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ABSTRACT

Background: Coronavirus (COVID-19) is a recently discovered disease caused by severe acute
respiratory syndrome COV2 virus (SARS COV-2) that led to a global pandemic. COVID-19, with
its rapid spread, proved to be a global threat to health. Although it is known to mainly cause
respiratory symptoms, neurologic sequelae have also been reported in a growing number of
patients.

Objectives: This study aims to provide additional evidence regarding neuro-radiographic
findings among Filipino patients inflicted with COVID-19.

Methodology: This paper is an analytical, retrospective study of COVID-19 confirmed patients
who presented with neurologic manifestation and underwent cranial CT scans between April
2020 and April 2021 at Baguio General Hospital and Medical Center.

Results: A total of 22 patients were included in the study. Of these, 11 had acute infarcts, 5 had
cerebral hemorrhage, 1 had cerebral venous thrombosis, and 5 had normal imaging findings.
Fisher's test was done and revealed a significant difference between COVID-19 severity and
abnormal CT scan findings.

Conclusion: Although relatively uncommon, the study showed that there is an increased
incidence of abnormal neuroimaging findings among patients with COVID-19. The most
common of which is cerebral infarction followed by macrohemorrhages. The severity of the
disease is correlated with the increased incidence of abnormal neuroimaging findings among
COVID-19 patients.
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INTRODUCTION
obucTio lives.2  As of writing, the Philippines has

recorded 892,880 cases and 15,447 deaths.13
Background of the Study

COVID-19, a disease caused by SARS
COV2, led to a global pandemic. With its
rapid spread and devastating complications, it
remains a global health threat. It has infected
millions of people and taken thousands of

Though it is known to primarily cause
respiratory illness, neurologic sequelae have
been reported. Acute to subacute infarcts,
cerebral microhemorrhages, acute
spontaneous intracerebral hemorrhages, and
1 Fourth year resident, Department of Neurosciences, Baguio acute inflammato I'y/ infectious CNS

General Hospital and Medical Center, Baguio City, Philippines syndromes were common ﬁndings. Out of
2 Consultfint, Department .of R.adlolo.g.y, B.agulo General Hospital thes e, infarcts were said to be the most
and Medical Center, Baguio City, Philippines
3 Neurosciences and Trauma Critical Care Unit, Addenbrookes common.4
Hospital, Cambridge University Hospitals, Cambridge, United

Kingdom

*Joint co-principal investigators; *Joint senior investigator
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As the virus continues to spread,
causing devastating health problems
worldwide, there is still a paucity of available
literature on the neuro-imaging findings
among COVID-confirmed patients, especially
in the Philippines.This study aims to provide
additional evidence on the neuro-
radiographic findings of COVID-inflicted
patients presenting with neurologic

symptoms.

METHODS OF RESEARCH
Research Design and Population of the
Study

This paper is an analytical,
retrospective study that included all patients
aged 18 years old and above admitted at
Baguio General Hospital and Medical Center
(BGHMC) from April 2020 to April 2021. This
cohort of patients presented with neurologic
signs and symptoms, tested positive for

COVID-19 through a reverse transcription-
polymerase chain reaction (RT-PCR), and
underwent cranial CT scans. The exclusion of
patients with previous neurologic diseases
with or without neurologic deficits was done.
Methods and Procedures

This paper utilized secondary data
collection. The data were gathered and
analyzed after the re-evaluation and approval
of the institution's ethics review committee.
The study used charts and previous cranial CT
scan images as sources of data. Further, these
patients were clinically assessed by trainees
and board-certified neurologists. Similarly,
both trainees and board-certified radiologists
interpreted the neuroimaging findings.

Statistical Analysis

The gathered data were analyzed
using frequency distribution table and
descriptive statistics using SPSS version 15.

Fig. 1. Research Paradigm Identification of the Study Population

Study Population
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Adult patients
(>18 years old)

Patients with Neurologic
signs and Symptoms
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Patients with previous
neurologic disease,
with or without
neurologic deficits
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Table 1. Frequency of patients by age group

Age NumP er of Percentage
Patients
21-40 5 22.7
41-60 8 36.4
61-80 9 40.9
TOTAL 22 100

Table 2. Frequency of Sex of Patients

Sex Num_b er of Percentage
Patients
Male 1 50
Female 11 50
TOTAL 22 100

Table 3. Comorbidity

N f
Co-morbidity :;:::_;: Percentage
With
Co-morbidity 18 81.8
Without
Co-morbidity 4 18.2
TOTAL 22 100

Table 3.1 Specific co-morbidity of patients
Number of

Co-morbidity Patients Percentage
Hypertension 9 40.9
Obesity 3 13.6
No co-morbidity 4 18.2
HIV 1 4.5
s
it Disbetes 3 136

TOTAL 22 100

Fisher's Exact Test was used for statistical
analysis to determine the association between
co-morbidities, the severity of disease, and
neuroimaging abnormalities. P-values less
than 0.05 will be considered statistically
significant.

RESULTS

A total of 22 COVID-19 confirmed
patients with neurologic manifestations who
underwent cranial CT scans were included in
the study. The mean age of the patients was
41.8 (SD=12.09), and the majority of the
patients belong to the 61-80 years old age
group (40.9%), followed by the 41-60 age
group (36.36%) (Table 1).

There is an equal distribution

between males (50%) and females (50%)
(Table 2).

Patients with co-morbidities comprise
most of the cohort (81.81%) compared to
those with no co-morbidities (Table 3). 40.9%
of patients with co-morbidities had
hypertension (Table 3.1).

There is equal distribution of patients
between moderate COVID-19 (50%) and
severe COVID-19 (50%) (Table 4).

A more significant portion of COVID-19
patients with neurologic signs and symptoms
presented with abnormal CT scan findings
(77.3%) compared to those with neurologic
signs and symptoms with normal CT scan
findings (22.7%) (Table 5). Half of 50% of the
patients with abnormal CT scan findings had
cerebral infarction, while 22.7% had cerebral
hemorrhage (Table 5.1)

Among the eleven (11) patients with
infarction, eight (8) presented with large
vessel occlusions, and three (3) were lacunar
in nature. Six (6) of these patients were under
the severe/critical category of the COVID-19
disease, five (5) under the mild end. Three (3)
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of the critically ill patients have died from the Table 4. Frequency of COVID-19 severity
illness.
COVID-19 Severity N:::il::::f Percentage
Among those who presented with Morbidity 1 50
intracerebral hemorrhage (5 patients), the
area affected was the basal ganglia, all of Severe 11 50
whom were classified under the severe/
s . . TOTAL 22 100
critical category. In this same subpopulation,
four died during hospitalization.
Table 5. CT Scan Findings
. - Number of
One (1) patient had cerebral venous CT Scan Findings Patients Percentage
thrombosis with secondary hemorrhage in the
Normal 5 22.7

right parieto-occipital area. He was under the
moderate disease category of COVID-19 and Abnormal 17 773
was discharged improved.
TOTAL 22 100
Of the five (5) patients who presented

with normal CT Scan findings, one (1) was Table 5.1. Incidence of Specific Abnormal CT scan findings

of patients

dl'agnosgd with myasthe'ma gravis, one (1) CT Scan Findings N:::il:;rt :f Percentage
with epilepsy, one (1) with encephalopathy,
one (1) with peripheral vertigo, and one (1) Normal 5 207
presented with memory loss from vascular
dementia versus Parkinson’s disease. All of Hemorrhage 5 227
whom were with moderate COVID-19 disease

. . Infarct 11 50.0
and were discharged improved.

Cerebral Venous
. . Thrombosis and 1 4.5
Fisher's exact test was used to determine Hemorrhage
the association between abnormal
. ) N e e TOTAL 22 100
neuroimaging findings and comorbidities
among COVID-19 patients in BGHMC (Table o o
o epe . L. Table 6. Association between abnormal neuroimaging
6). The test revealed no significant association findings and co-morbidities among COVID-19 patients
between abnormal neuroimaging findings and ors With Without o
can

comorbidities among COVID-19 patients (p- Findings e e Value

morbidity morbidity
value 0.210).

Normal 3 2 0.210

Fisher's exact test was likewise used to

determine the association between abnormal

neuroimaging findings and the severity of MEAN 9 2 0.210
COVID-19 disease (Table 7). The test showed
a significant association between the severity

Abnormal 15 2 0.210

Table 7. Association between abnormal neuroimaging

of COVID'19 disease and abnormal findings and the severity of COVID-19 disease
neuroimaging findings in BGHMC (p-value CTScan  Moderate Severe p
0.035). Those who have abnormal cranial Findings CovVID CovVID Value
imaging findings have severe COVID-19

Normal 5 0 0.035
Status.

Abnormal 6 11 0.035
DISCUSSION

It is well known that COVID-19 MEAN 55 55 0.035

primarily affects the pulmonary system;
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however, recent studies have shown the
involvement of the nervous system.! Several
mechanisms have been described as to its
disease process, including direct attachment
of inflammatory mediators in nerve endings
in the Peripheral Nervous System and
transmission into the Central Nervous
System, and indirect injuries related to the
cytokine storm and viral sepsis.2  Several
neuroimaging findings have subsequently
been described.

Among the twenty-two (22) patients
included in this study, seventeen (17) of them
had abnormal CT Scan findings. The most
common of which is cerebral ischemia (11),
followed by hemorrhage (5) and cerebral
venous thrombosis with secondary
hemorrhage (1). This finding is similar to a
study done by BC Yoon et al., involving 26 of
150 COVID-19 patients having abnormal
neuroimaging studies, where infarction (13)
and cerebral hemorrhage (11) were the most
common findings.3

In a literature review done by E.
Gulko et al., involving 22 articles with a total
of 126 patients, acute or subacute infarction
(32) were also the most common findings
described. White matter abnormalities (17)
consistent with leukoencephalopathy, cortical
FLAIR signal abnormalities (15), and
microhemorrhages (14) came next.4 On the
other hand, the study of AR Egbert et al.
showed white matter abnormalities in MRI to
be the most common (66/124) finding. These
WM hyperintensities were said to be related
to leukoencephalopathy, leukoaraiosis, or
rarefied WM.5

White matter abnormalities were not
appreciated in any of our patients since no
MRI studies were not done during the entire
span of the study. Precautionary measures
were maintained per protocol during the
interval time of the study. Further, none of
the cases included were deemed to undergo
cranial MRI by the neurology department.

V. Sawlani et al. evaluated COVID-19
patients using both cranial MRI and CT scans.
Among patients who underwent cranial CT
scans, the most common abnormalities
observed were subacute (8/18) and acute (7)
infarcts. On the other hand, MRI findings
showed microhemorrhages as the most
common abnormality (12/20) followed by
WM hyperintensities (4). 6

Finally, E Lin et al. described that
though ischemic strokes and intracranial
hemorrhages are similar in appearance to
those in patients without COVID-19, they are
seemingly more common in the COVID-19
patient population.”

Most of the patients in the study have
comorbidities and most of which have
hypertension. Statistically, this proved no
significant association in developing
abnormal neuroimaging findings among
patients with COVID-19. A study done by L.
Buttner et al. supports this. They found no
difference between patients with or without
cranial imaging abnormal findings in relation
to comorbidities.8 However, some literature
would say otherwise. 9

This paper resulted in a significant
association between the severity of COVID-19
and the acquisition of abnormal
neuroimaging findings. This is similar to a
study by V. Jegatheeswaran et al. showing
ICU patients to more likely have abnormal
neuroimaging findings, particularly ischemia
and macrohemorrhages.:°

BC Yoon et al. also described
correlation with markers for COVID-19
severity suggesting patients who have severe
forms of the disease may have higher rates of
neuroimaging abnormalities.3

A systematic review done by JI
Guerrero et al. showed that aside from
thromboembolic events being the most
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common neuroimaging finding, critical
neurological events were also more frequent
among patients with a severe infection than
those with mild disease.!* RK Garg also noted
that patients who had a stroke in their study
were under the severe category of COVID-19.9

Finally, LB Buttner, in a large cohort
of COVID-19-positive patients, analyzed that
pathological neuroimaging findings seem to
be relatively rare in general but do occur in a
substantial proportion of critically ill patients
or with severe COVID-19 disease.8

Several limitations are noted in this
paper. First, cranial MRI was not used among
the population studied-- a tool more sensitive
and specific for brain abnormalities. Second,
small sample size is apparent, limiting its
power and external validity. Third, there was
no follow-up on the long-term sequelae of
abnormal neuroimaging findings. Despite
these, the imaging findings extracted from the
study show similarity to other published
studies abroad, which supports our results.

Conclusion and Recommendation

Although relatively unusual, the study
showed a reasonable incidence of abnormal
neuro-radiographic findings among patients
with COVID-19 manifesting with neurologic
deficits. The most common of which is
cerebral infarction followed by
macrohemorrhages. Noteworthy in this study
is that severity of the disease has shown a
correlation in the increased incidence of
abnormal neuroimaging among COVID-19
patients.

Cranial CT imaging can reveal
parenchymal abnormalities; however, it is still
prudent to use cranial MRI in this
subpopulation. Larger sample size and a study
that challenges long-term sequelae are
recommended further to investigate the
relationship between abnormal neuroimaging
findings and COVID-19.

References

Chougar, L., Shor, N., Weiss,
Galanaud, D., Leclercq, D., Mathon,
Belkacem, S., Stroer, S., Burrel,
Boutolleau, D., Demoule, A., Rosso,
Delorme, C., Seilhean, D., Dormont,
Morawiec, E., Raux, M., Demeret, S.,
Gerber, S., . . . Pyatigorskaya, N. (2020).
Retrospective Observational Study of
Brain MRI Findings in Patients with Acute
SARS-CoV-2 Infection and Neurologic
Manifestations. Radiology, 297(3), E313—
E323. https://doi.org/10.1148/radiol.
2020202422

N.,
B.,
S.,
C.,
D.,

. Mokhtari, T., Hassani, F., Ghaffari, N.,

Ebrahimi, B., Yarahmadi, A., &
Hassanzadeh, G. (2020). COVID-19 and

multiorgan failure: A narrative review on

potential mechanisms. Journal of

Molecular Histology, 51(6), 613—628.

https://doi.org/10.1007/
1 -020-09915-

. Yoon, B., Buch, K., Lang, M., Applewhite,

B., Li, M., Mehan, W., Leslie-Mazwi, T., &
Rincon, S. (2020). Clinical and
Neuroimaging Correlation in Patients with
COVID-19. American Journal of
Neuroradiology, 41(10), 1791-1796.

https://doi.org/10.3174/ajnr.a6717
Gulko, E., Oleksk, M., Gomes, W., Ali, S.,

Mehta, H., Overby, P., Al-Mufti, F., &

Rozenshtein, A. (2020). MRI Brain
Findings in 126 Patients with COVID-19:
Initial Observations from a Descriptive
Literature Review. American Journal of
Neuroradiology, 41(12), 2199—2203.
https: i.0rg/10.31 jnr

Egbert, A. R., Cankurtaran, S., & Karpiak,
S. (2020). Brain abnormalities in
COVID-19 acute/subacute phase: A rapid
systematic review. Brain, Behavior, and
Immunity, 89, 543—554. https://doi.org/
10.1016/j.bbi.2020.07.014

Sawlani, V., Scotton, S., Nader, K., Jen, J.,
Patel, M., Gokani, K., Denno, P., Thaller,
M., Englezou, C., Janjua, U., Bowen, M.,
Hoskote, C., Veenith, T., Hassan-Smith,
G., & Jacob, S. (2021). COVID-19-related
intracranial imaging findings: a large
single-center experience. Clinical

PhildNeurol

22

ISSN 0117-3391



Volume 25 Issue Number 1 Jul 2022

Philippine Journal of Neurology

Radiology, 76(2), 108-116. https://
doi.org/10.1016/j.crad.2020.09.002

7. Lin, E., Lantos, J., Strauss, S., Phillips, C.,
Campion, T., Navi, B., Parikh, N., Merkler,
A., Mir, S., Zhang, C., Kamel, H., Cusick,
M., Goyal, P., & Gupta, A. (2020). Brain
Imaging of Patients with COVID-19:
Findings at an Academic Institution
during the Height of the Outbreak in New
York City. American Journal of
Neuroradiology, 41(11), 2001—-2008.
https://doi.org/10.3174/ajnr.a6

8. Bittner, L., Bauknecht, H. C.,
Fleckenstein, F. N., Kahn, J., Tietze, A.,
Bohner, G., & Siebert, E. (2021).
Neuroimaging Findings in Conjunction
with Severe COVID-19. ROFo -
Fortschritte Auf Dem Gebiet Der
Rontgenstrahlen Und Der Bildgebenden
Verfahren. Published. https://doi.org/
10.1 -1345-

9. Garg, R., Paliwal, V., Malhotra, H., &
Sharma, P. (2021). Neuroimaging Patterns
in Patients with COVID-19-Associated
Neurological Complications: A Review.
Neurology India, 69(2), 260. https://
doi.org/10.4103/0028-3886.314531

10. Jegatheeswaran, V., Chan, M. W. K.,
Chakrabarti, S., Fawcett, A., & Chen, Y. A.
(2021). Neuroimaging Findings of
Hospitalized Covid-19 Patients: A
Canadian Retrospective Observational
Study. Canadian Association of
Radiologists Journal, 084653712110028.
https / / doi.org/
10.11 121100281

11. Guerrero, J. 1., Barragan, L. A., Martinez,
J. D., Montoya, J. P., Pefia, A., Sobrino, F.
E., Tovar-Spinoza, Z., & Ghotme, K. A.
(2021). Central and peripheral nervous
system involvement by COVID-19: a
systematic review of the pathophysiology,
clinical manifestations, neuropathology,
neuroimaging, electrophysiology, and
cerebrospinal fluid findings. BMC
Infectious Diseases, 21(1). https://
doi.org/10.1186/s12879-021-06185-6

Contact information:

LAURENCE KRISTOFFER BATINO, MD, MPM
E-mail address: lkbatinomd@gmail.com

Contact number: (+63) 917 168 8900

LEAH THERESA T. CORTEZ, MD, DPBR
E-mail address: ltq_torres@yahoo.com

Contact number: (+63) 917 869 4933

MANOLO KRISTOFFER C. FLORES, MD, MBA,
FPNA

E-mail address: kristoffer flores.bgo@gmail.com
Contact number: (+63) 917 867 6633; (+44) 07375829039

PhildNeurol

23

ISSN 0117-3391



