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Pr esen tation of C a se

Dr. Meridale V. Baggett (Medicine): A 60-year-old woman presented to this hospital 
with altered mental status during the pandemic of coronavirus disease 2019 
(Covid-19), the disease caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2).

The patient had been in her usual state of health until 1 week before admission, 
when cough and headache developed. One day before admission, vomiting and 
diarrhea developed. That day, the patient was last seen by her husband at 3:00 p.m. 
before she went to sleep. The husband reported that the patient awoke screaming 
at 1:00 a.m. on the day of admission, and emergency medical services (EMS) were 
called. When EMS personnel arrived, the patient was reportedly lethargic and un-
able to answer questions. The blood glucose level, obtained by fingerstick testing, 
was 60 mg per deciliter (3.3 mmol per liter; reference range, 70 to 110 mg per 
deciliter [3.9 to 6.1 mmol per liter]). Intravenous dextrose was administered. A 
repeat fingerstick glucose measurement was 127 mg per deciliter (7.0 mmol per 
liter), and the lethargy abated. The patient was brought by EMS personnel to the 
emergency department of this hospital.

In the emergency department, the patient reported weakness on the left side 
of her body and persistent headache. She reported that when she had awoken at 
1:00 a.m., she was unable to move or speak, was afraid she was going to die, and 
began screaming for help. She reported no aura, urinary or fecal incontinence, or 
neck pain. She had recently moved from Puerto Rico and lived in a suburb of 
Boston. She did not speak English and was marginally housed, sleeping in the 
living room of a friend’s apartment with her husband. Several people living in the 
apartment had had cough and fever.

The patient had a history of diabetes mellitus, hypertension, and schizophrenia. 
Medications included aspirin, glipizide, hydrochlorothiazide, lisinopril, and risperi-
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done. She had no known drug allergies. She 
drank alcohol occasionally and did not smoke 
tobacco or use illicit drugs.

On examination, the temperature was 37.4°C, 
the blood pressure 114/62 mm Hg, the heart rate 
94 beats per minute, the respiratory rate 18 
breaths per minute, and the oxygen saturation 
94% while the patient was breathing ambient 
air; the body-mass index (the weight in kilo-
grams divided by the square of the height in 
meters) was 30.5. The patient was alert and inter-
active. She was oriented to person and place but 
not to time. The cranial-nerve examination was 
normal. Strength in the left arm and left leg was 
4/5, and strength in the right arm and right leg 
was 5/5. She had difficulty manipulating small 
objects placed in the left hand. The left arm 
showed pronator drift and orbiting. Sensation to 
light touch was intact. The remainder of the 
physical examination was normal.

Dr. R. Gilberto Gonzalez: Magnetic resonance 
imaging (MRI) of the head was performed 2 hours 
after presentation. Diffusion-weighted images 
showed a punctate focus of restricted diffusion 
within the posterior limb of the right internal 
capsule; no corresponding abnormality was ob-
served on fluid-attenuated inversion recovery 
images (Fig. 1A and 1B). A chest radiograph 
(Fig. 1C) obtained 2.5 hours after presentation 
showed a nodular focus in the left midlung field.

Dr. Baggett: A test of a nasopharyngeal swab 
for SARS-CoV-2 RNA was positive. Laboratory 
test results are shown in Table 1. The results of 

urine toxicologic screening were normal. Treat-
ment decisions were made, and the patient was 
admitted to the hospital.

 Differ en ti a l Di agnosis

Dr. Aneesh B. Singhal: This 60-year-old woman with 
hypertension, diabetes mellitus, and schizophre-
nia presented to this hospital with acute psycho-
sis and focal neurologic deficits on the left side 
during the Covid-19 pandemic. One week earlier, 
she had begun to have headache and cough, and 
more recently, vomiting and diarrhea had devel-
oped; an initial evaluation confirmed the diag-
nosis of SARS-CoV-2 infection. Although infec-
tion with SARS-CoV-2 provides an explanation 
for her prodromal symptoms, could this patient’s 
acute psychosis and weakness on the left side 
also be associated with Covid-19? Because our 
understanding of the clinical manifestations of 
SARS-CoV-2 infection is still evolving, it is im-
portant to consider other causes that may be 
contributing to her presentation.

 Brief Psychosis

Could this patient’s abrupt onset of screaming 
from the fear of dying and an inability to move 
indicate an episode of brief psychosis? Brief psy-
chosis is usually precipitated by extreme life 
stress and can be a component of schizophre-
nia.1 In this patient with schizophrenia, factors 
such as social isolation, insomnia, a language 
barrier, fear of the development of Covid-19, and 

Figure 1. Imaging Studies of the Head and Chest.

MRI was performed 2 hours after presentation. A diffusion‑weighted image (Panel A) shows a punctate focus of 
 restricted diffusion within the posterior limb of the right internal capsule (arrow). No corresponding abnormality 
is observed on a T2‑weighted fluid‑attenuated inversion recovery image (Panel B). A chest radiograph (Panel C) 
 obtained 2.5 hours after presentation shows a nodular focus in the left midlung field (arrow).

A B C
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housing insecurity may have triggered psycho-
sis.2 However, brief psychosis associated with 
schizophrenia typically lasts more than 1 day, so 
it is unlikely to account for her altered mental 
status.

Hypoglycemia, which can manifest as psycho-
sis,3 should be considered in this case, given the 
patient’s development of lethargy and subse-
quent decrease in symptoms after the adminis-
tration of dextrose. However, her glucose level 
was 60 mg per deciliter, and symptoms of hypo-
glycemia usually develop when the level drops 

below 45 mg per deciliter (2.5 mmol per liter). 
Other metabolic or toxic encephalopathies can 
be ruled out on the basis of her prompt cognitive 
improvement and negative results of toxicologic 
screening.

Seizures can cause psychosis and may re-
semble schizophrenia.4 However, this patient 
had no history of seizures, and Covid-19 does 
not appear to increase the risk of seizure.5-7

Neuropsychiatric Manifestations of Covid-19

Can this patient’s apparent episode of psychosis 
be a manifestation of encephalitis associated 
with SARS-CoV-2 infection, resulting either from 
direct infection or from an immune, inflamma-
tory, cytokine, or neural receptor–mediated 
mechanism?8 Coronaviruses primarily affect the 
lungs but have widespread systemic and cerebral 
effects. Neuropsychiatric symptoms have been 
associated with other coronavirus infections; 
hence, an association with Covid-19 would not 
be surprising.6,9 There is a long association be-
tween viral pandemics and psychiatric symptoms 
such as acute psychosis, delirium, insomnia, 
mania, depression, and suicidality. The medical 
literature from the time of the Russian (1889–
1890) and Spanish (1918–1920) influenza pan-
demics is replete with reports of fearful experi-
ences (e.g., “psychoses of influenza” and 
“influenza nervosa”).10 Similarly, von Economo’s 
encephalitis (encephalitis lethargica) (1917–1928)11 
was associated with several neuropsychiatric 
features. Encephalitis remains a possible cause 
of this patient’s brief psychosis, but I will also 
consider the diagnosis of stroke.

Stroke

The neuropsychiatric consequences of stroke, 
such as depression, are common and well recog-
nized. Acute stroke can unmask latent symp-
toms of schizophrenia and infrequently can 
trigger psychosis, mania, delirium, hallucina-
tions, delusions, and other neuropsychiatric syn-
dromes such as Anton’s syndrome, the Capgras 
syndrome, and the Cotard syndrome. Stroke-
induced psychosis has been associated with le-
sions that affect the prefrontal and occipital 
cortexes and with disruption of neural networks 
resulting from subcortical lesions in the thala-
mus and basal ganglia (often on the right side),12 
as well as the midbrain, pons, and cerebellum.

Both encephalitis and stroke are possible 

Table 1. Laboratory Data.*

Variable
Reference Range, 

Adults† On Admission

Hematocrit (%) 36–46 36.7

Hemoglobin (g/dl) 12–16 12.1

White‑cell count (per μl) 4500–11,000 10,520

Differential count (per μl)

Neutrophils 1800–7700 9080

Lymphocytes 1000–4800 700

Monocytes 200–1200 700

Eosinophils 0–900 0

Platelet count (per μl) 150,000–400,000 279,000

Prothrombin time (sec) 11.5–14.5 13.0

Prothrombin‑time international nor‑
malized ratio

0.9–1.1 1.0

d‑dimer (ng/ml) <500 1263

Sodium (mmol/liter) 135–145 137

Potassium (mmol/liter) 3.4–4.8 4.2

Chloride (mmol/liter) 100–108 98

Carbon dioxide (mmol/liter) 23.0–31.9 24

Urea nitrogen (mg/dl) 8–25 56

Creatinine (mg/dl) 0.60–1.50 1.87

Glucose (mg/dl) 70–110 115

Ferritin (μg/liter) 20–300 450

Lactate dehydrogenase (U/liter) 110–210 278

C‑reactive protein (mg/liter) <8 49.5

Creatine kinase (U/liter) 60–400 198

*  To convert the values for urea nitrogen to millimoles per liter, multiply by 
0.357. To convert the values for creatinine to micromoles per liter, multiply 
by 88.4. To convert the values for glucose to millimoles per liter, multiply by 
0.05551.

†  Reference values are affected by many variables, including the patient popu‑
lation and the laboratory methods used. The ranges used at Massachusetts 
General Hospital are for adults who are not pregnant and do not have medi‑
cal conditions that could affect the results. They may therefore not be appro‑
priate for all patients.
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causes of the patient’s brief psychosis. Can the 
patient’s headache and focal neurologic deficits 
help narrow the differential diagnosis to the 
most likely diagnosis?

Headache and Focal Neurologic Deficits

In this patient with ongoing headache and focal 
neurologic deficits, we must consider the diag-
nosis of community-acquired bacterial meningi-
tis.13 The absence of fever and of signs of men-
ingeal irritation makes bacterial meningitis 
unlikely. Cerebrospinal f luid (CSF) analysis is 
required for diagnosis; however, lumbar punc-
ture was not performed in this case, presumably 
because of the ability to promptly perform imag-
ing of the head.13

Headache and cognitive changes are common 
in patients with viral encephalitis. Coronavirus 
infections, including SARS-CoV-2 infection, can 
cause meningitis, encephalitis, myelitis, and acute 
necrotizing encephalopathy, particularly in pa-
tients with moderate-to-severe illness.6,14

Embolic stroke (especially to the middle and 
posterior cerebral arteries), lacunar stroke, cere-
bral arteriopathies, venous sinus thrombosis, and 
brain hemorrhages are all associated with head-
ache. The 1-week duration of the patient’s pre-
ceding headache with associated viral symptoms 
makes it unlikely that stroke was the cause of 
her headache. However, stroke cannot be ruled 
out as a cause of her focal neurologic symptoms. 
Headache disorders — such as migraine with 
aura, headache and neurologic deficits with CSF 
lymphocytosis (also known as the HaNDL syn-
drome), and familial hemiplegic migraine — are 
unlikely, given the absence of recurrent migraine 
headaches.15

Correlation of Clinical and Imaging 
Findings

Does the head imaging performed in the emer-
gency department help us to determine the diag-
nosis in this case? MRI of the head revealed an 
acute brain lesion, effectively ruling out condi-
tions that are often invoked in patients who 
previously had a stroke or psychiatric disease 
and now have new focal deficits (e.g., poststroke 
recrudescence [the reemergence of previous 
stroke-related deficits]16 and functional neuro-
logic disorders17).

Brain lesions with restricted diffusion typi-
cally indicate stroke, but given this patient’s 

presentation, I will consider a broader differen-
tial diagnosis.18 Encephalitic and demyelinating 
lesions can have restricted diffusion, and demy-
elination has been reported in association with 
Covid-19–related encephalitis.6,14,19 However, de-
myelinating lesions are usually patchy and as-
sociated with leptomeningeal enhancement and 
moderate-to-severe respiratory illness, charac-
teristics that are not consistent with those seen 
in this patient. Hypoglycemia can result in the 
development of lesions of diverse shapes, sizes, 
and locations that have restricted diffusion and 
may simulate lacunar infarction. However, lesions 
associated with hypoglycemia usually result in 
cerebral swelling, are reversible, and are most 
often associated with severe, prolonged hypogly-
cemia, which was not present in this patient.20 
Lesions with restricted diffusion can occur with 
migraine disorders21; however, this patient’s 
headache shows no features of migraine,15 and 
lesions associated with migraine typically affect 
the posterior circulation and cross arterial ter-
ritories. Seizure-induced lesions with restricted 
diffusion are unlikely in this patient, given that 
they usually develop after prolonged seizures or 
status epilepticus and typically appear in the cor-
tical, hippocampal, or pulvinar region.22 Overall, 
the size and location of this patient’s lesion with 
restricted diffusion, combined with the abrupt 
onset of hemiparesis, strongly support a diagno-
sis of acute ischemic stroke.

Stroke Mechanism

This patient had pure motor hemiparesis, which 
is a classic lacunar stroke syndrome.23 The punc-
tate size of the lesion and its location in the 
contralateral posterior limb of the internal cap-
sule in this patient with chronic hypertension 
suggest small-vessel disease (lipohyalinosis) as 
the mechanism of the stroke.

Other mechanisms are also possible. This 
patient was taking risperidone, which has been 
associated with stroke.24 Primary angiitis of the 
central nervous system (CNS) and a reversible 
cerebral vasoconstriction syndrome are often 
invoked in patients with headaches and stroke; 
however, the clinical and imaging features of 
these entities were not observed in this patient.25 
Finally, cardiac and artery-to-artery embolism 
cannot be firmly ruled out without appropriate 
testing, although both seem unlikely on the ba-
sis of the clinical and imaging characteristics 
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favoring the presence of lipohyalinotic small-
vessel disease.

Stroke and Covid-19

Is there a relationship between this patient’s 
stroke and Covid-19? Upper respiratory infec-
tions are known to trigger stroke; a case–cross-
over study showed an odds ratio of 2.88 (95% 
confidence interval, 1.86 to 4.47) for stroke oc-
curring within 15 days after a hospital visit for 
an influenza-like illness, as compared with the 
same calendar period 1 or 2 years before the 
stroke.26 Emerging data suggest a much higher 
risk of stroke with Covid-19 than with influen-
za.27 Multiple studies have reported on the fre-
quency and characteristics of stroke in patients 
with Covid-19.5,6,28 Ischemic stroke appears to 
affect men and older adults with cardiovascular 
risk factors most frequently. Potential mecha-
nisms of stroke associated with Covid-19 include 
coagulopathy, cardiac embolism due to myocar-
dial injury, and nonadherence to medication, all 
of which may be common during this pandemic 
(Fig. 2). However, most patients with Covid-19 
who had a stroke also had concurrent advanced 
systemic illness. This patient had mild viral ill-
ness at the time of stroke, and the d-dimer level 
at the time of admission was not markedly ab-
normal. It is conceivable that the small-vessel 
stroke resulted from viral endotheliitis or sys-
temic inflammation, since her subacute head-
ache and transient psychosis could be consistent 
with viral encephalitis. SARS-CoV-2 may invade 
the endothelium29; in addition, it is associated 
with vasculitis,30,31 and pathological evidence 
indicates that SARS-CoV-2 RNA may be present 
within brain tissue.32,33

In conclusion, this patient’s brief psychosis 
was probably related to direct and indirect ef-
fects of SARS-CoV-2 infection, including the so-
cioeconomic effect of Covid-19 in combination 
with underlying schizophrenia, and to the new 
infarct in the right hemisphere. The small-vessel 
stroke resulting from lipohyalinosis was proba-
bly triggered by Covid-19, although direct viral 
mechanisms cannot be ruled out.

Dr . A neesh B .  Singh a l’s 
Di agnosis

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection resulting in acute psycho-
sis and ischemic stroke.

Neurol o gic Illness A sso ci ated 
w i th Cov id -19

Dr. Bart K. Chwalisz: High rates of neurologic dys-
function have been reported in retrospective case 
series of Covid-195,9,34 (Table 2). One can distin-
guish between minor neurologic symptoms that 
are important for diagnostic recognition and 
case finding and major neurologic disorders that 
can have an effect on a patient’s risk of death 
and complications. The severity of neurologic 
findings does not necessarily correlate well with 
the criteria used for the classification of severity 
of Covid-19, which are based on features of the 
respiratory illness.

Minor Neurologic Symptoms of Covid-19

Headache was one of the presenting symptoms 
in this patient. Minor neurologic symptoms — 
such as headache, anosmia, ageusia, dizziness, 
nausea and vomiting, and muscle aches — ap-
pear to be rather common, even in mild cases of 
Covid-19.34,37-39,48 The prevalence of neurologic 
symptoms was reported to be 36.4% in a retro-
spective series from China5 and 57.4% in a series 
from Spain.34 However, these rates appear to be 
underestimations; more recently, much higher 
rates of smell and taste disturbances have been 
reported from other countries (Table 2). Neuro-
logic symptoms such as headache may be early 
manifestations of Covid-19 that develop before 
any respiratory symptoms or abnormalities on 
chest imaging are present.5

Smell and taste disturbances, which appear 
to be particularly characteristic of Covid-19, even 
among patients who report no nasal obstruc-
tion, include anosmia, ageusia, parosmia, and 
phantosmia. This patient did not report smell 
disturbances, but she may have had a decreased 

Figure 2 (facing page). Stroke Subtypes and Mechanisms 
in SARS-CoV-2 Infection.

Coagulopathy and inflammation (black box) are central 
to thrombosis within cerebral blood vessels and cardiac 
embolism, the two major mechanisms of ischemic 
stroke in SARS‑CoV‑2 infection. Other possible mecha‑
nisms of stroke and sources of cardiac embolism are 
listed in the lighter boxes. Patients with SARS‑CoV‑2 
 infection may have a higher risk of stroke because of 
coexisting factors such as advanced age, cardiovascular 
disease, nonadherence to medications, and cerebral 
microvascular dysfunction. ACE2 denotes angiotensin‑
converting enzyme 2, and RAAS renin–angiotensin– 
aldosterone system.
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sense of smell at baseline, since odor discrimi-
nation can be decreased in patients with first-
episode psychosis,49 as well as in those with 
chronic schizophrenia.50 In addition to the diag-
nostic importance of anosmia, the high rate of 

this disorder in Covid-19 has led to speculation 
that the first cranial nerve could be a portal of 
entry into the CNS. Of note, the olfactory bulb 
has direct axonal connections to the medial 
temporal lobe, an area of the brain associated 

Sources of cardiac embolism

Deep-vein thrombosis with 
cerebral embolism across 
patent foramen ovale

Cerebral venous sinus 
thrombosis (rare)

Large-vessel occlusion (70–80%)

• Left ventricular thrombus 
   - Acute myocardial infarction 

from coronary plaque   
instability or vasculitis 
(endothelial inflammation or 
direct viral invasion)

   - Myocardial injury from infection, 
inflammation, hypoxemia, 
hypertension, sepsis, 
catecholamine excess, or RAAS 
or ACE2 dysregulation

• Cardiac arrhythmias
  - Viral infection
  - Toxic effects of drugs

• Endocarditis
  - Secondary infections
  - Lupus anticoagulant

Coagulopathy and Inflammation

• Elevated D-dimer level
• Elevated fibrinogen level 
• Disseminated intravascular 

coagulation
• Sepsis
• Lupus anticoagulant 
• Cytokine storm
• Elevated C-reactive protein level

Small-vessel occlusion (20–30%)

• In situ thrombosis
• Cardiac embolism
• Vasculitis (endothelial inflamma-

tion or direct viral invasion)

• In situ thrombosis
• Cardiac embolism

Intracranial hemorrhage (10%)

• Consumption coagulopathy
• Hypertension (RAAS or ACE2 

dysregulation or catecholamine 
excess)

• Vasculitis (endothelial 
inflammation or direct viral 
invasion)
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with psychosis. However, it appears that, in 
most cases, anosmia is a transient symptom that 
resolves within a week.51 The rapid resolution 
suggests that anosmia may be mediated by a 
transient dysfunction of the olfactory epithelium 

rather than by neuronal destruction. Indeed, an 
analysis of gene expression patterns in various 
cell types of the upper respiratory epithelium 
showed that olfactory sensory neurons lack angio-
tensin-converting enzyme 2 (ACE2) and trans-
membrane serine protease 2 (TMPRSS2) — pro-
teins that have been shown to facilitate 
SARS-CoV-2 infection. However, these proteins 
are expressed in supportive cells of the olfactory 
epithelium, such as basal cells, sustentacular cells, 
and secretory cells.52 Thus, the common occur-
rence of anosmia among patients with Covid-19 
should not be taken as prima facie evidence of 
invasion of the CNS by SARS-CoV-2. However, in 
at least one case, radiologic changes in the olfac-
tory bulb and gyri recti have been reported, 
findings that merit further study.53

Major Neurologic Symptoms of Covid-19

Major neurologic symptoms of Covid-19 include 
CNS disorders such as encephalopathy, stroke, 
and myelopathy, as well as severe neuromuscular 
disturbances such as rhabdomyolysis,54 the Guil-
lain–Barré syndrome,55,56 and cranial-nerve dys-
function.43,44

In a retrospective series of patients with 
Covid-19, neurologic symptoms were reported 
in 45.5% of the patients with severe infection.5 
As compared with patients who had milder ill-
ness, the patients with severe illness were older 
and more likely to have underlying disorders 
such as hypertension; they also had fewer typical 
symptoms of Covid-19, such as fever or cough, 
but were more likely to have multiorgan involve-
ment such as liver-function abnormalities, im-
paired renal function, or elevated creatine kinase 
levels.5 In this series, impaired consciousness 
was present in 14.8% of the patients with severe 
Covid-19 and stroke in 5.7%.5

In a series of 58 consecutive patients with 
Covid-19 and acute respiratory distress syndrome 
in France, 14% had neurologic findings on ad-
mission, but 67% had neurologic findings when 
sedation and neuromuscular blockade were dis-
continued; findings included agitation, delirium, 
and corticospinal tract signs such as hyperre-
flexia, clonus, and extensor plantar reflexes.6 A 
dysexecutive syndrome was present in 33% of 
the patients at discharge.

Vascular dysfunction is prominent in severe 
Covid-19, as evidenced by elevated levels of d-dimer 

Table 2. Reported Neurologic Manifestations of SARS-CoV-2 Infection.*

Manifestation Percentage of Study Patients

Any neurologic manifestation 36.4% (Mao et al.)
57.4% (Romero‑Sánchez et al.)

Decreased taste  5.6% (Mao et al.)
28.8% (Giacomelli et al.)
  88% (Lechien et al.)

Decreased smell  5.1% (Mao et al.)
23.7% (Giacomelli et al.)
85.6% (Lechien et al.)

Muscle injury or myalgias 10.7% (Mao et al.)
17.2% (Romero‑Sánchez et al.)
23.8% (Goyal et al.)
34.8% (Wang et al.)
  44% (Huang et al.)

Dizziness  6.1% (Romero‑Sánchez et al.)
16.8% (Mao et al.)

Headache 13.1% (Mao et al.)
14.1% (Romero‑Sánchez et al.)

Neuropsychiatric disorder (delirium, 
agitation, or dysexecutive syn‑
drome) or impaired consciousness

 7.5% (Mao et al.)
  69% (Helms et al.)

Stroke  2.8% (Mao et al.)
Present in case series (Oxley et al.)

Nerve pain  2.3% (Mao et al.)

Vision disturbance or optic neuritis   <1% (Romero‑Sánchez et al.)
 1.4% (Mao et al.)

Ataxia or movement disorder   <1% (Mao et al. and Romero‑
Sánchez et al.)

Seizure   <1% (Mao et al., Lu et al., and 
Romero‑Sánchez et al.)

Guillain–Barré syndrome, Miller Fisher 
syndrome, or ophthalmoparesis

Present in case report (Zhao et al.) 
and case series (Toscano et al., 
Gutiérrez‑Ortiz et al., and Dinkin 
et al.)

Acute necrotizing encephalopathy Present in case report (Poyiadji et al.)

Meningoencephalitis Present in case report (Moriguchi et al.)

Myelitis Present in case report (Zhao et al.)
Present in case report (Sotoca et al.)

*  The study by Mao et al.5 (conducted in China) included 214 patients, Romero‑
Sánchez et al.34 841 patients, Giacomelli et al.35 (an inpatient study) 59 patients, 
Lechien et al.36 (an outpatient study) 417 patients, Goyal et al.37 393 patients, 
Wang et al.38 138 patients, Huang et al.39 41 patients, Helms et al.6 58 patients, 
Oxley et al.40 5 patients, Lu et al.7 304 patients, Zhao et al.41 1 patient, Toscano 
et al.42 5 patients, Gutiérrez‑Ortiz et al.43 2 patients, Dinkin et al.44 2 patients, 
Poyiadji et al.45 1 patient, Moriguchi et al.46 1 patient, and Sotoca et al.47 1 pa‑
tient.



n engl j med 383;8 nejm.org August 20, 2020 771

Case Records of the Massachusetts Gener al Hospital

and procoagulant factors. Thromboembolic com-
plications, including stroke, are common.57

There are case reports of additional clinically 
significant neurologic presentations in Covid-19, 
including a case of meningoencephalitis associ-
ated with Covid-19 (with the detection of SARS-
CoV-2 nucleic acids in the CSF),46 a case of acute 
necrotizing encephalopathy,45 and two case re-
ports of myelitis.41,47

Putative mechanisms of neurologic dysfunc-
tion in severe Covid-19 include direct neuroinva-
sion, endothelial dysfunction, and a neurotoxic 
effect from exuberant inflammation and cyto-
kine release. Unfortunately, neuropathological 
confirmation of any of those mechanisms is 
currently lacking.

Discussion of Pathoph ysiol o gy

Dr. Shibani S. Mukerji: Human coronaviruses are 
large, positive-sense, single-stranded RNA virus-
es, of which the betacoronavirus genus has been 
responsible for human disease outbreaks during 
the past 20 years.58 Although betacoronaviruses 
are known to cause neurologic illness in some 
people, there is limited understanding about the 
breadth of neurologic effects associated with 
SARS-CoV-2 and the potential entry of the virus 
into the CNS. In SARS-CoV infections, autopsy 
specimens of the brain show the presence of the 
SARS-CoV nucleocapsid protein in the cytoplasm 
of neurons in the hypothalamus and cortex on 
immunohistochemical analysis,59 and viral parti-
cles are seen on electron microscopy.60 Low levels 
of SARS-CoV-2 RNA were recovered from brains 
in two autopsy case series, although the presence 
of SARS-CoV-2 has not yet been identified in neu-
ronal, glial, or endothelial cells in the CNS.32,33

SARS-CoV is structurally most similar to 
SARS-CoV-2, and both use the ACE2 receptor to 
gain entry into cells.58 In animal models, ACE2 
protein is expressed in multiple tissue types, 
including that of the lung, gastrointestinal tract, 
and lymph nodes, as well as in endothelial and 
smooth-muscle cells. In murine brain tissue, 
basal ACE2 protein expression is widespread, 
and the highest levels of expression are found in 
the primary and secondary motor cortex, caudate 
nuclei, medullary nuclei, and circumventricular 
organs.61 Although ACE2 messenger RNA (mRNA) 
expression is low in the human brain relative to 

renal, gastrointestinal, and cardiovascular tis-
sues, expression can be seen in the cerebellum, 
hippocampus, cortex, hypothalamus, substantia 
nigra, and medullar nuclei. Interestingly, mRNA 
has been identified in the choroid plexus and 
middle cerebral artery,62 and in an autopsy series 
of three cases in humans, ACE2 protein expres-
sion was limited to the endothelium and vascu-
lar smooth-muscle cells.63 Although SARS-CoV-2 
uses the surface protease TMPRSS2 as a corecep-
tor for spike protein priming, TMPRSS2 has 
minimal expression in the brain.64 Given our 
limited understanding of SARS-CoV-2 in the 
CNS, including the mechanisms of neuronal in-
fection, there is a critical need for integrating 
brain and spinal-cord autopsy findings with 
comprehensive clinical details to improve our 
understanding of virus–host interactions.

Discussion of M a nagemen t

Dr. Singhal: This patient had relative contraindica-
tions to treatment with intravenous tissue plas-
minogen activator and to mechanical thrombec-
tomy (including mild deficit 10 hours after she 
was last seen well, and the potential for infec-
tion-related stroke). Because of her mild, stable 
symptoms and the challenges with performing 
imaging in the context of Covid-19, urgent com-
puted tomography of the head was deferred and 
MRI of the head was performed within 2 hours 
after presentation. Once infarction was con-
firmed, treatment with clopidogrel was added to 
her current aspirin regimen on the basis of evi-
dence that short-term dual antiplatelet treatment 
is beneficial in patients with minor stroke.65

Atorvastatin was initiated for stroke preven-
tion. Despite theoretical concerns about the 
safety of ACE inhibitors in patients with Cov-
id-19, treatment with lisinopril was continued in 
accordance with recent guidance.66 Risperidone 
treatment was continued, since the benefit out-
weighed known risks in patients who have had 
a stroke, and low-molecular-weight heparin was 
administered to prevent deep-vein thrombosis.

Foll ow-up

Dr. Baggett: On hospital day 5, tachypnea and 
fever developed in the patient. A chest radio-
graph showed bilateral multifocal patchy hazy 
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and patchy consolidative opacities with periph-
eral predominance in the middle and lower lung 
zones. Ceftriaxone and azithromycin were ad-
ministered. Supplemental oxygen was not initi-
ated. The patient’s hospital course was further 
complicated by delirium, and she was treated 
with olanzapine and quetiapine. Her condition 
improved, and she was discharged to a rehabili-
tation facility on hospital day 14.

Fina l Di agnosis

Brief psychosis and small-vessel cerebral infarc-
tion, probably related to severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection.

This case was presented virtually at Neurology Grand Rounds 
during the Covid-19 pandemic.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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