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Pre-Test Question #1

Is a lumbar puncture opening pressure > 25 cm
CSF alone always consistent with a diagnosis of
Idiopathic Intracranial Hypertension (11H)?

A. Yes

B. No, papilloedema must be confirmed and a secondary
cause excluded

C. Yes, once a secondary cause is excluded

D. I don’t know

Pre-Test Question #2

Is CSF shunting a useful therapy for headache in
1HH?

A. Yes

B. Not in the majority

C. Only lumboperitoneal shunting is helpful
D. | don’t know

v

Pre-Test Question #3

What is the proposed mechanism of action of
Glucagon like peptide 1 (GLP-1) receptor agonists
to treat 11H?

A. By suppressing appetite

B. By directly reducing cerebrospinal fluid secretion at
the choroid plexus

C. Both thought suppressing appetite and by directly
reducing cerebrospinal fluid secretion at the choroid
plexus

D. I don’t know
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High pressure

o IIH
 IIH WoP

. Low pressure

« Spontaneous CSF leaks
« latrogenic

R Idiopathic Intracranial Hypertension (IIH)
= Raised intracranial pressure & papilloedema

= Population
90% are obese women of childbearing age

= Symptoms

Headaches
Visual L Normal optic disc ~ Papilloedema Papilloedema
isual (oss Optical coherence
Up to 25% of patients have permanent severe visual loss tomography
= Reality:

Chronic condition characterised by significantly long term disabling
headaches
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Incidaccs by age

Included:
23,182 new IIH cases

Now: 5 per 100,000

Rapidly rising incidence

Icktnnce por 101000

Mollan & Sinclair 2018 Eye




i'Ei Dramatic rise in hospital costs
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Zocc-sconome sata

Repeated hospital
attendance is driving
escalating costs

Mollan & Sinclair 2018 Eye
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The prevalence of obesity is increasing

W 2011 or latest available 2000

Prevalence (%)

Ei _ Population based matched controlled longitudinal cohort study

IMSR ~

Electronic primary care records database between 01/01/1990,
and 01/05/2016
The Health Improvement
Network (THIN)
Primary care database

' IIH
= N=2760

Incidence
increases with BMI

Incidence increases dramatically BMI > 30 Adderley & Sinclair JAMA Neurol 2019
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cohort study
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Management of risk factors for cardiovascular disease
may reduce long-term morbidity

Population based matched controlled longitudinal

The Health Improvement
Network (THIN)
Primary care database

H
N=2760

Matched age,
gender, BMI

Control
N=27,125

l

2 fold increase CVD risk
inliH
Independent of BMI

Adderley & Sinclair JAMA Neurol 2019

13

Pathogenesis is debated

Mollan

S & Sinclair A_JNNP 2016
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In IIH: T
« Significantly raised serum testosterone

« Significantly raised CSF androgens T

« Significantly raised systemic 5a-reductase activityT

Unique Androgen signature in IIH

TG ome© W
Groups matched for age, gender and BMI
IH PCos Control
n=70 n=40

Comprehensive metabolic phenatyping and
steroid profiling

O'Reilly & Sinclair JCIl 2019
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Clinical practice vari

es widely internationally

1 had a frank discussion that weight loss is the anly sustainable treatment for her [IH. Her BMI [s 38.7 and she is
» sieep apdoea. | explained that OSA s often a complication of obesity
and If unkreated Is 8 risk factor for hypertension and Type 1T diabetes. :
Hining reviewed her pgtes. In the last 2 Va years she has had 38 ophthalmalogy clinic reviews (mainly emergency
chinic and visual 4 gery OPD and 12 neurclogy OPD reviews. In 2018 alone she has had 6
rgency ward reviews, From November 2016 to date she hes presented to the emergency reom
18 times with of shunt biockage. She has hayl 19 daycase or dmi under
uuewm,mrhmmmwzm,mmmxwmdmnmanazcr
il bas:euﬁ :’.Th. 20 shunt {shunt revisions ICP monitors) and
iumbar p MMMQMM her sh yieided sustained clinical
Lo her radiation expasure and ses mm:umwmm
Pippa s upset &5 she fesis that she s ot dinically 1 o o
ﬁ:*“‘" wm&":‘““mmmmﬂmmmlmgm
s December 2016{her weight had reduced to 71kg and i
of e, was actve in tls gym and her maod k9 and she fud 3 good qualty
2 et I et memmm%kw by the new ITH guidelines (Mosan
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JNNP 2018 - IIH Guideline

J Headache and Pain 2018-
EHF IIH Guideline

Infographic in Practical
Neurology Aug 2018
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5 Key messages

Dia,

gnostic

error

Weight loss

Medication

ITHWOP
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Diagnostic
error
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Diagnostic error in IIH

AL
* 40% of patients labelled with IIH referred to Coronnri g
a neuro-ophthalmology clinic don’t have
1IH!

« Error is due to inaccurate identification of | Souimed

papilloedema

* 79% had a un-necessary LP
* 96% received acetazolamide unnecessarily

* 3% has shunt surgery

Fisayo et AL Neurology 2016
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Papilloedema

* Common presenting sign
* Once “labelled” with papilloedema it is often not
questioned

* Usually straightforward to recognise
* Can be difficult

Papilledema Pseudopapilloede

ma  Pseudopapilloedema  Papilledema

Are you sure its papilloedema?
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Scanning papilloedema

r\ 4 - OCT quantify and track
3 £ papilloedema

[T

T

Optical Coherence Tomography

(ocm)
. . . . -»
Caution in over interpreting LP OP L Lk
60
Increasing liketihood of
55 being pathological
Recommendations for IIH: S0
* ICP 225 cmCSF 3=
+ Caution — snap shot reading 40
* ICP varies diurnally s
30 Pressure in ‘grey zone' may
be normal for some
AR Individuals
20
15 Diagnostic criteria cul off
10, MNormal
Distribution of CSF opening pressures
amony 242 adult neurology autpationts.
Whiteley W. Neurology 200667(9)-1690-1
IIH Pressure: Physiological study

Patients with Active IIH and on
remission

Defined:
B 24 hour ICP monitor
B lying / standing

B Supine / prone / LP position

B Diurnal ICP rhythm

Mitchell & Sinclair et al. 2020 in prep
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Message 2
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Obesity

Obesity:
m > 90% of patients are obese women

Evidence for efficacy of weight loss in IIH was
previously lacking

« Newborg 1974, 9 patients on a rice diet

« Kuppersmith, 1998, retrospective case note study
of 58 patients

« Johnson, 1998, retrospective case note study of 15
patients
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Weight loss is therapeutic in IIH

« Prospective cross over study

Ocular coherence tomography

+ Weight reduction 15%

« Significant reduction in ICP

Retinal lerve fiber Layer thickness

- Significant reduction in headache LogMAR acuity Contrast sensitivicy
FNPRZ ynexon

« Significant improvement in vision

- inaeranial pressise Humphrey Visual fisld
24-2 (maad deviation)

iy
‘

L

Sinclair et al. 2010 . BMJ;341:62701
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Ongoing:
IIH Weight Trial

IIH Weight study

= Long-term weight loss is difficult

to achieve and maintain

RCT
Typically as little as 2-4 kg at 2

years irrespective of the dietary

. C it ight I
regime followed ommunity weight loss

Vs
Orlistat, (reduce weight by Bariatric surgery
2.89kg) - these drugs do not
achieve sufficient weight loss to
significantly modify IIH

Multicentre RCT n=60
Results forecast for Sept 2020
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Ei Medical treatment for IIH

iy
MIRMIAGHAM

* Cochrane review IIH updated August 2015

* Two included RCTs included: showed modest benefits for
acetazolamide for some outcomes

« Insufficient evidence to recommend or reject the efficacy of
acetazolamide for treating IIH.

Cochrane
uio? Library
s Dt

Piper et al. Cochrane Database Syst Rev 2015 Aug 7:8
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* Acetazolamide

[
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-@ Medical therapy for IIH

Perimetric mean deviation
Weight loss

Lumbar puncture pressure
Visual acuity
Papilloedema grade

QoL (5F-36)

Headache impact test -6

« Poorly tolerated 48% discontinued - eaietai s ewol 2011:258874-881
* IIH Treatment Trial 2014 (n=167)
 High doses: >40% were on 4g dose - Java. 2014:311(16):1641-1651

0.718 (0 to 1.43d8)
-4.0kg (-6.23to -1.8kg)
~45.0mmH,0 (-95.2t0 5.2)
0.01 (-1.45 to 1.46)

-0.91 (-1.27 t0 -0.54)

3.02 (0.34 0 5.70)

-0.45 (-3.50 to 2.60)

0.05
<0.001
0.08
099
<0.001

0.03

Subcutaneous

In-vivo evaluation of drugs used in IIH

Very limited evidence for drugs used in IIH

Human
equivalent
cliicalsingle
dose

Topiramate  5omg, 2%
(pe0.0009)
Acetazolamide 15 -19%
(-008)
Amioride smg -10%
lo=051)
Octreatide 35048 1% (p2099)
Furosemide  domg 1% (p=099)
Subcutaneous

« Topiramate significantly lowers ICP
+ Other drugs do not reduce ICP acutely in

rodents

Scotton et al. Cephalalgia 2014
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Future...........new targets

Very Limited drug therapy for IIH
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11B-Hydroxysteroid Dehydrogenase Type 1 Inhibition

11B-HSD1 Inhibitor Double Blind

(AZD4017) Randomised Dou
Placebo Contralled Trial in Idiopathic Intracranial Hypertension

= |IH 11B8-HSD 1 inhibitors

Enzyme which regulates
intracellular cortisol

11B-HSD 1 also dysregulated in
obesity

Role in CSF secretion

In vivo efficacy of action

Small Phase 2 RCT - initial
evidence of ICP reduction

mmm&mlﬁ_pmmaﬂmwmmﬁl
reduction within AZD4017 an '

Markey & Sinclairetal Brain G
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Glucagon like peptide 1 (GLP-1) R agonist

AR

Charoid plexus:
1 CSF seereton
4.
S Fopamaamus.
o . . Tood etake
; farw
GLP-1 body weight
2 s - GLP-1R agonist (Exenatide) reduces ICP by
45-50% in rats with raised intracranial
pressure
A + Repurposing: These are existing drugs (treat
e obesity and diabetes)
L W . Lo + Proof of principle study in I1H patients
i) T ghucase uplake underway

Botfeld et al, Sci Trans Med, 2017
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IIH Pressure: GLP-1RA Exenatide in IIH

Human proof of concept study
now completed Active IIH
Randomised
« Randomised double blind
« Exenatide 10mg twice a day Placebo Exenatide
« Inclusion: Active IIH

X 24 hour
« Result due April 2020 monitoring

12 weeks

dosing \

Outcome measure
Intracranial pressure

Enenatid redoces
g bain pressure:

36
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ICP rises during
prolonged space flight

Collaboration with Dr. J.D. Polk
Chief Health and Medical Officer, NASA

Space flight raised ICP
Planning a trial in space

Intervention with GLP1RA exenatide

Message 4
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\ Headaches
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=

Patient Involvement:

An electronic survey specifically for this grant by patient charity
1IH UK (Nov 2019)

Q: “How does your headache make you feel”
> 500 IIH patients responded in 7 days
Overwhelming patient perspective:

« Patients feel abandoned

» Headache is long term and relentless

+ Devastating implication on family life and ability to work

39




Headache impacts on Quality of Life

* QOL in IIH patients is
significantly reduced

* Headache disability
correlates with reduced

QoL
fyri S
Mulla & Sinclair. J Headache Pain 2015. 16:521 g] .
x|
]
« IIH affects QOL even in -
: . RO 8
patients with mild visual 7 -
impairment v
Digre et al. Neurology 2015.16:2449-55 esiach dsbilty (6]
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Headache in the IIH Treatment trial

= 84% had headache at baseline éORD’(\
68% frontal :
= Mean number of headache days per Headache phenotype was
month =12 most commonly
“migrainous”
m 37% has medication overuse
BUT:
= Headache severity and disability did No “typical” IIH headache
not correlate with LP pressure phenotype identified

Friedman D et al. Headache 2017:57;1195-1205
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Headache in IIH

= Many do not have the classical features of raised ICP

Progressive, daily, diffuse, non-pulsatile headache with
aggravation by coughing

Exacerbated by ocour  [1H__| controls |
(n=44) | (n=34) Blurred vision  66%  53%

itllie R0H L35S Pulsatile 64%  26%
Cough / strain 70% 35% tinnitus

Morning 20% 29% Obscuration’s 64% 35%
Physical activity — 64% 74%

Symptoms are not
pathognomonic of IIH

Controls from a headache clinic with
normal ICP and no papilloedema

Yri and Jensen. Cephalalgia. 2014
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Headache relief after lumbar puncture and
CSF removal

fanne M Yri, and Rigmor H Jensen Cephalalgia 2014;35:553-562
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Lol
=z Mixed headache phenotypes in 11H TR

Evaluate headache
henot
PR

CSF shunt in situ
7 Low pressure

7 High pressure
? Normal

44

I-g Consensus approach - Managing Headache in Chronic IIH

Addries medication
overuse A

AL

45




Troat migraine headache

+ Acute migraing attack Migraing provention
Masinum 10 tenas. par morn | Couton Tweghi dmoad )
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s Should CSF diversion surgery be used in lIH patients with headache alone? ™" =
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* Where papilloedema has resolved, typically the ICP will be
normalising and conservative treatment strategies should be
employed.

* CSF shunting to exclusively treat headache has poor efficacy.
* 68% will continue to have headaches at 6 months and 79% by 2 years

* CSF diversion is generally not recommended as a treatment for
headache alone in IIH.

Sinclair et al Cephalalgia 2011 Dec;31(16):1627-33
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Diagnostic

error

/ Weight loss
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\ Headaches
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Could it be IIHWOP?
HEEC_1I1H With Out Papilloedema

l. Ppapilloedema

Normal neurological examination except for cranial nerve abnormalities

...these criteria may well
be too stringent and lead to the
under identification of cases.

Neuroimaging: Normal brain parenchyma without evidence of hydrocephalus, mass or structural
lesion and no abnormal meningeal enhancement or venous sinus thrombasis on MRl and magnetic

resonance venography; if MRI is unavailable or contraindicated, contrast-enhanced CT may be  used.

P Normal cerebrospinal fluid (CSF) composition

Elevated lumbar puncture opening pressure (> 25cmH;0) ina properly performed lumbar puncture

+ Fulfil the criteria B-E above +
+ Unilateral or bilateral sixth nerve palsy
+ Or 3 neuro-imaging findings suggestive of raised ICP

« Empty sella, flattening of the posterior aspect of the globe, distention of the perioptic subarachnois
space + a tortuous optic nerve and transverse sinus stenosis

* Venous stenosis

Friedman DI, Liu GT, Digre KB, Neurology 2013:81(13):1150-65
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|diopathic Intracranial Hypertension Without
Papilledema (IIHWOP) in Chronic Refractory Headache

45 patients evolled
S patients exchded

i _"|_tpretocs! viclations)

OP200 e TP 250 mmAz0
3140 [77.4%) neoprsw | 2040 (5%)
MRV (3 of & Neurnimaging findings)

Y7(25%) Y2(25%

Favoni et al Front Neurol 2018; 9: 503.
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SRS [IHWOP — Vision

Clover leaf
" appearance of

functional visual
filed

51



[IHWOP management

{ 1.Manage conservatively }‘{ Facilitate weight loss ]
Phenotype headache

- Y

Any evidence of medication

Withdrawal ‘
overuse?
e Y
Any evidence of migraine |——  Acuteand
preventative
stratergies
L 8l

{ 2.0ngoing disability H Consider shunting rarely ]

52
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IIH International Guideline —
JNNP 2018. Mollan and Sinclair et al

Infographic in Practical Neurology
Aug 2018

Is IIH a metabolic condition?

RSy
MIRMIAGHAM

* Weight loss is therapeutic

= Can novel therapies target

« Truncal adiposity correlates with ICP metabolic pathways?

* Loss of truncal adiposity is disease modifying Gut neuropeptides - GIP-1R
agonists to lower ICP &

. . . reduce obesit
* Cardiovascular disease x 2 fold risk v

* Unigue androgen excess profile in [IH

54



5 Key messages - summary

Diagnostic
error

TN / N
Acetazolamide

- maybe used

N
/
\ Headaches Quality of life |
— Consider in
refractory CM

Is it papilloedema?

Disease modifying

IIH Guideline

55
ARS
To answer the post-test questions:
Log into
Enter Event #2510
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Post-Test Question #1

Is a lumbar puncture opening pressure > 25 cm
CSF alone always consistent with a diagnosis of
Idiopathic Intracranial Hypertension (11H)?

A. Yes

B. No, papilloedema must be confirmed and a secondary
cause excluded

C. Yes, once a secondary cause is excluded

D. | don’t know
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Post-Test Question #2

Is CSF shunting a useful therapy for headache in
11H?

A. Yes

B. Not in the majority

C. Only lumboperitoneal shunting is helpful
D. I don’t know
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Post-Test Question #3

What is the proposed mechanism of action of
Glucagon like peptide 1 (GLP-1) receptor agonists
to treat 11H?

A. By suppressing appetite

B. By directly reducing cerebrospinal fluid secretion at
the choroid plexus

C. Both thought suppressing appetite and by directly
reducing cerebrospinal fluid secretion at the choroid
plexus

D. I don’t know
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