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Abstract

Purpose Evaluate chest computed tomography (CT) findings of laboratory-confirmed Coronavirus Disease 2019 (COVID-19)
cases and correlate it with clinical and laboratorial signs of severe disease and short-term outcome.

Methods Chest CTs of 61 consecutive cases of COVID-19 disease that attended in our emergency department (ED) were
reviewed. Three groups of patients classified according to the short-term follow-up were compared: (1) early-discharged from
ED, (2) hospitalized on regular wards, and (3) admitted to intensive care unit (ICU). CT findings were also correlated with clinical
and laboratorial features associated with severe disease.

Results Median age was 52 years (IQR 39-63) with male predominance (60.7%). Most of the patients that did not require
hospitalization had parenchymal involvement of less than 25% on CT (84.6%). Among hospitalized patients, interlobular septal
thickening and extensive lung disease (> 50% of parenchyma) were significantly more frequent in ICU-admitted patients (P =
0.018 and P =0.043, respectively). Interlobular septal thickening also correlated with longer ICU stay (P =0.018). Low oxygen
saturation (SpO, <93%) was associated with septal thickening (P = 0.004), diffuse distribution (P =0.016), and pleural effusion
(P=0.037) on CT. All patients with >50% of parenchymal involvement showed SpO, <93%. Elevated C-reactive protein
(CRP) levels (> 5.0 mg/dL) correlated with consolidation (P=0.002), septal thickening (P =0.018), diffuse distribution (P =
0.020), and more extensive parenchymal involvement (P =0.017).

Conclusion Interlobular septal thickening on CT was associated with ICU admission and longer stay on ICU. Diffuse distribu-
tion, septal thickening, and more extensive lung involvement correlated with lower SpO, and higher CRP levels. Patients that
needed hospitalization and ICU admission presented more extensive lung disease on CT.
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Introduction

In December 2019, a Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) outbreak began in Wuhan
City, Hubei, China. The disease caused by SARS-CoV-2
was named Coronavirus Disease 2019 (COVID-19).
There was a rapid increase in the number of cases and
due to the fast geographic spread, and the outbreak was
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declared a Public Health Emergency of International
Concern on January 30, 2020. On March 11, 2020, the
World Health Organization named COVID-19 a pandem-
ic. As of August 31, 2020, a total of 25,118,689 cases and
844,312 deaths in 216 countries, areas, or territories have
been reported around the world [1].

Coronaviruses are enveloped single-stranded RNA vi-
ruses that belong to the order Nidovirales and the fam-
ily Coronaviridae. Human coronaviruses were first de-
scribed in 1960, in patients with common cold. Seven
species can cause human infections, including HCoV-
229E (229E), HCoV-0OC43 (0C43), HCoV-NL63
(NL63), HCoV-HKUI1 (HKUI), Severe Acute
Respiratory Syndrome Coronavirus (SARS-CoV),
Middle East Respiratory Syndrome Coronavirus
(MERS-CoV), and the newly described SARS-CoV-2
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(initially named 2019-nCoV). The last three ones belong
to the betacoronavirus group, can be highly pathogenic,
and are capable to cause severe acute respiratory syn-
drome and fatal illness [2].

Since it is a novel virus, all humans are susceptible to
SARS-Cov-2, with an efficient human-to-human transmis-
sion. The incubation period varies from 1 to 14 days (mean
5.2 days) [3, 4]. The clinical spectrum of COVID-19 is wide
and can vary between no symptoms, a common cold, and a
severe pneumonia. The main symptoms are fever, dry cough,
and dyspnea. Other symptoms include myalgia, headache,
chest pain, sore throat, rhinorrhea, diarrhea, nausea, vomiting,
and dizziness [5]. A sign of severe disease is hypoxemia.

The diagnosis is based on clinical manifestations, exposure
history, and laboratorial tests (real-time RT-PCR—reverse-
transcriptase polymerase chain reaction or gene sequencing
of respiratory or blood specimens). Despite being considered
the gold standard, RT-PCR is a test with high specificity
(close to 100%) [6] but low sensitivity (71%) [7]. Other lab-
oratory findings are reduced white blood cells (especially lym-
phocytes), increased C-reactive protein (CRP), and erythro-
cyte sedimentation. According to the Center for Disease
Control and Prevention (CDC), greater illness severity has
been associated with lymphopenia, neutrophilia, elevated se-
rum alanine aminotransferase and aspartate aminotransferase
levels, elevated lactate dehydrogenase, high CRP, high ferritin
levels, and high plasma levels of inflammatory markers.
Higher mortality rate was associated with elevated D-dimer
and lymphopenia. Procalcitonin might also be increased in
patients admitted to the ICU [5, 8-10].

Imaging in the context of COVID-19 should not be per-
formed as a screening tool for the initial diagnosis. As a novel
disease, current recommendations of imaging are conditional
and should be part of the diagnostic workup, depending on
clinical and laboratory severity and epidemiological data [11].
The imaging modality of choice should be a shared decision
involving the referring physician, radiologist, and patient
whenever possible. Chest radiography has a lower sensitivity
compared with chest CT (0.64 versus 0.92), but it delivers
lower radiation doses, is feasible to repeat sequentially, and
can be performed with a portable equipment in critical care
units. Lung ultrasound involves greater exposure of the
healthcare workers, and its diagnostic accuracy has not yet
been supported. It might be helpful as a supplemental or al-
ternative modality in specific clinical contexts, involving
pregnant women and children for example. Chest CT is the
modality with higher sensitivity, as typical features are de-
scribed to occur in the majority of cases [12, 13], although it
presents relatively low specificity (0.56) and is especially use-
ful in patients with a pre-existing lung disease. Radiation dose
and availability represent limitations for performing CT [11].

Commonly reported chest CT features for COVID-19
pneumonia consisted of peripheral, bilateral, multifocal
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ground glass opacities (GGO) with or without consolidation
and intralobular lines (“crazy-paving”), presence of a reverse
halo, or other findings of organizing pneumonia. Non-specific
imaging features comprised absence of typical features and
presence of non-rounded non-peripheral multifocal, diffuse,
perihilar, or unilateral GGO with or without consolidation,
lacking a specific distribution. An atypical appearance
comprehended isolated lobar or segmental consolidation with-
out GGO, discrete small nodules (centrilobular, “tree-in-
bud”), lung cavitation, and smooth interlobular septal thick-
ening with pleural effusion [14].

Chest CT has also been performed in the evaluation of
disease severity and in the follow-up of patients with
COVID-19 [15, 16]. Radiological evidence of extensive pa-
renchymal disease is described to be related to severe disease,
and other CT features suggest a possible correlation with a
worse outcome [15, 17]. This study aimed to review the CT
imaging findings of laboratory-confirmed COVID-19 disease
cases and correlate the CT features with short-term outcome
and clinical and laboratorial signs of severe illness.

Materials and methods
Patient selection

The institutional review board approved this retrospec-
tive study, and the requirement of written informed con-
sent was waived. The study included consecutive symp-
tomatic patients assisted at the emergency department
(ED) of our institution with COVID-19 disease con-
firmed by RT-PCR, who underwent non-contrast-
enhanced chest CT from March 7 to March 30, 2020,
inclusive of these days. Patients with insufficient clini-
cal or laboratorial information and those with normal
CT findings were excluded. Clinical and laboratorial
data, imaging features, and early clinical outcome of
sixty-one confirmed cases of COVID-19 were reviewed.

Clinical data collection

Patients’ electronic medical records were reviewed.
Demographic information, clinical signs and symptoms, and
laboratorial tests (collected in the same day of the CT scan)
were recorded.

Based on clinical follow-up information, patients were
classified into 3 outcome groups: (1) discharged from ED,
not requiring hospitalization (group 1); (2) treated in hospital,
but with no need of ICU admission (group 2); and (3) admitted
to the ICU at any time during their hospitalization (group 3).
The length of stay in hospital was also assessed.
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CT scanning protocol

Chest CTs were performed using multidetector scanners
(Somatom Definition Flash, Somatom Force, and Somatom
Definition AS—Siemens Healthcare, Erlangen, Germany).
Non-enhanced chest CT scans were acquired with the patient
in supine position, arms raised, during end-inspiration breath-
hold. The acquisition parameters were as follows: tube voltage
of 110-140 kV, with automatic exposure control, pitch of
0.984, and slice thickness of 1.0—1.25 mm. Coronal and sag-
ittal images were obtained using the multiplanar reformatting
technique on a workstation.

CT image analysis

Two radiologists (2 and 7 years of experience) performed a
blinded, independent retrospective review of all CT images.
The discrepancies were reviewed by a third radiologist
with 12 years’ experience in thoracic radiology, which
was followed by the establishment of a consensus be-
tween the three radiologists.

CT findings were classified according to (1) parenchymal
patterns: ground glass opacities (increased attenuation without
obscuration of the underlying vessels), consolidation (in-
creased intensity of lung parenchyma, which obscures the
underlying vessels), centrilobular micronodules (focal opacity
of less than 3 mm at the bronchovascular core of a secondary
pulmonary nodule), bronchial wall thickening, and interlobu-
lar septal thickening; (2) distribution: unilateral or bilateral;
focal, multifocal or diffuse; (3) location: involvement or spare
of each lung lobe; and (4) extension: visual analysis of the
degree of lung involvement (less than 25%, between 25 and
50% or more than 50% of parenchymal extension). Presence
of pleural effusion and mediastinal lymph node enlargement
were also analyzed.

Statistical analysis

All data was analyzed using SPSS (version 23.0, SPSS Inc.,
Chicago, IL, USA). Continuous variables are expressed as
medians and interquartile range (IQR) and categorical vari-
ables as numbers and percentages. The Mann-Whitney U test
was used to compare continuous variables, and Fisher’s exact
test was used to compare categorical variables. Inter-rater re-
liability (IRR) of CT findings was calculated with Cohen’s
kappa (k) coefficient, and the result was interpreted as
follows: values <0 as indicating no agreement, 0.01—
0.20 as none to slight, 0.21-0.40 as fair, 0.41-0.60 as
moderate, 0.61-0.80 as substantial, and 0.81-1.00 as
almost perfect agreement. Statistical significance was
considered with P < 0.05.

Results
Patient demographic and clinical characteristics

Sixty-one cases with positive RT-PCR for SARS-CoV-2 were
analyzed. Median age was 52 years (39-63), with older age
among ICU-admitted patients (median 60 years, 54-68) and a
male predominance (60.7%). The most common symptoms
were cough, which occurred in 48/61 patients (78.7%), fever
in 47/61 (77%), and dyspnea in 34/61 (55.7%). The median
time since onset of symptoms was 7 days (5-9). Other symp-
toms are summarized in Table 1.

On vital sign triage, 11/61 patients (18%) presented low
oxygen saturation (SpO, < 93%) and 3/61 patients (4.9%)
had an increased respiratory rate (RR >24 ipm), with only
one patient presenting both.

Laboratory blood tests showed leukopenia (leukocyte
count < 3500/mm?*) in 11/61 patients (18%) and lymphopenia
(lymphocyte count <900/mm*) in 19/61 (31.1%). Elevated
CRP levels (> 5.0 mg/dL) were found in 24/61 patients
(39.3%) (Table 1). Thirty-eight patients also underwent influ-
enza PCR test and had negative results.

Clinical outcome

Thirteen patients (21.3%) did not need hospitalization and
were discharged from ED. Among the 48 hospitalized pa-
tients, one-quarter required ICU admission. One-third of the
patients treated in ICU (4/12) required mechanical ventilation.
The median hospitalization time was 10 days (4—12), and
median length of ICU stay was 5.5 days (3—16). Two patients
stayed in ICU for more than 50 days. None of the patients of
this study died.

CT analysis

GGO occurred in all cases; consolidation was seen in
association with GGO in 33/61 cases (54.1%), and in-
terlobular septal thickening was found in 24/61 cases
(39.3%) (Fig. 1). CT findings were mostly bilateral
(91.8%) and multifocal (90.2%) (Figs. 1, 2, and 3).
Diffuse distribution occurred in only 4/61 cases
(6.6%). Involvement of all pulmonary lobes occurred
in about two-thirds of the cases (67.2%), and among
those with fewer lobes involved, the lower lobes were
the most frequently affected, with more than 90% of the
total cases presenting opacities in the lower lobes. Most
of the patients had little extension of lung disease, with
less than 25% of parenchymal involvement in 35/61
cases (57.4%). Only four patients (6.6%) had more than
50% of the lung parenchyma involved (Fig. 3). Mild
pleural effusion was seen in five cases (8.2%). CT find-
ings are detailed in Table 2.
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Table 1  Demographic characteristics and clinical and laboratorial information
Characteristic All patients Group 1 Group 2 Group 3 P value*
(N=61) (N=13) (N=36) (N=12)
Age (years), median (IQR) 52 (39-63) 50 (43-68) 48.5 (53.5-69) 60 (54-68) 0.018
Age > 65 years 13 (21.3) 4(30.8) 5(13.9) 4(33.3) 0.199
Male sex 37 (60.7) 8 (61.5) 24 (66.7) 5@L1.7) 0.176
Symptoms
Days from symptoms onset, median (IQR) 7 (5-9) 7(5-9) 7 (3.5-9) 7 (5-9.5) 0.756
Cough 48 (78.7) 11 (84.6) 30 (83.3) 7 (58.3) 0.113
Fever 47 (77) 7 (53.8) 30(83.3) 10 (83.3) 1.000
Dyspnea 34 (55.7) 9(69.2) 20 (55.6) 5@L1.7) 0.511
Myalgia 22 (36.1) 4 (30.8) 11 (30.6) 7 (58.3) 0.101
GI Symptoms (nausea, vomiting, diarrhea) 18 (29.5) 2(154) 11 (30.6) 541.7) 0.500
Coryza 17 (27.9) 7 (53.8) 9 (25.0) 1(8.3) 0.414
Sore throat 8 (13.1) 1(7.7) 4 (11.1) 3 (25.0) 0.345
Chest pain 7 (11.5) 1(7.7) 5(13.90 1(8.3) 1.000
Clinical signs
Crackling 24 (39.3) 2 (15.4) 15 (41.7) 7 (58.3) 0.341
Wheezing 2 (3.3) 1(7.7) 12.8) 0(0.0) 1.000
Vital signs
RR (ipm), median (IQR) 17 (16-19) 17 (16-18) 17 (16-18) 18 (16-21.5) 0.155
RR >24 ipm 3(4.9) 0 (0) 12.8) 2 (16.7) 0.150
SpO; (%), median (IQR) 95 (94-97) 98 (97-98) 95 (94-96) 93.5 (91-95.5) 0.026
SpO, <93% 11 (18.0) 0 (0) 5(13.9) 6 (50) 0.018
Laboratory findings
CRP (mg/dL), median (IQR) 3.32 (1.03-8.66) 1.29 (1.00-4.84) 2.75 (0.94-6.85) 10.35 (5.81-13.33) 0.001
CRP > 5.0 mg/dL 24 (39.3) 3(23.1) 12 (33.3) 9 (75) 0.018
Lymphopenia (< 900/mm®) 19 31.1) 2 (15.4) 9 (25) 8 (66.7) 0.015
Lymphocytosis (>2900/mm”*) 1(1.6) 1(7.7) 0(0) 0 (0) -
Leukopenia (>3500/mm®) 11 (18) 1(7.7) 9 (25) 1(8.3) 0.414
Leukocytosis (> 10,500/mm?>) 3(4.9) 1(7.7) 12.8) 18.3) 0.441
Clinical outcome
Total hospitalization days, median (IQR) 10 (4-12) 0(0) 7 (4-11) 14.5 (12-28.5) 0.000
Days in the ICU, median (IQR) 5.5 (3.0-16.0) 0(0) 0 (0) 5.5 (3.0-16.0) -
Mechanical ventilation 4 (6.6) 0(0) 0(0) 4(33.3) -
Death 0 (0) 0 (0) 0(0) 0 (0) -

Except where noted otherwise, data are number (%) of patients. Group 1: discharged patients; group 2: patients hospitalized in general wards; group 3:

patients admitted to ICU

GI gastrointestinal, RR respiratory rate, SpO, peripheral capillary oxygen saturation, CRP C-reactive protein, /CU intensive care unit

*P value refers to group 2 vs group 3

Italicized numbers represent statistically significant P values

The inter-rater reliability was almost perfect for evaluation of
disease extension (k= 0.88) and at least substantial for all paren-
chymal patterns (k= 0.80 to 1.00). The analysis of disease distri-
bution (focal, multifocal, or diffuse) also demonstrated substan-
tial agreement between the radiologists (k= 0.71).

Most of the discharged patients (group 1) had less
than 25% of pulmonary involvement on CT (11/13,
84.6%), which occurred in half (24/48) of the hospital-
ized patients (groups 2 and 3) (P =0.030).
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Pulmonary opacities with extension greater than 50% and
the presence of interlobular septal thickening were more fre-
quently seen in ICU-admitted patients (group 3) than in pa-
tients hospitalized on general wards (group 2) (P =0.043 and
P=0.018, respectively) (Fig. 3). The length of ICU stay was
also longer (11 vs 2 days, P=0.018) in patients with interlob-
ular septal thickening on CT.

CT findings associated with low SpO, (<93%) were inter-
lobular septal thickening (P = 0.004), diffuse distribution (P =
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Fig. 1 Chest CT axial image of a 58-year-old man. Bilateral GGO with
peripheral distribution and interlobular septal thickening (arrow)

0.016), pleural effusion (P =0.037), and greater disease exten-
sion (P =0.042 for > 25% of parenchyma involvement). High
CRP levels (>5 mg/dL) were associated with consolidation
(P =0.002), interlobular septal thickening (P = 0.018), diffuse
distribution (P =0.020), and parenchymal involvement great-
er than 25% (P =0.017). Lymphopenia did not correlate with
the analyzed CT features of this study (Table 3).

Discussion

ICU admission rate achieved up to one-quarter of hospitalized
patients in previous reports [8, 18-23], and despite the differ-
ences in the populations and possible variations on clinical
practices and admission criteria, we found similar results
in our study. Early recognition of severe cases that
might need advanced respiratory support in the ICU
could improve the management and reduce the mortality
rate of patients with COVID-19.

Fig. 2 Chest CT axial image of a 55-year-old man. Bilateral and multi-
focal rounded GGO, with involvement of 25-50% of the lung
parenchyma

Fig. 3 Chest CT image of a 63-year-old man in coronal view. Extensive
GGOs and consolidations with diffuse distribution and involvement of
more than 50% of lung parenchyma

In the largest cohort of COVID-19 patients from China,
with 44,672 cases, increased respiratory rate, hypoxemia,
and/or >50% lung infiltrate extension were defined as fea-
tures of severe illness [20]. CRP values are significantly
higher in patients with severe COVID-19 and have been stud-
ied as an early predictor of the disease course [10, 24-26].
Lymphopenia is believed to represent a defective immune
response to the virus, and a recent meta-analysis reported its
presence in 35-75% of patients. In our study, it occurred in
31.1% of the cases. The reason for this variability is probably
multifactorial, involving virus genomic mutation as the pan-
demic expands into different countries, geographic differ-
ences, and the time of testing since the beginning of symptoms
[27, 28]. Lymphopenia and leukopenia are more prominent in
patients with severe than those with non-severe disease [8, 10,
26, 29]. In our study, patients referred to ICU presented with
higher rates of low SpO, (50% vs 13.9%, P =0.018), lympho-
penia (66.7% vs 25%, P=0.015), and elevated CRP (P =
0.001) when compared with ward patients.

More extensive parenchymal impairment, probably
representing more alveolar and interstitial pulmonary in-
jury, has been associated with severe disease [15, 17, 30].
In our study, the extension of lung involvement was based
on a visual analysis, and, despite not being a quantitative
method, we found an almost perfect agreement between
readers (k = 0.88). More extensive disease correlated with
the need of hospitalization and ICU admission; involve-
ment of less than 25% of lung parenchyma was signifi-
cantly more frequent in discharged patients, and paren-
chymal involvement greater than 50% correlated with
ICU admission. Among other analyzed CT findings,
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Table 2  CT characteristics according to outcome

Characteristic All patients Group 1 Hospitalized P value*  Group 2 Group 3 P value®
(N=61) (N=13) patients™ (N=36) (N=12)
(N=48)
Parenchymal features
GGO 61 (100) 13 (100) 48 (100) - 36 (100) 12 (100) -
Consolidation 33 (54.1) 6 (46.2) 27 (56.3) 0.547 19 (52.8) 8 (66.7) 0.510
Septal thickening 24 (39.3) 3(23.1) 21 (43.8) 0.215 12 (33.3) 9 (75.0) 0.018
Bronchial wall thickening 18 (29.5) 3(23.1) 15(31.3) 0.737 13 (36.1) 2 (16.7) 0.292
Centrilobular micronodules 0(0) 0 (0) 0 (0) - 0 (0) 0(0) -
Distribution
Unilateral 5(8.2) 2 (15.4) 3(6.3) - 3(8.3) 0(0) -
Bilateral 56 (91.8) 11 (84.6) 45 (93.8) 0.287 33 91.7) 12 (100) 0.563
Focal 2 (3.3) 1(7.7) 12.1) 0.384 12.8) 0 (0) 1.000
Multifocal 55(90.2) 12 (92.3) 43 (89.6) 1.000 33 91.7) 10 (83.3) 0.587
Diffuse 4(6.6) 0 (0) 4 (8.3) 0.569 2 (5.6) 2 (16.7) 0.257
Location
Right upper lobe 46 (75.4) 8 (61.5) 38(79.2) 0.275 28 (77.8) 10 (83.3) 1.000
Right medium lobe 45 (73.8) 9 (69.2) 36 (75.0) 0.728 24 (66.7) 12 (100) 0.023
Right lower lobe 57 (93.4) 12 (92.3) 45 (93.8) 1.000 33 (91.7) 12 (100) 0.563
Left upper lobe 54 (88.5) 11 (84.6) 43 (89.6) 0.634 32 (88.9) 11 (91.7) 1.000
Left lower lobe 58 (95.1) 13 (100) 45 (93.8) 1.000 33 (91.7) 12 (100) 0.563
All lobes 41 (67.2) 8 (61.5) 33 (68.8) 0.741 23 (63.9) 10 (83.3) 0.292
Extension
<25% 35(57.4) 11 (84.6) 24 (50.0) 0.030 21(58.3) 3 (25.0) 0.093
25-50% 22 (36.1) 2 (15.4) 20 (41.7) 0.109 14 (38.9) 6 (50.0) 0.365
>50% 4(6.6) 0 (0) 4 (8.3) 0.569 12.8) 3(25.0) 0.043
Other findings
Pleural effusion 5(8.2) 0(0) 5(104) 0.575 2(5.6) 3(25.0) 0.092
Mediastinal lymph node 2(3.3) 0(0) 2(4.2) 1.000 2(5.6) 0(0) 1.000
enlargement

Data are number (%) of patients. Group 1: discharged patients; group 2: patients hospitalized in general wards; group 3: patients admitted to ICU

GGO ground glass opacities

*All hospitalized patients; includes groups 2 and 3
# P value refers to group 1 vs all hospitalized patients (groups 2 and 3)
® P value refers to group 2 vs group 3

Italicized numbers represent statistically significant P values

interlobular septal thickening, which may occur due to
interstitial pulmonary edema or interstitial injury, was ob-
served in 39.3% of the cases. As previously reported [18],
interlobular septal thickening is associated with more se-
vere disease and, in our study, it occurred more frequently
in ICU admitted patients and also correlated with longer
stay in the ICU.

The same CT features (interlobular septal thickening
and more extensive lung involvement) also correlated
with lower SpO, and elevated CRP, probably due to
the same reasons. Diffuse distribution (rather than focal
or multifocal), consolidation, and pleural effusion were
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associated with more severe disease in previous reports
[15, 17, 31]. In our study, these findings correlated with
clinical and laboratorial features of severe disease but
did not correlate with patients’ outcome. Despite being
considered an uncommon finding in COVID-19, pleural
effusion occurred between none and more than 20% of
the cases in previous studies [15, 17, 31, 32]. In our
study, mild pleural effusion was seen in 8.2% of the
cases. Although not clearly understood, pleural effusion
could be related not only to the virulence of the disease
but also to comorbidities, such as heart or renal failure,
malignancies, and pregnancy [33].
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