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n January 2020, a novel coronavirus named severe acute
Irespiratory syndrome coronavirus 2 was identified as re-
sponsible for several cases of pneumonia referred to as coro-
navirus disease 2019 (COVID-19) in Wuhan. Italy was the
first Western country where the epidemic spread; the first
case was detected on February 20, 2020, followed by a rap-
id increase in the number of cases, especially in Northern
Italy, reaching 236989 cases by June 15 (1). In this setting,
early detection and containment became crucial.

The standard of reference for diagnosis is real-time re-
verse-transcription polymerase chain reaction (RT-PCR).
However, this test has shown several limitations: (z) lim-
ited testing capacity owing to insufficient kits or labora-
tory supplies; () long reporting time (from 6 to 48 hours)
that is hardly compatible with urgent decision making; (¢)
great variability in sensitivity, ranging from 37% to 71%
(2—4). In clinical practice, one negative RT-PCR test does
not exclude COVID-19, and multiple repeat tests may be
required to make the final diagnosis. Thus, imaging has
emerged as an important tool to guide diagnosis in case of
clinical-laboratory discordance (2).

Imaging protocols greatly vary depending on local pub-
lic health directives: chest radiography is widely used, al-
though it’s not accurate in mild or early COVID-19 infec-
tion (5); there is an interest in bedside lung US, but limited
experiences are reported (6,7); among imaging modalities,
CT is the most sensitive (sensitivity of 60%-98%) but is
also affected by low specificity and possible false-negatives
in the first stage of the disease (8). For these reasons, most
radiologic societies do not recommend performing screen-
ing CT (9,10). Nevertheless, the number of CT examina-
tions performed for suspected COVID-19 has increased.
Indeed, CT better demonstrates early pulmonary mani-
festation of COVID-19 infection, with reported findings
consistent with COVID-19, even in false-negative RT-
PCR tests and in asymptomatic patients (11,12). More-
over, it could highlight some ancillary findings frequently
associated with COVID-19 infection, such as the recently
reported “vascular enlargement” (13).

To provide guidance to radiologists, a standard-
ized language was proposed by the Radiological Soci-
ety of North America (RSNA) to reduce variability in
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Abbreviations

COVID-19 = coronavirus disease 2019, PPV = positive predictive
value, RSNA = Radiological Society of North America, RT-PCR =

reverse-transcription polymerase chain reaction

Summary

For suspected COVID-19, real-time reverse-transcription polymerase
chain reaction is the reference standard but has a long reporting time;
application of the four standardized categories for CT reporting
proposed by the RSNA could support a faster triage of patients in a
setting of high community disease burden.

Key Points

= In this retrospective analysis, categorization of the radiologic pat-
tern for COVID-19 into the four CT categories proposed by the
RSNA is strongly predictive of reverse-transcription polymerase
chain reaction results.

= In an epidemic setting, the “typical” pattern showed a high posi-
tive predictive value for COVID-19 (87.8%), while the “atypical”
and “negative” pattern showed a high positive predictive value for
non—COVID-19 infection (89.6% and 86.2%, respectively).

» The “indeterminate” pattern was mainly observed in older adults
and is the most challenging category; in this category, the detec-
tion of subsegmental vascular enlargement was most frequently
observed in COVID-19 and could be considered as an ancillary
sign to guide the diagnostic hypothesis.

reporting (8), but data on its application in clinical practice
are lacking. The aim of this study was to evaluate the diag-
nostic accuracy of each category proposed (“typical,” “inde-
terminate,” “atypical,” and “negative”) versus RT-PCR and
to assess the interobserver variability between a senior and a
junior radiologist. The use of a vascular enlargement sign in
indeterminate cases was also assessed.

Materials and Methods

Patient Population and Study Design

This study is an observational, retrospective single-center
study and was approved by our local institution review board.
Informed consent was waived by the institutional review
board owing to the retrospective nature of the study.

We consecutively selected all patients, both those who were
hospitalized or those who accessed the emergency depart-
ment, who underwent CT for pneumonia related to suspected
COVID-19 infection, from February 27 to March 27, 2020,
which was during the peak period of the infection in Italy.

In case of suspected COVID-19, the imaging workflow in
our hospital consists of the execution of chest radiography,
followed by a CT scan if radiography provides negative or un-
certain findings. Lung US could be performed depending on
the skill of the operator, but it is not routinely recommended.

Inclusion criteria were (2) symptomatic patients presenting
fever (of unknown origin) or respiratory symptoms such as cough
or dyspnea and () patients undergoing CT at our institute.

The exclusion criteria were (2) patients with suspected
COVID-19-related interstitial pneumonia but investigated
with only other imaging techniques (radiography or US); (4)
patients suspected of having COVID-19 —related interstitial

pneumonia with CT performed outside our hospital; and
(c) severe motion artifact at chest CT (n = 46).
Opverall, a total of 569 CT scans were collected.

Clinical Data

RT-PCR results were considered as the standard of reference
and were extracted from the patients’ electronic medical re-
cords in our hospital information system. As some patients had
more than one test, only RT-PCR tests performed within 24
hours from the CT scan were considered.

RT-PCR was a two-site test, performed using oropharyngeal
and nasopharyngeal swabs; patients with RT-PCR results not
available or not carried out were excluded from the analysis (7 =

109) (Fig 1).

CT Acquisition Technique

Chest CT acquisitions were obtained with the patients in
supine position during end-inspiration without intrave-
nous contrast medium injection. An expiration scan was not
performed.

CT scans were performed using two CT scanners dedi-
cated only to patients suspected of having COVID-19. The
first scanner was a 64-slice CT scanner (LightSpeed VCT; GE
Medical System), with the following technical parameters: tube
voltage, 120 kV; tube current modulation, 100-250 mAs; spi-
ral pitch factor, 0.98; collimation width, 64 x 0.625. Recon-
structions were made with the convolution kernel BONEP-
LUS at a slice thickness of 1.25 mm (2 = 391). The second
scanner was a 128-slice CT scanner (Ingenuity; Philips), with
the following technical parameters: tube voltage, 120 kV; tube
current modulation, 100-250 mAs; spiral pitch factor, 1.224;
collimation width, 64 x 0.625. Reconstructions were obtained
with the convolution kernel Y-SHARP at a slice thickness of 1
mm (7 = 178).

After each patient chest CT examination, passive air ex-
change and a decontamination of the CT room was performed
with surface disinfection using 62% to 71% ethanol or 01%
sodium hypochlorite.

CT Image Analysis

All CT examinations were reviewed by accessing the picture
archiving and communication system of our hospital by two
radiologists involved in the study, blind to each other and to
the RT-PCR results, with different levels of experience: a senior
reader (E.C.), with more than 10 years of experience in thoracic
imaging, and a junior reader (D.S.), with 1 year experience in
thoracic imaging.

Radiologic findings were classified according to the four
categories proposed by the RSNA (Table 1) (8). Interob-
server variability in assessing the radiologic pattern was eval-
uated. All data were anonymized and collected in a shared
database.

Statistical Analysis

Data were expressed as means, ranges, and frequencies. The
diagnostic performance of CT was evaluated with sensitiv-
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ity, specificity, positive predictive value (PPV), and negative
predictive value considering RT-PCR as the standard of refer-
ence. We considered the “typical” and “indeterminate” pat-

CT scans performed for suspicion of COVID

N=569
I |
v }
RT-PCR performed RT-PCR not Performed
460/569 (80.8%) 109/569 (19.2%)
Included Excluded

Figure 1: Flowchart of the study.

tern to predict COVID-19 disease and “atypical” and “nega-
tive” pattern to predict non—COVID-19 disease.

Cohen kappa was used to evaluate interrater reliability; the
analysis of variance was performed to assess age differences
between the groups, and Fisher exact test was used when ap-
propriate (comparison between CT categories among CO-
VID-19 and non—-COVID-19; the presence of vascular en-
largement; and differences in age and sex).

A scatterplot was used to assess the relation between PPV
and prevalence for the “typical” pattern. Two-tailed P val-
ues < .05 were considered statistically significant. Statistical
analysis was performed using SPSS version 13.0 (Chicago,
I11).

Results

The demographics of patients and CT results are summarized
in Table 2.

Patients with COVID-19

for CT Findings Related to COVID-19

Table 1: Radiological Society of North America Proposed Reporting Language

Diagnosis of COVID-19 infection was
made in 45.9% (211/460) of patients,

CT Category Imaging Findings

with a mean age of 63 years (range, 21—
94 years). Men were more frequently

Typical

Indeterminate

Atypical

Negative

Peripheral, bilateral GGO with or without consolidation or vis-
ible intralobular lines (“crazy-paving”)

Multifocal GGO of rounded morphology with or without con-
solidation or visible intralobular lines (“crazy-paving”)

Reverse halo sign or other findings of organizing pneumonia
(seen later in the disease)

Absence of typical features and presence of:

Multifocal, diffuse, perihilar, or unilateral GGO with or without
consolidation, lacking a specific distribution and are non-
rounded or nonperipheral

Few, very small GGO with a nonrounded and nonperipheral
distribution

Absence of typical or indeterminate features and presence of:

Isolated lobar or segmental consolidation without GGO

Discrete small nodules (centrilobular; “tree in-bud”)

Lung cavitation

Smooth interlobular septal thickening with pleural effusion

No features to suggest pneumonia

affected: 144 cases (68.2%) compared
with 67 (31.8%) cases in women.

The analysis of distribution of pat-
tern documented that “typical” (n =
151) showed a sensitivity of 71.6%,
a specificity of 91.6%, and a PPV of
87.8% for COVID-19 (Fig 2).

The “indeterminate” pattern (7 = 36)
was particularly nonspecific, with low
sensitivity (17.1%) and PPV (36.7%).
This pattern was most frequently detected
in older adults (mean age of 68 years vs
63 years of patients with other patterns; P
=.010). In this group of patients, we con-
ducted a further analysis by evaluating
subsegmental vascular enlargement (de-
fined as more than 3 mm in diameter).

Source.—Reference 8.

Note.—GGO = ground-glass opacity.

This sign was found in 86.1% (31/36) of
patients with COVID-19 versus 37.1%

Table 2: Summary of Demographics and CT Results
Demographic Results All (7 = 460) COVID-19 (=211) Non—-COVID-19 (z = 249) P Value
Age (y) 64 (14-97) 63 (21-94) 64 (14-97) 515
Sex (male) 267 (58) 144 (68.2) 123 (49.4) <.001
CT results
Typical 172 (37.4) 151 (71.6) 21 (8.4) <.001
Indeterminate 98 (21.3) 36 (17.1) 62 (24.9) .052
Atypical 67 (14.6) 7(3.3) 60 (24.1) <.001
Negative 123 (26.7) 17 (8.1) 106 (42.6) <.001
Note.—Data are presented as means with ranges in parentheses or numbers with percentages in paren-
theses unless otherwise specified.
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(23/62) of patients without COVID-19, involving both arteries
and veins, with a difference that was statistically significant (7 <
.001) (Figs 3, 4).

The “atypical” (7 = 7) and “negative” (n = 17) pattern
counted only for 11.4% of total patients with COVID-19.

Patients without COVID-19
There were 249 of 460 (54.1%) patients with no COVID-19 in-

fection. In these patients, the most prevalent patterns were “atypi-
cal” (7 = 60) and “negative” (7 = 106), representing the 66.7% of
patterns observed and demonstrating a really strong PPV for non—
COVID-19 infection, 89.6% and 86.2%, respectively (Figs 5, 6).
None of the “atypical” pattern was related to a viral infection.

The “typical” pattern was observed in 21 cases which
represented the false-positives of our population. In these
patients, the final diagnosis was other viral pneumonia in
81.0% (17/21), bacterial pneumonia in 9.5% (2/21), and
drug toxicity in 9.5% (2/21).

Regarding the distribution of patterns, “typical” was most fre-
quently detected in COVID-19, while “atypical” and “negative”

were detected in non—COVID-19 infection, with a difference that
was statistically significant (7 < .001). There was no statistically
significant difference among COVID-19 and non—COVID-19

Figure 2: The “typical’ pattern in a 62-year-old man with COVID-19,
characterized by bilateral ground-glass opacities peripheral in distribution
(arrows), consolidations (*), and crazy paving (circle).

Figure 3: A 74-year-old man arriving at the emergency department with fever. (@) The CT scan documented a focal ground-
glass opacity in the superior segment of the lingula (circle), classified as an “indeterminate” pattern. Notably, there was a vascular
enlargement in the pulmonary artery branch afferent fo the lesion, as (b) the maximum intensity projection better demonstrated (arrow).
The real-time reverse-franscription polymerase chain reaction test was positive for severe acute respiratory syndrome coronavirus 2

infection.

Figure 4:

An 89-year-old man with a known interstitial lung disease, arriving af the emergency department with dyspnea. (@) The
CT scan documented a diffuse ground-glass opacity, without a specific distribution, an “indeterminate” pattern. The real-fime reverse-
franscription polymerase chain reaction test was positive for severe acute respiratory syndrome coronavirus 2. In addition, in this case,
(b) dilatation of pulmonary vessels was seen (arrow).
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Figure 5:

b.

A 26-year-old woman arriving at the emergency department with persistent cough. (@) The CT scan demonstrated an

“atypical” pattern characterized by small peribronchial consolidations with a tree-in-bud appearance located in the apical segment
of the superior right lobe (arrow) and (b) multiple right hilar and mediastinal lymphadenopathy (circle). The final diagnosis was of

lung and nodal tuberculosis.

groups only for the “indeterminate” pattern, although it was most
often observed in the non-COVID-19 group (P =.052).

‘The comparison between senior and junior radiologist docu-
mented a very high agreement for the “typical” and “negative”
pattern (84.7% and 93.1%, respectively), while a fair agreement
for “indeterminate” (13.1%) and “atypical” (30.9%) was ob-
served. Overall, we observed a moderate agreement: k = 0.500
(P =.002).

For a better interpretation of the PPV for the “typical” pattern
in relation with the prevalence of COVID-19 in our population,
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Figure 6: A 47-year-old man arriving af the emergency
department with fever and diarrthea. (@) The baseline CT scan
did not show findings suggestive for a pneumonia-"negative”
pattern, but the real-time polymerase chain reaction test was
positive for severe acute respiratory syndrome coronavirus 2
infection. (b) After 5 days, owing to a worsening of the clini-
cal conditions, CT was repeated, revealing a “typical” pattern
characterized by bilateral ground-glass opacities (circle). (¢)
After 12 days (17 days from the onset of symptoms), further
radiologic progression with development of diffuse alveolar
damage and acute respiratory distress syndrome would lead
to the death of the patient.

we also performed an analysis of the PPV over time, and we
found that on March 3, 2020, there was a prevalence of 16.7%
and a PPV of 40.0%; an increasing prevalence was found among
time up to the peak on March 27, 2020, with 46.4% and a PPV
of 87.8% (Fig 7).

Discussion
The exact role of CT in the diagnosis of COVID-19 remains
debatable. Sensitivity of CT is influenced by temporal changes
of radiologic appearance: CT can be negative in the first stage
of the disease; early CT features consist of ground-glass opaci-
ties, with predominantly bilateral and peripheral distribu-
tion, followed by a progressive transformation into multifo-
cal consolidations, crazy paving, bandlike pattern, perilobular
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opacities, and reversed halo sign 100%
(14-17); the interpretation of aon
imaging findings is further com-

plicated as some patients could 0%

develop diffuse alveolar damage,
70%
while others could show persis-
tent reticulations and bronchial 60%
distortions in the late stage of
the disease (18,19). Moreover,
specificity of CT was reported 40%
to be low (3,20); Bai et al pro-
posed some criteria to differenti-
ate COVID-19 from other viral 20%
pneumonia (21), although this
distinction could be difficult in

PPV

50%

30%

10%

clinical practice. Indeed, CT 0%

features of COVID-19 are simi- o e
lar to those reported for other

coronavirus, HIN1, and other Figure 7:

rhinovirus A (22-24), but CO-
VID-19 could also be associated
with other infections or pathologies (25).

However, in our series, the “typical” pattern showed a specific-
ity of 91.6%. This is probably due to the specific setting of high
community disease burden. In this setting, application of the cat-
egories proposed by the RSNA demonstrated a really strong link
to RT-PCR results: the “typical” pattern had a high PPV (87.8%)
for COVID-19, while “atypical” and “negative” demonstrated
high PPV for non-COVID-19 infection (89.6% and 86.2%,
respectively). Recognition of the “atypical” pattern is particularly
important because it could provide a differential diagnosis.

However, a small percentage of false-negatives and false-
positives was detected: specifically, 11.4% of patients with CO-
VID-19 had a “negative” or an “atypical” pattern. Thus, these
patterns could not exclude COVID-19. On the other hand,
8.4% of patients with negative RT-PCR showed a “typical” pat-
tern at CT.

In addition, recognition of the pattern should be provided
by expert radiologists, as the interobserver agreement analysis
demonstrated, while a “typical” pattern is easy to identify, inter-
pretation of an “indeterminate” and “atypical” pattern requires
greater skills.

'The application of a radiologic algorithm to triage the mas-
sive load of acute respiratory referral has been recently proposed
(26). This proposal is in agreement with the position of Fleis-
chner Society that identified a specific clinical scenario where
imaging is advised to support a more rapid triage that concerns
patients with moderate-to-severe features of COVID-19 in a
resource-constrained environment (2). In addition, Dangis et al
demonstrated that CT could play a complementary role to RT-
PCR for the early triage of patients, as CT results were rapidly
available, with an accuracy that reached 94.4% (25).

‘The main diagnostic challenge remains to be the “indetermi-
nate” pattern. The indeterminate pattern consisted of ground-
glass opacities without typical distribution (multifocal, diffuse,
perihilar, or unilateral), nonrounded and nonperipheral. Pa-
tients belonging to this category were older than the general

[ ]
L]
* o
L
L ]
o0
o ®
20% 30% 40% 50% 60%
Prevalence

Positive predictive value for a “typical” pattern in relation with prevalence.

population, and this could be associated with a more complex
clinical-radiologic scenario. A further analysis demonstrated
that subsegmental vascular enlargement was observed in most
of these patients with COVID-19 (86.1%), as also observed by
other authors (13,27-29). To our knowledge, the exact meaning
of this sign is still unclear but could be related to the mecha-
nism of action of the virus; severe acute respiratory syndrome
coronavirus 2 infects the host using the angiotensin converting
enzyme 2 receptor, which is expressed in several organs includ-
ing the lung and endothelial cells (30). Ye et al hypothesized that
vascular enlargement could be attributed to the damage of the
endothelial wall caused by proinflammatory factors (27), while
Albarello et al found that this sign could precede the develop-
ment of new lung infiltrates (29). Pathologic postmortem stud-
ies demonstrated both capillary congestion and platelet-fibrin
thrombi in small arterial vessels, suggesting pulmonary throm-
botic microangiopathy (31). However, further pathologic stud-
ies are needed to clarify the exact pathogenesis of this sign.

‘The development of faster laboratory tests could limit the role
of CT in the diagnostic assessment of COVID-19. However, the
baseline CT scan has other applications; Colombi et al demon-
strated that the extent of CT lung abnormalities at admission
was the predictor of intensive care unit recovery (32). Moreover,
CT could be involved in several research scenarios through the
application of structured reporting and radiomics (33,34).

‘The various roles of CT justify the increase in the number of
requests, even to rule out COVID-19 infection.

Our study had several limitations: (2) it was a retrospective
analysis influenced by the high prevalence of COVID-19 in our
population and () RT-PCR was considered as the standard of
reference, although several limitations of this test have been re-
ported (2-4).

In conclusion, our experience demonstrated that the applica-
tion of the diagnostic categories proposed by the RSNA could
provide a correct diagnosis in most patients, in a setting of epi-

demic spread, with high pretest probability of COVID-19.
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RT-PCR remains to be the hallmark for diagnosis and could
not be replaced by CT; however, we strongly recommend the
application of a standardized report to all patients suspected of
having COVID-19 as a first useful method to support a more
rapid triage.
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