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Abstract

While the respiratory complications of COVID-19 infection are now well known, psychiatric manifestations are an emerging issue. We report
a case of prolonged encephalopathy secondary to COVID-19 which was associated with prominent neuropsychiatric features. The patient
went on to develop sub-clinical seizures, a rare but recognised complication of SARS-CoV-2.
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Introduction

The newly identified SARS-associated coronavirus (SARS-CoV2)
emerged inWuhan, China, in late 2019, and rapidly spread globally
(Wuhan Municipal Health Commission, 2020; Lu et al. 2020; Hui
et al. 2020; Paules et al. 2020). Coronavirus disease (COVID-19)
was declared a pandemic by the World Health Organisation
(WHO) onMarch 11 2020 (WHO, 2020). The first confirmed case
of coronavirus in the Republic of Ireland was announced on the 29
February 2019 (Irish NPHET Statement, 2020).

High rates of anxiety, depression, post-traumtic stress disorder,
distress and stress have been reported in the general population
during the COVID-19 pandemic, (Kelly, 2020). Risk factors spe-
cific to distress include the presence of psychiatric or chronic ill-
ness (Xiong et al. 2020). Other than prior psychiatric disorder,
those with greater levels of pandemic-related disruption in daily
life are more likely to show signs of depression, anxiety and
trauma-related symptoms (Sherman et al. 2020).

COVID-19 has been shown to be associated with an increased
incidence of first psychiatric disorder up to 3 months after diagno-
sis, while a previous psychiatric diagnosis may be an independent
risk factor for COVID-19 diagnosis (Taquet et al. 2021). A large
study of 40,469 COVID-19 adult patients found that 22.5% had
neuropsychiatric manifestations. While the most common included
anxiety and related disorders (4.6%), a broad range of presentations
including sleep disorders, affective disorders, psychosis, encepha-
lopathy and seizure were noted (Nalleballe et al. 2020).

A UK-based surveillance project of neuropsychiatric and neu-
rological complications of SARS-CoV-2 found that in COVID-19
patients with altered mental state, 92% of these were new diagnoses
of neuropsychiatric disorders. New-onset psychosis, neurocognitive

syndrome and affective disorders were recorded, (Varatharaj
et al. 2020).

In patients presenting with COVID-19, it is estimated that 36%
will have neurological symptoms, including impaired conscious-
ness, dizziness, headache and neuromuscular dysfunction (Mao
et al. 2020). A study of critically ill patients with COVID-19 found
that 74% had COVID-19 related encephalopathy and common
MRI findings were diffuse deep white matter, corpus callosum
and basal ganglia T2/FLAIR hyperintensity (Scullen et al. 2020).
An analysis of case reports and case series suggested that encepha-
lopathy is more common in patients of 50 years or more and
is more common in critically ill patients (Garg et al. 2020).
However, in most patients, cerebral spinal fluid (CSF) does not
demonstrate evidence of encephalitis. Although SARS-CoV-2
RNA can be detected in CSF with polymerase chain reaction
(PCR) testing (Huang et al. 2020), repeated negative CSF has been
reported with concurrent COVID-19 and neurological disease (Al
Saiegh et al. 2020).

While there are several case reports of patients with COVID-19-
related encephalopathy with associated subclinical seizures
(Bernard-Valnet et al. 2020; Vollono et al. 2020; Somani et al.
2020; Balloy et al. 2020), little attention has been paid to the
neuropsychiatric presentation of these cases.

In this case report, we present a case of prolonged encephalopa-
thy secondary to COVID-19 which was associated with prominent
neuropsychiatric features

Case

A 56-year-old White Irish male presented to the Emergency
Department of Beaumont Hospital, a large Dublin academic teach-
ing hospital, complaining of chest pain, shortness of breath and
cough, 2 weeks after the first COVID-19 case was diagnosed in
Ireland. His past medical history included hypertension, hypercho-
lesterolaemia and drug-induced hepatitis (from a prescribed anti-
biotic). He was apyrexic and normotensive with a respiratory
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rate of 20. Sp02 was 94% on room air. The patient was alert and
coherent.

C-Reactive Protein (CRP) was raised at 54 mg/L (normal range
<10 mg/L) while other inflammatory markers were within normal
ranges. Electrocardiogram was unremarkable. Troponin level was
15 ng/Land 14 ng/L on serial data (normal range <14 ng/L). A
coronary angiogram showed no obstructive coronary disease.
CT Thorax with contrast showed multifocal mucous plugging with
subadjacent foci of peribronchovacular nodularity and ground-
glass change. SARS-CoV2 PCR nasopharyngeal swab was negative.
The patient was treated for community-acquired bacterial pneu-
monia with IV amoxicillin and was discharged with a prescription
for a further 5 days of oral amoxicillin.

The patient represented to the Emergency Department 6 days
later, with confusion, agitation and complaining of ‘pressure in the
head’. His family gave a collateral of rapidly progressive disorien-
tation, forgetfulness and difficulty using his phone, driving and
performing complex tasks. The patient had a good functional
and cognitive baseline. He was employed on a full-time basis in
a skilled job.

On examination, he was amnestic with executive dysfunction,
significant attentional deficits, and poor spatial awareness. There
were no localising sensorimotor findings. Vitals showed pyrexia
at 38.5°, heart rate of 96 bpm, normotensive blood pressure,
respiratory rate between 16–22/minute and Sp02 of 96% on room
air. SARS-CoV2 PCR nasopharyngeal swab was positive. The
patient underwent a sequence of investigations in order to reach
a definitive diagnosis as to the cause of his acute neurological pre-
sentation. CSF revealed<1/uL leucocytes,<1/uL erythrocytes, glu-
cose of 2.9 mmol/L and total protein of 35. CSF PCR was negative
for herpes simplex type 1 (HSV-1), herpes simplex type 2 (HSV-2),
varicella zoster virus (VZV), parechovirus (HPeV) and mumps
virus RNA. Paraneoplastic antibody screen was negative (anti-Hu,
Yo, Ri, Ma, CV2, PNMA2, MA2TA, recoverin, TITIN, SOX1 ZIC4,
GAD65, Tr (DNER), amphiphysin). Anti-N-methyl D-aspartate
(NMDA) antibodies were negative. Autoimmune screen and vascu-
litic screen were negative. Frontotemporal dementia screen of CSF
tau, phospho-tau and beta-amyloid were within normal ranges.
Ammonia and copper levels were within normal ranges.
Electroencephalogram (EEG) showed normal background rhythm
with no focal or generalised epileptiform discharges. Magnetic
Resonance Imaging (MRI) Brain showed non-specific subcortical
FLAIR hyperintensities in the superior frontal lobes bilaterally, and
increased T2 signal within the caudate heads bilaterally and possibly
the right parasagittal region, indicating inflammation. Dopamine
Transporter (DAT) scan showed no evidence of loss of presynaptic
dopaminergic terminals.

The impression ultimately was toxic encephalopathy secondary
to COVID-19 infection. This was a diagnosis of exclusion.
Unfortunately, SARS-CoV2 PCR of CSF could not be tested at
the time as it had not yet been validated locally or nationally in
the National Virus Reference Laboratory (NVRL).

The patient continued to be confused throughout his admis-
sion, presenting as partially orientated, labile in mood and impul-
sive. On mental state examination the patient was distracted and
overly familiar in manner. He presented as impulsive, with
increased agitation, and his speech was pressured with formal
thought disorder including perseveration. His affect and mood
were labile, while his thought form was disordered. Although he
expressed fleeting paranoid ideation, there were no fixed delusional
beliefs or over-valued ideas. The patient scored 10/30 in the Mini-
Mental State Exam (Folstein et al. 1975) after 1 week of admission,

losing points for attention and calculation, delayed recall, visuo-
spatial construction and executive functioning. He was aware of
a change in his memory and mental state, and repetitively rang
family members seeking reassurance. There was close collabora-
tion between the Neuropsychiatry andNeurology teams tomanage
the patient’s fluctuating level of consciousness. A diagnosis of
hyperactive delirium was made, and the Beaumont Hospital
Delirium Protocol (BHDP) was commenced (Patel et al. 2020).
Haloperidol was introduced at a low dose and titrated up to 2 mg
twice daily, and this was subsequently augmented with trazodone
100 mg nocte. Quetiapine was later substituted for haloperidol due
to the development of extrapyramidal side effects, at a dose of
50 mg twice daily. The patient scored 12/30 in the Montreal
Cognitive Assessment Test (MoCA) (Nasreddine et al. 2005) at
week two of the admission, losing marks for visuospatial and exec-
utive functioning, attention, delayed recall, and fluency of lan-
guage. The Trail Making Test (TMT) (Army Individual Test
Battery, 1944) at week four showed significant deficits in attention.

Over a period of weeks, the patient appeared to show gradual
improvement in his levels of agitation and cognitive impairment,
although a fluctuating element was still present. Repeat MRI Brain
showed initially showed resolution of the high signal intensity in
the caudate heads of the inferior frontal lobes and parasagittal right
frontal lobe at the vertex, suggesting a resolving toxic aetiology. On
week 10 of admission, the patient was treated with Privigen IVIg at
a dose of 20 g for 5 consecutive days. The decision wasmade to trial
IVIg in light of promising case reports emerging in the literature of
treatment of COVID-encephalopathy. The patient was sub-
sequently transferred to a step-down facility for neurorehabilita-
tion at week 12 of admission, where he initially made good
progress. The patient scored 24/30 in a MoCA prior to transfer.

Four weeks into his rehabilitation (16 weeks after his initial pre-
sentation), the patient deteriorated from a cognitive and psychiat-
ric perspective. He again became disorientated and agitated, with
increased non-purposeful motor activity. His speech was repetitive
with increased flow. Short-term memory and working memory
were impaired. He was re-admitted to Beaumont Hospital for fur-
ther evaluation. The BHDP was utilised and regular haloperidol
2 mg BD was prescribed. SARS-CoV2 PCR nasopharyngeal swab
was negative. Repeat lumbar puncture was unremarkable. Positron
emission topography (PET) scan did not show signs ofmalignancy.
MRI Brain showed no residual caudate or frontal lobe abnormal-
ities. Due to the complex nature of the patient’s presentation, he
underwent a right frontal lobe core biopsy, but no abnormalities
were detected. Video EEG showed bi-frontal periodic epileptiform
discharges. The patient remained alert but apathetic throughout
the EEG. Bolus administration of lorazepam significantly
improved alertness and prosody of speech, with resolution of fron-
tal discharges. This finding confirmed sub-clinical seizures, that is,
seizures recorded on EEG without motor or somatic seizure activ-
ity (Zangaladze et al. 2008).

The patient showed clinical improvement with introduction of
anti-epileptic drugs; levetiracetam 750 mg BD, and clobazam
10 mg BD A subsequent EEG showed complete resolution of the
epileptiform discharges. Some 2 months after his readmission,
he scored 26/30 on the MOCA, losing points for visuospatial exec-
utive functioning and delayed recall. In addition, he scored 88/100
on the Addenbrooke’s Cognitive Assessment (ACE-III) (Hsieh
et al. 2013), losing points in visuospatial abilities, language, and
attention. The diagnosis of COVID-19 encephalopathy with asso-
ciated sub-clinical epileptiform seizures was made. The patient will
remain on anti-epileptic medication and will be regularly reviewed
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in neurology clinic to review his progress. Prognosis for the future
is uncertain in this emerging condition.

Discussion

We present the case of a 56-year-old male with neuropsychiatric
sequelae of COVID-19 encephalopathy including hyperactive
delirium associated with confusion, agitation, pressure of speech,
formal thought disorder, perseveration and paranoid ideation.

Challenges in this case included the absence of a confirmatory
diagnostic test, evolution of the presentation over time and diffi-
culty predicting disease trajectory.

Human coronavirus (hCoV) has neuroinvasive properties
and has been suggested to induce overactivation of the autoim-
mune system in susceptible individuals (Desforges et al. 2014).
SARS-CoV-2 may have higher neuroinvasive potential than
hCoV predecessors (Natoli et al. 2020). While direct central nerv-
ous system pathology due to viral illness is most frequently linked
with neurotropic viruses, respiratory viral illnesses (such as the
human respiratory syncytial virus (hRSV), the influenza virus
(IV), the coronavirus (CoV) and the human metapneumovirus
(hMPV)) are also known to be associated with neurological
sequelae (Bohmwald et al. 2018). The mechanism of injury causing
encephalopathy in COVID-19 patients is likely multifactorial,
involving inflammatory, thrombotic, and viral impacts on the
endothelium and parenchyma, (Bodro et al. 2020). Although the
patient tested negative for COVID-19 during his first admission,
sensitivity of nasal swabs is estimated at only 63% (Wang et al.
2020). CT Thorax showing bilateral ground-glass change may
be clinically suggestive of COVID-19 (Salehi et al. 2020). It was
noted following the Middle East Respiratory Syndrome (MERS)
viral pandemic that neurological complications could be delayed
2–3 weeks following respiratory symptoms (Kim et al. 2017).
Neurological manifestations of COVID-19 are thought to be both
immune and non-immune mediated (Needham et al. 2020),
although the pathways are incompletely known at present.
Plasmapheresis for COVID-19-related autoimmune meningoen-
cephalitis is an emerging treatment which may prove promising
(Dogan et al. 2020) and was considered novel at the time of this
case. It was unclear in this case what, if any, the contribution of
IVIg treatment was to the improvement of the patient.

As a definitive test confirming direct SARS-CoV2 neuro-
invasion was lacking, the patient required extensive investigations,
including a brain biopsy, to prove the diagnosis of exclusion. This
was amajor limitation of this case.While CSF PCR for SARS-CoV2
is now possible in Ireland, very low positivity rates of PCR for
SARS-CoV-2 have been found in COVID-19 patients with acute
neurological symptoms (Lewis et al. 2021), although high levels
of non-specific autoantibodies in CSF support the argument for
an indirect autoimmune response (Lucchese, 2020). This creates
a challenge for clinicians treating similar cases, to strike a balance
between thorough assessment and over-investigation.

In this patient, an initial EEG at the time of the first neurological
presentation was normal, however a later video-EEG showed epi-
leptiform discharges. A case series found that 40% of COVID-19
positive patients had abnormal EEG findings, the most common
being frontal sharp wave pattern (Galanopoulou et al. 2020).
Frontal sharp wave patterns can indicate interictal epileptiform
activity (Krakow et al. 1999).

Abnormal EEG findings have been shown to be associated with
more critically ill patients (Petrescu et al. 2020).

Recovery in this case has been slow but promising, with a pro-
tracted period of encephalopathic symptoms. The best predictor of
recovery for this and similar patients is likely that of SARS patients.
Functional disability in SARS survivors has been found to be due to
a complex interplay of physical deconditioning, neuropsychiatric
and psychological factors (Hui et al. 2009). Unfortunately, in the
COVID-19 cohort, patients admitted with neurological disease
have been shown to have higher mortality, higher rates of delirium
and greater disability (Benussi et al. 2020). Long term neuropsychi-
atric, particularly cognitive, complications of COVID-19 are
expected to pose future significant challenges to the healthcare sys-
tem, especially given the high prevalence of the disorder (Needham
et al. 2020; Troyer et al. 2020). The new diagnosis of COVID-19
related encephalopathy, although rare, should be included as a dif-
ferential in patients presenting with new behavioural disturbance,
particularly for those in whom COVID-19 is confirmed or
suspected.
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