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Abstract

Background: Headache is a frequent complaint in COVID-19 patients. However, no detailed information on headache
characteristics is provided in these reports. Our objective is to describe the characteristics of headache and the
cerebrospinal fluid (CSF) profile in COVID-19 patients, highlighting the cases of isolated intracranial hypertension.
Methods: In this cross-sectional study, we selected COVID-19 patients who underwent lumbar puncture due to
neurological complaints from April to May 2020. We reviewed clinical, imaging, and laboratory data of patients with
refractory headache in the absence of other encephalitic or meningitic features. CSF opening pressures higher than
250 mmH,O were considered elevated, and from 200 to 250 mmH,O equivocal.

Results: Fifty-six COVID-19 patients underwent lumbar puncture for different neurological conditions. A new, persis-
tent headache that prompted a CSF analysis was diagnosed in 13 (23.2%). The pain was throbbing, holocranial or
bilateral in the majority of patients. All patients had normal CSF analysis and RT-qPCR for SARS-CoV-2 was negative
in all samples. Opening pressure >200 mmH,O was present in || patients and, in six of these, >250 mmH,O. 6/13
patients had complete improvement of the pain, five had partial improvement, and two were left with a daily persistent
headache.

Conclusions: In a significant proportion of COVID-19 patients, headache was associated to intracranial hypertension in
the absence of meningitic or encephalitic features. Coagulopathy associated with COVID-19 could be an explanation,
but further studies including post-mortem analysis of areas of production and CSF absorption (choroid plexuses and
arachnoid granulations) are necessary to clarify this issue.

Keywords
COVID-19, SARS-CoV-2, intracranial hypertension, pseudotumor cerebri, headache

Date received: 12 June 2020; revised: 30 July 2020; 8 September 2020; accepted: 23 September 2020

“Neurology Department, Fluminense Federal University (U.FF), Niterdi,
Brazil

Several neurological manifestations associated with
SARS-CoV-2 infection have been described since the
beginning of the pandemic. In a cohort of hospitalized
severe COVID-19 patients, neurological complaints
occurred in 45.5% of infected individuals, varying
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from 1-14 days from the onset of SARS-CoV-2 infec-
tion (1). The most relevant were acute cerebrovascular
disease in 5.7%, impaired consciousness in 14.8%, and
skeletal muscle injury in 19.3%. In that clinical series,
headache was observed in 28 out of 214 patients
(13.1%).

According to the International Classification of
Headache Disorders, headache attributed to systemic
viral infection is diagnosed when there is an association
between the onset of pain and systemic viral infection
in the absence of encephalitic or meningitic features (2).
The frequency of headaches in COVID-19 patients
ranges from 5-34% according to different clinical
series (3-8). However, no detailed information on
headache characteristics is presented in these reports.
Moreover, these clinical series do not describe cerebro-
spinal fluid (CSF) characteristics in these patients.

Herein, we describe the characteristics of headache
and the CSF profile during SARS-CoV-2 infection in a
consecutive series of COVID-19 patients, highlighting
the cases associated with isolated intracranial hyperten-
sion. One of these cases is presented as an illustrative
report.

Methods

From April to May 2020, we retrospectively selected all
consecutive inpatients with SARS-CoV2 infection from
different centers who underwent lumbar puncture due
to different neurological symptoms. We analysed those
who presented refractory headaches with or without
visual symptoms as the predominant neurological com-
plaints and excluded those who presented any clinical
or laboratory evidence for meningitis or meningoen-
cephalitis, such as neck stiffness, altered consciousness,
focal neurological signs, or inflammatory characteris-
tics in the CSF analysis. For this study, we considered
CSF opening pressures less than 200 mmH,O to be
normal, higher than 250 mmH,O to be abnormal, and
200 to 250 mmH-O equivocal (9-11). All patients
underwent lumbar puncture awake and in lateral decu-
bitus. In all cases, SARS-CoV-2 RNA was detected by
RT-qPCR through nasal and oropharyngeal swabs
(Biomanguinhos kit (E4+P1), FIOCRUZ, Brazil). The
Local Ethical Committee at INI/FIOCRUZ approved
this study.

Results

Case description

A 26-year old previously healthy, not obese female pre-
sented with severe, holocranial throbbing headache
with nausea, dizziness, and significant visual blurring
on the second day past flu-like symptoms due to

SARS-CoV-2 infection. Ophthalmological examina-
tion revealed bilateral optic disc oedema. Optical
coherence tomography was suggestive of optic disc
oedema (Figure 1). No focal deficit, ataxia, or pupil
light response abnormalities were found on the neuro-
logical examination. Brain and orbital MRI were
normal except for discrete white matter lesions in the
pons and the cerebral hemispheres suggestive of small
vessel disease best observed on T2/FLAIR sequences.
Brain venous MRI found no evidence of cerebral
venous thrombosis. On the eighth day, she underwent
lumbar puncture. CSF analysis revealed an opening
pressure of 350 mmH,0, 2 cells/mm?, 15 mg/dL of pro-
tein level, and 58 mg/dL of glucose. RT-PCR for
SARS-CoV-2 was negative in the CSF. Due to the pon-
tine lesion, extensive laboratory exams were required to
exclude demyelinating disease. CSF oligoclonal bands
were not present, and serum anti-NMO (CBA method)
was negative. No other causes of intracranial hyperten-
sion were found. The patient was treated with acetazol-
amide 500 mg bid and had partial improvement of
symptoms to date.

The clinical and laboratory characteristics of this
clinical series are presented in Table 1. In this study,
56 consecutive COVID-19 patients underwent lumbar
puncture for different neurological conditions during
the SARS-CoV-2 infection, and 13 of these (23.2%)
had a new, persistent headache that prompted a CSF
analysis. The most frequent complaint in these patients
was a throbbing, holocranial, or bilateral intense daily
headache. In four patients, there was a previous history
of migraine without aura. However, the current head-
ache was different, with more intense and more persis-
tent pain than wusual for them. Other relevant
neurological complaints in these patients were periph-
eral facial palsy in one and blurred vision in three, with
documented papilledema in two; all other patients had
normal fundoscopy.

The opening CSF pressure of one of these patients
with papilledema was 210 mmH,0, below the level
required for the diagnosis of pseudotumor cerebri
syndrome (PTCS), according to a revised diagnostic
criteria (12). All patients had normal cell counts
and glucose and protein levels on the CSF analysis.
Besides, RT-qPCR for SARS-CoV-2 in CSF was
negative in all patients. Median values for cell counts,
glucose, and protein were of 1.6/mm’ (1-4/mm?),
55.6mg/dL  (38-71mg/dL), and 29.6mg/dL (15—
45mg/dL), respectively. CSF opening pressure ranged
from 150 to 600 mmH,O (median of 270 mmH,0). In
12 patients, the opening pressure was >200 mmH,O
(median of 25ImmH,0O) and in six of these
>250mmH,0 (median of 355mmH,0). No other
causes for intracranial hypertension, such as obesity,
venous thrombosis, or drugs, were identified in
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Figure |. A 26-year-old female presenting bilateral papilledema related to post COVID-19 infection. The optic nerve head OCT B
scans show elevation of the optic disc in both eyes ((a) and (b)). The peripapillary OCT circle scans show increased retinal nerve fiber
layer thickness in all sectors ((c) and (d)). Retinography ((e) and (f)) showing papilledema and haemorrhage (arrow) in the right eye
and papilledema in the left eye. In both eyes, oedema of the optic disc with high elevation is observed.

these patients. All patients were submitted to brain
MRI and only in one patient were abnormalities
typically seen in intracranial hypertension detected
(see Table 1).

To date, nine out of 13 patients were pain-free 8
days after the headache onset on average (3—15 days),
and five had a partial recovery, with mild headache
(follow-up of 66 days to date).

Other neurological conditions that prompted
lumbar puncture were meningoencephalitis/encepha-
lopathy in 35 patients, Guillain-Barré syndrome in
four, Miller-Fisher syndrome in two, and acute myelitis

in two individuals. Median CSF opening pressure in
this group was of 200 mmH,O (150-400).

Discussion

In this clinical series, 13 patients had severe and persis-
tent headache in the course of SARS-CoV-2 infection,
which justified an analysis of the CSF. Of note, intra-
cranial hypertension in the absence of meningitis/
encephalitis was seen in 84.6% of patients (11 out of
13) assuming a normal CSF opening pressure of up to
200 mmH,O. If we consider the cut-off of 250 mmH-O,
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as proposed by the revised criteria for PTCS (12),
46.1% of our patients (six out of 13) still fulfil the cri-
teria for intracranial hypertension.

Interesting, in our series, 10 out of 13 patients were
women (Table 1). The prevalence of idiopathic intra-
cranial hypertension is characteristically higher among
women, at a rate of 3.3 per 100,000 per year in females
aged 15-44 years, corresponding to a female: male ratio
of 8:1 (13). We could consider that the same would be
expected in cases of intracranial hypertension associat-
ed with COVID-19.

Recently, one case of benign intracranial hyperten-
sion was published (14). In this case report, a 35-year-
old female patient presented headache 2 days before
COVID-19 symptoms and signs, rapidly evolving to
mental confusion. CSF analysis was normal except
for a high opening pressure (400 mmH,O) and brain
MRI disclosed prominent subarachnoid space around
optic nerves, vertical tortuosity of the optic nerves, and
superior compression of the hypophysis.

The normal value of CSF pressure in an appropriate
clinical setting could be a matter of debate, with some
arguing that pressures between 200 to 250 mmH,O are
equivocal (15). Because the CSF pressure naturally fluc-
tuates, intracranial pressure monitoring at another time
may be necessary to establish the diagnosis with certain-
ty. Patients with a transient or intermittent elevation of
the CSF pressure below the threshold required to pro-
duce oedema at the optic nerve head are described. This
could justify the absence of ophthalmological symptoms
and signs (16). Furthermore, a classic example of acute
neurological disease with elevated intracranial hyperten-
sion and the absence of papilledema in a significant pro-
portion of cases is subarachnoid haemorrhage. In
addition, patients with headache and elevated opening
pressure on lumbar puncture but no papilledema have
been described (17-21).

Only two of our patients had a documented papil-
ledema. Although fundus was examined as part of neu-
rological examination in all patients, not all enrolled
patients were formally evaluated by an ophthalmolo-
gist, which is a limitation of our study. Optic fundi
examination is part of neurological examination and
of utmost importance in recognition of raised intracra-
nial pressure. However, the protective additional meas-
ures such as face shield and close contact with patients
during the exam impose additional difficulties to physi-
cians evaluating COVID-19 patients with headache.

Importantly, patients without papilledema are
at lower risk of vision loss compared to typical
patients with intracranial hypertension with papille-
dema (12,17,22). Ophthalmologic evaluation is advised
to confirm the presence of papilledema and to
evaluate those patients with questionable or subtle
papilledema (23).

Intracranial hypertension has been associated with
diverse conditions such as obesity, autoimmune dis-
eases, use of certain medications, vitamin deficiencies,
vitamin excesses, bacterial infections, and viral infec-
tions such as HIV, measles, varicella, herpes virus,
and hepatitis A virus (24-26).

The real pathogenesis of intracranial hypertension in
the absence of an occupying mass lesion is a matter of
debate. The main hypotheses indicate that it can be
caused by increased abdominal and/or intracranial
venous pressure, venous outflow abnormalities, altera-
tions in absorption or production of CSF, low-grade
inflammation, intracranial vascular clotting, or cere-
bral edema (15).

Recently, it has been described that SARS-CoV-2
infection can be associated with coagulation dysfunc-
tion, predisposing infected individuals to venous
thromboembolism in several ways (27). Pathogenic
mechanisms, including endothelial dysfunction with
increased levels of von Willebrand factor, systemic
inflammation with Toll-like receptor activation, and a
procoagulatory state via tissue factor pathway activa-
tion, are involved (28). Intracranial venous thrombosis
has been implicated as a cause for intracranial hyper-
tension secondary to CSF outflow obstruction (29).
Thus, we could speculate that venous congestion
could be precipitated during a hypercoagulable state
caused by SARS-CoV-2 infection.

Although our cases presented normal brain MRI,
with magnetic resonance venography indicating
normal venous sinuses, a possible hyperviscosity mech-
anism caused by SARS-CoV-2 would increase the
venous pressure without actual venous sinus thrombo-
sis. Thus, a low-grade inflammation determined by
SARS-CoV-2 infection in conjunction with this hyper-
viscosity and hypercoagulable state could result in
intracranial hypertension in some infected individuals.
Indeed, in a recent study by Duarte-Neto et al., evi-
dence of brain small vessel disease was observed in
30% of autopsies from COVID-19 patients (30).
Further pathological studies are necessary to confirm
this hypothesis.

A practical issue is that headaches secondary to
intracranial hypertension occurred in a significant pro-
portion of our patients, highlighting the importance of
prompt recognition. Optic fundi examination is part of
the neurological examination and of utmost impor-
tance in recognition of raised intracranial pressure.
However, the additional protective measures such as
the use of a face shield and the close contact with
patients during this exam impose additional difficulties
to physicians evaluating COVID-19 patients with head-
ache. Additionally, an optic disc photo is an option as a
diagnostic tool, but is only available in eye
departments.
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In our series, neurological complaints other than
headache were peripheral facial palsy in one and cog-
nition symptoms in two individuals, who reported poor
concentration and inattention affecting some activities
of daily living. Patients with intracranial hypertension
do not usually have cognitive deficits. However, one
study showed deficits in reaction time and processing
speed that persisted on retesting at 3 months despite
improvement in measured ICP and headache (31).
Regarding peripheral facial palsy, it is infrequently
reported in idiopathic intracranial hypertension
(32,33). In addition, the involvement of the facial
nerve has been associated with SARS-CoV-2 infection,
but generally in the context of Guillain-Barré syndrome
(34,35).

Conclusion

Headache is one of the frequent neurological symptoms
associated with COVID-19. According to the present
study, in the absence of evidence of meningitis or cere-
brovascular disease, headache can be severe, persistent,
and associated to intracranial hypertension in a signif-
icant proportion of cases. The recently described coa-
gulopathy associated with COVID-19 could be an
explanation for such cases that could be due to the
induction of a hyperviscosity state, leading to less
absorption of CSF. Necropsy studies examining areas
of production and CSF absorption; that is, choroid
plexuses and arachnoid granulations, may help to clar-
ify this issue.

Clinical implications

of COVID-19 patients.

What are the characteristics of headache in COVID-19 patients? What is the cerebrospinal fluid (CSF) profile
of these individuals? In this cross-sectional study, 13 out of 56 COVID-19 patients submitted to CSF analysis
had severe, persistent headache. In 11 patients, the opening pressure was above 200 mmH,O and in 6 of these,
above 250 mmH»O. RT-qPCR for SARS-CoV-2 was negative in all samples. Headache can be attributed to
isolated intracranial hypertension in the absence of meningitic or encephalitic features in a significant number
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