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Abstract

Background: Systemic lupus erythematosus (SLE) is a chronic autoimmune inflammatory disease that typically
affects multiple organs and can lead to potentially fatal complications. Central nervous system (CNS) involvement in
SLE is common, especially in children, and can present nonspecifically with various neuropsychiatric manifestations,
described as neuropsychiatric SLE (NPSLE). Chronic headache is a common feature of NPSLE, secondary to increased
intracranial pressure (also called pseudotumor cerebri (PTC)) due to inflammation or medication. Here, we highlight
the importance of evaluating refractory headache (HA) in SLE patients to rule out PTC as a cause of severe morbidity.

Methods: Single tertiary care pediatric center case series of 8 children who developed NPSLE in the form of intracra-
nial hypertension at or after SLE diagnosis.

Conclusion: Neurologic and ophthalmologic evaluation of refractory HA in patients with SLE, especially children, is

warranted to decrease the burden of the disease and rule out treatable causes like PTC.
Keywords: Systemic lupus erythematosus, Pseudotumor cerebri, Intracranial hypertension, Headache

Background

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune inflammatory disease that typically affects multiple
organ systems and can lead to potentially fatal complica-
tions. Management of moderate to severe SLE is often
challenging and requires chronic use of immunotherapy
and systemic corticosteroids (CS). Central nervous sys-
tem (CNS) involvement in SLE is common, especially
in children, and can present nonspecifically with vari-
ous neuropsychiatric manifestations; collectively termed
neuropsychiatric SLE (NPSLE) [1, 2]. Pediatric rheuma-
tologists have adopted the American College of Rheuma-
tology (ACR) adult guidelines for NPSLE nomenclature;
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however, NPSLE is the least understood feature of lupus
disease across age groups. Headache (HA), cognitive
dysfunction, and cerebrovascular disease are the most
common manifestations of NPSLE in adults and children
[1-4] but are not part of the current ACR classification
criteria.

Pseudotumor cerebri (PTC) is a term used to describe
intracranial hypertension, which can be idiopathic or
secondary to underlying etiology such as abnormal brain
parenchyma, venous thrombosis, space-occupying lesion,
medication, infection, inflammation, and other related
medical conditions. It was described in 1937 as "benign"
intracranial hypertension despite reported vision loss
[5]. Acute episodes usually present with refractory HA,
sixth nerve palsy, and/or papilledema. Obese adolescent
females are most commonly affected, and more frequent
relapses are reported in the prepubertal age [6]. In 2013,
Friedman et al. revised the diagnostic criteria for PTC
syndrome (PTCS) according to their body habitus and
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sedation. In a correctly performed lumbar puncture (LP),
they defined the threshold of cerebrospinal fluid (CSF)
opening pressure in children versus adults according to
their body habitus and sedation in a properly performed
lumbar puncture (LP). According to their definition, rul-
ing out underlying possible secondary etiologies through
normal neuroimaging, neurologic examination, and CSF
composition to rule out secondary etiologies is essential
for PTCS diagnosis [7].

Cases of PTCS in children with SLE have been
reported; however, there is no evidence to prove an asso-
ciation between both [8-12]. Here, we describe a case
series of eight children who developed NPSLE in the
form of PTCS after diagnosis or as the first manifestation
of SLE to highlight the importance of proper neurologic
and ophthalmologic evaluation of refractory HA in chil-
dren with SLE.
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Methods

This is a single pediatric tertiary center (University of
Chicago Medicine) case series of children who developed
PTCS at or after their SLE diagnosis. Electronic medical
records for patients< 18 years old who had an ICD-9 or
ICD-10 codes for SLE and PTCS from 2010 to 2021 were
identified reviewed by the research team. Among 240
pediatric SLE patients cared for at that time, 8 were diag-
nosed with PTCS at or after being diagnosed with SLE by
a pediatric rheumatologist. Demographics and clinical
data were reviewed at both SLE and PTCS diagnoses.

Results

The majority of the patients in this case series were ado-
lescent females of either African American (AA) (5/8)
or Hispanic (2/8) ethnicity (Table 1). Refractory HA was
exhibited in 100% of patients, 5/8 with prolonged HA

Table 1 Pediatric Systemic Lupus Erythematosus with Pseudotumor Cerebri Subject Characteristics, Evaluation, Treatment and

Outcomes
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8
Ethnicity/Sex AA/F Hispanic/F AA/F AA/F Hispanic/F AA/F Hispanic/F White/F
11/10
Age (y) at Dx SLE/PTCS 13/13 11/14 13/13 13/13 11/16 13/16 Sjogren Dx at 10 14/16
BMI at SLE/PTCS Dx 17/23 23/28 17/17 25/25 24/27 37/43 28/28 26/27
On Corticosteroid?* Yes Yes No No Yes Yes No Yes
Duration (m) 4 >12 >12 >12 >12
-Brain demyelination
PMHXx of NPSLE PRES None -Bell's palsy None None None None none
-Axonal neuropathy
SLE organ involvement Hepam{s. Thrombocytopenia Pancytopenia Pancyto?gma Colitis . Arthritis
(Nephritis Class) el e Nephritis (V) Nephritis (V) Aiiis Nephritis(V) et (AL Nephritis (V)
P Nephritis (Il1/V) P P Nephritis (V) P P
APLAs Negative Negative Positive Positive Positive Negative Negative Positive
Allf:r:in NL NL NL NL NL NL NL NL
2| Urine protein/creatinine Fow o iU o o A o Lo
8 P! ratio 17 Not done 0.1 3.0 0.1 1.2 Not done 0.3
c
E c3/ca Low/low NL/NL NL/low Low/low Low/low NL/low Low/low Low/low
5 dsDNA Ab Elevated Not done Not done Elevated Elevated NL Not done NL
& Ribosomal P Ab Not done Not done Negative Not done Positive Positive Negative Positive
® ey . Smith, SS-A, N
8 Additional Abs SS-A, RNP Not done Smith, RNP SS-A S5-B, RNP None SS-A, SS-B Chromatin
] -B,
CRP (mg/L) 8 38 <3 <3 14 <3 <3 Not done
ESR (mm/hr) 90 59 39 41 105 <20 29 <20
SLEDAI score* 21 49 50 B85} Bil} 37 24 26
-R?U::ic;::gHA Asymptomatic iy LY
PTCS symptoms Refractory HA Refractory HA Refractory HA “Diplopia Refractory HA Refractory HA eelieg -Diplopia
-B/L 6% palsy
Refractory HA, months to Dx 10 4 9 10 36 1 NA 1
-Lt 7% palsy
-Dysarthria _B/L 6™ pals
Neurologic examination Unremarkable Unremarkable -Motor weakness _Di Iopia Y Unremarkable | Unremarkable Unremarkable Diplopia
-Global areflexia A
-Diminished sensation
Ophthalmology NL B/L Papilledema B/L Papilledema B/L Papilledema NL NL B/L Papilledema B/L Papilledema
LP position Lateral Lateral Lateral Lateral Lateral Lateral Lateral Lateral
Sedation Not sedated Sedated Sedated Sedated Sedated Sedated Sedated Sedated
CSF OP (cm H,0) 21 31 31 50 34 55} 25 31
CSF Composition NL NL Protein T (308) NL NL NL NL NL
Neuroimaging MRI/MRV/MRA MRI/MRV/MRA MRI/MRV/MRA MRI/MRV/MRA | MRI/MRV/MRA CcT MRI/MRV/MRA MRI/MRV/MRA
_Mlld, l{ TR -Subtle diffusion signal
posterior globes at .
N abnormality in the B/L
. optic nerve heads .
Scattered brain q q f . centrum semi-ovale.
demvyelination with Cortical and spinal Mild B/L -Partially empty Sella _Focal concavity of the
Findings Unremarkable v " nonspecific diffuse Unremarkable Unremarkable tortuous optic -Tentorial/ inter- o Y
generalized volume A . . superior pituitary contour.
demyelination nerves hemispheric falx Dural L
loss . . Small vessel abnormalities
thickening . N
. L associated with collagen
-Enhancing pituitary N
. 5 vascular disorders
infundibulum
PTCS T A Acet Acet Furosemide | A A A ide Acet i Acet
Duration (m) 2 48 Unknown 36 18 36 12 Unknown
DC/Ongoing? Ongoing DC Unknown Ongoing Ongoing Ongoing DC Unknown
#of | i due to HA 2 5 6 1 4 3 Bl 1

AA = African American, B/L = bilateral, BMI = body mass index, CT = computed tomography, DC = discontinued, Dx = diagnosis, F = female, m = months, MRA = magnetic resonance arteriography, MRI = magnetic resonance imaging, MRV = magnetic resonance venography,
PMHx = past medical history, PRES = posterior reversible encephalopathy syndrome, HA = headache, GFR = glomerular filtration rate

* At PTCS Dx
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course (>9 months) and multiple inpatient admissions.
Obesity was a common finding, with an obese body
max index found in 5/8 at PCTS diagnosis. SLE Disease
Activity Index (SLEDAI) is used to connote the sever-
ity; a score of >3 is considered mild/moderate, and a
score > 12 points are severe [13]. 8/8 (100%) of patients
had severe SLE disease activity at PTCS diagnosis.
Regarding serologic findings, 4/8 patients had positive
antiphospholipid antibodies, 7/8 patients had low com-
plement levels, and 6/8 patients had elevated inflamma-
tion markers. 7/8 patients had lupus nephritis, with 6/8
having class V lupus nephritis. While renal function was
normal in all patients, 3/8 patients had nephrotic range
proteinuria and low serum albumin level. Abnormal neu-
rologic examination and neuroimaging were reported in
4/8 patients; however, only 1/8 patients had abnormal
CSF composition. Although the first CSF opening pres-
sure was borderline in 3/8 patients, the diagnosis was
explicitly supported in those patients by failing other
measures to alleviate their refractory HA, including con-
trolling the underlying active lupus disease and remarka-
ble improvement after therapeutic LP and acetazolamide
treatment. Papilledema was absent in 3/8 patients on
examination of the optic nerve. Acetazolamide was the
primary treatment; it was successfully discontinued in 2
patients with no subsequent HA episodes.

Discussion

NPSLE continues to be a descriptive term for CNS
involvement in new or established SLE disease with-
out clear diagnostic criteria [9]. The prevalence of CNS
involvement in pediatric SLE is estimated as a wide
range between~20-95% [1, 2, 14, 15]. It was described
by several clinical features and correlated with other
immune-mediated CNS diseases, shown in Table 2. Sev-
eral reports proposed a possible correlation between
serum and CSF autoantibodies and NPSLE; however,
they lacked adequate sensitivity and specificity [16] and
were not performed in our case series. In children, HA is
the most common manifestation of NPSLE, followed by
mood disorders and cognitive dysfunction [1]. A retro-
spective study of children showed that NPSLE commonly
starts early in the disease course and is not necessarily
associated with the overall disease activity of SLE [14].
Thus, approaching refractory HA in SLE is challenging
due to the high prevalence of HA in the general popula-
tion and multifactorial etiologies of systemic inflamma-
tion, corticosteroid side effects, and CNS disease.

Benign intracranial hypertension is included in the list
of NPSLE nomenclature as a cause of severe, disabling
HA not responsive to narcotics [3]. In addition to HA,
papilledema and/or 6 nerve palsy are common manifes-
tations of PTCS without evidence of underlying etiology
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Table 2 Neuropsychiatric Syndromes Observed in SLE [1]

Central nervous system

° Aseptic meningitis

. Cerebrovascular disease

. Demyelinating syndrome

. Headache (including migraine and
benign intracranial hypertension)

. Movement disorder (chorea)

. Myelopathy

° Seizure disorders

. Acute confusional state

. Anxiety disorder

. Cognitive dysfunction

. Mood disorder

. Psychosis

Peripheral nervous system

. Acute inflammatory demyelinating

. Polyradiculoneuropathy (Guillain-
Barre’ syndrome)

. Autonomic disorder

. Mononeuropathy, single/multiplex

. Myasthenia gravis

. Neuropathy, cranial

. Plexopathy

. Polyneuropathy

[6]. Visual loss is the most feared complication of PTCS if
not treated early. Vision loss was reported in two asymp-
tomatic prepubertal girls due to PTCS after growth
hormone treatment [17]. Due to the gradual increase
of intracranial pressure (ICP), PTCS patients can be
asymptomatic or without papilledema, as shown in our
case series. While not present in all PTCS patients in our
study, fundus examination of the eye at regular follow-up
visits for SLE patients may be a convenient tool to detect
papilledema in asymptomatic patients. However, proper
neurological examination and a team approach are war-
ranted for any SLE patient with refractory HA or other
neurologic manifestations, and further workup is to be
considered accordingly.

In an adequately performed LP, CSF opening pressure
is still the gold standard for intracranial hypertension
diagnosis. The last revision of PTCS diagnostic criteria in
2013 described the PTCS nomenclature to include both
primary and secondary intracranial hypertension and
considered both definite and probable PTCS. The crite-
ria highlighted the threshold for CSF opening pressure
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according to the body habitus and use of sedation; 28 cm
H,O for obese and/or sedated children who have either
papilledema and/or sixth nerve palsy. A lower CSF open-
ing pressure threshold (25 cm H,O) is used only for not
sedated or obese children. In addition, exclusion of any
underlying etiology through normal neuroimaging, neu-
rologic examination, and CSF composition should be
pursued [7]. NPSLE patients may not fit these criteria
since they are at higher risk of vasculitis and brain paren-
chyma abnormalities, abnormal neuroimaging, neuro-
logic examination, and CSF composition. According to
the criteria, 2/8 of our series had normal CSF opening
pressure; however, they failed other measures, includ-
ing controlling their active lupus disease and HA treat-
ment. They improved remarkably after therapeutic LP
and acetazolamide therapy. CSF analysis is to be sent to
rule out inflammation and infection since SLE patients
are often chronically immunosuppressed, and systemic
inflammatory and infectious symptoms may not be obvi-
ous until a late stage. CNS demyelination, present in 1
patient with normal and 1 patient with high CSF opening
pressure, has been described in NPSLE and should not
delay the evaluation of PTCS.

In 1999, a consensus statement by the American Col-
lege of Rheumatology [3], "benign intracranial hyperten-
sion" was listed as a manifestation of lupus affecting the
central nervous system and resulting in severe, disabling
HA not responsive to narcotics. As it was later recognized
that this condition is not always "benign", the preferred
terminology for the syndrome of increased intracranial
pressure in lupus has changed over time to "pseudotumor
cerebri” or "pseudotumor cerebri syndrome." Other man-
ifestations of PTCS include papilledema, cranial nerve
palsies, olfactory dysfunction, tinnitus, and cognitive
defects [6]. Patients with PTCS may be asymptomatic
[17], presumably due to the gradual increase in intracra-
nial pressure, and may not even have papilledema [3], as
demonstrated in our series. Nevertheless, a fundoscopic
examination is essential for routine follow-up visits for
symptomatic and asymptomatic SLE patients. If abnor-
malities are suspected, the patient should be urgently
evaluated by an ophthalmologist with expertise in neuro-
logic disorders.

A more comprehensive neurologic exam and a team
approach are necessary to evaluate lupus patients with
refractory HA or other neurologic manifestations. Since
both innate immune defects and treatment with immu-
nosuppressive medications increase the risk for infec-
tion in lupus patients, neuroimaging (either CT scan
or MRI with vessel imaging) is routinely performed to
assess for mass lesions, thrombosis, and diffuse CNS
inflammation as causes of HA. Likewise, following a
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correctly performed LP, CSF analysis is essential to
detect abnormally high intracranial pressure and iden-
tify possible infection. Because many lupus patients are
chronically immunosuppressed, systemic symptoms of
CNS infection may be subtle.

Due to several patient and disease-specific factors,
children with SLE are at increased risk of developing
intracranial hypertension. Obesity is a common side
effect of corticosteroids, one of the mainstay treat-
ments of SLE induction and disease flare, and both are
independent risk factors for PTCS [18]. In addition,
both SLE and PTCS are more common in adolescent
females than in males and other female age groups
[19, 20]. Furthermore, SLE patients are at higher risk
for coagulopathy than normal children secondary to
SLE disease activity, antiphospholipid antibodies, and
nephritis [21]. Coagulopathy can lead to thrombotic
and ischemic cerebrovascular disease and inflamma-
tion of brain parenchyma, a recognized presentation
of NPSLE and a leading cause of secondary intracranial
hypertension [22]. In our series, 100% had severe SLE
disease activity as determined by SLEDAI score, and
50% had positive APLAs at PTCS diagnosis. Further-
more, the majority (87.5%) had lupus nephritis, 75%
had class V lupus nephritis, and 37.5% had nephrotic
range proteinuria with low serum albumin levels.

According to the most recent revision of PTCS diag-
nostic criteria in 2013 [7], thresholds for abnormal CSF
opening pressure vary according to body habitus and
procedural use of sedation as follows: >28 ¢cm H,O for
obese and/or sedated children, and>25 cm H,O for
children who are not sedated or obese. Many other
factors can affect opening pressure; for example, cor-
ticosteroids, obesity, position, and sedation during the
procedure, so a borderline opening pressure does not
exclude PTC. 2/8 patients in our series had borderline
CSF opening pressure according to the criteria; none-
theless, one of these patients had an abnormal MRIL
Both had HA refractory to SLE and HA management.
Both subjects experienced improvements in HA fol-
lowing therapeutic lumbar puncture and acetazolamide
treatment.

In our case report, intracranial hypertension was not
recognized as a cause of refractory HA in children with
SLE and led to repeat emergency room visits and hospi-
talizations. Of note, prior to their diagnostic admission,
these health care interactions were more often at hos-
pitals without pediatric subspecialists. In our patients,
therapeutic LP and acetazolamide were successful and
convenient measures to control their ICP and prevent
further progression. Vision loss has not been reported
by any subject in our case series.
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Conclusion

Intracranial hypertension is underreported and likely
under-recognized in children with SLE. Regardless of
the term used to describe intracranial hypertension in
SLE (primary, secondary, NPSLE, PTC, or PTCS), it is
still a treatable cause of significant morbidity among
lupus patients. Vision loss is the most feared compli-
cation of intracranial hypertension, which can develop
even in asymptomatic patients. A high index of suspi-
cion should be maintained for PTCS in an SLE patient
with a HA. Proper evaluation of intracranial hyper-
tension through complete neurologic examination,
ophthalmological examination, neuroimaging, and
LP with opening pressure should be pursued in any
SLE patient with a refractory HA or sixth nerve palsy.
Lupus nephritis, active SLE, and corticosteroid use may
play a role in the incidence of PTCS in pediatric SLE
patients. Regular fundus examination during follow-
up visits is a convenient tool to detect asymptomatic
intracranial hypertension in SLE patients. In addition
to control of underlying lupus disease, acetazolamide
and therapeutic lumbar puncture are successful meas-
ures to treat high ICP in NPSLE. CNS involvement is
common in children with SLE, and PTC can be the first
presentation.
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