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Introduction: Non-invasive devices that reliably monitor brain com-
pliance can reduce patients’ exposure to potentially harmful or costly 
imaging modalities. The aim of this study is to assess this situation 
with a new non-invasive headband device developed by brain4care®.
Methods: Patients were submitted to either surgical or valve adjust-
ment procedures and monitored before and after the procedure by 
the brain4care® headband device. Sixteen symptomatic patients with 
a previous radiological diagnosis of hydrocephalus, in need of inter-
vention, between the ages of 26 and 73 were analyzed.
Results: Out of these patients, 5 were submitted to external ventricu-
lar drainages (EVD), 9 to ventriculoperitoneal shunting (VPS), and 2 to 
valve adjustment. All patients had an abnormal cerebral complacency 
wave, with P2 > P1 before the procedure, and after, 75% of the patients 
changed to a normal pattern with P1 > P2. All patients self-reported 
feeling comfortable with the device.
Conclusions: By providing practitioners the Intracranial Pressure (ICP) 
waveform and values of the P2 / P1 ratio, without quantification of ICP 
values, this non-invasive device can decrease costs, the time needed to 
diagnose whether changes or revision of the shunt, and complications 

of invasive methods for ICP monitoring. Moreover, it can be used in 
scenarios where invasive ICP monitoring is not indicated, yet would 
still be insightful.

Novelties in understanding the pathophysiological functioning 
of CSF biomarkers in NPH: literature review
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Introduction: Considering the high prevalence of comorbidities in 
normal pressure hydrocephalus (NPH) patients, there is a demand 
for more precise diagnostic measures of the disease. In relation to its 
pathogenesis, an investigation of cerebrospinal fluid (CSF) biomarkers 
could be potentially applicable in clinical practice and might contrib-
ute to a more definite diagnosis of NPH.
Methods: A literature review of published series dedicated to the 
topic was performed. The aim was to identify any potential NPH-
specific CSF biomarkers, whether there are any significant differences 
between NPH and non-NPH, healthy controls and other comorbidities 
and to determine how CSF biomarkers mirror so far known pathophys-
iological mechanisms in NPH. Additionally,, based on these findings, 
future implications were introduced.
Results: Neurosteroids, particularly dehydroepiandrosterone and its 
derivatives, are promising candidates for clinical use in NPH diagnosis. 
Although the concentrations of inflammatory biomarkers, tau- and 
amyloid-β proteins seem to be well differentiated from healthy con-
trols, the distinction among other neurodegenerative disorders based 
only on these parameters remains a challenge. Combinations of men-
tioned biomarkers typically show a better diagnostic accuracy in dis-
tinguishing between NPH and movement/cognitive disorders than a 
single biomarker alone.
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Conclusions: This research could not unequivocally determine any 
NPH-specific biomarker. A combination of biochemical analysis, clini-
cal and radiological parameters evaluated through advanced math-
ematical methods may be a key to precise diagnosis of NPH and exact 
identification of concurrent comorbidities. Prediction of NPH progres-
sion, based on these variables, may be of great importance prospec-
tively to deliver better treatment outcomes and improved prognosis 
in NPH patients.

The benefits of automated CSF drainage in normal pressure 
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Introduction: The most commonly-used CSF drainage system remains 
the manual drip-chamber drain. The LiquoGuard (Möller Medical 
GmbH, Germany) is an automated CSF management device with dual 
functionality, measuring ICP and automatic pressure- or volume-led 
CSF drainage. There is limited research for comparison of devices, par-
ticularly in the neurosurgical field, where it has potential to reshape 
care. Our aim is to compare manual drip-chamber drain versus Liq-
uoGuard system, by assessing accuracy of drainage, associated mor-
bidity and impact on length of stay.
Methods: Inclusion criteria consisted of suspected NPH patients 
undergoing extended lumbar drainage. Patients were randomised 
into manual drain group versus automated group.
Results: Data was analysed from 42 patients; 31 in the manual group 
versus 11 in the LiquoGuard group. Volumetric over-drainage was 
seen in 90.3% versus 0% (p < 0.05), and under-drainage in 38.7% ver-
sus 0% (p < 0.05), in the manual and automatic group respectively. 
Symptoms of over-drainage were noted in 54.8% of the manual 
group, all of which had episodes of volumetric over-drainage, versus 
18.2% in automated group, of which neither had actual over-drainage 
(p < 0.05). Higher over-drainage symptoms of manual drain is likely 
due to increased fluctuation of CSF drainage, instead of smooth CSF 
drainage seen with LiquoGuard system. An increased length of stay 
was seen in 38.7% versus 9% (p < 0.05), in the manual and LiquoGuard 
group respectively.
Conclusions: The LiquoGuard device is a more superior way of CSF 
drainage in suspected NPH patients, with reduced morbidity and 
length of stay.
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Introduction: The resistance to cerebrospinal fluid (CSF) outflow (Rout) 
has been considered as a complementary parameter to predict shunt 
responsiveness in patients with normal pressure hydrocephalus (NPH). 
Additionally, a “pseudo” intracranial compliance (Cinfus) can be defined 
by considering the change in intracranial pressure (ICP) in response 
to a known volume change injected during infusion test. We propose 
to also evaluate a physiological brain compliance (Cphysio) related to 
instantaneous intracranial volume (blood and CSF) change and ICP 
amplitude during the cardiac cycle. We aim to evaluate the relation-
ship between these compliances and Rout.

Methods: 26 patients (74 ± 9  years) with suspected NPH underwent 
infusion test and PC-MRI. Cinfus was calculated by dividing the volume 
injected by the ICP change during infusion. From PC-MRI, the intrac-
ranial liquid volume change (blood and CSF) during the cardiac cycle 
(CC) was quantified. The ICP change in amplitude at rest over the CC 
was assessed from ICP monitoring before infusion. Changes in volume 
and pressure along the CC were used to calculate Cphysio. After infu-
sion, Rout was estimated by ICM + .
Results: Correlations between compliances and Rout were respectively 
 R2 = 0.24 (p < 0.05) and  R2 = 0.012 (p < 0.05) for Cinfus and Cphysio.
Conclusions: These preliminary results show that Cinfus and Rout 
tend to have a higher correlation than Cphysio and Rout. Indeed, Cinfus 
reflects the brain capacity to respond to continuous volume injection 
over prolonged time, which could be associated mainly with Rout and 
venous compliance. Contrary, Cphysio reflects instantaneous physi-
ological compliance of intracranial volume directly related to brain 
biomechanics.
Study supported by: Revert Project, Interreg, France (Channel Man-
che) England, funded by European Regional Development Fund.
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Introduction: There are three forms of post-traumatic hydrocephalus 
(PtH): 1. External hydrocephalus (EH) or early acute ventriculomegaly. 
2. Gradual ventricular dilatation developing after craniectomy. 3. Late 
non-acute PtH.
Our objective was to characterize their CSF dynamics.
Method: 102 patients with traumatic brain injury (TBI) were examined 
to detect radiological picture of external hydrocephalus. Findings were 
compared to bedside monitoring data. In patients with craniectomy, 
CSF dynamics were compared before and after cranioplasty (N = 3). 
In patients with late non-acute PtH, computerised infusion tests were 
performed. Those patients (with dilated ventricles, atrophic changes, 
diminished GCS, and without open craniectomy; N = 33) were com-
pared to patients classified as typical idiopathic normal pressure 
hydrocephalus (iNPH).
Results: In EH, initial ICP was lower than after radiological signs of EH 
were found (p < 0.05). Patients with EH had a worse outcome and more 
frequently needed a shunt later (p < 0.05). The tSAH is the most impor-
tant risk factor to develop EH after TBI. CSF circulation is not disturbed in 
all cases of ventricular dilatation after craniectomy and not all patients 
require shunting. CSF dynamics should be assessed after cranioplasty. 
In both late PtH and NPH baseline ICP was normal and almost the same 
(cumulative 9.7 ± 4.8 mmHg). Pulse amplitude was significantly greater 
in iNPH than in PtH (4.5 ± 3.1  mmHg; 2.28 ± 2.9  mmHg, p = 0.0001). 
Resistance to CSF outflow was higher in iNPH (17.6 ± 5.6  mmHg/(ml/
min) than in PtH (13.4 ± 6.1 mmHg/(ml/min)).
Conclusion: Different types of hydrocephalus may develop after TBI 
at different timepoints, each requiring bespoke management. Exter-
nal Hydrocephalus- requires CSF drainage. Ventricular dilatation after 
craniectomy- cranioplasty and if CSF dynamics remains disturbed- 
shunting. Late PtH- shunting when CSF dynamics is clearly disturbed.
Study supported by: Revert Project, Interreg, France (Channel Man-
che) England, funded by ERDF.
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Introduction: It is thought that CSF pulsatility has an impor-
tant role in brain physiology during sleep. Yet few studies have 
looked into changes of ICP and pulsatility during sleep. This 
study’s objective was to elucidate whether there is sleep stage 
related variability in intracranial pressure and pulse amplitude.
Method: A single centre prospective cohort study. Patients 
undergoing 24  h ICP monitoring for suspected CSF dynamic 
disorders underwent concomitant polysomnography. Clinical 
and radiological presentation were derived from the patient’s 
records. Aggregate mean ICP and pulse amplitude (mPA) val-
ues were recorded for each sleep stage. Sleep staging was per-
formed in conformity with the AASM guidelines. Within subject 
values were compared using repeated-measures, one-way 
ANOVA. Post-hoc paired t-tests were used to compare sleep 
stages between groups corrected for multiple comparisons (Ben-
jamini–Hochberg method).
Results: A total of 12 patients (10 females, 2 males; mean age 
40.8  years, SD ± 12.9) with complete data were analysed. There 
were significant differences in mean ICP between sleep stages 
(F(3,33) = 10.7, p < 0.00001). Post-hoc paired t-tests revealed 
significant differences between rapid eye movement (REM; 
mean ICP 14.4  mmHg) and all other sleep stages (mean ICP/
N1 = 12.0  mmHg, t = −  3.6, p = 0.004; ICP/N2 = 11.8  mmHg, 
t = −  4.3, p = 0.001; ICP/N3 = 12.3  mmHg, t = −  3.5, p = 0.004). 
Significant differences were also found in mPA between sleep 
stages (F(3,33) = 5.7, p = 0.003) confirmed on post-hoc paired 
t-tests: REM (mean mPA 5.5  mmHg and all other sleep stages: 
mPA/N1 = 4.7  mmHg, t = -2.3, p = 0.04; mPA/N2 = 4.3  mmHg, 
t =− 2.7, p = 0.02; mPA/N3 = 4.5 mmHg, t = − 2.3, p = 0.04).
Conclusion: REM is characterized by higher ICP and mPA values, 
result confirmed in near-normal patients included in this cohort.
Funding: The authors received funding from The National Brain 
Appeal and Institute of Neurology, University College London
Compliance with ethical standards: Ethical approval for this 
study was obtained in conformity to the University College Lon-
don standards.

Figure  1. Comparison of within-subject mean ICP values A 
and mPA (ICP pulsatility) B across sleep stages. (* = p < 0.05, 
** = p < 0.01, straight line = multiple comparison corrected).
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Introduction: A “Pseudo” Intracranial compliance (C_infus) as com-
pensatory mechanism can be simply calculated by combining the 
increase in intracranial pressure (ICP) with the large volume of liquid 
slowly injected during infusion test. As Contrary to Marmarou’s doc-
trine, during cardiac cycle, cerebral blood and cerebrospinal fluid (CSF) 
flows lead to small intracranial volume change that acts as rapid physi-
ological infusion test, resulting in ICP increase related to physiologi-
cal brain compliance (C_physio). PC-MRI can measure CSF and blood 
flows during cardiac cycle. Aim of this work, is to observe whether 
C_physio could be complementary to C_infus.
Methods: 15 patients (71 ± 9  years) with suspected normal pressure 
hydrocephalus underwent PC-MRI and infusion test within few days. 
C_infus was calculated by dividing the volume injected by the ICP 
change during infusion. Amplitude of ICP change during cardiac cycle 
 (PICM+) was calculated before the start of injection. Intracranial arter-
ies and veins flows and cervical CSF oscillations were measured by 
PC-MRI to calculate intracranial liquid volume change during cardiac 
cycle  (VPCMRI), origin of physiological ICP pulsatility. Then we calculated 
C_physio =  VPCMRI /PICM+.
Results: C_infus (0.720 ± 0.39  mL/mmHg) was significantly higher 
than C_physio (0.115 ± 0.09  mL/mmHg) with poor correlation 
 (R2 = 0.15, p > 0.05).
Conclusions: These preliminary results show that the two compli-
ances are different, uncorrelated and complementary. C_infus reflects 
the brain capacity to respond to continuous volume injection over 
prolonged time, it could be associated mainly with resistance to CSF 
outflow and venous compliance. C_physio reflects instantaneous 
physiological compliance of intracranial volume directly related to 
brain biomechanics.
Study supported by: Revert Project, Interreg, France (Channel Man-
che) England, funded by European Regional Development Fund.
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Introduction: We investigate intracranial pressure (ICP) dynamics dur-
ing gait in a mixed-pathology ambulatory cohort.
Methods: Patients (n = 17) stood upright and still for 2  min, then 
walked back and forth along the hospital ward at a self-selected pace 
for 2  min, followed by another 2 min of standing. ICP was measured 
by intraparenchymal probe (Raumedic Neurovent-P). Gait phases 
were extracted from inertial measurement units (IMUs) attached to 
the head, chest, pelvis and bilateral feet, upper and lower legs. ICP and 
IMU data were both recorded at 100 Hz and synchronised precisely.
Results: The classically-shaped ICP waveform observed during stand-
ing was immediately abolished upon the initiation of gait and replaced 
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with a more variable, pseudo-classic waveform characterised by 
greater mean ICP, and pulsations with larger amplitude and at higher 
frequency compared to standing (1.8–4.0 mmHg, 3.5–5.6 mmHg and 
0.04–0.18 Hz increase, respectively [95% CI]; all p < 0.01). ICP also var-
ied within the gait cycle and systematically decreased around heel 
strike. This modulation was not easily explainable by mechanical 
effects, nor head or torso motion. Rather, the timing of heel strike 
and diastolic ICP tended to be synchronised (phase = -18 [i.e. ~ 0] deg, 
r = 0.4, p = 0.07) potentially due to cardio-locomotor coupling. ICP 
immediately returned to the classically-shaped waveform upon ter-
mination of gait but ICP remained elevated, with pulsations at larger 
amplitude and higher frequency than the previous standing period for 
a variable time (19–59 s [95%CI]) before returning to normal.
Conclusions: We demonstrate that ICP is modulated by gait, both on 
average when compared to standing and on a step-by-step basis.

Normal pressure hydrocephalus: frequent comorbidities, incidence 
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Introduction: The objective of this study was to determine the fre-
quency of post operative seizures and abdominal pain in idiopathic 
normal pressure hydrocephalus (iNPH) patients who underwent shunt 
insertion as well as their comorbidities and overall quality of life.
Methods: This is a single centre retrospective case series study that 
included patients treated with a lumboperitoneal (LPS) or ventricu-
loperitoneal shunt (VPS) for iNPH from 2009 to 2021. Exclusion crite-
ria were patients lost to follow up, refused participation or deceased. 
Demographic, clinical and radiological data were derived from the 
records. Postoperative seizures, abdominal pain and overall quality of 
life were assessed via telephone questionnaires.
Results: Data from 135 patients (133 males, 32 females) with a mean 
age of 74 (SD ± 7.55) years was analysed. 134 patients received a VPS, 
with all proximal catheters placed parietally. Out of the 3 patients with 
an initial LPS, two underwent VPS insertion at a later point. None had 
experienced new onset of epileptic seizures. Post operative abdominal 
pain was reported in 29 cases (21.6%) and estimated at a mean of VAS 
6/10 (SD ± 2). Cardiovascular diseases were commonly encountered in 
the past medical history. Patients reported an overall health of 60/100 
(SD ± 24).
Conclusion: Epilepsy is not a common post operative complication 
following shunt insertion. This could be a relevant finding in particular 
to patients living in countries where temporary legal driving restric-
tions have a negative impact on their already impaired mobility.
Funding and disclosures: The authors did not receive any funding for 
the completion of this work. The authors report no conflicts of interest
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Introduction: Two subtypes of LOVA can be distinguished depend-
ent on aqueduct patency, both scarcely described in the literature 
with regards to clinical and radiological presentation.
Methods: This is a single centre retrospective case series study. 
Exclusion criteria: aqueduct stenosis caused by tectum or teg-
mentum lesions. Demographic, clinical and radiological data were 
derived from the patient’s records. Where available, 24 h intracranial 
pressure monitoring (ICPm) results were considered.
Results: 82 patients between the age of 16 and 61  years (mean 
44.5; SD ± 15.9) were included, of which 76 had complete images 
and were dichotomized according to the patency of the aque-
duct in: open (37) versus closed (39). There was no significant gen-
der distribution (43 women, 33 males). Mean age at presentation 
was 48.8  years (SD ± 15.3) in the open aqueduct group and 39.5 
(SD ± 15.7) in the latter. Both groups have similar incidental presen-
tation rate. No significant difference in the degree of ventriculomeg-
aly (mean FOHR 0.5, SD ± 0.63 versus 0.49, SD ± 0.79) was found. The 
main radiological findings in patients with patent CSF pathways was 
a funnel-shaped form of the aqueduct, small cerebellum, enlarge-
ment of cisterna magna and panventriculomegaly. Despite being 
considered to be a communicating type of hydrocephalus, inferior 
depression of the third ventricular floor was noted in 36/37 (97.2%) 
of the cases. MRI CSF flow studies and CISS sequences showed no 
flow obstruction at the cranio-cervical junction. ICPm recordings 
showed an increase in pulse amplitude.
Conclusion: Distinct characteristics are found in these two LOVA 
subgroups.
Funding and disclosures: The authors did not receive any funding 
for the completion of this work. The authors report no conflicts of 
interest
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Introduction: Overnight ICP monitoring, infusion tests and cerebral 
haemodynamics can reveal insights into the pathophysiology of IIH. 
In this study, we aimed to identify & describe in  vivo studies that 
demonstrate significant variability in pressure of IIH patients.
Methods: We searched for the CSF infusion tests and overnight ICP 
monitorings performed on patients with suspected or confirmed IIH 
between January 2003-December 2020. We excluded all patients 
with a shunt in situ and selected recordings that represented unsta-
ble patterns of ICP changes in PTCS.
Results: During this timeframe, we had performed 463 of CSF infu-
sion tests and 26 ICP monitorings of PTCS patients. We identified 
cases with unstable ICP due to various mechanisms, including sig-
nificant activity of vasogenic wave, collapsing venous sinuses and 
even unstable ICP due to waves > 50  mmHg. Increased elasticity or 
depleted compensatory reserve were almost always present in adult 
patients with diagnosed IIH, regardless of the opening pressure..
Conclusions: ICP in IIH can be elevated in different ways. As we 
have shown from our recordings, ICP could segmentally appear 
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misleadingly “normal” (even < 15 mmHg). Vasogenic waves and influ-
ences from the opening and collapsing of the venous sinuses can be 
amongst factors that cause significant ICP fluctuations. “Normal” ver-
sus pathological should be focused on revealing a pathological pro-
cess that correlates with the clinical syndrome, rather than chasing 
an arbitrary, and unreliable, number. A comprehensive investigation 
of parameters and mechanisms involved in IIH is required in order to 
understand & treat the condition.

A rare case report including hydatid cyst of the Aqueduct of Sylvius 
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Introduction: Intracranial hydatid cysts would represent 2–3% 
of all Echinococcus granulosus infestations. They are most com-
monly seen in the supra-tentorial territory of the middle cerebral 
artery. The intraventricular site, especially the aqueduct of Sylvius is 
exceptional.
Methods: We present a very rare case of a primary isolated hydatid 
cyst of the aqueduct of Sylvius in a 3-year-old girl who was admitted 
for vomiting, progressive drowsiness and headaches.
Results: The preoperative diagnosis made by MRI revealed an acute 
triventricular hydrocephalus and a cerebellar ptosis mainly attributed 
to increased intracranial pressure as the child had recovered after a 
total cyst removal by a posterior approach and the post-operative 
MRI confirmed the decrease of the enlarged ventricles. However, we 
were surprised by her rehospitalization for the same symptoms after 
4 months and then, the MRI demonstrated a quadriventricular hydro-
cephalus with no cyst inside but a Chiari I malformation. She under-
went successfully a Ventriculoperitoneal shunt with over a 7-year 
follow up.
Conclusions: To our knowledge, this is the first reported case of 
hydatid cyst of the aqueduct of sylvius which has delayed the reveal of 
a Chiari malformation. Consent to publish had been obtained.

New sleep apnea diagnosis following elective intracerebral pressure 
monitoring
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Introduction: Sleep apnea (SA) has been shown to affect intracerebral 
pressures. Continuous overnight Intracerebral pressure (ICP) monitor-
ing with oximetry is a useful method for objective evaluation in cere-
brospinal fluid (CSF) related disorders where subjective symptoms are 
ambiguous and helps guide treatment.
Methods: Retrospective analysis of overnight continuous ICP data was 
collected from 274 patients admitted from June 2016 till June 2021. 
Analog CSF pressure transduced via Codman intraparenchymal probe 
was saved digitally. Oxygen saturation was measured using pulse oxi-
meter. Respirations were measured with impedance plethysmogra-
phy from ECG electrodes. CSF pressure and oxygen saturations were 
calculated during consecutive 60  s intervals. ICP above 20  mm-Hg 
for 15 min is considered CSF hypertension. SA is defined by observed 
apneic events and a 4% decrease in oxygen saturation for at least 10 s. 
Polysomnograms were reviewed when available.

Results: Of a total 274 patients, 47 (17.1%) were found to have SA. Of 
these, 30 (63.8%) patients had normal ICP, and 15 (31.9%) CSF hyper-
tension. SA and CSF hypertension was statistically found to not be 
mutually independent using chi square test (alpha = 0.10), p = 0.067. 
Of 10 patients with polysomnogram confirmed SA, 7 (70%) had pre-
dominantly rapid eye movement sleep (REM) related apnea. Noninva-
sive ventilation demonstrated decrease in ICP in 7 patients.
Conclusions: ICP monitoring with oximetry was useful in accurately 
identifying SA patients with normal ICP from those with ICP related 
pathology, suggesting SA can mimic CSF related pathology in pres-
entation. Treatment of SA decreased ICP. REM related apnea was 
predominant.

Non-invasive acquisition of head dielectric properties during tilting
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Introduction: The assessment of craniospinal compliance (CC) is rel-
evant for the diagnosis of idiopathic normal pressure hydrocephalus. 
To that end, invasive volume loading methods are required. Recently, a 
novel apparatus measuring non-invasively variations of head dielectric 
properties during cardiac and respiratory cycles has been proposed as 
the derivation of CC surrogates. Here, we investigate the effect of tilt-
ing on the electrical signal (referred to as W in the following) acquired 
with this apparatus.
Methods: Nineteen young (age: 25 ± 2 years) healthy subjects partici-
pated in this study. To measure W, two isolated electrodes were placed 
on the subjects’ forehead, in areas corresponding to the F3, F7 and F4, 
F8 electrodes in a 10–20 electroencephalogram setup. The protocol 
consisted of 10 min in supine horizontal position followed by 5 min at 
the tilt angles + 75°, 0° (control) and -30°. The peak-to-valley amplitude 
of W related to cardiac modulation (AMP) was computed.
Results: In all volunteers, characteristic cardiac and respiratory oscil-
lations were observed in W. AMP decreased during head-up tilting (0°: 
100%; + 75°: 80 ± 17%, P = 0.002). After returning to its resting state 
value during the control period (0° control: 95 ± 11%, P = 0.12), AMP 
increased during head-down tilting (-30°: 148 ± 36%, P < 0.001).
Conclusions: Tilting alters the distribution of CC between cranial 
and spinal compartments. We consider AMP changes during tilting 
to reflect partially the different intracranial volume variations tak-
ing place at the tested angles. Therefore, our results warrant further 
studies for investigating the potential of this non-invasive method to 
derive CC surrogates.

Trigeminal neuralgia and normal pressure hydrocephalus: a rare 
association. Case report and review of the literature
Fernando Hakim1,2, Juan F.  Ramon1,2, Diego F. Gómez1,2, Juan A.  Mejia1,2, 
Ericka  Ramirez1, Salvador M.  Mattar1,2
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Introduction: NPH is a well‑known entity described as an insidious syn‑
drome that majorly affects patients over 65 years of age and causes gait 
abnormalities, urinary incontinence and a cognitive decline. Nevertheless, 
there are no records of a causal association with trigeminal neuralgia (TN). 
There are some reports of association of TN and hydrocephalus but there 
is no history of TN with NPH. To the date, the increase in intracranial pres‑
sure and its effect on the trigeminal nerve is the most accepted patho‑
physiological theory. In this document we review the literature on this 
unusual association.

Methods: We made a case report and a review of the literature. A sys-
tematic search of the literature was carried out resulting in thirteen 
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case reports documenting this association in the literature. Patients 
with obstructive hydrocephalus secondary to tumors were excluded.
Results: We report the case of a woman of 57 years old with diagno-
sis of TN who received pharmaceutical treatment which failed, NPH 
was suspected and a tap test was performed, with a likelihood of NPH 
diagnosis and a ventricular shunt was done with improvement of 
symptoms. Additionally, we did a systematic search of the literature 
and found thirteen case reports documenting this association.
Conclusions: Although, there is no clear or accepted theory regarding 
the pathophysiology of the association between hydrocephalus and 
TN, the clinical evidence reviewed and the case now presented sug-
gest hydrocephalus should be considered among the possible etiolo-
gies of TN syndrome. Consent to publish had been obtained.
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Introduction: Normal pressure hydrocephalus (NPH) is a treatable 
cause of gait and cognitive decline that can be challenging to diag-
nose. We hypothesized that unsupervised machine learning can use 
patterns of cerebrospinal fluid (CSF) distribution to differentiate NPH 
patients from controls and to distinguish between NPH phenotypes.
Methods: 104 patients with NPH and pre-shunt MRI and 104 age- 
and sex-matched controls were included. 20 patients and controls 
were held out as a test set. MPRAGE sequences were segmented 
and normalized to the Mayo Clinic Adult Lifespan Template (MCALT). 
Independent component analysis (ICA) was performed on the CSF 
segmentation maps. Visual grading of MRIs was done for markers 
of disproportionately enlarged subarachnoid space hydrocephalus 
(DESH): high convexity-tight sulci (HCTS), enlarged sylvian fissures 
(ESF), and ventriculomegaly. Participants were divided into four phe-
notypes: congenital (ventriculomegaly and diffusely narrow sulci), 
DESH (HCTS + ESF), HCTS only, and no HCTS.
Results: We identified 7 patterns of CSF distribution based on opti-
mal ICA decomposition. These patterns appeared to capture clinically 
relevant CSF features. High weights on patterns with abundant CSF 
in the Sylvian fissures and lower CSF at the high convexity were pre-
dictive of NPH, and in particular the DESH and HCTS phenotypes. The 
congenital subgroup had higher weights on a pattern capturing all 
CSF spaces. The accuracy of automated NPH diagnosis vs. clinical was 
92.2%/87.5% for train/test.
Conclusions: Data-derived patterns of CSF distribution allowed for 
high accuracy in diagnosing NPH. Different phenotypes were associ-
ated with different weights across patterns.

Intrauterine spontaneous subdural hematoma with hydrocephalus
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Introduction: Subdural hematoma in a new born baby is associated 
with a history of maternal trauma, complicated vaginal delivery, instru-
mental delivery, foetal/maternal thrombocytopenia, coagulopathy, 

hepatic disease, infection or using drugs during the pregnancy; but 
in the absence of the above, intrauterine subdural hematoma is a rare 
event.
Methods: We present a new born delivered to a healthy mother at 
38 weeks by elective caesarean section after he had been diagnosed 
with macrocephaly by routine obstetric growth scan ultrasound at 
35 weeks of gestational age. The baby’s APGAR score was 4 at 1 min, he 
was pale, his fontanel was tense and his Occipitofrontal circumference 
was 46 cm, therefore, he was intubated immediately and transferred to 
Neonatal Intensive Care Unit. Brain Computed tomography revealed 
huge right sided subacute subdural hematoma that was almost occu-
pying the entire right hemicranial space and severely compressing the 
underlying brain tissue. In addition, there was marked dilatation of the 
left lateral ventricle.
Results: The subdural hematoma was evacuated by two burr holes 
surgery, followed by repeated subdural tap. Intraventricular haemor-
rhage treated by repeated ventricular tap until Cerebrospinal Fluid 
became clear, then ventriculoperitoneal shunt surgery was done for 
him.
The baby was discharged from the hospital in stable condition and he 
is on continues follow up in outpatient clinics.
Conclusions: Spontaneous intrauterine subdural hematoma with 
hydrocephalus is a rare cause of macrocephaly that could be treated 
by good cooperation among obstetrician, neonatologist and neuro-
surgeon, but needs more study to find the cause of this condition so 
we can prevent its occurrence.

Positional intracranial pressure monitoring in patients diagnosed 
with intracranial hypo- and hypertension
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Dipankar  Biswas1, Aruna  Rao1, Mark G.  Luciano1
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Introduction: Positional symptoms are used to guide clinical decision 
making in cerebrospinal fluid (CSF) leak and hydrocephalus patients. A 
medical history of complex headaches in patients with potential CSF 
disorders warrants intracranial pressure monitoring (ICPm) at Johns 
Hopkins hospitals. To better understand the relationship between 
symptomatology, intracranial pressure (ICP), and body position, we 
investigated the slope of ICP between various body positions. In this 
study, the working hypothesis was that hypertensive or hypotensive 
intracranial pressure would have significantly different rates of ICP 
change at various body positions.
Methods: A single center retrospective chart review was performed 
for 268 patients who underwent ICP monitoring using a Codman 
Microsensor® ICP Transducer, grouped by previously known hydro-
cephalus related diagnosis. The data was acquired at the Johns 
Hopkins Cerebral Spinal Fluid Center within the departments of Neu-
rosurgery and Neurology, between June 2016 and June 2021. Patient 
ICP was monitored at 10, 20-, 30-, 45-, and 60-degree head of bed. 
The slope of ICP between discrete head of bed tilt positions and linear 
regressions curves was analyzed.
Results: The slope of ICP from 45 to 60 degrees was significantly dif-
ferent (p < 0.05) between confirmed hypotensive and hypertensive 
patients.
Conclusions: The amount of change in ICP in body position may be a 
way to characterize brain compliance in different diseases.

Clinical and genetic findings in normal pressure hydrocephalus 
(NPH) patients with possible mutations in the CWH43 gene
Philip W.  Tipton1, Merve  Atik2, Alexandra I.  Beasley2, Gregory S.  Day2, 
Sanjeet S  Grewal3, Kaisorn L.  Chaichana3, Olga P.  Fermo2, Zachary S. 
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Introduction: Recently, loss of function (LOF) mutations in CWH43 
have been associated with NPH, and the CWH43 knockout mouse 
model presents with hydrocephalus. In this study we replicated these 
findings, identified other possible CWH43 mutations, and defined the 
clinical phenotype.
Methods: We performed whole genome sequencing (WGS) on 94 
NPH patients and compared CWH43 gene variants to WGS data of 982 
Biobank volunteers. Single-nucleotide variants were identified via 
Golden Helix SNP & Variation Suite v8.8.3, validated and assessed with 
clinical features of carriers.
Results: Fifteen of 94 patients had CWH43 variants that could affect 
the protein function. Ten patients had LOF mutations as describe 
previously and five carried missense point mutations. Two previ-
ously identified mutations, p.Leu533Terfs (n = 8) and p.Lys696Asnfs 
(n = 2) were twice as frequent in cases (carriers 11%) versus controls 
(6%). Combined with other rare variants p.Ile292Thr, p.Ala469Ser 
and p.Ala469Ser, mutations were significantly more frequent com-
pared to the 982biobank cases. Twelve of 15 had head size meas-
ures. Of these 4/5 females had head size ≥ 57.5 cm and 6/7 males had 
head size ≥ 59  cm. Only 3/15 had some features of disproportionate 
enlarged subarachnoid hydrocephalus (DESH) and 3 with moderate 
vascular disease. 6/15 had shunt surgery and 5 improved.
Conclusions: CWH43 mutations are frequent in NPH. Loss of function 
mutations are the most common, but missense mutations require further 
study. The clinical features include imaging of long-standing hydroceph-
alus without aqueductal stenosis and patients with large head size. When 
symptomatic they have typical NPH features and respond to surgery.

What exactly happens to ICP and pulse amplitude when humans 
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Introduction: ICP changes with body position. The exact details 
of the change and the underlying mechanisms are not fully under-
stood. Understanding the exact change could inform management of 
patients with CSF dynamics disturbances, as well as provide informa-
tion needed to design a smart shunt.
Methods: Single-centre, prospective cohort study. Patients undergo-
ing continuous intraparenchymal intracranial pressure (ICP) monitor-
ing were fitted with continuous position sensors and underwent a set 
sequence of movements including sit-stand transitions for set periods 
of time. ICP and postural data were recorded at 100 Hz and synchro-
nised. Data were analysed for ICP and pulse amplitude (PA) as well as 
wave form changes during actual movement. The effect of shunting 
and various pathologies was explored.
Results: 49 patients (male = 14; mean age 43 ± 14) were recruited. 
15 patients had shunts. The average change in ICP from sitting to 
standing was 1.9 ± 8.9  mmHg and the average change in PA was 
0.0 ± 4.7 mmHg. There was a transient pressure wave which occurs at 
the time of movement. The average magnitude of this wave during sit-
ting to standing transitions was 4.9 ± 4.3 mmHg and during standing 
to sitting transitions this was 4.3 ± 3.8 mmHg. We present the effect of 
shunting and pathological conditions.

Conclusions: ICP increases slightly when we stand from sitting posi-
tion. Transitioning between sitting and standing position creates a 
transient wave in ICP which then returns to a similar pre-movement 
ICP. This differs from other movement transitions.

Combined endoscopic third ventriculostomy and lumboperitoneal 
shunt surgery in the elderly patient with complex hydrocephalus: 
a mixture of late-onset obstructive hydrocephalus 
and communicating hydrocephalus
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Introduction: Late-onset obstructive hydrocephalus due to aqueductal 
stenosis (AS) in the elderly patient is very rare. Although the first treat-
ment for obstructive hydrocephalus due to AS is endoscopic third ven-
triculostomy (ETV), there are cases in which ETV alone cannot be used.
Methods: We presented 3 cases of treatment using combined ETV and 
lumboperitoneal shunt surgery (LPS) in elderly patients over 75 years 
of age with this rare complex hydrocephalus with a mixture of late-
onset obstructive and communicating hydrocephalus.
Results: Two patients were treated with ETV, firstly. However, symp-
toms worsened again. Therefore, additional LPS was performed. The 
other patient was treated with ETV and LPS at the same time. After the 
LPS, symptoms improved, and there have been no sequelae.
Conclusions: Combined ETV and LPS surgery may be a new alterna-
tive treatment for the combination of late-onset obstructive and com-
municating hydrocephalus in elderly patients.

Determining the relationship between breathing, biofeedback, 
attention and intracranial pressure: an experimental pilot study
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Introduction: While the influence of the cardiac cycle on intracranial 
pressure (ICP) is well documented, the relationship between ICP and 
other physiological parameters remains less certain. We explore the 
effect of three interventions on ICP: (i) deep breathing, (ii) mindful 
attention and (iii) visual biofeedback, all considered to alter respiratory 
and/or cognitive function.
Methods: A single-centre prospective, pilot study was performed 
in adult patients undergoing 24-h ICP monitoring for suspected CSF 
dynamic disorders. A baseline reference was established for each 
patient, in which the patient was asked to sit comfortably without 
a task (6  min). Following a practice period, the three interventions 
(3-min each) were performed with a 2-min rest interval in between, 
and the experiment was repeated. A linear, repeated-measures mixed-
effects analysis was carried out with heart and respiratory rate as fixed 
confounders and each patient as a random-effects variable, with each 
intervention compared against the baseline.
Results: Four patients were analyzed (3 females, mean 
age = 39.3  years [SD ± 28.7]). At baseline, the group average ICP 
was -0.35  mmHg (SD ± 2.07). After accounting for confounders and 
patient-level differences, deep breathing was independently associ-
ated with an ICP decrease of 0.88 mmHg (p = 0.07), mindful attention: 
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a reduction of 1.29 mmHg (p = 0.02), and visual biofeedback: a reduc-
tion of 1.27 mmHg (p = 0.01). Aggregate, univariate comparisons dem-
onstrated matching relationships and significance levels.
Conclusion: This study represents the first to investigate the effects of 
simple, physiological interventions, which can independently reduce 
ICP. Further, large-sample work is warranted to explore the mecha-
nisms through which these effects are mediated.

Experimental investigation of the influence of pathological blood 
dynamics on the CSF system with regard to normal pressure 
hydrocephalus
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Introduction: It is known that often the supplying arteries stiffen with 
age. In addition, increased pressure in the venous system has been 
measured in patients with Normal Pressure Hydrocephalus (NPH). The 
impact of these changes on cerebrospinal fluid (CSF) dynamics has not 
been analysed. Therefore, the aim of this study was to experimentally 
investigate the influence of age-related and pathological changes in 
blood dynamics on CSF dynamics to examine whether they contribute 
to the pathogenesis of NPH.
Methods: For sensitivity analysis, a validated in vitro model was used 
to alter parameters of blood dynamics while recording intracranial 
pressure (ICP) and cervical CSF flow. The investigated parameter set-
tings, based on literature data, are an increase in stroke volume (SV) by 
20–30%, a decrease in total cerebral blood flow (tCBF) by 10–30% and 
a decrease in arteriovenous delay (AVD) between 40 and 60%.
Results: The ICP amplitude increases with an elevation in SV and 
decreases with a reduction in tCBF and AVD. The spinal CSF flow also 
increases with elevated SV and decreases with a reduction in tCBF and 
AVD.
Conclusions: Increased ICP amplitudes and decreased cervical CSF 
flow are typical characteristics of patients with NPH. However, none 
of the parameter settings could induce both characteristics simulta-
neously. Thus, the parameters may favour the development of NPH, 
not as a single factor, but rather as a combination of several factors. In 
addition to the referred blood parameters, these include cranial and 
spinal (dynamic) compliance, resorption and flow resistance.

Postoperative valve pressure adjustment for a long-term success 
following shunt in idiopathic normal pressure hydrocephalus
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Introduction: The standard treatment for idiopathic normal pressure 
hydrocephalus (iNPH) is surgical cerebrospinal fluid (CSF) diversion, 
most commonly through implantation of a ventriculoperitoneal shunt 
(VPS), to alleviate the typical symptoms related to this condition. The 
development of programmable-pressure shunt valve devices has 
reduced the major complications associated with the CSF drainage 
volume and appears to have increased shunt effectiveness. However, 
optimal valve pressure is crucial since, over time, symptoms can occur, 
especially gait can worsen following an initial improvement.
Methods: We describe our experience based on the observation of a 
cohort of 74 patients operated by VPS in whom modification of the 
valve range has been performed in a strict follow-up performed at 
3, 6, and 12 months postoperatively and yearly thereafter for at least 
10 years.
Results: Among 84 patients treated, changes in valve pressure were 
performed in 42 patients (51.2%). Pressure changing has been per-
formed in 7 cases (16.7%) at 3  months, in 22 (52,3%) at 6  months, 7 
(16.6%) at 1 year, and in 6 cases (14.3) at 2 years follow-up. Revisions 

resulted in clinical improvement in 94% of cases, especially in gait dis-
turbance compared to the other symptoms.
Conclusions: Surgical treatment for iNPH by VPS is a safe modality 
able to improve symptoms in most affected patients even in the long 
term. Symptoms recurrency can be managed by valve range modifica-
tion. This management, in our experience, has shown to improve qual-
ity of life and better long-term independent living expectations.

Dimethyl sulfoxide-dependent ventriculomegaly. A new pathway 
that explains one etiology of hydrocephalus
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Introduction: Dimethyl sulfoxide (DMSO) is a commonly used phar-
maceutical for skeletal, urological, and inflammatory problems, and 
is also considered a universal solvent. It can efficiently dissolve both 
polar and nonpolar compounds. However, its neurotoxicity has not 
been studied. In a serendipitous finding, we discovered that DMSO 
induces hydrocephalus when injected into the ventricles. We hypoth-
esized that DMSO’s high affinity to water induces an active diffusion 
of parenchymatic fluid into the ventricles through the water channel 
aquaporin 4 (AQP4).
Methods: In  vitro and in  vivo experiments were performed to quan-
tify fluid extravasation through perivascular AQP4. For in vivo experi-
ments, DMSO was injected intraventricularly into two days old C57BL 
mice. In  vitro experiments used 24 transwell plates with confluent 
brain endothelial cells from mice.
Results: Our results showed dose-dependent ventriculomegaly asso-
ciated with DMSO intraventricular injection. The ventriculomegaly 
increased proportionally when 1, 3, or 5 ul/g of DMSO was injected 
into the ventricles and was attributed to fluid extravasation from the 
parenchymatic vessels to the ventricular system.
In vitro experiments confirmed DMSO’s -dependent permeability 
through brain endothelial cells.
Conclusions: When injected into the ventricles of C57BL mice in the 
perinatal period, DMSO induces hydrocephalus. This is a newly discov-
ered etiologic agent for the development of hydrocephalus. This find-
ing should be considered when administrating pharmaceuticals with 
DMSO in pediatric patients.

CSF to blood clearance differs substantially across individuals 
and patients with CSF disorders
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Introduction: Variability in cerebrospinal fluid (CSF) to blood clear-
ance may possibly affect the underlying pathophysiology in neu-
rological disease and may be a source of under- or over-dosage of 
intrathecally administered drugs. We here aimed at characterizing the 
CSF to blood clearance of the intrathecally administered magnetic res-
onance imaging contrast agent gadobutrol (Gadovist, Bayer Pharma 
AG, GE) in order to establish a population pharmacokinetic model.
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Methods: Gadobutrol served as a CSF tracer, distributing outside the 
blood brain barrier, thereby serving as surrogate tracer for pathways 
taken by several brain metabolites and drugs in CSF. We estimated 
CSF to blood clearance in patients with different CSF disorders, includ-
ing symptomatic pineal and arachnoid cysts, tentative spontaneous 
intracranial hypotension, idiopathic intracranial hypotension, and 
different types of hydrocephalus. Patients with no verified CSF distur-
bance were denoted references.
Results: Population pharmacokinetic modelling based on 1140 blood 
samples from 161 individuals revealed marked inter-individual vari-
ability in pharmacokinetic profiles, including differences in absorption 
half-life (time to 50% of tracer absorbed from CSF to blood), time to 
maximum concentration in blood and the maximum concentration in 
blood as well as area under the plasma concentration time curve from 
zero to infinity. Moreover, the different disease categories of CSF dis-
eases demonstrated different profiles.
Conclusions: The present observations may suggest that defining CSF 
to blood clearance can become a useful diagnostic adjunct for work-
up of CSF disorders, and possibly for assessing clearance capacity of 
endogenous brain metabolites from CSF, as well as measuring individ-
ual CSF to blood clearance of intrathecal drugs.

Comparison between intracranial compliance noninvasive 
measurement parameters and tap test results in patients 
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Introduction: Normal Pressure Hydrocephalus is a disease directly 
related to the change in brain compliance and consequent repercus-
sions in the brain parenchyma. Invasive monitoring of parameters 
such as compliance and intracranial pressure proves to be reliable, 
especially for the prognosis in neurocritical patients. The present study 
proposes to observe the parameters obtained in a non-invasive sensor 
for monitoring intracranial compliance from the company Brain4care® 
in patients with suspected NPH and compare with the tap test result.
Methods: Twenty-eight patients submitted to the Tap test were evalu-
ated, consisting of medical, radiological, physiotherapeutic and neu-
ropsychological evaluations before and after puncture of 50  ml of 
CSF, as well as evaluation by the Brain4care® non-invasive intracranial 
compliance measurement device in the following positions: lying, sit-
ting and standing, both statically and for 05 min each before and after 
lumbar puncture. The tap test result was compared to the time to peak 
and P2/P1 ratio parameters obtained by the device.
Results: Our results show that in the group where the Tap test was 
positive, there was a median P2/P1 ratio greater than 1.0, indicating 
a change in brain compliance. In addition, there was also a significant 
difference between patients with positive, negative and inconclusive 
results, especially in the lying position.
Conclusion: The non-invasive intracranial compliance device when 
used in patients lying down and standing up obtained parameters 
that suggest correspondence with the tap test result.

Dynamic ADC analysis during cardiac cycle in positive and negative 
CSF tap test groups in possible idiopathic normal pressure 
hydrocephalus
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Background: We previously reported that the apparent diffusion coef-
ficient (ADC) obtained from diffusion MRI in the cerebral white matter 
significantly changed during the cardiac cycle, and this change (del-
taADC) aided in the diagnosis of iNPH. It is unclear how deltaADC is 
associated with the CSF tap test response in “possible iNPH.”
Method and Materials: This study included 22 patients with possible 
iNPH who either showed symptomatic improvements (positive group, 
n = 17) and those without improvement (negative group, n = 5) after 
the CSF tap test. On a 1.5-T MRI, ECG-triggered single-shot diffusion 
echo planar images were obtained. The deltaADC was calculated from 
the maximum-minus-minimum ADC value of all cardiac phase images 
on a pixel-by-pixel basis. Then, the deltaADC, the mean ADC dur-
ing the cardiac cycle (ADCmean), and the rates of change before and 
after CSF tap test of the white matter were determined and compared 
between positive and negative groups in possible iNPH.
Results: Before the CSF tap test, the deltaADC in the positive group 
was significantly higher than that in the negative group (P < 0.05), but 
there was no significant difference in the deltaADC between positive 
and negative groups after the CSF tap test. No significant difference 
was observed in the ADCmean between positive and negative groups 
both before and after the CSF tap test. The deltaADC change rate 
before and after CSF tap test in the positive group was significantly 
higher than that in the negative group (P < 0.05), but there was no sig-
nificant difference in the ADCmean change rate before and after CSF 
tap test between positive and negative groups.
Conclusion: The deltaADC follows the CSF tap test response in pos-
sible iNPH. ΔADC analysis makes it possible to predict the CSF tap test 
response in possible iNPH.

Clinical observation on the safety and efficacy of methazolamide 
in the treatment of normal pressure hydrocephalus
Yan Xing
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University, Beijing 100012, China
Correspondence: Yan Xing (drxingyan@163.com)  
Fluids and Barriers of the CNS 2022, 19(1)

Introduction: With the increasing number of patients with normal 
pressure hydrocephalus (NPH) identified, there is an urgent need to 
explore the pharmacological treatment of NPH. Clinical experience 
and research all have evidence that acetazolamide (AZA) can reduce 
the production of cerebrospinal fluid (CSF), but it is less used because 
of its side effects. Methazolamide (MTZ), similar in structure to AZA, 
has the advantages of high lipid solubility, easy penetration through 
the blood- brain barrier, and potential neuroprotective effects. There-
fore, MTZ may be superior to AZA and become one of the effective 
methods in treating NPH. First, this study aimed to investigate the effi-
cacy and safety of oral MTZ in patients with NPH to provide an alterna-
tive treatment for some inoperable NPH patients. The objective is to 
study the efficacy and safety of MTZ for the treatment of NPH patients.
Methods: A randomized, double-blind, placebo-controlled, pro-
spective clinical study was conducted in Aviation General Hospital. 
A total of 35 NPH patients including 29 idiopathic normal pressure 
hydrocephalus (iNPH) and 6 secondary normal pressure hydrocepha-
lus (sNPH) received drug treatment in our hospital from September 
2019 to March 2021.All patients were unsuitable for or refused surgi-
cal treatment for some reasons. The patients were divided into drug 
group (n = 18) and control group (n = 10), taking oral MTZ or placebo 
25 mg twice daily, increasing to 50 mg twice daily after 1 week if there 
was no discomfort. The 10 m gait score, cognitive function score, brain 
MRI check were completed before and 1  month after oral adminis-
tration. The assessment of idiopathic normal pressure hydrocepha-
lus scale (iNPHGS) score was performed 1 month and 3 months after 
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oral administration. The primary efficacy endpoint was iNPHGS score 
for 3 months treatment and the secondary efficacy endpoint was the 
assessment of above scales for 1 month treatment.
Results: As compared with baseline, the effect of 1  month treat-
ment showed that MOCA scores [(16.2 ± 8.8) and (14.8 ± 8.7) scores, 
t = -–  2.68, P = 0.02], 10  m gait scores [(22.3 ± 11.2) and (25.6 ± 12.9), 
t = 2.76, P = 0.02], iNPHGS scores [(7.3 ± 3.2) and (8.1 ± 3.5), t = 4.08, 
P < 0.01] were improved. The effect of 3  month treatment showed 
that the iNPHGS score (6.1 ± 2.4) was improved compared with base-
line (t = 5.07, P < 0.01) and 1 month (t = 4.11, P < 0.01). But the above 
scores of the control group were not significantly improved compared 
with the baseline (all P > 0.05). After 1 month treatment, the 10 m gait 
score and iNPHGS score in the drug group were improved compared 
with those in the control group (all P < 0.05). After 3 months treatment, 
the iNPHGS score was improved compared with the baseline level in 
the control group (t = − 4.41, P < 0.05). The above 35 patients had no 
serious adverse reactions such as hypokalemia and acidosis. There was 
no significant difference in adverse events between the two groups 
(χ2 = 0.01, P = 1.00).
Conclusions: The treatment of MTZ could effectively improve the clin-
ical symptoms of NPH patients with good safety.

Treating hydrocephalus by shunting to the venous intracranial 
sinus—first in Human SinuShunt Project no.849502 supported 
by the European Union’s Horizon 2020 Programme
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Introduction: An ideal shunt for hydrocephalus treatment must main-
tain intracranial pressure within normal limits, drain the cerebrospinal 
fluid (CSF) without creating symptoms of over drainage independent 
of body position/physical activity, and present a long‐lasting solution 
without reoperation. All these criteria can be met by shunting CSF to 
the venous intracranial sinus. However, previous studies in this field 
have seen the drain outlet in the sinus become occluded. This study 
investigates an outlet designed to drain without occlusion or throm-
bus formation.
Methods: Patients diagnosed with hydrocephalus are shunted with a 
standard ventricular drain, low pressure uni‐ directional valve and the 
investigational outlet at the jugular foramen/sigmoid sinus. The outlet 
collapses into a standard introducer, placed using standard intravascu-
lar techniques. The outlet is held in the middle of the vein by a nitinol 
distancer, preventing it from touching the wall of the vein. Shunts are 
tested for patency at 3 months and at 6 months by water column test.
Results: As of May 2022, 12 patients have been operated, with 6 
past the 6‐month endpoint. All shunts were patent at follow‐up, and 
clinical effect satisfactory. No subdural effusion or haematomas were 
detected. No occlusions of the sigmoid sinus or jugular vein were 
observed. No signs of lung emboli.
Conclusions: Initial results are promising: the nitinol frame prevents 
outlet occlusion without provoking thrombosis. The shunt remains 
open, indicating better than average shunt survival. This study rep-
resents an important first step in proving that shunting to the cranial 
sinus is a safe, simple and long‐lasting solution.

The utility and reversibility of MRI biomarkers in predicting raised 
intracranial pressure
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Introduction: Intracranial pressure (ICP) typically requires invasive 
monitoring for accurate measurement. Non-invasive MRI biomarkers, 
including morphology of the pituitary, optic nerves and globe, are a 
useful tool in the identification of patients with raised ICP. We aim to 
determine the utility of brain MRI biomarkers in determining patho-
logical ICP levels and their reversibility following CSF diversion.
Methods: A single-centre, retrospective cohort study. 327 patients 
(227 Female) underwent ICP monitoring with recent MR-imaging. 
Diagnoses included IIH (25%) and Chiari (8%). 5 MRI biomarkers were 
assessed: T1-sagittal views for pituitary: sella volume (Yuh grade), optic 
nerve vertical tortuosity and T2-axial views for optic nerve sheath dis-
tension (ONSD), posterior globe flattening (PGF) and optic disc protru-
sion (ODP).
Results: Median ICP for normal and abnormal sella morphologies 
were 3.73 and 7.04 mmHg, respectively (p < 0.05); normal and abnor-
mal VT were 4.52 and 7.04 mmHg (p < 0.05); abnormal PGF were 4.51 
and 10.35  mmHg respectively (p < 0.05). A baseline logistic model 
using all radiological parameters with age and sex as confounders 
predicted abnormal ICP with an AUC = 0.6857, sensitivity of 0.90 and 
specificity was 0.35. Pituitary Yuh grade and PGF were independently 
associated (p < 0.05, following multiple comparison correction). Fur-
thermore, we found that pituitary sella grading and optic nerve VT 
were associated with significant pairwise reversibility (p < 0.05), follow-
ing CSF diversion.
Conclusions: Specific radiological features are promising non-invasive 
markers associated with intracranial hypertension and also demon-
strate reversibility following CSF diversion. Non-invasive MRI imaging 
can play a more significant role in the diagnostic workup of patients 
with possible CSF dynamic abnormalities.

DRAIN – Double-blind Randomized Acetazolamide trial 
in Idiopathic Normal pressure hydrocephalus
Johan Virhammar1, Madelene  Braun1, Maria  Ekblom1, Oskar  Fasth1, David 
Fällmar2, Katarina  Laurell1, Nanna  MacAulay3, Dag  Nyholm1

1Department of Medical Sciences, Neurology, Uppsala University, 
Uppsala, Sweden; 2Department of Surgical Sciences, Radiology, Uppsala 
University, Uppsala, Sweden; 3Department of Neuroscience, University 
of Copenhagen, Copenhagen, Denmark
Correspondence: Johan Virhammar (johan.virhammar@neuro.uu.se)  
Fluids and Barriers of the CNS 2022, 19(1)

Introduction: There is no pharmacological treatment alternative for 
patients with idiopathic normal pressure hydrocephalus (iNPH). The 
aims are to investigate if the carbonic anhydrase inhibitor acetazola-
mide given to patients with iNPH improves gait function and to study 
the pathophysiological mechanisms leading to reduced symptoms.
Methods: Double-blind, randomized, placebo-controlled trial at a 
single center with the intent to include 50 patients. Randomization 
to placebo or acetazolamide 250 mg twice daily with treatment dura-
tion from diagnosis (baseline) to admission for shunt surgery. Primary 
outcome will be change in gait between study visits, measured with a 
combined score of 10 m gait test, timed-up-and go test and 3 m back-
wards walk. Biomarkers of neurodegeneration and brain injury will be 
measured in plasma and intraventricular CSF. MRI of the brain includ-
ing Synthetic MR and perfusion sequences will be performed before 
and after treatment in a subgroup of 24–26 patients.
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Results: Inclusion of patients started in February 2022.
Conclusions: The results of this study may form the basis for further, 
more extensive trials on pharmaceutical treatments for iNPH.

The degenerative state of paraspinal muscle may affects gait 
improvement after shunt surgery in normal pressure hydrocephalus
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Introduction: Paraspinal muscles play an important role in gait. This 
study aimed investigate whether the degenerative state of lumbar 
paravertebral muscles assessed by magnetic resonance imaging (MRI) 
in terms of the volume status and fatty degeneration could be related 
to the gait improvement after shunt surgery in NPH.
Methods: This is a retrospective analysis of 30 patients with NPH who 
underwent lumboperitoneal shunt surgery. The volume status and 
fatty degeneration of lumbar elector spinae muscles, multifidus mus-
cles and psoas major muscles were measured by T2 weighted axial MRI 
at L2-3-4. The Timed Up and Go (TUG) test was performed to measure 
gait changes. The correlation between the status of paraspinal muscles 
and the gait improvement after shunt surgery in NPH was analyzed.
Results: Correlation analysis showed the significantly negative cor-
relation between the psoas muscle index and the gait improvement 
after shunt surgery (r = −  0.280, p = 0.036). The fat infiltration rate of 
multifidus muscles in the poor improvement group was significantly 
higher than that in the better improvement group (p < 0.05).
Conclusions: Qualitative evaluation of the paraspinal muscles has the 
potential to reflect the gait prognosis after shunt surgery in normal 
pressure hydrocephalus.

Efficacy, safety and cost analysis of the Sphera Pro Valve 
in the treatment of NPH patients
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Introduction: Programmable valves provide an equal or superior neu-
rological outcome when compared to fixed pressure ones, with fewer 
complications, in treating iNPH. Long-term costs of these treatments 
have not been properly compared in literature. The authors sought 
to compare efficacy, safety and costs of one-year treatment of iNPH 
patients with a novel programmable valve (Sphera Pro ®) with gravita-
tional unit and a fixed pressure valve.
Methods: A prospective cohort of iNPH patients treated with pro-
grammable valve (G1) was compared to a historical cohort of iNPH 
patients treated with fixed pressure (G2). Our primary outcome was 
the mean cost of treating iNPH up to one year. Cost variables assessed 
included number of surgeries, length of ICU and hospital stay, and 
number of imaging tests. Efficacy in treating iNPH, measured by mean 
NPH Japanese Scale, and safety, measured by complications rates, 
were assessed as secondary outcomes.
Results: A total of 19 patients were analyzed in each group. Comor-
bidities and clinical presentation were similar between groups. 
Both G1 and G2 patients had neurological improvement over time 
(p < 0.001), but no difference was seen between groups. G2 had more 

complications than G1 (52.6% vs 10.5%, p = 0.013). Annual treatment 
cost per patient was US$ 3820 ± 2231 in G2 and US$ 3108 ± 553 in G1. 
Mean difference was US$712 (95% CI, 393–1805) in favor of G1.
Conclusion: The Sphera Pro® valve with gravitational unit had one-
year treatment cost not higher than that of fixed-pressure valve, and 
resulted in similar efficacy and fewer complications.
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Introduction: ETV success score is frequently used to predict out-
comes following ETV in adult patients, however this was a model 
developed for use in paediatric patients who often present with differ-
ent causes of hydrocephalus compared to adults. We present a 9-year 
series of adult patients at a single tertiary Neurosurgical centre under-
going ETV for hydrocephalus to identify predictive factors in the adult 
population.
Methods: A retrospective study design was used to analyse 136 
patients who underwent ETV between 2012 and 2020. Observed 
ETV success was compared to pre-operative predicted ETV success 
scores. A multivariable Bayesian logistic regression analysis was used 
to determine the factors that best predicted ETV success in our cohort 
of patients.
Results: Overall ETV success rate was 77%. Observed ETV success 
corresponded well with predicted ETV success using the ETV success 
score for the higher scores 80 and 90, but less well for lower scores. 
Aqueductal stenosis and a planned versus unplanned procedure were 
predictive of ETV success, whereas age, aetiology of tumour and loca-
tion of CSF pathway obstruction other than aqueductal did not influ-
ence ETV success.
Conclusions: ETV was successful in approximately three quarters 
of adult patients with hydrocephalus. Obstruction at the level of the 
aqueduct of any aetiology is a predictive factor for ETV success. Age 
and other locations of obstruction have no bearing on ETV success. 
ETV success score is less reliable in the lower score categories, and 
there is a need for the development of ETV predictive tools more spe-
cific to adults.

Psychiatric signs and symptoms in idiopathic normal pressure 
hydrocephalus (iNPH): a systematic review and meta-analysis
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Introduction: The aim was to conduct a systematic review and meta-
analysis of the psychiatric signs and symptoms in people with prob-
able or possible idiopathic normal pressure hydrocephalus (iNPH), and 
estimate their prevalence.
Methods: We searched PUBMED/MEDLINE, Embase, Cochrane, Psy-
cINFO and CINAHL from inception to search date, without language or 
study type restriction, including only peer-reviewed publications. We 
extracted key descriptive data including author, year, country, setting, 
participant number, age, sex, study design, diagnostic tool, classifica-
tion of iNPH, timing of assessment, follow-up time, comparison group, 
number of cases, response rate. Outcome data included proportion of 
patients with symptoms or signs. We used  I2 to assess heterogeneity 
and random effects meta-analysis to calculated pooled estimates.
Results: Our preliminary results found a pooled prevalence of 70% for 
apathy, 19% for anxiety, 19% for delusions, 6% for hallucinations, 21% 
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for disinhibition, and 35% for agitation in iNPH. Our results for depres-
sion could not be meta-analysed due to heterogeneity; prevalence of 
depressive symptoms ranged from 8 to 56% across studies.
Conclusions: iNPH is associated with high rates of neuropsychiatric 
symptoms and signs. More work needs to be done to describe these 
and their response to treatment.

Utility of neuropsychological tests in assessing response 
to cerebrospinal fluid drainage in idiopathic normal pressure 
hydrocephalus
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Introduction: Cognitive impairment is a key characteristic of idi-
opathic normal pressure hydrocephalus (iNPH) and may improve fol-
lowing cerebrospinal fluid (CSF) diversion. Neuropsychological tests 
can be used to aid diagnosis and assessment. The objective of this 
study was to assess the utility of these tests in patients undergoing 
CSF drainage.
Methods: A retrospective review was conducted of consecutive 
patients undergoing CSF drainage for suspected iNPH through a 
dedicated multidisciplinary (MDT) clinic. All patients underwent either 
high volume lumbar puncture (LP) or extended lumbar drain test (ELD) 
and had a repeatable battery of neuropsychological testing in mem-
ory, attention, motor speed, language, and executive function, along 
with a 10-m gait assessment. Following MDT evaluation, patients con-
sidered to be ‘responsive’ were offered a ventriculoperitoneal shunt.
Results: A total of 26 (15 male, 11 female, mean age 74 years) patients 
underwent CSF drainage with 20 (77%) demonstrating a positive 
response (13 following ELD and 7 following LP). Of the cognitive tests 
undertaken pre and post drainage, there was significant improvement 
in RBANS Immediate Story Recall (pre = 10.68, post = 13.21, p < 0.05), 
and Delayed Story Recall (pre = 3, post = 4.1, p < 0.05) but no sig-
nificant change in WMS-III Mental Control, Trail Making Task, 9-Hole 
Pegboard or RBANS Semantic Fluency tests. Mean 10  m walk time 
improved from 26.51 s to 15.25 s (p < 0.05).
Conclusions: Tests of memory demonstrated significant change fol-
lowing CSF drainage whereas tests of other cognitive domains did not. 
Further investigation of the clinical utility of neuropsychological tests 
is planned.

Normal pressure hydrocephalus: only subjective improvement 
after spinal tap test – is that enough for shunt indication?
Maximilian Greiner‑Perth, Martin Mersch, Uwe Kehler
Department of Neurosurgery, Asklepios Klinik Altona, Hamburg, Germany
Correspondence: Maximilian Greiner‑Perth (m.greinerperth@gmail.com)  
Fluids and Barriers of the CNS 2022, 19(1)

Objective: The sensitivity of the spinal tap test (STT) for the diagno-
sis of a normal pressure hydrocephalus (NPH) is low. This may be due 
to insensitive tests, which are applied to prove the diagnosis. Often 
patients notice an improvement despite no change in the tests. Aim 
of this study is to show if subjective improvement only is sufficient for 
the diagnosis of NPH and consequently for the indication of a hydro-
cephalus shunt.
Methods: Patients after the STT were evaluated with objective gait 
tests and a questionnaire, where they had to log in their subjective gait 
changes regularly for a whole week. All patients who had an objective 
or only a subjective improvement got a ventriculo-peritoneal shunt. A 
follow-up was done between 1 and 3 years via a telephone interview.
Results: 86 patients who were evaluated with a STT. 52 showed 
an objective, 34 only a subjective improvement. All patients were 
shunted. Medium follow-up was 22  months. 77% (40 of 52) of the 
patients with objective improvement after STT showed a permanent 

improvement, whereas 82% (28 of 34) of patients improved with only 
subjective improvement after STT.
Conclusion: These results show, that subjective improvement alone 
after STT is as good as objective improvement for the diagnosis of NPH 
and for shunting. Therefore, using subjective improvements alone 
after STT may increase the sensitivity of STT for the diagnosis of NPH 
and for the indication for shunting.

Ultra-Fast neuropsychological testing before and after tap-test 
in suspected iNPH patients: preliminary report
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Introduction: iNPH is a primitive, progressive and partially reversible 
form of dementia with cognitive deficits in different domains (atten-
tion/orientation, memory, fluency, language and visuospatial abilities). 
Early treatment improves the outcome and suggests the importance 
for reliable diagnostic markers that accompany neuroradiological 
parameters and CSF dynamics invasive evaluations. The purpose of 
this exploratory study is to quantify the cognitive status of patients 
both before and after infusion and tap test.
Methods: From January 2020, neuroradiological, neuropsychologi-
cal, CSF dynamic and tap test results of forty-one subjects were pro-
spectively collected. Basic demographic data on age and sex were 
recorded at the point of referral. Evans’ index, callosal angle and DESH 
features were calculated on MRI sequences.  Rout,  Pplateau and  Popening, 
and neurological and neuropsychological response to deliquoration 
were collected. To quantify cognitive modifications after the test, we 
used Addenbrooke’s Cognitive Examination Revised (ACE-R) battery.
Results: The mean age of the population was 77.3 ± 5.5  years. Four-
teen females and twenty-seven males composed the cohort. All 
patients demonstrated a statistically-significant impairment in all 
ACE-R domains before the test. Among the sub-test of the ACE-R, we 
founded a statistically-significant amelioration after the tap test for ori-
entation (p = 0.019), indirect recall (p = 0.039) and naming (p = 0.018). 
We documented a significant correlation between  Pplateau and post-
test orientation (p = 0.017) and post-test naming (p = 0.009).  Popening 
value positively correlated with naming performance after the test 
(p = 0.037).
Conclusions: In our iNPH cohort, the ultra-fast battery demonstrated 
rapid neuropsychological changes, characterized by a statistically-sig-
nificant improvement in orientation, naming and indirect recall after 
CSF subtraction.
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Introduction: Prominent cognitive deficits in iNPH include process-
ing speed, psychomotor speed, attention, and executive functioning. 
To facilitate cognitive assessment in routine practice, we sought to 
develop a brief cognitive screen and monitoring tool and assess the 
feasibility of its implementation.
Methods: Based on a systematic literature review, tests encompassing 
key deficits observed in iNPH were selected. These include validated 
tests completed by the patient (ACE-III, WAIS-IV Symbol Search, TMT-A, 
TMT-B, GAD-7, PHQ-9, WHO-QoL BREF and AES) and an informant (CBI-
R). A convenience sample of patients and their clinicians rated accept-
ability and feasibility dimensions using visual analogue scales (0–10).
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Results: Twelve patients attending a multidisciplinary iNPH clinic 
prior to treatment completed the battery. Administration took 
approximately 25  min. Most patients found the assessment enjoy-
able (92%) and of appropriate duration (83%), and were satisfied to 
be re-assessed in the future (100%). All clinicians (n = 3) found the 
battery clear, easy to administer, and time-efficient. Patients displayed 
deficits in attention, executive functioning, psychomotor and process-
ing speed. Six patients scored below the ACE-III cut off for dementia. 
Patients reported low quality-of-life in at least three domains. There 
was considerable inter-patient variability in self-reports of anxiety, 
depression, and apathy.
Conclusions: Evidence-based, cost-effective assessment of cognition 
and psychological wellbeing in iNPH can inform diagnosis and moni-
tor treatment outcomes. Preliminary data indicates the battery is sen-
sitive to cognitive impairment, captures the specific cognitive changes 
observed in iNPH, and helps identify inter-patient variability enabling 
bespoke support. The battery was acceptable to patients and clini-
cians in a routine practice setting.
Study supported by: Revert Project, Interreg, France (Channel Man-
che) England, funded by ERDF.
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Introduction: We examined the optimal gait measurement protocol 
for the CSF tap test.
Methods Subjects were definite iNPH patients who visited the Osaka 
University Hospital from April 2009 to October 2021. In our protocol, 
Timed Up and Go tests (TUG) were performed 4 times per day for 3 
consecutive days before and after a CSF removal; total 24 times of TUG 
were conducted. We examined the beta coefficients of the following 
parameters with the change ratios (CR) of TUG scores between the 
baseline and 3  months after shunt surgery (CR-Shunt) by using uni-
variate regression analyses; 1) CR of the best scores of TUG between 
before and after CSF removal (CR-Tap-Best); 2) CR of TUG scores in 
the initial trial between before and after CSF removal (CR-Tap-Initial); 
and 3) CR of the means of TUG scores between before and after CSF 
removal (CR-Tap-Mean).
Results: We enrolled 54 definite iNPH patients (mean (SD) age = 75.7 
(5.6), female/male = 19/35). The initial, best and mean scores of TUG 
before CSF removal were 21.6 (13.6), 14.6 (4.7) and 19.0 (10.5) seconds, 
while those after CSF removal were 17.6 (14.4), 12.8 (4.0) and 15.0 (5.6) 
seconds. CR-Tap-Best, CR-Tap-Initial, CR-Tap-Mean and CR-Shunt were 
10.3(10.6)%, 8.0(8.3)%, 21.3(20.5)% and 23.7(18.8)%. Univariate analy-
ses revealed CR-Shunt was significantly correlated with CR-Tap-Best 
and CR-Tap-Mean (beta = 0.358/p = 0.011 and beta = 0.476/p < 0.001).
Conclusions: These findings indicate repeated assessments in the CSF 
tap test can well predict the improvement of gait after a shunt surgery.
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Introduction: This study evaluated the changes of thyroid hormones 
in iNPH patients before and after the ventriculoperitoneal shunting. 
We also sought to ascertain whether shunt implantation would result 
in the improvement of thyroid function and depression and anxiety.
Methods: Serum levels of FT3, FT4 and TSH were analysed among 
iNPH patients preoperatively, postoperatively and 3-months after 
the ventriculoperitoneal shunting. Preoperative FT3/FT4 ratio and its 
effect on outcome measured by PHQ-9 and GAD-7 preoperatively and 
3-months after the shunting were analysed.
Results: 25 patients were included (52% women, mean age 
63.5(SD9.5) years. Median Evan’s index was 0.42 (range 0.34–0.56). 
Preoperative Evan’s index was related to FT3 (r = 0.504, p = 0.017). The 
median (range) of preoperative FT3 and FT4 were 3.68 (3.24–4.47) and 
15.48 (14.47–17.97) pmol/L, respectively. The median of TSH was 1.09 
(0.24–4.79) mIU/L. FT3 levels were below normal value (< 3.34 pmol/L) 
in 24%, 64.5%, and 8% of the patients preoperatively, postoperatively 
and 3-months after the shunting, respectively (p < 0.001). When com-
paring preoperative and postoperative thyroid hormone profiles, 
significant decrease occurred in FT3 and TSH, while FT4 increased sig-
nificantly (all p < 0.001). 3-months after the shunting thyroid hormones 
restored to the normal range. Preoperative higher FT3/FT4 ratio 
related to a poor 3-months outcome in depression (PHQ-9) and anxi-
ety (GAD-7). The reported 3-months positive outcome rate in terms of 
depression and anxiety was 75%.
Conclusion: Our study demonstrated that some deficiencies of hypo-
thalamic-pituitary-thyroid axis may improve at 3-months after the 
ventriculoperitoneal shunting among patients with iNPH. Increased 
preoperative FT3/FT4 ratio was associated with reduced quality of life.
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Introduction: NPH is a progressively incapacitating illness that when 
treated can have an important impact on patients´ quality of life and 
independence. This improvement is bound to NPH´s reversible nature. 
In general, along with clinical improvement comes a diminishing of 
caregiver burden, nevertheless, in our experience, caregivers may be 
faced with new and more demanding challenges as a consequence 
of clinical improvement which brings a paradoxical increase in their 
burden.
Methods: We made a case series study. Patients with NPH diagnosis 
who underwent shunt placement surgery during 2017–2022, had 
clinical overall improvement of NPH symptoms and had a notable 
increase in their Zarit Burden Interview were included (n = 7). Each 
case was analyzed individually in order to identify the devolpment of 
symptoms after surgery as well as the caregiver´s burden.
Results: The patients analyzed had an improvement of at least 2 of 
the symptoms of the NPH triad and their caregivers experienced an 
increase of at least 5 points in Zarit Burden Interview. On average car-
egivers had a 10.7 points of increase. Caregivers report that the clinical 
improvement of the patients increased the risk of falling, and added.
Conclusions: Contrary to what is expected when positively impact-
ing an incapacitating illness such as NPH, the caregiver burden may 
increase in caregivers of patients with NPH after shunt placement. The 
improvement of gait and cognitive impairment might worsen and/or 
develop new needs for patients and, as a consequence, add to the car-
egivers´ responsibilities.
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Introduction: Idiopathic normal pressure hydrocephalus (iNPH) is a 
neurodegenerative disease characterized by gait, cognition and uri-
nary dysfunction. Since the pathophysiology of iNPH is related to aber-
rant CSF dynamics, the biomarkers associated with these changes may 
predict CSF-TT responsiveness. However, little is known regarding the 
correlation between lumbar CSF biomarkers and CSF-TT responsive-
ness in iNPH patients.
Method: A total of 146 iNPH patients were prospectively enrolled and 
subjected to CSF-TT. The levels of Aβ42, phosphorylated tau (P-tau181) and 
total tau (T-tau) in the CSF were analyzed by enzyme-linked immuno-
sorbent assay (ELISA). Multiple groups were compared using ANOVA test.
Results: 71 patients were classified as CSF-TT responders and 55 as 
CSF-TT non-responders. The CSF P-tau181 levels were significantly 
lower in the CSF-TT responders compared to the non-responders (P = 
0.018). The CSF-TT responders were further divided into 3 subgroups 
based on their gait and cognition (gait, gait + cognition and cogni-
tion). The P-tau181 level was significantly different across the non-
responder and three responder subgroups (F=3.534, P = 0.016). The 
patients in the gait + cognition and cognition responder subgroups 
had lower levels of P-tau181 in their CSF compared to the non-respond-
ers (P = 0.009 and P = 0.015 respectively).
Conclusion: The P-tau181 level in the CSF of iNPH patients is related to 
their response to the CSF-TT. Lower levels of CSF P-tau181 correlated 
with a positive response to CSF-TT in the gait + cognition and cogni-
tion subgroups.
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Introduction: We aimed to explore the predictive value of a panel of 
biomarkers reflecting a range of pathophysiological processes in peri-
operative ventricular CSF (VCSF).
Methods: The Hellström iNPH scale was used pre- and 5 months post-
operatively to quantify outcome in  119 consecutive patients diag-
nosed with iNPH. A postoperative increase of ≥ 5 iNPH scale points 
defined improvement. VCSF was collected during surgical intervention 
and analyzed for neurofilament light (NfL), glial fibrillary acidic pro-
tein (GFAP), amyloid beta 38 (Aß38), Aß40, Aß42, amyloid beta 42 to 
40 ratio (Aß42/Aß40), soluble amyloid precursor protein alfa (sAPPα), 
sAPPß, total tau (T-tau), phosphorylated tau (P-tau), YKL40, mono-
cyte chemoattractant protein-1 (MCP-1), growth-associated protein 
43 (GAP43) and neurogranin. Group comparisons were performed 
using Mann Whitney U test. Linear regression models with log10 trans-
formed biomarker concentrations as predictors and postoperative 
change in iNPH scale score as the dependent variable were controlled 
for age, sex and vascular risk factors.
Results: Neurogranin was higher in patients improved after surgery 
compared to patients not improved (median 365 (IQR 186–544) vs 330 

(205–456); p = 0.046). Aß42/Aß40 was bimodally distributed across all 
samples, as well as in the subgroups (cutoff 0.8). A regression model 
including neurogranin, T-tau and GFAP, resulted in adjusted  R2 = 0.06, 
p = 0.047. Aß42/Aß40 did not contribute to outcome prediction.
Conclusions: A higher VCSF level of neurogranin, a marker of synaptic 
plasticity and regeneration suggested to have neuroprotective quali-
ties, may signal favourable post-operative outcome. Concentrations of 
a panel of VCSF biomarkers explained 6% of the variability in outcome. 
Evidence of amyloid pathology did not affect outcome.
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Introduction: Mini mental state examination (MMSE) or Montreal cog-
nitive assessment (MoCA) tests are commonly used for screening of 
cognitive function. A battery of neuropshycological tests, designated 
for iNPH, can be used for more extensive evaluation (Hellström scale). 
In this study we aimed to compare MoCA and MMSE, and their agree-
ment with the Hellström scale for assessment of cognitive function in 
patients with iNPH.
Methods: Patients under evaluation at the iNPH clinic in Uppsala 
during autumn 2020 were invited to participate. They performed the 
different cognitive tests during the same day. The occupational thera-
pist performed Hellström and MMSE-tests, whereas the MoCA tests 
were conducted by two physicians. The interrater agreement was 
calculated.
Results: Fifty-four patients completed all tests. The total median score 
was lower on MoCA (23, IQR 6.25) than MMSE (26.5, IQR 6)(p < 0.001). 
Further, the patients achieved lower scores on MoCAs short term 
memory test and figure copy test, compared to the corresponding 
tests in MMSE (p < 0.001). A higher correlation to the neuropsychology 
part of the Hellström scale was found for the results of MoCA com-
pared to MMSE  (rs = 0.833 vs  rs = 0.685). The intraclass correlation coef-
ficient between raters was 0.995 (95% CI 0.976–0.999) for MMSE and 
0.953 (95% CI 0.532–0.997) for MoCA.
Conclusions: The results of the neuropsychology domain of the Hell-
ström iNPH scale correlated stronger to MoCA than to MMSE. In every-
day clinical practice, an uncomplicated and timesaving test like MoCA 
could be an alternative in the assessment of cognitive impairment in 
iNPH.
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Introduction: The incidence of iNPH has mainly been estimated 
from clinical materials. One previous study from Japan calculated the 
annual incidence of iNPH among 70-years-olds to 1.2 /1000 persons 
(Iseki et  al. 2014). In this prospective cohort study, we aimed to esti-
mate the annual incidence of iNPH among Swedish inhabitants aged 
65 years and older.
Methods: This study is part of a population-based prevalence study 
carried out 2014–2015, previously described by our group. A subgroup 
of 168 participants aged over 65  years, who had completed both 
imaging and neurological examination were re-invited for a two-year 
follow-up. Out of them, 122 underwent repeated examinations. Symp-
tom assessment was made according to the NPH scale by Hellström 
(Hellstrom et al. 2012) and radiological evaluation according to iNPH 
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Radscale (Kockum et al. 2018). The study participants were categorized 
according to the Japanese diagnostic guidelines 2nd edition.
Results: At baseline 130 participants were diagnosed as unlikely, 28 as 
possible, and 10 as probable iNPH. At follow-up ten participants had 
changed their diagnosis from unlikely to possible iNPH, corresponding 
to a cumulative incidence of 38.5/1000 persons over 1  year. In addi-
tion, one with possible iNPH changed to probable iNPH at follow-up. 
Those with probable iNPH remained in the same diagnostic category.
Conclusions: In this prospective study of a sample of individuals over 
65  years old, the annual incidence of (possible) iNPH was 38.5/1000 
person-years which is higher than previously described but in line with 
reports of a rapidly increasing prevalence with age.
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Introduction: Implantable telemetric intracranial pressure sensors 
(telesensors) enable routine, non-invasive ICP feedback which can 
assist with clinical decision-making and attribution of pressure-related 
symptoms in patients with CSF shunt systems. Here, we aim to char-
acterise telesensor cost-effectiveness and impact on service demand.
Methods: A single-centre, retrospective, cohort study and cost-
effectiveness analysis of 80 patients (78% Female; 30% IIH, 22% 
Chiari malformation, 48% other) with MScio® (Christoph Miethke) 
telemetric ICP monitors. Service demand in the two years before 
and after implantation were retrieved from the centre’s electronic 
patient record system. Intentionally, data did not overlap with the 
COVID-19 pandemic period. The frequencies of hydrocephalus-
related neurosurgical admissions, outpatient clinics, and scans were 
recorded along with A&E, neurology, and ophthalmology encoun-
ters. Tariffs were used to compare expenditure before and after 
implantation.
Results: Significant reductions were seen in the frequencies of neuro-
surgical admissions (1.9/year to 0.6; p < 0.001), ICP monitoring (0.4 to 
0.01; p < 0.001), and CT scans (0.5 to 0.3; p = 0.013) following implan-
tation. There were also significant reductions in the proportion of 
patients requiring admissions (91% to 45%; p < 0.001) and ICP moni-
toring (30% to 3%; p < 0.001). There were non-significant reductions 
in other invasive procedures, neurology encounters, and A&E admis-
sions. Overall, there was a £341 (SD = 1069) per patient per year saving 
(22% reduction in included costs).
Conclusions: From an institutional perspective, the implantation of 
telesensors contributes to a reduction in service demand and a net 
financial saving. From a patient perspective, fewer appointments, inva-
sive procedures, and radiation exposures suggest an improvement in 
patient experience and safety.
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Introduction: NPH is a challenging diagnosis since after 70 + years 
of its first scientific description there is still controversy regarding the 
standard indications for surgery. In our center we believe that a timely 
and justified diagnosis brings about positive outcomes. In order to 
improve the odds of the patient we offer a standardized, interdiscipli-
nary evaluation prior and after lumbar puncture, as well as a yearlong 
follow-up after surgery. This paper aims to show the clinical outcomes 
of patients that undergo the protocol of the Center for Clinical care of 
NPH at FSFB.
Methods: We made a retrospective cohort-study. We included 
patients who underwent shunt placement surgery from 2018 to 2022 
and attended to their 1 month follow-up (n = 36). We measured each 
symptom of the clinical triad individually and determined a positive 
overall outcome when patients improved in at least 2 of the 3 symp-
toms, or 1 of the 2 symptoms when they did not experience urinary 
incontinence.
Results: We found that 75% of patients improve their gait, 78.7% of 
patients improve their urinary incontinence, 80.5% improve in at least 
1 and 66% improve in both of our cognitive tests. 86.1% of patients 
had a positive overall outcome and 58.33% of patients improve in all 
of the symptoms of NPH.
Conclusions: We consider that our positive results ratify the impor-
tance of a global approach to the diagnostic process of NPH. When 
properly evaluating the performance of patients we improve our 
chances of positively and notably impacting our patients’ quality of 
life.
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Introduction: Shunt systems for hydrocephalus patients are still based 
on passive mechanical pressure valves, which are driven by the gradi-
ent between intracranial pressure (ICP) and intra-abdominal pressure. 
However, this pressure gradient is influenced by a plethora of factors 
such as posture. Moreover, in case of normal pressure hydrocephalus, 
ICP is generally not increased. As a result, over- and underdrainage are 
common problems in shunt therapy.
Methods: We designed a ventricular intelligent and electromechani-
cal shunt (VIEshunt) that consists of a micropump, a flow meter, a 
pressure sensor, an inertial measurement unit and an embedded con-
trol system. A posture dependent ICP reference is tracked by actively 
adjusting the drainage of cerebrospinal fluid (CSF) through the shunt. 
The shunt system has been evaluated on a hardware-in-the-loop (HIL) 
test-bench running real-time patient simulations.
Results: During HIL testing, ICP in the supine position was regulated 
from 15 to 12  mmHg. Subsequent postural changes from supine to 
upright and upright to supine position were robustly identified by 
the shunt system and the ICP reference was adjusted accordingly to 
-3 mmHg (upright) and 12 mmHg (supine). Posture-specific ICP refer-
ences were tracked without offset, thus preventing adverse over- and 
underdrainage.
Conclusions: A smart shunt system has been developed that is capa-
ble of controlling CSF drainage and regulating ICP. In contrast to cur-
rent shunts, our design allows for optimal physiological therapy by 
adapting to measured parameters of the patient’s pathophysiology. 
Long-term patient monitoring will improve medical care of the indi-
vidual patient and enhance data-driven research into CSF dynamics.
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Introduction: Idiopathic normal pressure hydrocephalus (iNPH) is a 
relatively common, progressive disorder most often debuting after 
60 years. Little is known of how the cognitive symptoms develop in a 
population-based material.
Methods: Participants from the general population (n = 104, median 
[IQR] 75  years [72–80]) was followed for two years, of which 20 had 
possible iNPH (80  years [75–83) and 84 with unlikely iNPH (74  years 
[72–78]) at follow-up. Cognitive symptoms were assessed with Mini-
mental State examination (MMSE) and a battery of neuropsychologi-
cal tests (Hellström et al., 2012). Diagnosis was based on the Japanese 
guidelines  (2nd edition). Non-parametric tests with alpha-level p < 0.05 
was conducted.
Results: The composite neuropsychological score was significantly 
worse in those with possible iNPH (75 [59–87]) compared to unlikely 
iNPH (83 [76–93], p = 0.013) at baseline and follow-up (possible 76 
[58–67]; unlikely 85 [73–93], p = 0.044). MMSE were similar between 
the two groups at baseline (possible 29 [27–29]; unlikely 28 [27–30]) 
and follow-up (possible 27 [26–28]; unlikely 27 [26–28]).
Conclusions: Those with possible iNPH at follow-up had more cog-
nitive symptoms already at baseline, and increased symptoms and 
reduced MMSE over time. Those with unlikely iNPH did not increase 
overall iNPH symptoms but had lower a lower MMSE score at follow-
up. The MMSE could not detect baseline differences in cognition, 
whereas more sensitive neuropsychological tests could. Our results 
highlight the importance of careful supervision of older adults signal-
ing reduced cognitive function.
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Introduction: It has long been proposed that a means to monitor 
intracranial pressure would provide a valuable way to detect when a 
shunt is failing in patients with hydrocephalus. Previous attempts at 
developing such technology have been unsuccessful due either to the 
size of the implant, its accuracy or difficultly in making measurements. 
We present our novel technology for obtaining ICP and our first animal 
validation experiments.
Methods: The Kitea system comprises a discrete microimplant meas-
uring 2 × 3×20 mm which has an outer biocompatible glass housing 
and an array of internal micro-electronics including microprocessor for 
receiving power wirelessly, measuring pressure and transferring pres-
sure waveforms at 50 Hz to an external wand. Sensors were inserted 
into the cortex of adult sheep using the same burr hole and surgical 
procedure used to place a shunt. Sheep were left for 6 months before 
being euthanized and tissue around the implants histologically ana-
lyzed for abnormal changes. ICP was measured in a subset of animals 
and compared to a catheter-based ICP measurement.

Results: After 6  months, we observed no signs of adverse histologi-
cal responses and no sign of migration of the implant. Importantly, 
it was possible to wirelessly record ICP values in the conscious sheep 
that were within 1  mmHg of pressure obtained from catheter-based 
measurements.
Conclusions: The first results obtained from the Kitea system appear 
extremely promising.

First experience with post-operative transcranial ultrasound 
through sonolucent burr hole covers in adult hydrocephalus patient
Ryan P. Lee1, Jheesoo  Ahn1, Michael  Meggyesy1, Christina  Ritter1, Ian  Suk1, 
A. Judit  Machnitz2, Judy Huang,1, Chad  Gordon3, Henry  Brem1, Mark G. 
 Luciano1

1Department of Neurosurgery, Johns Hopkins University School 
of Medicine, Baltimore, MD, 21205, USA; 2Department of Radiology, 
Johns Hopkins University School of Medicine, Baltimore, MD, 21205, USA; 
3Department of Neuroplastic and Reconstructive Surgery, Johns Hopkins 
University School of Medicine, Baltimore, MD, 21205, USA
Correspondence: Ryan P. Lee (ryan.p.lee@jhmi.edu)  
Fluids and Barriers of the CNS 2022, 19(1)

Introduction: Managing patients with hydrocephalus requires 
repeated cross-sectional imaging. In adults, this is typically CT or less 
commonly MRI. However, CT poses cumulative radiation risks and 
MRI is costly. Ultrasound is a radiation-free, relatively inexpensive, and 
optionally point-of-care alternative, but is prohibited by limited win-
dows through an intact skull. We describe our initial experience with 
transcutaneous transcranial ultrasound through sonolucent burr hole 
covers in post-operative CSF disorder patients.
Methods: Using cohort study design, infection and revision rates were 
compared between patients who underwent sonolucent burr hole 
cover placement during new ventriculoperitoneal (VP) shunt placement 
and endoscopic third ventriculostomy (ETV) over a one-year study time 
period and controls from the period one-year prior. Post-operatively, 
trans-burr hole ultrasound was performed in the clinic, at bedside inpa-
tient, and in the radiology suite to assess ventricular anatomy.
Results: Satisfactory coronal ultrasound images of the ventricles were 
collected for all patients. Thirty-seven sonolucent burr hole cover 
patients were compared to 57 historical control patients. There was no 
statistically significant difference in infection rates between the sono-
lucent burr hole cover group (1/37, 2.7%) and the control group (0/57, 
p = 0.394). Revision rates were 13.5% versus 15.8% (p = 1.000), but no 
revisions were related to the burr hole or cranial hardware.
Conclusions: Trans-burr hole ultrasound is feasible for gross evaluation 
of ventricular caliber post- operatively in patients with sonolucent burr 
hole covers. There was no increase in infection or revision rate. This imag-
ing technique may serve as an alternative to CT and MRI in the manage-
ment of select hydrocephalus patients.
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Introduction: Pathophysiology of Type I Chiari malformation (CMI) is 
not well understood but known to be a cerebrospinal fluid (CSF) related 
disorder. As CSF circulates with the cardiac cycle, pressure gradients 
between the CSF and cerebral blood flow (CBF) induce central nervous 
system (CNS) tissue motion which can result in tissue stretching and 
compression. We hypothesized that CNS tissue motion measurements 
would be abnormal in CMI patients and normalize after posterior fossa 
decompressive surgery.
Methods: Tissue motion in the rostral-caudal direction in three regions 
of interest were quantified with two-dimensional phase-contrast mag-
netic resonance imaging (2D PC-MRI) in nine CMI patients, before and 
after surgery, and compared with those in 10 healthy volunteers. Peak-
to-peak differential displacement was quantified as the displacement of 
either the cerebellar tonsil or the pontomedullary junction relative to the 
upper spinal cord. A linear mixed effects model determined significance 
at the 0.05 level.
Results: We found significant differences (p < 0.05) between Chi-
ari patients and controls in displacement of the spinal cord (Chi-
ari: 0.51 ± 0.2  mm, Control: 0.72 ± 0.29  mm) and tonsil (Chiari: 
0.25 ± 0.15  mm, Control: 0.14 ± 0.05  mm), but not within the pons 
(Chiari: 0.17 ± 0.07  mm, Control: 0.19 ± 0.03  mm). We did not see sig-
nificant differences in displacement between Chiari patients pre- and 
post-operatively.
Conclusions: These results show cardiac-induced neural tissue motion in 
the rostral-caudal direction is altered in the CMI disease state compared 
to healthy controls however, this tissue motion was not normalized after 
surgery.
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Introduction: Most hydrocephalus is the communicating type, with 
the common etiology thought to be obstruction of CSF flow at the 
level of the arachnoid granulations (AGs). When treated with a shunt-
ing device, treatment failure mechanisms are often catheter related. 
The proposed project aims to address the failure mechanisms by 
developing a catheter-free completely passive miniaturized valve. The 
valve restores normal CSF drainage by bypassing defective AGs. By 
implanting the valve in the venous sinus/dura tissue, the need for per-
sistent intracranial penetration via catheters is fully eliminated.
Methods: This self-seal valve is composed of two membranes fabri-
cated by a 3D printer (Form 3 + , Formlabs). In its closed state the top 
membrane seals the perforations on the bottom membrane. The top 
membrane deflects upward to expose a conduit for fluid flow in the 
open state when ICP is higher than valve opening pressure. The valves 
are measured in a bench-top model to show its ideal hydraulic prop-
erty for the treatment of hydrocephalus.
Results: The basic flow response of the valve was measured in our CSF 
fluidic circulatory setup. The valve showed a highly directional hydro-
static response with little reverse flow leakage. The reverse flow leak-
age was negligible, at approximately 1.0 µl/min on average. The valve 
opening pressure,  PT, was approximately 50  mmH2O.
Conclusions: The proposed valve is fabricated by 3D printing technol-
ogy and demonstrated the target hydrostatic characteristics for CSF 
drainage mechanisms, based on measurements on the bench-top 
model. This valve has three favorable design specifications: non-zero 
valve-opening pressure, negligible clogging and reverse flow leakage, 
and simplicity in design and fabrication process.
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introduction: Outcome of CSF diversion in Normal Pressure Hydro-
cephalus (NPH) patients is time-dependent; with earlier treatment 
associated with better outcomes. In this ongoing study, we aim to ana-
lyse the time period of various stages of NPH assessment and investi-
gation from first referral to neurosurgery services, to shunt placement.
Methods: Retrospective review of electronic health records was per-
formed for consecutive patients undergoing ventriculoperitoneal (VP) 
shunting for NPH over two consecutive months (February–April 2022). 
Demographic and clinical information was collected alongside dates 
of: referral sent to neurosurgery, referral received by neurosurgery, first 
outpatient review, and dates of interventions. Time interval between 
each consecutive step of our service provision was calculated to iden-
tify key time-limiting steps.
Results: Fifteen patients (mean age 75.6 (± 3.8) years) were identi-
fied, all undergoing insertion of a VP shunt. Mean lead time between 
sending of referral and VP shunting was 321(± 104) days. Of this, 
17(± 16) days elapsed between referral sending and receipt, followed 
by 62(± 22) days until clinic review, and a further 229(± 75) days until 
shunt surgery. Patients undergoing extended lumbar drainage (LD) 
protocol waited 249 days from referral to shunting versus 188 days for 
those who proceeded directly to shunt (p = 0.62).
Conclusions: In this ongoing service evaluation, we established the 
mean waiting time from referral to shunt placement, identifying the 
longest lead time in the patient journey as between outpatient clinic 
and shunt placement. Since clinical improvement is time-dependent, 
we hope this study will help guide workflow optimisation in neurosur-
gical units to improve patient outcome following shunting.
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Introduction: The timed 10 m walking test is a frequently used assess-
ment in normal pressure hydrocephalus (NPH) and decompensated 
long-standing overt ventriculomegaly (LOVA). We aimed to make a 
smart-phone app which performs the timed walking test and records 
the results for individual patients, thus making it possible for patients 
with a suitable smart phone to perform repeat assessments.
Methods: The iPhone built-in accelerometer was used to generate 
events for the app through CMMotionManager class. The non-pur-
chase app is set at default 10 m, but the walking distance can be man-
ually changed. When distance is set, the app gives verbal countdown 
notice of 3 s before it verbally instructs to ‘start walking’. When the pre-
set distance is covered in a straight line, the app verbally informs the 
patient to ‘stop’, and displays the result in measure of distance covered, 
time taken to cover set distance and number of steps taken. This result 
can be saved and compared with future results.
Results: The app was validated in 50 subjects with timed slow-pace 
and fast-pace 10 m walking test. Compared to a clinical observer using 
a stopwatch, the app showed 100% accuracy in the measure of time 
taken to cover distance, 95% accuracy in the number of steps taken 
with an error ± 1–3 steps, and 97% accuracy in the measure of total 
distance covered with error of ± 0.25–0.50 m.
Conclusion: This is an efficient app for objective performance of timed 
walking test in NPH and LOVA patients.
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Introduction: Laparoscopic insertion of the distal tube of ventriculop-
eritoneal shunts is associated with lower incidence of catheter migra-
tion and malposition, compared to mini  laparotomy1. We present a 
single-centre study on peritoneal catheter insertion following imple-
mentation of guidelines for VP shunt insertion, which among others 
promoted laparoscopic insertion, especially in the presence of obesity.
Methods: A retrospective analysis of shunt operations between May 2020 
and August 2021 was performed to assess the impact of the surgical tech-
nique of the peritoneal catheter insertion on revision rates. Collected data 
included: primary or revision surgery, indication for shunting, surgical 
approach, previous and subsequent revisions, and patient demograph-
ics including body mass index (BMI). The revision rate of shunts inserted 
laparoscopically was compared to those inserted via a mini laparotomy.
Results: One hundred twenty nine patients underwent shunt inser-
tion during the study period, out of which 16.3% of cases were per-
formed laparoscopically. Laparoscopic insertion was associated 
with significantly lower revision rates compared to insertion via a 
mini-laparotomy (4.7 vs. 19.4%, p < 0.001). Mechanical failure was 
the primary indication for overall shunt revision. Patients with cath-
eter migration and malposition had a higher BMI (37.08 vs. 30.67, 
p < 0.001).
Conclusions: The use of laparoscopy in ventriculoperitoneal shunt 
insertion was low in our series, but it was clearly associated with 
lower shunt revision rates. Patients with high BMI particularly ben-
efit from laparoscopic insertion. Streamlining the surgical pathway for 
laparoscopic insertion of shunts is expected to lead to better surgical 
outcomes.
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Introduction: Hydrocephalus often involves failure of cerebrospinal fluid 
(CSF) circulation which can be accompanied by a cerebral blood flow 
(CBF) deficit. The nature of coupling between CSF circulation and CBF is 
poorly described, given that investigations require invasive monitoring 
of intracranial pressure and CBF. We sought to explore which compo-
nents of CSF pressure–volume compensation correlate with global CBF.
Method: 36 adults diagnosed with hydrocephalus underwent an 
infusion test to assess CSF compensation, including measurement 

of baseline CSF pressure, pulse amplitude of CSF pressure (AMP), 
resistance to CSF outflow (Rout), cerebrospinal elasticity, the mag-
nitude of slow vasogenic CSFp waves. Global CBF was estimated 
using a formula including Transcranial Doppler Ultrasonogra-
phy flow velocity measurements, the slope of the regression line 
between AMP and CSF pressure from the period of CSF infusion 
and elasticity.
Results: Univariate analysis indicated a significant negative corre-
lation between Rout and CBF (R = −  0.37; p = 0.035). Higher Rout 
(> 15  mmHg/(ml/min)) was observed when CBF was low (< 400  ml/
min). There was also a significant correlation between CBF and the 
magnitude of slow vasogenic waves of CSFp at baseline (R = −  0.43; 
p = 0.013).
Conclusion: It is not known if the disturbance in CSF circulation causes a 
decrease in CBF or vice versa. Also, a decrease in the magnitude of slow 
vasogenic waves is associated with lower CBF. In traumatic brain injury, a 
low magnitude of slow ICP vasogenic waves is associated with poor out-
come. In hydrocephalus, we do not see such an obvious link.
Study supported by: Revert Project, Interreg, France (Channel Manche) 
England, funded by ERDF.
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Introduction: Tap test improves symptoms of idiopathic normal 
pressure hydrocephalus (iNPH); hence, it is widely used as a diag-
nostic procedure. However, it has a low sensitivity and there is no 
consensus on the parameters that should be used nor the volume to 
be extracted. We propose draining cerebrospinal fluid (CSF) during 
tap test until a closing pressure of 0 cm H2O is reached as a standard 
practice. We use this method with all our patients at our clinic.
Methods: This is a descriptive cross-sectional study where all 
patients with presumptive diagnosis of iNPH from January 2014 to 
December 2019 were included in the study. We used a univariate 
descriptive analysis and stratified analysis to compare the opening 
pressure and the volume of CSF extracted during the lumbar punc-
ture, between patients in whom a diagnosis of iNPH was confirmed 
and those in which it was discarded.
Results: A total of 92 patients were included in the study. The mean 
age at the time of presentation was 79.4 years and 63 patients were 
male. The diagnosis of iNPH was confirmed in 73.9% patients. The 
mean opening pressure was 14.4  cm H2O mean volume of CSF 
extracted was 43.4 mL.
Conclusions: CSF extraction guided by a closing pressure of 0  cm 
H2O instead of tap test with a fixed volume of CSF alone may be an 
effective method of optimizing iNPH symptomatic improvement 
and diagnosis.
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Introduction: A 61-year-old patient was admitted to the Emer-
gency Department with gait disturbance, behavioral changes, and 
urinary incontinence for 48  h which led to a mild TBI due to a fall 
from his own height. The family reported a 3-year history of diagno-
sis of intermittent pressure hydrocephalus, which was treated with a 
ventriculoperitoneal shunt using a programmable valve, also 3 years 
ago. A CT scan of the head was performed, which showed ventricles 
of normal dimensions, and a CT scan of the abdomen, which was 
inconclusive as to the integrity of the catheter. Abdominal ultra-
sound showed a small amount of free fluid.
Methods: We report a case of a patient with a programmable valve 
to treat intermittent pressure hydrocephalus whose diagnosis of 
valve dysfunction was aided by the brain4care® intracranial pressure 
waveform analysis device, allowing calculation of the P2/P1 ratio, 
without numeric values for ICP.
Results: The ICP waveform analysis through the brain4care® device 
showed a P2/P1 ratio of 1.6. Distal obstruction of the system was 
suspected. The patient underwent shunt revision. At 48 h postoper-
atively, the patient was asymptomatic, with a P2/P1 ratio of 1.0, The 
patient returned to clinic for follow-up, asymptomatic and an outpa-
tient analysis showed a P2/P1 ratio of 0.6.
Conclusions: Seemingly simple cases of hydrocephalus may prove 
to be diagnostic challenges in the event of valve dysfunction, either 
by the differential diagnosis with infections or by nonspecific symp-
toms. Intracranial pressure waveform analysis can be effective as a 
diagnostic aid method, as well as a follow-up parameter. Consent to 
publish had been obtained.
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Introduction: The Codman Certas Plus shunt valve was introduced in 
2015. It has 8 different settings and was designed to resist the mag-
netic forces of 3 T MRI to avoid unintentional setting changes. In-vitro 
testing by the company has shown this to be the case. However, post-
MRI check of the shunt setting is still recommended by the manufac-
turer. No study has yet shown the MRI-resistance of Certas Plus valves 
in a clinical setting.
Methods: 35 iNPH-patients (18  m/17f ), median age 78(68–85) years, 
were operated with a Codman Certas Plus valve in this single-centre 
study. Valve setting was preoperatively randomized to 4 or 8 and 
blinded to the surgeon, patient and valve setting examiner. A 3 T MRI 
was performed 24–48 h postoperatively and valve setting was checked 
afterwards. Patients with setting 8 were adjusted to 4. Another 3 T MRI 
was done after 3 and 12 months with check of valve setting.
Results: A total of 68 3  T MRI are done of 35 Codman Certas Plus 
valves so far. All (100%) checked valve settings are accordance with 
the intended setting. There has been no unintentional setting change.
Conclusions: The MRI-resistance to unintentional valve setting 
changes of the Codman Certas Plus shunt valve is reliable in a clinical 
setting. This is in accordance with the experimental study done by the 
manufacturer. This has led to our institution abandoning the post-MRI 
check of the shunt setting making 3T MRI of these patients possible in 
regional hospitals without shunt adjustment tool kits and knowledge 
of the procedure.
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Introduction: The aim of the present study was to investigate vascular 
and morphological choroidal features in patients with idiopathic Nor-
mal Pressure Hydrocephalus (iNPH), before and after shunt surgery, 
compared to a control group.
Methods: The Bologna PRO-Hydro multidisciplinary team prospec-
tively recruited 12 consecutive patients diagnosed with iNPH between 
November 2021 and March 2022 with indication for ventriculoperi-
toneal (VP) shunt surgery. An ophthalmic evaluation was conducted 
at the IRCCS Department of Ophthalmology at Hospital Sant’Orsola 
before and after a mean of 47.6 days (SD = 6.97) from shunting. Spec-
tral-domain optical coherence tomography (SD-OCT) with enhanced 
depth imaging (EDI) was conducted. Images were binarized using the 
ImageJ software. Parameters studied were total choroidal area (TCA), 
luminal choroidal area (LCA), choroidal stromal area (SCA), sub-foveal 
choroidal thickness (SFT) and retinal nerve fiber layer (RNFL) thickness. 
Choroidal vascular index (CVI) was calculated as the ratio between 
LCA and TCA. Results were compared with 12 healthy, age-matched 
controls.
Results: SCA and SFT were significantly increased in iNPH patients 
after surgery compared to control group (1.2846 vs 0.975  mm2, 
305 vs 204.5  mm, p = 0.031 and p = 0.019 respectively). CVI in iNPH 
patients was reduced compared to control group (62.73 vs 66.49%, 
respectively), though the difference was not statistically significant 
(p = 0.092).
Conclusions: iNPH patients treated with VP shunt showed an 
increased SCA and an increased SFT compared to control group. 
These results support the hypothesis that VP shunt surgery may deter-
mine hemodynamic and morphological alterations of the choroid in 
patients with iNPH.

Successful early treatment for hydrocephalus due to aqueduct 
stenosis in a young patient
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Introduction: Aqueduct stenosis is considered congenital and 
acquired, but not well understood because it is a rare disease. Steno-
sis is often well tolerated for several years, but is not constant and is 
aggravated by meningitis, hemorrhage, or trauma and the like.
Case presentation: A 17-year-old male presented with severe head-
ache. The headache was so severe that it interfered with his daily life. 
Magnetic resonance imaging (MRI) showed mild ventricular enlarge-
ment above the aqueduct. In addition, stenosis of the aqueduct was 
observed due to a thin septum. With no other cause of headache and 
the fact that the ventricles were enlarged for his age, we performed 
Endoscopic third ventriculostomy(ETV) and aqueductoplasty. Opera-
tion was performed under the general anesthesia. At first, The aque-
duct stenosis was made up of several thin septal walls and performed 
aqueduct septostomy with fogarty balloon. Next, ETV was performed. 
The ventricles size was quickly decreased, and the headache improved 
after the surgery.
Discussion: When ventricular enlargement is mild as in this case, 
endoscopic manipulation is difficult due to the lack of structural dila-
tation; septostomy should be performed first because ETV first will 
further shrink the ventricles and make manipulation more difficult. 
Aqueduct stenosis is rare and is often detected in chronic hydroceph-
alus and cognitive decline. The present case was extremely rare case 
of early detection by headache. The optimal timing of treatment is 
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uncertain when the ventricular enlargement is mild or asymptomatic 
cases. Consent to publish had been obtained.

How I do it: insertion of ventriculo-thecal shunt
Meriem  Amarouche1, Lucia Darie1, Siegfried Sulim  Adelhoefer2, Ahmed 
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1Victor Horsley Department of Neurosurgery, National Hospital 
for Neurology and Neurosurgery, University College London Hospitals, 
London, UK; 2Universtitätsmedizin Berlin Charité
Correspondence: Lucia Darie (lucia.darie@nhs.net) 

Meriem Amarouche and Lucia Darie contributed equally. 
Fluids and Barriers of the CNS 2022, 19(1)
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Background: The optimal treatment for Chiari Malformation I (CMI) 
patients remains controversial. Foramen magnum decompression 
is the most common accepted surgical procedure, however it carries 
a risk of interrupting the CSF flow across the cranio-cervical junction 
resulting in syringomyelia and subsequent neurologic deterioration. 
The syrinx cavity can be drained via syringo-pleural shunts, neverthe-
less with high failure rates. Following our internal protocol for CMI, 
raised intracranial pressure was excluded, leaving the alternative to 
equilibrate the pressure between cranial and spinal CSF compart-
ments by inserting a ventriculo-thecal shunt.
Method: We describe the surgical procedure by which a ventriculo-
thecal shunt is performed in a stepwise fashion.
Conclusion: Ventriculo-thecal shunts represent a feasible option in 
selected cases where a bypass is required to overcome an obstruction 
between cranial and spinal CSF compartments.
Funding: The authors have not received any funding for this article.
Compliance with ethical standards: Written consent was obtained 
from the patient for the publication of this case report and intra opera-
tive photography.
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Introduction: Today, magnetic resonance imaging (MRI) work-up of 
idiopathic normal pressure hydrocephalus (iNPH) is largely focused 
on anatomical derangements of cerebrospinal fluid (CSF) spaces. We 
introduced a MRI biomarker of CSF disturbance in iNPH, based on 
grading of ventricular reflux of an intrathecally administered MRI con-
trast agent (gadobutrol; 0.25 or 0.5 ml, 1 mmol/ml), serving as a CSF 
tracer. In ventricular reflux grades 3 and 4, CSF tracer remains in ventri-
cles at 24 h after injection.
Methods: In iNPH patients, the functional imaging biomarker Ven-
tricular Reflux Grade was compared with anatomical MRI biomarkers 
of CSF space anatomy (Evans’ index, callosal angle and disproportional 
enlargement of subarachnoid spaces hydrocephalus), imaging bio-
markers of neurodegeneration (Schelten’s medial temporal atrophy 
scores, Fazeka’s scores and entorhinal cortex thickness), intracranial 
pressure (ICP) scores indicative of intracranial compliance, as well as 
clinical response to shunt surgery.
Results: Ventricular reflux grades 3–4 were related to findings of 
abnormal pulsatile ICP, indicative of impaired intracranial compliance, 
and also were frequent in shunt-responsive iNPH.
Conclusions: Grading of ventricular reflux of CSF tracer may add infor-
mation to traditional imaging scores of CSF space anatomy by provid-
ing a functional measure of CSF disturbance in iNPH.

Multi-objective framework for ventricular shunt catheter design
Quentin Aten1
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Introduction: Ventricular catheters stimulate reactive neurological 
cells and tissues responsible for many shunt obstructions through 
mechanical, fluidic, and material stimuli. A multi-objective design 
framework is proposed for evaluating ventricular catheters.
Methods: Literature on ventricular catheter obstruction, ventricular 
anatomy, circadian rhythms of cerebrospinal fluid production, neuro-
glial cells’ fluid shear response, catheter placement forces, and optimi-
zation of catheter fluid dynamics were reviewed to establish design 
objectives. A standard ventricular catheter, a flow-balanced catheter, 
and an example novel design with elongated fenestrations were 
evaluated against these objectives. Three-dimensional computational 
fluid dynamics simulations quantified volumetric flow and fluid shear 
distributions.
Results: The design framework objectives for an ideal ventricular 
catheter are: (1) minimize parenchymal inflammatory response by 
minimizing catheter diameter; (2) maximize the distance between 
fenestrations and surrounding tissue; (3) maintain fluid shear below 
the critical shear for astrocyte IL-6 upregulation across CSF produc-
tion rates; (4) maximize the distance cells must bridge when occlud-
ing fenestrations; (5) select a bio-inert catheter material; (6) withstand 
catheter insertion forces; and (7) be manufacturable on a commercial 
scale. As with many multi-objective problems, the conflicts inherent 
in this framework constrain the design space for improved ventricular 
catheters. The design with elongated fenestrations improved criteria 
1,2,3,4 compared to the standard design, and criteria 3,4,7 compared 
to the flow-balanced design. For criteria 3, the elongated fenestrations 
reduced both maximum fluid shear and surface area experiencing 
critical shear compared to both standard and flow-balanced designs.
Conclusions: Future applications of this multi-objective catheter 
design framework may help reduce ventricular catheter obstruction.

Shunt therapy in idiopathic normal pressure hydrocephalus: results 
from a long-term observation
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Introduction: Idiopathic normal pressure hydrocephalus (iNPH) can 
be considered a treatable dementia since shunt therapy is effiient in 
improving symptoms. The long-term results of the cerebral spinal 
fluid (CSF) shunt have shown variable results without offering firm 
conclusions. Here we present the results of a retrospective study 
investigating the long-term results of iNPH patients treated with ven-
triculoperitoneal shunt (VPS) using programmable valves.
Methods: The symptoms before treatment were recorded. Post-VPS 
clinical symptoms and outcomes were assessed based on changes in 
gait, urinary incontinence, and cognitive dysfunction in a yearly fol-
low-up spanning at least 10 years.
Results: Among a total of 65 patients treated. The median age was 
71  years, and the mean follow-up time of the surviving patients 
was 140.5 ± 1.6  days. Overall, there was a significant and persis-
tent improvement among all symptoms compared to the baseline 
(p < 0.05). Gait was the symptom with better and sustained improve-
ment when compared with the baseline (p < 0.05). Mental impairment 
and urinary incontinence improved in the early follow-up (p < 0.05) 
followed by a reduction in the later follow-up. Twelve patients (18.4%) 
required surgical revisions for shunt malfunction. Change in valve 
pressure was performed in 35 patients (54%). Overall, 95% of revisions 
resulted in clinical improvement.
Conclusions: This study expands our previous results showing that 
surgical treatment for iNPH by VPS is still a safe modality that improves 
symptoms in most affected patients, even in the long term.
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‘Watkins’ Point and trajectory’: description of a new method 
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Introduction: Ventriculoperitoneal shunting is one of the commonest 
procedures performed in neurosurgery but there is no consensus on 
the best approach for ventricular cannulation. We describe ‘Watkins’ 
Point and trajectory’, a new method to guide parietal ventricular cath-
eter insertion which relies on the patient’s anatomy rather than fixed 
measurements.
Methods: To assess the accuracy of Watkins’ Point in successfully 
achieving ventricular cannulation, we performed a preliminary study 
on 17 patients with an Evans’ Index (EI) of 0.35 or less and no pathol-
ogy distorting their ventricular anatomy. We analysed CT Stealth scans 
obtained for clinical purposes using the free version of the OsiriX 
Dicom Viewer. On the 3D MPR view, we first ensured that the sagittal 
and coronal planes are midline and overlying the septum pellucidum. 
We obtained an axial image on the plane going from the lambdoid 
suture to a point above the orbital ridge. We identified the middle cra-
nial point between the frontal and occipital inner tables in the mid-
sagittal plane. We calculated a 45-degree angle away from the midline 
posteriorly and centred on the mid-cranial point. We then traced the 
ventricular catheter trajectory linking Watkins’ Point and the mid-sagit-
tal point and confirmed it traverses the lateral ventricle.
Results: The patients had an EI between 0.2 and 0.35. A trajectory 
traversing the right lateral ventricle was successfully achieved in all 
patients using Watkins’ Point and the above described trajectory.
Conclusions: Watkins’ Point is a reliable entry site to achieve freehand 
ventricular cannulation in patients with EI above 0.2.

Incidence of complications due to overdrainage in Normal Pressure 
Hydrocephalus and a new method to adjust the valve based 
on intracranial pressure
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Introduction: Overdrainage is a complication of CSF shunt in NPH. 
Includes subdural hematoma, subdural hygroma and postural 
headache; and has a frequency of up to 53%. We propose that the 
adjustment of the valve opening pressure (VOP) according to the 
Intracranial pressure (ICP) and adjusting the delta (ΔICP-VOP) between 
0–10  mmH20 could reduce the incidence of overdrainage.
Methods: Patients with NPH that underwent VAS between 2016 and 
2020 were included. Two groups are described, first had an adjusted 
delta between 0–10  mmH20 (DA), the second one had a different 
intraventricular delta (nDA) based on the criteria of the treating neu-
rosurgeon. We describe demographic and clinical characteristics, 
the incidence of overdrainage and the effect of adjusting (DA) or not 
(NDA) the ΔICP-VOP for overdrainage development.
Results: A total of 51 patients were included. The mean age was 
78.5  years, 68.63% was male. Complications of overdrainage was 
diagnosed in 14 patients (27.45%), subdural hygroma was the most 
frequent complication (15.69%), followed by nonsurgical subdural 
hematoma (65.88%), postural headache (3.92%), and surgical subdural 
hematoma (1.96%). Stratifying by delta, gross values suggest a lower 
incidence rate of overdrainage in the DA group; nevertheless, the dif-
ference was not statistically significant (p = 0.49).
Conclusions: We describe a VOP adjustment technique based on ICP, 
aiming for an ΔICP-VOP between 0–10 mmH2O. Our results suggest 
that this method reduces the incidence of overdrainage after VAS. We 

recommend that further prospective studies be conducted to evaluate 
this association.

Preauricular tunneling in ventriculo-peritoneal (VP) shunt: is it 
a useful alternative?
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Introduction: Hydrocephalus is a common neurological disorder, 
caused by a progressive acumulation of cerebrospinal fluid (CSF) 
within the intracranial space.
VP shunt systems are the mainstay therapy for this condition. Con-
sidered to be an easy surgery, it is one of the least time – consuming 
procedures but has significant potential for complications. Usually the 
tunneling is performed in the retroauricular región, being the hard-
est part of the surgery because the strong muscles in the posterior 
occipital región. The presented surgical technique is different by the 
proposal of a preauricular tunneling.
Methods: We have retrospectively reviewed the hospital records of 25 
patients who received a VP shunt with this preauricular approach.
The surgical technique changes only when tunneling from the abdo-
men to cranial region. In the supraclavicular region we change the 
direction to the preauricular region, positioning the valve in the tem-
poral area.
RESULTS: The only complication that we have found was an iatrio-
genic parotid fistula with spontaneous resolution.
Conclusions: Although VP shunt is one of the most common proce-
dures performed by neurosurgeons worldwide, the are no references 
in literature reviewed about this subject. In contrast to the common 
procedure, this new one seems to be a quicker and effortless alterna-
tive. The anterior position of the valve can help the palpation of the 
flushing / pump reservoirs to obtain CSF or test the system when sus-
picion of shunt malfunction, or to change the opening pressure in 
adjustable devices.

The NNI paediatric VPS prognostication model for 30-day 
non-technical shunt failure
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Introduction: Ventriculoperitoneal shunt (VPS) is the commonest sur-
gery performed by paediatric neurosurgeons. Despite the progress 
made, shunt failures remain a significant issue. We aim to develop a 
NNI paediatric VPS (NNI–pVPS) prognostication model to predict shunt 
failures in hydrocephalus.
Methods: A retrospective review of 214 paediatric VPS was performed. 
Patients with complex hydrocephalus (multiloculated or > 1 ventricular 
catheter required) were excluded. Patient characteristics, hydrocepha-
lus and shunt details, and outcomes were documented. Non-technical 
failure included infection, occlusion or other causes not related to mal-
position or incorrect assembly.
Results: Mean age at VPS insertion was 6 months with a mean follow 
up duration of 44 months. The commonest type of hydrocephalus was 
obstructive (n = 142, 66.4%) and the commonest etiology was tumour 
related (n = 66, 30.8%). Most shunts were primary insertions (n = 131, 
61.2%) and valves used were mostly non-programmable (n = 182, 
85.0%). The 30-day non-technical shunt failure rate was 9.3%; 9 infec-
tions (4.2%), 7 occlusions (3.3%), and 4 others (1.9%). The NNI–pVPS 
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model derived included age ranges, hydrocephalus type and etiology, 
ventricular instrumentation, and other risk factors. This model has an 
AUC of 0.75 (0.64 – 0.86), with a sensitivity of 70.0% and specificity 
of 75.3%, and a positive and negative predictive value of 22.6% and 
96.1%.
Conclusions: The NNI–pVPS model was able to effectively predict 
30-day non-technical shunt failures and can be used to guide counsel-
ling and follow up strategies. External validation should be performed 
to confirm this finding.
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Introduction: Hydrocephalus is a worldwide disorder characterized 
by abnormal flow or rarely excessive production of cerebrospinal fluid, 
leading to the widening of the cerebral ventricular system. Previous 
research stated that limited knowledge affects the attitudes toward 
the patients and their outcomes. Hydrocephalus is a common neuro-
surgical disorder in Sudan. Most of the patients come from rural areas 
and present late with large heads and poor neurological status making 
their management difficult.
Aim: To investigate the females’ knowledge about pediatric hydro-
cephalus at a small rural hospital in Al Dambo village in Sudan.
Methodology: A Small Study aiming to assess the knowledge of the 
females et al. Dambo rural hospital was conducted through an inter-
view questionnaire structured from the thorough literature review. 
data were collected and analyzed using online google forms.
Results: of the 30 females attending Al Dambo Rural hospital, 8 
females were selected randomly to assess their knowledge regard-
ing hydrocephalus in pediatric patients. 75% of the females knew 
the symptoms of hydrocephalus, and only 25% of them were aware 
of hydrocephalus causes. Also, half of the females didn’t know about 
hydrocephalus treatment or its preventative measures.
Conclusion: This small study demonstrated Poor knowledge regard-
ing pediatric hydrocephalus among females at a rural hospital. 
hence, further wider studies are recommended to be conducted 
along with educative interventions to raise awareness and positively 
affect attitudes toward pediatric hydrocephalus patients and their 
management.

Rescue treatment of biloculated and isolated fourth ventricle
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Introduction: Isolated fourth ventricle is a rare complication in hydro-
cephalus patients. Different treatment strategies have been proposed 
for its management, like endoscopic aqueductoplasty or IV ventricle-
shunting. However, the loculation of the IV ventricle can make the con-
trol of this entity difficult.
Methods: We present a case report of a biloculated and isolated 
fourth ventricle patient. We present the treatment strategies we per-
formed to control this arduous pathology.
Results: A seven-year-old female patient affected by posthemorrhagic 
hydrocephalus and an isolated fourth ventricle that went through a 
failed endoscopic aqueductoplasty with a stent. Because of repeated 
isolation events and neurological deterioration with an increased size 
of the isolated IV-ventricle, she required IV-ventricle shunting. Dur-
ing the follow-up, the IV ventricle developed intraventricular septae, 
which loculated this cavity, causing progressive neurological impair-
ment. Our first strategy was to perform open surgery to reconnect 
the two loculations of this isolated IV ventricle. Even though these 

septae were successfully opened on two occasions, the patient contin-
ued to develop new septae a few weeks after these open procedures. 
Because of this recurrent loculation, we decided to open both cavities 
and connect them to a single IV-ventricle shunt using a Y connector. 
After this final surgery, we managed to control this rare entity and loc-
ulations did not increase their size again.
Conclusions: Loculated and isolated fourth ventricle is a rare compli-
cation with very difficult management. We present a case that only 
improved after multiple surgeries and a final debridation and connec-
tion of both loculations to the same device. Consent to publish had 
been obtained.
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Introduction: Congenital hydrocephalus is one of the most common 
causes of neurosurgical consults globally. Management delays may 
cause unique complications such as spontaneous cutaneous rupture 
and cerebrospinal fluid leakage. This may occur frequently in low- to-
middle income countries, where prenatal and neurosurgical health-
care services are less accessible; however, no such cases have been 
recorded in the Philippines.
Methods: We present two cases of severe hydrocephalus with sponta-
neous cutaneous rupture previously seen at our institution.
Results: The first case is a 7-month-old female with leaking CSF from 
a 1-cm spontaneous cutaneous rupture at the right anterior aspect 
of her anterior fontanelle. On admission, her head circumference was 
85  cm. Her imaging showed markedly dilated lateral ventricles with 
pneumoventricle, and a widened anterior fontanelle. Her defect was 
sutured and she was treated with appropriate antibiotics. She was dis-
charged once infection resolved but eventually expired at home. The 
second is a 3-year-old male who presented with leaking CSF from a 
cutaneous rupture at the anterior border of the posterior fontanelle. 
His head circumference was 92  cm, with a 4-cm scalp defect expos-
ing the underlying ventricle. The defect was sutured at the emergency 
room. His family refused further diagnostics and treatment, and opted 
to bring him home, and was lost to follow-up.
Conclusions: Only a few case reports on spontaneous cutaneous rup-
ture are available to guide its treatment, with none coming from the 
Philippines. Our cases establish the local incidence of this underre-
ported complication and demonstrate that simple suturing and antibi-
otic treatment do not lead to desirable outcomes. Consent to publish 
had been obtained.
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Introduction: The transition process from paediatric to adult neu-
rosurgery is an essential part of patient’s care. This study aims to 
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report our institution’s experience and serve as ground for future 
improvement.
Methods: This is a single centre retrospective case series study. Data 
regarding current age, hydrocephalus etiology, number of shunt revi-
sions in childhood and after transition, type of presentation (acute vs 
routine follow up), type of valve, length of follow up was collected.
Results: A total of 227 patients were included (mean 32 years, min 16- 
max 68 years; SD ± 11.9). 122 were transitioned from the nearest pae-
diatric center, Great Ormond Street Hospital; 105 from other national 
and international hospitals. Common hydrocephalus etiologies were: 
post haemorrhagic 19.8%, Chiari II 12.7%, Aqueduct stenosis 12.7%, 
congenital 8.81%, post infectious 7% and tumor 5.2%. Hydrocepha-
lus following hemisperectomy, associated with syndromic craniosyn-
ostosis or idiopathic intracranial hypertension was rare. In 16.7% (38 
cases) no cause could be identified, despite review of available cross-
sectional imaging, due to insufficient documentation. 171 (75.3%) 
patients were seen electively, 37 (16.2%) presented with suspicion of 
acute shunt dysfunction and 19 (8.3%) were referred by other spe-
cialists after the patients were lost to follow up. Patients presenting 
acutely were more likely to come from other centers 28/105 (26.7%) 
compared to 9/122 (7.37%) from Great Ormond Street Hospital 
(p < 0.005; Wilcoxon Signed Rank). 66/227 (29%) patients underwent at 
least a CSF diversion intervention in adulthood.
Conclusion: Hydrocephalus is a condition that requires lifelong neu-
rosurgical follow up. A more structural approach towards transition is 
needed.
Funding and disclosures: The authors did not receive any funding for 
the completion of this work. The authors report no conflicts of interest
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Introduction: Idiopathic normal pressure hydrocephalus (INPH) is a 
potentially reversible syndrome characterized by complex symptoms, 
difficulty in diagnosis and lack of detailed clinical description. And it 
is difficult to distinguish from Alzheimer disease. This study aimed to 
design a method to measure the actual incidence of hydrocephalus in 
patients with INPH and to evaluate normal pressure hydrocephalus.
Methods: 67 patients with idiopathic normal pressure hydrocephalus 
(INPH), 32 Alzheimer’s disease (AD) patients and 30 healthy control 
(HC) subjects were included. All subjects underwent 3D T1-weighted 
MRI. Statistical parametric mapping 12 was used for preprocessing 
images, statistical analysis, and voxel-based morphometric gray mat-
ter (GM) volume, white matter (WM) volume, and cerebrospinal fluid 
(CSF) volume analysis. Pearson’s correlation analysis and Bonferroni’s 
statistic corrected one-way ANOVA were used to determine the rela-
tionship among demographic variables.
Results: The INPH patients had higher Evans index (EI) and lower cal-
losal angle (CA) compared to the AD patients and HCs. Compared with 
the HCs, the AD and INPH patients had significantly less GM and WM. 
The INPH patients accumulated larger amounts of CSF volume in their 
brains compared to the other groups. The CSF volume ratio was posi-
tively correlated with EI and negatively with CA in all 3 groups.
Conclusion: Intracranial CSF ratio was strongly correlated with tra-
ditional image biomarker of EI and CA, Idiopathic normal pressure 
hydrocephalus can be accurately assessed by measuring intracranial 
CSF, and provide a method to distinguish INPH from AD.
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Introduction: Phase contrast MRI allows detailed measurement of 
various CSF motion parameters. Machine learning (ML) approaches 
have been successfully utilized in medical research, but none was yet 
applied to enhance the results of CSF flowmetry. We aimed to evalu-
ate the possible contribution of ML algorithms in enhancing utilization 
and results of MRI flowmetry in NPH diagnostics.
Methods: The study cohort consists of 30 iNPH patients and 15 
healthy controls examined on one MRI machine. All major phase con-
trast parameters were inspected: peak positive and negative velocity, 
peak amplitude, average velocity, positive, negative and average flow 
and aqueductal area. We applied ML algorithms on 85 complex fea-
tures calculated from phase contrast study.
Results: The most distinctive parameters with p˂0.005 were peak neg-
ative velocity, peak amplitude and negative flow. From the machine 
learning algorithms, the Adaptive Boosting classifier showed the high-
est specificity and best discrimination potential overall: 80.4 ± 2.9% 
accuracy, 72.0 ± 5.6% sensitivity, 84.7 ± 3.8% specificity (0.812 ± 0.047 
AUC). The highest sensitivity was 85.7 ± 5.6% by Gaussian Naive Bayes 
model, the best AUC was 0.854 ± 0.028 by Extra Trees classifier.
Conclusions: Developed feature extraction algorithms combined with 
machine learning approaches simplify the utilization of phase contrast 
MRI. The highest performing ML algorithm was Adaptive Boosting, 
which showed a good calibration and discrimination on the testing 
data, with 80.4% accuracy, 72.0% sensitivity, 84.7% specificity (0.812 
AUC). Phase contrast MRI boosted by machine learning approach can 
help to determine shunt-responsive iNPH patients.
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Introduction: Approximately 85% of ventriculoperitoneal shunts 
(VPS) fail within 15 years, with most late failures attributed to calcifi-
cation of the tubing. It was suggested that application of the hydro-
phobic molecule, polyvinylpyrrolidone (PVP) to the surface of shunt 
tubing would prevent infection. While this was never proven, we ser-
endipitously noticed that explanted distal catheters with PVP coating 
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had minimal visible calcification. We hypothesized that PVP coating 
may decrease the degree of tubing calcification. We retrospectively 
compared the calcium concentration on PVP-coated VPS catheters 
versus standard VPS catheters.
Methods: 29 shunts that were in place for 13–137  months were 
explanted. The calcium concentration of PVP-coated (BioGlide) cath-
eters was compared to that of other VPS catheters using inductively 
coupled plasma atomic emission spectroscopy (IED-AES). To account 
for varying catheter lengths and implantation times, calcium concen-
tration per cm per month was analyzed.
Results: PVP-coated catheters were implanted for 41 months on aver-
age while standard catheters were implanted for 67.57 months. Mean 
calcium concentration was 19.23 for PVP-coated and 209.07 mg/L for 
standard catheters. Calcium content per catheter length and implan-
tation time was 0.141 and 1.098 ug/cm/month for PVP-coated and 
standard catheters respectively.
Conclusion: In the United States, there are more pediatric hydroceph-
alus patients admitted each year for VPS malfunctions than for initial 
shunt placements. Calcification of catheter tubing is a major contrib-
utor to late shunt failure, leading to complications such as fractures, 
disconnections, and tethering. PVP-coated catheters significantly 
decrease the degree of calcification and may decrease the rate of late 
shunt malfunction.
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Introduction: The aim of this initiative was to develop a ranked list of 
hydrocephalus research priorities as determined by the hydrocephalus 
patient community in conjunction with the healthcare and scientific 
communities.
Methods: Using the validated methodology published by the James 
Lind Alliance (JLA), the Hydrocephalus Association (HA) administered 
two surveys and hosted a final prioritization workshop. Survey_One 
solicited open-ended responses from the community. From these 
responses, a “long list” of priority statements was developed. This list 
was then consolidated into a “shortlist” of research priority statements, 
which were verified as being research uncertainties through a lit-
erature review. Survey_Two asked the community members to select 
their top 10 priorities from the “shortlist.” The final prioritization took 
place at a virtual workshop led by a team of trained facilitators.
Results: From Survey_One, 3703 responses from 890 respondents 
were collected, leading to a “long list” of 146 priority statements. The 
consolidated “shortlist” contained 49 research priority statements, 
all of which were verified as uncertainties in hydrocephalus research. 
From an analysis of Survey_Two responses, the top 21 research priority 
statements were determined. A consensus on these statements was 
reached at the virtual workshop, leading to a final ranked Top 20 list 
of hydrocephalus research priorities. Within this list several themes are 
apparent. These include the need to develop non-invasive and/or one-
time therapies, to reduce the burden of current treatments, improve 
the screening and diagnosis of hydrocephalus, improve quality of life, 
and improve access to care.
Conclusions: By gathering extensive input from the hydrocephalus 
community and using an iterative process of consensus building, a 
ranked list of the Top 20 hydrocephalus research priorities was devel-
oped. The Hydrocephalus Association will use this ranked list to guide 

future research programs and encourages the medical and scientific 
communities to do the same.
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Introduction: Predicting shunt responsiveness in the context of 
normal-pressure hydrocephalus(NPH) can be challenging. We aimed 
to study the correlation between cerebrospinal fluid production 
rate (PRcsf ) and lumbar drainage responsiveness of suspected NPH 
patients.
Methods: We performed a prospective observational study in all sus-
pected NPH patients in our hospital who required extended lumbar 
drainage (ELD). Following baseline cognitive assessment and walk-
ing test, ELD was undertaken. The lumbar drain was connected to 
LiquoGuard7(Möller-Medical, Germany). The LiquoGuard7 was used 
to calculate PRcsf in the patients using the internal software and flow-
rate data of the pump. Cognitive assessment and walking test were 
performed post-ELD. Patients were followed up for 6 months post hos-
pital discharge. Electronic patient records and clinic letters were stud-
ied to identify ELD responsive and non-responsive patients.
Statistical analysis used SPSS (version 25.0, IBM) by independent t-test, 
comparing measured PRcsf to the ELD responsiveness of the patient.
Results: 20 suspected NPH patients were evaluated. 16 NPH patients 
demonstrated a mean PRcsf of 79  ml/hour ± 20(SD). These patients 
showed objective improvement in post-ELD cognitive assessment 
and walking test (p < 0.0001). At a 6  month follow up, all 16 patients 
showed positive response to shunting(p < 0.0001). Four suspected 
NPH patients had an average PRcsf of 22-32  ml/hour. These patients 
did not show any objective improvement in post-ELD cognitive assess-
ment and walking test.
Conclusion: PRcsf of > twice the normal may hold value in predicting 
shunt responsiveness in the context of NPH. Along with ELD, this has 
the potential of being an additional diagnostic tool for NPH.
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Introduction: Idiopathic normal pressure hydrocephalus (iNPH) is 
a possible differential diagnosis of dementia in elderly patients. Its 
treatment is based on cerebral spinal fluid (CSF) shunt with 60%-80% 
patients’ improvement. The prevalence of iNPH was estimated at 0.2% 
in the age group of 70 to 79 years and 5.9% for age 80 years and older. 
However, only a few cases are operated on every year. Diagnosis of 
iNPH requires the exclusion of other neurological pathologies such as 
Alzheimer’s Disease or other neurodegenerative disorders presenting 
with ventricular enlargement.
Methods: The authors conducted a systematic review following 
PRISMA guidelines on the PubMed database. 982 articles were identi-
fied for screening. Studies analyzing CSF biomarkers associated with 
diagnosis, surgical outcome prediction, and stratification of iNPH 
patients were included. Studies were assessed for methodological 
quality using the ROBIS tool.
Results: Eighteen studies were eligible for our systematic review. 
Although many biomarkers have been investigated for differential 
diagnosis of iNPH, amyloid-b 42 (Ab42), total-tau (t-tau), and phos-
phorylated tau (p-tau) are the most efficient candidate markers to dis-
criminate iNPH from AD patients. Additional biomarkers categorized 
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as demyelination, neuroinflammation, neuropeptides, and cerebral 
metabolites hold promise to better clarify innovative diagnostic bio-
markers for iNPH.
Conclusions: Measurements of different biomarkers in CSF may reflect 
the underlying neuropathological brain changes and could play an 
important role in revealing the possible etiological mechanisms. Fur-
thermore, its detection may facilitate the timeliness and accuracy of 
iNPH diagnosis and thus potentially useful for therapeutic selection 
and treatment response monitoring.
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Introduction: Disproportionately Enlarged Subarachnoid-space 
hydrocephalus (DESH) is one of image-based score proposed to the 
neuroradiologist to easily evaluate normal pressure hydrocephalus 
(NPH) patients. Resistance to CSF outflow  (Rout) a pressure-related 
parameter obtained with infusion test is actually one of the most sen-
sitive and specific parameters to select NPH patients for shunt surgery 
with a chance to  improve. The aim of this work was to compare radio-
logical investigation with infusion test parameters.
Methods: 28 patients (74 ± 9  years) with suspected NPH on clini-
cal symptoms underwent first a 3  T MRI with standard morphologi-
cal sequences used to evaluate brain tissues and CSF compartments. 
Radiologist calculated DESH scores (from 1 to 10) based on the follow-
ing 5 evaluations (scored from 0 to 2): ventriculomegaly, dilated syl-
vian fissures, tight high convexity, acute callosal angle, and focal sulcal 
dilation. In a second step independently of the DESH score, patients 
had a continuous infusion test and the neurosurgeon calculated Rout, 
elastance and mean ICP using ICM + software.
Results: DESH score showed a slight correlation with Rout (R2 = 0.33, 
p > 0.005 (p = 0.01)) a poor one with elastance (R2 = 0.13, p > 0.05 
(p = 0.39)) and none with mean ICP (R2 = 0.02, p > 0.5 (p = 0.73)).
Conclusions: A reproducible method must be applied to calculate 
DESH score, especially the callosal angle, to avoid false evaluation. 
A history of the symptoms should be taken into account. Suspected 
NPH Patients that present with DESH negative results should not be 
excluded from potentially becoming shunt responders based on this 
test alone.
Study supported by: Revert Project, Interreg, France (Channel Man-
che) England, funded by European Regional Development Fund.
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Introduction: The majority of cerebrospinal fluid (CSF) is produced 
by the choroid plexus, a highly specialized tissue consisting of an 
epithelial monolayer surrounding fenestrated capillaries. The choroid 
plexus epithelial cells express a multitude of membrane transporters 
and channels, and their transepithelial ion movement has been pro-
posed to drive CSF secretion by osmotically obliged water movement 
through aquaporin-1 (AQP1) localized to the luminal membrane. How-
ever, CSF production occurs in the absence of a transchoroidal osmotic 
gradient, and can even take place against an experimentally-induced 
unfavorable osmotic gradient, questioning the exact role of AQP1 in 
CSF production. This ongoing project aims to determine the contribu-
tion of AQP1 in CSF secretion and brain water homeostasis by using 
mouse models deficient in AQP1.

Methods: MRI were performed on wild type (WT) and global  AQP1−/− 
mice to study the size of the lateral ventricles. Additionally, the total 
brain water content was determined by dehydrating the brains.
Results: The initial study with the  AQP1−/− mouse model revealed 
brain water content and lateral ventricle size similar to those of WT 
mice.
Conclusion: These results indicate that AQP1 may play a minor role 
in brain water homeostasis. Future studies will determine the intrac-
ranial pressure and rate of CSF production in the two strains, which are 
aimed to extend into differentiation between a direct effect of AQP1 
deficiency in choroid plexus versus the indirect effects on brain water 
homeostasis anticipated to arise following the altered systemic water 
homeostasis and lower central venous blood pressure in the global 
 AQP1−/− mouse.
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Introduction: DESH-like spatial patterns in CSF spaces maybe 
detected using a machine learning method (denoted as CDESH) in 
roughly 6% of elderly individuals in the Mayo Clinic Study of Aging 
(MCSA). We have shown stable algorithm performance over long lon-
gitudinal series acquired with consistent MRI protocols. In 2017 the 
MCSA MRI protocol was modernized, introducing a discontinuity that 
impaired CDESH performance.
Methods: T1-weighted structural MRI imaging in MCSA was per-
formed from 2004 through 2017 at 1.2. × 1.05 × 1.05 mm spatial reso-
lution. Since 2017 scanning has been done at 0.8 mm isotropic spatial 
resolution. The CDESH method includes SPM image segmentation, 
parcellation of CSF spaces into atlas regions, and the use of a support 
vector machine to combine regional CSF volumes trained to detect 
the DESH imaging features. The support vector machine was trained 
on the older images. 113 people were imaged near-in-time on both 
protocols, providing a direct crossover data set. Relative to CDESH 
scores from the older protocol scans we compared CDESH scores from 
new protocol scans at 0.8 mm isotropic resolution and new protocol 
scans resampled to match old protocol spatial resolution.
Results: Correlation between CDESH scores on images at 0.8  mm 
resolution and scores from older scans was poor (r < 0). Agreement 
between scores on resampled new scans and older scans was very 
strong (r =  + 0.83).
Conclusion: The CDESH method is sensitive to MRI spatial resolution. 
Resampling images to match the spatial resolution of images used to 
train the algorithm ameliorates this sensitivity, allowing the seamless 
use of MCSA images spanning over 18 + years.
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Introduction: Increased recognition of communicating hydrocepha-
lus in adults in an aging population and technological improvements 
in ventriculoperitoneal shunts (VPS) specifically programmable valves 
has resulted in an increase in diagnosis and treatment. Symptoms sug-
gestive of shunt malfunction are common and may be subtle. Evalu-
ation for shunt patency often involves invasive procedures including 
radionuclide shunt patency study (SPS) or contrast studies. Thermal 
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transcutaneous flow (TTF) is a noninvasive tool to evaluate cerebro-
spinal fluid (CSF) flow in VPS. The diagnostic accuracy of TTF to detect 
shunt patency was assessed.
Methods: All consecutive patients with communicating hydrocepha-
lus and VPS who initially demonstrated improved gait velocity fol-
lowed by decline at a single center were eligible for inclusion and 
underwent TTF tests in the sitting position before and after SPS (refer-
ence standard).
Results: As of April 2022, 8 patients met eligibility and demonstrated 
patency by SPS. TTF confirmed flow in 6 of the 8 patients resulting in a 
specificity of 75% and negative predictive value of 100%.
Conclusions: Preliminary results show that TTF may be a helpful non-
invasive tool to screen patients prior to consideration for invasive stud-
ies to evaluate VPS patency. The final result after complete accrual is 
awaited.
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Introduction: Intracranial pressure (ICP) typically requires invasive 
monitoring for accurate measurement. The utility of non-invasive MRI 
biomarkers, including enlarged optic nerve sheath (ONS) diameter 
and hypophysis compression are unclear, and likely to be inaccurate 
when viewed in 2-dimensions. We aimed to evaluate 3-dimensional 
MRI-based segmentations of the ONS and hypophysis as objective 
markers, assessing their relationship with 24-h ICP readings.
Methods: A single-centre retrospective study included patients who 
underwent high-resolution isotropic T2w MRI within three months of 
24-h ICP monitoring. Semi-automated segmentations of the ONS and 
hypophysis were performed with inter-subject intracranial volume 
normalisation. Volumetric measurements were correlated with CSF 
pressures.
Results: 25 patients (mean age: 44-years, females: 14) were included. 
20 patients had raised ICP in the sample, of these 14 underwent CSF 
diversion procedures. Left ONS and hypophysis volume were both sig-
nificantly correlated with 24-h ICP readings (Pearson correlation coef-
ficients: 0.45 and 0.60, p = 0.049 and 0.02). Mean values of left ONS 
volume (752 ± 222  mm3) were significantly higher in patients with 
raised ICP versus normal (523 ± 177  mm3), (p = 0.04) and higher left 
ONS volume was significantly associated with patients undergoing 
CSF diversion (p = 0.02). No significant difference was found between 
right ONS volume and raised or normal ICP patients, however, right 
ONS volume was significantly associated with left ONS volume and 
future CSF diversion (p = 0.05).
Conclusions: MR-based volumetric segmentations, including unilat-
eral ONS enlargement, are significantly associated with raised ICP and 
the need for intervention. Further work seeks to expand on this sam-
ple and compare against other non-invasive imaging biomarkers.
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Introduction: Despite the prevalence of shunt obstruction and the 
high rate of shunt revisions, there are a limited number of methods 

that improve our understanding of the overall degree of obstruction 
without exhaustive, high-end histological analysis.
Methods: The current study develops an inexpensive, easy to use 
gravity-driven model that measures flow through naïve and explanted 
ventricular catheters from patients. The purpose of this model is to 
provide a quick, simple analysis of the resistance to CSF flow through 
the ventricular catheter caused by tissue obstruction. Catheters of sev-
eral manufacturers were tested. Flow and pressure data were meas-
ured using appropriate sensors; resistance to outflow of different 
catheter designs were evaluated. A subset of experiments measured 
changes in relative resistance when catheter hole interfaces were pro-
gressively and systematically blocked. Relative resistance of explanted 
catheters from our clinical shunt biobank was also measured.
Results: The model was built and tested that provides data on overall 
obstruction of ventricular catheters, of which can be sent wirelessly to 
researchers worldwide when appropriate. Experimental results from 
our gross analysis of resistance showed that there are significant dif-
ferences between the relative resistances of different catheter models 
without obstruction at all. In samples explanted from patients, we see 
varying degrees of resistance to CSF flow through the system, indicat-
ing the potential for our testbed to quantitatively differentiate bulk tis-
sue obstruction with high throughput.
Conclusions: The current study is intended both to validate the pro-
posed model and to examine data on differences in relative resistance 
between catheter models.
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Introduction: Current in-vitro models for cellular adhesions in shunts 
have limited scalability due to model complexities. An assay capable 
of large concurrent sample sizes is proposed for assessing material-
mediated neuroglial cellular adhesion to shunt catheter materials.
Methods: Astrocyte adhesion to three Shore 50A platinum cured sili-
cone tubes (A, B and C) were evaluated. The assay consists of 5  mm 
long tubes with transverse fenestrations in 1  mL of media in conical 
vials. Each sample is seeded with 250,000 astrocytes/ml and incubated 
on an orbital shaker with continuous agitation to provide fluidic shear 
to stimulate astrocyte adhesion. The assay can accommodate up to 
30 samples concurrently and run for multiple weeks. For comparison, 
astrocyte adhesion to the same materials were also evaluated via bio-
reactors with recirculating media at a more physiologically relevant 
flowrate of 20 ml/hr. All samples were cut in half longitudinally, fixed, 
stained, and imaged via fluorescent confocal microscopy to quantify 
percent surface coverage.
Results: Initial evaluations of silicone materials A, B and C exhibited 
differences in percent astrocyte surface coverage even though the 
materials were nominally equivalent. These results agree with surface 
coverage trends observed in the more complex bioreactor studies.
Conclusions: The assay offers an efficient, yet simple, method to 
assess material-mediated cellular adhesions with statistically sig-
nificant samples sizes. Despite not utilizing physiologically relevant 
CSF dynamics, the mechanical agitation is able to stimulate neuro-
glial cell adhesion. This assay could serve as a screener for assessing 
material-mediated cellular adhesions in shunt and other neurological 
applications.
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introduction: Intracranial pressure (ICP) being strongly position-
dependent complicates pressure-based shunt control as a reliable 
therapy approach for hydrocephalus patients. An algorithm using 
state detection and position-specific ICP reference selection imple-
mented on a novel mechatronic shunt platform enables regulation 
towards a physiological ICP in any patient’s posture.
Methods: A finite state machine (FSM) was developed. Two states rep-
resent pressure-control for positions of known reference pressures, 
namely supine and upright. A third state represents flow-control for 
positions with unknown reference pressures and positional changes. 
The FSM switches cases by tracking the torso inclination of the patient 
every second, using an increasing counter when leaving a certain 
case-dependent angular interval and changing case when reaching a 
predefined counter threshold.
Results: During hardware-in-the-loop tests, position-dependent pres-
sure references of physiological ICP could be tracked without offset 
during sequences of postural changes. The case-dependent thresh-
olds improved robustness against sensor noise and patient motion. 
Increasing threshold values for changes from flow to pressure-based 
cases and decreasing values vice versa improved the controller stabil-
ity. Flow-based regulation using averaged empirical flows as reference 
allowed for physiological cerebrospinal fluid drainage even during 
intervals of severe ICP fluctuations and disturbances.
Conclusions: FSM posture detection proves to be an efficient exten-
sion to pressure-based shunt control. The implementation of case-
dependent threshold values allows for a trade-off between fast and 
robust system response and will be a central aspect of future research. 
Possibilities arising from the FSM enable the extension to further posi-
tion and activity states, rendering the controller personalised for every 
patient.
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Introduction: Asymptomatic ventriculomegaly with iNPH features in 
MRI (AVIM) was first described by Iseki et al. in 2009. A later study from 
Japan, reported that about half of the patients with AVIM develop 
symptoms after three years (Kimihira et  al. 2020). We aimed to see if 
we could confirm this finding in a Swedish population-based material 
of AVIM.
Methods: In a prospective prevalence study, conducted between 
2014 and 2017, previously described by our group, 122 individu-
als over 65 completed follow-up with neurological examination and 
computed tomography of the brain. The iNPH Radscale (Kockum 
et al., 2018) and the Hellström iNPH scale (Hellstrom et al., 2012) were 
used to assess the degree of radiological signs and triad symptoms, 
respectively.
Results: Four individuals (3.2%) had radiological signs of iNPH (iNPH 
Radscale ≥ 5) with no or few symptoms (Hellström iNPH scale ≥ 80). 
At follow-up, two years later, three of the participants had increased 
in radiological scoring, whereas the NPH scale of symptoms remained 
above 80 points. Five years later, two of the three individuals had fur-
ther deteriorated in radiological scoring and also presented the whole 
triad of iNPH symptoms.
Conclusions: Our results confirm previous findings that radiological 
signs of iNPH precede symptom development within a few years in 
about half of the cases. Therefore, yearly clinical follow-up is suggested 

for patients with radiological incidental findings of iNPH, to facilitate 
early detection and treatment.
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Introduction: Patients with idiopathic intracranial hypertension (IIH) 
and vision threatening papilloedema require cerebrospinal fluid (CSF) 
diversion. We have developed a surgical protocol for CSF shunting 
in these patients that includes the integration of the M.scio telem-
etric sensor (Meithke, Potsdam, Germany). This observational study 
describes the intracranial pressure (ICP) characteristics of shunted 
patients with IIH.
Methods: Sixty-two consecutive IIH patients underwent ventriculo-
peritoneal shunt insertion from July 2019 to February 2022 and we 
have available telemetric ICP recordings for 53. The first telemetric ICP 
recording after shunt implantation was assessed, in order to analyse 
the main parameters of the ICP waveform. Recordings from malfunc-
tioning shunts were included following revision.
Results: The ICP waveforms demonstrated arterial pulsatility in 45 
(85%) patients. The lack of pulsatility did not indicate shunt malfunc-
tion in the remaining patients. In sitting position, the mean ICP was 
-5cmH2O (range -26 to 13) and the amplitude was  8cmH2O. In supine 
position, the mean ICP was  23cmH2O (-1 to 43) and the amplitude was 
 7cmH2O. The mean difference in ICP between sitting and supine posi-
tions was 28 cm  H2O.
Conclusions: The results provide a normal range of values for ICP 
recordings via a telemetric sensor in shunted patients with IIH. They 
will assist in the interpretation of ICP data in cases of shunt malfunc-
tion and may advise in the optimal valve settings. This is the first study 
to provide insight into the ICP characteristics in IIH patients with func-
tioning shunts in order to inform decision making.
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Introduction: Although idiopathic intracranial hypertension is 
strongly associated with obesity, the relationship between body fat 
distribution and IIH has yet to be fully characterized. Pilot studies have 
shown that central obesity is a risk factor for IIH. This study aimed to 
examine parameters of body composition in IIH patients and deter-
mine if body fat distribution correlates with clinical measures of IIH.
Methods: Data was collected from 360 patients seen at the Johns 
Hopkins Center for CSF Disorders. Body composition parameters 
including visceral adipose tissue (VAT), body mass index (BMI), fat 
mass (FM), extracellular water (ECW), and total body water (TBW) 
were measured using bioelectrical impedance analysis (Seca, medical 
Body Composition Analyzer 515; seca mBCA 515). Lumbar puncture 
manometry was used to measure cerebrospinal fluid opening pressure 
in the left lateral decubitus position. Visual acuity was assessed using 
LogMar charts. Color vision was assessed using HRR plates. Spearman’s 
correlation was used to determine the correlation between opening 
pressure and body composition parameters.
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Results: 333 female patients and 27 male patients were assessed 
(mean age 39.41 ± 13.17  years, range 13–80  years). Mean BMI across 
patients was 34.87 ± 14.49 and mean FM was 92.27 ± 0.39.22 kgs. BMI 
and FM demonstrated moderate correlations with intracranial pres-
sure (r = 0.31, p < 0.001; r = 0.31, p < 0.001 respectively). VAT, ECW, and 
TBW showed weaker correlations with intracranial pressure (r = 0.16, 
p = 0.0027; r = 0.19, p = 0.00024; r = 0.17, p = 0.0014 respectively). 
There were no correlations of VAT with visual acuity and color vision 
(r = 0.059, p = 0.27; r = -0.074, p = 0.17 respectively).
Conclusion: In IIH patients, measures of obesity namely body mass 
index and fat mass correlate with intracranial pressure better than 
visceral adiposity and other body composition parameters. Body fat 
distribution does not contribute to additional risk as compared to 
standard measures.

Obesity in female rats does not cause idiopathic intracranial 
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Introduction: Idiopathic Intracranial Hypertension (IIH) is a condition 
characterized by increased intracranial pressure (ICP), impaired vision 
and headache, but with unresolved etiology. IIH occurs predominantly 
in obese (body mass index (BMI) ≥ 30) women of childbearing age, 
though age, BMI and female sex do not encompass all aspects of IIH 
pathophysiology. Female IIH patients show a distinct hormonal profile, 
highlighted by androgen excess. To reveal the etiology of IIH, we mod-
elled female obesity in rats.
Methods: Zucker rats genetically lacking the leptin receptor, were grown 
to obesity and their ICP, brain water content, ventricular morphology, 
cerebrospinal fluid (CSF) production, and choroidal transcriptomic pro-
file assessed in comparison to their lean counterparts. The IIH-related 
androgen excess was mimicked by bi-weekly testosterone injections 
(4 weeks) of female Wistar rats followed by determination of their brain 
water content, CSF production, and choroidal transport activity.
Results: Obesity alone did not create the elevated ICP characteristic of 
IIH, nor did it alter various aspects of brain fluid dynamics or the choroidal 
transportome. Testosterone treatment, on the other hand, caused elevated 
CSF production due to increased activity of the NKCC1 transport protein.
Conclusions: These data indicate that while obesity and female sex are 
characteristic of IIH, these physiological aspects do not alone establish 
IIH pathophysiology, and that the IIH-related androgen excess may be 
crucial in IIH etiology. Future studies establishing an IIH animal model 
might require the combination of these, and possibly other, features.

Improving diagnostic accuracy with ICP monitoring in patients 
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Introduction: Diagnosis and treatment in potential hydrocephalus 
patients with ambiguous symptomatology is a challenge. Invasive ICP 
monitoring (ICPm), the gold standard in diagnostics, can be used to 
solve difficult cases with long term pressure readings. In this retrospec-
tive study, our aim was to determine if ICP monitoring can improve accu-
racy in diagnosis and prevent further unnecessary invasive treatment in 
patients with ambiguous clinical presentations.

Methods: Single center retrospective chart review of 268 patients who 
underwent ICP monitoring, grouped by previously known hydrocepha-
lus related diagnosis and reported clinical symptoms, at the Johns 
Hopkins Cerebral Spinal Fluid Center within the departments of Neuro-
surgery and Neurology, between June 2016 and June 2021.
Results: Of the 268 patients analyzed here, 121 patients were suspected 
to be hypotensive, 114 were suspected to be hypertensive, and 33 had 
a mixed diagnosis. 46% of suspected hypotensive patients and 58% of 
suspected hypertensive patients were found to have normal ICPs after 
monitoring.

ICP results Suspected hypotensive 
(n = 121)

Suspected 
hypertensive 
(n = 114)

Normal ICP 56 (46%) 66 (58%)

Hypotensive 59 (49%) 17 (15%)

Hypertensive 4 (3%) 30 (26%)

Inconclusive 2 (2%) 1 (< 1%)

Conclusions: ICP monitoring should be considered in patients with 
ambiguous presentation to improve diagnostic accuracy and prevent 
unnecessary surgery.
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Introduction: An experienced physician may tell the likelihood of 
iNPH from the walking pattern alone. However, the challenge is to 
provide the benefits of a “diagnostic view” to as many patients as 
possible to improve iNPH identification and treatment rates. We 
therefore performed a prospective controlled study using wear-
able inertia measurement units (IMUs) to identify typical walking 
patterns in preparation of a future automated patient identification 
system.
Methods: Five wearable inertial measurement units were placed in 
20 iNPH patients, 20 elderly age- and gender-matched healthy con-
trols (EHCs) and 20 young healthy controls (YHCs) for data collection 
in their home environment during 72  h, as well as 6  months after 
shunt implantation in case of the iNPH patients.
Results: There was a significant difference for most of the gait 
parameters when YHC, EHC and iNPH patients were compared. Post-
operatively, iNPH patients showed an improvement of the swing 
phase (p = 0.039). In gait velocity, stance to swing ratio, stance 
phase, cycle time and cadence, a significant difference was observed 
for patients with a good VP-shunt response (NPH RR ≥ 5). A receiver 
operating characteristic analyses showed a good sensitivity for 
stride length ≥ 0.44  m, gait velocity ≥ 0.39  m/s and cadence ≥ 0.81 
steps/min.
Conclusions: The walking-pattern characteristics in iNPH patients 
are far more evident in the home environment than during a physi-
cal examination. It can be used to distinguish patients from healthy 
persons and to predict response to VP shunt therapy.

Three-dimensional gait analysis with an optical tracking system 
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Introduction: Idiopathic normal pressure hydrocephalus (iNPH) 
is characterised by progressive disturbance of gait and postural 
function, affecting spatiotemporal gait parameters, kinematics and 
balance. To improve precision of the diagnostic work-up and opti-
mise treatment of iNPH patients, there is a need for an objective, 
standardised quantification of the typical gait pattern. We explored 
gait function in iNPH patients in comparison with a healthy control 
group using an optical tracking system (OTS).
Methods: INPH patients (n = 26, mean age 75.7 range 68–87, 27% 
females) and age-matched healthy controls (HC) (n = 22, mean 
age 71.6  years, range 61–82, 55% females) underwent a three-
dimensional gait analysis (3DGA) according to a standardized 
protocol using an OTS. Data of spatiotemporal and hip kinematic 
variables were compared across groups using non-parametric 
statistics.
Results: All temporal gait parameters such as speed (mean 
0.68 ± 0.25 (± SD) vs 1.21 ± 0.22 m/s), cadence (108 ± 15 vs 114 ± 6 
steps/min), step width (0.16 ± 0.04 vs 0.09 ± 0.03  m), step length 
(0.79 ± 0.23 vs 1.26 ± 0.21  m) and stance (67 ± 7 vs 62 ± 3%) dif-
fered significantly between iNPH and HC groups respectively 
(p < 0.013). Both hip extension (-3° vs -12°) and range of hip flex-
ion/extension (31° vs 40°) were significantly lower in iNPH patients 
(p < 0.001).
Conclusion: 3DGA using OTS captures typical features of the iNPH 
gait, indicating that this method could add additional value to the 
routine clinical examination in the evaluation of iNPH patients pre- 
and postoperatively and be used to explore the iNPH gait pattern 
further.
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Introduction: Impaired gait is a common and early symptom in 
patients with idiopathic normal pressure hydrocephalus (iNPH). The 
typical gait pattern is broad-based, shuffling and short-stepped. 
Clinically, gait is generally visually assessed using blunt rating scales. 
Wearable sensors are suggested to bridge this gap for a more pre-
cise assessment of gait in daily clinic. The aim of this study was to use 
an inhouse developed sensor system (Striton), to assess gait in iNPH 
patients before and after tap-test and shunt surgery, with an emphasis 
on heel-height and step-width.
Methods: The Striton system was quick to attach and used to meas-
ure gait pattern during 25  m walking. Patients were assessed before 
and after tap-test (n = 13) or before and 3 months after shunt surgery 
(n = 10). Also, the gait of a group of healthy elderly (HE) (n = 83, age 
70, 20 m walk) was measured. Preoperative gait parameters as well as 
change following tap-test/surgery were evaluated.
Results: Mean heel-height and -width in the HE was 16.7 ± 0.6 cm and 
5.22 ± 0.89  cm. In iNPH, after tap-test, mean heel-height at push-off 
was increased from 13.9 to 15.1  cm (p = 0.016), but step-width was 
unchanged (6.5 to 6.2  cm). The HE was significantly different from 
the iNPH patients (p < 0.000 and p < 0.000 respectively). However, 
three months after surgery, heel-height as well as step-width were 
improved.

Conclusions: The measurements were easy to perform and generated 
objective results of parameters that are challenging to assess visually. 
This makes wearable sensors a promising tool for clinical assessment 
of gait.
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Introduction: One goal of VP shunt placement in the treatment of 
idiopathic normal pressure hydrocephalus (iNPH) is to improve the 
patient’s gait. While various objective measures of gait are used in the 
clinic, these often provide a snapshot assessment, and there are lim-
ited data available on the real-world functional improvement follow-
ing shunt placement.
Methods: Nineteen patients with iNPH were fitted with 4 activity 
monitors (hip, thigh, bilateral ankles), worn for 4  days preoperatively 
and 4  days postoperatively within 30  days of surgery. Continuous 
measurement of steps, cadence, body position, gait entropy, and the 
daily proportion spent “active” or “static” were obtained. The activ-
ity monitor data were compared to the standard gait assessments, 
modified Rankin Score (mRS), Incontinence Score, Montreal Cognitive 
Assessment (MoCA) Score, and Grooved Pegboard Tests.
Results: Postoperatively, there was significant improvement in mean 
entropy (0.60 to 0.80) and mean daily steps (2000 to 3000). There were 
no differences in mean cadence or percent of time spent active/static. 
There was no improvement noted on the mRS, MoCA, or Incontinence 
Score. Total steps were statistically significantly correlated with mean 
entropy (r = 0.742) and inversely correlated with mRS (r = − 0.501).
Conclusions: Daily activity monitors provided an early objective 
measure of improvement in mean gait entropy and total number of 
steps following shunt placement in iNPH patients. There was a 50% 
improvement in number of steps per day in the first 30 days postop-
eratively, with improved gait complexity, before any improvement in 
measures of cognitive function.

Incidence and outcomes of patients with chronic secondary 
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Introduction: Secondary hydrocephalus describes any CSF accumula-
tion due to a concurrent central nervous system pathology, including 
subarachnoid haemorrhage (SAH) or tumour. There is little evidence 
on the incidence and outcomes of patients with chronic secondary 
hydrocephalus (defined as symptoms > 1 month in duration) undergo-
ing a VP shunt.
Methods: We conducted a single-centre retrospective cohort study on 
all patients undergoing a VP shunt between 06/05/2016 to 30/03/2019 
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at the National Hospital for Neurology & Neurosurgery. Patients were 
included if they were over 18 and underwent shunts for chronic sec-
ondary hydrocephalus, whilst all other hydrocephalus patients (e.g. 
NPH) were excluded. Using our electronic health record, we collected 
data on patient demographics, indication, duration of symptoms, 
30-day complications and patient survival to the present day, exclud-
ing duplicates.
Results: 65 patients (28 male, mean age 49) underwent 67 shunts (2 
revisions) for secondary hydrocephalus during the study period. Of 
these, tumour was the most common indication (44.8%), followed by 
spinal (16.4%). 7 (10.4%) of the shunts inserted had a complication, 
of which 2 (28.6%) were within the first 30 days. Infection (4 patients) 
was the most common complication overall. Furthermore, 4 patients 
(6.0%) died during the follow-up period.
Conclusions: VP shunting for chronic secondary hydrocephalus 
mostly occurred for tumours at our centre. The complication rate is 
comparable to other studies in the literature. Given the diverse aetiol-
ogy for secondary hydrocephalus, future studies may stratify analysis 
by aetiology, which may aid in developing predictive models for VP 
shunt treatment in chronic secondary hydrocephalus.

Risk factors for post-traumatic hydrocephalus after decompressive 
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Introduction: Decompressive craniectomy (DC) is a main domain of 
traumatic brain injury (TBI) treatment. Little is known about the occur-
rence of post-traumatic hydrocephalus (PTH) in patients after DC.
Methods: We performed a retrospective study of TBI patients who 
underwent DC, dividing our study cohort into two groups, patients 
who did not develop a PTH (Non-PTH-group) and those who acquired 
a PTH (PTH-group). We evaluated several clinical and radiographic 
characteristics, including the type of TBI on the initial and follow-up 
CT-Scans, brain edema, ischemia, and volumetric measurements of the 
ventricle system. Moreover, we assessed the Rotterdam-, Helsinki-, and 
Stockholm-CT-scores in all patients.
Results: Our cohort comprised 126 patients (93 males and 33 females) 
with a median age of 53 years (18–84 years). In total, 34 patients (27%) 
developed a PTH. Clinical parameters with significant correlation with 
PTH development were a mRS higher than 3 points at the time of dis-
charge after DC (PTH = 100% vs. Non-PTH = 78.3%; p = 0.002), and 
a shorter time interval from admission to DC (median time in PTH-
group, 1.2 h vs. 1.7 h in the Non-PTH-group; p = 0.013). Radiographic 
parameters with a higher risk of developing a PTH included, a high 
Stockholm-CT-score (2–6 points) (PTH = 53% vs. Non-PTH = 28.3%; 
p = 0.038), and brain herniation through the DC defect (PTH = 82.4% 
vs. Non-PTH = 58.7%; p = 0.02). Further risk factors were post-
traumatic ischemia (PTH = 70.6% vs. Non-PTH = 42.4%; p = 0.009), 
and hemorrhagic contusion’s progression (PTH = 47.1% vs. Non-
PTH = 18.7%; p = 0.003).
Conclusions: Our study demonstrates that multiple factors are asso-
ciated with PTH development, including a high Stockholm-CT-Score, 
brain herniation, post-traumatic ischemia, and hemorrhagic contusion 
progression.
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Introduction: Percutaneous tap of a cerebrospinal fluid (CSF) reservoir 
can be a lifesaving procedure amongst patients with distal shunt cath-
eter blockage. Despite this, availability of individuals trained in this 
procedure varies regionally, and no simulators are commercially avail-
able to assist in training.
Methods: A benchtop simulator model was developed by implan-
tation of a fixed pressure shunt valve with integrated reservoir 
(Medtronic Delta Valve) into a simulated skin pad. The apparatus was 
filled with saline and volunteers working in a single neurosurgical unit 
were asked to perform percutaneous tap of the CSF reservoir. Partici-
pants completed a post-procedure questionnaire to evaluate Face and 
Content validity using 5-point Likert scales. Observers recorded time 
and number of passes required to complete the task to evaluate Con-
struct validity.
Results: Thirteen participants (6 neurosurgery juniors, 7 neuro-
surgery registrars/senior fellows) completed the simulated shunt 
tap task. Participant-rated measures of Face validity revealed that 
the simulator looked and felt realistic (63/65 responses ‘Strongly 
Agree’/ ‘Agree’ to statements relating to Face validity). Participants 
particularly felt that the simulator was suitable and beneficial for 
teaching (65/65 responses ‘Strongly Agree’/ ‘Agree’ to statements 
relating to Content validity). Time and number of passes required 
to perform the procedure was a poor discriminator of prior expe-
rience (mean time: 18.9  s juniors, 15.7  s registrars/senior fellows, 
p = 0.634).
Conclusions: We describe the development and validation of a low-
cost simulator to train healthcare professionals in percutaneous shunt 
tap. Participants rated the simulator highly in Face and Content valid-
ity; promising in the further development of this training simulator.

Local guidelines for insertion of cerebrospinal fluid shunts reduce 
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Introduction: Insertion of cerebrospinal fluid (CSF) shunts is a common 
neurosurgical operation. In an effort to reduce revision rate, guidelines 
on the management of patients that require CSF diversion procedure 
were developed and implemented in our Department. This study eval-
uates the impact of the guidelines on primary shunt revision rate.
Methods: A retrospective study was carried out between January 
2018 and December 2020, in order to assess the change in the revi-
sion rate after the implementation of the CSF diversion guidelines in 
July 2019. The guidelines proposed: pathways for urgent and elective 
shunt operations; recommendations on peri-operative management, 
surgical techniques, insertion of external CSF drains and conversion to 
shunts; guidance in suspected malfunction; advice on clinical govern-
ance in relation to shunt surgery. We compared revision rates before 
and after the guidelines.
Results: There were 308 patients that underwent insertion of a pri-
mary shunt during the study period, 171 before and 137 after the 
introduction of the guidelines. The revision rate within 6 months of the 
implantation procedure was 17.2% for the whole cohort, 21.6% before 
and 11.2% after the guidelines. This represented a significant reduc-
tion of the revision rate of primary shunts (p = 0.021).
Conclusions: The introduction of local guidelines for insertion of CSF 
shunts significantly reduced primary shunt revision rates. We recom-
mend development of robust surgical pathways and a reduction of 
variation in practice to improve outcomes for CSF shunting. Continu-
ous monitoring of revision rates may identify modifiable factors and 
may further enhance shunt survival.
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Introduction: It is thought that the internal jugular veins (IJV) are the 
primary route for cranial venous outflow in supine position and the 
vertebral venous plexus when upright. Previous studies have noted a 
greater increase in intracranial pressure (ICP) when subjects turn their 
head in one direction. We hypothesised that in the supine position, 
head turning and consequently obstructing the IJV draining the domi-
nant transverse sinus would lead to a greater rise in ICP compared to 
the non-dominant side.
Methods: A retrospective review of prospectively collected data in a 
single-centre study. Patients undergoing continuous ICP monitoring 
as part of their clinical management were recruited. ICP was measured 
in different head positions (neutral, turned right and left) when supine, 
seated and standing. Transverse sinus dominance was established by 
consultant radiologist report on venous imaging.
Results: Twenty patients were included in the study, with a median age 
of 44yrs and a mean weight of 95  kg. Venous system measurements 
revealed 85% right-sided vs 15% left-sided dominance. ICP rose more 
when turning head from neutral to dominant transverse sinus side 
(p = 0.007, CI 95% 0.96—5.63). The rise in ICP did not show a relation-
ship with transverse sinus size. Additionally, transverse sinus dominance 
did not have a statistically significant relationship on ICP of head turning 
in standing and sitting position (p = 0.67 and p = 0.34 respectively).
Conclusion: This study confirms the importance of transverse sinus 
anatomy on ICP in the supine position. It may guide patient-specific 
advice and nursing care.
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Introduction: Haemorrhagic stroke carries a 30-day mortality rate of 
40%. Our study aimed to demonstrate cerebrospinal fluid production 
rate (PRcsf ) as a potential prognostic tool for haemorrhagic stroke.
Methods: We performed a prospective observational study in all 
intracerebral haemorrhage (ICH) and subarachnoid haemorrhage 
(SAH) patients in our hospital who required external-ventricular drain-
age (EVD) of CSF as part of their treatment. The EVD was connected 
to LiquoGuard7 (Möller-Medical, Germany). The LiquoGuard7 was 
used to calculate PRcsf in the patients using the flow-rate data of the 
pump. Patients were followed up at 1 month post-haemorrhage and 
6 months post-hospital discharge. Prognosis and patient outcome was 
recorded using the Glasgow Coma Scale (GCS) and Glasgow Outcome 
Scale (GOS).
Statistical analysis used SPSS (version 25.0, IBM) by independent t-test, 
comparing measured PRcsf to the observed GCS and GOS.
Results: 13 ICH and 21 SAH patients were studied. 7 ICH patients 
had PRcsf of 137  ml/hour ± 20(SD) and showed good prognosis. 
At 1  month post-bleed, these patients had GOS of 5 and GCS = 15 
(p < 0.0001) which remained constant at 6  months follow-up. 6 ICH 
patients had ‘normal’ PRcsf (19 ml/hour ± 5SD) and showed poor prog-
nosis, GCS = 3, GOS = 1 (p < 0.0001). 14 SAH patients had PRcsf 143 ml/
hour ± 9(SD) and showed good prognosis. At 1  month post-bleed, 
these patients had GOS of 5 and GCS = 15 (p < 0.0001) which remained 
constant at 6  months follow-up. 7 SAH patients had ‘normal’ PRcsf 
(24  ml/hour ± 10SD) and showed poor prognosis, GCS = 3, GOS = 1 
(p < 0.0001).
Conclusion: PRcsf may have a prognostic value in haemorrhagic 
stroke.
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Introduction: Neuronal Pentraxin 2 (NPTX2) is a synaptic protein 
responsible for regulating several processes both in the brain and in 
the periphery. While the role of NPTX2 as a novel synaptic biomarker 
in cognitive disorders is being elucidated, the effect of iNPH on synap-
tic integrity and function is not well understood.
Methods: iNPH patients (n = 361) referred for assessment to the 
Center for CSF disorders for shunt candidacy underwent a tap test (TT) 
during which CSF was banked. Demographic and clinical measures 
including age, cognitive function using the Montreal Cognitive Assess-
ment (MoCA) test, gait performance using the Timed Up and Go (TUG) 
test, and Evan’s Index were ascertained. Abeta42/40 and phosphoryl-
ated-tau-181 (pTau-181) concentration were measured by chemilumi-
nescent assays. CSF NPTX2 concentrations were determined using an 
ELISA. Spearman’s correlation was used to determine the correlation 
between CSF NPTX2 values and age, baseline MoCA score, baseline 
TUG score, post-shunt TUG score, Evan’s Index, abeta40/42 ratio, and 
pTau-181 concentration.
Results: There were 228 males and 133 females with a mean 
age of 77.5 ± 7.26  years. Evan’s index was 0.36 ± 0.05. MoCA was 
21.4 ± 5.64. CSF NPTX2 levels in all iNPH patients referred for TT were 
668.72 ± 1134.75 pg/ml. CSF NPTX2 levels in those selected for shunt 
surgery were 622.49 ± 1267.21  pg/ml. CSF NPTX2 concentrations did 
not show any correlations with age, MoCA (r = -0.012, p = 0.83 and 
r = 0.001, p = 0.87 respectively). CSF NPTX2 did not show correlations 
with abeta42/40 (r = -0.093, p = 0.076) but did show modest correla-
tions with ptau181 (r = 0.44, p < 0.001).
Conclusion: CSF NPTX2 concentrations do not correlate with degree 
of ventriculomegaly, a screening cognitive measure commonly used in 
iNPH assessment or gait dysfunction. This reinforces the understand-
ing that iNPH is a subcortical dementia and that synaptic degenera-
tion is not an early feature of NPH pathophysiology.
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Introduction: We hypothesized that cerebrospinal fluid (CSF) stagna-
tion in idiopathic normal pressure hydrocephalus (iNPH) will accelerate 
amyloid aggregation as was reported that CSF amyloid-beta oligomer 
(AβO10−20) accumulated in patients with iNPH, and decreased after 
CSF shunting. In this study, we assessed time-dependent CSF bio-
marker level and morphological changes along with the progression 
of CSF stagnation in cases of asymptomatic ventriculomegaly with fea-
tures of iNPH (AVIM).
Methods: We retrospectively analyzed AVIM patients who later dem-
onstrated iNPH and had received CSF shunting in Juntendo Univer-
sity (n = 34). We assessed time-dependent changes and correlations 
among AβO10−20 and morphological biomarkers, Evans Index (EI) as 
a parameter of ventricular expansion, and Z-EI and callosal angle (CA) 
as a parameter of disproportionately enlargement of subarachnoid 
space (SAS), in magnetic resonance images at AVIM diagnosis and 
treatment. We also assessed correlations of time-interval (TI) between 
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AVIM and treatment, and AβO10−20 ratio(AβO10−20 at AVIM/AβO10−20 at 
treatment).
Results: The median [IQR] of TI was 17.5 [13.25–29.25] months. 
AβO10−20 was significantly increased at the point of treatment 
(p < 0.001). There was no correlation between TI and AβO10−20 
ratio(p = 0.969). Z-EI was significantly increased, and CA was signifi-
cantly decreased at the point of treatment while EI showed no sig-
nificant change (p = 0.020, 0.040 and 0.173 respectively). The values of 
AβO10−20 significantly correlated with CA (p = 0.040).
Conclusions: We determined that Aβ aggregation, vertical expansion 
of lateral ventricles and disproportionate enlargement of SAS along 
with progression of CSF stagnation. Disproportionate enlargement of 
SAS was considered to correlate more with CSF stagnation than ven-
tricular expansion.

The effect of ventriculo-atrial shunt for the iNPH patients with high 
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Introduction: Idiopathic normal pressure hydrocephalus (iNPH) is 
one of the causes of treatable dementia and Alzheimer’s disease (AD) 
is one of the commonest comorbidity with regard to dementia. Phos-
phorylated tau protein (p-tau) in cerebrospinal fluid (CSF) is a biomark-
ers for AD. We retrospectively investigated whether the effects of the 
ventriculoatrial shunt (VAS) for iNPH were influenced by the preopera-
tive CSF p-tau level.
Methods: We operated on 242 iNPH patients with pre-operative p-tau 
measurement at Kashiwatanaka hospital. MMSE and mRS were meas-
ured before, 6  m, and 1y after VAS. The patients were divided into 2 
groups by the CSF p-tau values: L (< 30 pg/mL, n = 49) and H (≥ 30 pg/
mL, n = 53). Data were shown in mean (SD). Statistically significant 
level was set p < 0.05.
Results: Mean ages were 76.6 (7.3) years for group L (n = 104) and 78.5 
(5.8) years for group H (n = 138) (p = 0.039). Preoperative MMSE were 
19.8 (7.7) and 18.9 (7.5) respectively (p = 0.352) and mRS were 2.8 (0.9) 
and 2.6 (0.8) respectively (p = 0.066). MMSE improved significantly at 
6 m and 1y after VAS in group L (22.4 (7.9) and 22.3 (7.0) respectively). 
MMSE at 6  m and 1y after VAS in group H were 20.4 (7.9) and 20.2 
(8.1) and only MMSE at 6  M was significantly better than preopera-
tive MMSE. MRS at 6 m and 1y after VAS were significantly improved in 
both group (1.8 (1.2) and 1.7 (1.2) respectively in group L and 2.1 (1.0) 
and 2.0 (1.1) respectively in group H).
Conclusions: The results of this study suggest that VAS for the iNPH 
patients with AD is effective with respect to MMSE and mRS. We must 
not hesitate to give shunt surgery to the iNPH patients with AD.
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Introduction: Previous research shows the effect of shunt surgery 
in patients with iNPH (idiopathic Normal Pressure Hydrocephalus) 
on performance and participation in daily activities and the burden 
for relatives. Few studies have addressed the experience of living 
with iNPH from an activity perspective. The aim of this study was to 
describe patients with iNPH experiences of performance and partici-
pation in daily activities.
Methods: Ten semi-structured interviews were conducted with 
patients diagnosed with iNPH. Recruitment and interviews took place 
before shunt surgery. Data were analyzed using qualitative content 
analysis.
Results: The patients described a need to adjust daily activities due 
to fear, uncertainty and lack of mental and physical energy. There 
was a need to abstain, not only from physical activities, but also from 
social—and calm activities. Changed social roles and the experience 
of decreased capacity resulted in a sense of an altered occupational 
identity, how the patients identified themselves based on the activi-
ties, they participated in.
Conclusions: This qualitative study, unusual in the field of iNPH, 
highlights the experience of performance and participation in daily 
activities in these patients. Gait impairment, cognitive decline and 
incontinence coexisting, may reinforce the experience and only a small 
impairment within each symptom may lead to severe consequences 
regarding occupational identity and participation in daily activities for 
the individual. The result suggests a need not only to focus on perfor-
mance capacity in iNPH but also to address how each patient´s partici-
pation in daily activities is affected. This information is important when 
planning rehabilitation.
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Introduction: Several previous studies reported that the Finger 
Tapping(F-T) test is easily performed and useful for assessing motor 
function of upper limbs in patients with Idiopathic normal pressure 
hydrocephalus (iNPH). However, quantitative evaluation of F-T test 
for patients with iNPH has not been established. The purpose of this 
study is to investigate the usefulness of the F-T test with paced stim-
uli as motor evaluation and screening test for iNPH.
Methods: Sixteen age-matched healthy controls (mean age 
73 ± 5 years;7/16 male) and fifteen participants with a diagnosis of 
definitive iNPH (mean age 76 ± 5  years; 8/15 male) completed the 
study(mean ± SD). F-T performance of the index finger and thumb 
was quantified using magnetic sensing device. The participants 
performed repetitive tapping for 15 s with each hand, following to 
the pace at the rate of 2.0 Hz. We evaluated F-T parameters includ-
ing the mean of maximum amplitude, and closing velocity so on. We 
defined the mean of Maximum amplitude as M-Amplitude and the 
maximum of closing movement velocity as cl-Velocity.
Results: The M-Amplitude of iNPH patients (54.2 ± 27.5 mm) is sig-
nificantly smaller than that of controls (84.2 ± 14.1  mm) on domi-
nant hand (P < 0.01). The cl-Velocity of iNPH patients (1.1 ± 0.4 m/s) 
is significantly lower than that of controls (1.8 ± 0.4  m/s) on domi-
nant hand (P < 0.01). We confirmed the improvement in F-T test 
parameters after shunt surgery.
Conclusions: The F-T test can be an alternative or supplementally 
method for screening and assessment of motor function in patients 
with iNPH.
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Introduction: Bladder dysfunction is one of the main symptoms 
of NPH beside gait disturbance and cognitive decline forming the 
Hakim Triad. Fecal urgency and incontinence is often described as 
an additional symptom, however, no exact numbers are known. The 
aim of this study was to investigate the prevalence of fecal urgency 
and incontinence in NPH patients.
Methods and patients: Patients who presented to our department 
with confirmed diagnosis of NPH between January and December 
2021 were interviewed prospectively about fecal function. Addi-
tionally, the extent of gait disturbance, cognitive decline, ventricu-
lomegaly (Evans-Index), DESH presence, age, gender and length of 
history were documented. In those who were operated upon the 
postoperative development of stool incontinence was documented.
Results: 100 patients were evaluated (67 men, 33 females, medium 
age 77.5  years, medium Evans Index: 0,37, 87 with positive DESH 
pattern). 97 patients showed gait disturbance, 84 a cognitive decline 
and 87 bladder dysfunctions. 78 patients showed the complete 
Hakim triad. 32 patients complained about fecal incontinence (20 
with urge incontinence, 12 with complete incontinence). 29 of these 
patients were shunted, 17 (57%) recovered completely, 9 (31%) par-
tially, and 3 (10%) did not show any change.
Conclusion: Fecal urgency and incontinence is a frequent finding 
in NPH (32%) and is essential for the quality of life. In the general 
population, fecal incontinence in the elderly is found in up to 15%. 
The more than twofold higher prevalence in NPH patients and the 
high percentage of post-shunted improvement suggests that NPH 
often directly causes fecal disturbance.
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Introduction: Although urinary incontinence is one of the key symp-
toms in idiopathic Normal Pressure Hydrocephalus (iNPH) it has been 
poorly investigated. Bowel symptoms reported by patients has not yet 
been studied. The aim of this study is to investigate bladder and bowel 
symptom before and after the shunt surgery.
Methods: Forty-seven iNPH-patients, (27  m/ 20f ), median age 77 
(62–84) years have yet been included in this ongoing prospective 
single-centre study. The patients underwent a pre- and 3-months 
post-operative clinical work-up including Hellstrom´s iNPH-scale to 
characterize their clinical profile. Wexner Incontinence grading score, 
the International Consultation on Incontinence Questionnaire-Urinary 
Short Form (ICIQ-UI SF) and a Bowel symptom Questionnaire were 
used to study any bladder and/or bowel symptoms before and after 
surgery.

Results: The median disease duration was 24 months (6–120). Thirty-
eight patients had gait/balance disturbance as first symptom whereas 
five had cognitive decline, and four bladder symptoms. The total 
Hellstrom’s iNPH scale score was significantly improved (p = 0.03) 
postoperatively (n = 20). Preoperatively, ICIQ-UI > 3 in 83% of patients 
indicating urinary incontinence. Faecal incontinence (FI) according 
to Wexner score was reported in 82%, with a median score of FI of 7 
(range 3–10), indicating mild to moderate FI. Half of the patients had 
accidental leakage of intestinal gas at least once in a week.
Conclusion: It seems that both bladder and bowel symptoms are 
common in patients with iNPH. As these are preliminary results further 
analysis must be done to evaluate if the symptoms improve after a 
shunt operation.
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Introduction: Urinary incontinence is one of the symptoms of NPH 
triad and is present in up to 80% of NPH cases. NPH is known for its 
reversible symptoms, nevertheless, it is widely under treated. In some 
cases the patients with NPH do not undergo surgery due to the notion 
that the patients´ comorbidities limit their range of improvement. This 
paper aims to describe the urinary outcome after shunt placement 
and its relation to other urinary diagnosis.
Methods: We made a retrospective cohort-study. Patients with NPH 
diagnosis with urinary incontinence, who underwent shunt place-
ment surgery during 2016—2022 were included (n = 35). The popula-
tion was divided into groups with and without other urinary diagnosis 
which may cause incontinence. We analyze and compare their ICIQ-UI 
SF score before and after shunt placement.
Results: 34.2% (n = 12) of patients had a prior urinary diagnosis. In 
general 68% of patients improved in at least 20% their initial ICIQ-UI SF 
score, and 22% of patients were symptom free. In the group with uri-
nary comorbidities, 58.3% of patients improved by at least 20% of their 
initial ICIQ-UI SF score. In the group without prior urinary comorbidities 
73.8% of patients improved in at least 20% their initial ICIQ-UI SF score.
Conclusions: Both groups displayed encouraging results in their one 
month postoperative evaluations. In our center´s experience patients 
with NPH, with or without urinary comorbidities have an important 
chance of partial to complete recovery of urinary incontinence.
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Introduction: Change in cognition is a clinical hallmark of Idiopathic 
Normal Pressure Hydrocephalus (iNPH). Accurate measurement of 
outcomes is crucial to optimizing intervention during cerebrospinal 
fluid (CSF) drainage. However, repeated administration of cognitive 
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tests, decreases measurement reliability. Simple change scores (SCS) 
do not account for test–retest error. The present study uses reliable 
change indices (RCI) to improve reliability and validity in cognitive 
measurement.
Methods: A retrospective record review of 15 patients who under-
went CSF drainage for suspected iNPH between October 2021 to April 
2022 was conducted. Pre-post CSF drainage data for six cognitive tests 
was extracted: Trail Making Task A and B, RBANS Coding, Semantic Flu-
ency, Immediate and Delayed Story Recall. SCS and RCI scores were 
computed using Classical Test Theory (Duff, 2012), and categorized 
into overall improvement, deterioration, or no change.
Results: Fifteen patients (Female n = 10; Male n = 5; age M = 75 years), 
underwent successful CSF drainage. Change analysis using SCS cat-
egorised most patients as improved (n = 7), rather than deteriorated 
(n = 4) or no change (n = 4). Change analysis using RCI categorized 
most patients as no change (n = 12), rather than deteriorated (n = 2) 
or improved (n = 1).
Conclusions: Using simple difference in raw scores to measure change 
in cognition, introduces risk of type 1 error (false positives). The RCI 
equation is proposed as a method to improve reliability in cognitive 
outcome measurements following CSF drainage. Development of 
tests that are less susceptible to test–retest effects is encouraged.

Diffusion tensor image analysis along the perivascular space 
(DTI-ALPS) reflects impaired activity of the glymphatic system 
in iNPH
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Introduction: The activity of the glymphatic system can be non-
invasively measured with diffusion tensor image analysis along the 
perivascular space (DTI-ALPS). The aim of this study was to compare 
ALPS-index in idiopathic normal pressure hydrocephalus (iNPH) 
patients and healthy controls and evaluate potential correlation with 
clinical symptoms.
Methods: Twenty-six consecutive iNPH patients and twenty healthy 
age-matched controls underwent diffusion tensor imaging with 
MRI. The diffusivities in the x, y, and z axes along the projection and 
association fibers were calculated, to acquire the ALPS-index in each 
hemisphere. iNPH patients underwent clinical examination with the 
Hellstrom iNPH scale, Timed Up and Go (TUG), and Mini Mental State 
Examination (MMSE).
Results: There was no difference in age [mean age 75.7 (± 5.6) vs. 
73 (± 5.7) years, respectively p = 0.107] or sex [10 (38%) vs. 8 (40%) 
males, respectively p = 0.577] between groups. iNPH patients dem-
onstrated significantly lower ALPS-index compared to healthy con-
trols, in the right hemisphere [median 1.08 (IQR 0.96–1.2) and 1.47 
(1.33–1.64), p < 0.001] and the left hemisphere [1.06 (0.9–1.16) and 
1.46 (1.29–1.7) p < 0.001]. ALPS-index was negatively correlated with 
the neuropsychology domain of the Hellstrom iNPH scale both in 
the right hemisphere (rho = −  0.465, p = 0.019) and the left hemi-
sphere (rho = − 0.457, p = 0.022). There was no significant correlation 
between ALPS-index and TUG, MMSE or the other domains of the Hell-
strom iNPH scale.

Conclusions: DTI-ALPS-index is lower in iNPH patients compared to 
healthy controls which may indicate impaired activity of the glym-
phatic system.
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Introduction: To assess the effect of CSF dynamics in iNPH, we meas-
ured the stroke volume (SV) and oscillatory shear stress (OSS) in the 
ventricles on 4D Flow MRI and complex small oscillating flow of CSF 
in the ventricles and subarachnoid spaces on intravoxel incoherent 
motion (IVIM) MRI.
Methods: 3D T2-weighted MRI, 4D Flow MRI, IVIM MRI were per-
formed using a 3-T MRI in 75 patients with iNPH and 136 healthy vol-
unteers aged ≥ 20 years. The 3D flow vectors and OSS in each ROI were 
measured using the 4D Flow application, and IVIM analysis was per-
formed using the IVIM application on SYNAPSE 3D workstation (FUJI-
FILM Corporation).
Results: The normal reciprocating CSF movement was the largest at 
the foramen magnum, and was almost impeded at the foramen mag-
num. In iNPH patients, the foramen magnum was enlarged and oscil-
lating CSF flow in the ventricular systems were increased. In addition, 
the high OSS in the cerebral aqueduct was observed iNPH. However, 
the mean values of fraction factor (f, %) on IVIM MRI in the whole lat-
eral ventricles and anterior part of the third ventricle, and almost all 
parts of the subarachnoid spaces except the prepontine cistern and 
lower part of the interhemispheric fissure were significantly lower in 
iNPH.
Conclusions: This study performed the first quantitative evaluation 
of small and large oscillating CSF flow and OSS in the ventricles and 
subarachnoid spaces in iNPH and healthy volunteers by using 4D flow 
and IVIM MRI.
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Introduction: Cerebrospinal fluid (CSF) stroke volume measured 
through the aqueduct of Sylvius (SVaq) by phase-contrast MRI (PC-
MRI) is one of the most discussed image-based biomarkers proposed 
as a possible indicator of positive surgical outcome in normal pres-
sure hydrocephalus (NPH) patients. Alternatively, CSF stroke volume 
through the spinal compartment (SVc2c3) can also be measured by PC-
MRI. This study combines clinical, morphological, and pressure-related 



Page 35 of 36Fluids Barriers CNS          (2022) 19:104  

parameters considered in NPH patients’ management to evaluate 
potential relationship between these parameters and the Svaq and the 
SVc2c3.
Methods: 28 patients (74 ± 9  years) with suspected NPH underwent 
clinical examination, PC-MRI and infusion test. We measured by PC-
MRI, CSF flows dynamics in the cerebral aqueduct and in the spinal 
canal at C2-C3 level. Then SVaq and SVc2c3 were calculated. Moreover, 
physicians also estimated other different features: Evans’ index, cal-
losal angle, DESH score, iNPH score, Resistance to CSF outflow  (Rout).
Results: Svaq showed a poor correlation with the different features 
evaluated, however, SVc2c3 presented statistically significant correla-
tion with  Rout  (R

2 = 0.33, p = 0.0028).
Conclusions: Although SVaq has been proposed to predict surgical 
outcome of patients with NPH, it presented a poor correlation with 
complementary markers commonly evaluated for diagnosis. More 
interestingly, these preliminary results showed that SVc2c3 has a signifi-
cant correlation with  Rout, a complementary parameter used to predict 
shunt responsiveness in NPH patients. Indeed, SVc2c3 represent the 
CSF volume flush quickly ejected from the intracranial compartment 
as a compensatory response to vascular brain expansion, which could 
explain the relationship with the resistance to CSF outflow.
Study supported by: Revert Project, Interreg, France (Channel Man-
che) England, funded by European Regional Development Fund.
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Introduction: Brain computed tomography (CT) is an affordable and 
widely available modality. In idiopathic normal pressure hydrocepha-
lus (iNPH), CT scans are used to assess ventricular enlargement and 
other morphological features. We aim to quantify the lateral ventricle 
volumes before and after shunt surgery in iNPH using automated CT-
based volumetry, derived with a novel deep learning approach.
Methods: We developed U-Net-based deep learning models to seg-
ment ventricular cerebrospinal fluid (VCSF) from CT images. We ini-
tialized the U-Net with transferable features from a pre-trained model 
trained to detect VCSF-related morphological features from magnetic 
resonance imaging-based VCSF labels. The U-Net was then trained to 
identify VCSF in CT images learning from manual segmentations. The 
training set comprised of 62 iNPH datasets and paired manual labels 
from Uppsala University Hospital, of which 23 patients had post-shunt 
scans with intraventricular catheters. Post model development, we 
evaluated the segmentation performance of deep-learning-derived 
VCSF against manual-VCSF as standard criterion.
Results: In the iNPH training dataset (n = 62), high volumetric corre-
lations of r = 0.94 were observed between automatically and manu-
ally derived VCSF. The volumetric correlations between automatically 
and manually derived VCSF in pre- (r = 0.98) and post-shunt images 
(r = 0.97) were similar.
Conclusions: Preliminary results demonstrate strong potential for 
automated CT-derived VCSF volumetry in the assessment of iNPH, 
with comparable performance to manual segmentations. The model 
performed surprisingly well on scans with an intraventricular catheter. 
Future work will explore the model performance in a validation cohort, 

analyze volumetric changes after shunting, and explore additional 
aspects of diagnostic potential of automated CT-volumetry.
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Introduction: While optimal treatment for iNPH is quite known, diag-
nosis remains a topic of debate, with different procedures suggested 
as potential predictors for shunt surgery effectiveness. Various tests, 
biomarkers, and neuroimaging techniques can be used; however, the 
diagnostic accuracy is below optimal when performed with neuroim-
aging techniques alone and not always cost-effective when achieved 
with CSF biomarkers. Quantitative computational methods for cortical 
thickness analysis have become available in the last decade, and they 
only require regularly available T1-weighted brain MR images.
Methods: We analyzed 226 total patients referred to our clinic from 
January 2015 until December 2020. After exclusion criteria, the final 
sample consisted of 64 possible iNPH patients: 42 were diagnosed as 
probable iNPH and underwent VPS surgery, while 22 did not receive a 
surgical indication after diagnostic procedures. We investigated differ-
ences in cortical thickness for all possible iNPH patients using a public 
deep-learning-based neuroimaging pipeline.
Results: In 25 total patients with a negative CSFTT or not responsive 
to shunt surgery, a significant localized cortical thinning was seen in 
the lateral surface of the frontal and parietal lobes (bilateral superior 
and middle frontal gyrus, bilateral pars opercularis, bilateral superior 
parietal gyrus, bilateral supramarginal gyrus, left inferior parietal gyrus, 
bilateral precuneus).
Conclusions: Preoperative cortical thickness is a feasible analysis that 
might be useful in defining the optimal therapeutic plan for possible 
iNPH patients. A large multicentric study is encouraged to elucidate 
specific patterns and ratios of cortical thickness that might be used as 
potential predictors for shunt surgery effectiveness.
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Introduction: Disproportionately enlarged subarachnoid space 
hydrocephalus (DESH) is an indirect marker of disordered CSF dynam-
ics, highly associated with NPH and found in 6–7% of the aging popu-
lation. A more direct assessment of CSF dynamics may be achieved 
with measurement of CSF flow, and elevated flow through the cerebral 
aqueduct has been found in some patients with NPH. The goal of this 
study was to assess if aqueductal flow is associated with the DESH 
score in a population-based sample.
Methods: The study included 447 participants in the Mayo Clinic 
Study of Aging, 384 cognitively unimpaired and 61 with mild cognitive 
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impairment or dementia, median (IQR) age 73 (64,81). The DESH score 
was determined via a support vector machine algorithm trained to 
identify DESH features on T1-weighted MRI. Phase contrast MRI was 
performed at the cerebral aqueduct using a standardized protocol.
Results: Average total flow increased with age, spearman 
rho = 0.27(0.19,0.35), ventricular volume, rho 0.40(0.32,0.47) and DESH 
score, rho = 0.18(0.09,0.26). In a linear regression model, average total 
flow increased significantly with a 10-year older age (11% ± 2%), male 
sex (13% ± 5%), and a one-unit higher DESH score (5% ± 2%).
Conclusions: Weak correlation of aqueductal flow with DESH score in 
this population-based sample may reflect a similar phenomenon as 
the variably elevated flow seen in NPH patients. To better understand 
mechanistic relationships of flow and morphologic features of NPH, 
future work will assess associations of individual DESH features with 
aqueductal flow in the population and clinical NPH patients.
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Introduction: Hydrocephalus (HC) is a medical condition that has a 
significant impact on children and their caregivers. The objective of 
this study was to evaluate visual acuity (VA) and health-related qual-
ity of life (HR-QoL) in relation to aetiology and additional diagnoses 
in a population-based group of individuals with HC surgically treated 
in infancy. The results were compared with a healthy age-and sex 
matched control group.
Methods: 23/26 adolescents (15 male; mean age 15.0 years) with HC 
and 31 controls (18 male; mean age 15.4  years) were able to partici-
pate. VA was tested with a vision chart. HR-QoL was measured with the 
Pediatric Quality of Life Inventory (PedsQL), consisting of physical and 
psychosocial self-report and parent proxy-report.
Results: Adolescents with HC and their parents showed lower total 
HR-QoL score (80.1 and 59.5) compared with controls (92.4 and 93.5); 
p = 0.0019 and p ≤ 0.0001. Parent-reported total HR-QoL scores were 
significantly lower compared with teen-reported (p = 0.010). The 
median VA was 1.0 decimal (range 0.2–1.25) in the HC-group. There 
were no significant differences between VA < 0.5 (n = 4) or VA ≥ 0.5 
(n = 19) and HR-QoL, although parents tended to score lower HR-QoL 
in both psychosocial and physical health. Teenagers with myelomenin-
gocele (n = 10) showed significantly lower physical health score 
(p = 0.0017) compared with other aetiologies. No significant differ-
ences in HR-QoL were found regarding prematurity, epilepsy, learning 
disabilities, or shunt complications.
Conclusions: In the present study, adolescents with HC and their par-
ents showed worse HR-QoL compared with healthy controls, however 
teenagers with HC rate their health better than their parents do.
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