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Background:  CT manifestations of SARS-CoV-2 may differ among variants.
Purpose:  To compare the chest CT findings of SARS-CoV-2 between the Delta and Omicron variants.

Materials and Methods: ~ This retrospective study collected consecutive baseline chest CT images of hospitalized patients with SARS-
CoV-2 from a secondary referral hospital when the Delta and Omicron variants were predominant. Two radiologists categorized
CT images according to the RSNA classification system for COVID-19 and visually graded pneumonia extent. Pneumonia, pleural
effusion, and intrapulmonary vessels were segmented and quantified on CT images using a priori—developed neural networks,
followed by reader confirmation. Multivariable logistic and linear regression analyses were performed to examine the associations
between the variants and CT category, distribution, severity, and peripheral vascularity.

Results: In total, 88 patients with the Delta variant (mean age, 67 years + 15 [SD]; 46 men) and 88 patients with the Omicron
variant (mean age, 62 years + 19; 51 men) were included. Omicron was associated with less frequent, typical peripheral bilateral
ground-glass opacity (32% [28 of 88] vs 57% [50 of 88], P = .001), more frequent peribronchovascular predilection (38%

[25 of 66] vs 7% [five of 71], P < .001), lower visual pneumonia extent (5.4 + 6.0 vs 7.7 £ 6.6, P = .02), similar pneumonia
volume (5% + 1 vs 7% + 11, P = .14), and a higher proportion of vessels with a cross-sectional area smaller than 5 mm? relative to
the total pulmonary blood volume (BV5%; 48% + 11 vs 44% + 8; P = .004). In adjusted analyses, Omicron was associated with a
nontypical appearance (odds ratio, 0.34; P = .006), peribronchovascular predilection (odds ratio, 9.2; P < .001), and higher BV5%

(B =3.8; P=.01) but similar visual pneumonia extent (P = .17) and pneumonia volume (2 = .67) relative to the Delta variant.

Conlusion: At chest CT, the Omicron SARS-COV-2 variant showed nontypical peribronchovascular pneumonia and less
pulmonary vascular involvement than did the Delta variant in hospitalized patients with similar disease severity.

© RSNA, 2022
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ince the COVID-19 pandemic began, SARS-CoV-2

has evolved through genetic mutations during viral
replication (1,2). Several variants of SARS-CoV-2 have
been reported worldwide throughout the pandemic, and
some variants are classified as variants of concern due to
increased transmissibility, disease severity, or evasiveness
of treatments and vaccines (3). The Delta and Omicron
variants are the two latest variants of concern (4,5).

The Delta variant was first identified in India in
October 2020 and became the globally dominant strain
in June 2021. This variant of concern has mutations that
make it highly transmissible (>60% higher transmissibility
than the previous variant), less responsive to antibodies and
treatment (ie, reduced neutralization by antibodies gener-
ated against previous infection or vaccination), and more
likely to cause adverse outcomes (eg, severe diesease, hos-
pitalization, death) (6). Indeed, the Delta variant caused
the second wave of India's pandemic and subsequent waves

in other countries (7). The Omicron variant, which was
first reported in November 2021 in South Africa, was
designated as another variant of concern and has become
the dominant strain after the Delta variant in most coun-
tries. Although the Omicron variant has up to 3.7 times
higher transmissibility than the Delta variant, it is regarded
as less virulent in terms of the rate of hospitalization, inten-
sive care unit admissions, and mortality (8—10).

Chest CT plays a key role in the diagnosis, detection of
complications, and potential prognostication in patients
with COVID-19 (11,12). Previous studies have investigated
differences between these two contiguously emerging dom-
inant variants, with a focus on their spike proteins, diag-
nostic tests, clinical characteristics, transmissibility, and
outcomes (9,10,13). However, it remains underexplored
whether the CT findings of COVID-19 differ among vari-
ants. This study aimed to compare the chest CT findings of
COVID-19 between the Delta and Omicron variants.
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Abbreviations

BV5% = percentage of blood volume in intrapulmonary vessels with a
cross-sectional area smaller than 5 mm? relative to the total pulmonary
blood volume, GGO = ground-glass opacity

Summary

The Omicron SARS-CoV?2 variant showed more frequent nontypical
CT findings (peribronchovascular predilection, less pulmonary vascular
involvement) than did the Delta variant in hospitalized patients with
COVID-19 disease with comparable CT severity.

Key Results

= Only 32% of patients with the Omicron SARS-CoV-2 variant had
typical CT appearances versus 57% of those with the Delta variant
(P=.001).

= Peribronchovascular predilection was greater for the Omicron
variant versus the Delta variant (38% vs 7%; P < .001).

s Pneumonia extent (P = .17) and volume (P = .67) did not dif-
fer between variants after adjustment for confounders of age,
comorbidities, vaccination, and infection duration.

Materials and Methods

The institutional review board approved this retrospective study
and waived informed consent (SGPAIK 2022—03—-009).

Study Sample

This study was conducted at one of the secondary refer-
ral hospitals for the care of patients with mild to moderate
COVID-19, which operated 30 beds for COVID-19. Inclusion
criteria corresponded to patients with (z) polymerase chain reac-
tion assay—proven SARS-CoV-2, (4) mild (no requirement for
oxygen treatment) to moderate (a necessity for oxygen treatment
with nasal prong or facial mask) COVID-19 severity at admis-
sion, and (¢) risk factors for progression (Appendix E1 [online]).
We excluded (a) patients who required care in the intensive care
unit or ventilator support at admission, (4) pregnant patients,
and (¢) patients who chose not to undergo CT.

‘The hospital routinely performed baseline CT for hospital-
ized patients. We collected consecutive baseline CT images in
November 2021 and February 2022 (Fig E1) when the Delta
and Omicron variants were predominant in Korea, accounting
for 99% and 97% of cases, respectively (14). All chest CT scans
were obtained at full inspiration using CT scanners with at least
24 channels (Appendix E1 [online]).

We collected clinical and laboratory information, including
infection duration at the time of CT (ie, days from symptom
onset to CT) (15). The composite outcome was the occurrence
of any of the following events: oxygen ventilation, intensive care
unit admission, or death.

Visual CT Analysis

The randomly assigned baseline CT scans were indepen-
dently evaluated by two board-certified thoracic radiologists
(S.H.Y., J.H.L.; 17 and 10 years of clinical experience in tho-
racic imaging, respectively). They were aware that patients
were infected with SARS-CoV-2 but were blinded to other
clinical information, including the variant and dates of CT
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examinations. Disagreement between the two radiologists
was resolved by consensus.

CT images of COVID-19 pneumonia were classified into
the following four categories according to the RSNA Expert
Consensus Document, which was developed during the first
wave of SARS-CoV2 infections (16): typical appearance,
indeterminate appearance, atypical appearance, and nega-
tive for COVID-19 pneumonia (Appendix E1 [online]). For
example, typical features of COVID-19 pneumonia include
ground-glass opacities (GGOs) with or without consolida-
tion in a peripheral, posterior, and diffuse or lower lung zone
distribution and with a round appearance or a crazy paving
pattern. Bronchial wall thickening, mucoid impactions, and
nodules (tree-in-bud and centrilobular nodules), which are
commonly seen in infections, are not typically observed.

Pneumonia extent was visually assessed using a scale of
0-5 for each of the five lung lobes (17): a score of 0 indi-
cated no involvement; a score of 1, less than 5% involvement;
a score of 2, 5%—-25% involvement; a score of 3, 26%—49%
involvement; a score of 4, 50%-75% involvement; and a
score of 5, more than 75% involvement. The total CT score
was the sum of the individual lobar scores and ranged from
0 (no involvement) to 25 (maximum involvement). The radi-
ologists also assessed pneumonia density, predilected distribu-
tion (bronchovascular vs subpleural), lymphadenopathy, and
pleural effusion (Appendix E1 [online]).

Quantitative CT Analysis

The CT images were processed using commercially avail-
able segmentation software (MEDIP PRO, version 2.0.0.0;
MEDICALIP) using a priori—developed deep neural networks
to segment the lung (18); COVID-19 pneumonia (19); pulmo-
nary lobes and fissures and pulmonary vessels (20); and pleural
effusion  (htps://eris.nib.go. krlcris/searchldetailSearch.do/20687).
The networks were updated with 3DnnU-Net (21), and the
Dice similarity scores for those structures were 0.99 (lung), 0.84
(COVID-19), 0.98 (lobes), 0.91 (vessels), and 0.90 (effusion) in
internal data sets.

A chest radiologist (S.H.Y.) reviewed and confirmed the
segmentation masks. If any corrections were required, an
imaging technician manually adjusted the masks under the
instruction of the radiologist. The radiologist and techni-
cian were blinded to any clinical information other than
the fact that the patients had COVID-19. The volume (in
milliliters) of the segmented lung parenchymal and pneu-
monia masks was quantified to determine the proportion
of COVID-19 pneumonia in the entire lung parenchyma
and each lobe. The mean CT attenuation of COVID-19
was also calculated and converted into pneumonia weight
(in grams) using an equation based on the CT attenuation
and pneumonia volume (22). BV5% was calculated as the
percentage of blood volume in intrapulmonary vessels with
a cross-sectional area of less than 5 mm? relative to the total
pulmonary blood volume (20). Lower BV5% reflected en-
dothelial dysfunction and loss of microvasculature in CO-
VID-19 (23,24). The volume of pleural effusion was quanti-
fied in milliliters, if present.
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Statistical Analyses

Categorical variables were compared using the Fisher exact test
and the ¢ test, and continuous variables were compared using
the # test or Mann—Whitney U test. Interreader agreements for
visual assessment and total CT score were evaluated using the
Cohen « and intraclass correlation coefficient, respectively.

We examined the correlation between visual CT extent and
pneumonia volume using the Pearson correlation coefficient.
Multivariable logistic regression analysis was performed to
examine the association of the variants with CT category and
peribronchovascular predilection. Multivariable linear regression
analyses were performed to examine the relationships between
the variants and visual CT extent, pneumonia percentage, and
weight, with the same adjustment. Multivariable Cox regression
analyses were conducted to evaluate the association between the
variants and the composite outcome. All multivariable analy-
ses were conducted using an input function of confounders
(Appendix E1 [online]). Infection duration was classified into
five categories: 1, presymptomatic; 2, 0-2 days; 3, 3-5 days; 4,
6-11 days; and 5, more than 11 days (15).

Statistical analyses were conducted using SPSS software, ver-
sion 25.0 (IBM), and a two-sided P value less than .05 indicated
a significant difference.

Results

Clinical Characteristics of the Study Sample

Of 187 patients hospitalized with SARS-CoV-2, 11 were ex-
cluded because of pregnancy (z = 8) or reluctance to undergo
CT (n = 3). The final study sampled consisted of 176 patients.
Of these, 88 had the Delta variant (46 men, 42 women; mean
age, 67 years + 15 [SD]) and 88 had the Omicron variant (51
men, 37 women; mean age, 62 years + 19). No patients reported
previous infection with SARS-CoV-2. A flow diagram is given
in Figure 1, and the clinical characteristics of this study sample
are listed in Table 1.

Patients with the Omicron variant had higher levels of vac-
cination than did those with the Delta variant (unvaccinated,
28% [25 of 88] vs 32% [28 of 88]; partially vaccinated, 5%
[four of 88] vs 6% [five of 88]; fully vaccinated: 23% [20 of 88]
vs 62% [55 of 88]; booster vaccinated: 44% [39 of 88] vs 0% [0
of 88]; P < .001). The interval between symptom onset and CT
was shorter in patients with the Omicron variant than in those
with the Delta variant (mean, 3.9 days + 3.2 vs 5.5 days + 4.5;
P =.01) in symptomatic patients. Other clinical characteristics,
including age, sex, comorbidities, the proportion of asymptom-
atic patients at the time of CT, white blood cell count, lympho-
cyte count, lactate dehydrogenase level, proportion of patients
requiring oxygen treatment, and proportion of unfavorable out-
comes, showed no difference between the two variants (P > .05

for all) (Table 1).

Visual Assessment and Quantitative Assessment

The CT findings of the Omicron and Delta variants are
described in Table 2. In terms of the RSNA COVID-19 imaging
classification, the Omicron and Delta variants had different ap-
pearances (the proportions of typical appearance, indeterminate
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appearance, atypical appearance, and negative for pneumonia
were 32% [28 of 88], 31% [27 of 88], 13% [11 of 88], and
25% [22 of 88], respectively, in patients with the Omicron vari-
ant and 57% [50 of 88], 20% [18 of 88], 3% [three of 88], and
19% [17 of 88], respectively, in patients with the Delta variant;
P = .004). When appearance was dichotomized as typical or
nontypical, patients with the Omicron variant had the typical
CT appearance of COVID-19 pneumonia less frequently than
did those with the Delta variant (32% [28 of 88] vs 57% [50 of
88], P=.001). The visual score of pneumonia extent was lower in
patients with the Omicron variant (mean score, 5.4 + 6.0) than
in those with the Delta variant (mean score, 7.7 + 6.6; P = .02).
However, no evidence of differences was found between the two
variants in the CT findings of visual assessment of pneumonia
density (predominant GGO, predominant consolidation, and
mixed pattern: 68% [45 of 66], 12% [eight of 66], and 20% [13
of 66], respectively, in the Omicron variant group vs 66% [47
of 71], 8% [six of 71], and 25% [18 of 71], respectively, in the
Delta variant group; P = .61), the presence of lymphadenopathy
(11% [10 of 88] vs 15% [13 of 88]; P = .66), or pleural effusion
(18% [16 of 88] vs 22% [19 of 88]; P=.71).

In regard to interreader agreement for visual assessment of
CT findings of the two variants, Cohen « coeflicients ranged
from 0.51 to 0.81, with the highest value of 0.81 (95% CI:
0.74, 0.88) being for RSNA COVID-19 imaging classification
and the lowest value of 0.51 (95% CI: 0.41, 0.61) being for
pneumonia density. The intraclass correlation coefficient for
pneumonia extent was 0.98 (95% CI: 0.98, 0.99).

In the quantitative CT analysis, patients with the Omicron
variant had a higher BV5% than did those with the Delta variant
(mean, 48% + 11 vs 44% + 8; P = .004). The mean CT attenu-
ation (-404 HU + 139 vs -402 HU = 115; P = .92), quantita-
tive analysis of pneumonia extent (5% + 10 vs 7% + 11, P =
.14), pneumonia weight (95 g + 174 vs 143 g + 191, P = .09),
and pleural effusion amount (275 mL + 407 vs 149 mL + 264,
P = .47) showed no evidence of differences between the two
variants (Figs 2-5). The Pearson correlation coeflicient between
visual pneumonia extent and pneumonia volume was 0.84.

Uni- and Multivariable Analyses for Effect of Omicron
Variant Compared with Delta Variant

In the univariable analyses, patients with the Omicron variant
had a lower frequency of a typical CT appearance (odds ratio,
0.36; P = .001), a more frequent peribronchovascular predilec-
tion (odds ratio, 8.0; P < .001), lower visual pneumonia extent
(B =-2.3; P=.02), and greater BV5% (B = 4.4; P = .004) than
patients with the Delta variant, whereas pneumonia volume (ff =
-2.3; P=.14), pneumonia weight (B = -47; P=.17), and 30-day
composite outcomes were similar between the variants (hazard
ratio, 1.8; P = .21) (Table 3).

After adjustment for confounders, multivariable analyses en-
abled us to confirm that patients with the Omicron variant less
frequently had a typical CT appearance (odds ratio, 0.34; 95%
Cl: 0.16, 0.74; = .006), more frequently had a peribronchovas-
cular predilection (odds ratio, 9.2; 95% CI: 2.9, 28; P < .001),
and had a greater BV5% (B = 3.8; 95% CI: 0.92, 6.8; P = .01)

relative to those with the Delta variant. After adjustment,
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there was no evidence of dif-
ferences between the Omicron
and Delta variants
ing visual pneumonia extent

regard-

Consecutive hospitalized patients with RT-PCR-proven COVID-
19 in a single secondary referral hospital in Nov 2021 and Feb

2022 (n=187)

4 i

(B = -1.09, P = .17), pneu-
monia volume (B = -0.62,
P = .67), pneumonia weight

Patients in Nov 2021
Delta variant (n=89)

Patients in Feb 2022
Omicron variant (n=98)

B =-6.9, P=.82), and 30-day
composite outcomes (hazard
ratio, 3.1; P = .11; hazard ratio,

Exclusion
No CT examination (n=1)

Exclusion
Pregnant women (n=8)
No CT examination (n=2)

2.4; P=.29).

Significant confounders
were identified in the multivari-

Final study sample (n=176):
Patients with the Delta variant (n=88)
Patients with the Omicron variant (n=88)

able analyses: The proportion of
patients with a typical CT ap-
pearance was also greater with
age (P =.0006) and an infection
duration of 6 days or longer (7
<.001 to P = .004), whereas it was lower with full vaccination
status (P = .006). The visual extent, pneumonia volume, and
pneumonia weight also were greater with age (P < .001 to P =
.009) and a longer infection duration (P < .001 for all) but were
lower with full vaccination (< .001 to 2 =.08). The BV5% was
lower as pneumonia volume was greater (P = .001). CT sever-

Figure 1:

ity was predictive of developing the 30-day composite outcome
regardless of whether it was assessed visually or quantitatively (P
=.002 for both).

Discussion

The CT manifestations of COVID-19 among different variants
remain underexplored. We found that the Omicron variant was
associated with a smaller proportion of patients with a typical
CT appearance (32% [28 of 88] vs 57% [50 of 88], P’ = .001),
a larger proportion of patients with peribronchovascular
pneumonia (38% [25 of 66] vs 7% [five of 71], P < .001),
a lower visual pneumonia extent (5.4 + 6.0 vs 7.7 + 6.6,
P = .02), similar pneumonia volume (5% + 10 vs 7% + 11, P
= .14), and a higher proportion of vessels with a cross-sectional
area smaller than 5 mm? relative to the total pulmonary blood
volume (BV5%) (48% + 11 vs 44% + 8, P = .004). After ad-
justment for confounders, including age, comorbidities, vac-
cination status, and infection duration, the Omicron variant
was associated with a nontypical appearance (odds ratio, 0.34;
P = .006), peribronchovascular predilection (odds ratio, 9.2;
P < .001), and higher BV5% (B = 3.8, P = .01) but not with
visual pneumonia extent (§ = -1.09, P = .17) or pneumonia vol-
ume (B = -0.62, P = .67).

The frequency of a typical CT appearance has been reported
to vary from 17% to 53% depending on the site and clinical
indication (25-28), but our study sample with either variant
underwent chest CT at the same site and for the same indica-
tions. Similar proportions of patients with either variant were
unvaccinated or partially vaccinated, and these patients might
be more likely to have a typical CT appearance (29). The odds
of patients with the Omicron variant having a typical CT ap-
pearance and peribronchovascular predilection remained signifi-
cant, even after adjustment for these confounders. The Omicron
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Flowchart of patient inclusion. RT-PCR = real-fime reverse-franscription polymerase chain reaction.

Table 1: Clinical Characteristics of Patients with COVID-19
according to Variant
Clinical Delta Variant  Omicron
Characteristic (n=88) Variant (7 = 88) P Value
Age (y) 67 + 15 62+19 .06
Male sex 46 (52) 51 (58) .55
Presence of 73 (83) 67 (76) .35
comorbidities*
Vaccination status <.001
Unvaccinated 28 (32) 25 (28)
Partially vaccinated 5 (6) 4 (5)
Fully vaccinated 55 (62) 20 (23)
Booster vaccinated 0 (0) 39 (44)
Infection duration’
Presymptomatic 9 (10) 3(3) .009
0-2 days 22 (25) 31 (35)
3-5 days 24 (27) 38 (43)
6-11 days 26 (30) 13 (15)
>11 days 7 (8) 3 (3)
Complete blood 5920 + 3063 6479 + 3037 23
count (cells/uL)
Lymphocyte count 1160 £+ 656 1324 + 627 .09
(cells/uL)
Lactate 555 + 213 513 + 214 21
dehydrogenase (U/L)
Oxygen treatment 27 (31) 24 (27) 74
30-day composite 7 (8) 12 (14) .33
outcome?
Note.—Unless otherwise noted, data are numbers of patients
with percentages in parentheses or mean + SD.
* Comorbidities included obesity, cardiovascular or
cerebrovascular disease, immunocompromised status, diabetes
mellitus, and chronic lung, liver, or renal disease.
" Infection duration was defined as days from symptom onset to
CT examination.
¥ The composite outcome was defined as any of the following
events: oxygen ventilation, intensive care unit admission, or
death.
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Table 2: Findings on Chest CT Scans of Patients with COVID-19 according to Variant

Finding Delta Variant (7 = 88) Omicron Variant (7 = 88) P Value
RSNA COVID-19 imaging classification* .004

Typical appearance 50 (57) 28 (32)

Indeterminate appearance 18 (20) 27 (31)

Atypical appearance 3 (3) 11 (13)

Negative for pneumonia 17 (19) 22 (25)
Score by visual assessment of pneumonia extent’ 7.7 6.6 5.4+6.0 .02

Right upper lobe 1.3+1.3 1.0+1.3 .06

Right middle lobe 1.2+1.3 09+1.3 .08

Right lower lobe 1.8+1.5 1.4+1.5 .06

Left upper lobe 1.5+1.4 1.0+1.2 .005

Left lower lobe 1.9+1.6 1.3+1.5 .01
Visual assessment of pneumonia density* .61

Predominant GGO 47 (66) 45 (68)

Predominant consolidation 6 (8) 8 (12)

Mixed pattern 18 (25) 13 (20)
Visual assessment of predominant distribution® <.001

Peribronchovascular predilection 5(7) 25 (38)

Subpleural predilection 43 (61) 22 (33)

Mixed pattern 23 (32) 19 (29)
Visual assessment for lymphadenopathy® 13 (15) 10 (11) .66
Visual assessment for presence of pleural effusion 19 (22) 16 (18) 71
Mean CT attenuation (HU) -402 + 115 -404 + 139 .92
Pneumonia extent by quantitative CT analysis (%) 7+11 5+ 10 14

Right upper lobe 5+10 38 .20

Right middle lobe 4+9 3+9 .38

Right lower lobe 11+9 9+18 47

Left upper lobe 5+10 3+8 .16

Left lower lobe 11+16 9+18 .50
Pneumonia weight by quantitative CT analysis (g) 143 + 191 95+ 174 .09
Vessel <5 mm? (%) 44 + 8 48 + 11 .004
Pleural effusion amount (mL) 149 + 264 275 + 407 47

Note.—Unless otherwise noted, data are numbers of patients, with percentages in parentheses, or mean + SD. GGO = ground-glass opacity.

* The RSNA classification of COVID-19 on chest CT consists of the following: (2) typical appearance: peripheral bilateral GGOs or
multifocal round GGOs with or without consolidation or intralobular lines, or reverse halo sign; (4) indeterminate appearance: presence of
GGOs with or without consolidation but absence of typical features; (¢) atypical appearance: absence of typical or indeterminate features with
presence of lobar or segmental consolidation without GGOs, discrete centrilobular nodules, lung cavitation, or smooth interlobular septal
thickening with pleural effusion; () negative for pneumonia: no CT features to suggest pneumonia.

'The total CT score was the sum of the individual lobar scores (each of the five lung lobes was visually scored on a scale of 05, with 0
indicating no involvement; 1, less than 5% involvement; 2, 5%-25% involvement; 3, 26%—49% involvement; 4, 50%—75% involvement;
and 5, more than 75% involvement).

# Pneumonia density was assessed in patients with pneumonia (71 with the Delta variant; 66 with the Omicron variant); predominant GGO:
GGO to consolidation ratio > 2:3; predominant consolidation: GGO to consolidation ratio <1:3; mixed pattern: 1:3 < GGO to consolidation
ratio < 2:3.

$ Pneumonia density and predominant distribution were evaluated in cases with pneumonia (71 with Delta variant; 66 with Omicron variant).

I Lymphadenopathy was considered present when mediastinal, interlobar, or supraclavicular lymph nodes were enlarged 1 cm or more in their
short axis.

variant replicates better in the bronchi but worse in the lung
parenchyma (13), and these characteristics may hinder infection
with the Omicron variant from having a typical CT appearance
when pneumonia is established in the lung parenchyma, while
promoting peribronchovascular predilection.

BV5%, which reflects peripheral pulmonary volume and
accounts for the majority of pulmonary blood volume (30), is
lower in patients with SARS-CoV-2 than in healthy individuals
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and patients with acute respiratory distress syndrome (23,24).
Furthermore, a lower BV5% was identified as a predictor of
adverse clinical outcomes in COVID-19 (31). This charac-
teristic reduction of BV5% in COVID-19 could result from
SARS-CoV-2—induced vasoconstriction or microthrombi of
small-caliber vessels (24). Indeed, SARS-CoV-2 inflames small
vessels, provokes thrombi (32,33), and leads to frequent in
situ pulmonary thrombosis, especially in patients with a severe
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Figure 2: Chest CTimages in a 66-year-old woman with the Delta variant of COVID-19 with a typical CT appearance. (A, €)
Unenhanced axial CT images show peripheral bilateral ground-glass opacities with some infralobular lines predominantly involving both
lower lobes. (B, D) Segmentation overlay images show the segmentation results of pneumonia (red), lobes (orange to violet), and
pulmonary vessels, with a cross-sectional area less than 5 mm? (yellow) or 5 mm? or greater (blue). The visual CT score was 12 points, and
the pneumonia volume was 9%.

Figure 3: Chest CTimages in a /7-year-old man with the Omicron variant of COVID-19 with indeferminate CT appearance. (A, €)
Unenhanced axial CT images show unilateral peribronchovascular ground-glass opacities without intralobular lines or an apicobasal pre-
dilection. (B, D) Segmentation overlay images show the segmentation results of pneumonia (red), lobes (orange to violet), effusion (light

green), and pulmonary vessels with a cross-sectional area less than 5 mm? (yellow) and 5 mm? or greater (blue). The visual CT score was 13
points, and the pneumonia volume was 8%. A focal ground-glass opacity in the lateral porfion of B was not included in the pneumonia mask
because it was the minor fissure between the right upper and middle lobes.

Radiology: Volume 306: Number 1—January 2023 = radiology.rsna.org 257
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Figure 4: Representafive three-dimensional chest CT image in an 88-year- Figure 5: Representative three-dimensional chest CT image in a 52-year-old
old woman with the Delta variant of COVID-19 shows lower-lobe—predominant man with the Omicron variant of COVID-19 shows pneumonia evenly affecting
pneumonia (pneumonia volume, 14.7%) and a lower percentage of blood volume lungs (pneumonia volume, 17.5%) and a preserved percentage of blood volume
in infrapulmonary vessels, with a cross-sectional area less than 5 mm? relafive fo the in infrapulmonary vessels, with a cross-sectional area less than 5 mm? relative to the
total pulmonary blood volume (34.6%). Blue vessels have a cross-sectional area of fotal pulmonary blood volume (51.5%). Blue vessels have a cross-sectional area of
5 mm? or greater, and yellow vessels have a cross-sectional area less than 5 mm?. 5 mm? or greater, and yellow vessels have a cross-sectional area less than 5 mm?.
Red indicates COVID-19 pneumonia. Red indicates COVID-19 pneumonia.

Table 3: Effect of Omicron Variant Compared with Delta Variant on RSNA CT Classification System, CT Severity, Peripheral
Vascularity, and Composite Outcome

Univariable Analysis Multivariable Analysis
Odds Ratio,  Value, or Odds Ratio, B Value, or

Dependent Variable Hazard Ratio PValue  Hazard Ratio P Value
Logistic regression analysis

Typical CT appearance for COVID-19* 0.36 (0.19, 0.66) .001 0.34 (0.16, 0.74) .006

Peribronchovascular predilection* 8.1 (2.9, 23) <.001 9.2 (2.9, 29) <.001
Linear regression analysis

Visual extent -2.3 (-4.2, -0.42) .02 -1.09 (-2.6, 0.46)* 17

Pneumonia volume (%) -2.3(-5.4,0.79) .14 -0.62 (-3.4,2.2)* .67

Pneumonia weight (g) -47 (-113, 20) 17 -6.9 (-67, 53)* .82

BV5% 4.4 (1.4,7.4) .004 3.8 (0.92, 6.8)" .01
Cox regression analysis

30-day composite outcome adjusted with visual extent 1.83 (0.72, 4.7) 21 3.08 (0.78, 12)* 11

30-day composite outcome adjusted with volume .. 2.37 (0.48, 11)° .29

Note.—Odds ratios are reported for logistic regression analysis,  values are reported for linear regression analysis, and hazard ratios are
reported for Cox regression analysis. Unless otherwise indicated, data are medians and data in parentheses are 95% Cls. The composite
outcome comprised the occurrence of oxygen ventilation, intensive care unit admission, or mortality. BV5% = percentage of blood volume
in intrapulmonary vessels with a cross-sectional area smaller than 5 mm? relative to total pulmonary blood volume.

* Adjusted for age, comorbidities, infection duration, and vaccination history. The proportion of a typical CT appearance also was greater
with older age (P = .006) and longer infection duration (=6 days, P < .001 to P = .004) but was lower with full vaccination (? = .006) in the
multivariable analysis. In addition, visual extent, pneumonia volume, and pneumonia weight were greater with age (2 < .001 to £ = .009)
and longer infection duration (all 2 <.001) but was lower with full vaccination (< .001 to P =.084) in the multivariable analyses.
 Adjusted for age, comorbidities, infection duration, vaccination history, and pneumonia volume. The BV5% also was lower as pneumonia
volume was greater (P =.001).

¥ Adjusted for age, comorbidities, infection duration, vaccination history, lymph node enlargement, pleural effusion, lymphocyte count,
lactate dehydrogenase level, and visual pneumonia extent. A greater visual extent was the sole predictor of developing the 30-day composite
outcome (P = .002) in the multivariable analysis.

$ Adjusted for age, comorbidities, infection duration, vaccination history, lymph node enlargement, pleural effusion, lymphocyte count,
lactate dehydrogenase level, pneumonia volume, and BV5%. A larger pneumonia volume (2 = .002) and a higher lactate dehydrogenase
level (P = .035) were predictors of developing the 30-day composite outcome in the multivariable analysis.
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case (34). Interestingly, early observations suggested that the
Omicron variant might have a lower thrombosis rate than
previous variants (35). This potentially provides support for
the possibility that Omicron might involve fewer pulmonary
vessels, in line with there being less involvement of the lower
respiratory system.

Lower BV5% and CT vascular engorgement seem to
result from the same vascular abnormalities of COVID-19
but manifest at different pulmonary vascular calibers. The
cross-sectional vessel area of BV5% corresponds to a vascu-
lar diameter smaller than 1.26 mm, given the equation for
a circle. These peripheral minute vessels had vasoconstric-
tion or thrombosis but are too small to be visually assessed
at CT. Meanwhile, vascular engorgement in patients with
COVID-19 was typically observed in segmental or subseg-
mental vessels. The diameters were 3—4 mm or larger, cor-
responding to a cross-sectional vessel area of 28—-50 mm? or
larger. Vascular engorgement can reflect vascular dilatation
or thrombosis proximal to SARS-CoV2-affected microves-
sels. Taken together, modern CT provided a multilevel analy-
sis for revealing pulmonary vascular disease in patients with
COVID-19 from impaired perfusion (vascular manifestation
below a millimeter), lower peripheral BV5% (vascular mani-
festation around a millimeter), and proximally engorged vas-
cular changes (vascular manifestation over a millimeter).

Our study had limitations. This study was retrospective and
only included relatively few hospitalized patients. In addition,
patient inclusion was conducted without calculating the sample
size. Participants did not undergo testing to confirm the SARS-
CoV-2 variant. Third, the clinical severity of hospitalized pa-
tients might not have been identical between variants, and the
number of COVID-19 cases remained low in November 2021,
when the Delta variant predominated, but soared in February
2022 with the Omicron variant. Fourth, the pulmonary vessels
could not be segmented in consolidation areas on noncontrast
CT images because the neural network and radiologist could
not trace the vessels within consolidations. Fifth, we did not
adjust for the multiplicity of tests in our analyses.

In conclusion, the Omicron variant showed more frequent
nontypical peribronchovascular pneumonia and less pulmo-
nary vascular involvement than did the Delta variant in hospi-
talized patients with comparable CT severity. The CT charac-
teristics of Omicron may hamper radiologists from promptly
recognizing COVID-19 on CT images when incidentally en-
countered, and this finding raises an alarm regarding the need
to evaluate whether CT findings remain consistent or change
when new variants appear.
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