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Patients who have contracted coronavirus disease 2019 (COVID-19) have a wide variety of
complications, many of them involving the respiratory system. One noted complication has
been pneumomediastinum. The 63-year-old gentleman, in this case, had contracted COVID-

Accepted 20 March 2022 19 and was admitted to the hospital for hypoxemia. He required high-flow nasal canula
oxygen but did not get intubated. On day 12 of admission, the patient had a rapid hypoxemic
episode after rising from a chair and fell. Diffuse airspace infiltrates were seen on chest x-ray,
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the likely mechanism was a tracheal breach just superior to the carina. This case highlights
a unique mechanism as few papers have described this etiology with such clear imaging.
Surgical treatment options were considered since the likely etiology could be traced to the
tracheal defect, but the patient was ultimately managed conservatively with high flow nasal

cannula oxygen.
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Introduction

Pneumomediastinum, also known as mediastinal emphy-
sema, is usually seen after an iatrogenic injury during
intubation or due to trauma [1,2]. Spontaneous pneumomedi-
astinum was seen in 11.6% of patients with SARS-CoV during
the SARS outbreak of 2004 [2]. Since the beginning of the
COVID-19 pandemic, spontaneous pneumomediastinum has
been a documented complication [1]. Although vaccines were
available to all adults at the time of this case, this patient
was unvaccinated. The delta variant was predominant in the
Southeast of the United States, and the disease course was
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poor for unvaccinated individuals at the time of this case.
Therefore, a high index of suspicion for poor disease progres-
sion and the varied complications and sequelae of COVID-19
is required as these patients can present with unusual
pathologies.

Case

A 63-year-old gentleman was admitted to the hospital for
COVID-19 pneumonia. Prior to arrival, the emergency medi-
cal technicians stated his oxygen saturation was 80% on room
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Fig. 1 - Chest X-ray at admission revealing multifocal
bilateral pulmonary patchy opacities consistent with
multifocal pneumonia. No pneumomediastinum or
pneumothorax was noted.

air and improved with 2 liters of oxygen via nasal cannula.
His chest x-ray at admission showed multifocal bilateral pul-
monary patchy opacities consistent with multifocal pneumo-
nia (Fig. 1). Past medical history included diabetes mellitus
type 2 and hypertension, for which he took multiple medica-
tions. He had no history of smoking. Dexamethasone, apixa-
ban, and remdesivir were initiated per the COVID-19 protocol
at the time. He remained on oxygen via a high-flow nasal can-
nula during the next week of hospitalization and had dyspnea
at rest and on exertion. On hospital day 12, the patient fell in
the hallway after removing the high-flow nasal cannula and
rising from a chair. His oxygen saturation was in the sixties at
that time.

Subcutaneous emphysema in the left neck was seen on
physical exam. Due to concern for bleeding, a CT scan of
his head was performed but showed no focal abnormali-
ties. However, a chest X-ray revealed possible pneumomedi-
astinum with subcutaneous emphysema and diffuse airspace
disease bilaterally (Fig. 2). Later that day, a CT scan of his
chest documented pneumomediastinum and subcutaneous
emphysema with a tracheal breach of approximately 4 mm
(Figs. 3 and 4). The CT scan was performed with oral contrast
allowing the radiologist to note the absence of esophageal
rupture. The patient remained stable with 100% oxygen via
high-flow nasal cannula and was closely monitored with se-
rial chest x-rays. A third chest x-ray was taken three days after
the initial pneumomediastinum showing improved mediasti-
nal air and subcutaneous emphysema, so the concentration of
oxygen (FiO2) began to be weaned. Yet over the next week, 2
more instances of severe hypoxemia with O2 saturation in the
sixty and seventies occurred. The patient recovered quickly
from these episodes with oxygen via a high-flow nasal can-
nula or non-rebreather mask. Although he remained in the
hospital and required continual titration of oxygen, he even-
tually improved and was discharged from the COVID-19 unit
to in-hospital rehab with severe fatigue and dyspnea on ex-

Fig. 2 - Chest X-ray after desaturation noting a likely
pneumomediastinum and bilateral diffuse airspace
disease.

Fig. 3 - Axial CT image with an arrow highlighting tracheal
breach. Peripheral consolidative and ground-glass opacities
in lung fields.

ertion, which was presumed to be caused by deconditioning
from his lengthy hospital stay. The patient’s fatigue and dys-
pnea eventually improved, and he was discharged home.

Discussion

Pneumomediastinum has been a documented complication
of COVID-19 since January 2020 in Wuhan, China [3]. Pneu-
momediastinum is commonly caused by iatrogenic dam-
age or trauma but can also be related to air space diseases
such as asthma, bronchiectasis, or chronic obstructive pul-
monary disease [4]. In the cases of pneumomediastinum sec-
ondary to COVID-19, the hypothesis has been that there is a
loss of alveolar membrane integrity due to diffuse alveolar
damage [1]. This mechanism, known as the Macklin effect,
states that alveolar rupture due to direct alveolar injury
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Fig. 4 - Coronal CT image with an arrow highlighting
tracheal breach. Peripheral consolidative and ground-glass
opacities in lung fields most prominent in the bilateral
lower lobes.

causes air to leak, dissect the bronchovascular sheaths, and
diffuse into the mediastinum [5,6]. Once this occurs, the air
tracks into the subcutaneous tissues leading to subcutaneous
emphysema in about 70% of cases [7]. The Macklin effect has
been used to explain the cause of pneumomediastinum in
COVID-19 patients in nearly all cases written [1,5,8-10]. This
is because COVID-19 damages the type 2 pneumocytes creat-
ing inflammation and damage to the alveoli [1,9]. As a result,
the alveoli become more susceptible to rupture and, therefore,
allow a pneumomediastinum to occur [1,10,11].

In this case, a unique etiology is the probable explanation
for our patient’s pneumomediastinum. As seen in Figs 3 and
4, it is likely due to a tracheal breach. This is unusual as there
was no attempted intubation. Spontaneous tracheal breach
has been recognized only a few other times [2,12]. It is thought
that the increase in intrathoracic pressure from coughing and
falling in a trachea already inflamed from disease and weak-
ened by steroids led to the breach [1,2,5,8,9]. In a study look-
ing at the physiology of coughing, the pressure can be as high
as 300 mm Hg during the compressive phase where the glot-
tis is closed and expiratory effort begins [13]. This study also
found that after the glottis opens, turbulent air flows out of
the lungs at a rate as high as 12 L/s. This requires the tra-
chea to withstand extreme changes in pressure and airflow.
To accommodate this, the trachea is a hollow, cartilaginous
structure. The thickness of the tracheal ring is 3 mm and there
are C-shaped cartilage rings every 4 mm [14] to allow the tra-
chea to maintain its shape. In a study investigating the ten-
sile strength of tracheal cartilage, it was found that the tensile
strength decreased as the samples became more distal [15].
This is notable since the tracheal breach seen in this case was
just superior to the carina. In addition to the forceful coughing
and fall, this patient had COVID-19 which is known to cause
inflammation. The virus is known to enter cells through the
angiotensin-converting enzyme-2 receptors located in many

tissues, including the alveoli and trachea [1,16]. This leads to
an inflammatory response causing endotheliitis, leading to
edema and, therefore, a less stable tissue [17]. The endotheli-
itis combined with the increased pressure from coughing and
falling likely led to the tracheal breach seen in the CT images
[1,5,9] (Figs. 3 and 4).

In this case, the treatment of their pneumomediastinum
was considered. In reviewing prior case reports, most patients
recovered without surgical intervention [5,8-10]. In a 2020 lit-
erature review of fifteen cases of pneumomediastinum in pa-
tients with COVID-19, it was found that 11 patients recovered
with conservative management, and 4 passed away [1]. The
patient in this case was discharged home after being treated
with conservative management; however, different options in
the case of decompensation were considered. The most in-
vasive option was a thoracotomy with primary repair. This is
typically reserved for cases where the trachea injury is greater
than 4 cm or if more conservative measures fail [18]. A tra-
cheal repair can be complicated by tracheal stenosis from hy-
perplasia of granulation tissue leading to airway compromise
[19]. In addition, it is imperative that the repair is tension-free
since the physiology of respiration relies on pressure gradi-
ents [19]. The tracheal breach was approximately 4 mm in this
patient’s case, so a primary tracheal repair was a last-resort
option [12]. Another option was stent placement under bron-
choscopic guidance. This was documented in a case of an ia-
trogenic tracheal breach where a self-expanding metal stent
was placed within the trachea allowing tracheal integrity to
be maintained [20]. Finally, in the case of airway compromise
or unstable vital signs, intubation either orally or with a tra-
cheostomy could be performed. Although this is not a direct
treatment for the breach, it has several benefits. First, it can
give surgeons time before a primary repair can be done. Sec-
ond, the endotracheal tube can be placed in such a manner to
encourage healing by primary intention, and third, it can sup-
port the trachea in the case of collapse. Care should be taken
when placing the tracheal tube due to the risk of extending
the tracheal tear [19]. Placing the tube under bronchoscopic
guidance is beneficial. A study comparing tracheostomy under
bronchoscopic guidance at the bedside to open tracheostomy
showed no increase in complications and proved to be cost
saving [21]. It is also an improved technique for COVID-19 pos-
itive patients where limiting patient transport out of negative
pressure environments should be considered.

Although this patient improved with conservative man-
agement, different treatment options, including surgical man-
agement, was considered in the event of decompensation. Un-
derstanding the pathophysiology and etiology of a patient’s
pneumomediastinum is important when choosing treatment
options. The imaging in this case highlights the spontaneous
tracheal breach proving to be an unusual mechanism to pneu-
momediastinum.

Consent and ethics

IRB waive

Due to the nature of this being a case report, this paper does
not need IRB approval.
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Patient consent
Informed consent has been obtained from the patient. Care

was taken to de-identify the patient and radiographic images
show no remarkable identifiers.

REFERENCES

[1] Elhakim TS, Abdul HS, Pelaez Romero C,
Rodriguez-Fuentes Y. Spontaneous pneumomediastinum,
pneumothorax and subcutaneous emphysema in COVID-19
pneumonia: a rare case and literature review. BMJ Case Rep
2020;13(12):e239489 Published 2020 Dec 12.
doi:10.1136/bcr-2020-239489.
Mangel TP, Madden BP. Acute tracheal tear—a potential
cause of spontaneous pneumomediastinum in patients with
COVID-19. Monaldi Arch Chest Dis 2021;91(2) Published 2021
Apr 15d0i:10.4081/monaldi.2021.1852.
doi:10.4081/monaldi.2021.1852.
Zhou C, Gao C, Xie Y, Xu M. COVID-19 with spontaneous
pneumomediastinum. Lancet Infect Dis 2020;20(4):510.
d0i:10.1016/51473-3099(20)30156-0.
Iteen A, Bianchi W, Sharman T. Pneumomediastinum.
StatPearls [Internet].
https://www.ncbi.nlm.nih.gov/books/NBK557440/. Published
July 26, 2021.
Gorospe L, Ayala-Carbonero A, Urena-Vacas A, Fra
Fernandez S, Munioz-Molina GM, Arrieta P, et al.
Spontaneous pneumomediastinum in patients with
COVID-19: a case series of four patients [Neumomediastino
espontaneo en pacientes con COVID-19: una serie de cuatro
casos]. Arch Bronconeumol 2020;56(11):754-6.
doi:10.1016/j.arbr.2020.06.004.
Igbal N, Malik A, Chaudhry M. The Macklin effect in
COVID-19. Cureus 2021;13(8):e16949 Published 2021 Aug 6.
doi:10.7759/cureus.16949.
Kouritas VK, Papagiannopoulos K, Lazaridis G, Baka S,
Mpoukovinas I, Karavasilis V, et al. Pneumomediastinum. J
Thorac Dis 2015;7(Suppl 1):544-9.
doi:10.3978/j.issn.2072-1439.2015.01.11.
Diaz A, Patel D, Sayedy N, Anjum F. COVID-19 and
spontaneous pneumomediastinum: a case series. Heart
Lung 2021;50(2):202-5. doi:10.1016/j.hrtlng.2020.12.002.
[9] Mimouni H, Diyas S, Ouachaou J, Laaribi 1, Oujidi Y,
Merbouh M, et al. Spontaneous pneumomediastinum

[2

3

(4

[5

6

[7

8

associated with COVID-19 pneumonia. Case Rep Med
2020;2020:4969486 Published 2020 Oct 19.
d0i:10.1155/2020/4969486.

[10] Mohan V, Tauseen RA. Spontaneous pneumomediastinum in
COVID-19. BMJ Case Rep 2020;13(5):e236519 Published 2020
May 25. doi:10.1136/bcr-2020-236519.

[11] Somasundram K, Agbontaen K, Singh S.
Pneumomediastinum in COVID-19: merely a matter of lung
frailty? Respiration 2021;100(12):1251-5.
doi:10.1159/000518367.

[12] Kumar S, Goel S, Bhalla AS. Spontaneous tracheal rupture in
a case of interstitial lung disease (ILD): a case report. ] Clin
Diagn Res 2015;9(6):TD01-TTD2.
doi:10.7860/JCDR/2015/11320.5996.

[13] McCool FD. Global physiology and pathophysiology of cough:
ACCP evidence-based clinical practice guidelines. Chest
2006;129(1 Suppl):48S-53S. d0i:10.1378/chest.129.1_suppl.48S.

[14] Furlow PW, Mathisen DJ. Surgical anatomy of the trachea.
Ann Cardiothorac Surg 2018;7(2):255-60.
d0i:10.21037/acs.2018.03.01.

[15] Roberts CR, Rains JK, Paré PD, Walker DC, Wiggs B, Bert JL.
Ultrastructure and tensile properties of human tracheal
cartilage. ] Biomech 1998;31(1):81-6.
d0i:10.1016/s0021-9290(97)00112-7.

[16] Zhang H, Rostami MR, Leopold PL, Mezey JG, O’Beirne SL,
Strulovici-Barel Y, et al. Expression of the SARS-CoV-2 ACE2
receptor in the human airway epithelium. Am J Respir Crit
Care Med 2020;202(2):219-29.
doi:10.1164/rccm.202003-05410C.

[17] Unli S, ligar M, Akcicek M. The evaluation of the trachea as a
new parameter in determining the prognosis of COVID-19:
first pilot study. Eur Rev Med Pharmacol Sci
2021;25(14):4835-40. doi:10.26355/eurrev_202107_26397.

[18] Altinok T, Can A. Management of tracheobronchial injuries.
Eurasian ] Med 2014;46(3):209-15. doi:10.5152/eajm.2014.42.

[19] Zhao Z, Zhang T, Yin X, Zhao J, Li X, Zhou Y. Update on the
diagnosis and treatment of tracheal and bronchial injury. J
Thorac Dis 2017;9(1):E50-6. d0i:10.21037/jtd.2017.01.19.

[20] Bozzo C, Profili S, Masala S. Successful use of self-expandable
metal stents in a case of iatrogenic tracheal rupture. Radiol
Case Rep 2018;14(3):377-80 Published 2018 Dec 26.
doi:10.1016/j.radcr.2018.12.004.

[21] Fernandez L, Norwood S, Roettger R, Gass D, Wilkins H 3rd.
Bedside percutaneous tracheostomy with bronchoscopic
guidance in critically ill patients. Arch Surg
1996;131(2):129-32.
doi:10.1001/archsurg.1996.01430140019005.


https://doi.org/10.1136/bcr-2020-239489
https://doi.org/10.4081/monaldi.2021.1852
https://doi.org/10.1016/S1473-3099(20)30156-0
https://www.ncbi.nlm.nih.gov/books/NBK557440/
https://doi.org/10.1016/j.arbr.2020.06.004
https://doi.org/10.7759/cureus.16949
https://doi.org/10.3978/j.issn.2072-1439.2015.01.11
https://doi.org/10.1016/j.hrtlng.2020.12.002
https://doi.org/10.1155/2020/4969486
https://doi.org/10.1136/bcr-2020-236519
https://doi.org/10.1159/000518367
https://doi.org/10.7860/JCDR/2015/11320.5996
https://doi.org/10.1378/chest.129.1_suppl.48S
https://doi.org/10.21037/acs.2018.03.01
https://doi.org/10.1016/s0021-9290(97)00112-7
https://doi.org/10.1164/rccm.202003-0541OC
https://doi.org/10.26355/eurrev_202107_26397
https://doi.org/10.5152/eajm.2014.42
https://doi.org/10.21037/jtd.2017.01.19
https://doi.org/10.1016/j.radcr.2018.12.004
https://doi.org/10.1001/archsurg.1996.01430140019005

	Pneumomediastinum due to spontaneous tracheal breach in COVID-19
	 Introduction
	 Case
	 Discussion
	 Consent and ethics
	 IRB waive
	 Patient consent

	 References


