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Abstract

COVID-19 mainly causes a lower respiratory tract illness, meaning there has been great interest in the chest and lung
radiological findings seen during the course of the disease. Most of this interest has centred around the computed tomo-
graphic findings. Most commonly, computed tomographic images report ground-glass opacities but a less common finding,
and potential complication associated with COVID-19, is pneumatocele formation. In this case series, we describe the
presentation and management of three patients with large pneumatoceles that developed during the recovery phase
of COVID-19. A conservative approach is most recommended, with surgical intervention reserved for complicated

cases that cause cardiorespiratory compromise.
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Introduction

The radiographic features of the chest and lungs during the
course of COVID-19 infection have been of great interest,
mainly centring around computed tomographic (CT)
imaging, which is thought to yield the best diagnostic
benefit. Most studies of CT chest findings have shown bilat-
eral involvement with ground-glass opacity and consolida-
tion the most common patterns.'

Studies of CT findings in COVID-19 have reported
pneumatoceles, or at least cystic changes, as a less
common but potential complication of COVID-19 pneumo-
nia with an incidence of 10%, as reported in the study by
Shi et al.' With a further case study reporting giant
bulla formation in a patient who suffered COVID-19.*

Between April and May 2020, we identified three
patients with COVID-19 pneumonia, who developed
unusual radiological findings of large pneumatoceles
during recovery from COVID-19. We share the in-hospital
journey of three patients with interesting radiological find-
ings and their clinical and radiological evolution during the
first 12 months of recovery.

Case one

A 67-year-old male with a past medical history of diabetes
mellitus type I and ulcerative colitis. He presented with wor-
sening breathlessness and a dry cough. He was febrile, with

C-reactive protein (CRP) elevated at 240 mg/L, and was
diagnosed with COVID-19 pneumonia, following a positive
COVID swab result. Initial chest X-ray showed diffuse infil-
trations in the right middle zone (Figure 1). He made a rapid
recovery on conservative treatment with empirical antibiotics
(intravenous Amoxicillin and oral Clarithromycin) and anti-
viral medication as part of a clinical trial (Lopinavir/
Ritonavir 200/50). Throughout this admission, he did not
require any form of invasive/non-invasive ventilation and
was discharged in 6 days. Nine days later he was readmitted
with breathlessness, haemoptysis, and pleuritic chest pain.
Chest X-ray was consistent with COVID-19 pneumonia
and computed tomography pulmonary angiography
(CTPA) showed right lower lobe pulmonary embolism and
bilateral ground-glass opacities. CT scan also revealed a pos-
sible left-sided loculated pneumothorax or bulla and a small
right-sided cyst (Figure 2). He was treated conservatively
with oxygen and low molecular weight heparin.
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Figure |. Chest X-ray on admission with bilateral diffuse
infiltrations centred in the right middle zone. The image quality is
affected due to under penetration and slight rotation of the

radiograph.
D
|

Figure 2. Initial computed tomographic (CT) scan with a finding
of air cavity, suggestive of left-sided, moderate in size loculated
pneumothorax or potential bulla formation (blue arrow). A small
cyst in the right upper lobe was also noted (green arrow).

Follow-up chest X-ray, 72 h after CTPA, showed air-
fluid level in air locule which was confirmed with CT
chest (Figure 3). The finding was suspicious for
empyema. Therefore, he was commenced on empirical anti-
biotics, as there were no positive culture samples, and a
decision was made for chest drain insertion. This was
attempted under CT guidance but was unsuccessful, there-
fore no drain was placed. Post-procedural chest X-ray
showed new iatrogenic peripheral pneumothorax with an
obvious large pneumatocele partially filled with fluid. CT
scan confirmed initially presumed left loculated pneumo-
thorax was a fluid-filled pneumatocele, with a smaller right-
sided pneumatocele with fluid (Figure 4). Conservative
management was continued with antibiotics and oxygen
therapy. Further chest X-ray showed pneumatocele still
present (Figure 5(a)), but later fluid disappeared following
episode of productive cough (Figure 5(b)). Appearances
of pneumatocele were evident at discharge but the patient
remained clinically stable.

He was re-admitted with worsening right-sided pleuritic
chest pain, cough with haemoptysis and increasing breath-
lessness. Blood tests revealed a raised CRP at 177 mg/L.
Once more his chest X-ray showed no significant change
but CTPA found a mildly enlarging right pneumatocele
and no new PE (Figure 6). He was treated conservatively

Figure 3. The left-sided air cavity, gradually increasing in size and
filling with fluid (blue arrow). The right-sided cyst has also
enlarged (green arrow).

G

Figure 4. Computed tomographic (CT) scan following attempts
at CT-guided drain insertion, showing the persistence of the
left-sided air cavity (blue arrow) with an obvious iatrogenic
pneumothorax (yellow arrow). The right-sided air cavity
continues to grow in size (green arrow).

with empirical IV Amoxicillin with Clavulanic acid for
infected pneumatocele. He remained stable throughout
this admission and was discharged home with 2 weeks of
oral antibiotics.

A five-month follow-up X-ray confirmed the resolution
of pulmonary changes with a reduction in the size of both
pneumatoceles (Figure 7). At a 12-month follow-up, the
patient had an almost complete recovery.

Case two

A 7T1-year-old male with no significant past medical history
presented with a ten-day history of dry cough, fever and
progressing breathlessness. He was diagnosed with
COVID-19 pneumonia and an initial chest X-ray demon-
strated diffuse infiltrations (Figure 8).

Initially, he was treated with non-invasive ventilation in
the form of continuous positive airway pressure. Four days
later he deteriorated, requiring intubation and invasive venti-
lation. He was treated with steroids and antibiotics to cover
super-imposed bacterial infection. He developed severe
renal failure and soon required renal replacement therapy.

He tested negative for COVID-19 on three occasions and
during recovery, almost 4 weeks after his admission,
finding suspicious for cavitation was observed on his
chest X-ray (Figure 9(a)). All subsequent follow-up
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Figure 5. Chest X-ray showing the large left-sided
pneumatocele, partially filled with fluid (blue arrow) (a).
Follow-up chest X-ray showing the same left-sided pneumatocele
being empty from fluid (blue arrow), following an episode of
productive cough (b).

Figure 6. Computed tomographic (CT) scan on re-admission
with right chest pain. The left-sided pneumatocele is still obvious
but decreased in size (blue arrow). The right-sided pneumatocele
has started to fill with fluid (green arrow) and there is an obvious
pleural effusion (yellow arrow).

Figure 7. Five-month follow-up chest X-ray after initial
presentation. Small residual pneumatoceles in both lungs without
any fluid in their cavities (blue arrows outline visible left lung
findings).

\

Figure 8. Chest X-ray on admission with bilateral diffuse
infiltrations.

Figure 9. Chest X-ray (CXR) in the recovery phase showed the
left-sided pneumatocele (a), which persisted in a 3-month
follow-up chest X-ray (b) and computed tomographic (CT) scan
(c) (represented with a blue arrow in all images). Only one
pneumatocele was demonstrated in these images.

Figure 10. Chest X-ray on admission with patchy consolidation
throughout the right lung and less in the left lung base.

chest X-rays, during his admission, had appearances of
pneumatocele which remained uncomplicated and stable
until his discharge. A three-month follow-up chest X-ray
(Figure 9(b)) and CT scan (Figure 9(c)) confirmed the diag-
nosis, with moderate-sized pneumatoceles demonstrated in
the left lung of each scan. Further CT scan, 9 months later,
showed one of the pneumatoceles had completely resolved
and the second was completely unchanged.

Case three

A 47-year-old previously fit and non-smoking male pre-
sented with a 17-day history of fever, cough, and shortness
of breath and was diagnosed with COVID-19. Rapidly, he
developed severe hypoxia and was admitted to the Intensive
Care Unit for invasive ventilation. His chest X-ray initially
showed patchy consolidation throughout the right lung
and left lung base (Figure 10). Following 4 days of
invasive ventilation in combination with empirical anti-
biotic treatment (Amoxicillin with Clavulanic acid and
Clarithromycin), he gradually improved and was finally dis-
charged after 2 weeks. Ten days later he was readmitted
with chest pain and progressing breathlessness. Chest
X-ray revealed left-sided tension pneumothorax with medi-
astinal deviation to the right and cavitating lesion in the
right lung (Figure 11(a)). Pneumothorax was drained imme-
diately to treat tension pneumothorax (Figure 11(b)).
Twenty-four hours later there was further clinical deterior-
ation with progressing breathlessness. CTPA showed
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Figure Il. Chest X-ray scan on re-admission showed the
left-sided pneumothorax with mediastinal shift to right (blue
arrow) and right-sided pneumatoceles (green arrow) (a).
Resolved pneumothorax left, but right pneumatocele persists
(green arrow) (b).

Figure 12. Computed tomographic (CT) scan confirming the
existence of right (green arrow) and left (blue arrow)
pneumatocele formation at the same time with pulmonary
embolism (not obvious in this image).

pulmonary embolism and bilateral pneumatoceles of
various sizes (Figure 12). He was treated in a high depend-
ency unit conservatively with oxygen, antibiotics and low
molecular weight heparin. His recovery was no more com-
plicated and he was finally discharged. Three-months
follow-up CT chest showed significantly smaller pneumato-
celes which were filled with fluid (Figure 13).

Discussion

All three patients followed the same pattern; during recovery
from COVID-19 (4-6 weeks after the first symptoms and 2—
4 weeks after initial hospital admission), clinical deterior-
ation triggered a further radiological investigation. At that
point, the pneumatoceles were identified in areas of lung par-
enchyma where previously infective changes were observed.
Although there is literature suggesting that pneumato-
cele formation may be caused by invasive ventilation,>’
this is not the common trend seen in our small cohort of
patients with COVID-19 pneumonia, as one of them did
not even require invasive ventilation, one required it just
for 4 days and the last for a long period of time. And if
COVID-19 pneumonia can cause pneumatocele formation
as part of its long-term sequelae, it is important clinicians
recognize and manage this complication appropriately.
Pneumatoceles are a known complication of acute
Staphylococcus pneumonia, especially in young children
less than 4 years of age, and there is a decreasing incidence
with age.8 However, other infectious and non-infectious aeti-
ologies, or even a combination of them, have been reported

Figure 13. Three-month follow-up CT scan. Decrease in right
(green arrow) and left (blue arrow) pneumatoceles, which have
been completely replaced by fluid.

to contribute in the formation of pneumatoceles. These
include trauma, surgery, burns, continuous positive airway
pressure (CPAP) and mechanical ventilation, hydrocarbon
inhalation and diffuse interstitial pulmonary emphysema.”'°

From what is reported in the literature, most pneumato-
celes are asymptomatic and will resolve with conservative
treatment.”’ There is not an established algorithm in man-
aging such a lung pathology. Invasive treatment usually
takes the form of image-guided percutaneous chest drain
insertion and should be reserved for patients who show
signs of cardiorespiratory distress, such as tension pneuma-
tocele, pneumothorax, haemothorax, and infected fluid-
filled pneumatocele causing sepsis.”’'' In our first
patient, we decided to intervene initially with an image-
guided drain, in order to control his ongoing sepsis. The
failure of the drain insertion and the fact that we were hesi-
tant to drain it surgically at that point had, as a result, the
resolution of the problem with the conservative only treat-
ment, proving that the role of surgery is limited in these
cases. Considering the level of success of conservative
treatment, the risk of bleeding due to anticoagulation for
the concomitant pulmonary embolism and the risk of
exposure to high viral load for all the members of the oper-
ating team, the decision to intervene should be made only
when all other measures fail or in life-saving cases. The
indications for surgical intervention in patients with pneu-
matocele due to COVID-19 infection are the same as for
any type of complicated pneumatocele:

o Persistent air leak, haemothorax or pneumothorax fol-
lowing rupture.

o Failure of lung expansion, in spite of drain insertion.

e Progressive enlargement of the pneumatocele, causing
compression of normal lung parenchyma and/or car-
diorespiratory compromise.

e Massive haemoptysis.

e Abscess formation with ongoing sepsis.

e Lack of response to conservative treatment.

In these cases, there are few possible options of surgical
treatment, starting from deroofing or removal of the
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pneumatocele and extending to lung resections (lobectomy
or rarely pneumonectomy) by thoracoscopic approach or
thoracotomy.>”'?"'> Currently, in the literature there is
only one case report of a COVID-19 related pneumatocele
that was treated surgically with deroofing due to respiratory
compromise of the patient.'*

Based on our own experience and what is reported in the
literature, for COVID-19 related pneumatoceles, we advise
plain chest X-rays to be utilized for diagnosis and monitor-
ing, while CT scanning can be reserved to investigate
causes of acute clinical or radiological deterioration. A con-
servative approach is recommended, focusing mainly on the
management of the background COVID-19 infection.
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