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A B S T R A C T

Introduction: A high percentage of patients with non-severe (17.9%) and severe (2.9%) atypical
pneumonia do not display pulmonary tomographic findings upon hospital admission; further-
more, lesion associated with COVI-19 are peripherally distributed in a multifocal ground-glass
pattern, as well as displaying an irregular consolidation pattern, with a posterior or lower lobe
predilection. The main objective of this study was to identify the pulmonary radiological pat-
terns in patients diagnosed with SARS-CoV-2 pneumonia, the factors associated with the need
for mechanical ventilation, as well as their survival rates at 30 days.
Methods: We report the pulmonary tomographic findings of 490 consecutive patients with severe
and critical pneumonia due to SARS-CoV-2. The patients were classified according to the tomog-
raphy and demographic findings, sepsis severity prognostic scales, Charlson comorbidity index
(CCI), the Sequential Organ Failure Assessment (SOFA), and the Acute Physiology and Chronic
Health Evaluation (APACHE IV). The Kaplan-Meier method was used to calculate survival distri-
butions.
Results: 89.80% of patients had ground-glass opacities, 81.63% radiologic consolidation sign,
42.45% vascular thickening pattern, 37.55% lymphadenopathies, 14.90% pleural effusion, and
2.65% pulmonary thrombosis; meanwhile, 91.02% had bilateral lesions, 85.51% had peripheral
lesions, and 75.92% had basal lobe lesions. APACHE IV (HR, 1.191, 95% CI [1.126, 1.260]),
SOFA (HR, 5.178, 95%CI [3.103, 8.641]), and CCI (HR, 0.673, 95%CI [0.510, 0.889]), as well as
the pulmonary damage severity index (HR, 1.282, 95%CI [1.151, 1.428]), predict the need for
invasive mechanical ventilation. Only moderate ARDS patients with mild and severe lung dis-
ease showed different 30-day mortality distributions (χ2 = 7.00, p = 0.008).
Discussion: Although the survival distributions did not vary significantly, an overwhelming ma-
jority of patients (i.e., 84.35%) with a higher pulmonary damage severity index (i.e., 23>) died
within 30 days of hospital admission, while only 25.91% with moderate lung damage and
2.42% with mild lung damage.
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1. Background
At the end of 2019, a new coronavirus was linked to several cases of pneumonia in the city of Wuhan in the Hubei province of

China [1]. The virus that causes COVID-19 is called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2); previously, it was
called 2019-nCoV [1,2]. Like MERS-CoV disease, there is still no specific treatment for SARS-CoV-1 and -2 disease [3]. The recom-
mended management for SARS-CoV-2 infection is isolation and supportive care, including oxygen therapy, invasive mechanical venti-
lation, fluid management, steroid administration, and antibiotic treatment for secondary bacterial infections [4–7].

The use of computed tomography should be considered as the first option for imaging diagnosis in patients with suspected pneu-
monia [8]; highlighting the importance of recognizing the tomographic radiological patterns associated with patients with pneumo-
nia. Pulmonary tomographic findings in patients with SARS-CoV-2 pneumonia have reported that a peripherally distributed multifo-
cal ground-glass pattern may occur with an irregular consolidation pattern, with a posterior or lower lobe predilection [9–11]. How-
ever, imaging diagnosis is difficult for patients with atypical pneumonia since 17.9% of patients with non-severe disease COVID 19 do
not display pulmonary tomographic findings upon hospital admission, while 2.9% in patients with severe disease [5]. We report a se-
ries of 490 consecutive cases in which we report the pulmonary tomographic findings of patients with severe and critical pneumonia
due to SARS-CoV-2. The patients were classified according to the tomography and demographic findings, prognostic scales, and bio-
markers. First, pulmonary radiological patterns were identified in patients diagnosed with SARS-CoV-2 pneumonia, followed by the
assessment of the association between disease severity scales and invasive mechanical ventilation. A secondary objective was to iden-
tify the mortality at 30 days associated with the type of pneumonia (i.e., severe or critical), acute distress syndrome (i.e., ARDS lev-
els), and different levels of lung disease (i.e., pulmonary damage severity index).

2. Methods
An observational and retrospective study was conducted that included a consecutive case series of patients with SARS-CoV-2 (i.e.,

Polymerase chain reaction, PCR, confirmed diagnosis) pneumonia at the internal medicine department of our hospital (Hospital Gen-
eral Regional N. 58 IMSS and Hospital General de Zona N. 21 de León, León, Mexico) from June 2020 to March 2021. The inclusion
criteria included: 1) patients older than 18 years; 2) both sexes; 3) patients with contrasted chest computed tomography at the time of
taking the sample to make the confirmatory diagnosis by PCR (i.e., ≤24 hours); 4) patients with a PCR positive test for SARS-CoV-2
(i.e., confirmed by the National Network of Public Health Laboratories, Institute for Diagnosis and Epidemiological Reference, Mexico
City); and 5) patients with a complete file with progress notes up to 30 days of hospitalization. The exclusion criteria were: 1) patients
with a negative PCR test for SARS-CoV-2; 2) patients with a diagnosis of pulmonary neoplasia or evidence of a pulmonary metastatic
process; 3) patients with autoimmune disease (e.g., systemic lupus erythematosus, rheumatoid arthritis, polymyositis, dermatomyosi-
tis, Sjögren's syndrome); 4) patients with a previous medical diagnosis of interstitial disease (e.g., idiopathic pulmonary fibrosis,
mixed connective tissue disease, collagen disease, sarcoidosis, respiratory bronchiolitis associated with interstitial disease, unspeci-
fied interstitial pneumonia, unclassifiable interstitial disease) [12]; 5) pregnant patients; and 6) patient who refused to undergo pul-
monary CT scan. Meanwhile, the elimination criteria were: 1) patients without a complete medical file necessary to extract the vari-
ables of interest for this study; and 2) patients lacking a 30-day follow-up. Upon hospital admission, the patient signed an informed
consent permitting the use of her clinical file information for didactic, research, and publication purposes. This study was approved
by the Institutional Review Board (IRB) of our hospital on June 15th, 2020. The IRB approval number: F-2020-1008-038 and
ClinicalTrials.gov identifier: NCT04499378. Abiding by the Declaration of Helsinki, patient anonymity was guaranteed.

The images were processed with a Toshiba 16 multislice tomograph and by a Siemens 16 multislice tomograph, which is scaled to
32 multislice. The pixel spacing of CT images was 0.72 mm and 0.85 mm for the uCT and Siemens scanner (Erlangen, Germany), re-
spectively. The slice thickness was 5 mm for both scanners, all scans were evaluated by two radiologists. A nasopharyngeal sample
was collected for each patient at the time of admission to the emergency department with a RT-qPCR SARS-COV2 kit Superscript III
platinum one-step quantitative RT-PCR system (Invitrogen, Thermo Fisher Scientific, Waltham, MA USA).

Demographical variables such as sex, age, weight, height, body mass index, as well as clinical variables such as length of stay in
the hospital, intra-hospital stay, vital signs, comorbidities, heart failure, acute kidney failure, acute respiratory failure, laboratory
work-up (e.g., serum lactate, PaO2/FiO2, arterial gases, D-dimer, lactate dehydrogenase, platelets, leukocytes, liver function enzymes,
creatinine, albumin, hemoglobin, C-reactive protein), and therapeutic management (e.g., use of vasopressors and inotropes, renal re-
placement therapy, steroid use, mechanical ventilation, antibiotic treatment) were extracted from the medical file. Sepsis severity
was assessed with the chronic health status through the Charlson comorbidity index (CCI), the Sequential Organ Failure Assessment
(SOFA), and the Acute Physiology and Chronic Health Evaluation (APACHE IV).

The following criteria were used to classify pneumonia as severe: 1) respiratory distress, ventilatory rate >30 breaths/min; 2) at
rest, finger-clip oxygen saturation <93%; and 3) PaO2/FIO2<300 mmHg. While critical pneumonia was defined by the following cri-
teria: 1) respiratory failure requiring mechanical ventilation; 2) shock; and 3) other organ failures requiring Intensive Care Unit (ICU)
monitoring [11]. Imaging classification was performed by two independent radiologists (Cohen's kappa = 0.89), and diagnostic and
classification discrepancies were resolved via a third party and a consensus between the three radiologists. The blinded radiological
classification initially dichotomized the CT scans as suggestive of COVID-19 or not suggestive of COVID-19. The tomographic findings
were classified as 1) consolidation pattern, 2) ground-glass pattern, 3) nodular pattern, 4) presence of ganglia, 5) presence of throm-
bosis, and 6) vascular thickening pattern (Fig. 1). Furthermore, pattern and lesion location were recorded (i.e., right, left, or bilateral
lung involvement, peripheral distribution, or basal distribution). A pulmonary damage severity index was calculated based on the es-
timated percentage of lung involvement based on the following criteria: a) score 0, 0% involvement; b) score 1, less than5% involve-
ment; c) score 2, 5%–25% involvement; d) score 3, 26%–49% involvement; e) score 4, 50%–75% involvement; and f) score 5, greater

http://clinicaltrials.gov/
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Fig. 1. Tomographic findings
A) Computed tomography, axial cut of the lung. Severe affection of the lung, both superior lung lobules are seen with a diffuse ground-glass image with air entrapment.
Interlobular septal thickening, as well as vascular thickening pattern. B) Computed tomography, axial cut of the lung. Moderate affection of the lung, ground-glass zones
with subpleural distribution are observed, with interlobular septal thickening and vascular thickening. C) Computed tomography, axial cut of the lung. Mild affection of
the lung, small ground-glass opacities in the lower left lobule are observed.

than 75% involvement [13,14]. Each lobe was scored using these criteria, thus a total possible score of 0–25 was obtained for each pa-
tient at the time of ICU admission (i.e., <24hrs after positive PCR test for SARS-CoV-2).

Statistical analysis was performed using SPSS 25 (IBM Corp, Armonk, NY). Data were screened for outliers and normality assump-
tions. The normality of continuous variables (i.e., age, BMI, length of stay in the hospital, CCI, SOFA, APACHE IV) was assessed with
the Shapiro-Wilk normality test and visually using histograms and QQ plots. Demographical and clinical factors are summarized us-
ing proportions and percentages. The variable sex, a categorical demographical variable, and the time to death, a clinical continuous
variable, were assessed for statistical inference with a Mann-Whitney test. The clinical continuous variables (i.e., age, BMI, length of
stay in the hospital, CCI, SOFA, APACHE IV, and pulmonary damage severity index) were assessed for statistical inference individu-
ally using independent-sample ANOVAs. Statistical significance was set at p < 0.0056 after a Bonferroni correction for multiple com-
parisons and effect sizes for the ANOVAs are reported as Eta squared (η2). A multiple logistic regression model with backward step-
wise elimination was performed for the need for mechanical ventilation as the outcome measure. An interaction term between
APACHE IV and SOFA was added for the clinical model. The Omnibus Test of Model Coefficients was used to calculate overall model
fitness and change between models. The −2 log-likelihood statistic (–2LL) was used to assess if the predictor contributed to the overall
model. RL2 or Hosmer-Lemeshow R2 was computed using (–2LLbaseline) – (–2LLnew)/–2LLbaseline; the Cox-Snell R2 and Nagelkerke R2 are
also reported as effect sizes for the logistic regression model. Statistical significance was set at p ≤ 0.05. The Kaplan-Meier method
was used to calculate survival distributions; meanwhile, the Gehan-Breslow-Wilcoxon method was used to compare the equality of
survival distributions, as it gives more weight to deaths at early time points. Both an overall (i.e., differences between all groups) and
a between-group (i.e., differences found between-groups accounting for all between-group comparisons) survival analysis was per-
formed. Overall, tests for the equality of survival times, as well as pairwise comparisons (i.e., between-group comparisons) were per-
formed with statistical significance set at p < 0.05.

3. Results
Four hundred and ninety consecutive patients (286 males) were recruited for this study, with a mean age of 60.46 (±14.63,

16–97) and a mean body mass index of 28.5 (±2.99, 19.6–40.4). Clinically, 324 patients were classified as having severe pneumonia,
while 166 had critical pneumonia. Furthermore, 251 patients did not have acute respiratory distress syndrome (ARDS), while 118 had
mild, 86 had moderate, and 35 had severe ARDS. The type of lesion observed was: 440 patients had a ground glass image; 400 pa-
tients had radiological signs of consolidation; 73 patients had pleural effusion; lymphatic ganglia could be observed in 184 patients;
208 patients had a vascular thickening pattern; 13 patients exhibited evidence of thrombosis. Lesions were observed predominately
bilaterally (i.e., 446), while 44 patients had unilateral lesions (i.e., 27 right). Meanwhile, in 419 patients the lesions were primarily
observed in the periphery and in 372 patients the tomographic distribution of the lesions was observed in the basal lobules. Further-
more, the median pulmonary damage severity index score was 19 (mode, 25; interquartile range, 15–23), with 93 patients having a
maximum of 25 (i.e., 19% of the sample). Lung damage was categorized into three groups based on the pulmonary damage severity
index score (i.e., mild, 1–15; moderate, 16–22; and severe, 23–25). One hundred and twenty-four patients had mild lung damage, 220
had moderate, and 146 had severe pulmonary damage observed in their pulmonary CT scan.

4. Invasive ventilation
One hundred and fifty-four patients required invasive ventilation. First, between-group differences were assessed between pa-

tients who required mechanical ventilation and those who did not. Four prognostic scales were evaluated to assess the need for inva-
sive mechanical ventilation (i.e., APACHE IV, SOFA, CCI, and pulmonary damage severity index). The group means of all four sever-
ity scales were different between patients who required ventilation and those who did not (APACHE, η2 = 0.575, p ≤ 0.001; SOFA,
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η2 = 0.606, p ≤ 0.001; CCI, η2 = 0.017, p = 0.004; pulmonary damage severity index, η2 = 0.299, p ≤ 0.001). After assessing be-
tween-group differences, a logistic regression was performed to assess the predictive value of each disease severity scale. Table 1 sum-
marizes model coefficients and effect sizes of each scale in this population. Briefly, a higher SOFA score had the greatest impact on the
need for invasive mechanical ventilation (χ2 = 39.61, p ≤ 0.001, HR 5.178, 95CI [3.103, 8.641]); furthermore, as the pulmonary
damage severity index increased (χ2 = 20.49, p ≤ 0.001, HR 1.282, 95CI [1.151, 1.428]) and APACHE IV increased (χ2 = 37.36,
p ≤ 0.001, HR 1.191, 95CI [1.126, 1.260]), the risk of mechanical ventilation did as well. Conversely, the fewer comorbidities (i.e.,
lower CCI) the lower the risk of needing mechanical ventilation (χ2 = 7.80, p = 0.005, HR 0.673, 95CI [0.510, 0.889]). After evalu-
ating the risk factors associated with the need for invasive mechanical ventilation a survival analysis was performed. The overall sur-
vival between patients who required mechanical ventilation and those who did not were compared, with no statistically significant
differences observed (χ2 = 0.026, p = 0.873, Supplementary Fig. 1).

5. Severe versus critical pneumonia
The group means of all four severity scales were different between patients who had severe and critical pneumonia upon admis-

sion to the critical care department (APACHE, η2 = 0.348, p ≤ 0.001; SOFA, η2 = 0.417, p ≤ 0.001; CCI, η2 = 0.033, p = 0.004;
pulmonary damage severity index, η2 = 0.149, p ≤ 0.001). After assessing between-differences among the type of pneumonia a mor-
tality analysis was performed, with no statistical differences were observed in the survival distributions of patients with severe and
critical pneumonia (χ2 = 0.317, p = 0.573, Supplementary Fig. 2). To explore the role of lung damage as a predictor of survival at 30
days the pulmonary damage severity index was used. First, the survival distributions between patients with severe and critical pneu-
monia were performed. Out of the 324 patients with severe pneumonia, 107 had mild lung damage with one death after 30 days, 163
had mild lung damage with 15 deaths, and 54 had severe lung damage with 33 deaths. Meanwhile, patients out of the 166 patients
with critical pneumonia, 17 had mild lung damage and 2 deaths, 57 had moderate lung damage and 42 deaths, and 92 had severe
lung damage with 90 of those patients dying with 30 days. Although mortality increased with clinical severity and lung damage, the
survival distributions were not statistically different (i.e., severe: χ2 = 1.889, p = 0.389; critical: χ2 = 0.696, p = 0.706,
Supplementary Fig. 3).

6. Acute respiratory distress syndrome
The group means of all four severity scales were different between patients with different levels of acute respiratory distress upon

admission to the critical care unit (APACHE, η2 = 0.303, p ≤ 0.001; SOFA, η2 = 0.372, p ≤ 0.001; CCI, η2 = 0.020, p = 0.018; pul-
monary damage severity index, η2 = 0.166, p ≤ 0.001). Furthermore, the overall survival analysis at 30 days as a function of the de-
gree of acute respiratory distress syndrome was assessed. No statistically significant differences were observed in the overall survival
distributions between the four ARDS classifications (χ2 = 2.441, p = 0.446, Supplementary Fig. 4). Further analysis was performed
to assess if different ARDS levels had different mortality distributions. An analysis of the survival distributions was performed com-
paring lung damage in patients with different levels of ARDS. While 251 patients had no ARDS, of those 96 had mild lung damage and
one died, 113 had moderate lung damage and 10 died, while 42 had severe lung damage with 24 deaths among those patients. Among
patients with mild ARDS (n = 118), 22 had mild lung damage and one died, 59 had moderate lung damage and 13 died, while 37 had
severe lung damage with 32 patients dying. Patients with moderate ARDS (n = 86) had the following lung severity distribution and
the number of deaths: 6 with mild lung damage and one death, 34 with moderate lung damage and 21 deaths, and 86 with severe lung
damage and 68 deaths. Meanwhile, patients with severe ARDS had the following lung severity distribution: 14 with moderate damage
and 13 deaths, 35 severe damage and 34 deaths. Similarly, to the survival distribution associated with pneumonia type, the mortality
among the different ARDS groups was not significantly different (i.e., no ARDS: χ2 = 2.145, p = 0.342; mild ARDS: χ2 = 1.718,
p = 0.424; moderate ARDS: χ2 = 4.719, p = 0.094; severe ARDS: χ2 = 3.375, p = 0.066).

Table 1
Logistic regression model coefficients and effect sizes.

Mechanical ventilation (n = 154)

95% CI for Odds Ratio Pseudo-R2

Variable χ2 p b Lower Odds Upper H&L C&S Negelkerke

APACHE IV 37.36 ≤0.001 0.175 1.126 1.191 1.260 .130 .486 .683
SOFA 39.61 ≤0.001 1.644 3.103 5.178 8.641 .257 .528 .741
APACHE IV * SOFA 29.82 ≤0.001 −0.24 0.967 0.976 0.985 .353 .557 .782
Charlson comorbidity index 7.80 0.005 −0.395 0.510 0.673 0.889 .377 .564 .792
Pulmonary damage severity index 20.49 ≤0.001 0.249 1.151 1.282 1.428 .455 .586 .823

CI: confidence interval. χ2: Wald test. Beta value refers to the measure of the modeled effect that reflects the parameter estimate. All reported p-values are corrected with
a Bonferroni correction for multiple comparisons. H&L: Hosmer & Lemeshow R2. C&S: Cox & Snell R2. APACHE IV: Acute Physiology and Chronic Health Evaluation.
SOFA: Sequential Organ Failure Assessment. CT: computed tomography.
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7. Survival as a function of lung damage
Finally, when the survival distributions among the different levels of lung damage are considered, no differences in survival distri-

butions are observed (χ2 = 1.064, p = 0.588). Out of 124 patients with mild lung damage, 3 died within 30 days, while 57 patients
out of the 220 with mild lung damage died and 123 out of 146 patients with severe lung damage perished within 30 days. The associa-
tion between ARDS, the pulmonary damage severity index, and survival at 30 days, was also assessed and is reported in Table 2. The
comparison between survival distributions for each ARDS classification and pulmonary damage severity index is presented in Table 3.
In moderate ARDS patients, the survival distributions between mild and severe lung damage were statistically different (χ2 = 7.00,
p = 0.008, Fig. 2).

8. Discussion
This is the first report to associate acute respiratory distress syndrome, lung damage, quantified via a CT severity index, and mor-

tality at 30 days. Previous reports have studied a wide range of factors that contribute to a poor outcome in COVID-19, such as ad-
vanced age, cardiovascular disease, chronic obstructive pulmonary disease, diabetes, and obesity [15]. We report a consecutive case
series of 490 patients diagnosed with COVID-19 infection and with computed tomography, as well as several disease-severity scales to
assess the need for mechanical ventilation, and mortality at 30 days. Our results suggest, that APACHE IV (HR, 1.191, 95% CI [1.126,
1.260]), SOFA (HR, 5.178, 95%CI [3.103, 8.641]), and CCI (HR, 0.673, 95%CI [0.510, 0.889]), as well as the pulmonary damage
severity index (HR, 1.282, 95%CI [1.151, 1.428]), predict the need for invasive mechanical ventilation. However, the survival distrib-
ution between patients who required invasive mechanical ventilation and those who did not, between severe and critical pneumonia,

Table 2
Association between lung damage, ARDS, and mortality at 30 days.

Tomographic lung damage in acute respiratory distress syndrome

ARDS Classification Pulmonary damage severity index Number of patients Deaths Censored

N Percent

No ARDS mild 96 1 95 99.0%
moderate 128 14 114 89.1%
severe 27 20 7 25.9%
Total 251 35 216 86.1%

Mild ARDS mild 22 1 21 95.5%
moderate 69 20 49 71.0%
severe 27 25 2 7.4%
Total 118 46 72 61.0%

Moderate ARDS mild 6 1 5 83.3%
moderate 41 28 13 31.7%
severe 39 39 0 0.0%
Total 86 68 18 20.9%

Severe ARDS moderate 17 16 1 5.9%
severe 18 18 0 0.0%
Total 35 34 1 2.9%

Overall 490 183 307 62.7%
ARDS: acute respiratory distress syndrome. N: number.

Table 3
Mortality at 30 days in patients with ARDS according to tomographic lung damage.

Survival pairwise comparisons Breslow (Generalized Wilcoxon)

ARDS Classification Pulmonary damage severity index mild moderate severe

Chi-Square Sig. Chi-Square Sig. Chi-Square Sig.

No ARDS mild 1.690 .194 1.628 .202
moderate 1.690 .194 .008 .930
severe 1.628 .202 .008 .930

Mild ARDS mild 2.030 .154 1.418 .234
moderate 2.030 .154 .459 .498
severe 1.418 .234 .459 .498

Moderate ARDS mild 2.439 .118 7.000 .008
moderate 2.439 .118 .007 .934
severe 7.000 .008 .007 .934

Severe ARDS moderate 3.490 .062
severe 3.490 .062

ARDS: acute respiratory distress syndrome.
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Fig. 2. Survival as a function of lung damage in acute respiratory distress syndrome
ARDS: acute respiratory distress syndrome. CT: computed tomography.

between different levels of acute respiratory distress syndrome were not statistically different. Only moderate ARDS patients with
mild and severe lung disease showed different 30-day mortality distributions. Although the survival distributions did not vary signifi-
cantly, an overwhelming majority of patients (i.e., 84.35%) with a higher pulmonary damage severity index (i.e., 23>) died within
30 days of hospital admission, while only 25.91% with moderate lung damage and 2.42% with mild lung damage.

Previous studies have reported, up to 56% of normal lung CT scans in the early in COVID-19 (i.e., 0–2 days) and the findings most
frequently observed were consolidation, bilateral involvement (i.e., 28% in the early stage, 76% in the intermediate stage, and 88% in
the late stage) and peripheral, “Crazy-paving” ground-glass and reverse halo sign [16]. A study comparing tomographic findings asso-
ciated to viral pneumonias (i.e., COVID-19 versus non-COVID-19, n = 424) reported greater frequency of peripheral lesions (i.e.,
80% vs. 57%, p < 0.001), ground-glass opacities (i.e., 91% vs. 68%, p < 0.001), presence of fine reticular opacities (i.e., 56% vs.
22%, p < 0.001), vascular thickening pattern (i.e., 59% vs. 22%, p < 0.001) in patients with SARS-CoV-2 than in non-COVID-19 in-
fection; conversely, central and peripheral distribution (i.e., 14% vs. 35%, p < 0.001), pleural effusion (i.e., 4.1% vs. 39%,
p < 0.001), and lymphadenopathies (i.e., 2.7% vs. 10.2%, p < 0.001) were more frequent in non-COVID-19 than in COVID-19 infec-
tion [10]. Here, we report 89.80% of patients had ground-glass opacities, 81.63% had a radiologic consolidation sign, 42.45% had a
vascular thickening pattern, 37.55% had lymphadenopathies, 14.90% had pleural effusion, and 2.65% had pulmonary thrombosis.
Meanwhile, bilateral lesions were more common 91.02%, 85.51% had peripheral lesions and 75.92% had basal lobe lesions. Another
study comparing lung CT findings between COVID-19 and influenza (n = 122), reported interlobular septal thickening in 66% of the
patients, lineal opacities in 64%, ground-glass opacities and consolidation sign in 51%, bronchiolar wall thickening in 49%, only
ground-glass opacities in 36%, and round opacities in 35% [17]. Barbosa and colleagues (2020) reported that pulmonary opacities
with an extension greater than 50% and the presence of interlobular septal thickening were more frequent in patients admitted to the
intensive care unit [18]. Furthermore, interlobular septal thickening, peripheral lesion distribution, pleural effusion, and lesion with
an extension greater than 25% were associated with blood oxygen saturation of ≤93% [18]. Disease severity has also been liked to
certain radiological signs and patterns. Consolidation radiological signs, linear opacities, ground-glass opacities, and bronchial thick-
ening is observed more often in COVID-19 patients with severe or critical pneumonia patients, as well as a higher pulmonary damage
severity index score (p < 0.001) than in patients without severe or critical pneumonia [19].

The main factor associated with disease severity and worst outcomes among COVID-19 patients was respiratory compromise upon
hospital admission [5]. A comparative analysis between chest CT and chest x-rays in 1014 patients with COVID-19 reported a sensi-
tivity, specificity, and diagnostic accuracy of 97%, 25%, and 68%, respectively, and a positive predictive value of 65% and a negative
predicted value of 83% [20]. Greater lung damage (i.e., a score of 15 or greater assessed with the pulmonary damage severity index)
has been associated with a poor clinical outcome at five days than patients with lower pulmonary damage severity index (i.e., a
score = 8, range 8–11, p < 0.001), with a poor prognosis at five days in patients with a severity score ≥13 (i.e., sensitivity 80%,
specificity 85.2%, AUC 0.853, HR 44.243, p < 0.001, 95CI [8.61, 227.37] [14]. In this study, we report two outcomes, the need for
invasive mechanical ventilation and mortality at 30 days. We observed that as the pulmonary damage severity index increased the
risk of mechanical ventilation did as well. Furthermore, while 84.25% of patients with severe lung damage, 25.91% of patients with
moderate lung damage, and 2.42% of patients with mild lung damage died within 30 days, only in patients with moderate ARDS the
survival distributions showed significant differences between mild and severe lung damage. A previous study (n = 201) of COVID-19
patients that developed ARDS, reported that older age (hazard ratio, HR, 3.26; 95% CI [2.08, 5.11]), neutrophilia (HR, 1.14; 95% CI
[1.09, 1.19]), organ and coagulation dysfunction (e.g., higher lactate dehydrogenase, HR, 1.61; 95% CI [1.44, 1.79]) and D-dimer
(HR, 1.03; 95% CI [1.01,1.04]) were associated with development of ARDS [21]. The overall mortality in COVID-19 critically ill pa-
tients ranges between 16 and 78% [22]. Mortality at 14 days in critically ill patients has been reported at 50% [23], while in the criti-
cal care unit patient's mortality was reported as 31% with a mean stay of 12 days (range 6–21) [24]. Among the factors associated
with severe and critical pneumonia are age, diabetes, and chronic obstructive pulmonary disease [19]. All four severity scales (i.e.,
APACHE IV, SOFA, CCI, and pulmonary damage severity index) were different between patients who had severe and critical pneumo-
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nia upon admission to the critical care department. However, no statistical differences were observed in the survival distributions of
patients with severe and critical pneumonia.

9. Limitations
One of the major limitations of this study is the lack of radiological follow-up, which limits the interpretability of the results as we

can only make inferences about the initial radiological evaluation and not about disease progression. Another major limitation of this
study was that some of the patients included received prior treatment with antibiotics and corticosteroids that could modify the tomo-
graphic findings. Associated with this limitation, we did not assess the role of coinfections in our sample, as a coinfection could con-
found the CT results. Furthermore, no lung biopsies were performed to confirm tomographic findings. A limitation associated with the
analysis was the skewness of the pulmonary damage severity index scores, as a vast majority of the participants included in this study
had a high severity index score, thus limiting the interpretability of the results presented here. Furthermore, as no statistically signifi-
cant differences were observed in the survival distributions a Cox regression was not performed to determine the factor associated
with the increased mortality.

10. Conclusion
All four disease severity scales (i.e., APACHE IV, SOFA, CCI, and pulmonary damage severity index) were associated with the need

for invasive mechanical ventilation. We also report a frequency of 89.80% for ground-glass opacities, 81.63% for radiologic consoli-
dation sign, 42.45% for vascular thickening pattern, 37.55% for lymphadenopathies, 14.90% for pleural effusion, and 2.65% for pul-
monary thrombosis. We observed that 84.25% of patients with severe lung damage, 25.91% of patients with moderate lung damage,
and 2.42% of patients with mild lung damage died within 30 days, and only in patients with moderate ARDS had different survival
distributions between mild and severe lung damage. The survival distributions were similar between patients who needed invasive
mechanical ventilation versus those who did not, between severe and critical pneumonia, and between different levels of ARDS.
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