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ABSTRACT

BACKGROUND AND PURPOSE: Chest CT is a rapid, useful additional screening tool for coronavirus disease 2019 (COVID-19) in
emergent procedures. We describe the feasibility and interim outcome of implementing a modified imaging algorithm for COVID-
19 risk stratification across a regional network of primary stroke centers in the work-up of acute ischemic stroke referrals for time-
critical mechanical thrombectomy.

MATERIALS AND METHODS: We undertook a retrospective review of 49 patients referred to the regional neuroscience unit for
consideration of mechanical thrombectomy between April 14, 2020, and May 21, 2020. During this time, all referring units followed
a standard imaging protocol that included a chest CT in addition to a head CT and CT angiogram to identify Severe Acute
Respiratory Syndrome coronavirus 2 (SARS-CoV-2) infective pulmonary changes.

RESULTS: Overall, 2 patients had typical COVID-19 radiologic features and tested positive, while 7 patients had indeterminate imag-
ing findings and tested negative. The others had normal or atypical changes and were not diagnosed with or suspected of having
COVID-19. There was an overall sensitivity of 100%, specificity of 74.1%, negative predictive value of 100%, and positive predictive
value of 22.2% when using chest CT to diagnose COVID-19 in comparison with the real-time reverse transcriptase–polymerase chain
reaction test. The mean additional time and radiation dose incurred for the chest CT were 184 6 65.5 seconds and 2.47 6 1.03
mSv. Multiple cardiovascular and pulmonary incidental findings of clinical relevance were identified in our patient population.

CONCLUSIONS: Chest CT provides a pragmatic, rapid additional tool for COVID-19 risk stratification among patients referred for
mechanical thrombectomy. Its inclusion in a standardized regional stroke imaging protocol has enabled efficient use of hospital
resources with minimal compromise or delay to the overall patient treatment schedule.

ABBREVIATIONS: COVID-19 ¼ coronavirus disease 2019; MT ¼ mechanical thrombectomy; PPE ¼ personal protective equipment; PSC ¼ primary stroke cen-
ters; RT-PCR ¼ real-time reverse transcriptase–polymerase chain reaction; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome coronavirus 2

The coronavirus disease 2019 (COVID-19), a manifestation of the
Severe Acute Respiratory Syndrome coronavirus-2 (SARS-CoV-2),

was declared a pandemic by theWorld Health Organization onMarch
11, 2020.1,2 At present, the COVID-19 incidence in the United
Kingdom is one of highest in the world with 261,184 cases and 36,914

deaths, accurate as of May 25, 2020.3 Recent reports have described
neurologic manifestations of COVID-19, including acute ischemic
stroke.4-6 Some of the proposed mechanisms underlying the increased
prevalence of cardiovascular disease in COVID-19 include widespread
systemic inflammatory and cytokine responses, diffuse intravascular
coagulation, atherosclerotic plaque rupture, and hemodynamic altera-
tions.7-10

The latest publications by professional societies, including the
Society of NeuroInterventional Surgery and the European Society
of Minimally Invasive Neurological Therapy, stress the need for
maintenance of services providing emergent mechanical throm-
bectomy (MT) in patients with cerebral large-vessel occlusion.11-13

The time-critical nature of MT precludes awaiting the results of
any COVID-19 reverse transcriptase–polymerase chain reaction
(RT-PCR) swab test, which, at present, can take up to 24hours and
has a false-negative rate, which currently mandates retesting to
confirm negative status.
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Patients with SARS-Cov-2 infection may be symptomatic or

asymptomatic. Patients with acute ischemic stroke may not be able

to provide a reliable clinical history or screening information due

to underlying dysphasia or impaired consciousness. Additionally,

family members may not be present to provide corroborating his-

tories at the point of admission due to ongoing isolation and social

distancing measures.
In combination, establishing COVID-related risks in this pop-

ulation is challenging. MT networks have to adopt a strategy for
COVID-19 risk stratification to ensure the safety of healthcare
professionals and other patients at the primary stroke centres
(PSC), during inter-hospital ambulance transfer and during
admission at the tertiary neuroscience unit.

A similar strategy is also required to select the intra-proce-
dural anaesthetic technique, location of post-anaesthetic recovery
and determine whether step-down care should be to a dedicated
COVID-19 or non-COVID-19 ward. A pragmatic and rapid ini-
tial COVID-19 screening process within the PSC assists efficient
use of personal protective equipment (PPE) and direction along
the appropriate care pathway.

Herein, we describe our experience in a regional neuroscience
center (Nottingham University Hospitals NHS Trust) that receives
MT referrals from 6 PSCs, in implementing a coordinated regional
approach to screening patients for both large-vessel occlusion and
imaging evidence of COVID-19. We also undertook a retrospec-
tive review of the thoracic imaging to identify pulmonary and car-
diovascular findings of clinical relevance.

MATERIALS AND METHODS
Study Population
This study was registered with and approved by the audit com-
mittee of the hospital board, and individual patient consent was
waived. We reviewed our prospectively collated data base of all
hyperacute ischemic stroke referrals for consideration of MT
between April 14, 2020 and May 21, 2020. Eligible patients were

accepted for MT treatment based on local guidelines adapted
from the National Institute of Clinical Excellence guidance.14

Following a regional protocol established before the pan-
demic, all hyperacute stroke referrals presenting with a suspected
large-vessel occlusion within 24hours of symptom onset rou-
tinely undergo an unenhanced CT of the head and dual-phase
CT angiography from the aortic arch to the skull vertex.
Following agreement with all referring PSCs, a chest CT was
added to this protocol, to image the thorax. Referred patients
being treated for COVID-19 during admission and those who
had been tested within 48hours before the referral did not war-
rant a chest CT.

Chest CT Parameters. Chest CT images were obtained on a
Somatom Definition AS or AS Plus, 64- or 128-section multide-
tector CT system (Siemens) at our institution. The scan range
was from the lung apices to the diaphragms immediately follow-
ing acquisition of the dual-phase CT angiogram from the aortic
arch to the skull vertex. We used the following reference acquisi-
tion parameters: tube voltage = 120 kV, tube current = 70 mAs,
0.5-second helical rotation time, and 1.2 helical pitch. The recon-
structed axial CT section thickness was 1mm, and further sec-
tions were reconstructed in the axial, coronal, and sagittal planes
of 2-mm section thickness at 2-mm increments. The effective
radiation dose calculated from the total dose-length product and
the additional time incurred from completion of the dual-phase
CT angiography to completion of the chest CT were obtained
from the radiologic information system. There were variations of
the scanner models and acquisition parameters across the re-
gional hospitals.

CT Reporting
All images were reviewed by a neuroradiologist while considering
the referral for MT. Chest CT findings were promptly reported
by radiologists at the referring institutions to ensure optimization
of detection and interpretation of findings, which may be subtle
in early disease. The Radiological Society of North America and

Table 1: COVID-19 pneumonia imaging classification according to the CT findingsa

COVID-19 Pneumonia
Imaging Classification Rationale CT Findings
Typical appearance Commonly reported imaging

features of greater specificity
for COVID-19 pneumonia

Peripheral, bilateral GGOs with or without consolidation or visible
intralobular lines (crazy-paving)

Multifocal GGOs 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)

Indeterminate Nonspecific imaging features of
COVID-19 pneumonia

Absence of typical features AND
Presence of multifocal, diffuse, perihilar, or unilateral GGO with or
without consolidation lacking a specific distribution; they are
nonrounded or nonperipheral

Few very small GGOs with a nonrounded and nonperipheral distribution
Negative Uncommonly or not reported

features of COVID-19
pneumonia

Absence of typical or indeterminate features AND
Presence of isolated lobar or segmental consolidation without GGO
Discrete small nodules (centrilobular, tree-in-bud sign)
Lung cavitation
Smooth interlobular septal thickening with pleural effusion
OR no abnormal findings

Note:—GGO indicates ground glass opacity.
a Adapted from the proposed Radiological Society of North America and British Society of Thoracic Imaging chest CT classification for reporting of COVID-19
pneumonia.15,16

1850 Dhillon Oct 2020 www.ajnr.org



the British Society of Thoracic Imaging publications of pulmo-
nary findings in COVID-19 were used as a guide for the review-
ing radiologist (Table 1).15,16 The thoracic imaging was then
retrospectively reviewed by a cardiothoracic radiologist to audit
thoracic CT findings using the British Society of Thoracic
Imaging standardized evaluation to assess the presence and
extent of COVID or other lung diseases. Rapid image transfer
was enabled by the regional PACS network. All chest CT reports
were reviewed on the local and regional PACS servers to identify
the incidence of typical and indeterminate pulmonary features
(deemed positive) or atypical and normal findings (deemed nega-
tive) for COVID-19. Discrepancies between the original thoracic
CT reports and the retrospective review were communicated
with the referring centers with further discussion planned at our
local discrepancy meeting.

Patient Pathway and Management
Patients or their family members, if present and able, were asked
a series of screening questions related to potential COVID-19
infection, and pertinent laboratory findings, including lymphope-
nia, were used while the patient was being worked-up for a
potential MT (On-line Appendix). At the beginning of the study
period, only patients who had any symptoms or pulmonary

radiologic findings suspicious for COVID-19 underwent a naso-
pharyngeal or oral swab test. However, in the second half of the
study period, all admitted patients underwent a swab test due to
the gradually increasing availability of the test kits. The RT-PCR
results were subsequently identified on the local institutions’ clin-
ical results reporting system, usually available within 24 hours.
All patients accepted for MT were then transferred directly to our
angiography suite for the procedure. Enhanced precautions were
taken by all health care staff during the ambulance transfer and
preparation of the angiography suite, peri- and intraprocedurally,
particularly if any patient had suspected symptoms and/or had
any typical or indeterminate radiologic findings of COVID-19
(Fig 1). Any suspicion of COVID-19 played a factor in the deci-
sion for procedures to be performed under conscious sedation or
local or general anesthetic, made collaboratively by the interven-
tional neuroradiologist and anesthetist. Intubation and extuba-
tion were performed within the negative pressure angiography
suite. In view of the time pressures, the essential MT team mem-
bers were locked in the angiography suite to avoid further delay
associated with the mandated air exchange (between 10 and
30minutes) after intubation. Appropriate deep cleaning and
decontamination of the angiography suite were completed
between cases. After MT, any patient with clinical and/or imaging
features suspicious for COVID-19 was managed with additional
precautions, with immediate post-general anesthetic recovery
within the angiography suite as per institutional policy, which
could take up to 2 hours. The patient was thereafter transferred
to a dedicated COVID-19 bed according to our local protocol
until he or she was fully worked-up clinically. In the latter half of
the study period, separate COVID-19–proved beds and COVID-
19–suspected beds were established, and patients were transferred
to the appropriate beds according to their known COVID-19 sta-
tus at the time.

Standard data and statistical analysis was performed using
GraphPad Prism (GraphPad Software).

RESULTS
Since the implementation of the revised imaging protocol during
the study period, we received 49 MT referrals and performed 13
MTs. The mean age of all patients was 73.16 13.1 years, with an
age range of 52–102 years, with 25 men and 24 women. Among
the patients undergoing MT, none had imaging features typical
of COVID-19, while 3 patients had pulmonary changes indeter-
minate for COVID-19 but eventually tested negative. Two further
patients had only clinical suspicion for COVID-19. All 5 patients
were managed according to pathway A as described in Fig 1. The
remaining 8 patients had no suspicious CT features and were not
diagnosed with or suspected of having COVID-19 (managed
according to pathway B). Different levels of PPE (enhanced PPE
in high-risk patients and standard PPE in low-risk patients) were
used during postanesthetic and ward care according to the
COVID-19 risk.

Of the 36 patient referrals declined for MT, 2 patients had typ-
ical COVID-19 pulmonary features and tested positive, while 4
patients had indeterminate imaging findings and subsequently
tested negative (Figs 2 and 3). The others had normal or atypical
changes and were not diagnosed with or suspected of having

FIG 1. Comparison of the patient pathways according to the COVID-
19 risk. High risk for COVID-19 on admission included typical or inde-
terminate pulmonary findings on the chest CT and/or any clinical sus-
picion. Low risk for COVID-19 included atypical or normal findings on
the chest CT and no clinical suspicion. Enhanced PPE indicates filter-
ing facepiece class 3 masks, visors, and long-sleeved fluid-repellent
overalls. Standard PPE indicates fluid-resistant surgical masks, gloves,
and aprons;�ve, negative;1ve, positive.
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COVID-19. Nine patients did not undergo a chest CT (tested/
diagnosed negative during or just before admission).

There was an overall sensitivity of 100%, specificity of 74.1%,
negative predictive value of 100%, and positive predictive value of
22.2% when using chest CT to diagnose COVID-19 in compari-
son with the RT-PCR test (Table 2). The mean additional time
incurred for the chest CT was 1846 65.5 seconds (range, 45–337
seconds). The average added effective radiation dose from the
extension of the chest CT was 2.476 1.03 mSv.

There was good corroboration of the COVID-19 classification
between general radiologists as primary reporters at the PSCs and
the cardiothoracic radiologist. Only 1 case of indeterminate

pulmonary features was more definitively labeled as typical, and 1
case of atypical findings was labeled as indeterminate by the car-
diothoracic radiologist (Table 3). Multiple pulmonary and cardi-
ovascular incidental findings, dichotomized according to clinical
relevance, were identified following retrospective review of the
thoracic imaging (Table 4).

DISCUSSION
This study describes the feasibility and outcome of implementing
a modified imaging algorithm by the inclusion of a chest CT in
the work-up of hyperacute stroke referrals for MT across a net-
work of PSCs. Incidental thoracic findings of clinical relevance
were also detected in this elderly cohort of patients with cardio-
vascular disease.

The recent publications from professional societies and review
articles have suggested the possibility of inclusion of a complete
chest CT in the scanning algorithm, but none have reported the
value of it in a regional MT cohort.11-13,17,18 Kwee et al19 reported a
series of incidental COVID-19 pulmonary findings in a small mixed
cohort of patients presenting with acute ischemic stroke and head
trauma. However, the incurred radiation dose and time of perform-
ing the additional chest CT could not be gleaned from their study.

Yang et al20 included chest CT in their local institution's
COVID-19 screening and took enhanced precautions for
COVID-19 MT patients, which resulted in overall delays of hos-
pital arrival to puncture time in the MT cohort during the pan-
demic compared to a pre-pandemic period. In contrast to our
study, we describe an attainable approach taken when faced with
the additional challenge of implementing the revised triaging
algorithm across all referring PSCs to avoid further delays on ar-
rival at our neuroscience tertiary center.

The sensitivity, specificity, and negative predictive values
reported are encouraging in our patient cohort and lend some sup-
port to findings from previous studies that have reported the

FIG 3. Indeterminate features of COVID-19 pneumonia. Axial CT
images show unilateral, localized, peripheral ground glass opacities
(arrows). This patient tested negative for COVID-19 by RT-PCR
analysis.

Table 2: Correlation between chest CT features and RT-PCR
swab results for the diagnosis of COVID-19 pneumoniaa

RT-PCR +ve RT-PCR 2ve
Chest CT 1ve 2a/0b 6a/1b

Chest CT -ve 0a/0b 8a/1b

Note:—�ve indicates negative; 1ve, positive.
a Clinical suspicion.
b Asymptomatic for COVID-19 pneumonia.

Table 3: Comparison of classification of COVID-19 pulmonary
findings between the primary reporter (general radiologist at
primary stroke centers) and secondary reviewer (cardiothoracic
radiologist) according to the adapted RSNA and BSTI guidance

COVID-19
Pneumonia Imaging

Classification
Primary Reporter
(n = Patients)

Secondary Reviewer
(n = Patients)

Typical 2 3
Indeterminate 7 7
Negative (atypical or
normal)

29 28

Note:—BSTI indicates British Society of Thoracic Imaging; RSNA, Radiological
Society of North America.

FIG 2. Typical features of COVID-19 pneumonia. Axial CT images at
the level of the hilum show bilateral ground glass opacities (arrows)
with areas of lobular sparing and sparing of the immediate subpleural
area. This patient tested positive by RT-PCR analysis.
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potential benefit of chest CT in identifying features of COVID-
19.21-23 The poor positive predictive value of chest CT in our study
is in line with previously reported studies.19,22 Chest CT has a high
sensitivity for COVID-19 pneumonia, but its low-to-moderate
specificity and positive predictive value preclude its use as a stand-
alone screening tool for COVID-19 according to the recommenda-
tions by the Radiological Society of North America, the American
College of Radiology, and the British Society of Thoracic
Imaging.15,24 While the aim of this study was not to assess the use
of chest CT as a stand-alone screening tool for COVID-19, chest
CT may provide useful additional information in the context of
time-critical interventions when the available clinical history may
be limited and a COVID-19 lab test result is not available. Recent
reports have described the need to ration PPE usage due to a global
shortage in PPE supply.25 Furthermore, the lack of high sensitivity
and specificity of the currently available tests, the extended turn-
around time of obtaining these results, the lengthy postanesthesia
recovery within the angiography suite, the decontamination proce-
dure in patients with suspected COVID-19, and the shortage of
critical care or isolation beds remain a challenge with a noticeable
impact on health care and interventional services at our institution.
Careful consideration of anesthetic choice should also be made
due to the risks of airway intubation as an aerosol-generating pro-
cedure during general anesthesia, which is commonly used in MT
cases.26 Hence, the addition of a screening chest CT during the
work-up for emergent procedures, such as MT, may be of benefit
in risk-stratifying this cohort of patients.27

The mean added time incurred with the inclusion of the chest
CT was approximately 3minutes in our study, which is in line
with the proposed algorithm by Nguyen et al12 to consider chest
CT if it did not incur more than a 5-minute delay to treatment.
The mean radiation dose of 2.47 mSv for the chest CT reported in
our study falls below the average annual radiation dose per person
in the UK of 2.7 mSv/person/annum.28 The small addition of the
radiation dose and scanning time incurred may be outweighed by
the potential benefits of the outreaching effects on the patient man-
agement and safety of the involved health care staff.

In our study, no patient accepted for MT had typical radio-
logic findings or tested positive for COVID-19, while the minor-
ity of patients who had indeterminate radiologic findings or
clinical suspicion for COVID-19 and those who did not have any
suspicion for COVID-19, either symptomatically or radiologi-
cally, were managed according to our locally recommended
PPE usage (detailed in the Fig 1 legend). Not all asymptomatic
patients with normal imaging features were subsequently tested
for COVID-19, particularly if they did not demonstrate an inflam-
matory response in their blood profile or have symptoms during
admission, due to the limited availability of testing kits at the

beginning of the study period. Hence, while unlikely, we cannot
completely exclude the possibility that some of the aforementioned
group of patients may be carriers of the SARS-CoV-2 virus.

The low incidence of patients with COVID-19 presenting
with acute ischemic stroke symptoms during the study period
could be due to the inclusion of asymptomatic patients, and the ge-
ographic variation in the rates of infection across our multiple
localities compared with the more densely populated and
highly endemic cities where increased infection rates have been
reported.19,29 Nevertheless, the use of the suggested imaging algo-
rithm is feasible and may be of further benefit in more endemic
areas, where rapid COVID-19 testing kits are not available in the
MT patient pathway. Kihira et al29 described incidental lung apical
findings in patients with suspected COVID-19 during their routine
imaging work-up using CT angiograms from the aortic arch for
acute stroke presentations. However, as evidenced in previous
studies, there is a possibility of missing a proportion of pulmonary
findings that may only be prevalent in the mid to lower lung lobes,
which are not covered in the routine imaging protocol.24,30

Following retrospective review of the thoracic imaging, multi-
ple incidental findings were identified, which highlight the range
of comorbidities present in a cohort of elderly patients with cardi-
ovascular disease. In particular, we identified potential cardiac
causes for underlying large-vessel occlusion, such as a left ventric-
ular thrombus, as well as left atrial enlargement, known to be
strongly associated with cardiac dysfunction and atrial fibrilla-
tion.31,32 Knowledge of these risk factors may be a factor that
alters post-MT care or secondary prevention. Only half of these
patients had known underlying cardiac disease such as cardiac
failure, previous myocardial infarction, or atrial fibrillation. A
proportion of findings also included pulmonary edema and car-
diac failure, which may factor in decisions for the anesthetic
choice in MT. Finally, a minority of patients had suspicious find-
ings for underlying lung malignancy, which may have implica-
tions on their overall prognosis. There was minimal variation in
the retrospective review of COVID-19 findings by the cardio-
thoracic radiologist and the primary reporters, which suggests
satisfactory reporting of the COVID-19 classification with impli-
cations on the risk stratification across various PSCs.

Limitations of this study include its retrospective review and
the inclusion of a relatively small cohort of patients. Additionally,
this study only included patients referred with suspected large-
vessel occlusion for potential MT and does not encompass all
acute suspected stroke referrals. RT-PCR testing of oro- or naso-
pharyngeal swabs was deemed the criterion standard for the diag-
nosis of COVID-19 in this study, despite known variations in its
sensitivity.33 Also, there are limitations to the accuracy of chest
CT in detecting COVID-19 in symptomatic and asymptomatic

Table 4: List of incidental findings identified on review of the thoracic imaging in this cohort, summarized according to their clini-
cal relevance

Incidental Pulmonary/CVS Findings of Substantial
Clinical Relevance (n ¼ Patients)

Incidental Pulmonary/CVS Findings
of Indeterminate Clinical Relevance (n = Patients)

Lung malignancy/suspicious nodule2 Emphysema4

Pulmonary edema4 Lung fibrosis/pneumoconiosis3

Left ventricular thrombus/aneurysm2 Ascending aortic dilation2

Left atrial dilation: anterior-posterior diameter .45 mm16

Note:—CVS indicates cardiovascular.
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patients. Hence, correlation with the clinical findings, blood bio-
markers, and RT-PCR results, whenever available, remains essen-
tial. Furthermore, there were variations in clinical practice during
the study period due to changing local availability of and guid-
ance on the PPE use, COVID-19 testing, and intensive care or
ventilated beds. The COVID-19 status and the availability of ven-
tilated beds also impacted the decision to accept MT referrals in
elderly patients (older than 70 years of age) presenting with large-
vessel occlusion during the study.

CONCLUSIONS
For patients being referred for time-critical MT procedures in

whom a reliable clinical history may not be available, chest CT pro-

vides a pragmatic, rapid additional tool that assists COVID-19 risk

stratification, and its inclusion in a standardized stroke imaging

protocol across our network of PSCs has enabled efficient use of

hospital resources with minimal compromise or delay to the over-

all patient journey. The prevalence of incidental thoracic findings

of clinical relevance in this patient cohort may be of benefit in the

decision-making for future MT referrals and postprocedural care.
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