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Abstract

Background: It has been shown that cavitary lesions on CT scans of patients with COVID-19 may be related to their

clinical symptoms and mortality rate.

Materials and methods: The study population included patients diagnosed with COVID-19 based on RT-PCR results
from throat samples or typical clinical and chest CT scan findings who were hospitalized at Sina Hospital in Tehran in
2020 and underwent chest CT scans. Chest CT scans were examined for the severity of pulmonary opacities and the
presence, number, size, wall thickness, and distribution of cavitary lung lesions.

Results: Oxygen saturation was lower in patients with cavitary lesions in the initial state and after treatment than those
without cavitation, and a statistically significant relationship was observed (p < 0.05). In terms of gender, a significant
correlation was observed, and the prevalence of cavitary lesions was higher in men (p < 0.05). Also, the in-hospital
mortality rate was higher in patients with cavitary lesions (p < 0.05).

Conclusion: Based on our results, the presence of cavitary lung lesions in COVID-19 patients is related to the mortality
rate, severity of pulmonary involvement, and patients' gender.

Keywords: COVID-19, Cavitary lesion, CT scan

1. Introduction

C oronavirus disease 2019 (COVID-19) is a viral
infection first identified in Wuhan, China, in
2019. At first, the clinical symptoms and pathogen-
esis of the virus were obscure.'” Gradually, as
COVID-19 spread, the virus emerged as a
pandemic. COVID-19 infection causes inflamma-
tion, coagulation reactions, and death in patients,
although the disorder primarily involves the respi-
ratory tract.*®
COVID-19 affects the respiratory system and
causes disturbances in oxygen saturation.”” Diag-
nosis is primarily based on clinical findings and
molecular analysis, such as polymerase chain reac-
tion (PCR) testing from throat swabs. However, a
chest CT scan is considered a diagnostic test during
the COVID-19 pandemic.”"" It has been determined

that chest CT scans can be important in identifying
high-risk people.

Cavitary lesions are pathologic processes that
occur secondary to infection and conditions such as
malignancies and rheumatologic diseases. A CT
scan visualizes it as a gas-filled space with a thick
wall.'>"?

It has been shown that cavitary lesions on CT
scans of patients with COVID-19 are related to their
clinical presentations and laboratory findings.'""
Also, it has been shown that cavitary lesions on CT
scans can be associated with complications such as
thrombosis and thromboembolism.'®* Hitherto,
few studies have evaluated the correlation between
cavitary lesions in COVID-19 patients and the clin-
ical symptoms and the mortality rate. In this study,
we evaluated the presence and characteristics of
cavitary lesions in patients with COVID-19 and
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investigated its relationship with patients’ clinical
presentations and prognosis.

2. Materials and methods

2.1. Study population

This retrospective cross-sectional study was con-
ducted in 2020 at Sina Hospital in Tehran, Iran. Sina
Hospital is a referral university-affiliated hospital
and one of the major COVID-19 centers.

The inclusion criteria comprised all hospitalized
individuals diagnosed with COVID-19 who under-
went chest CT scans. The diagnosis of COVID-19
was based on positive real-time polymerase chain
reaction (RT-PCR) results from throat swab sam-
ples or typical clinical symptoms and characteristics
COVID-related changes on chest CT scans.
COVID-related findings on CT scans include
bilateral or peripheral ground-glass opacity or
consolidation.

Exclusion criteria included individuals with cavi-
tary lung lesions attributed to other pathologies
such as malignancy and collagen vascular disease.
Demographic, clinical, and laboratory data were
extracted from medical records.

2.2. CT scan acquisition and image analysis

This study employed a 16-slice multi-detector
Philips Ingenuity Flex CT scanner to acquire high-
definition, thin-layer images of the chest. Scan set-
tings included a slice thickness of 1.5 mm, a tube
voltage of 120 kVp for standard-sized patients and
140 kVp for obese patients, and an average tube
current of 70 mAs. Rotation time was setat 0.5 s with a
pitch value of 1.438. Collimation was configured at
16 x 1.5 mm. The field of view (FOV) was adjusted for
each patient to capture the entire area of interest.
Dose Right technology was utilized to minimize ra-
diation exposure. Two radiologists with over eight
years of specialized experience using the MarcoPACS
system assessed all images. The images were evalu-
ated for cavitary lesions, their number, size, wall
thickness, and distribution. The severity of lung
involvement was reviewed using the semi-quantita-
tive scoring system.”’ Each lobe was visually scored
from zero to five (no involvement scored 0, <56%
involvement scored 1, 5—25% scored 2, 26—49%
scored 3, 50—75% scored 4, and >75% scored 5). The
final score was the sum of all five lobes ranging from
zero to 25. The presence of pneumothorax was
documented.

2.3. Statistical analysis

The data were analyzed using SPSS version 26.
Descriptive statistics were used to report quantita-
tive variables using mean and standard deviation
and qualitative variables using frequency and per-
centage. The Chi-square test, the t-test, and the
Mann—Whitney U test were used for quantitative
variable analysis. Logistic regression analysis was
performed to assess the independent association of
variables in predicting outcomes. The Kaplan—
Meier method was also performed to check sur-
vival. A P value less than 0.05 was considered
significant.

3. Results

This retrospective study included 344 patients
diagnosed with COVID-19. The characteristics of
patients are shown in Table 1. The average O2
saturation before and after the treatment was
84.80 + 12.36 and 91.96 + 5.82, respectively. Among
patients, 58.7% were male and 41.3% were female.
From the point of medical history, 43.6% had no
comorbidities, while 20.6%, 9%, and 8.4% of the pa-
tients had diabetes, hypertension, and heart disease,
respectively. Of all patients, 69.5% survived and were
discharged from the hospital, while the rest (30.5%)
died at the hospital (during hospitalization). 26.2% of
patients were admitted to ICU, whereas 79.7% and
29.9% took immunosuppressive drugs and intu-
bated, respectively. Regarding WBC level, at 67.7%, it
was in the normal range, while at 27.3%, it was
increased, and at 4.9%, it was decreased.

3.1. Pulmonary indicators

Based on the explanations given earlier in the
method section, 2.6% of patients had no pulmonary
involvement, and 9.6%, 16.9%, 19.8%, 25.9%, and
25.3% of patients had pulmonary involvement
scores of 5, 10, 15, 20, and 25, respectively Also, 3.2%
of patients had Pneumothorax, and 2.4% had cavi-
tary lesions (Table 2).

3.2. Characteristics of cavitary lung lesions

Of all patients, 18 (2.4%) had cavitary lesions. The
characteristics of cavitary lesions were as follows:
the average number of lesions and the involved
lobes were 1.33 + 0.76 and 3.0 + 1.41, respectively.
The size and wall thickness of cavitary lesions were
28.83 + 26.82 mm and 4.86 + 3.3 mm, respectively.
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Table 1. The characteristics of COVID-19 patients.

Variables (Mean + SD) (n = 344)

Age (years) 60.20 + 17.96

Baseline O, saturation (%) 84.80 + 12.36

O, saturation after treatment (%) 91.96 + 5.82

Variables N (%)

Sex Male 202 58.7
Female 142 41.3

Comorbidities No 150 43.6
Diabetes 71 20.6
Hypertension 31 9
Heart disease 29 8.4
Other 63 18.3

Survived Yes 239 69.5
No 105 30.5

ICU admission Yes 90 26.2
No 254 73.8

Immunosuppressive Yes 274 79.7

drugs consumption No 70 20.3

Intubation requirement Yes 103 29.9
No 241 70.1

WBC count Normal 233 67.7
Increased 94 27.3
Decreased 17 4.9

Table 2. Pulmonary findings of COVID-19 patients on chest CT scan.

variables N (%)
Pulmonary involvement 0 9 2.6
severity score 1 33 9.6
2 58 16.9
3 68 19.8
4 89 25.9
5 87 25.3
Pneumothorax Yes 11 3.2
No 333 96.8
Cavitary lesion Yes 18 24
No 326 97.6

3.3. Assessment of the relation between clinical
data and cavitary lung lesions

The mean oxygen saturation before and after
treatment was significantly lower in patients with
cavitary lesions (79.38 + 10.14, 89.61 + 5.60) than in
patients without it (85.09 + 12.43, 92.09 + 5.83)
(p = 0.028, p = 0.003). The percentage of males in
both groups with (88.9 vs. 11.1%) and without (57.2
vs. 42.8%) cavitary lesions was significantly higher
than females (p = 0.005). The percentage of patients
who had cavitary lesions and survived was signifi-
cantly lower than patients without lesions (44.4 vs
70.8%) (p = 0.021). Regarding the pulmonary
involvement severity score, the results showed that
the percentage of patients with pulmonary
involvement greater than 20% was higher in the
group with cavitary lesions (p = 0.018). On the other
hand, there was no significant relationship between

the two groups in terms of comorbidities, ICU
admission, immunosuppressive drug consumption,
intubation requirement, and WBC count variables
(p > 0.05) (Table 3).

3.4. Evaluation of logistic regression and
correlation of variables with cavitary lesions

In Table 4, the relationship between mortality,
oxygen saturation, male gender, and severity of
pulmonary involvement with the presence of cavi-
tary lesions was examined. Analyses showed that in-
hospital mortality, male gender, and severity of lung
involvement were significantly associated with
cavitary lesions.

3.5. Evaluation of survival analysis according to
patients’ clinical and radiologic characteristics

The Kaplan—Meier method was used to analyze
survival. The results showed that patients with no
comorbidities, no cavitary lesions, and less lung
involvement had an increased chance of survival. In
patients with cavitary lesions, those with fewer had
an increased survival (Fig. 1).

4. Discussion

The current study evaluated the presence and
characteristics of cavitary lesions on the chest
CT scan of COVID-19 patients, and their relation-
ship with clinical findings was studied. These
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Table 3. Comparison of clinical data of COVID-19 patients with and without cavitary lesions.

Variables With cavitary lesion Without cavitary lesion p-value
Baseline O, saturation 79.38 + 10.14 85.09 + 12.43 0.028
O, saturation after treatment 89.61 + 5.60 92.09 + 5.83 0.003
Variables N (%) N (%) p-value
Sex Male 16 88.9 186 57.2 0.005
Female 2 11.1 139 42.8
Comorbidities No 5 27.8 145 44.6 0.293
Diabetes 7 38.9 64 19.7
Hypertension 2 11.1 29 8.9
Heart disease 2 11.1 27 8.3
Other 2 11.1 60 18.5
Survived No 10 55.6 95 29.2 0.021
Yes 8 44.4 230 70.8
ICU admission Yes 5 27.8 84 25.8 0.521
No 13 722 241 74.2
Immunosuppressive drugs Yes 15 83.3 258 79.4 0.481
consumption No 3 16.7 67 20.6
Intubation requirement Yes 7 38.9 96 29.5 0.275
No 11 61.1 229 70.5
WBC count Normal 11 61.1 222 683 0.360
Increased 7 38.9 87 26.5
Decreased 0 0 17 5.2
Pneumothorax Yes 0 0 11 3.4 0.548
No 18 100 314 96.6
Pulmonary involvement No 0 0 9 2.8 0.018
severity score <20 3 16.7 156 48
>20 15 83.2 160 49.2
Table 4. Analysis of logistic regression and correlation of variables with the presence of cavitary lesions.
Cavitary lesion P value Std. Error Odds Ratio 95% Confidence Interval
Lower Upper
Mortality 0.024 0.49 3.026 1.15 7.9
O, saturation 0.377 1.06 0.377 1.15 7.9
Male gender 0.018 0.75 5.97 1.35 26.42
Pulmonary involvement 0.014 0.64 1.58 1.38 17.17

severity

lesions have rarely been reported in patients with
COVID-19.

Although the etiology of cavitation in COVID-19
pneumonia is obscure, regarding prior autopsy re-
sults, it may be due to diffuse alveolar damage,
alveolar hemorrhage, and necrosis of parenchymal
cells.”"**

Our results showed that oxygen saturation levels,
before and after treatment, were higher in patients
without cavitary lesions, and the difference was
statistically significant (p < 0.05). However, logistic
regression analysis showed that oxygen saturation
level had no significant relationship with cavitary
lesions.

In line with the results of our study, Zomout et al.
demonstrated that patients with COVID-19 who had
cavitary lesions had worse clinical conditions and
needed aggressive treatment.” Kruse et al.'s study

reported that patients with cavitary lesions on CT
scans had more severe clinical symptoms.”* Another
study showed that COVID-19 patients with cavitary
lesions needed oxygen therapy.”

The present study showed that survival status
was higher in patients with no cavitary lesions than
in patients with cavitary lesions, which was statis-
tically significant (p < 0.05). In addition, regression
analysis revealed that cavitary lesions can
be related to the mortality rate. Also, survival
analysis demonstrated that the presence and
number of cavitary lesions, degree of lung
involvement, and comorbidities were associated
with survival rates.

In one study, it was demonstrated that the pres-
ence of cavitary lesions in patients may require
aggressive treatments to improve their clinical
symptoms.”® In the study of Selvaraj et al., cavitary
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Fig. 1. The Kaplan—Meier plot to assess survival. A: past medical history, B: severity of lung involvement, C: the presence of a cavitary lesion, D:
number of cavitary lesions, E: lobe containing cavitary lesion, F: the size of the cavitary lesion.

lesions were observed on the CT scan of a 52-year-
old patient with COVID-19. The patient's symp-
toms improved following antibiotic consumption
and oxygen therapy.”’” Another study showed that
patients with cavitary lesions require monitoring
and treatment to improve their clinical symp-
toms.”® Also a study reported the presence of a
cavitary lesion in a COVID-19 patient that dis-
appeared with antiviral treatment.”’ Cavitary le-
sions are uncommon in COVID-19 patients that is

concordant with our findings (prevalence of 2.4% in
our study group).

Based on the current and previous studies, the
presence of cavitary lesions can be related to the
mortality of patients; therefore, it is necessary
to adopt appropriate strategies for patients with
cavitary lesions to increase survival. In the
present study, there was no significant relationship
between the length of hospitalization, intubation,
hospitalization in ICU, and the consumption of
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immunosuppressants in patients with and without
cavitary lesions (p > 0.05).

Krues et al. conducted a study to evaluate the
prevalence of cavitary lesions on the chest CT scan of
patients with COVID-19. Cavitary lesions were
observed on the CT scan of more than 50% of criti-
cally ill patients who were admitted to the ICU. In
some patients, the size of these cavitary lesions
decreased with patient treatment, while in some
other patients, the size increased without the effect
of drugs. The results showed that the presence of
cavitary lesions in patients with COVID-19 can be
associated with severe clinical symptoms; in addi-
tion, it can be accompanied by an increase in
thrombosis and embolism, which aggravates the
clinical process.”* In another study, it was shown that
patients with cavitary lesions were hospitalized for a
longer period of time. In addition, the presence of
cavitary lesions was associated with the progression
of disease and lack of response to treatment. It was
revealed that the presence of cavitary lesions can be
associated with the severity and progression of the
disease. Therefore, it can be concluded that the
presence of cavitary lesions on CT scans of patients
can be associated with an increase in mortality.”’

5. Conclusion

The results suggest that the development of
cavitary lesions can be related to mortality rate,
severity of pulmonary involvement, and gender.
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