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Abstract
Objectives  The appearance of characteristic pulmonary lesions has been noted after COVID-19, being described as post-
COVID-19 pneumo-hematocele. The aim of this study is to describe the clinical, histopathologic, and imaging features of 
pneumo-hematocele and to suggest a treatment algorithm for these patients.
Methods  A retrospective study was performed in patients admitted with a diagnosis of SARS-CoV2 infection from March 
2020 to September 2021 who presented a pneumo-hematocele on imaging studies. Clinical and demographic variables were 
recorded, and CT scans were analyzed. A secondary analysis was performed to estimate the risk provided by the pneumo-
hematocele diameter of developing pneumothorax.
Results  37 patients were diagnosed with pneumo-hematoceles, 97.3% were males with a median age of 41 ± 13 years and 
51% were smokers. The mean diameter of the pneumatocele was 6.3 ± 2.8 cm; they were more common on the subpleural 
surface and in the inferior lobe. Thirty patients had ruptured pneumo-hematoceles and developed pneumothorax (81.1%); a 
total of 26 patients required surgery (70.3%). Lesions measuring 5 cm had a high risk of rupture (OR 6.8, CI 95% 1.1–42); 
those measuring 3 cm were prone to this complication. For each centimeter that the pneumo-hematocele diameter increases, 
the OR for rupture increases 1.5.
Conclusions  It appears that post-COVID-19 pneumo-hematocele occurs secondary to encapsulation of blood accumula-
tion inside the lung, as a result of micro-capillary bleeding, with partial reabsorption of blood and subsequent air filling. We 
recommend surgery for patients with pneumo-hematoceles of 5 cm and those with persistent lesions of 3 cm.
Trial registration  Clinical Trial Registration: NCT05067881.
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Introduction

As the COVID-19 pandemic has continued worldwide dur-
ing 2020 and 2021, an increasing number of long-term 
complications are emerging, such as cardiac affection [1, 
2], neurologic disorders [3, 4], and pulmonary fibrosis [5, 6]. 
Recently, the appearance of characteristic pulmonary lesions 
has been noted, being described as “giant bulla” [7–9] or 
post-COVID-19 pneumatocele [10, 11].

A pneumatocele is described as an air-filled pseudocyst, 
with a thin wall that forms in the lung interstitium [12], 
it can be filled with liquid or present with air-fluid levels; 
when it has blood, it is called pneumo-hematocele and may 
occur secondary to bleeding into the cyst posterior to trauma 
[13]. Generally, pneumatoceles are present in one of the 
two settings: infectious or post-traumatic events, including 
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mechanical ventilation, surgery, and diffuse interstitial 
pulmonary emphysema. In 85% of the cases, patients are 
30 years old or younger [14]. In both cases, a tissue disrup-
tion occurs, which can be filled with pleural fluid, blood, or 
air, until a balance of lung pressures is reached between the 
cavities in the surrounding tissue [15, 16]. After infectious 
pneumonia, the inflammatory and airway secretions may 
form a bronchial valve, which allows the air to enter but not 
to come out, subsequently forming a cyst [12]. The most 
common infectious agents associated with pneumatocele 
formation are bacteria (Streptococcus pneumoniae [17], 
Staphylococcus aureus [18]), but they can also present in 
fungal infections (Pneumocystis jiroveccii [19]), mycobac-
teria, and some adenoviruses.

Most of the publications on post-COVID-19 pneumo-
hematoceles are case reports which have described the 
clinical and imaging presentation [20–22] of these patients 
without further discussion on the etiology and treatment. 
Hence, the aim of this study is to describe the clinical, 
histopathologic, and imaging features of post-COVID-19 
pneumo-hematoceles (PHC) and secondarily, to suggest a 
treatment algorithm in these patients.

Subjects and methods

From March 2020 to September 2021, a retrospective study 
was performed in patients admitted with a diagnosis of 
SARS-CoV2 infection in two hospitals in Mexico City. The 
inclusion criteria were adults with a positive protein chain 
reaction for SARS-CoV2, who presented PHC on imaging 
studies. Exclusion criteria were loss of follow-up or incom-
plete clinical records.

Clinical and demographic variables were recorded, 
including comorbidities, smoking history, laboratory results, 
D-Dimer (DD), reactive C-protein (RCP), infection history, 
and surgical records. Their thoracic computed tomography 
scans (General Electric Brightspeed Elite 16 high-resolu-
tion CT scanner) were evaluated and classified according 
to the following characteristics of the PHC: (1) single or 
multiple lesions, (2) laterality in one or both hemithorax, 
(3) localization in the lung (categorized as central “peribron-
chovascular” or peripheral “subpleural”), (4) diameter of the 
predominant lesion, (5) content, and (6) affected lobule. All 
patients signed a consent upon hospitalization and before 
surgery. The study was approved by the Hospitals Ethics and 
Research Department.

Surgical procedure

Patients who underwent surgery were intubated with selec-
tive bronchial intubation. If there were previous chest tube 
orifices, they were used to place the ports for video-assisted 

thoracoscopic surgery (VATS); if an open thoracotomy was 
planned, a standard posterolateral incision was performed.

Once the lesion is identified, it is opened and a complete 
drainage of the hematic material is performed; the resulting 
pouch is then excised at the base with surgical staples. A 
24–32 French drainage is placed to ensure outflow of pos-
sible air leaks, connected to a water seal with intermittent 
suction. Once a complete pulmonary expansion is achieved 
and no air leaks are identified, the tube is removed, and the 
patient is discharged.

Statistical analysis

Data were expressed as median ± standard deviation (SD) 
with range values whenever a normal distribution was 
observed. Non-parametric descriptive measures were used 
whenever a variable distribution was not Gaussian. A sec-
ondary analysis was used to estimate the risk of pneumo-
thorax by PHC diameter; a ROC curve analysis was deter-
mined, and the OR was calculated with diameters of 3 cm 
and 5 cm adjusted for smoking (Mantel–Haenszel test). To 
estimate the risk provided by the increase in the diameter 
of the lesion, a logistic regression analysis was performed 
and the crude value was reported. Microsoft Excel for Mac 
12.2.6 and IBM® SPSS® Statistics version 22.0 (IBM Inc. 
Chicago, IL) were employed for the statistical analysis.

Results

A total of 37 patients were diagnosed with PHC during the 
study, almost all of them were male (97.3%) with an age of 
41 ± 13 years old. More than half of these patients (54.1%) 
presented PHC outside the hospital and were admitted to the 
emergency room, the rest were diagnosed during hospitaliza-
tion due to COVID-19; a total of 12 patients (32.4%) had a 
previous history of mechanical ventilation. The median days 
from SARS CoV-2 infection and the diagnosis of PHC were 
23 ± 11 days. Thirty patients had PHC rupture and developed 
pneumothorax (81.1%). More than half of the patients were 
active smokers (51.8%), the rest of the clinical and demo-
graphic variables are listed in Table 1.

A total of 26 patients underwent surgery (70.3%), which 
was more frequently by VATS (76%) (Table 2). There were 
no serious immediate postoperative complications, only one 
post-thoracotomy patient had a superficial wound infection. 
During follow-up, the hospital stay was 20 ± 24 days and 
five patients died (14.3%) from other COVID-19 complica-
tions (Fig. 1).

When determining the size from which patients presented 
PHC rupture and pneumothorax, the ROC curve had an AUC 
of 0.73 (0.54–0.92), defining 3 cm as the earliest predictor 
(Fig. 2). The logistic regression analysis showed that patients 
with lesions measuring 5 cm had the higher risk for rupture 
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(OR 6.8, CI 95% 1.1–42), whereas those with PHC measur-
ing 3 cm were prone to present this complication (OR 4.8, 
CI 95% 2–5.6). For each centimeter that the PHC diameter 
increases, the OR for rupture increases 1.5 (Fig. 3). 

Radiology

In all patients, PHC were described as well delimited com-
plex air spaces with a thin, 2 mm wall and heterogeneous 

content at the expense of a hyperdense level that precipi-
tates with attenuation coefficients ranging between 12 and 16 
Hounsfield Units (Fig. 4). The most common form of presen-
tation was patients with multiple and unilateral lesions; the 
mean diameter of the PHC was 6.3 ± 2.8 cm (1.0–12.3 cm) 
and appeared most frequently in the periphery of the lung 
(78.4%), being the inferior lobe the most commonly affected 
area in 54.1% of the cases (Table 3). 

Histologic results

The pathological specimens macroscopically showed a 
large accumulation of blood between the collapsed and 
rejected lung parenchyma. The pleural surface was thin and 
preserved, with the pulmonary parenchyma enclosing the 
hematic material forming a capsule (Fig. 5).

The histological analysis showed edema in the subpleural 
space, with mononuclear infiltration, reactive mesothelial 
cells, and vascular proliferation over the hematic material 
(Fig. 6A, B). The lung parenchyma was displaced and had 
fibroconnective tissue surrounding the hematic material; 
hemosiderophages were also found, possibly secondary to 
old bleeding and mononuclear inflammatory infiltration 
(Fig. 6C). Peripheral to the lung lesion, a thick arterial wall 

Table 1   Clinical and demographic variables of patients with PHC

DD D-dimer, RCP reactive-C protein, PHC pneumo-hematocele
*Normal range 0-500 ng/mL

Qualitative variables N (37) %

Gender
 Female 1 2.70
 Male 36 97.30

Comorbidities
 Diabetes Mellitus 2 6 17.10
 Systemic hypertension 4 11.80
 Smoking 18 51.40
 Inhaled drugs 2 5.40
 HIV infection 1 2.7
 Alcoholism 5 13.50
 Pulmonary Tuberculosis 1 2.70
 History of Mechanical Ventilation 12 32.4

Clinical presentation
 Outpatient 20 54.1
 Inpatient 17 45.9

Quantitative variables Median Percentile 25 Percentile 75

Age (years) 42 32 53
DD* (ng/mL) 2305 1180 4070
RCP (mg/L) 17 6.76 30
Hospital stay (days) 20 11 33
Days between COVID-19 and PHC 23 14 30

Table 2   Treatment in symptomatic PHC patients

*VATS: Video-assisted thoracoscopic surgery

Intervention N (37) %

None 4 10.8
Chest tube 4 10.8
Bilateral Chest tube 1 2.7
Pulmonary resection
 VATS* 19 51.6
 Thoracotomy 6 16.1

Drainage and decortication 1 2.7
Chemical pleurodesis 1 2.7
Total 37 100.0



569General Thoracic and Cardiovascular Surgery (2022) 70:566–574	

1 3

with important vasculitis was observed with inflammatory 
obstruction of the vascular lumen (Fig. 6D).

Discussion

As the COVID-19 pandemic continues, we are identifying 
new medium and long-term complications following SARS-
CoV2 infection, with PHC being a new entity identified in 
these patients. The appearance of these lesions has become 
increasingly frequent, they occur in relatively younger 
patients and generally in those with the moderate and severe 
disease around day 20 after diagnosis. In our study, more 
than half of the patients were active smokers, which has been 
previously related to the formation of blebs and spontaneous 
pneumothorax in non-COVID-19 patients [23].

Pneumo-hematoceles present in one of the two forms: (1) 
with symptoms due to pneumothorax, lung displacement, 
and rupture or (2) as asymptomatic PHC in imaging studies. 

Depending on the PHC size and the hemodynamic stability 
of the patient, surgery is carried out, preferably with VATS 
as described later.

According to the clinical and epidemiological context of 
the patients, based on the 2008 Fleischner Society Glossary 
of Terms for Thoracic Imaging and having appeared de novo, 
the complex cystic spaces presented in the study can be cat-
egorized as pneumatoceles [24]. Some authors reported 
similar findings in a patient with COVID-19 and described 
the airspace as a bulla rather than a pneumatocele [25]. 
Radiologically, it may be difficult to differentiate between 
the two conditions, but pathologically, each entity has dif-
ferent features: bullae are the result of the destruction of the 
alveoli, resulting in airspace with a fibrous wall and possible 
intracystic trabeculae, whereas the post-COVID-19 PHC are 
secondary to the encapsulation of blood accumulation.

A retrospective analysis of CT findings in patients with 
COVID-19 from China by Wu et al. reported the presence 
of pneumatoceles in only two cases [26]. Most of the lesions 

Fig. 1   String graphic of patients with PHC
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found in our study were peripherally localized; we assume 
that this finding may be a reflection of the COVID-19 pre-
dilection to affect the subpleural space as demonstrated in 
previous imaging and pathologic studies [27].

Regarding histological evaluation, Hamad et al. reported 
a thin tissue wall demarcating lesions similar to PHC, with 
marked fibroblast proliferation, lymphocyte infiltration, 
intra-alveolar hemorrhage, and pneumocyte proliferation 
[11]. According to our findings, the histological changes 
were similar when the lesion was close to the pleura, but 
in intrapulmonary cases, the connective tissue surrounding 
the hematic material showed a reactive inflammatory pro-
cess secondary to a foreign body, very different from the 
previous descriptions of COVID-19 lung affection as dif-
fuse alveolar damage, organizing pneumonia, reactive type 
II pneumocytes, and chronic interstitial pneumonia [28]. In 
another report by Barnes et al., a small vessel injury with 
features of acute capillaritis in association with neutrophilic 
infiltration into the alveolar space and tracheal mucosa was 
described, which is consistent with our findings of vasculitis 
and inflammatory vascular occlusion [29].

With these findings, we consider that the term “pulmo-
nary hematocele” or “pneumo-hematocele” is more proper 
than pneumatocele, due to the fact that the primary lesion 
appears to be a hematic accumulation due to micro-capil-
lary inflammatory bleeding with a secondary inflammatory 
fibrotic process enclosed by the lung parenchyma, with 
subsequent total or partial reabsorption of the blood. The 
remaining lesion, which can appear as a giant bulla, is the 
“capsule” of this inflammatory process, which can easily 
present rupture of its thin wall, causing pneumothorax [30].

Fig. 2   ROC curve for PHC diameter and pneumothorax

Fig. 3   OR for developing pneumothorax according to PHC size

Fig. 4   Lung window chest 
tomography of patients with 
COVID-19 and PHC. A Patient 
with two PHC at the level of 
both upper segments of the 
lower lobes; note the right pneu-
mothorax and lung parenchyma 
with multisegmental areas of 
alveolar occupation. B Patient 
with a PHC at the level of the 
middle lobe and in the left 
anterior basal segment, the right 
one with a subtle liquid level. C 
Patient with severe COVID-19, 
D the same patient one month 
apart, with a typical PHC on the 
left lung
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Proposed treatment pathway

To treat these patients, a multidisciplinary team was formed 
by clinicians, general and thoracic surgeons, radiologists, 
and pathologists; together, the most adequate treatment path-
way to standardize the management of PHC to improve the 
patient's outcome was discussed due to the lack of consensus 
and guidelines to treat this COVID-19 complication (Fig. 7).

According to the experience of the past 18 months, a 
treatment pathway was proposed in patients with confirmed 
SARS-CoV2 infection in the two clinical scenarios:

(1)	 Symptomatic or ruptured PHC: the patient is admitted 
to the hospital and a thoracic X-Ray is performed. If 
the pneumothorax found is larger than 20% or has more 
than 2 cm of separation between the pleurae, a chest 
tube or a minimally invasive drainage system with a 
negative pressure system is placed; a chest CT scan is 
then performed to rule out PHC.

(2)	 Asymptomatic or non-ruptured PHC: if the patient pre-
sents dyspnea or chest pain during outpatient or inpa-
tient follow-up, a simple thoracic CT scan is performed.

Once the PHC is diagnosed in the thorax tomography, we 
measure its larger diameter, assess if the lesion is single or 
multiple, and its laterality. If the lesion is wider than 5 cm, 
surgery should be considered depending on the hemody-
namic status of the patient: if stable, the surgery is carried 
out; if the patient is hemodynamically unstable or unfit for 
surgery, a percutaneous catheter drainage or a chest tube 
is placed and aggressive antibiotic management is initiated 
until their clinical condition improves to perform the pul-
monary resection.

If the pulmonary lesion measures less than 5 cm and does 
not cause any symptoms, conservative management is rec-
ommended and the patient is monitored with thoracic CT 
in 4 weeks. If the PHC persists larger than 3 cm, resection 
should be performed due to the high risk of bleeding, infec-
tion, or rupture.

Conclusions

This manuscript describes a new entity described as 
pneumo-hematocele with clinical, imaging, histologic, and 
surgical findings. According to the experience obtained, a 
treatment algorithm is proposed to standardize the man-
agement in these patients, suggesting surgical resection of 
PHC measuring 5 cm or larger, as well those asymptomatic 
patients with persistent lesions above 3 cm.

Because of the previously described characteristics of 
PHC, we consider it a different entity from other bullous 
diseases of the lung, thus, it should be treated differently. 
The rise in the incidence of these lesions may be due to the 
increase in the survival of patients with new therapies and 
the advance of knowledge about COVID-19, as well as the 
progress in vaccination throughout the world; we do not rule 
out that the new strains of this virus are more prone to cause 

Table 3   Pneumo-hematoceles radiographic findings

N (37) %

PHC localization
 Peripheric 29 78.4
 Central 5 13.5
 Mixed 3 8.1

Number of PHC
 Single 13 35.1
 Multiple 24 64.9

PHC lateralization
 Unilateral 27 73.0
 Bilateral 10 27.0

Affected lobe
 Superior 14 37.8
 Middle 3 8.1
 Inferior 20 54.1

Fig. 5   Macroscopic appearance of a pulmonary resection with a PHC
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these and other complications compared to the wild-type 
SARS-CoV2.

Although this manuscript reports the highest number 
of PHC cases to date, no prospective studies or guidelines 

are yet available, so the recognition of these cases and their 
further analysis still is of utmost importance to continue to 
elucidate the behavior of COVID-19.

Fig. 6   Histologic features 
of a Pneumo-hematocele. A 
Edema in the subpleural space, 
with mononuclear infiltration, 
reactive mesothelial cells. B 
Vascular proliferation over the 
hematic material. C Displace-
ment of lung parenchyma with 
fibroconnective tissue surround-
ing the hematic material and 
hemosiderophages. D Small 
artery with vasculitis and 
inflammatory obstruction of the 
vascular lumen
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Fig. 7   Treatment algorithm for 
patients with PHC
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