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Abstract

Chest imaging (CT) plays an important role in the detection and diagnosis of covid-19. The objective of this study is
the local experience of CT-based semi-quantitative score of lung involvement as well as the clinical staging in covid-
19 patients at the Specialty Medical Institution No. 71 (UMAE, from its Spanish acronym). This is a single-
center, retrospective study, in which 71 patients (44 men, 27 women; mean age 50 + 14.1, range 25-84 years) were
selected with positive tests of RT-PCR for SARS-CoV-2 and a confirmed diagnosis of covid-19. Chest CT images
showed as predominant pattern the mixed pattern (n = 26, 36.6%), and other common findings included ground glass
opacities (GGO) (n = 25, 35.2%), crazy paving (n = 15, 21.1%), and lung consolidation (n = 5, 7.0%). The chest computed
tomography findings were bilateral lesions (n = 64, 90.1%), subpleural distribution (n = 61, 85.9%), and lower lobes (n =
31, 43,6%). The characteristic pulmonary tomographic pattern was ground-glass opacities and a bilateral mixed pattern
of peripheral distribution towards the posterior regions.

Ke ords: Chest computed tomography; SARS-CoV-2; clinical
yw I grapmny

Resumen

La imagen de torax (TC) tiene un papel importante en la deteccién y diagnoéstico de covid-19. El objetivo de este
estudio es la experiencia local de la puntuacion semicuantitativa de la afectacion pulmonar basada en la TC, asi como
la estadificacion clinica en pacientes con covid-19 en la Unidad Médica de Alta Especialidad N° 71 (UMAE). Se trata de
un estudio retrospectivo unicéntrico, en el que se seleccionaron 71 pacientes (44 hombres, 27 mujeres; edad media
50+ 14.1, rango 25-84 afios) con pruebas positivas de RT-PCR para SARS-CoV-2 y diagndstico confirmado por covid-
19. Las imagenes de TC de tdrax mostraban como patron predominante el patron mixto (n = 26, 36.6%), y otros
hallazgos comunes incluian opacidades en vidrio esmerilado (GGO, por sus siglas en inglés) (n = 25, 35.2%), el patron
de crazy paving (n = 15, 21.1%) y consolidacion pulmonar (n = 5, 7.0%). Los hallazgos de la tomograffa computarizada
de torax fueron lesiones bilaterales (n = 64, 90.1%), distribucion subpleural (n = 61, 85.9%) y 16bulos inferiores (n = 31,
43.6%). El patron tomografico pulmonar caracteristico fue opacidades en vidrio esmerilado y un patrén mixto bilateral
de distribucion periférica hacia las regiones posteriores.

Palabras clave: Tormografia computarizada de torax; SARS-CoV-2; clinica
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Background

The coronavirus disease 2019 (covid-19) pandemic caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has resulted in serious economic problems and mortality worldwide (World
Health Organization [WHO], 2020a). The WHO declared this pathology as a global public health emergency
on January 30%, 2020 and communicated the first case in Latin America approximately one month later
(Sanchez-Duque et al., 2020). The first case reported with covid-19 in Mexico was detected on the 27% of
February 2020.The state of Coahuila announced the first case of SARS CoV-2 infection two days later. On
March 30%, a public health emergency was decreed in the country (Suarez et al., 2020).

Chest imaging (CT) is an appropriate method to detect and manage these patients, which has been
employed for diagnosis, determination of disease severity, guiding treatment, and assessment of
therapeutic response; high-resolution CT is extensively applied for early diagnosis of covid-19. High-
resolution chest CT technology, as a rapid test with a sensitivity of 97%, is now regarded as the most
sensitive imaging test to detect covid-19 (Ai et al.,, 2020). In addition, it is also applicable as a follow-up
method for monitoring disease progression and assessing the covid-19 severity (Jiang et al., 2020).

The most common chest computed tomography (CT) findings in covid-19 pneumonia include
ground-glass; consolidated, cobblestone or crazy paving opacity; solid nodules; prominent peripheral
subpleural distribution; and a preferential predilection for the posterior or lower lobe (Zu et al., 2020).
Ground glass opacities (GGO) distributed bilaterally with or without consolidation in the posterior and
peripheral lungs can be considered as the most specific and basic findings of covid-19 (Chung et al., 2020;
Wang et al,, 2020). Some CT findings might be more prevalent in severe and deceased covid-19 patients
than non-severe patients (Prokop et al., 2020). However, with subsequent analysis of the increasing number
of cases, heterogeneity of features on CT images, including lining opacity, pleural effusion,
lymphadenopathy, and inverted halo sign, among others, was observed (Bernheim et al.,, 2020), which can
indicate the possible mechanism behind the lung damage in covid-19.

The covid-19 clinical spectrum appears to be broad, including mild upper respiratory tract disease,
asymptomatic infection, and severe pneumonia with respiratory failure; the specific information
characterizing moderate to critical grade patients remains unclear. Also, the lack of reproducibility and the
results of different analyses of tomographic and covid-19 imaging findings performed by different
investigators are inconsistent.

Given the above, chest CT has been considered a fundamental part of the diagnostic process for
SARS-CoV-2 lung involvement because of its high sensitivity; it could be a useful tool to assess the
temporality of SARS-CoV-2 infection. Chest CT is helpful for stratifying the disease clinical stage. The
current study aimed at describing the chest CT and the lung involvement of patients infected with SARS-
CoV-2 in a Specialty Hospital of the Northeast Region of Mexico.

Materials and Method
Study design and participants

This single center retrospective research was conducted on a cohort (n = 315) of symptomatic patients
suspected to have covid-19 pneumonia from November 15%, 2020, to February 279, 2021. Seventy-one
patients who met the criteria for a confirmed case of covid-19 were selected and underwent chest CT scans
at the diagnostic and therapeutic imaging unit of the High Specialty Medical Unit. The unit's ethics and
research committee approved this study with registration number R-2021-501-020.
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Covid-19 Diagnostics

The confirmation of the covid-19 positive cases was carried out by the polymerase chain reaction in real-
time according to the WHO criteria (WHO, 2020D).

Covid-19 classification according to the severity of symptoms

According to the severity of their symptoms, subjects were classified into three groups of covid-19 patients
(moderate, severe, and critical) in accordance with the guidelines to diagnose and treat the covid-19,
published by the National Health Commission of China (Wu & McGoogan, 2020). Subsequently, chest CT
scans were performed in the Radiology and Imaging Department of the High Specialty Medical Unit. The
patients selected for the study underwent a thin-section CT scan at least once. The clinical parameters were
obtained from the electronic medical records of the hospital.

Acquisition of chest CT images

A non-contrast chest CT scan was performed while the subject was lying in supine position, considering a
scan at the end of inspiration. To minimize motion artifacts, patients were instructed on how to hold their
breath. The studies were performed on a 64-slice multiple detector tomograph (Revolution EVO, GE
Healthcare, Milwaukee, WI, USA) Toshiba Activion 16 (Japan). Axial images were taken considering the
following parameters: section thickness: Imm,; interval: 1.25 mm; and with adaptive tube current at 120
kVp. The reconstructed images were transmitted to the workstation for processing the multiplanar, sagittal,
and coronal reconstructions for evaluation.

Analysis of CT scans and study image interpretation

The analysis and interpretation of the tomographic images were performed by two radiologist specialists
assigned to the hospital's diagnostic and therapeutic imaging unit, who were blinded to the results of RT-
PCR and clinical data of each patient. Definitions of radiological terms such as GGO, crazy paving, and
pulmonary consolidation were according to an accepted glossary for thoracic imaging published by the
international standard nomenclature, introduced by the Fleischner Society Glossary (Hansell et al., 2008),
and recently published studies on viral pneumonia (Ooi et al., 2004).

Semi-quantitative measurement of the extent of lung lobe lesions

According to the method described by Pan et al. (2020), the semi-quantitative CT severity score of patients
was determined for all lobes, as follows: 0, lack of involvement; 1, involvement of lower than 5%; 2, 5%-25%
involvement; 3, 26%-50% involvement; 4, 51%- 75% involvement; and 5, involvement of more than 75%; the
maximum total score was 25. The final score is interpreted as follows: mild impairment, 1 to 5 points;
moderate impairment, > 5 to 15 points; and severe impairment, > 15 points. When data were present, some
related characteristics, like subpleural lines, fibrosis, pleural effusion, inverted halo sign, and
lymphadenopathy, were defined as well.
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Statistical analysis

Qualitative variables were expressed using frequencies and percentages, whereas mean, standard
deviation, and interquartile range were used to express the quantitative variables. The chi-square test (x?),
Fisher's exact test, and student t-test were used to compare the mean values using STATA 16 (Stata Corp
LLC, College Station, Texas, EE. UU); a p < 0.05 was regarded statistically significant.

Results

Seventy-one patients who had a positive RT-PCR test for SARS CoV-2 (44 male and 27 female patients;
mean age 50 + 14.1; range: 25-84 years) were studied. The highest proportion of patients (47.8%) was found
in an age range of 51-85 years. The patients presented a mean body mass index of 27.9 kg/m?, of which 19
individuals were obese. Among the population studied, the largest proportion of patients had a history of
at least one comorbidity, 13 (18.3%) suffered from systemic arterial hypertension, and 10 (14.1%) suffered
from diabetes mellitus, being obesity the most frequent with 26.7%.

The most frequent symptomatology was fever, which was present in 55 (77.4%) of the patients,
followed by dyspnea (60.5%), cough (53.5%), and headache (23.9%), among other less frequent symptoms.
Oxygen saturation (Sa0O2) on admission averaged 91% with a PaO2/FiO2 ratio of 86. The median follow-up
duration was 14 days (range: 5-31 days) from admission, and the duration of disease from the onset of
symptoms to discharge from the hospital death or the end of the study was 22 days (range: 10-36).

During hospitalization, there were some significant laboratory findings; for instance, a decrease in
lymphocyte levels was observed with an average concentration of 1.4 + 0.3 and leukocytes of 8 + 15.
Regarding inflammatory mediators, an increase was found in D-dimer levels with an average of 625.4 +
61.3. Table 1 presents demographic information, symptoms, and clinical parameters.



H CTA ISSN online 2007-9621
Garcia-Alvarado, F. ], Mufioz Hernandez, M. A, Segura Lopez, F. K., Delgado-Aguirre, H. A. Gaona Hernandez, Y. A,, & Arellano Rosales, J. S.
|J Nl VEH SlTH H | H Lung involvement by chest CT images in covid-19 patients in a Specialty Hospital in the Northeast of Mexico | 1-12

Multidisciplinary Scientific Journal

Table 1. General characteristics of patients infected with SARS-CoV-2.

features Positive patients (+) SARS-CoV-2

n=71

Sex, no. of patients/ (%)
Female 27 (38.0%)
Male 44 (61.9%)

Age range, no. of patients/ (%)

mean (SD +)
Age 50+14.1
0-25 4 (5.6%)
26-50 33 (46.4%)
51-85 34 (47.8%)
mean (SD +)
weight (kg) 746461
size (m) 16+0.6
BMI 27.9+25
Symptoms no. of patients /(%)
Fever 55 (77.4%)
Dyspnea 43 (60.5%)
Cough 38 (53.5%)
Headache 17 (23.9%)
Clinical and laboratory findings
mean (SD +)
White blood cells x10° cells/L 8415
Lymphocytes x109 cells/L 144+0.3
D-dimey ng/mL 6254+ 613
Oxygen saturation (Sa0?) 89+35
Ratio PaO 2/ FiO? 86+4.2
Comorbidities, no. of patients/ (%)
Diabetes 10 (14.1%)
Hypertension 13 (18.3%)
Obesity 19 (26.7%)

Source: Authors’ own elaboration.
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According to the tomographic findings (Figure 1), the predominant pattern was the mixed pattern
(n = 26, 36.6%), and other common findings included ground glass pattern (GGO) (n = 25, 35.2%), followed
by the crazy pattern paving (n = 15, 21.1%) and pulmonary consolidation (n = 5, 7.0%). Some of the related
characteristics of the chest tomography were found as follows: subpleural lines (n = 25, 35.2%),
lymphadenopathy (n = 20, 28.1%), fibrosis (n = 13, 18.3%), pleural effusion (n = 11, 15.4%), and inverted halo
sign (n = 2, 2.8%). Pulmonary tomographic lesions were found with higher frequency bilaterally (n = 64,
90.1%), subpleural distribution (n = 61, 85.9%), and in the lower lobes (n = 31, 43.6%) (Table 2).

Figure 1. Chest computed tomography findings. a) Ground glass opacity; b) Crazy paving; c) Consolidation.
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Table 2. Findings in thoracic computed tomography imaging in covid-19 patients.

CT-Scan findings n=71 %

Tomographic pattern

Ground glass opacity 25 35.2
Crazy paving 15 211
Consolidation 5 7.0
Mixed 26 36.6
localization

Unilateral 7 9.9
Bitateral 64 90.1

Lobe affectation

Higher 5 7.0
Middle or lingula 5 7.0
Lower 31 43.6
Al 30 42.2
Distribution

Subpleural 61 85.9
Patches 6 8.4
Peribronchovascular (central) 4 5.6
Other findings

Subpleural lines 25 35.2
Adenopathies 20 28.1
Fibrosis 13 18.3
Pleural effusion 11 15.4
Reversed "halo sign” 2 2.8

Degree of lung involvement by tomography

CT score mild 20 281
CT score moderate 28 394
CT score severe 23 32.3

Note. Data in parentheses are percentages.
Source: Authors’ own elaboration.

The degree of involvement using the semi-quantitative measurement of the extent of lesions by
pulmonary lobes was classified into mild involvement (62.7%), moderate involvement (21.5%), and severe
involvement (15.6%). GGO was significantly more prevalent in mild (15 patients, 21.1%, p < 0.001) compared
to moderate (nine patients, 12.6%) and severe (one patient, 1.4%), while pulmonary consolidation patterns
(four patients, 5.6%; p < 0.048) and crazy paving and fibrosis (eight patients, 11.2%, p < 0.033) were
significantly more common in severe affectation. There were no significant differences for the inverted
halo sign, pleural effusion, and lymphadenopathy in terms of the degree of involvement (Table 3).
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Table 3. Characteristics of the chest tomography and the degree of pulmonary involvement of the
covid-19 disease.

CT features in SARS- severe affectation

CoV-2+ patients mild affectation n = 20 moderate affectation n = 28 n=23 p value

Chest CT scan CTscorelas CT score >5a 15 CT score >15

Ground glass opacity 15(21.1) 9(12.6) 1(14) 0.001
Crazy paving 1(1.4) 8(11.2) 6(8.4) 0.111
Consolidation 0 1(1.4) 4(5.0) 0.048
Subpleural lines 11 (15.4) 7(9.8) 7(9.8) 0.084
Reversed "halo sign” 0 2(2.8) 0 0.206
Adenopathies 3(4.2) 11 (15.4) 6(8.4) 0.176
Fibrosis 1(1.4) 4(5.6) 8(11.2) 0.033

Note. Chi-square test (x?).
Source: Authors’ own elaboration.

The characteristics of the chest tomography and the clinical classification of covid-19 according to
the severity of the symptoms in this group of patients was that the GGO tomographic pattern was
significantly more prevalent in the mild clinical stage (19 patients, 26.7%; p <0.001), while the crazy paving
tomographic pattern (15 patients, 21.1%; p < 0.001) in the moderate clinical stage and pulmonary
consolidation (three patients, 4.2%; p < 0.003) were significantly more frequent in the severe clinical stage
of this group of patients (Table 4).

Table 4. Characteristics of the chest tomography and covid-19 clinical classification according to
symptom severity.

CT features in SARS- severe stage

CoV-2+ patients mild stage n =21 moderate stage n = 41 n-9 p value
Ground glass opacity 19 (26.7) 6(8.4) 0(0) 0.001
Crazy paving 0 15 (21.1) 0 0.001
Consolidation 0 2(2.8) 3(4.2) 0.003
Subpleural lines 11 (15.4) 12.(16.9) 2(2.8) 0.134
Reversed "halo sign” 0 1(1.4) 1(1.4) 0.236
Adenopathies 12.(16.9) 15(21.1) 3(4.2) 0.076
Fibrosis 2(2.8) 9 (12.6) 2(2.8) 0.463

Note. Chi-square test (x?).
Source: Authors’ own elaboration.
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Discussion

Among the tomographic findings by covid-19 (as mentioned in the present study) was the existence of
bilateral GGO with mixed areas and pulmonary consolidation, predominantly peripheral distribution by
lower lobes; previous studies agree with these results (Simpson et al, 2020; Zhou et al, 2020). When
contrasting our results with those described in the literature, we found that Pan et al. (2020) demonstrated
that the tomographic findings were variable according to the evolution of the disease. Colombi et al. (2020)
with a cohort of 236 patients indicated that the level of lung involvement by CT and death or admission to
the intensive care unit are positively correlated. A recent study used metrics with the combination of
demographic parameters, CT metrics, and laboratory findings to predict the management of covid-19
patients through automated image analysis (Weikert et al, 2021). The high frequency of the GGO
tomographic pattern observed in the mild disease involvement in the patient group can indicate a possible
relationship between the acute phase diffuse alveolar damage and bronchiolar fibrin, airspace edema, and
interstitial thickening (Li et al., 2020Db). The disease can progress late after activating virus-specific Band T
cell-mediated humoral and cellular immunity, leading to an intense formation of pro-inflammatory
cytokines, capable of triggering an uncontrolled autoimmune response. These results can indicate a high
prevalence of local paving pattern, as well as pulmonary consolidation areas found in the studied severely
affected patients, which possibly result from the blend of bacterial superinfection, edema, and
inflammatory changes (Tian et al., 2020).

The clinical course of covid-19 is highly unpredictable because its manifestations are
heterogeneous, ranging from asymptomatic, subclinical, or even critical illness with ARDS or multi-organ
failure. There is no good prognostic biomarker available to identify patients who require immediate
medical attention and to estimate the number of deaths (Yuan et al,, 2020). Disease progression predicted
by CT and its association with laboratory and clinical findings are possibly useful to help medical personnel
classify patients and establish a good treatment that is effective. However, covid-19 is still treated merely
based on empirical decisions rather than observations obtained from large clinical trials (Rubin et al., 2020).
Like the group of Francone et al. (2020), the previously validated CT score was used according to the lobar
extension of the disease as declared by Pan et al. (2020), whoagreed with some findings in evaluating this
scale.

The diagnostic role of chest CT remains controversial. Although several researchers and radiological
societies do not recommend using CT as a firstling test (Choi et al., 2020; Li et al., 2020a), the current study
seems to suggest that an imaging method such as chest tomography could be of great help for physicians
to have a better quantitative evaluation of CT images and a better clinical classification of the disease by
covid-19, and thus accelerating diagnostic and therapeutic workflow.

The sensitivity and specificity of the chest CT in diagnosing covid-19 and the radiation exposure
should be judged together (Kovacs et al,, 2020). Chest CT in patients with typical clinical symptoms in
highly infected regions or with close contact of covid-19-infected patients who had negative RT-PCR result
is warranted. In a recent meta-analysis, Zheng et al (2020) found that GGO, vascular enlargement,
interlobular septal thickening, and subpleural bands were the most common findings in either common or
severe patients. Compared to those of common patients, some CT manifestations were more frequent in
severe patients, such as traction bronchiectasis, interlobular septal thickening, pulmonary consolidation,
crazy-paving pattern, reticulation, pleural effusion, and lymphadenopathy. In this study, the assessment of
inter- and intra-observer concordance was not carried out, so it is important to take into account this factor
to reduce possible biases.
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The present retrospective study faced some limitations. It was performed on a relatively small cohort
of patients; therefore, it is suggested that future studies could be performed using a larger sample size and
longer follow-up. The studied specialty hospital (UMAE N° 71) is considered a referral center for covid-19
patients; therefore, the total CT score of our patients cannot represent the general population.

Conclusions

In conclusion, we present the tomographic results of patients referring to a specialty hospital, with lung
involvement due to covid-19, who had GGO and a mixed peripheral pattern toward the posterior regions.
Tomographic features of lung lesions regarding subpleural and bilateral distribution showed that the lower
lobes were more involved. The degree of involvement using semi-quantitative (CT-score) measurement of
the extent of lesions by pulmonary lobes was classified in a higher proportion as moderate affectation.
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