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The novel coronavirus, severe acute respiratory syndrome-
related coronavirus-2 (SARS-CoV-2), was initially discovered in
November 2019 in Wuhan, China. The associated human disease,
coronavirus disease 2019 (COVID-19), rapidly became a global
pandemic.! By March 2020, the USA began to experience its first
wave of infections, with New York City at the epicentre. In the
hardest hit areas, healthcare facilities were overwhelmed. Criti-
cally ill patients exceeded the capacity of ICUs, operating rooms
were converted to makeshift ICUs, and temporary satellite hos-
pitals were erected to divert care for non-critically ill patients.”
With the introduction of social distancing, contact tracing,
mandatory masks, and similar public health measures, New
York City and the surrounding area were ultimately able to
‘flatten the curve’.’ Months later, as other US cities and states
began to relax their stay-at-home restrictions and people
across the USA optimistically prepared to resume their former

lives, cases began to increase again at an alarming rate,
especially in southern and western states.* Although there is
debate among epidemiologists whether the recent increase in
cases constitutes a ‘second wave’ or an ongoing first wave, the
overriding consensus is that the COVID-19 pandemic is far
from over.” Thus, we have become accustomed to social
distancing, mask regulations, and quarantine measures, the
‘new normal’. These measures will likely remain in place until
the development and widespread administration of a SARS-
CoV-2 vaccine. Several companies including Moderna and
the National Institute of Allergy and Infectious Diseases in the
USA and University of Oxford and AstraZeneca in the UK have
entered phase 3 trials for a SARS-CoV-2 vaccine and plan on
having results by early 2021.

With the growing number of infected people there is a
simultaneous increase in the number of recovered patients with
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Fig 1. Wheel of factors contributing to long-term cognitive and functional decline in COVID-19 survivors. COPD, chronic obstructive

pulmonary disease; COVID-19, coronavirus disease 2019.

chronicneeds, so-called ‘long-haulers’. People who have cleared
their SARS-CoV-2 infections are not all symptom-free. Many
report continued fatigue, joint and bone pain, palpitations,
headaches, dizziness, and insomnia. There is also concern for
irreversible pulmonary scarring and dysfunction, especially in
patients with severe pulmonary disease.® Given that the virus
has only been known for a matter of months, long-term studies
simply do not exist yet, and the outlook for these patients re-
mains completely unknown. There are likely to be many chronic
consequences of COVID-19 beyond the initial wave of acute in-
fections that will be uncovered in the coming months and years.

One long-term impact of COVID-19 that is becoming
increasingly apparent is its effect on cognitive function, even
in those with mild symptoms. One-third of COVID-19 patients
report neurological symptoms, and there have been anecdotal
accounts of ‘COVID-19 delirium’, manifesting as paranoid
hallucinations, confusion, and agitation in more than 20% of
hospitalised patients.”® A small study from the UK reported
delirium in 42% of COVID-19 patients.’ One of the highest-risk
groups for severe manifestations of COVID-19, patients more
than 65 yr old, often have underlying mild cognitive impair-
ment (MCI) and are already at increased risk of delirium as a
result of underlying ‘neurocognitive frailty’.'>*' COVID-19-
related inflammation also increases susceptibility to silent
infarcts, blood—brain barrier (BBB) permeability, thrombosis,
and coagulopathy, all of which may further propagate neuro-
logical injury.'? Moreover, the clinical management of these
patients, including patient isolation, lack of personal protec-
tive equipment (PPE) resulting in reduced staff contact, lack of
family/visitors, and long-term ventilation/sedation, not only
places them at high risk for delirium and subsequent cognitive
deficits, but also likely under-diagnosis of delirium. Taken
together, there is growing evidence that a patient’s COVID-19
risk factors, pathology, and treatment course can indepen-
dently and synergistically contribute to development of long-

term cognitive and functional decline (Fig. 1). In addition to
poor outcomes for patients, the severe agitation associated
with delirium in many COVID-19 patients in the ICU creates
difficulties for staff and compounds the stress of caring for
these extremely sick patients.

COVID-19 risk factors and underlying
neurocognitive frailty

Risk factors for severe COVID-19 infection include advanced
age,'® medical comorbidities, most commonly hypertension
(40—60%), diabetes mellitus (20—40%), obesity (40—50%),'* and
smoking.’® This population overlaps significantly with at-risk
groups for MCI and cognitive decline, which include
advanced age, traumatic brain injury, obesity, hypertension,
current smoking, and diabetes mellitus.'® Together, such risk
factors represent a baseline neurocognitive frailty that can
increase susceptibility to cognitive complications during and
after inflammatory states,” similar to perioperative neuro-
cognitive disorders associated with surgery and anaesthesia.!!
Thus, the highest risk individuals for severe COVID-19 infec-
tion may also represent the most inherently susceptible pop-
ulation for cognitive decline in the setting of COVID-19
inflammation.

The multisystemic role of COVID-19
inflammation in cognitive decline

Pulmonary: hypoxaemia

Pulmonary dysfunction in COVID-19 is propagated by SARS-
CoV-2 infection of ciliated bronchial epithelial cells and type-
II pneumocytes. The virus gains entry into these cells by
binding to the angiotensin-converting enzyme 2 (ACE2) re-
ceptor, triggering viral endocytosis. Subsequently, the viral
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surface spike (S) glycoprotein is cleaved by the trans-
membrane protease serine 2 (TMPRSS2) causing release of
viral contents and propagation of the infection.®

The lung damage and resulting hypoxaemia caused by
COVID-19 likely contribute indirectly to neuronal injury and
subsequent cognitive decline. Cognitive impairment is
frequently seen in patients with chronic hypoxaemia,
including chronic obstructive pulmonary disease (COPD) and
obstructive sleep apnoea.’®?° Similarly, patients with COVID-
19 acute respiratory distress syndrome (ARDS) can exhibit
severe hypoxaemia despite relatively well-preserved lung
mechanics.?’ This ‘silent hypoxaemia’ has been described in
COVID-19 patients as ‘oxygen levels incompatible with life
without dyspnoea’.?? In critically ill patients with COVID-19,
the resulting hypoxaemia has largely necessitated tracheal
intubation and prolonged mechanical ventilation to address
the ensuing chronic hypoxaemic state.

Vascular: coagulopathy and thrombosis

SARS-CoV-2 has also been found to invade endothelial cells,
leading to vascular inflammation and a high rate of super-
imposed arteriovenous thrombotic complications.”®> SARS-
CoV-2 can also cause a systemic vasculitis and cytokine
storm that can damage a range of organ systems, with renal,
hepatic, dermatological, and cardiac manifestations. Cardiac
complications are among the most severe in COVID-19 infec-
tion, ranging from fulminant myocarditis to heart failure and
cardiac arrest.?*

The hypercoagulable and hyperinflammatory states seen
in severe COVID-19 may contribute to delirium and future
cognitive decline, as inflammation and coagulopathy are
independently associated with an increased risk of delirium
and poor outcomes in critically-ill patients.’? Moreover, SARS-
CoV-2 infection can cause susceptibility to silent infarcts and
thromboses via microemboli.

Neurological: BBB breakdown, microglial activation,
and direct neuronal injury

Neuroinflammation can cause cognitive dysfunction by
compromising the BBB.” In both animals and humans, in-
flammatory insults can cause upregulation of pro-
inflammatory cytokines and inflammatory mediators in the
serum and CNS.!! Peripheral pro-inflammatory cytokines such
as interleukin-1 (IL-1), IL-6, and tumour necrosis factor alpha
(TNF-0) compromise BBB permeability via cyclooxygenase-2
(COX-2) upregulation and matrix metalloprotease (MMP) acti-
vation. Once the BBB is disrupted, cytokines can enter the CNS
and cause microglial activation and oxidative stress, leading to
synergistic cognitive impairment. The resulting neuro-
inflammation can contribute to delirium in the short term and
severe long-term cognitive deficits.?

Iatrogenic factors and hospital delirium

In addition to the baseline cognitive susceptibility of high-risk
patients and the neurological effects of COVID-19 inflamma-
tion, patients affected with COVID-19 often have hospital
courses that can further contribute to cognitive decline. Acute
mental status changes, such as delirium, are common in
hospitalised COVID-19 patients. Delirium itself is associated
with subsequent cognitive decline,’® and is a common occur-
rence in ICU patients, as observed in ARDS.%’

Despite the known iatrogenic contributors to cognitive
decline in COVID-19 patients, many COVID-19 patients were
denied typical precautions and interventions for cognitive health
because of the transmissibility of SARS-CoV-2 and the increased
load of critically ill patients in the first wave. Our experience in a
New York City hospital reflects this course: patients were intu-
bated early in their disease progression, often with limited
family contact. These mechanically ventilated patients experi-
enced prolonged periods of ‘iatrogenic hypoxaemia’, as it is
common to maintain Pao, values as low as 55 mm Hg (7.3 kPa) or
Sao, concentrations as low as 88% in ARDS management.”®
Ventilated patients were commonly agitated and required pro-
longed sedation with multiple agents to prevent self or staff
harm. Although arousal and auditory functions, such as a pa-
tient hearing their name spoken by a familiar voice, are some of
the most effective measures for emergence from disorders of
consciousness,” simple measures such as this are difficult to
implement because of pandemic precautions.

Both short- and medium-term neurological deficits are
already being observed in both critically ill and non-critically ill
COVID-19 survivors, although long-term studies are yet to be
completed. In fact, the fourth most common presenting symp-
tom of COVID-19 is confusion or altered consciousness, sug-
gesting both direct and indirect early neurological consequences.
These data raise serious concerns regarding subsequent devel-
opment of cognitive and functional decline in these patients, as
cognitive decline is largely an insidious process after a heralding
neurological or neurocognitive insult. Moreover, cognitive
decline does not occur in isolation; rather it manifests in reduced
quality of life and impaired ability to perform activities of daily
living (ADLs) and instrumental ADLs (IADLs). Cognitive decline is
often undiagnosed until it is more advanced and accompanied
by moderate to severe functional deficits.

It may benefit our cumulative research efforts to consider
the long-term effects of COVID-19 in alignment with anaes-
thesia and surgery, which are known precipitants of
inflammation-related cognitive and functional decline. Given
the overlapping inflammatory response to injury for both, this
may allow us to pre-empt poor cognitive and functional out-
comes for COVID-19 patients, and work to implement pre-
ventive interventions or treatments that may alleviate long-
term consequences of COVID-19. Drawing on the vast body
of literature addressing perioperative neurocognitive disor-
ders, which have a similar inflammatory component, may
facilitate advances in strategies for both, and other neurolog-
ical injuries, in a relatively short timeframe.

In summary, COVID-19risk factors, pathology, hospital course,
and patient factors comprise multiple neurological insults that
likely predispose patients to long-term cognitive dysfunction and
functional decline. Itis critical that we assess and monitor COVID-
19 survivors for cognitive impairment, poor psychosocial out-
comes, and functional decline. Research addressing the neuro-
logical sequelae of COVID-19, anaesthesia, and surgery, and other
inflammatory disorders are imperative to reduce or prevent these
poor outcomes for COVID-19 survivors, as well as for other in-
flammatory disease-related neurological insults.
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