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Abstract

Background Idiopathic intracranial hypertension (IIH) is a neurological disorder characterized by increased
intracranial pressure. Whilst lumbar puncture (LP) is necessary for the diagnosis of IIH, its therapeutic effect remains
unclear. Our aim was to evaluate the therapeutic effect of a single LP in people with IIH (pwlIH).

Methods In this prospective observational study, we analysed short-term neurological and ophthalmological
outcomes in pwllH before, one (D1) and seven days (D7) after the LP. The primary outcome was the change in
papilledema degree from baseline. Secondary outcomes included visual outcomes, morphological changes in optical
coherence tomography (peripapillary retinal nerve fibre layer [pRNFL] thickness and ganglion cell layer [GCL] volume)
and transbulbar sonography (arachnoid optic nerve sheath diameter [AONSD]), and headache outcomes (peak and
median headache severity and burden related to headache).

Results We included 30 pwllH (mean age 32.8 years [SD 8.4], 93.3% female, median cerebrospinal fluid [CSF]
opening pressure 33.0 cmCSF [IQR 26.9-35.3], median body mass index (BMI) 34.8 kg/m? [IQR 30.9-40.9]). The median
papilledema grading at baseline was 2 (Friedman DI (1999) Pseudotumor cerebri. Neurosurg Clin N Am 10(4):609—
621 viii); (Mollan SP, Aguiar M, Evison F, Frew E, Sinclair AJ (2019) The expanding burden of idiopathic intracranial
hypertension. Eye Lond Engl 33(3):478-485); (Ab D, Gt L, NjV, SI G, MI M, Nj N et al. (2007) Profiles of obesity, weight
gain, and quality of life in idiopathic intracranial hypertension (pseudotumor cerebri). Am J Ophthalmol [Internet].
Apr [cited 2024 Jun 2];143(4). https://pubmed.ncbi.nlm.nih.gov/17386271/) and was significantly reduced at D7 (2
[1-2], p=0.011). Median pRNFL thickness had decreased significantly at D7 (-9 um [-62.5, -1.3], p=0.035), with pRNFL
thickness at baseline being associated with the pRNFL change (F(; ;)=18.79, p=0.001). Mean AONSD had decreased
significantly at both D1 (-0.74 mm [0.14], p<0.001) and D7 (-0.65 mm [0.17], p=0.01), with AONSD at baseline being
associated with the change in AONSD at both time points (D1: 3=-0.89, 95% Cl -1.37,-0.42, p=0.002; D7: f=-0.85,
95% Cl-1.42,-0.28, p=0.007). Peak headache severity was slightly lower at D7 (-1/10 [-3, 0], p=0.026), whereas median
headache severity and headache burden remained unchanged.
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Conclusions This short-term follow-up study in pwllH undergoing a single LP suggests a moderate effect on
ophthalmological but not headache outcomes. The usefulness of LP as a therapeutic measure in lIH remains
controversial and should likely be reserved for patients with limited treatment options, e.g., in pregnancy or

intolerability to medication.
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Background

Idiopathic intracranial hypertension (IIH) is a neurologi-
cal disorder characterized by increased intracranial pres-
sure (ICP) most commonly affecting young obese women
[1]. It frequently causes chronic headaches and papill-
edema with a risk of permanent vision loss. Its incidence
is increasing in parallel with rising obesity rates world-
wide [2], as even modest weight gain is associated with
an increased risk of developing IIH [3]. Several mecha-
nisms behind increased ICP in IIH have been proposed,
including cerebrospinal fluid (CSF) overproduction,
reduced resorption, and/or increased venous sinus pres-
sure [4], although whether the latter is the primary cause
or a secondary effect remains controversial. Treatment
approaches in functionally stable patients are mostly
based on weight loss and the reduction of CSF produc-
tion with carbonic anhydrase inhibitors.

Lumbar puncture (LP) is an essential part in the diag-
nostic workup of IIH to confirm the elevated ICP by
measuring CSF opening pressure (OP), and to exclude
secondary causes of the latter [5]. Presumptive diagnosis
of IIH based on typical clinical features alone, i.e., high
body mass index (BMI), bilateral optic disc abnormali-
ties and/or neuroimaging findings of increased ICP, can
result in overdiagnosis of IIH and unnecessary treatment
[6]. Furthermore, LP is used for treatment, especially in
case of fulminant ITH with severe papilledema, resulting
in a partial resolution of both papilledema and headache
[7, 8]. However, the benefit of repeated LP is question-
able, as the reduction of ICP after LP is only temporary,
and reliable data on its therapeutic efficacy, especially
in patients with mild to moderate papilledema, are still
lacking [9]. Furthermore, the underlying mechanism
driving the IIH-associated headache appears to be less
ICP-dependent [7], as a direct correlation between head-
ache intensity and ICP has never been demonstrated, and
more than half of people with IIH (pwlIH) experience
persistence of headache after resolution of papilledema
and normalization of ICP [8].

The aim of this study was to evaluate the therapeutic
effect of a single LP on neurological and ophthalmologi-
cal outcomes in a cohort of newly diagnosed pwIIH.

Methods

Study cohort and study design

For this prospective observational study, we included
newly diagnosed pwIIH according to revised Friedman

criteria from an ongoing prospective observational
cohort study (Vienna Idiopathic Intracranial Hyperten-
sion Biomarker study [VIIH-BIO]), jointly conducted
by the Department of Neurology and the Department
of Ophthalmology at the Medical University of Vienna
starting in January 2021.

Data were collected at the following time points:
before LP (DO0), one (D1) and seven days (D7) after LP.
Disease duration was defined as the time between the
onset of symptoms and the diagnostic LP. Briefly, stan-
dardized VIIH-BIO case reports include demographic
data, body weight, disease specific parameters, as well
as documentation of diagnostic and therapeutic proce-
dures. Headache intensity is evaluated using headache
diaries recorded in months prior to LP, including the
Headache Impact Test-6 (HIT-6), monthly headache days
(MHD) and headache severity quantified by the 11-point
Numeric Rating Scale (NRS). A clinically meaning-
ful change in headache severity was defined as a change
of 22 in the NRS score [10, 11]. The HIT-6 includes six
items that assess the functions most affected by head-
ache, such as daily activities, social functioning, psy-
chological state, pain, fatigue and attention. Each item
is rated with five responses (always, very often, some-
times, never, or rarely) [12]. The total HIT-6 score ranges
from 36 to 78, with higher scores reflecting more severe
impact [13]. All examinations are performed by special-
ized neurologists and neuro-ophthalmologists. All pwIIH
are treated according to best practice based on the rec-
ommendation of weight loss and pharmacological treat-
ment with acetazolamide, topiramate and/or furosemide
following the LP [14]. For the present study, only pwIIH
with stable pharmacological treatment (no change in
medication dosage or regimen) during the observation
period (from DO to D7) were included.

Lumbar puncture

A standardized diagnostic LP was performed using a
Quincke type point, 20GA 3.50 IN, 0.9x88 mm (Braun
Melsungen AG, Germany) spinal needle with a spinal
manometer (Rocket Medical®, UK). LP was performed
in the left lateral decubitus position with the legs repo-
sitioned after dural puncture to reduce abdominal com-
pression. A stabilised CSF OP reading was recorded as
fluctuations in the manometer settled. After measuring
CSF OP, CSF was drained until a target of 10-15 cm CSE-
OP was reached (maximum of 50 ml CSF drained). CSF
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closing pressure was recorded prior to removal of the spi-
nal needle.

Ophthalmological assessment

Fundoscopy was executed using the Frisén staging scale
to rate papilledema severity and categorize the swelling
of optic discs from stage 0 (no papilledema) to stage 5
(severe papilledema) [15].

Best-corrected visual acuity was assessed using Sloan
charts at distance after subjective refraction. Results were
given in logarithm of the minimum angle of resolution
(logMAR). Meaningful change was defined as >0.2 log-
MAR [16].

Automated visual field testing (Humphrey Field Ana-
lyzer, Carl Zeiss Meditec, Jena, Germany), using 30—2
Swedish Interactive Threshold Algorithm (SITA) stan-
dard protocols, was performed, quantifying the mean
deviation (MD) in decibels (dB) of all test locations com-
pared to age-matched controls and defining abnormal
perimetry as an MD lower than —2 dB [14, 15].

Optical coherence tomography (OCT) imaging was
performed without pupil dilation in both eyes of each
person using the same spectral-domain OCT (Spectra-
lis OCT, Heidelberg Engineering, Heidelberg, Germany;
software Heidelberg eye explorer software version 6.9a)
adhering to the OSCAR-IB quality control criteria and
describing findings in accordance with the APOSTEL
criteria [17, 18]. For peripapillary retinal nerve fiber layer
(pPRNFL) measurement, a 12° (3.4 mm) ring scan centered
on the optic nerve head was used (1536 A-scans, auto-
matic real-time tracking [ART]: 100 averaged frames)
[19]. Ganglion cell layer (GCL) volume was measured by
means of a 20°x20° macular volume scan (centered on the
macula with 512 A-scans and 25 B-scans aligned verti-
cally with 16 averaged frames). Volume values character-
ize the GCL volume of the circular area centered around
the foveola corresponding to the circular grid defined
by the Early Treatment Diabetic Retinopathy Study [20].
Image processing was semiautomated using the built-in
proprietary software for automated layer segmentation
and manual correction of obvious errors. Measurements
of worse eyes were used for statistical analysis, i.e., higher
PRNFL thickness as a marker of edema and lower GCL
volume as a marker of neuronal cell loss.

Transbulbar sonography (ABSolu, Quantel Medical,
Cournon d’Auvergne, France) was performed after topi-
cal anesthesia with oxybuprocaine eye drops. Optic nerve
sheaths were qualitatively assessed by transverse and lon-
gitudinal B-scans using a 20 MHz annular probe placed
temporally on the eyeball to verify the presence of a bat
sign indicating perineural CSF congestion. For quan-
titative measurement of arachnoid optic nerve sheath
diameter (AONSD) standardized amplitude modula-
tion, (A-scan) echography with tissue sensitivity settings

Page 3 of 9

was performed, placing the 8 MHz parallel beam A-scan
probe on the temporal eye equator in primary gaze posi-
tion [21, 22]. Standardized A-scan echography enables
a more accurate measurement of AONSD than caliper
measurements from B-scans, which lack standardized
settings and are influenced by the applied signal gain.
At least two measurements were taken within 3 mm of
the posterior bulb wall, and the highest was documented
as the diameter. Abnormal AONSD was defined as >
4.50 mm.

Study outcomes

The primary outcome was the change in papilledema

degree on Frisén scale at D1/D7 compared to DO.
Secondary outcomes assessed at D1 and D7 and com-

pared to DO comprised:

« visual change: increase/decrease of visual acuity by
>0.2 logMAR and/or mean deviation by 22.0 dB in
static threshold perimetry,

+ change in pRNFL thickness and GCL volume,

+ change in AONSD,

+ change in headache presence and its improvement or
worsening according to headache severity (a change
of >2 in the NRS score) from DO to D7 compared to
the month before LP.

Standard protocol approvals, registrations, patient
consents, and reporting

The study was approved by the ethics committee of the
Medical University Vienna (ethical approval number:
2216/2020). Written informed consent was obtained
from all participants. This study adheres to the reporting
guidelines outlined within the ‘Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
Statement’

Data availability

Data supporting the findings of this study are available
from the corresponding author upon reasonable request
by a qualified researcher and upon approval by the data-
clearing committee of the Medical University Vienna.

Statistical analysis

Statistical analysis was performed using the statistical
package of SPSS version 29.0.2.0. (Armonk, NY, USA).
Categorial variables were expressed in absolute frequen-
cies and percentages, continuous parametric variables as
mean and standard deviation (SD) and continuous non-
parametric variables as median with interquartile range
(IQR) as appropriate. Continuous variables were tested
for normal distribution using the Shapiro-Wilk-Test.
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Repeated measures ANOVA, Friedman test and Wil-
coxon Signed Ranks Test were performed for pairwise
comparisons as appropriate, adjusted for age, sex, BMI,
disease duration and CSF OP. Ophthalmological out-
comes were investigated in a stepwise manner, addi-
tionally adjusted for [1] papilledema degree, [2] pRNFL
thickness, [3] GCL volume, and [4] AONSD at baseline
as appropriate. Linear mixed effects models were used to
evaluate effects of covariates on clinical and ophthalmo-
logical outcomes.

Prespecified sensitivity analyses to determine the
potential confounding influence were performed with the
same statistical analysis setup excluding pwIIH without
papilledema (IIH-WOP). Missing values due to missed
study visits, missing information in the source document
and/or data unavailability (lack of cooperation during the
examination) were reported at each step. Significance
level was set at a two-sided p-value <0.05 with hierarchi-
cal Bonferroni correction for multiple testing according
to the order of secondary outcomes.

Results

We included 30 pwIIH (mean age 32.8 [SD 8.4], 93.3%
female, median CSF OP 33.0 cmCSF [IQR 26.9-35.3],
median BMI 34.8 kg/m? [IQR 30.9-40.9]), with a median
disease duration prior to diagnostic LP of 3 months [IQR
2-7.5]. At baseline, 20 pwIIH [66.7%] suffered from head-
ache with median MHD of 13.5 [IQR 10-28] and a mean
HIT-6 score of 55.5 points [SD 10.8]; 12 [40.0%] pwIIH
had chronic headache. The inclusion/exclusion process is

52 patients with suspected IIH

> 13 patients excluded due to no

> 6 patients excluded due to lost to

> 2 patients excluded due to

> 1 patient excluded due to surgery

Y
30 pwllH included
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shown in Fig. 1. The demographics of the study cohort at
baseline are described in Table 1.

Primary outcome

At baseline, 25 [83.3%] pwlIH presented with papill-
edema with a median Frisén grade of 2 [1-3]. While pap-
illedema persisted in 17/21 [81.0%] and 20/24 [83.3%)]
pwlIH at D1 and D7, respectively, Frisén grading had
only improved at D7 (Table 2). None of the covariates
(age, sex, BMI, disease duration, CSF OP, papilledema
degree at baseline) had a significant effect on change in
Frisén grade.

Secondary outcomes
Ophthalmological outcomes
Visual acuity had improved in 1/21 (4.8%) and 3/25
(12.0%) pwIIH at D1 and D7, respectively, with one
(4.0%) patient experiencing a worsening of visual acuity
at D7. There was no significant difference in visual acuity
between time points, and none of the covariates (age, sex,
BM]I, disease duration, CSF OP, visual acuity at baseline)
significantly affected the outcome (Table 2). Similarly,
visual field had improved significantly in 4/21 (19.0%) and
5/23 (21.7%) pwlIH at D1 and D7, respectively, while two
(8.7%) pwlIH experienced a worsening in visual field at
D7. However, no significant difference in visual field MD
was seen between time points, and none of the covariates
(age, sex, BMI, disease duration, CSF OP, visual field MD
at baseline) significantly affected the outcome (Table 2).
Median pRNFL thickness had decreased significantly
at D7, with pRNFL thickness at baseline being associated

confirmed IIH

follow-up

ophthalmological comorbidities

(ONSF)

Fig. 1 Flowchart of the inclusion/exclusion process. IIH: idiopathic intracranial hypertension, ONSF: optic nerve sheath fenestration
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Table 1 Cohort characteristics at baseline

Study cohort (n=30)

Female? 28 (93.3)

Age® 32.8(84)
Disease duration (months)© 3(2-7.5)

CSF opening pressure (cmCSF)© 33.0(26.9-35.3)
Volume of CSF drained (mi)® 29 (10-40)

BMI (kg/m?)¢ 34.8 (30.9-40.9)
IIH-WOP? 5(16.7)

Visual disturbances? 22 (73.3)
Tinnitus® 15 (50.0)
Therapy after diagnostic LP

Acetazolamide® 29 (96.7)
Median acetazolamide dosage (mg)© 1,000 (500-1,000)
Topiramate® 1(3.3)
Topiramate dosage (mg) 50

Headache

Headache presence® 20 (66.7)

MHD® 13.5(10-28)
Chronic headache?® 12 (40.0)
Median headache severity (NRS)® 5 (3.8-6)

Peak headache severity (NRS)" 8.5 (7-10)
HIT-6° 555(10.8)
Ophthalmological parameters

Frisén-Scale® 2(1-3)

Visual acuity of worse eye (logMAR)© 0.00 (-0.08, 0.00)
Decreased visual acuity® 2(6.7)

Visual field mean deviation of worse eye (dB)®  -1.84 (-5.27,-0.57)
Abnormal visual field? 14 (46.7)

PRNFL thickness of the worse eye (um)© 1455 (97.8-221.5)
GCL volume of the worse eye (mm?)© 1.05 (1.0-1.16)

Presence of a bat sign in echography® 28(933)
Abnormal AONSD? 29 (96.7)
AONSD of the worse eye® 5.85 (0.75)

aNumber (percentage), ®Mean (standard deviation), “Median (interquartile
range), “Median (range)

AONSD: arachnoid optic nerve sheath diameter, BMI: body mass index, CSF:
cerebrospinal fluid, GCL: ganglion cell layer, IIH-WOP: idiopathic intracranial
hypertension without papilledema, LP: lumbar puncture, MHD: monthly
headache days, NRS: Numeric Rating Scale, pRNFL: peripapillary retinal nerve
fiber layer

with the pRNFL change (F; ;;)=18.79, p=0.001), explain-
ing 63.1% of its variance (Table 2; Fig. 2). Interestingly,
CSF OP also showed a trend towards association with
pRNFL change (F(;;)=4.08, p=0.068). In contrast,
median GCL volume had not changed significantly at D1
or D7, and none of the covariates (age, sex, BMI, disease
duration, CSF OP, GCL volume at baseline) had a signifi-
cant effect on the outcome (Table 2; Fig. 2).

Mean AONSD was significantly lower at both time-
points, with AONSD at baseline being associated with
change AONSD change (D1: p= -0.89, 95% CI -1.37,
-042, p=0.002; D7: p= -0.85 95% CI -1.42, -0.28,
p=0.007), explaining 68.9% of its variance (Table 2;
Fig. 2). Again, CSF OP showed a trend towards
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association with AONSD change at D1 (f=0.06, 95% CI
0.00, 0.12, p=0.057) but not at D7.

We found a correlation between the volume of CSF
drained and the CSF OP (r=0.40, p=0.03) but not with
any other ophthalmological outcomes (pRNFL thickness,
AONSD).

Neurological outcomes

Headache presence was not significantly reduced at D7
(Table 2; Fig. 2). However, its persistence was associ-
ated with disease duration (F; 3)=2.65, p=0.026). Peak
headache severity, measured by NRS, was significantly
reduced at D7, whereas median headache severity was
not (Table 2). At D7, 8 (30.8%) and 10 (38.5%) pwIIH
reported an improvement in peak and median headache
severity, respectively. Postdural puncture headache was
reported by 21/26 (80.8%) pwlIH. None of the covariates
(age, sex, BMI, disease duration, CSF OP, MHD) signifi-
cantly affected the outcome.

The presence of visual disturbances was significantly
reduced at D7 but none of the covariates (age, sex, BMI,
disease duration, CSF OP) had a significant effect on the
outcome (Table 2; Fig. 2). Tinnitus presence also signifi-
cantly decreased at D7, which was associated with higher
BMI (F(;4=8.15, p=0.019), and tended to be more
common in older participants (F;q=4.66, p=0.059)
and those with longer disease duration (F(;q=3.92,
p=0.079) (Table 2; Fig. 2). At D7, tinnitus had improved
in 2/7 (28.6%), worsened in 2/7 (28.6%) and remained
unchanged in 3/7 (42.8%) pwlIH.

Sensitivity analyses removing pwlIH-WOP did not sig-
nificantly change the overall results or the impact of indi-
vidual variables.

Discussion

In the present study, we evaluated the short-term thera-
peutic effect of a single LP in a prospective cohort of
pwlIIH. We found that a single LP has a moderate effect
on ophthalmological, e.g., papilledema, pRNFL thickness
and AONSD, but not headache outcomes.

The pathophysiological mechanism behind increased
ICP in ITH is not well understood, with CSF overproduc-
tion, its reduced absorption, and/or increased cerebral
venous pressure comprising plausible and potentially
over-lapping mechanisms. As CSF is passively reabsorbed
into the intracranial venous sinus via the arachnoid gran-
ulations, transverse sinus stenosis may impair venous
drainage, resulting in cerebral venous hypertension and
impaired CSF absorption [23]. Some studies have sug-
gested that a single LP may lead to a sudden reopening of
collapsed transverse sinuses due to the reduction of ICP,
resulting in improvement of IIH symptoms [5, 7, 24, 25].

Papilledema can be reliably detected and monitored
by measuring the pRNFL thickness, which increases as
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Table 2 Ophthalmological and neurological outcomes during the observation period

Do D1 p-value D7 p-value
(DO vs.D1) (DO vs. D7)

Ophthalmological outcomes
Frisen-Scale® 2(1-3) 2(1-2) 0.102 1(0-1) 0.011
Visual acuity of worse eye (logMAR)® 0.00 (-0.08, 0.00) -0.08 (-0.09, 0.00) 0.786 -0.08 (-0.08, 0.00) 0.959
Visual field mean deviation of worse eye (d B)P -1.84 (-5.27,-0.57) -1.53(-3.70,-0.17) 0.077 -167 (-4.37,-0.54) 0.521
Change in pRNFL thickness (um)b na. -3(-9,0) 0.511 -9(-62.5,-1.3) 0.035
Change in GCL volume (mm3)° n.a. 0.00 (-0.02,0.01) >0.999 -0.01 (-0.03,0.01) 0.534
Change in AONSD (mm)*© n.a. -0.74 (0.14) <0.001 -0.65 (0.17) 0.010
Neurological outcomes
Headache presence® 20/30 (66.7) n.a. n.a. 13/26 (50.0) 0.059
Peak headache severity (N RS)P 8.5 (7-10) n.a. n.a. 7.5(53-9.8) 0.026
Median headache severity (NRS)® 43(03) na. na. 33(0.8) >0.999
Presence of visual disturbances® 22/30(73.3) n.a. n.a. 8/22 (36.4) 0.011
Tinnitus presence? 15/30 (50.0) na. na. 7/22 (31.8) 0.046

Number (percentage), bMedian (interquartile range), “Mean (standard deviation)
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Fig. 2 Ophthalmological (a) and neurological (b) outcomes in pwllH before and after lumbar puncture (LP). Neurological outcomes were assessed as
the change in their presence from DO to D7 compared to the month before LP. AONSD: arachnoid optic nerve sheath diameter, GCL: ganglion cell layer,
pRNFL: peripapillary retinal nerve fiber layer, DO: before LP, D1: one day after LP, D7: seven days after LP

*p<0.05,**p <001, **p < 0,001
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a result of axoplasmic flow stasis in the retinal ganglion
cell axons at the optic nerve head [26-28]. A decrease
in pRNFL thickness can indicate either improvement
of papilledema or axonal loss. On the other hand, mea-
surement of GCL volume or thickness is not affected by
axonal swelling and allows earlier direct quantification
of neuroaxonal damage during acute exacerbation of IIH
(compared to the pRNFL thickness). The lack of any sig-
nificant change in the GCL volume in our study is not
surprising as the observation period was short and the
degree of papilledema was at most moderate. The signifi-
cant decrease in pRNFL thickness observed after seven
days therefore most likely reflects the reduction in axonal
flow stasis as a result of ICP-relieving LP.

Transbulbar sonography is a useful imaging technique
in the diagnosis and monitoring of increased ICP. The
latter leads to an expansion of the perineural subarach-
noid space, resulting in enlargement of the perioptic
nerve sheath [29, 30]. Transbulbar sonography has high
resolution and is therefore sensitive to changes in ICP. In
our study, a single LP had a moderate effect on AONSD
without significantly affecting functional outcomes.
However, the decrease in AONSD at D7 is still indicative
of a decrease in ICP, which is particularly important in
the initial therapy monitoring, where few or no detect-
able changes in other ophthalmological parameters
are expected. While fundoscopy with the Frisén scale
remains the most practical approach for clinical evalu-
ation of papilledema, our findings suggest that AONSD
may be more sensitive for detecting early ICP changes.
However, our study was not design to compare the supe-
riority of these methods in assessing papilledema, and
further research is required to provide more definitive
answers. Also, although AONSD presents a promising
tool, data on its association with degree of papilledema
degree are still limited, and its routine clinical use is con-
strained by the lack of standardization and availability.

While IIH can be a deleterious condition leading to
visual worsening or even blindness, it is also associated
with reduced quality of life due to severe headache. In
this regard, we found a reduction in peak headache sever-
ity following a single LP, but this was offset by a lack of
change in mean headache severity and headache burden.
Overall, the benefit of a single LP in terms of headache
improvement appears to be moderate at best and par-
tially offset by post-dural puncture headache [7]. The lack
of association between headache outcomes and the CSF
OP strengthens the hypothesis that headache disability
in IIH is less dependent on ICP [31], with patients with
the greatest headache severity benefiting the most from
therapeutic LP [7]. Furthermore, headache persistence
after LP was associated with disease duration, meaning
that people with longer disease duration and a possible
headache chronification, benefited least from therapeutic
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LP. These observations imply that specific neuronal
mechanisms, such as sensitization of nociceptive trigemi-
nal pathways involving calcitonin gene-related peptide
(CGRP)-related mechanisms [32, 33], may occur after a
prolonged period of increased ICP, preventing recovery
once its cause has been treated. However, it needs to be
acknowledged that observations of headache over a short
observation period need to be interpreted cautiously as
they are prone to be confounded by coincidental varia-
tion, regression to the mean and - not least — placebo
effect following LP.

There are some additional limitations acknowledged to
this study. The relatively small sample size (due to the rar-
ity of IIH) and a short follow-up are partially mitigated
by the standardized data collection and thorough qual-
ity control. However, long-term effects of therapeutic LP
are a priori unlikely and a longer follow-up period would
have been confounded by changes to pharmacological
treatment. The participants were treated following best
practice recommendations and their treatment remained
stable throughout the observation period, but naturally
varied between individuals, potentially introducing bias.
Moreover, statistical models were not adjusted for phar-
macological treatment, presenting a potential bias of
overcalling the therapeutic role of LP. As some authors
argue that pwIIH-WOP should be excluded or studied
separately, we performed prespecified sensitivity analy-
ses excluding pwIIH-WOP, which did not significantly
change the results.

Conclusions

A single LP has a moderate effect on ophthalmologi-
cal but not headache outcomes, highlighting an addi-
tional therapeutic aspect of mandatory diagnostic LP.
As its effects are likely to be short-lived, the benefit of
repeated LP is still controversial and should be limited
to pwlIH with vision-threatening papilledema and lim-
ited therapeutic options, e.g., in pregnancy or intolerance
to pharmacological IIH treatment. To achieve complete
resolution of papilledema, pharmacological treatment
and weight loss are the most important long-term treat-
ment strategies. Importantly, headache does not repre-
sent a suitable indication for therapeutic LP as it does
not appear to be adequately affected by this intervention,
hence other approaches focusing on headache treatment
should be considered.
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