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Pneumomediastinum in COVID-19 Patients with
Acute Respiratory Distress Syndrome

Bidushi Pokhrel," Gauri Adhikari,' Raju Pangeni,? Pradeep Raj Regmi,® Anish Baniya*

ABSTRACT

Background: Pneumomediastinum, an uncommon entity, has been on the rise with increasing cases of COVID-Acute
respiratory distress syndrome. It has been unclear whether this entity represents an indicator of poor clinical outcome
or not. The aims of this study were to find out the incidence of pneumomediastinum in COVID-Acute respiratory

distress syndrome patients, describe their clinical characteristics and try to explain its plausible mechanisms. .

Methods: A descriptive, cross-sectional study was carried out in the ICU of our hospital among 280 patients admitted
with COVID-Acute respiratory distress syndrome over a period of 6 months. Demographics along with various
clinical, laboratory, and radiological parameters were analyzed. Relevant statistical analyses were done to summarize

our findings.

Results: The incidence of pneumomediastinum in COVID-ARDS patients was 2.8%. All patients were male, none
had pulmonary co-morbidities and six of them (60%) were on invasive mechanical ventilation. All intubated patients
were on lung protective mechanical ventilation. The median PEEP, peak airway pressure and plateau pressure were 10
(IQR: 4), 29 (IQR: 8) and 28 (IQR: 4) respectively. The mean CT severity score was 22.7 (SD: 1.64). Five patients
died after 6.8 days (SD: 4.8) of diagnosis. The average hospital stay was of 34 days.

Conclusions: Pneumomediastinum is a possible complication of COVID-Acute respiratory distress syndrome which
could signify the disease severity and vice versa. Furthermore, it could be an indicator of relatively poor prognosis and

therefore requires larger studies to establish the association.
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INTRODUCTION Unit (ICU) of our hospital and attempt to explore their
characteristics herein.

COVID-19 has proven to be a Pandora’s Box, with studies
reporting newer clinical manifestations, diagnostic
advancements and modalities of treatment every day.
Among some of the unusual complications of this disease,

pneumomediastinum in COVID-19 ARDS has been sparsely

METHODS

We analyzed data from patients who were admitted
in our COVID-ICU from August 2020 to January 2021

reported in literature.” Pneumomediastinum (PM) is
the presence of air in the mediastinum, and is usually
abnormal, being attributed to trauma (iatrogenic or
non-iatrogenic), thoracic surgeries, esophageal rupture,
intrinsic lung and airway diseases to name a few.? On
its own, this condition is not typically life-threatening,
often resolving with conservative treatment. However,
it may indicate the presence of severe underlying
pathology.?

In COVID-19, incidence of PM has been increasing in
comparison to its rarity before the emergence of this
pandemic. We present the cases of COVID-ARDS patients
with spontaneous PM managed in the Intensive Care

who subsequently developed PM. A positive RT-PCR for
Severe Respiratory Corona Virus Disease-2 (SARS Cov-
2), a documented clinical or radiological diagnosis of
COVID-ARDS confirmed by a high-resolution computed
tomography (HRCT) or chest X-ray (CXR) were the
predetermined inclusion criteria. Classification and
diagnosis of COVID-19 pneumonia with ARDS was done as
per World Health Organization (WHO) criteria.*

Relevant data were extracted from Electronic Medical
Record (EMR) system of the hospital and organized in a
pro forma. Diagnosis and quantification of PM was made
with the help of radiological investigations performed
and reviewed by board certified radiologist. Findings
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of the study were summarized by calculating mean,
median and standard deviation and presented in the
form of numbers and percentages.

Informed consent was taken from either the patients or
their family members and Ethical approval was obtained
from Nepal Health Research Council (Ref no 2524).

RESULTS

Out of 280 patients admitted to our ICU with the
diagnosis of COVID-19 ARDS, ten (2.8%) were detected
to have PM, All patients were males with median age
of 62 years [Interquartile range (IQR): 16] and none
of them had pulmonary comorbidities. Majority (90%)
were non-smokers. As part of hospital protocol, all of
them had received supplemental oxygen, antivirals,
corticosteroids and anticoagulants along with other
supportive measures. The presence of PM was detected
after median 11 days of hospitalization (IQR: 14). Rapid
worsening of oxygen saturation raised the clinical
suspicion of PM, only four patients had subcutaneous
emphysema. Six patients were on non-invasive
ventilation (NIV), including four on high flow nasal
cannula (HFNC) prior to the detection of PM. Three of

these subsequently needed invasive ventilation.

The median positive end expiratory pressure (PEEP)
among the patients receiving NIV and invasive
ventilation was 10 (IQR: 4), median observed peak
airway pressure (PAW) and plateau pressure (Pplat)
before the development of PM were 29 (IQR: 8) and 28
(IQR: 4) respectively. The patients who received oxygen
support via HFNC were provided flow rates of maximum
60 L/min. Three of the intubated patients developed
PM before intubation while three developed it at least
24 hours after intubation; however none showed other
signs of possible iatrogenic trauma while intubating. One
patient had received supplemental oxygen through non
rebreather mask (NRM) with a peak flow up to 15L/min.
The average number of days from symptom onset to the
development of PM was 16. 5 days (SD: 8.74)

HRCT images of all the patients showed typical changes
of COVID-19 pneumonia (bilateral ground glass opacities/
consolidation/ crazy paving/ reticulo-nodular opacities/
fibrosis) with minimal to diffuse PM (Figures 1-3). The
mean CT severity score was found to be 22.7 (SD:
1.64). Two (20%) of them had co-existing pneumothorax
requiring tube thoracostomy.

Figure 1. (a) Axial HRCT images show extensive free air in subcutaneous, fascial and intramuscular compartments
and outlining the great vessels of neck (red arrows). Endotracheal tube in-situ. (b) Pneumoperitoneum and free
air within the muscles of anterior abdominal wall (green arrows).

Figure 2. (a) and (b). Axial HRCT images show pneumopericardium (black arrows) and air along the peribronchial
sheath of superior segmental bronchi of right lower lobe (red arrow). Predominant peripheral consolidation and

ground glass opacities related to COVID-19 are seen.
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(a) (b)

Figure 3. (a) and (b). Pneumomediastinum (red arrows). Extensive peripheral ground glass opacities and crazy pav-
ing in bilateral lung fields (black arrows).

Table 1. Initial demographic, clinical and laboratory parameters of COVID-19 patients developing pneumomediastinum.

Patient 1 patient 2 atient Patient Patient o . .. ¢ Patient  Patient o .. ..o Patient
3 4 5 7 8 10
Age/ Sex 53/M 58/M 55/M 74/M 37/M 66/M 70/M 40/M 69/M 68/M
Presenting complaints
Fever - 6 days 7days 5days 16 days 11 days - 5 days - 2 days
Cough 5 days - 4 days - - 10 days 7 days 5 days 7 days 2 days
SOB 2 days 4 days 2days 2days 2days 9 days 7 days 5 days 7 days 1 day
Pulmonary
comorbidi- None None None None None None None None None None
ties
2 DM DM
Non-pulmo-  HTN DM HTN DM 5 2 DM
nary comor-  Hyperuricemia DM None None Dyslipid- .. cP'eés-  Depres:
iditi . X HTN BEP . sive sive HTN
bidities Dyslipidemia emia Pisoraer  ehsad
Hypothyroidism 1soraer 1soraer
Smoking Non- Non- Non- Non- Non- Non- Non-
status Non-smoker smoker smoker smoker  smoker Non-smoker smoker  smoker  smoker smoker
Maximum RR 42 40 50 45 42 34 48 45 50 32
IMV; AC/ NIV; NP at
OZrequire-  \v. Fio-70%, Yoo P07 YM o PO VM voFio40%,  NPat  15L/min 9 iy NPat
ment on PEEP-8, P58 0% Fi0- 3% FiO-  pEep5 PS10  3L/min  via NRM ™ 4L/min
admission ’ PEEP-14, 30% PEEP-8, 60% ’
Ps-8 Ps-8
IMV; HENGC;  IMV;
. 2 AN 2 IMV; IMV; HFNC; :
Maximum NIV; Fi0,-70%, MV, AC/ - AC/VC, F‘c;; AC/VC, . AC/VC, AC/VC,  FiO.- Lt S0
S SUE- PEEP- 8. PS-8 VC, FIOZ- F1Oz- 90% , Floz- HFNC, F102-40%, FiO.- FiO. - 80%2 VC, Floz-
o 03r’tg P ’ 60%, 90%, Flow-  100%,  Flow-30L/min g e el 100%,
PEEP-14  PEEP- 40L/ PEEP- PEEP-12 PEEP-10  50L/min PEEP-12
10 min 12
Days from
symptom
onset to 5 6 17 14 30 23 23 5 21 21
event
Days from
admissionto 0 0 10 9 14 12 16 0 14 19
event

Total count/
mm? 8110 15590 5510 4210 24680 13130 5570 8380 12100 5800
(4000-11000)

Lymphocytes
% (20-45) 10 95 86 70 94 91 15 08 6 05
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Neutrophils

A o1 09 2 04 06 80 84 91 80
e s % 48 48 % 6 12 2 48 24
D-Dimer ng/

eSO 5570 1369 760 250 5595 283 809.1  407.34 337
LDH U/L

ey 644 641 780 867 579 715 1428 982 521
Ferritin ng/

ml 1.8 7227 850.8  243.98 19.9 1247 808 323.96 4917 95339 244
274.6)

Legend: M:Male, SOB: shortness of breath, HTN: hypertension, DM: diabetes mellitus, BEP: benign enlargement of prostate, RR: re-
spiratory rate, FiO,: fraction of inspired oxygen, NIV: non-invasive ventilation, PEEP: positive end-expiratory pressure, PS: pressure
support, IMV: invasive mechanical ventilation, AC/VC: assist control/volume control, NP: nasal prong, NRM: non-rebreather mask, VM:
venturi mask, HFNC: high flow nasal cannula, LDH: lactate dehydrogenase, CRP: c-reactive protein

Table 2. Ventilator parameters, imaging characteristics and in-hospital outcomes of COVID-19 patients developing pneumomediastinum.

Patient 1 Patient 2  Patient 3 Patient 4 Patient5 Patient6 Patient7 Patient8 Patient 9 Patient 10
70%; 60%; 50%; 60%; 80%;
FiO, before 70%: NIV 60%; IMV,  HFNC, HFNC, 50%; IMV,  HFNC, HFNC, NRM, 60%: VM 60%; IMV,
the event <% AC/VC Flow- Flow- AC/VC Flow- Flow- Flow- ’ AC/VC
50L/min  60L/min 50L/min 60L/min 15L/min
60%: 90%; 50%;
FiO, after . 60%; IMV, 7 HFNC, 100%; IMV, HFNC, 30%; IMV,  80%; IMV, 0. 100%; IMV,
the'event OB NV acc T MV ACT Eow” acive T Flow AC/NC  ACvC | SOBVMacve
40L/min 30L/min
2 days 7 hours 2 days 1 day 2 hours 7 days
. before after de- before before after de- after de-
lnarleeien N detection tection e detection g detection tection O tection of
of PM of PM of PM of PM of PM PM
Peak air-
way pres-
sure before N/A 35 21 N/A 28 N/A 34 30 N/A 26
the event
Plateau
pressure
e N/A 30 24 N/A 29 N/A 29 25 N/A 27
the event
Large . Diffuse PM
g"ad\sirfht € PM, Diff Left S‘d‘fd Moderate Moderate with SE
Minimal  jieiraly  Pneu- PMuith  thorax . Diffuse  PMwith  PM with
PM pericar- moperi- SE with dif- PM with SE SE F/S/0 Moderate
i dial effy-  toneum SEF/S/0 COVID-19  PM with SE
Imaging T1al etru fuse PM ’ .
findin F/S/0 sion and SE F/S/0 and SE COVID-19  F/S/0 F/S/0 pheumonia
(CT/C%(R) co- o pneumo-  COVID-19  COVID-19 F/S/0
VID-19 F/S/0 F/S/0 VID-19 F/S/0 nia pneumo-  pneumo-  Repeat CT: COVlD-19.
Pneumo-  covip-19 .0 pneumo-  COVID-19 ma ma f)";’;‘&“ﬂj‘éﬁ’ L pneumonia
pneumo- e imo- nia g?aeumo- thorax and
nia nia increased SE
CT severity
score (out 24 22 23 21 24 24 24 23 21 23
of 25)
Dis- Expired  Expired Dis- Expired Dis-
. on 231 on 14t Dis- on 26 charged . Expired on
g?&;ged Er]];r ged day of day of g?fgrgzg charged day of after %Elg c;rf1 19* day
In-hospital 8 days  after4s ~ 2dmis o admis- g, of after 20 admis- 28days  gmission,  Of admis-
p day sion, or  sion, or Y days of sion, or of stay m ¢ sion, or on
outcome Wlth(.)Ut days on 13" day 6" day stay on 0, stay on 10* day without o' 4 dgy of the day of
rrsg:;r; l;/m,n 0 of de- of de- Z;ng’?é:;.ion 1L/min of detec-  require- ‘c)ifetpehxtlon detection
0 tection  tection .\ 0, viaNP  tion of ment of of PM
2 of PM of PM PM (o]

2

Legend: FiO,: fraction of inspired oxygen, NIV: non-invasive ventilation, IMV: invasive mechanical ventilation, AC/VC: assist control/vol-
ume control, NP: nasal prong, NRM: non-rebreather mask, VM: venturi mask, HFNC: high flow nasal cannula, PM: pneumomediastinum,
SE: subcutaneous emphysema, CT: computed tomography, CXR: chest x-ray, F/S/0: features suggestive of, B/L: bilateral, N/A: not ap-
plicable
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After the mean hospital stay of 34 days (SD: 23.7),
five (50%) of them were discharged home with marked
clinical improvement while five (50%) of them died
during ICU stay after 6.8 days (SD: 4.8) of the detection
of PM. As compared to overall COVID- ICU mortality rate
of 17% (Figure 4), this number indicates poor outcome
in those who develop PM during hospitalization. The
clinical, laboratory and demographic characteristics
of the patients on initial presentation, imaging and
ventilator parameters are summarized in Tables 1 and 2.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

M Deaths

B No deaths

COVID-ARDS with PM  COVID-ARDS without PM

Figure 4. Representation of COVID-ARDS deaths in

patients with pneumomediastinum(PM) versus those

without pneumomediastinum.

DISCUSSION

Because COVID-19 is ‘novel’ in its nature such that it
has been exhibiting multitude of clinical presentations
and the course of the disease progression, its long-
term implications and management strategies are being
explored every day, it is rather challenging to explain
how these vignettes are occurring. Numerous studies
have tried to explain the mechanism of development of
PM and co-existing SE in relation to a phenomenon known
as the Macklin effect, whereby alveolar rupture occurs
in the setting of diffuse alveolar damage (DAD),* leading
to pulmonary interstitial emphysema (air dissection
along the bronchovascular sheaths).® This air further
dissects into the subcutaneous planes and manifests as
cervicothoracic SE. The reason for this alveolar rupture
could be attributed to the increase in pressure gradient
between the alveoli and the interstitial space with the
use of positive end-expiratory pressure (PEEP) delivering
devices like MV, NIV or even HFNC with high flow.” ¢
The presence of PM despite lung protective ventilation
strategy and relative rarity of this entity in those with
non-COVID ARDS managed with NIV suggest ‘Macklin
effect’ to be the most plausible mechanism in nhumerous
studies.>”’

This finding is consistent with few other studies °'' which

have found no definite correlation between barotrauma
and MV settings. Furthermore, high pressures generated
in activities like coughing, which are not adequately
recorded could also contribute to ‘barotrauma’ in
the background of lung damage and decreased lung
compliance. '? PM independent of intubation or positive
pressure ventilation has been previously reported in
patients with Severe Acute Respiratory Syndrome (SARS),
pneumocystis pneumonia, Staphylococcal pneumonia,
cytomegalovirus and influenza bronchiolitis,”>" all of
which were not the etiologies in our case.

The development of PM has been linked to various risk
factors such as male gender, smoking, use of recreational
drugs and pulmonary comorbidities to name a few.'®!”
In the ICU setting, the incidence of pulmonary air leak
disorders in patients on mechanical ventilation ranges
from 15 to 40% , almost always associated with underlying
parenchymal disease or airflow obstruction.' All of our
patients were males, which is consistent with the findings
of other studies. However, other aforementioned risk
factors were not evident in our study.'®'” Additionally,
all our patients had high CT severity scores (>20/25),
which is directly correlated with clinical severity of
COVID-19," thus increasing the chances of development
of PM. Similar to other studies which have attributed
PM to poorer prognosis in COVID-19, "2 we had similar
observations with mortality in 50% patients with PM in
comparison to only 17% mortality in the patients without
PM. However, further studies with larger sample sizes
are required to establish any correlation between the
development of PM and grave outcomes for patients.

This study found out the incidence of PM in COVID-ARDS
patients of 2.8%, which is lower than that seen in other
studies (5.8% in a study of Loffi et. al.,?" 13% in study
of Lemmers et. al.?) and even lower than the incidence
(11.6%) seen in SARS pandemic of 2004 AD." This
inconsistency could have been the result of not carrying
out CT imaging invariably in all COVID-19 patients,
usually asymptomatic nature of the condition, under-
detection or single site and limited cases in our study.

Our study was done in only one hospital and the study
population was also small, so our findings cannot be
generalized. Because of its retrospective design involving
extraction of recorded information, observer bias could
have occurred. Recall bias is likely to be present owing
to self-reporting of the symptoms and their duration by
the patients. Clinical outcomes of the patients who were
discharged on request could not be followed up. Since
all the patients did not undergo routine chest CT during
admission or on their first contact with their physician,
exact time of occurrence of PM cannot be definitively
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mentioned.
CONCLUSIONS

Pneumomediastinum is a possible complication of
COVID-19 ARDS with high morbidity and mortality.
Multiple mechanisms can be involved in the pathogenesis
of this condition. It could be correlated to the disease
severity; however outcomes cannot be generalized.
Further studies are required to propose definite
implications of PM in relation to COVID-19.
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