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ABSTRACT

BACKGROUND AND PURPOSE: Chest CT may be used as a tool for rapid coronavirus disease 2019 (COVID-19) detection. Our aim
was to investigate the value of additional chest CT for detection of coronavirus 19 (COVID-19) in patients who undergo head CT
for suspected stroke or head trauma in a COVID-19-endemic region.

MATERIALS AND METHODS: Our study included 27 patients (mean age, 74 years; range, 54-90 years; 20 men) who underwent head
CT for suspected stroke (n=21) or head trauma (n = 6), additional chest CT for COVID-19 detection, and real-time reverse tran-
scriptase polymerase chain reaction testing in a COVID-19-endemic region. Sensitivity, specificity, and negative and positive predic-
tive values of chest CT in detecting COVID-19 were calculated.

RESULTS: Final neurologic diagnoses were ischemic stroke (n = 11), brain contusion (n = 5), nontraumatic intracranial hemorrhage
(n = 2), brain metastasis (n = 1), and no primary neurologic disorder (n = 8). Symptoms of possible COVID-19 infection (ie, fever,
cough, and/or shortness of breath) were present in 20 of 27 (74%) patients. Seven of 27 patients (26%) had real-time reverse tran-
scriptase polymerase chain reaction confirmed—COVID-19 infection. Chest CT results were 6 true-positives, 15 true-negatives, 5
false-positives, and 1 false-negative. Diagnostic performance values of chest CT were a sensitivity of 85.7%, specificity of 75.0%,
negative predictive value of 93.8%, and positive predictive value of 54.6%.

CONCLUSIONS: The sensitivity of additional chest CT is fairly high. However, a negative result does not exclude COVID-19. The
positive predictive value is poor. Correlation of chest CT results with epidemiologic history and clinical presentation, along with

real-time reverse transcriptase polymerase chain reaction, is needed for confirmation.

ABBREVIATIONS: COVID-19 = coronavirus disease 2019; RT-PCR = real-time reverse transcriptase polymerase chain reaction

he coronavirus disease 2019 (COVID-19) pandemic has

caused a global crisis. As of April 19, there were 2,356,475
confirmed cases and 162,070 deaths worldwide.! In regions where
COVID-19 is highly endemic, some hospitals can barely handle
the influx of patients.”™* Nevertheless, rapid triage and isolation
of patients with suspected COVID-19 are essential to prevent
hospital-related transmission of the virus to other patients and
health care workers.”® Stroke and traumatic brain injury are
highly prevalent worldwide” and remain common reasons for
emergency department visits.® These patients should be assessed
for COVID-19 infection on emergency department arrival in
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COVID-19-endemic areas. One possible strategy is to perform
real-time reverse transcriptase polymerase chain reaction (RT-
PCR) in patients who are being hospitalized. However, a major
disadvantage of RT-PCR testing is that it takes several hours to
obtain results. It has been suggested that chest CT may be used as
a tool for rapid COVID-19 detection in endemic areas.” Head CT
is the primary imaging technique of choice to evaluate patients

'@ or head trauma'? in the emergency set-

with suspected stroke
ting. Thus, it may be possible to perform additional chest CT for
COVID-19 detection in 1 session with head CT. This approach
could be particularly useful when rapid triaging is needed and
RT-PCR testing capacity and the number of isolation rooms are
limited. Furthermore, such a strategy poses a negligible extra bur-
den on available CT equipment and radiology personnel. In addi-
tion, the additional radiation exposure of chest CT is not a major
concern because patients with suspected stroke or head trauma
are usually older and chest CT can be performed with a low-dose
protocol.”® Therefore, the purpose of our study was to investigate
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Table 1: Radiological Society of North America chest CT classification system for reporting COVID-19 pneumonia (adapted from

reference 15)

COVID-19 Pneumonia

Imaging Classification Rationale

CT Findings

Commonly reported imaging features
of greater specificity for COVID-19
pneumonia

Typical appearance

Indeterminate
appearance

Nonspecific imaging features of
COVID-19 pneumonia

Atypical appearance Uncommonly or not reported

features of COVID-19 pneumonia

Negative for pneumonia No features of pneumonia

Peripheral, bilateral GCOs with or without consolidation or visible
intralobular lines (“crazy-paving”)

Multifocal GCOs of rounded morphology with or without
consolidation 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 GCO with or without
consolidation lacking a specific distribution and are non-rounded or
non-peripheral

Few very small GCO with a non-rounded and non-peripheral
distribution

Absence of typical or indeterminate features AND

Presence of:

Isolated lobar or segmental consolidation without GCO

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

Lung cavitation

Smooth interlobular septal thickening with pleural effusion

No CT features to suggest pneumonia

Note:—GCOs indicates ground-glass opacities

the value of additional chest CT for COVID-19 detection in
patients who undergo head CT for suspected stroke or head
trauma in a COVID-19-endemic region.

MATERIALS AND METHODS

Patients

This retrospective study was approved by the institutional review
board of our hospital (Zuyderland Medical Center, Heerlen/
Sittard/Geleen, the Netherlands) (No. Z2020061), and patient
consent was waived. We included 27 consecutive patients (mean
age, 74 years; range, 54-90 years; 20 men) who were evaluated for
suspected stroke (n = 21) or head trauma (n = 6) in our hospital
between March 12, 2020, and April 14, 2020. Our hospital, one of
the largest general hospitals in the Netherlands, was located in a
COVID-19-endemic region. Our study period encompassed the
peak of the highest registered number of daily COVID-19 infec-
tions in the Netherlands."* During the study period, patients had
to be transported to other hospitals because the intensive care
unit of our hospital was becoming overloaded (as of April 1,
2020, eighty-three percent of all intensive care unit beds were
occupied by patients with COVID-19). All 27 patients underwent
head CT, additional chest CT for COVID-19 detection, and RT-
PCR testing of nasopharyngeal and oropharyngeal swabs. In 3
patients with suspected stroke, CTA was also performed from the
aortic arch to the vertex to evaluate for intracranial large-vessel
occlusion.

Chest CT Protocol

Chest CT was performed on either a 64-section CT scanner
(Incisive; Philips Healthcare) or on a 64-section dual-source scan-
ner (Somatom Definition Flash; Siemens). Scanning parameters
were the following: collimation = 64 x 0.625 or 0.6 mm, Tube
voltage = 120 kV(peak), Tube current = 667 maximum mA or
404 maximum mA, pitch = 1.0 or 1.2, and matrix size 5 =
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12 x 512. CT images were reconstructed with a lung kernel in the
transverse plane with a 1.0-mm section thickness and a 1.0-mm
increment. Images were also reconstructed in axial, coronal, and
sagittal planes with a 3.0-mm section thickness.

Chest CT Interpretation and Reference Standard

Chest CT findings were categorized according to the Radiological
Society of North America chest CT classification system for
reporting COVID-19 pneumonia—ie, typical, indeterminate,
atypical, and negative (Table 1)."” Typical and indeterminate
chest CT findings were considered positive, whereas atypical and
negative chest CT findings were considered negative for COVID-
19. All chest CT scans were prospectively read by radiologists
who were available when CT was performed. Results of RT-PCR
testing, (ie, positive or negative for COVID-19 infection) served
as the reference standard.

Statistical Analysis

The number of true-positive, true-negative, false-positive, and
true-negative chest CT results was determined. Subsequently,
sensitivity, specificity, negative predictive value, and positive pre-
dictive value of chest CT in diagnosing COVID-19 were calcu-
lated. Statistical analyses were performed using SPSS Statistics for
Windows (Version 20.0; IBM).

RESULTS

Patients

Final neurologic diagnoses were ischemic stroke (n = 11), brain
contusion (n = 5), nontraumatic intracranial hemorrhage (n =
2), brain metastasis (n = 1), and no primary neurologic disorder
(n = 8). Correlation of symptoms of possible COVID-19 infec-
tion (ie, fever, cough, and/or shortness of breath'®), chest CT
findings, and RT-PCR results are shown in Table 2. Symptoms of
possible COVID-19 infection were present in 20 of 27 (74%)



patients. The median time interval between CT and RT-PCR was
0days (range, 0-7, days; interquartile range, 0-1 day). In 2 of 4
patients with a chest CT result positive for COVID-19 but nega-
tive findings on the initial RT-PCR, repeat RT-PCR was per-
formed (with findings remaining negative). Seven of 27 patients
(26%) had RT-PCR-confirmed COVID-19 infection. Six patients

Table 2: Correlation between symptoms of possible COVID-19
infection (ie, fever, cough, and/or shortness of breath"’), chest
CT findings, and RT-PCR results

RT-PCR, RT-PCR,

Positive Negative

Results Results
Chest CT, positive findings 52/1° 32/2°
Chest CT, negative findings 12/0° 12/4°

* Symptomatic patients.
b Asymptomatic patients.

FIG 1. A 73-year-old male patient who underwent head CT and CTA
to evaluate intracranial large-vessel occlusion. This patient did not
have symptoms of COVID-19 infection (ie, no fever, cough, and/or
shortness of breath). Axial chest CT image shows ground-glass opac-
ities posteriorly located in both upper lobes (arrows). These CT fea-
tures were interpreted as typical for COVID-19 pneumonia, which
was confirmed by RT-PCR.

FIG 2. An 83-year-old male patient who underwent head CT for suspected stroke. This patient had
symptoms of possible COVID-19 infection (cough and shortness of breath). Axial chest CT images
at the level of the aortic arch (A) and heart (B) show ground-glass opacities posteriorly and periph-
erally, located in both upper lobes (arrows in A and B) and in the left lower lobe (arrow, B). These
CT features were interpreted as typical for COVID-19 pneumonia, which was confirmed by RT-PCR.

with RT-PCR-confirmed COVID-19 were symptomatic, whereas
1 patient with RT-PCR-confirmed COVID-19 was asymptom-
atic. In the asymptomatic patient with RT-PCR-confirmed
COVID-19, abnormalities suspicious for COVID-19 were already
visible in the upper lung fields on CTA, which was confirmed on
additional chest CT (Fig 1). In another patient with head trauma
and fever, chest CT findings were negative, whereas RT-PCR
4 days after CT showed COVID-19. This patient was not isolated
until the RT-PCR results were known.

Diagnostic Yield of Chest CT

Typical, indeterminate, atypical, and negative chest CT features
for COVID-19 were present in 3, 8, 2, and 14 patients, respec-
tively. Figs 1 and 2 show examples of typical chest CT features
of COVID-19, whereas Fig 3 shows an example of atypical chest
CT features of COVID-19. Chest CT results were 6 true-positi-
ves, 15 true-negatives, 5 false-positives, and 1 false-negative.
Diagnostic performance values of chest CT were a sensitivity of
85.7%, specificity of 75.0%, negative predictive value of 93.8%,
and positive predictive value of 54.6%.

DISCUSSION
Our initial experience in 27 patients with an emergency indica-
tion for head CT shows that the sensitivity of additional chest
CT for COVID-19 is fairly high. An estimated 5%-80% of
COVID-19-infected persons may be asymptomatic.'” Although
asymptomatic, they may transmit the disease to others.'®' In
our study, 7 of 27 patients (26%) did not have symptoms of pos-
sible COVID-19 infection (ie, fever, cough, and/or shortness of
breath'®). One of these asymptomatic patients proved to be
infected with COVID-19 by RT-PCR. This finding underlines
the importance of vigilantly evaluating the lungs on CTA scans of
patients with stroke in a COVID-19-endemic region, even when
they are asymptomatic. However, a negative result does not
exclude COVID-19. In 1 patient with head trauma and fever,
chest CT had negative findings, whereas RT-PCR 4 days after
CT showed COVID-19 infection. This patient was not iso-
lated until the RT-PCR results were known and could have
put other patients and health care workers at risk to become
infected too. Furthermore, the positive predictive value of
chest CT was poor. If only chest CT
results were used to make patient-
management decisions, too many
cases would unnecessarily occupy
isolation rooms. Therefore, correla-
tion with epidemiologic history
and clinical presentation, along
with the RT-PCR, is needed for
confirmation.”?

The diagnostic accuracy of chest
CT has been investigated by a few pre-

vious studies,”****

in different popu-
lations. Our study is unique in that it
investigated the value of additional
chest CT in patients who already
underwent head CT in a COVID-19-
endemic

region, compared with
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previous studies that reported chest CT as a stand-alone

method in patients who may otherwise not have undergone CT

g
scanning.”*>**

Furthermore, our study also included asymp-
tomatic patients (26% of our study population) with respect to
possible COVID-19. Because of the inclusion of patients with-
out any COVID-19 symptoms, the overall prevalence of
COVID-19 infection in our study population was lower than

. : . 923,24
that in previous studies

9,23,24

(26% in our study versus 39%-—
). Nevertheless, the fairly high sen-
sitivity and poor specificity of additional chest CT is in line

85% in previous studies

with the findings of previous studies that reported sensitivity
and specificity values of 93.2%-97.0%, and 25.0%-53.3%,
respectively.”*>** Most important, our observation that a nega-
tive chest CT result does not exclude COVID-19 is supported
by a study among passengers from the cruise ship Diamond
Princess, which showed that 6 of 28 symptomatic patients with
COVID-19 had normal chest CT findings.**

RT-PCR of nasopharyngeal and oropharyngeal specimens is
considered the standard to diagnose COVID-19.2°?° However,
currently available RT-PCR tests are time-consuming (it takes
several hours before the results are known), and there is still rela-

3031 1n a heav-

tively limited RT-PCR testing capacity worldwide.
ily constrained environment with a lack of sufficient RT-PCR
testing capacity and a shortage of isolation beds, additional chest
CT may be performed to detect COVID-19 in patients who have
already undergone head CT. The data from this study may be
used to weigh the potential advantages and disadvantages of per-
forming additional chest CT in such settings. On a different note,
additional chest CT in patients who require CT scanning of other
body regions may also be helpful for taking appropriate actions
in a timely manner to maintain the safety of the CT room. If chest
CT findings are positive for possible COVID-19, the CT room
should be decontaminated (room downtime for decontamination
is typically between 30 minutes to 1 hour®?) before scanning the
next patient.

Our study has some limitations. First, the number of included
patients was relatively low. Nevertheless, we were able to demon-
strate the value of additional chest CT for COVID-19 detection
in patients with suspected stroke or head trauma. Second, in
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FIG 3. An 83-year-old female patient who underwent head CT for suspected stroke. This patient had symp-
toms of possible COVID-19 infection (shortness of breath). Axial (A) and sagittal (B) chest CT images show
segmental consolidation in the left lower lobe (arrows, A and B) and no other long abnormalities. These CT
features were interpreted as atypical for COVID-19 pneumonia. RT-PCR was negative for COVID-19.

only 2 of 5 patients with positive find-
ings on chest CT but negative find-
ings on the initial RT-PCR was repeat
RT-PCR performed (with findings
remaining negative) due to the lim-
ited availability of RT-PCR Kkits in our
hospital. Only patients in whom clin-
ical suspicion of COVID-19 persisted
were retested.

CONCLUSIONS

The sensitivity of additional chest CT
is fairly high. However, a negative
result does not exclude COVID-19.
The positive predictive value is poor.
Correlation of chest CT results with
epidemiologic history and clinical pre-
sentation, along with RT-PCR, is
needed for confirmation.
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