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The novel human coronavirus disease (COVID-19) has been associated with vascular and thrombotic com-
plications, some of which may result from endothelial dysfunction, including the posterior reversible
encephalopathy syndrome (PRES). We report a case series of 8 patients with COVID-19 and PRES diagnosed
at two academic medical centers betweenMarch and July of 2020. The clinical, laboratory and radiographic
data, treatment, and short-term outcomeswere retrospectively analyzed. Themean agewas 57.9 ± 12 years,
and 50% were women. Four patients had previous vascular comorbidities. All the patients suffered from
severe pneumonia, requiring intensive care unit admission. Five patients were not hypertensive at presen-
tation (all SBP < 127 mmHg). Neurologic symptoms included seizures in 7 patients; impaired conscious-
ness in 5 patients; focal neurological signs in 3 patients; and visual disturbances in 1 patient. All
patients underwent brainmagnetic resonance imaging which indicated asymmetric T2 prolongation or dif-
fusion changes (50%), extensive fronto-parieto-occipital involvement (25%), vascular irregularities (12.5%)
and intracranial hemorrhage (25%). Four patients were treated with tocilizumab. Three patients were dis-
charged without neurologic disability, 2 patients had persistent focal neurologic deficits and 2 expired. One
patient’s prognosis remains guarded. Together, these data support the relationship between PRES and
endothelial dysfunction associated with severe COVID-19. In patients with severe COVID-19, PRES can
be triggered by uncontrolled hypertension, or occur independently in the setting of systemic illness and
certain medications. Like other infectious processes, critically ill patients with COVID-19 may be at greater
risk of PRES because of impaired vasoreactivity or the use of novel agents like Tocilizumab.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction ment of the disease, including headache, dizziness, myalgias, or
Since Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) was identified inWuhan (China) at the end of 2019, over one
hundred million people have been diagnosed with coronavirus dis-
ease 2019 (COVID-19), withmore than twomillion deaths to date [1].

The majority of COVID-19 patients present with asymptomatic
or mild infection, developing symptoms like fever, cough, myalgias
and headache. Pneumonia is the most frequent serious manifesta-
tion of the disease, with acute respiratory distress syndrome being
a major complication in severe cases [2,3]. Neurological symptoms
have been observed in over one-third of severe COVID-19 patients
[4,5], some of which have been attributed to the systemic involve-
even cerebrovascular diseases that might have been triggered by
a hypercoagulable state. However, other more specific manifesta-
tions have been observed, like hyposmia and hypogeusia, polyneu-
ropathy, encephalitis, and encephalopathy that raise the possibility
of direct neural invasion of SARS-CoV-2 [6].

Various reports of neurological manifestations of previous coro-
navirus epidemics provide a roadmap regarding potential neuro-
logical complications, but the pathophysiology of neurologic
damage caused by SARS-CoV-2 is still being studied. Neurotropism
of SARS-CoV-2 is not yet defined, with several theories being
explored at the moment. It has been suggested that the virus might
enter the brain through the transcribial route described in other
CNS pathogens in the past, or by leveraging the ACE-2 receptors
on endothelial and glial tissue [6], which would justify the cerebral
edema detected in some COVID-19 patients [7].
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In this case series we sought to review one manifestation of
endothelial dysfunction associated with COVID-19, the posterior
reversible encephalopathy syndrome (PRES).
2. Patients and methods

We report a case series of 8 patients diagnosed during the pan-
demic, from March to July 2020, with severe COVID-19 infection
and PRES at Vall d’Hebron University Hospital, Barcelona, and
Cooper University Hospital, Camden.

All patients had a positive SARS-CoV-2 reverse-transcription
polymerase chain reaction (RT-PCR) test on a nasopharyngeal spec-
imen at the moment of developing PRES, as well as COVID-19 symp-
tomatology. Pneumonia was defined as severe if the patient had
SpO2 < 94% on room air, respiratory rate > 30, PaO2/FiO2 < 300 mm
Hg or lung infiltrates > 50% on chest radiograph [8]. In addition to
pulmonary disease, these patients all experienced septic shock
and/or multiple organ dysfunction. Patients met clinical and/or
radiographic criteria for PRES [9], with acute neurological symp-
toms in the appropriate clinical context (i.e. in the presence of pro-
nounced hypertension, renal failure, severe infection), and brain
imaging (brain CT or MRI) that revealed vasogenic edema.

The following groups of variables were collected and retrospec-
tively analyzed: demographic data, clinical data related to PRES and
COVID-19, laboratory parameters and radiological findings. Statistical
analysis was performed using SPSS software ver 25.0. Categorical vari-
ables were presented as absolute values and percentages and continu-
ous variables as means (+/� standard deviation (SD)) as indicated.
3. Results

We present 8 patients with radiographically confirmed PRES (4 at
each site), who were identified out of a series of 2812 consecutively
admitted patients with laboratory-confirmed COVID-19 (2.8 per 1,000
COVID-19 admissions). Four of them were women (50%), with a mean
age ± SD at presentation of 57.9 ± 12 years. Four patients (50%) did not
have any relevant medical history, with a mean age of 51 years. The
other 4 patients (50%), with amean age of 64.7 years, had amedical his-
tory of cardiovascular diseases and other conditions (Table 1).

Patients presented with the following comorbidities: high blood
pressure (3 patients, 37.5%), dyslipidemia (3 patients, 37.5%), dia-
betes mellitus (2 patients, 25%), obesity (2 patients, 25%), obstruc-
tive sleep apnea (1 patient, 12.5%), peripheral vasculopathy (1
patient, 12.5%), deep vein thrombosis (1 patient, 12.5%). None of
the patients had a history of stroke or ischemic heart disease.
One patient had acute liver transplant rejection at the time of
COVID-19, and was under immunosuppressive therapy with tacro-
limus with a level of 8.0 ng/mL at the time of PRES.

All patients suffered from severe pneumonia, requiring inten-
sive care unit admission. The patients transferred to the ICU
required intubation, and 2 of them (25%) were proned. During their
ICU stay, all patients (100%) developed superimposed nosocomial
bacterial and/or fungal infections, and 6 patients (75%) developed
septic shock requiring vasoactive infusions.

As a specific treatment for COVID-19, 6 patients (75%) received
hydroxychloroquine, 6 patients (75%) received corticosteroids, 5
patients (62.5%) received antiretroviral agents (such as lopinavir-
ritonavir and darunavir-cobicistat) and 4 patients (50%) received
Tocilizumab. In 2 cases (25%) convalescent plasma was adminis-
tered. All of the patients were treated with empiric antibiotic ther-
apy for bacterial and/or fungal infections.

Serummarkers of systemic inflammation were elevated in all of
the patients: IL-6 mean value of 114 (SD 68) pg/mL, ferritin mean
value of 1131 (SD 740) ng/mL, and D-dimer mean value of 2348
(SD 1897) ng/mL.
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Acute hypertension was present in 3 patients (37.5%) with
mean peak systolic blood pressure of 198 mmHg (167–218 mmHg)
and mean peak diastolic blood pressure of 101 mmHg (92–
111 mmHg). The 3 patients had vascular comorbidities, and 2 of
them had chronic hypertension.

The mean time from COVID-19 diagnosis to PRES was 31 days
(SD 23), varying from a mean of 23 days in patients without
comorbidities recorded to a mean of 39.5 days for those with them.
The most common clinical manifestations were seizures, which
appeared in 7 patients (87.5%), with 2 patients evolving into status
epilepticus. Altered mental status was present in 5 patients
(62.5%), focal neurological signs in 3 patients (37.5%) and visual
disturbance in 1 patient (12.5%). As per our institutional protocols,
sedation is temporarily interrupted to permit frequent neurologic
assessments of all patients, which permitted recognition of new
neurologic symptoms and detailed examinations.

Regarding treatment of PRES, hypertensive patients were trea-
ted with afterload reduction [10] and antiepileptic drugs (AEDs)
were used for seizure control. Immunosuppressive therapy was
discontinued in one patient (patient 5 was receiving Tacrolimus
due to liver transplant). One patient (patient 1) presented with
focal signs (right hemianopsia and hemiparesis) within <4.5 h of
evolution, without hypodensities or hemorrhages in the head CT
(although CT angiography showed proximal stenosis in both poste-
rior cerebral arteries). Given the initial suspicion of arterial
ischemic stroke and the known relationship between COVID-19
and embolic stroke, intravenous thrombolysis was administrated.
Diagnostic arteriography was performed immediately after,
demonstrating the presence of luminal irregularities in the poste-
rior cerebral arteries (Fig. 2.), and local intra-arterial nimodipine
was administrated for three times, with clinical improvement in
vessel caliber—suggesting vasospasm rather than atherosclerosis.
Oral nimodipine therapy was administered over the next ten days.

PRES was confirmed radiographically using brain CT (n = 3) or
magnetic resonance imaging (n = 5) with characteristic findings in
7 patients. One patient demonstrated bilateral areas of T2/FLAIR
hyperintensitywith restricteddiffusion in the subcorticalwhitemat-
ter,with anatypical pattern for ischemia, but couldhavebeen consis-
tent with hypoxic ischemic encephalopathy. However, this patient
wasnothypoxemicat any timeduring the ICUadmissiondespite sev-
ere pneumonia. The most common location of the vasogenic edema
was the parieto-occipital region (75%) with an extensive fronto-
parieto-occipital involvement in 2 patients (25%) (Fig. 1). Lesions
were asymmetric in 4 patients (50%). In one patient there was vaso-
constriction associated with the vasogenic edema (Fig. 2), and hem-
orrhagic manifestations (microbleeds) were present in 2 patients
(25%) (Fig. 3). Follow-up neuroimaging available for 4 patients based
on availability and clinical stability of these patients, with significant
resolution of the preexisting edema (Fig. 4).

The median length of stay at the hospital was 45.8 days (range
9–87) with 4 patients being discharged home and 1 discharged to a
nursing facility. Three patients (37.5%) were neurologically asymp-
tomatic at discharge and 2 patients (50%) had persistent focal neu-
rologic signs, including moderate limb paresis. Two patients (25%)
expired, one of whom died as a consequence of ongoing seizure
activity, and another because of respiratory failure. In 1 patient,
the short-term prognosis remains guarded as the patient was
transferred to another hospital after stabilization.

4. Discussion

As a radiographic manifestation of many medical conditions,
PRES is a heterogeneous disorder triggered by a variety of proxi-
mate causes [9,11,12]. The systemic illness associated with an
inflammatory response to SARS-CoV-2, endothelial dysfunction,
and comorbidities observed in patients with severe COVID-19 are



Table 1
Demographic and clinical data of patients with PRES and COVID-19.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8

Age (years), sex 49, F 36, F 66, M 53, M 55, F 70, M 66, F 68, M
Comorbidities -None -None -None -None -HBP –DLP –DM –

Obesity –CKD -PV
-DM -Liver
transplant rejection
(Tacrolimus)

-HBP –DLP –DM -
DVT

-HBP –DLP –DM –
OSA -Obesity

Time from COVID-19 to PRES
(days)

17 9 22 44 39 1 48 70

COVID-19 specific treatment 1.Lopi/Rito 2.
Chloroquine 3.
Corticosteroids 4.
Tocilizumab 5. Not
received

1.Lopi/Rito 2.
Chloroquine 3.
Corticosteroids 4.
Tocilizumab 5. Not
received

1.Not received 2.
Chloroquine 3.
Corticosteroids 4.
Not received 5. Not
received

1.Lopi/Rito 2.
Chloroquine 3. Not
received 4.Tocilizumab
5.Convalescent
plasma

1.Lopi/Rito-Daru/Cobi 2.
Chloroquine 3. Not
received 4. Not received
5. Not received

1. Not received 2. Not
received 3.
Corticosteroids 4.
Not received 5. Not
received

1.Lopi/Rito 2.
Chloroquine 3.
Corticosteroids 4.
Tocilizumab 5.
Convalescent plasma

1. Not received 2. Not
received 3.
Corticosteroids 4.
Not received. 5. Not
received

COVID-19 complications -Septic shock
Bacterial
superinfection

-Fungal
superinfection

-Septic shock -
Bacterial
superinfection

-Septic shock-
Bacterial
superinfection

-Septic shock-Bacterial
superinfection

-Bacterial
superinfection

-Bacterial
superinfection

-Septic shock
-Bacterial
superinfection

Acute hypertension at PRES
(SBP)

–No (120 mmHg) –No (116 mmHg) –No (127 mmHg) –No (123 mmHg) –No (110 mmHg) -Yes (167 mmHg) -Yes (210 mmHg) -Yes (218 mmHg)

Renal function at PRES (Crea
mg/dL)

-Normal (0,5) -Normal (0,56) -AKI (4,77) -AKI (2,64) -CKD (2,96) -Normal (1,06) -AKI (1,34) -AKI (9,38)

Laboratory
Findings

IL-6 (pg/mL) 159 13,4 N/A N/A 148 135 N/A N/A
Ferritin (ng/mL) 1020 605 1470 1370 2360 444 1687 92
D-Dimer (ng/
mL)

4430 246 2100 5900 2044 660 1700 1700

Radiologic
Findings

Location Parieto-occipital Hemispheric
involvement

Parieto-occipital Parieto-occipital Parieto-occipital Parieto-occipital Parieto-occipital Hemispheric
involvement

Asymmetry Asymmetric Asymmetric Symmetric Symmetric Asymmetric Symmetric Symmetric Asymmetric
Hemorrhage No Yes No No Yes No No No
Vasoconstriction Yes No No No No No No No

PRES symptoms -Focal signs
(paresis)
-Visual
disturbance

-Seizures-Impaired
consciousness
-Focal signs
(Paresis)

-Seizures (status
epilepticus)
–Impaired
consciousness

-Seizures-Impaired
consciousness

-Seizures -Seizures-Focal
signs (Paresis)

-Seizures-Impaired
consciousness

-Seizures (status
epilepticus)
-Impaired
consciousness

PRES treatment Intra-arterial
nimodipine

AEDs AEDs AEDs AEDs AEDs AEDs AEDs

Clinical outcome Focal sequel
(paresis);
discharged home
after 38 days).

Focal sequel
(paresis);
discharged
home after
60 days.

Remains guarded
(stabilized and
transferred to
another acute
hospital)

Neurologically
asymptomatic;
dischargedto a
subacute nursing
facility after 35 days.

Neurologically
asymptomatic;
discharged
home asymptomatic
after 87 days.

Exitus (respiratory
failure)

Neurologically
asymptomatic;
discharged home
asymptomatic after
9 days.

Exitus (status
epilepticus)

M = Male; F = Female; HBP = High blood pressure; DLP = Dyslipidemia; DM = Diabetes mellitus; CKD = Chronic Kidney Disease; PV = Peripheral vasculopathy; DVT = Deep vein thrombosis; OSA = obstructive sleep apnea;
AKI = Acute Kidney Disease.
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Fig. 1. Extensive asymmetric hemispheric involvement of the vasogenic edema in
diffusion-weighted MRI (DWI) sequences on the left side and fluid-attenuated
inversion recovery (FLAIR) sequences on the right side in cases 2 (A) and 8 (B).

ig. 3. Microbleeds in T2*-weighted gradient-echo MRI sequences in cases 2 (A)
nd 5 (B).

Fig. 2. Digital subtraction angiography demonstrates vasoconstriction towards
posterior cerebral arteries in case 1.

Fig. 4. Case 1. Posterior hypodensities suggestive of vasogenic edema in brain CT
(A) with resolution in control MRI FLAIR sequence (B).
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only a few potential explanations for the development of PRES that
have been reported in these patients [13–19].

PRES has been historically characterized by an impairment of brain
blood vessel autoregulation after severe hypertension [9], or as a con-
sequence of severe infections, inflammation, or vasotoxicity. A pre-
existing autoimmune condition has been identified in as many as half
of patients with PRES [9] suggesting a relationship with immune
dysregulation. While hypertension is themost common primary cause
of PRES, less than a half of our patients were severely hypertensive at
the time of their neurologic manifestations (3/8 patients).

The endothelial dysfunction associated with COVID-19 [20] may
also be a contributing factor for PRES and other vascular complications
(e.g., myocardial infarction and ischemic stroke). Recent pre-clinical
and autopsy studies support this hypothesis, as alterations of the
microcirculation and vascular endothelial glycocalyx have been
detected in patients with severe COVID-19 [21,22]. The absence of sev-
ere hypertension in most patients in this case series, coupled with the
significant level of systemic inflammation would support this theory.

Among patients with sepsis, the activation of the immune system
can stimulate cytokine production, notably increasing levels of tumor
111
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necrosis factor a and vascular endothelial growth factor, thereby
increasing the blood brain barrier permeability and promoting
edema formation. This has been described particularly with sepsis
[23], but also in viral infections like influenza A [24] or parainfluenza
[25]. A similar complication may occur PRES associated with COVID-
19. That said, most of our patients developed concomitant bac-
teremia or fungal infections, which may also have predisposed them
to PRES independently from their SARS-CoV-2 infection.

In order to control this exaggerated immune response to
COVID-19, Tocilizumab (an IL-6 antibody) has been utilized in sev-
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ere cases with some improvement in severity of symptoms [26].
Cases of PRES during treatment with Tocilizumab have been
reported [27], although the mechanism has not been well defined
yet. Half of the patients in our case series were given Tocilizumab,
3 of whom lacked vascular comorbidities including hypertension
(75%). It is possible that Tocilizumab may have contributed to this
complication, and its use should be cautioned although PRES
appears to be a rare complication of treatment.

Renal failure is also a significant risk factor for PRES [9], and it was
a frequent comorbidity in this cohort of COVID-19 with PRES (50%).
Along with the previously described risk factors for PRES, it is unli-
kely that renal failure alone would be responsible for this condition.

In summary, PRES remains a heterogeneous condition with
many potential triggers in patients with COVID-19. The excess
cytokine release and endothelial dysfunction associated with
SARS-CoV-2 infection, coupled with renal insufficiency, uncon-
trolled hypertension and possibly treatment with immunomodula-
tory therapies may contribute to the development of PRES.
Whether PRES is a more common complication in COVID-19 than
in other critical illnesses should be confirmed in larger observa-
tional cohort studies, or by pooling of published data.

There are several limitations of our case series, most impor-
tantly the small number of cases. Additionally, not all the patients
underwent MRI at the time neurologic symptoms began to mani-
fest, which would have provided more information than CT. Also,
the lack of follow-up neuroimaging in half of these patients limits
our understanding as to the temporal resolution of these changes.
Larger studies are required to really understand the relationship
between COVID-19 and PRES.
5. Conclusions

PRES appears to be a rare but serious complication of severe
COVID-19, with associated seizures and focal neurologic deficits.
As SARS-CoV-2 may cause more severe disease in patients with
vascular comorbidities and may lead to other complications (e.g.,
nosocomial infections, multi-organ dysfunction), it stands to rea-
son that PRES may be a complication of these collateral effects of
the infection rather than a consequence of direct viral invasion into
the nervous system. Coupled with the impaired vasoreactivity [6]
and side effects of aggressive treatments (e.g., Tocilizumab), these
risk factors put patients with COVID-19 at greater risk of condi-
tions like PRES. Despite this biologic plausibility, there remain no
convincing data that patients with COVID-19 are at any greater risk
of PRES than patients with other systemic illnesses.

PRES is likely to be an underappreciated complication of critically ill
patients with COVID-19 given the difficulties with examining intu-
bated/sedated patients, the prolonged hospital course of patients with
severe disease, and the reduction in use ofmagnetic resonance imaging
[27]. As many patients with PRES have clinical and/or electrographic
seizures, we would encourage providers to heighten their awareness
for PRES as a treatable complication in this at-risk population.
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