our first case, the pneumothorax and pneumomediastinum
might have been partially attributed to ventilator-associated volu-
trauma to an already injured lung or even self-inflicted lung injury.
In our second case, these same findings might have been related to
the strain of persistent cough. Pneumothorax can be drained at the
bedside and spontaneous pneumomediastinum is usually a self-
limiting disorder; nevertheless both warrant attention as they can
compromise the cardiorespiratory status.

Conclusion

Our cases showed that pneumothorax, pneumodiastinum and
subcutaneous emphysema can contribute to the profound hypox-
emia in critically ill COVID-19 patients. These rare features of
COVID-19 pneumonia were diagnosed by portable chest X-ray, lung
US, and CT scan. Lung US is a useful bedside diagnostic tool that
could be used in the monitoring of severe COVID-19 pneumonia,
mitigating thus the risk of cross-infection related to the transporta-
tion of critically ill patients to the radiology department.
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