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Abstract

Background Idiopathic intracranial hypertension (IIH) is a cause of chronic headaches that are probably driven by
raised intracranial pressure (ICP). Cerebral venous sinus pressure is thought to play a role in the underlying pathology,
but its relation with intracranial pressure requires further investigation. We aimed to evaluate the concordance
between lumbar puncture opening pressure (LPOP) as indicator of the ICP and cerebral venous sinus pressure in
patients investigated for IIH.

Methods In this case-series replication study, all patients with IIH suspicion and who underwent cerebral venous
sinus pressure measurement followed immediately by LP opening pressure (LPOP) measurement were retrospectively
included. Pearson’s correlation and measurement agreement (Bland-Altman plots) between venous pressure and
LPOP were analyzed.

Results 52 consecutive patients (46 women; median age, 31 years [IQR=25-42]) were included. The mean

pressure in the superior sagittal sinus (55S) and in the torcular were 20.9mmHg (SD+7.3) and 20.8 mmHg (SD+6.8),
respectively. The mean LPOP was 22mmHg (SD+6.4). Pressure measured in the transverse venous sinus, the torcular,
and the SSS correlated with LPOP (p <0.001). Bland-Altman plots showed that torcular pressure strongly agreed with
LPOP (mean difference of 1.7mmHg). The limit of agreement (LOA) (mean difference + 1.965D) contained 98.1% of the
differences between the two methods, confirming the concordance between the two measures. Torcular pressure
and LPOP were consistent in patients with a trans-stenotic pressure gradient > or <to 8 mmHg (mean difference:
TmmHg and 2.4mmHg, respectively), and for those with a LP OP > or <to 18mmHg (mean difference: 1.8mmHg and
1.95mmHg, respectively).
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Conclusions In patients investigated for IIH, the ICP measured at the LP is correlated and concordant with the
torcular pressure. These results confirm previous findings and further corroborate the hypothesis that cerebral venous

system plays a major role in CSF dynamics and ICP.

Keywords Idiopathic intracranial hypertension, Transverse venous sinus stenosis, Concordance, Lumbar puncture

Background

Idiopathic intracranial hypertension (IIH) is a pathol-
ogy characterized by elevated intracranial pressure (ICP)
causing disabling secondary headache, hearing distur-
bance, and papilledema with a risk of visual impair-
ment [1]. Headache is usually temporally related to the
increased ICP, although 50% of IIH patients describe a
persistent chronic headache despite ICP normalization
[2]. The exact etiology of IIH is still not well understood.
A growing body of literature confirms that IIH is a com-
plex metabolic disorder strongly associated with obesity
and female sex [3]. The relationship between cerebral
venous pressure and cerebrospinal fluid (CSF) resorption
via the arachnoid granulations is a well described mecha-
nism playing an important role in the homeostasis of ICP
[4, 5]. Recent evidence suggests that venous sinus conges-
tion promotes the ICP elevation by creating a positive
feed-back loop: the ICP elevation augments the sever-
ity of the venous sinus stenosis, leading to progressive
outflow obstruction and resulting in additional venous
congestion, which then leads to further ICP elevation.
Nevertheless, it is still debated whether the initial sinus
stenosis is a contributing cause or a consequence of ICP
elevation, but a close relationship between the cerebral
venous outflow and ICP has been recently confirmed [6,
7].

The ICP, following IIH management guidelines, is esti-
mated through lumbar punction (LP) in in lateral decu-
bitus [1]. Consequently, various large studies aimed to
elucidate the relationship between venous pressures and
LP opening pressure (LPOP) [7-9]. Although strong cor-
relations were observed, LPOP was generally measured
at a different time and place, potentially impacting the
validity of the observed correlation. To overcome this pit-
fall, Lee et al. (2021), evaluated the correlation between
LPOP and cerebral venous pressure in IIH, when mea-
sured consecutively [6]. They demonstrated a near one-
to-one correlation between the torcular pressure and the
LPOP, that was significantly impacted by gender, race and
BMI. Consequently, the authors suggested that elevations
in ICP are proportionally linked to elevations in sinus
pressure. And although a correlation provides important
information about the relationship between two vari-
ables, it does not account for differences in the means.
Indeed, their data showed an important difference
between the absolute pressure values measured at LP and
those obtained in the SSS or torcular: the mean pressures
in SSS and torcular were 25.5mmHg and 23.8mmHg

respectively, while the mean LPOP was 18.6mmHg. A
simple way to address such differences in the mean, is
by estimating the measure agreement through a con-
cordance analysis rather than a correlation analysis, as a
good agreement requires both a good correlation and a
small measurement bias [10].

Thus all-in-all, a strong correlation between venous
pressure and LPOP pressure has previously been demon-
strated in a single operator and single center case series
study. To confirm the generalizability of these findings
and contribute to further understanding of the measures’
relationship, we here propose a replication study that (1)
takes into account both the concordance and the corre-
lation between measures, (2) using a standardized pro-
cedure that was performed by two different experienced
operators and (3) subgroup analyses with clinically sig-
nificant pressure cut-off values. Therefore, we included
consecutive patients with suspicion of IIH who received
venous sinus pressure measurement followed immedi-
ately by a LPOP using the same pressure measurement
technology. We hypothesized that cerebral venous sinus
pressure is concordant with LPOP in patients with suspi-
cion of IIH, especially for patients with a gradient above
trans-stenotic pressure gradient cut-off. If this is proven
correct, it supports the idea that CSF pressure elevation
occurs in concert with proportional venous sinus pres-
sure elevation, and thus corroborating the hypothesis
that venous sinus impairment is a pivotal element in the
pathogenesis of ITH.

Materials and methods

Patient selection

Since January 2021, in all patients with clinical and/or
radiological suspicion of IIH intracranial venous sinus
pressure and LPOP are standardly measured during
the same procedure at our neuroradiological interven-
tion unit following multidisciplinary IIH expert consen-
sus. Patients with suspicion of ITH are referred (a) to the
ophthalmological department, mostly when presented
with visual disturbance or diagnosed with papilledema
diagnosis at a peripheral hospital, (b) to the neurologi-
cal department, mostly when presented with headache,
or (c) to the emergency department, mostly in case of
severe headache or sudden onset visual disturbance. IIH
suspicion is confirmed by the presence of a combination
of neurological (pressure headache, tinnitus, visual dis-
turbances), ophthalmological (optic disc oedema), and
MRI symptoms (empty sella, optic hydrops, transverse
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venous sinus stenosis, flattening of the posterior aspect
of the globe, distension of the peri optic subarachnoid
space). Accordingly, all consecutive patients with suspi-
cion of ITH underwent intracranial venous sinus pressure
and LPOP. Definite IIH diagnosis is based on the modi-
fied Dandy criteria [1], and it is confirmed after pressure
measurement at the LP in lateral decubitus. Exclusion
criteria included: (1) presence of other identifiable causes
of ICP elevation; (2) patients<18-year-old; and (3) pres-
ence of LP contraindications.

Data collection included demographic data, compre-
hensive venous sinus pressure evaluation, internal jugu-
lar (I]) pressure, central venous pressure (CVP), location
of stenosis, trans-stenotic gradient, and LPOP with CSF
samples collected immediately after venous pressure
measurement. MRI was used to obtain the degree of the
transverse venous sinus (TVS) stenosis on MRI venogra-
phy as a percent of stenosis following “1-(smallest diam-
eter/normal diameter)” [11]; grade of loss of pituitary
height (concavity) evaluated on sagittal T1-weighted
images: I: normal, II: superior concavity that was mild
(<1/3 the height of the sella), III: moderate (between 1/3
and 2/3), IV: severe (>1/3 concavity of height of sella),
and V: empty sella [12]; length of the TVS; transverse
diameter of the Meckel cave on T2-weighted coronal
sequences; and posterior globe flattening and optic nerve
sheath distension on T2-weighted axial and coronal
sequences [13]. Clinical data included: presence of head-
ache classified as episodic (<15 episodes per month) and
chronic (=215 episodes/month for at least 3 months) [14];
visual acuity impairment (number of correct letters);
optic disc swelling (Frisen classification: grades 0-5) [15].

Decision for pressure measurement was made after
multidisciplinary consensus (neurologists, neuroradi-
ologists, neurosurgeons, and ophthalmologists with
experience in IIH). Procedures were performed by two
neuroradiologists with over 5-years of experience in IIH
management.

Study objectives

The primary objective of this study was to establish the
concordance between the ICP values obtained with a
transvenous access in the cerebral venous sinuses and
ICP estimations obtained by LPOP in lateral decubitus,
being the gold standard for ICP assessment in patients
with suspected IIH [1].

The secondary objective was to evaluate whether the
relation between cerebral venous sinus pressure and
LPOP was modified by the degree of trans-stenotic pres-
sure (<8mmHg vs. 28mmHg), and/or LPOP pressure
(<18mmHg and 218mmHg). The trans-stenotic pres-
sure gradient of 8mmHg was chosen because it is the
commonly accepted cut-off for venous stenting [7]. The
cut-off of 18mmHg at LP (approximately 25cmH20) was

Page 3 of 11

selected as threshold between “normal” (< 18mmHg) and
“pathological” (218mmHg) ICP in IIH patients, based on
the diagnostic criteria of pseudo-tumor cerebri [1].

Procedure description

Before pressure measurements, all patients received full
ophthalmological and neurological examination, as well
as a contrast-enhanced cerebral MR], as described above.
Patients under acetazolamide treatment were instructed
to stop intake 5 days prior to the procedure. Five days
were considered sufficient based on acetazolamide’s
6-hour elimination half time [16] combined with the
fact that about five half-times are required to eliminate
roughly 97% of a drug from our body. No patients were
under topiramate. The procedure was performed under
pure local anesthesia to avoid confounding effects of
sedation, as well as pressure changes because of ventila-
tion [17, 18]. Patients were asked to avoid caffeine for at
least six hours before intervention to prevent influence of
caffeine on the ICP [19].

Cerebral venous sinus catheterization

Right femoral venous access was gained through a 5 F
introducer under local anesthesia. A 5 F catheter was
placed in the IJV and a 0.021-inch Headway micro-cath-
eter was navigated over a 0.014-inch Syncro micro-wire
into the cerebral sinuses. Pressure was taken in the proxi-
mal S2 segment of the superior sagittal sinus (SSS), con-
fluence of the sinus (Torcular), right and left transverse
venous sinus (TVS) distal to the stenosis, right and left
sigmoid venous sinus (SVS) proximal to the stenosis,
right and left IJV, and in the right heart (CVP). Pressure
measurement started at the SSS and then the micro-
catheter was pulled back step-by-step to the other to-be-
explored segments. The pressure gradient was calculated
as the difference between the pressure measured at the
confluence of the sinus and the pressure recorded at
the sigmoid sinus proximal to the stenosis. Because the
torcular is the confluence of the main cerebral sinus, its
pressure gives us a single value that is thought to best
summarize the cerebral venous pressure [6]. Pressure was
recorded in mmHg. Navigation into the sinuses was per-
formed following the bone landmarks without road-map
guidance.

Cerebral venous sinus pressure measurement

The patient was positioned in dorsal decubitus and a
pressure measurement system for central venous pres-
sure was used for intracranial venous pressure and LPOP.
First, the transducer was zeroed to atmospheric pres-
sure, and it was placed at the level of the left external
meatus (Fig. 1A). This is the standard landmark used to
zero the pressure transducer when monitoring the ICP
by an external ventricular drainage: the external meatus
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Fig. 1 (A-B). Patient position during cerebral venous pressure measurement (A): the transducer is zeroed to atmospheric pressure and is placed at the
level of the left external meatus. Patient position during lumbar puncture opening pressure measurement (B): the pressure transducer is placed on the

mid-sagittal line with the patient in left lateral decubitus

is considered to be in line with the foramen of Monro
[20]. In addition, to ensure accurate pressure monitor-
ing, care was taken to align the transducer placed at the
external acoustic meatus (head in neutral position) with
the phlebostatic axis which is located at the fourth inter-
costal space at the mid-anterior-posterior diameter of the
chest wall: this is the approximate location of the right
atrium and it is used to establish pressure in the circula-
tory system [21]. Air bubbles in the pressure tube were
flushed [22]. During the pressure monitoring patients
were instructed to avoid talking, holding breath, or per-
forming a Valsalva maneuver. To assure accurate pressure
evaluation, the micro-catheter was held in place in each
segment for about 30 s and was flushed if catheter tip
obstruction was doubted. Pressure was recorded on the
anesthesiologist monitors. In case of unilateral hypoplas-
tic venous sinus, pressure measurement was only per-
formed when the microcatheter could be easily navigated
inside the narrowed lumen. At the end of the procedure,
compression was held on the venous access site.

Opening pressure at lumbar puncture

Immediately after, the patient was rotated to the left lat-
eral decubitus, flat on the interventional radiology table
(Fig. 1B). Care was taken to position the head aligned
with the spine: the external occipital protuberance
(which is at the same level of the confluence of the sinus

in lateral decubitus) [23] was aligned to the spine and the
site of puncture. This line corresponds to the mid-sagittal
line. The pressure transducer was placed on the mid-sag-
ittal line that is considered the zero-level for the intraven-
tricular pressure monitoring in lateral decubitus [20]. In
addition, this line corresponds approximately with the
phlebostatic point in the left lateral decubitus [24]. The
head was straight (neutral position, neither flexed, nor
extended) with moderate hip flexion to avoid the influ-
ence of the head and hip hyperflexion on the LPOP [25].
After local anesthesia, fluoroscopy was used to guide a
25-gauge atraumatic needle into the lumbar cistern at the
L3L4 level. The CSF flow confirmed the intradural posi-
tion of the needle and the LPOP was recorded with the
pressure tube connected to the needle. During pressure
monitoring patients were instructed avoid talking, hold-
ing breath, or performing a Valsalva maneuver. Measures
were recorded for at least 60 s to reach the peak level of
pressure, until stable reading with pulsations [26].

Statistical analysis

Categorical data were described by their frequency (%),
whereas continuous data were summarized by their
mean and standard deviation (SD). To compare pressure
measures we performed a Pearson’s correlation analy-
sis. Bland-Altman plots [27] were used evaluated the
concordance between pressure measures and to verify
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52 consecutive patients
with suspicion of IIH

52 consecutive venous
pressure measurement and
LP in the same session

Absence of
technical failure

44 patients with LP OP

8 patients with LP OP
< 18mmHg
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A. Papilledema; B. Normal neurologic examination except for cranial nerve abnormalities; C. Neuroimaging: Normal brain parenchyma
without evidence of hydrocephalus, mass, or structural lesion and no abnormal meningeal enhancement on MRI, with and without
gadolinium, for typical patients (female and obese), and MRI, with and without gadolinium, and magnetic resonance venography for
others; D. Normal CSF composition E. Elevated lumbar puncture opening pressure (2250 mm CSF in adults)
* empty sella, flattening of the posterior aspect of the globe, distension of the perioptic subarachnoid space, and transverse venous sinus
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Fig. 2 Study flow chart
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the agreement between the two methods in subgroups
of patients: (1) patients with a trans-stenotic pressure
gradient<8mmHg vs. 28mmHg; (2) and patients with a
LPOP<18mmHg vs. 218mmHg. All statistical analyses,
descriptive and inferential, were performed with SPSS 29
(IBM, Armonk, NY).

Results

Baseline population characteristics

From January 2021 to October 2023, 52 consecutive
patients (46 women; median age, 31 years [IQR=25-42])
with ITH suspicion received intracranial venous pressure

Table 1 Patients'characteristics

Variables Statistics
Number of Patients 52
Median Age (years) 31(25-42)
Females 46 (88.5%)
Mean Body Mass Index 32(5.5)
Symptom’s duration (months) 28 (36)
Type of symptoms
Headache

Chronic Headache 50 (96%)

Episodic Headache 40 (80%)

10 (10%)

Impairment of the visual acuity (No. of correct letters) 11 (21%)
Dizziness 8 (15%)
Diplopia 5(10%)
Pulsatile Tinnitus 18 (35%)
Confirmed papilledema (fundoscopy) 39 (75%)
Mean Frisen Grade

Right Eye 1(1-2)

Left Eye 1(1-2)
MRI signs of IIH
Loss of pituitary height

| (normal) 3 (5.8%)

Il (mild; < 1/3 h) 7 (13.5%)

Il (moderate; 1/3 < h < 2/3) 13 (25%)

IV (severe; h < 2/3) 20 (38.5%)

V (total empty sella) 6 (11.5%)
Median Transverse diameter of Meckel cave (mm)

Left 4.2 (3.6-5.3)

Right 4.1 (35-47)
Posterior globe flattening 29 (56%)
Optic nerve sheath distension 35 (67%)

TVS Characteristics

Unilateral right TVS stenosis with hypoplastic left TVS 26 (50%)

Unilateral left TVS stenosis with hypoplastic right TVS 10 (19%)
16 (

Bilateral stenosis with Codominant TVS 31%)

Median Severity of the Left TVS
Median Severity of the Right TVS
Median Length of left stenosis (mm)
Median Length of right stenosis (mm)

0.79(0.72-0.82)
0.79 (0.68-0.84)
12.5 (6.5-20)
18 (7.5-23)

Statistics: Continuous variables are represented by either mean (standard deviation) or
median (interquartile range) values. Categorical variables are represented by the number
of cases and the corresponding percentage of occurrence. lIH: idiopathic intracranial
hypertension; TVS: transverse venous sinus
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measurement followed immediately by LPOP (Fig. 2).
The mean body mass index was 32 (SD=%5.5). The mean
symptoms duration was 28 months (SD==%36). Headache
was reported in 50 patients (96%): being chronic in 40
(80%) and episodic in 10 (20%) patients. Other symptoms
are reported in Table 1. Papilledema was confirmed in
39 patients (75%), with a mean Frisen grade of 1 in each
eye. Loss of pituitary height was detected in 46 patients
(88.5%) of which 6 (11.5%) exhibited a total empty sella.
The median transverse diameter of the left and right
Meckel cave was 4.2 mm [IQR=3.6-5.3] and 4.1 mm
[IQR=3.5-4.7], respectively. Posterior globe flatten-
ing was detected in 29 (56%) patients, while optic nerve
sheath distension was reported in 35 (67%) patients.

Thirty-nine patients received a definite diagnosis of ITH
(modified Dandy criteria A to E); five patients had a prob-
able diagnosis of IIH (modified Dandy criteria A to D);
among the eight patients that did not present optic disc
swelling, IIH without papilledema (IIHWOP) was sug-
gested in five (LPOP>18mmHg and presence of empty
sella, flattening of the posterior aspect of the globe, dis-
tension of the perioptic subarachnoid space, and trans-
verse venous sinus stenosis), while three patients were
diagnosed with meningitis (Fig. 2).

There were neither technical failures during venous
pressure measurement or LPOP, nor adverse events after
venous pressure measurement or LPOP. All patients
had some degree of TVS stenosis on MRI. That is, six-
teen patients (31%) presented a bilateral TVS stenosis, 10
patients (19.5%) and 26 patients (50%) exhibited unilat-
eral left and right TVS stenosis, respectively, with a hypo-
plastic contralateral one. The median degree of the left
and right TVS stenosis was 0.79 [IQR=0.72-0.82] and
0.79 [IQR=0.68-0.84], respectively.

Intracranial venous pressure values

The mean pressure in the SSS and torcular were 20.9
mmHg (SD=%7.3) and 20.8 mmHg (SD=16.8), respec-
tively (Table 2). The mean pressure of the right TVS, right
sigmoid sinus, and right IJV were 19.5mmHg (SD=%7.3),
10.5mmHg (SD=+3.1), and 9.6mmHg (SD=%2.6),
respectively. The mean trans-stenotic pressure gradi-
ent on the right side was 9.8mmHg (SD=%6). The mean
pressure of the left TVS, left sigmoid sinus, and left IJV
were 19.5mmHg (SD=%6.2), 10.9mmHg (SD=%3), and
10.3mmHg (SD=%2.9), respectively. The mean trans-
stenotic pressure gradient on the left side was 9.9mmHg
(SD=%5.6). The central venous pressure was 8.6 mmHg
(SD=%3.3).

Opening pressure at lumbar puncture

The mean LPOP was 22mmHg (SD+6.4). Thirteen
patients (25%) had LPOP<18mmHg, while 39 (75%)
showed a pressure 218mmHg.
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Table 2 Venous pressures and lumbar puncture opening

pressure
Variables Mea- Statis-
sures * tics**
Superior sagittal sinus pressure (mmHg) 52 209 (7.3)
Torcular pressure (mmHg) 52 20.8 (6.8)
Right Transverse venous sinus pressure (mmHg) 52 19.5(7.3)
Left Transverse venous sinus pressure (mmHg) 46 19.5 (6.2)
Right Sigmoid sinus pressure (mmHg) 52 10.5 (3.1)
Left Sigmoid sinus pressure (mmHg) 46 109 (3)
Right Internal Jugular vein pressure (mmHg) 52 96(2.6)
Left Internal Jugular vein pressure (mmHg) 46 10.3(2.9)
Central venous pressure (mmHg) 52 8.6 (3.3)
Right-side Trans-stenotic gradient (mmHg) 52 9.8 (6)
Left-side Trans-stenotic gradient (mmHg) 46 9.9 (5.6)
Lumbar puncture opening pressure (mmHg) 52 22 (6.4)
Difference between Lumbar puncture and Torcu- 52 1724)

lar pressure (mmHg)

* Number of measures: in case of hypoplastic sinuses or impossible
catheterization of a specific venous segment, the total number can be inferior
to 52

** Statistics: mean (standard deviation)

Table 3 Pearson’s correlation analysis between venous pressure
measures and lumbar puncture opening pressure, and between
the degree of the stenosis and lumbar puncture opening
pressure

Venous Pressure measures

Statistics

Correlation between venous pressure and LPOP

SSS Pearson’s r 0.921
Vs p-value <0.001
LPOP N 52

Left TVS Pearson’s r 0.876
Vs. p-value <0.001
LPOP N 45
Right TVS Pearson’s r 0.899
Vs. p-value <0.001
LPOP N 59
Torcular Pearson’s r 0.932
VS. p-value <0.001
LPOP N 59
Correlation between the degree of the stenosis and LPOP

Degree of the Right TVS stenosis Pearson’s r 0.229
Vs. p-value 0.151
LPOP N 4
Degree of the Left TVS stenosis Pearson’s r 0.174
Vs p-value 0.282
LPOP N 2%

LPOP =Lumbar Puncture Opening Pressure; SSS = Superior Sagittal Sinus; TVS = transverse
venous sinus.

Correlation and concordance between intracranial venous
pressure and opening pressure at lumbar puncture
Pressure measured in the right and left TVS, torcu-
lar, and SSS correlated with LPOP (p<0.001). Pressure
measured at LP was uncorrelated with the degree of
stenosis (Table 3). The Bland-Altman analyses showed:
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a mean difference of 1.1 mmHg (central horizontal line,
Fig. 3A) between the SSS pressure and the LPOP, with
94.3% of the data falling within the limits of agreement
(LOA: mean difference+1.96SD); a mean difference of
1.71 mmHg between the torcular pressure and the LPOP
(Fig. 3B), with 98.1% of the data within the LOA; a mean
difference of 2.5mmHg the right TVS pressure and the
LPOP (Fig. 3C), with 96.2% within the LOA; and finally a
mean difference of 2.76 mmHg the left TVS pressure and
the LPOP (Fig. 3D), with 98.1% within the LOA.

Subgroup analysis

Figure 4A-B shows the Bland—Altman analysis of tor-
cular and LPOP pressure agreement in patients hav-
ing<18mmHg (Fig. 3A) and >218mmHg LPOP (Fig. 4B).
The concordance between the two measurements was
significant in both groups with a comparable mean LPOP
difference of 1.8mmHg for the <18mmHg and 1.9mmHg
for the 218mmHg group. Note that all measured values
fell within the LOA.

Figure 4C-D shows the Bland—Altman plot analysis
of torcular and LPOP pressure agreement for patients
showing a trans-stenotic pressure gradient<8mmHg
(Fig. 4C) and >8mmHg (Fig. 4D). The concordance
between the two measurements was significant in both
groups, but with a mean difference of ImmHg for the =8
mmHg group and 2.4mmHg for the <8mmHg trans-ste-
notic pressure gradient group. Again, all measured values
were within the LOA.

Discussion

In this large study with more than 50 consecutive cases,
we directly confronted intracranial venous sinus pres-
sure and LPOP, that were measured consecutively during
the same procedure. First, we confirmed the relationship
between venous sinus pressure and LPOP previously
established, in a different center with a different method
and different operators, confirming the generalizability
of these findings. Second, and most importantly, intra-
cranial venous pressure, and especially torcular pressure,
is not only correlated, but also strongly agrees with the
pressure measured at the LP. Finally, the mean difference
between venous sinus pressure and LPOP was gener-
ally below 2 mmHg, except for patients that had a trans-
stenotic pressure gradient below the clinical cut-off for
venous stenting.

Previous large studies underlined the correlation
between LPOP and venous manometry, but the main
drawback of these series was that LP was performed
in a separate setting, creating temporal and technical
confounders [7, 8]. To overcome these pitfalls and reli-
ably replicate the study of Lee and colleagues [6] we
used a robust methodology: (1) patients were consecu-
tive and LP was always concomitant to venous pressure
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Fig.3 (A-B-C-D). Bland-Altman plots illustrating the agreement between the LPOP and cerebral venous pressure measured in the Superior Sagittal Sinus

(A), Torcular (B), right (C) and left (D) Traverse Venous Sinus

measurement; (2) all the procedures were performed
under pure local anesthesia, eliminating any confound-
ers of the sedation; (3) the same size and type of spi-
nal needle (25-gauge atraumatic needle), as well as the
same micro-catheter (Headway 0.021linches) was used
for all procedures; and (4) the same careful position-
ing of patient and instrument (pressure transducer) was
adopted for venous and LP pressure measurements, rig-
orously respecting the zero point in dorsal and lateral
decubitus (Fig. 2A-B). Unlike the study by Lee and col-
leagues, in which the LPOP was measured by a water col-
umn [6], in our study, the same pressure transducer was
used to measure venous pressure and LPOP in mmHg.
This methodology allowed to highlight a strong concor-
dance between the two measures and a reproducibility
of results in all the included patients. We demonstrated
a general mean difference of only 1.7mmHg, whereby
the pressure at LP was constantly above the torcular one.
Moreover, the difference between the two methods was
within the 95%CI in over 98% of the cases. The small but
systematic difference in measured pressure makes sense
as CSF reabsorption into the dural venous sinuses occurs
via a pressure-dependent mechanism. CSF pressure
must thus be slightly higher than the pressure in cerebral
venous sinuses to allow the fluid to move through the
arachnoid granulations into the veins.

There is a general consensus that a pressure gradi-
ent of at least 8mmHg highly predicts the efficacy
of venous sinus stenting [28], despite some authors
performing stenting for patients with pressure gra-
dient>4mmHg [29]. An elevated LPOP is highly pre-
dictive of having a significant trans-stenotic pressure
gradient, that is roughly 75% of the patients that show an
LPOP=35cmH20 harbor a pressure gradient=8mmHg,
versus 25% with a LPOP of <24cmH20 [7]. Interestingly,
here we showed that independently of the trans-stenotic
pressure gradient, the torcular pressure systematically
agreed with the LPOP. Still, the difference in pressure was
higher in patients with a pressure gradient below 8mmHg
(ImmHg vs. 2.4mmHg). In general, higher trans-stenotic
pressure gradients are associated with more pronounced
ICP increases [30]. This is not surprising because the uni-
directional flow of CSF through arachnoid granulations
requires a 3—5mmHg pressure gradient from the sub-
arachnoid space to the venous sinus [5, 31]. Accordingly,
in case of cerebral venous hypertension, CSF pressure will
concomitantly be elevated. This is in accordance with our
observation that the difference between torcular pres-
sure and LPOP, was higher (2.4mmHg) for patients with
low gradients and smaller (~1mmHg) for patients with
high trans-stenotic pressure gradients. This low-pressure
gradient between venous and CSF compartments will
likely affect the capacity of CSF resorption, that is part of
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Fig. 4 (A-B-C-D). Bland-Altman plots illustrating the agreement between the LPOP and pressure recorded in the torcular in the subgroups of patients
with LPOP > 18 mmHg (A) and < 18 mmHg (B), as well as in patients with a trans-stenotic pressure gradient >8 mmHg (C) and <8 mmHg (D)

the complex mechanism of IIH. Canine models showed
that under normal conditions the mean SSS pressure is
approximately 0.6 of the CSF pressure, while in hydroce-
phalic dogs the ratio between SSS pressure and CSF pres-
sure raised to 0.98, corroborating the theory that cerebral
venous and CSF compartments are functionally related
and that the pressure gradient between the two systems
plays a pivotal role in the ICP homeostasis [32].

While a link between the degree of venous sinus ste-
nosis and elevated ICP has been suggested [11], we were
unable to confirm a consistent correlation and cannot
further elaborate on the causality between both phenom-
enon. That said, there is still controversy in the literature
whether venous sinus stenosis is a primary cause of IIH
or a secondary manifestation. Especially as some patients
with significant venous sinus stenosis do not exhibit ele-
vated ICP, high-grade papilledema or headaches, while
others with mild stenosis experience more important
symptoms. This suggests that the presence of venous
sinus stenosis alone is not always sufficient to cause an
increase in ICP. It has therefore been suggested that com-
pensatory mechanisms, like alternative venous drainage
pathways or variations in venous anatomy mitigate the
effects of venous sinus stenosis [33, 34]. Alternatively, it
has been suggested that the extent and severity of venous

sinus stenosis is associated with the degree of glymphatic
clearance in ITH. A dysfunction of the glymphatic system
is thereby thought to drive or exacerbate impaired CSF
outflow or reabsorption [35].

Normal ICP is difficult to define, and it can vary
with age and body position [36]. Accordingly, the criti-
cal ICP value is still a matter of debate [37]. In patients
with suspected IIH, the LPOP of >25cmH20 in lateral
decubitus is a diagnostic criteria of IIH [1]. Interest-
ingly, although 25% of our patients had a ‘normal’ LPOP
(<18mmHg or <25cmH20), the agreement between
torcular pressure and LPOP was maintained in these
patients. This suggests that intracranial venous pressure
may also be strongly related to CSF pressure in patients
with normal ICP. In accordance, a consistent correlation
between torcular and LP in patients with <20cmH20
LPOP has already been described: that is almost 90%
of patients with LPOP <20cmH20O exhibited a torcular
pressure<18mmHg [6]. It may thus be likely that tor-
cular pressure, being the confluent of the main cerebral
sinuses, best summarizes the intracranial venous pres-
sure and allows us to correlate venous pressure to CSF
pressure. This is important because venous pressure
measurement can be used not only to assess pressure gra-
dient for stenting indication in IIH patients, but also as
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an alternative method to study and monitor ICP. This can
be particularly useful in case of longitudinal follow-up of
ICP in IIH patients, instead of repeated LP that is asso-
ciated with post-dural puncture headache rates between
5% and 40%, based on technical and patients’ character-
istics [38]. The venous approach may be also an alterna-
tive strategy in patients presenting LP contra-indications
like for instance anticoagulant intake, morbid obesity,
degenerative spine diseases, or scoliosis with deformity
of the lumbar spine. Nevertheless, multicenter controlled
studies should be performed to compare the benefit/risk
ratios between venous (torcular) pressure-based follow-
up and LP-based follow-up, as cerebral venous sinus
navigation can be associated with increased risks of cere-
bral venous perforation [39], although we did not observe
any in our patient group. Also, it should be taken into
account that venous sinus navigation is more expensive
and requires specialists trained in cerebral venous cath-
eterization, limiting the availability of this technique
compared to LP that can be performed by almost any
physician with minimal costs. Accordingly, venous pres-
sure manometry should be considered in specific cases
needing stenting, or during post-stenting follow-up of
the intracranial pressure and gradient in IIH patients.

Of course, this study also has its limitations. First, it is
not known whether performing a LP immediately after
invasive venous manometry may affect the accuracy of
LPOP measurements. The invasive nature of manometry
may cause stress and anxiety, which might affect physi-
ological parameters such as blood pressure and intra-
cranial pressure, potentially influencing LPOP readings.
Second, we propose another single-center series, and
pressure measurements, although performed by more
than one neuroradiologist, were still performed by few.
It is likely that variability in pressure measurement tech-
niques due to different center preferences may affect the
pressure values, as suggested by the difference between
means between our study and Lee’s study [6]. Accord-
ingly, the agreement between the two technics should
equally be proven in multicenter studies.

Conclusions

Taken together, our study demonstrated that, in patients
investigated for IIH, ICP measured at LP is consistent
with the pressure detected in the torcular, confirming
the generalizability of previous single center studies. Our
findings corroborate the hypothesis that the cerebral
venous system plays a major role in CSF dynamics and
ICP. Torcular, being the confluent of the main cerebral
sinuses, may summarize intracranial venous pressure
and ICP. Clinically, the venous approach might thus be
an interesting alternative method for ICP monitoring in
patients with ITH, especially in case of patients with LP
contra-indications.

Page 10 of 11

Abbreviations

BMI Body mass index

CSF Cerebral spinal fluid

CvP Central venous pressure
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