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Psychiatric and neurological complications of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection are common. Psychiatric symptoms are so common that they are easilymis-
interpreted as an affective disorder induced by SARSCoV-2 infection. However, psychiatric symp-
toms, such as acute delirium, though rarely seen, can be the initial manifestations of acute
ischemic stroke (AIS). Thesepsychiatric symptomsmay confuse thediagnosis ofacute stroke,which
needs correct and timelymanagement.We report twohospitalized caseswith SARS-CoV-2 infection
and elevated serum D-dimer levels having acute delirium as the initial manifestation of AIS. The
diagnostic processes were challenging and time-consuming, so reperfusion therapy could not be
given in the therapeutic time window. The diagnoses of AIS were finally made by brain magnetic
resonance imaging which showed diffusion restriction at the right middle cerebral artery territory
in both cases. Features of psychiatric complications and stroke in coronavirus disease 2019 (COVID-
19) patients are reviewed.For thehospitalizedCOVID-19patientswithelevated levelsof serumDdi-
mer and acute delirium, acute stroke with neuropsychiatric manifestations should beconsidered.
Copyrightª 2022, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction

Psychiatric manifestations of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection are common.1

These complications include depression, anxiety, post-
traumatic stress disorder symptoms, and manic-like symp-
toms, possibly mediated by the significant psychological
stress experienced by these patients2 and possible effects
of SARS-CoV-2 infection on the stress-inflammation
cascade.1,3 In COVID-19 patients, the prevalence of
impaired consciousness is known to be 8e9%,4 and agitation
or delirium to be 65e69%.5 On the other hand, neurological
complications of SARS-CoV-2 infection are also common,5,6

including ischemic and hemorrhagic stroke, encephalitis,
encephalopathy of various causes, seizures, and peripheral
inflammatory neuropathy.5e7 These neurological compli-
cations may manifest with psychiatric symptoms that
confuse diagnosis and management.4,8 Delayed manage-
ment of these neurological complications may negatively
affect the outcomes. Among these neurological complica-
tions of SARS-CoV-2 infection, stroke has much higher
mortality than those with other neurological complica-
tions.7,9 For COVID-19 patients with acute ischemic stroke
(AIS), a correct and timely diagnosis of the underlying eti-
ology is essential to start adequate management, including
intravenous thrombolysis and endovascular thrombectomy.
Here, we presented two hospitalized COVID-19 patients
complicated with AIS and their initial presentations with
psychiatric manifestations at the isolation ward for SARS-
CoV-2 patients.

Cases report

Case 1

An 82 years old male with hypertension, diabetes, hyper-
lipidemia, and smoking history had a cough for three days.
On the fourth day, he had fever and dyspnea. Chest x-ray
(CXR) at the emergency department (ED) revealed infil-
tration over the right lower lung field. The reverse tran-
scriptase quantitative polymerase chain reaction (RT-qPCR)
test for SARS-CoV-2 was positive. He was admitted to the
intensive care unit (ICU) with tracheal intubation.

Laboratory examinations showed normal prothrombin
time (PT), activated partial thromboplastin time (APTT),
and serum troponin-T, but an elevated serum level of D-
dimer (>35.2 mg/l) and high sensitivity C-reactive protein
(hsCRP) of 17.15 mg/dl in serum. He was treated with
tocilizumab, dexamethasone, combined with a regimen of
antibiotics with ceftriaxone and moxifloxacin, remdesivir,
and a prophylactic dosage of low molecular weight heparin
(LMWH) with enoxaparin 40 mg daily. On day 6 after
symptoms onset, CXR showed partial resolution of pneu-
monia, and hsCRP decreased to 3.58 mg/dl. But the serum
level of D-dimer remained high (23.8 mg/l). On day 7, he
was found restless and agitated. He was diagnosed with
acute delirium from SARS-CoV-2 infection. Unfortunately,
4 h later, he developed an acute weakness of the left limbs.
He was tentatively diagnosed with left lacunar syndrome
upon neurological consultation. Soon after, three episodes
of focal clonus occurred over the right limbs. He was
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urgently transported to the brain computed tomography
(CT) suite by the well-equipped medical team via a pre-
planned route of green passage. Brain CT angiography (CTA)
revealed severe focal stenosis at M1 segment of the right
middle cerebral artery (MCA) with post-stenotic dilatation
and severe focal stenosis at the P2 segment of the right
posterior cerebral artery (PCA) (Fig. 1A). Brain CT never-
theless showed no signs of acute intracranial abnormality,
except an old lacunar infarction at the left basal ganglia
and bilateral corona radiata, and signs of bone defect at
the left parietal skull. We were unsure if the acute left
hemiparesis was caused by an acute encephalopathy with
seizures. Possibilities of other stroke mimics, like vasculitis,
encephalitis, and posterior reversible encephalopathy syn-
drome (PRES), were not ruled out either. Therefore, we
again transported the patient to the magnetic resonance
imaging (MRI) suite for brain MRI and MR angiography (MRA).
Results of diffusion-weighted imaging (DWI) revealed a
diffusion restriction at the right centrum semiovale and
frontoparietal cortex compatible with AIS, in addition to
severe focal stenosis of the right MCA at the M1 segment
and of the right PCA at the P2 segment (Fig. 1B).

His score on the National Institute of Health Stroke Scale
(NIHSS) was 5. However, intravenous thrombolysis was not
performed because the time from symptom onset to diag-
nosis exceeded the therapeutic time window. A 12-lead
electrocardiogram showed sinus tachycardia with nonspe-
cific T wave abnormalities. The transthoracic echocardio-
gram (TTE) showed mild mitral and aortic regurgitation
with normal wall motion of the left ventricle. The plasma
low-density lipoprotein (LDL) was 102 mg/dl. Immunolog-
ical studies were normal, including antinuclear antibodies,
anti-b2-glycoprotein I antibodies, and anticardiolipin anti-
bodies. Dual antithrombotics, including aspirin and enox-
aparin, atorvastatin, and levetiracetam, were applied. His
neurological status remained stable during the following
week. He was finally transferred to the isolation ward for
further care.
Case 2

An 84 years old male with hypertension, diabetes, and
smoking history had fever, cough, and dyspnea for two
days. CXR revealed infiltration over lower lung fields on
both sides. His RT-qPCR test for SARS-CoV-2 was positive.
Laboratory examinations showed normal PT, APTT, and
serum troponin-T, but a mildly elevated serum level of D-
dimer (0.63 mg/l; normal range < 0.55 mg/l) and hsCRP of
6.70 mg/dl in serum. He was treated with tocilizumab,
dexamethasone, combined regimens of antibiotics with
ceftriaxone and levofloxacin, and remdesivir. We also pre-
scribed a prophylactic dosage of LMWH with enoxaparin
40 mg daily.

He remained stable till day 13 after symptoms onset,
when he suddenly turned irritable and agitated first, then
became depressed and was crying. CXR showed complete
resolution of pneumonia, and serum hsCRP was normal
(0.19 mg/dl). He was tentatively diagnosed with ICU-like
psychosis upon psychiatric consultation. Anxiolytics and
antidepressants were prescribed. Four days later, his D-
dimer level increased further to 14.15 mg/l. On day 19 after



Figure 1 (A) Brain computed tomography (CT) angiography showed severe focal stenosis at M1 segment of the right middle
cerebral artery with post stenotic dilatation and severe focal stenosis at the P2 segment of the right posterior cerebral artery. (B)
and (C) Brain CT showed old lacunar infarction at left basal ganglia and bilateral corona radiate. (D) A bone defect at the left
parietal skull was noted. (E) and (F) Brain magnetic resonance imaging showed a diffusion restriction on diffusion-weighted imaging
at the right centrum semiovale.
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COVID-19 symptoms onset, he developed left side hemi-
paresis. Because of the concern on the sensitivity of brain
CT for early ischemic lesions, we immediately transported
the patient to the MRI suite for brain MRI and MRA to make
the diagnosis correctly and timely. Brain MRI/MRA revealed,
on DWI, diffusion restrictions at the right corona radiata,
external capsule, right posterior temporal lobe, and right
temporal uncus. Findings were compatible with a recent
infarction over the right MCA territory (Fig. 2). In addition,
severe stenosis was observed over the right distal MCA,
right distal PCA, and left distal PCA. His plasma LDL was
85 mg/dl. A 12-lead electrocardiogram showed normal sinus
rhythm. TTE showed left atrial enlargement with a diam-
eter of 5.2 cm, mild mitral and aortic regurgitation, mild
hypertrophy, and normal wall motion of the left ventricle.
Immunological studies were normal, including antinuclear
antibodies, anti-b2-glycoprotein I antibodies, and anti-
cardiolipin antibodies. Enoxaparin was then replaced with
edoxaban 30 mg daily. Left hemiparesis gradually
improved, and he was discharged with a good functional
recovery.

Discussion

We reported two hospitalized cases of SARS-CoV-2 infection
having acute delirium as the initial manifestation of AIS. In
both cases, acute delirium preceded limb weakness. The
diagnostic processes were challenging and time-consuming,
so reperfusion therapy could not be given in the thera-
peutic time window.
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Neuropsychiatric symptoms, such as delirium, delusion,
or mania, appear in about 3% of stroke patients.10 The
prevalence of acute delirium after acute stroke varies ac-
cording to different regions and assessment tools used.11e13

Fourteen to thirty percent of patients with an acute stroke
developed acute delirium. Because cognitive abnormalities
are so common,4,5 they are easily misinterpreted as
depression or considered as an affective disorder.8 Risk
factors of acute delirium after acute stroke include higher
NIHSS scores, previous stroke, leukoencephalopathy, con-
current infection, stroke subtype of large artery athero-
sclerosis, and a cortical infarct or aphasia.11,12 AIS occurs in
approximately 1e3% of COVID-19 patients.6 About 40e60%
of COVID-19 patients complicated with ischemic stroke
have large vessel occlusion.14,15 In our report, both patients
had an AIS subtype of large artery atherosclerosis involving
cortices which are at risk for acute delirium in COVID-19
patients with AIS.

In the SVIN COVID-19 multinational registry,16 the most
frequently reported etiology of AIS is cryptogenic (42.6%),
associated with significantly higher white blood cell count,
elevated levels of c-reactive protein, and D-dimer
compared with non-cryptogenic AIS patients. In our report,
both COVID-19 patients with acute delirium had elevated
serum D-dimer. In addition to hypercoagulopathy,9 brain
MRI in SARS-CoV-2 infection may demonstrate evidence of
cerebral endotheliitis,17 including enhanced cerebral ar-
teries, extensive cerebral vasculitic lesions in a combined
pattern of ischemia, hemorrhage, white mattereenhancing
lesions, or punctuate postcontrast enhancement.17



Figure 2 (A)e(C) Brain magnetic resonance imaging of Case 2 showed diffusion restrictions on diffusion-weighted imaging at
right corona radiata, external capsule, right posterior temporal lobe, and right temporal uncus. (D) Brain magnetic resonance
angiography showed severe stenosis over the right distal middle cerebral artery, right distal posterior cerebral artery (PCA), and
left distal PCA.
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About 1/3 of COVID-19 patients with neurological
manifestations who were referred for neuroimaging
showed brain abnormalities.18 Brain CT is typically the
preferred initial imaging modality for acute stroke during
the COVID-19 pandemic. However, brain CT is not sensi-
tive to early ischemic lesions. Because acute delirium is
independently associated with poor outcome and mor-
tality in acute stroke,13 early and timely management in
such patients is crucial. Patients with stroke may present
with various atypical or non-localizing symptoms which
are clinically hard to differentiate from stroke mimics.19

Differentiation is challenging when acute encephalopa-
thy or neuropsychiatric symptoms are present. Although
MRI is often used to confirm a diagnosis of AIS, it is more
complex and time-consuming than CT. The American
College of Radiology recommends minimizing the use of
MRI in the COVID-19 pandemic except when absolutely
necessary.20 In the COVID-19 pandemic, CT became pre-
dominant as an emergency brain imaging tool before
reperfusion therapy due to the limitation of using MRI for
patients with negative SARS-CoV-2 PCR.21 However, brain
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MRI has a distinct advantage in identifying stroke mimics
and narrows the differential diagnoses than the CT-based
workup.22 A case report of COVID-19 described a patient
with acute encephalopathy with loss of consciousness.23

The non-contrast brain CT failed to show any acute
intracranial abnormalities. However, brain MRI revealed
multiple sites of restricted diffusion on DWI across mul-
tiple lobes. Such findings are consistent with AIS. Brain
MRI is also valuable for detecting other abnormalities in
COVID-19 encephalopathies, such as acute tumefactive
demyelination and PRES,24 which might show unremark-
able findings on the brain CT. For Case 1, we adopted
brain CT to reduce the risk of accidental dissemination of
SARS-CoV-2 based on familiarity and the efficient imaging
process. However, the unremarkable brain CT demanded a
second brain MRI to confirm the diagnosis, which signifi-
cantly prolonged the diagnostic process, making the
reperfusion therapy unqualified. For Case 2, instead of
brain CT, we performed brain MRI which revealed a recent
infarct over the right MCA territory, compatible with the
onset time of neuropsychiatric manifestations.
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The mechanisms of AIS in COVID-19 patients are multi-
factorial,25 including prothrombotic effects from conven-
tional vascular risk factors, infection-induced systemic
inflammatory response, endotheliitis, dysregulation of the
axis of angiotensin II and angiotensin 1-7, and excessive
cytokine release. In addition, SARS-CoV-2 infection may
result in decreased intake, dehydration, poor medication
adherence, and subsequent thrombosis in high-risk pa-
tients. Both patients of our report, having traditional
vascular risk factors and significant stenosis of intracranial
cerebral arteries, are possibly vulnerable to the above
mechanisms which cause subsequent superimposed throm-
bosis. At the onset of AIS, the serum levels of D-dimer
remained elevated, although pneumonia resolved with
decreased or normalized serum levels of hsCRP. Thus, we
presumed that hypercoagulopathy from SARS-CoV-2 infec-
tion is the cause of AIS in our patients.

In conclusion, isolated COVID-19 patients are at high risk
of developing stroke. For COVID-19 patients with elevated
serum levels of D-dimer and acute delirium, unexplained
neurological findings, or ambiguously non-localizing signs,
acute stroke should be considered. A preplanned route of
green passage for transportation of the patients to the
brain MRI suite may reduce the risk of accidental dissemi-
nation of SARS-CoV-2 and ensure correct and timely diag-
nosis of acute stroke.
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