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Abstract

Purpose Cerebrovascular disease (CVD) is considered a major risk factor for fatal outcome in COVID-19. We aimed to evalu-
ate the possible association between computed tomography (CT) signs of chronic CVD and mortality in infected patients.
Materials and methods We performed a double-blind retrospective evaluation of the cerebral CT scans of 83 COVID-19
patients looking for CT signs of chronic CVD. We developed a rapid visual score, named CVD-CT, which summarized the
possible presence of parietal calcifications and dolichosis, with or without ectasia, of intracranial arteries, areas of chronic
infarction and leukoaraiosis. Statistical analysis was carried out with weighted Cohen’s K test for inter-reader agreement
and logistic regression to evaluate the association of in-hospital mortality with CVD-CT, chest X-ray (CXR) severity score
(Radiographic Assessment of Lung Edema-RALE) for radiological assessment of pulmonary disease, sex and age.

Results CVD-CT (odds ratio 1.6,95% C.1. 1.2-2.1, p=0.001) was associated with increased risk of mortality. RALE showed
an almost significant association (odds ratio 1.05, 95% C.I. 1-1.1, p 0.06), whereas age and sex did not.

Conclusion CVD-CT is associated with risk of mortality in COVID-19 patients. The presence of CT signs of chronic CVD
may be correlated to a condition of fragility of the circulatory system, which constitutes a key risk factor for death in infected
patients.
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Since the first report of the outbreak in Wuhan, China in
December 2019, as of August 26, 2020, the World Health
Organization has confirmed more than 23.7 million cases
of the novel coronavirus (SARS-CoV-2) infectious disease
named COVID-19, with more than 815.000 deaths [1, 2].
The ongoing COVID-19 pandemic, the most severe after
1918 influenza, is a worldwide health emergency with major
socioeconomic consequences.
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Identification of prognostic and risk factors for severe
evolution is crucial for better understanding of the disease,
definition of the most effective treatment strategies and
research orientation. The association between severe illness
and fatal outcome with advanced age and various comor-
bidities, including cerebrovascular disease (CVD), has been
demonstrated [6, 7].

Computed tomography (CT) may reveal signs of CVD,
related to both large and small vessels pathology, i.e., calci-
fications, elongation and/or ectasia of intracranial arteries,
hypodense areas of post-infarction encephalomalacia/gliosis
and leukoaraiosis [8—11].

We aimed to develop a rapid visual score summarizing
major CT signs of chronic CVD and to investigate its pos-
sible correlation with mortality risk in COVID-19 patients.

Materials and methods
Patients enrollment

From March 1 to April 17 2020, 398 patients, (161 females;
237 males; mean age 66+ 16.9 years, range 21-97) evalu-
ated at the emergency department of our University Hospi-
tal, had a positive RT-PCR nasopharyngeal—-throat swab for
COVID-19 infection. Among these, 83 patients (34 females;
49 males; mean age 72 + 14.8 years, range 26-97) underwent
a brain CT scan in the time lapse of 60 days before and
30 days after the diagnosis of COVID infection and they
represent the population of our study.

The brain CT scans were performed for different clinical
reasons, most frequently disorders of consciousness (47%),
head trauma with or without syncope (23%) and balance
disorders (9%), and acquired with different scanners using a
standard head protocol: sequential acquisition on a Siemens
Somatom definition 128-slice scanner and on a GE Optima
CT660 64-slice scanner and a multislice helical technique
on a Philips ICT Brilliance 128-slice scanner. Reconstructed
slice thickness ranged between 2.4 and 3 mm. Images were
evaluated utilizing standard brain window (W80-C40).

Radiographic Assessment of Lung Edema (RALE)
score evaluation

The extent of COVID-19 lung involvement was assessed by
two thoracic radiologists with a chest X-ray (CXR) severity
score (Radiographic Assessment of Lung Edema-RALE)
[12]. Following RALE indications, each CXR was evalu-
ated by means of a score between 0 and 48, ranging from the
absence of any pathological sign (score 0) to the complete
pathological involvement of lung parenchyma (score 48).

Cerebrovascular disease computed tomography
(CVD-CT) index

Each CT examination of the brain was double-blinded
evaluated by two neuroradiologists (DG, with 24 and AB,
10 years experience). Each neuroradiologist assigned
dichotomous scores in case of the absence or presence
of the following signs, which had been related to a pos-
sible condition of large vessel disease [8—10]: intracranial
arterial calcification (index C), hypodense areas of post-
infarction encephalomalacia (index H) and elongation with
or without ectasia of at least one major intracranial artery
(index D, as dolichosis).

For index H, fronto-basal and temporo-polar areas of
encephalomalacia were not considered, due to the most
probable post-traumatic origin of such lesions.

For index D, the readers evaluated the vertebro-basilar
trunk, since more frequently affected by dolichoectatic
conditions as compared to the anterior circle. A vertebral
artery (VA) was considered elongated when it approxi-
mated the contralateral margin of the clivus or when it
was displaced lateral to the ipsilateral margin of the cli-
vus. Basilar artery (BA) was considered elongated if dis-
placed lateral to the clivus or the dorsum sellae or when
BA bifurcation approximated the third ventricle floor. BA
was ectatic when larger than 4.5 mm [13].

Afterward, the readers assessed the possible leukoaraio-
sis extent by means of Van Swieten scale. After distin-
guishing the two most affected regions (around the anterior
horns of lateral ventricles and the posterior parts of the
cella media and the centrum semiovale), the severity of
white matter (WM) lesions was graded as 0, 1 and 2 for
each level, with a final score ranging from 0 to 4 [14].

Two new indices were subsequently introduced: large
vessel disease (LVD) index and moderate to severe leu-
koaraiosis (MSL) index. LVD is a dichotomous index
which is equal to 1 if 2 out of 3 of the values of the indexes
C, H and D were positive for both readers, otherwise equal
to 0. MSL is a dichotomous index which is equal to 1 if the
Van Swieten score is > 2 for both radiologists, otherwise
equal to 0. In order to assess the inter-rater agreement of
the dichotomous diagnosis of LVD and MSL achieved by
a single reader from the above described conditions (the
presence of 2 or 3 LVD parameters and a Van Swieten
score > 2), the two indices were also calculated in a "single
reader" version (LVDsr and MSLsr, respectively).

Cerebrovascular disease computed tomography (CVD-
CT) index is defined by the following equation

CVD-CT = axLVD +bxMSL (1)

where a and b are the weights that consider the association
of LVD and MSL with mortality and are estimated using
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Cohen’s constant K. Both are equal to the corresponding
value of K multiplied by 10. In this way, a synthetic index
is defined that considers the contribution of all the previ-
ously introduced indices to evaluate the CT examination of
the brain, furthermore weighting LVD and MSL with their
association with mortality.

Statistical analysis

Inter-reader agreement in estimating the C, H, D, Van Swi-
eten, LVDsr and MSLsr indices was assessed through the
weighted Cohen’s K test. Differences of sex, age, RALE and
CVD-CT among groups of patients with different outcome
are established by means of nonparametric Mann—Whitney
test; corresponding descriptive statistics is reported.

A forward and backward logistic regression analysis
with maximum likelihood method was performed to evalu-
ate the association of patients’ treatment (categorized as
0 =medical treatment at home, 1 =hospitalization into a
medicine department, 2 =hospitalization into an intensive
care unit with noninvasive ventilation, 3 =hospitalization
into an intensive care unit with invasive ventilation), RALE
and CVD-CT with in-hospital death after positive RT-PCR
swab for COVID-19, considering sex and age as covari-
ates. Predictors were recursively inserted or excluded from
the regression model in case of significance of the change
with p <or>0.05, respectively. Goodness of fit statistics
was established by means of Hosmer—Lemeshow test. Odds
ratios and corresponding 95% confidence intervals (95% CI)
were thus estimated by logistic regression model. Statistical
analysis was performed with SPSS (IBM SPSS Statistics for

Windows, Version 26.0), statistical significance threshold
was set at p=0.05.

Results

After the diagnosis of COVID-19 infection, no patient of
our study group was dismissed from hospital for treatment
at home, 46 out of 83 (55%) were admitted into a medi-
cine department and most of the others (35 patients, 42%)
received invasive mechanical ventilation.

Twenty-five patients (30%) died during hospitalization,
10 of whom had received invasive mechanical ventilation
(28% in this group), whereas 15 had not (32%). Both patients
with noninvasive mechanical ventilation survived. The total
number of C, H, D, LVDsr and MSLsr indexes identified
by both readers among survivors and deceased patients and
the weighted Cohen’s K calculated to evaluate inter-reader
agreement is reported in Table 1. It can be noticed that the
MSLsr, Van Swieten and D indexes showed the best inter-
reader agreement, H and LVDsr indexes a moderate-to-good
agreement while the C index a poor one. The Cohen’s K
values calculated to evaluate the association of the LVD and
MSL indices with mortality were 0.3 and 0.2, respectively.
Then, the values of parameters a and b, defined in Eq. 1,
were set equal to 3 and 2, respectively. CVD-CT index was
thus finally obtained for each patient. Descriptive statistics of
age, RALE and CVD-CT score divided by survival or death,
with corresponding p values calculated by Mann—Whitney
test, are reported in Table 2. It is noteworthy that only the
CVD-CT showed statistically significant differences between
the two groups.

Table 1 Total number and percentage of cases identified by both readers for each parameter among survivors and deceased patients, weighted
Cohen’s K for inter-reader agreement evaluation and percentage of identical scoring

C H D Van Swieten LVDsr MSLsr
Cases (%) for both readers in survivors 36 (62%) 4 (6%) 29 (50%) non-dichotomous 17 (29%) 5 (8%)
Cases (%) for both readers in deceased 21 (84%) 4 (16%) 14 (56%) non-dichotomous 17 (68%) 9 (36%)
Cohen’s K 0.34 0.58 0.79 0.78 0.54 0.92
Percentages of identically classified patients 76 88 90 69 77 98

Table 2 Descriptive statistics
of age, RALE and CVD-CT

Survivors (N=58; 31 males, 27

Deceased (N =25; 18 males, 7 females) p value

.. . females)
divided by outcome, with
corresponding p value after Mean Median Min Max Mean Median Min Max
Mann—Whitney test
Age (years) 70.2 71.5 26 96 76.3 77.0 45 97 0.11
RALE 12.2 9 0 44 15.8 14 0 40 0.13
CVD-CT 1.1 0 0 5 2.7 3 0 5 0.002

RALE Radiographic Assessment of Lung Edema score, CVD-CT Cerebrovascular disease computed

tomography score
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After logistic regression only CVD-CT index showed a
significant association with mortality. Anyway, since RALE
showed an almost significant association (odds ratio 1-1.1, p
0.06), it was included in the regression model. Both forward
and backward regressions gave the same results and thus
the same odds ratios. The Hosmer—Lemeshow test showed
that the regression model adequately fits the data (p=0.92).
Considering the RALE score equal to 0 and 44 (minimum
and maximum in the population) the probability of death
calculated with the logistic regression model raised from
0.21 to 0.54, with an increase of 0.33. Considering the CVD-
CT score equal to 0 and 5 (minimum and maximum in the
population) the same probability raised from 0.15 to 0.62,
with an increase in 0.47. Therefore, the mortality of the con-
sidered patients depends more on the CVD-CT index than
on the RALE, probably indicating a condition with a higher
impact on mortality risk (Fig. 1). Detailed results of logistic
regression analysis are reported in Table 3.

Discussion

To the best of our knowledge, this is the first study inves-
tigating a possible relationship between the presence of
chronic CVD signs on CT and the risk of fatal outcome in
COVID-19 patients. For this purpose, we developed CVD-
CT, a rapid visual score based on dichotomous indexes and
related both to large and small vessels pathology, which has
been found to be significantly associated with increased
mortality in our cohort. Moreover, CVD-CT correlated bet-
ter with risk of death as compared to RALE, whereas other
covariates as sex and age, previously reported to be associ-
ated with disease severity [15, 16], were not found to be
statistically significant on multivariate logistic regression
analysis (p 0.36 and 0.48, respectively), despite a higher
mortality among males (36% vs 20% among women).

In our group, the mean age (72 + 14.8 years) was higher
as compared to most studies, due to the higher probability
of performing a cerebral CT scan for neurological symptoms
in elderly patients. In our opinion, this could be the reason
of the lack of significant correlation between age and mor-
tality in our study, since several comorbidities associated
with increased risk of death in COVID-19 patients are more
common in older people.

Among such chronic pathological conditions, cardio-
vascular disease plays a major role [17]. After the ini-
tial involvement of respiratory system, the viral spread
can damage many other organs and tissues and trigger
a broad spectrum of pathological changes and complex
immune responses, whose mechanisms are not yet com-
pletely understood [3]. The severe evolution of COVID-
19 includes acute respiratory distress syndrome (ARDS)
and multi-organ failure, both associated to myocardial

dysfunction which is exacerbated by preexisting chronic
cardiovascular disorders [3]. Moreover, ACE-2 receptor,
the entry point for SARS-CoV-2 to penetrate the target
cells, plays a key role on blood pressure regulation. Viral
infection downregulates ACE-2 expression, limiting its
protective effects on cardiovascular system [18].

In a meta-analysis, both cerebrovascular and cardiovas-
cular diseases were found to be independently associated
with increased risk of fatal outcome in COVID-19, with-
out influence by age, gender, respiratory comorbidities,
hypertension or diabetes [18]. To explain it, the authors
emphasize that both conditions share the same risk factors,
often overlapped. Moreover, a link between cerebrovascu-
lar and cardiovascular diseases has been found in several
studies that demonstrated associations between radiologi-
cal indicators of one entity with clinical history of the
other, and vice versa. The presence of intracranial arterial
calcifications has been reported to be predictive of both
cerebrovascular and cardiac events [19]. An autopsy study
found a significant association of coronary artery ectasia
and intracranial artery dolichoectasia in cerebral stroke
patients, suggesting a common pathogenesis [20]. Even
more important, patients with leukoaraiosis were found
to have an almost three-fold risk of death from vascular
causes than patients without. Furthermore, they showed
a higher risk of dying from a cardiovascular disease than
from cerebral stroke itself [21]. The association of WM
microangiopathy, age and cardiovascular risk factors, with
poor prognoses in patients with COVID-19 has been previ-
ously reported [22]: in the absence of a reliable medical
history for these patients, microangiopathic changes can
serve as a window to the patient’s long-standing under-
lying risk factors and can provide potentially prognos-
tic insights. With regard to COVID-19 patients, another
recent study showed a higher mortality in those with a
history of stroke [23].

In our opinion, the presence of CT signs of CVD may
be considered as surrogate markers of a systemic disorder
affecting the circulatory system. This may explain their asso-
ciation with worse prognosis in COVID-19, where the infec-
tive agent penetrates the target cells via a membrane recep-
tor with important regulatory functions over cardiovascular
system. The higher predictivity for death of CVD-CT than
RALE may be justified by a stronger role of cardiovascular
fragility as compared to the severity of pulmonary disease
in determining a fatal outcome.

We have several limitations in our study. First of all, it
is retrospective and mainly based on imaging signs, with
possible biases due to the lack of clinical and anamnestic
data (i.e., information about comorbidities such as diabetes
or hypertension). Our results have to be confirmed by other
studies, investigating the possible influence of clinical, epi-
demiological or therapeutic factors on prognosis.
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Fig. 1 Panel 1: Man, 57 years old. The CXR showed advanced lung
disease with diffuse consolidations and interstitial involvement:
RALE 20 [A]. The brain CT scan was performed for syncope and
head trauma in patient with fever. Only the presence of elongation
of the vertebral artery (index D, [B]) was found on CT scan by both
observers. The CVD-CT score was 0. The patient didn’t need inva-
sive ventilation and survived. Panel 2: Man, 69 years old. The CXR
showed severe lung disease with diffuse consolidations and intersti-
tial involvement: RALE 30 [A]. The brain CT scan was performed
to exclude possible brain lesions in a sedated patient with prolonged
mechanical ventilation. Both observers agreed on the presence of

Second, the synthetic score that we utilized to summa-
rize neuroimaging signs of CVD in COVID-19 patients
was based on CT, since MRI performance is highly prob-
lematic in COVID-19 patients, due to isolation and dis-
infection issues. The patients did not undergo CT angi-
ography, therefore we could not diagnose the possible

@ Springer

elongation of the vertebral artery (index D, [B]) and vessel calcifi-
cations of both carotid siphons (index C, [C]). The CVD-CT score
was 3. The patient survived. Panel 3: Man, 76 years old. The CXR
showed moderate lung disease with diffuse consolidations and inter-
stitial involvement: RALE 14 (A). The brain CT scan was performed
for disequilibrium in patient with fever. Both observers agreed on the
presence of elongation of the vertebral artery (index D, [B]) and ves-
sel calcifications of both carotid siphons (index C, [C]). Moreover,
they agreed on the presence of severe leukoaraiosis [D]. The CVD-
CT score was 5. The patient needed invasive ventilation but died dur-
ing hospitalization

presence of arterial stenosis. Important indicators of small
vessel disease were not considered because not adequately
assessed on CT as compared to MRI, such as microbleeds,
lacunae and perivascular spaces. The partial assessment
of WM microngiopathy represents the major limit of our
work.
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Table 3 Odds ratio with 95% confidence interval and p values after
logistic regression

Variable p value Odds ratio 95% CI
RALE 0.06 1.05 1.00-1.10
CVD-CT 0.001 1.60 1.20-2.10

RALE Radiographic Assessment of Lung Edema score, CVD-CT Cer-
ebrovascular disease computed tomography score

We also decided to exclude atrophy, although possible
on CT, because in our opinion its qualitative evaluation
could be strongly influenced by the personal experience on
neuroimaging.

Third, our choice to define a simplified CT assessment of
chronic CVD carries obvious drawbacks. The surprisingly
weak agreement on index C is an example. We think that
disagreement was mostly due to the standard window set-
ting used for analysis, which determined misinterpretation
of vascular calcifications of the siphon as dural calcifications
or partial volume effects from the skull base. As previously
suggested in literature, a bone window setting is preferable
[8]. Furthermore, we applied a binary method of classifica-
tion of intracranial calcifications, whereas a quantification
method is more appropriate for risk stratification [8]. On the
other hand, we point out that our agreement on the diagno-
sis of leukoaraiosis and dolichoartery was almost optimal,
with 98% and 90% of identical classifications, respectively,
and the percentage of identical classifications of large vessel
disease (LVDsr) was 77%.

Fourth, CVD-CT summarizes imaging signs of large and
small vessels disease that, although correlated, have to be
considered as separate entities [24]. Our indices C and D
may also be related to distinct underlying pathogenetic fac-
tors, since dilatative arteriopathies affect the tunica media of
the arterial wall and calcified atherosclerotic plaques involve
vascular endothelium. The two conditions were found to be
associated with different neuroimaging markers of cerebral
small vessel disease [24].

Fifth, in a recent work, Kremer et al. [25] described non-
confluent multifocal WM lesions of unclear interpretation as
one of the more frequent possible neuroradiological patterns
in patients with severe COVID-19. This could represent a
bias in our work because such lesions are hard to be differ-
entiated from chronic leukoaraiosis.

Anyway, we aim to test and possibly validate CVD-CT
in other groups of selected patients in the future. Lastly,
we utilized CXR for radiological assessment of pulmonary
disease. As already explained in a previous study from our
institution, the RALE score has a good sensitivity and cor-
relates with outcome [12]. Also, in our study, it seems to
correlate with risk of mortality. However, although CXR
has clear advantages over CT in an emergency setting, due

to isolation and disinfection issues, it does not have the same
diagnostic power in evaluating COVID-19 patients [26].

Conclusion

We developed a visual score for a rapid evaluation of indi-
cators of chronic CVD on CT, named CVD-CT, which
was associated with an increase of mortality in a cohort of
COVID-19 patients. In our opinion, the presence of CT signs
of chronic CVD may be related to a condition of fragility of
the circulatory system, which constitutes a key risk factor for
death in infected patients. Our results need to be confirmed
by further studies with larger groups of patients.

Funding Open access funding provided by Universita degli Studi di
Firenze within the CRUI-CARE Agreement.

Compliance with ethical standard

Conflict of interest The authors declare that they have no conflict of
interest related to the publication of this article.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study. The study protocol was approved
by the Ethics Committee of our referring center (Em. 2020-344 — ID
17104 _oss).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Zhu N, Zhang D, Wang W et al (2020) A Novel Coronavirus
from Patients with Pneumonia in China, 2019. N Engl J Med
382:727-733

2. www.covid19.who.int accessed 26 August, 2020

3. Geng Y, Wei Z, Qian H et al (2020) Pathophysiological character-
istics and therapeutic approaches for pulmonary injury and cardio-
vascular complications of Coronavirus Disease 2019. Cardiovasc

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://www.covid19.who.int

576

La radiologia medica (2021) 126:570-576

10.

11.

12.

13.

14.

15.

Pathol Published Online April 11, 2020. https://doi.org/10.1016/j.
carpath.2020.107228

Ellul M, Benjamin L, Singh B et al (2020) Neurological associa-
tions of COVID-19. Lancet Neurol Published Online July 2, 2020.
https://doi.org/10.1016/S1474-4422(20)30221-0

Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van
Goor H (2004) Tissue distribution of ACE2 protein, the functional
receptor for SARS coronavirus A first step in understanding SARS
pathogenesis. J Pathol 203:631-637

LiJ, He X, Yuanyuan et al (2020) Meta-analysis investigating the
relationship between clinical features, outcomes, and severity of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pneumonia. AJIC Published Online June 12, 2020 https://doi.
org/10.1016/j.ajic.2020.06.008

Du R-H, Liang L-R, Yang C-Q, et al (2020) Predictors of Mortal-
ity for Patients with COVID-19 Pneumonia Caused by SARS-
CoV-2: A Prospective Cohort Study. Eur Respir J; Published
Online Apr 8, 2020 https://doi.org/10.1183/13993003.00524-2020
Ahn S, Nam H, Heo J et al (2013) Ischemic Stroke: measure-
ment of intracranial artery calcifications can improve prediction
of asymptomatic coronary artery disease. Radiology 268:842-849
Pico F, Labreuche J, Amarenco P (2015) Pathophysiology, pres-
entation, prognosis and management of intracranial arterial doli-
choectasia. Lancet Neurol 14:833-845

Donnan G, Fisher M, Macleod M, Davis S (2008) Stroke. Lancet
371(9624):1612-1623

Scheltens P, Erkinjunti T, Leys D et al (1998) White matter
changes on CT and MRI: an overview of visual rating scales. Eur
Neurol 39:80-89

Cozzi D, Albanesi M, Cavigli E et al (2020) Chest X-ray in new
Coronavirus Disease 2019 (COVID-19) infection: findings and
correlation with clinical outcome. Radiol Med 125:730-737
Samim M, Goldstein A, Schindler J, Johnson M (2016) Multimo-
dality imaging of vertebro-basilar dolichoectasia: clinical presen-
tations and imaging spectrum. Radiographics 36:1129-1146
Van Swieten JC, Hijdra A, Koudstaal PJ, Van Gijn J (1990) Grad-
ing white matter lesions on CT and MRI: a simple scale. J Neurol
Neurosurg Psychiatr 53:1080-1083

Chen T, Wu D, Chen H, et al (2020) Clinical characteristics of 113
deceased patients with coronavirus disease 2019: retrospective
study. Published Online March 26, 2020 BMJ 368. https://doi.
org/10.1136/bmj.m1091

. Livingston E, Bucher K (2020) Coronavirus Disease 2019

(COVID-19) in Italy. JAMA Published Online March 17, 2020.
https://doi.org/10.1001/jama.2020.4344.32181795

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

. Guo T, Fan Y, Chen M et al (2020) Cardiovascular implications

of fatal outcomes of patients with coronavirus disease 2019
(COVID-19). JAMA Cardiol 5(7):811-818

. Pranata R, Huang I, Lim M et al (2020) Impact of cerebrovascular

and cardiovascular diseases on mortality and severity of COVID-
19systematic review, meta-analysis, and meta-regression. Journal
of Stroke and Cerebrovascular Diseases, Published Online May
14,2020 29; 8: 104949. https://doi.org/10.1016/j.jstrokecerebrov
asdis.2020.104949

Prabhakaran S, Singh R, Zhou X et al (2007) Presence of calcified
carotid plaque predicts vascular events: the Northern Manhattan
Study. Atherosclerosis 195:¢197—-e201

Pico F, Labreuche J, Hauw J et al (2016) Coronary and basilar
artery ectasia are associated. Results from an autopsy case—control
study. Stroke 47:224-227

Inzitari D, Cadelo M, Marranci ML et al (1997) Vascular deaths
in elderly neurological patients with leukoaraiosis. ] Neurol Neu-
rosurg Psychiatry 62:177-181

Radmanesh A, Raz E, Zan E et al. (2020) Brain Imaging Use and
Findings in COVID-19: A Single Academic Center Experience
in the Epicenter of Disease in the United States. AJNR.
Kummer B, Klang E, Stein L et al (2020) History of stroke is
independently associated with in-hospital death in patients with
COVID-19. Published Online August 10, 2020. https://doi.
org/10.1161/STROKEAHA.120.030685

Zhai F, Yan S, Li M et al (2018) Intracranial arterial dolichoecta-
sia and stenosis. risk factors and relation to cerebral small vessel
disease. Stroke 49:1135-1140

Kremer S, Lersy F, de Séze J et al (2020) Brain MRI findings in
severe COVID-19: a retrospective observational study. Radiology
297(2):E242-E251. https://doi.org/10.1148/radiol.2020202222
Cartocci G, Colaiacomo MC, Lanciotti S et al (2020) Chest CT for
early detection and management of coronavirus disease (COVID-
19): a report of 314 patients admitted to Emergency Department
with suspected pneumonia. Radiol Med 29:1-12

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.carpath.2020.107228
https://doi.org/10.1016/j.carpath.2020.107228
https://doi.org/10.1016/S1474-4422(20)30221-0
https://doi.org/10.1016/j.ajic.2020.06.008
https://doi.org/10.1016/j.ajic.2020.06.008
https://doi.org/10.1183/13993003.00524-2020
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1001/jama.2020.4344.32181795
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.1161/STROKEAHA.120.030685
https://doi.org/10.1161/STROKEAHA.120.030685
https://doi.org/10.1148/radiol.2020202222

	Assessment of cerebrovascular disease with computed tomography in COVID-19 patients: correlation of a novel specific visual score with increased mortality risk
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients enrollment
	Radiographic Assessment of Lung Edema (RALE) score evaluation
	Cerebrovascular disease computed tomography (CVD-CT) index
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




