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Synopsis 
 
Idiopathic Intracranial Hypertension (IIH) is a condition characterised by raised intracranial 
pressure (ICP), papilloedema, with risk of permanent visual loss and chronic headaches. It 
predominately affects young women and is associated with obesity. The incidence of IIH is 
increasing as obesity rates increase, as confirmed in England analysing the Hospital Episode 
Statistic dataset.  
 
Both physicians and patients are central to improving care and advancing knowledge. The 
first IIH consensus guidelines brought together a multidisciplinary group. A priority setting 
partnership was subsequently conducted and found a key knowledge gap that the Idiopathic 
Intracranial Hypertension Weight Trial (IIHWT) aimed to address. 
 
The IIHWT found that bariatric surgery provided sustained ICP reduction and weight loss for 
up to two years. The per protocol analysis determined how much body weight should be 
lost to ensure disease remission. The IIHWT headache analysis uniquely found that ICP was 
correlated with headache outcomes. The pointwise visual field analysis demonstrated what 
could be a meaningful change in an IIH trial population. 
  
The direct impact of this work has afforded a change in national guidelines for people living 
with obesity and IIH.  The cumulative knowledge gained has now delivered the first 
international multidisciplinary research guideline for IIH. 
  



 

 ii 

Dedication 
 
I am indebted to my father, Professor Raymond Alexander Boyce Mollan, an inspirational 
role model. He has patiently supported me through my career and in particular this research 
journey. His gentle guidance has allowed me to grow both as a clinician and as an academic. 
 
My family circle has generously allowed me the time to pursue research, and I cherish their 
support and understanding.  Thank you Steve, Nathan and Ruairi.   
 
  



 

 iii 

Acknowledgements 
 
I would like to acknowledge the patients who generously gave their time to be included in 
these research studies, either as patient partners or as participants.  
 
I would like to express my praise to the exceptional clinical teams at the Queen Elizabeth 
Hospital, Birmingham. Working at QEHB has been challenging but has been extremely 
rewarding. The dedication I have witnessed within the National Health Service has been 
inspirational. The academic group at University of Birmingham has enabled me to realise my 
potential through learning and delivery of this work.  My aim with this thesis is to continue 
to inspire the next generation of clinicians and scientists.   
 
Working in partnership with Alex Sinclair to deliver this program of work has enabled us to 
propel IIH, a previously rare disease, into the lime light. The impact we have been able to 
deliver for this disease, I am sure will be evidenced for a long time. 
 
Over the course of this work I have had the pleasure to meet many international neuro-
ophthalmologists, neurosurgeons and other health care professionals, many of whom have 
become friends.  All work with a singular aim – to improve the lives of our patients. 
  
I would like to thank my co-authors and collaborators on each of the publications for their 
contributions to each piece of work. Specific to each publication I would like to thank the 
additional following people and organisations: 
 
IIH Consensus Guidelines 
Shelly Williams at IIHUK for her humble dedication to improving the lives of people living 
with IIH and those that care for people living with IIH. The representatives from four 
national professional bodies, namely the Association of British Neurologists, British 
Association for the Study of Headache, the Society of British Neurological Surgeons and the 
Royal College of Ophthalmologists who critically reviewed the guidelines prior to peer 
review at the journal. 
 
The James Lind Alliance IIH Priority Setting Partnership 
The Royal College of Ophthalmologists for permitting the partnership meeting to take place 
in their building.  
 
IIHWT and associated papers 
The Birmingham Clinical Trials Unit for providing clinical trial coordination and data 
management. Natalie J Ives, BSc(Hons), MSc, (Birmingham Clinical Trials Unit) contributed to 
the study design, statistical protocol development, and statistical analysis planning (with 
compensation); Smitaa Patel, BSc, Msc (Birmingham Clinical Trials Unit), contributed to the 
interim analyses and statistical analysis planning (with compensation); and Rebecca L 
Woolley, BSc(Hons), MSc (Birmingham Clinical Trials Unit), contributed to the statistical 
protocol development, interim analyses, and statistical analysis planning (with 
compensation).  
Members of the bariatric surgery pathway at Birmingham Heartlands Hospital included Paul 
Super, MBChB, and Markos Daskalakis, PhD, who served as consulting bariatric surgeons 



 

 iv 

(without compensation); Sally Abbott, MRes, who served as the specialist bariatric dietician 
(without compensation); and Natasha Robinson, who served as the bariatric pathway 
coordinator (without compensation).  
Professor Rab Mollan, FRCS, and Mr Richard Blanch, PhD, of University Hospitals 
Birmingham and the University of Birmingham for their critical review of the manuscript.  
I would also like to thank the staff at the National Institute for Health Research Clinical 
Research Network and the Wellcome Trust Clinical Research Facilities, where the IIHWT 
clinical trial was performed. 
 
Visual field point analysis from the IIHWT 
Professor Neil Miller, MD for his support and continued encouragement.  This paper nearly 
defeated me at peer review and Neil’s patience reminded me that every detail is important 
in delivering research.  
 
International Headache Society IIH research guidelines 
Board members of International Headache Society for their careful review and experience in 
shaping the research guideline. Ms Carol Taylor at the International Headache Society for 
her administrative help. 
  



 

 v 

Abbreviations 
 
ABN  Association of British Neurologists 
BMI  Body mass index 
CI  Confidence Interval 
CSF  Cerebrospinal fluid 
CT  Computerised Tomography 
dB  Decibels 
CWI  Community weight loss intervention 
GLP-1  Glucagon-like peptide-1 
HAD-A  Hospital Anxiety and Depression Scale – Anxiety 
HAD-D  Hospital Anxiety and Depression Scale – Depression 
HADS  Hospital Anxiety and Depression Scale 
HCP  Healthcare professionals 
HES  Hospital episodes statistic dataset 
HIT-6  Headache Impact Test 6 
HVF  Humphrey visual fields 
ICHD-3  International Classification of Headache Disorders 3rd edition 
ICP  Intracranial pressure 
IIH  Idiopathic Intracranial Hypertension 
IIHWOP IIH without papilloedema 
IIHWT  Idiopathic Intracranial Hypertension Weight Trial 
ICD-10  International Classification of Disease, 10th revision  
IHS  International Headache Society 
JLA  James Lind Alliance 
LogMAR Logarithm of the minimum angle of resolution 
LP  Lumbar puncture 
LPOP  Lumbar puncture opening pressure 
MD  Mean deviation 
MR  Magnetic Resonance 
NHS  National Health Service 
NICE  National Institute of Health and Clinical Excellence 
OCT  Optical Coherence Tomography 
OPCS-4 Office of Population Censuses and Surveys Classification of Surgical Operations and 
Procedures (4th revision) 
PMD  Perimetric mean deviation 
PROMs  Patient reported outcome measures 
PSP  Priority Setting Partnership 
QEHB  Queen Elizabeth Hospitals Birmingham 
RCOphth Royal College of Ophthalmologists 
RNFL  Retinal nerve fibre layer 
SD  Standard deviation 
SIG  Specialist interest group 
SITA  Swedish Interactive Testing Algorithm 
UHB  University Hospitals Birmingham 
UK  United Kingdom 



 

 vi 

Table of Contents 

SYNOPSIS 
DEDICATION 
ACKNOWLEDGEMENTS 
ABBREVIATIONS 
CHAPTER 1 

1.1 OVERVIEW 
1.2 EPIDEMIOLOGY 
1.3 CHALLENGES IDENTIFIED FOR THE POLICY MAKERS, PHYSICIANS, AND PATIENTS 
1.4 HARMONISING CLINICAL PRACTICE FOR BETTER PATIENT CARE 
1.5 EMPOWERING PATIENTS AND PHYSICIANS TO DEFINE A RESEARCH AGENDA 
1.6 DEMONSTRATING WEIGHT MANAGEMENT AS A PRIORITY FOR PEOPLE LIVING WITH IIH 

1.6.1 A randomised control trial evaluating weight loss methods in IIH 
1.6.2 Amount of weight loss required to maintain disease remission 

1.7 DISCOVERY OF HEADACHE MECHANISMS IN IIH 
1.8 THE CHALLENGE OF THE VISUAL FIELD MEAN DEVIATION AS A TRIAL OUTCOME IN IIH 
1.9 INFORMING OTHERS OF LESSONS LEARNT IN CONTROLLED CLINICAL TRIALS IN IIH 
1.10 LIMITATIONS 
1.11 RECOMMENDATIONS FOR CLINICAL PRACTICE 
1.12 RECOMMENDATIONS FUTURE RESEARCH 
1.13 CONCLUSIONS 
1.14 REFERENCES 

SUMMARY SHEET 
PUBLICATION 1: THE EXPANDING BURDEN OF IDIOPATHIC INTRACRANIAL HYPERTENSION 
PUBLICATION 2: IDIOPATHIC INTRACRANIAL HYPERTENSION: CONSENSUS GUIDELINES ON MANAGEMENT 
PUBLICATION 3: EVALUATION AND MANAGEMENT OF ADULT IDIOPATHIC INTRACRANIAL HYPERTENSION 
PUBLICATION 4: WHAT ARE THE RESEARCH PRIORITIES FOR IDIOPATHIC INTRACRANIAL HYPERTENSION? 
PUBLICATION 5: BARIATRIC SURGERY VERSUS COMMUNITY WEIGHT MANAGEMENT INTERVENTION FOR 
TREATMENT OF IDIOPATHIC INTRACRANIAL HYPERTENSION (IIH:WT): A RANDOMISED CONTROLLED TRIAL 
PUBLICATION 6: ASSOCIATION OF AMOUNT OF WEIGHT LOST AFTER BARIATRIC SURGERY WITH 
INTRACRANIAL PRESSURE IN WOMEN WITH IDIOPATHIC INTRACRANIAL HYPERTENSION 
PUBLICATION 7: INTRACRANIAL PRESSURE DIRECTLY PREDICTS HEADACHE MORBIDITY IN IDIOPATHIC 
INTRACRANIAL HYPERTENSION 
PUBLICATION 8: VISUAL FIELD POINTWISE ANALYSIS OF THE IDIOPATHIC INTRACRANIAL HYPERTENSION 
WEIGHT TRIAL 
PUBLICATION 9: GUIDELINES OF THE INTERNATIONAL HEADACHE SOCIETY FOR CONTROLLED CLINICAL 
TRIALS IN IDIOPATHIC INTRACRANIAL HYPERTENSION 

 
 



 
 

 
 

1 

Chapter 1 
1.1 Overview 

Idiopathic intracranial hypertension (IIH) is a condition of raised intracranial pressure (ICP) 

without a known underlying cause.1  The clinical syndrome’s nomenclature has changed 

over time with initial terms such as serous meningitis, pseudotumour cerebri and benign 

intracranial hypertension superseded to reflect the advancing knowledge of the condition.2 

As the disease can cause significant morbidity with chronic headaches and visual loss, the 

term “benign” has been phased out.3,4 Idiopathic intracranial hypertension is currently 

defined by a set of diagnostic criteria where a definite diagnosis is conferred when there is: 

papilloedema; a normal neurological examination except for cranial nerve abnormalities; 

normal brain parenchyma without hydrocephalus, mass or structural lesion and no 

abnormal meningeal enhancement or venous sinus thrombosis on neuroimaging that 

includes venography; a raised lumbar puncture (LP) opening pressure (LPOP) ≥25 cm of 

cerebrospinal fluid (CSF) performed in the lateral decubitus position; and normal CSF 

composition.5 

It has been established that the condition is more common in women and that the main risk 

factors identified for developing IIH is weight gain and living with obesity.6,7 As the 

developed worldwide obesity epidemic has evolved,8 people with IIH accessing hospital 

services is becoming much more common.  However, the majority of women living with 

obesity do not develop IIH. People living with active IIH and obesity have been found to 

have with insulin resistance, hyperleptinaemia, and adverse cardiovascular outcomes. It has 

been observed that their adipose tissue is predominantly located in the truncal region and, 

on detailed laboratory analysis, the adipose cells are primed for weight gain.  People living 

with IIH exhibit androgen excess, altered glucocorticoid regulation and changes in pro-
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inflammatory cytokines.  There are distinct alterations in metabolic pathways found in 

serum, urine and CSF, that resolve following disease remission.1 

In 2015 a Cochrane review stated that there was little evidence to guide treatment in IIH.9 

The aim of this thesis was to demonstrate that empowering patients and physicians to 

advance patient care through a clinical research programme would be a successful method 

to change clinical practice and reduce patient morbidity.  

1.2 Epidemiology 

The historic annual incidence of IIH had been reported at approximately 1 per 100,000 in 

the general population between 1990 and 2001; this increased to 2.4 per 100 000 in the 

following decade.10 It was observed that women of childbearing years living with obesity 

were most commonly affected.  Only 10% of IIH cases have been found to be male and only 

5% are older than 50 years.10 Specifically in the United Kingdom (UK), a study found that 

between 2007 and 2008 the incidence in Sheffield was 1.56/100,000/year in the general 

population and 2.86/100,000/year for women. This increased in the population of obese 

women to 11.9/100,000/year. Importantly for health care services, the prevalence in obese 

women was 85.7/100,000.11 Further to this study, the Scottish Ophthalmic Surveillance 

Unit observed an incidence of 37.9/100,000 in obese females aged between 15-44 years 

between November 2016 and October 2017.12 The documented increasing incidence and 

prevalence suggested that IIH was no longer a rare disease.   

It is important to establish the contemporary incidence and prevalence, and to identify any 

changing patterns to ensure feasibility for clinical trials in England and target area with the 

highest disease burden. An observational analysis of the English Hospitals Episode Statistics 

(HES) was undertaken to determine the incidence, prevalence, and the socio-economic and 

racial variation within NHS England of IIH.13 The HES dataset is a source of large data to 
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inform the English health economy about disease burden and guide the agenda for future 

pathways and care.  It is an administrative data set detailing inpatient admissions in England 

across all National Health Service (NHS) and private medical providers.  It was expected that 

persons with IIH would present to hospital services and hence the HES was a database to 

enable an estimate of the IIH population. Codes on medical classifications (International 

Classification of Disease, 10th revision) and procedural classifications (Office of Population 

Censuses and Surveys Classification of Surgical Operations and Procedures, 4th revision 

[OPCS-4]) were curated to include all IIH admissions over a 14 year period between 31st 

December 2016 and 1st January 2002. Patient demographics at the time of admission 

including sex, ethnicity, geographical region and the 2010 Index of Multiple Deprivation (to 

reflect socio-economic deprivation) were extracted.  As the HES dataset did not include all 

clinical measures, including body mass index (BMI), the national rates of obesity per region 

were correlated with the incidence of IIH across the same geographical region. Documented 

sight loss, surgical interventions and obstetric history were also recorded.13 

The results indicated that there were 23,182 individuals diagnosed with IIH within the study 

period in English hospitals. The incidence of IIH in the English general population grew from 

2.26 per 100,000 in 2002 to 4.69 per 100,000 in 2016.  As expected, the incidence was 

higher in females with 3.53 per 100,000 women in 2002, rising to 7.69 per 100,000 women 

in 2016.  The highest likelihood of being diagnosed with IIH was found in people between 

the ages of 20-29 years; and being of a white ethnicity represented 75% of the included 

people.13   

1.3 Challenges identified for the policy makers, physicians, and patients  

The 2018 IIH HES study noted key challenges for UK ophthalmologists, neurologists and 

policy makers due to the increasing incidence of IIH and increasing repeat hospital 
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admissions.  The inpatient workload was considerable with 47,982 admissions, which 

represented a 440% rise over the study period. Many individuals had repeated admissions.  

This could indicate that treatments were unsuccessful at alleviating symptoms, or indeed, at 

putting the disease into remission.  The majority of IIH cases were recorded in areas of 

highest social deprivation, which included high incidences and prevalences in the East of 

England and in the West Midlands.13 This finding was also confirmed in the Scottish 

Ophthalmic Surveillance Unit study, who considered that social deprivation was likely linked 

to living with obesity, rather than it being an independent risk factor.12 Living in social 

deprivation is a well-known barrier to accessing timely care and within the appropriate 

environment.14  

For health care planning the study observed estimated hospital costs rising over the study 

period from £9.2 to £50 million per annum. A health economic projection was made that an 

estimate of £462 million per annum would be required to care for people living with IIH in 

England by 2030 if no changes occurred to the pathway and treatment of people living with 

IIH.13 

While a clear limitation of an administrative database is the lack of clinical information, the 

HES did code for surgical procedures and visual loss.  Surgery specific to IIH, such as 

neurosurgical shunting, optic nerve sheath fenestration and intracranial venous sinus 

stenting was uncommon in the population, at 8%. There was a low, but present, 

documentation of visual loss at 2%. In particular, coding of visual loss was not defined and 

would have been documented at the time of likely diagnosis in the majority, which probably 

could have introduced bias.13 A British Ophthalmological Surveillance Unit survey found that 

between 1-2% of new cases of IIH would become blind within one year.15 The rate of 

documented visual loss in both the HES data and the British Ophthalmological Surveillance 
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Unit study were remarkably similar. However, there could still be established visual loss in 

people with IIH that confers morbidity without meeting the criteria for obtaining a 

certificate of visual impairment.  Certainly, historical hospital based studies had indicated a 

much higher rate of visual loss.3,16,17,18 

Most of the focus for research was in documenting vision and headache outcomes, and as 

experience within the clinical setting was intensifying, it was clear that maternal health was 

a concern for patients and obstetric and gynaecology professionals.  Within the HES study 

there was a clear signal of adverse obstetric histories for women with IIH as compared to 

the general population, with rates of elective caesarean section being significantly higher in 

people with IIH as compared to the general population, which had not been previously 

noted. However, it was not possible confirm if this was related to living with obesity or living 

with IIH, as there was an absence of clinical parameters being held within HES.13 Further 

observational studies would be required to corroborate this finding, and to determine 

causality. 

1.4 Harmonising clinical practice for better patient care 

Clinical uncertainty in a diagnosis of IIH had been previously demonstrated, particularly by 

one study that documented a rate of 40% misdiagnosis in a tertiary referral IIH clinic.19 The 

management of the disease was also uncertain as the 2015 Cochrane review stated that 

there was lack of evidence to guide pharmacological treatment in IIH.9 This, coupled with 

the rising incidence, prevalence and hospitals admissions for people living with IIH as 

evidenced by the HES data evaluation, was acknowledged by clinicians across the UK who 

called for guidance in managing the disease. The Association of British Neurologists (ABN) 

therefore commissioned the first IIH consensus guidelines with the aim of capturing 
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interdisciplinary expertise to make recommendations for the investigation of papilloedema 

and management of IIH, and to identify gaps in the literature.20 

An initial UK survey to determine preferences in clinical practice in IIH was electronically 

emailed to large groups of physicians and surgeons who were likely to investigate and 

manage IIH regularly. Between September 2015 and October 2017 a specialist interest 

group (SIG) was convened to discuss the background literature and the UK healthcare 

preferences.  The SIG included representation from neurology, ophthalmology, neuro-

ophthalmology, neurosurgery, neuro-radiology, nursing, primary care, the IIHUK charity and 

people with lived experience of IIH. Critical questions to be answered regarding the 

investigation and management were constructed and agreed upon.20 

The SIG established diagnostic principles for the investigation of papilloedema.  These 

included: finding any underlying treatable cause in a timely manner; protecting vision and 

ensuring timely re-examination when vision was found to be at risk; and enabling onward 

care of the patient to the most appropriate experienced clinician.  Uncertainties were 

documented to be transparent to readers where there was not a high level of evidence, and 

to encourage researchers to consider areas of unmet need.20 

When considering the management of IIH the SIG recognised there was a spectrum of the 

disease ranging from mild to severe, and for the majority of patients the visual prognosis 

was generally good. They stated that currently weight loss was the only disease modifying 

therapy for people living with IIH.  However, many unknowns existed, such as the amount of 

weight loss required to put the disease into remission and what weight loss method would 

be the most sustainable. They recommended that the management of IIH should focus on 

treatment of the underlying disease, protection of vision and reduction of headache 

morbidity.  An international expert panel was invited to peer review the consensus 
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statements, to ensure that regional bias had not occurred. Likewise, the document was 

passed for independent review by the Royal College of Ophthalmologists (RCOphth), the 

ABN, the Society of British Neurological Surgeons, the British Association for the Study of 

Headache and to the patient charity IIHUK.  Following revision the consensus document was 

submitted to the Journal of Neurology, Neurosurgery and Psychiatry for further 

independent peer review.20 

An aide memoir was developed to broaden the dissemination and subsequent adoption of 

the consensus guidelines.21 This infographic representation highlighted key points of 

interest from the guidelines. Initially, consideration should be given to exclude 

pseudopapilloedema, a common cause of misdiagnosis.19 Papilloedema is a medical priority, 

as it can be caused by an intracranial mass such as a tumour, haemorrhage, or thrombosis 

and can cause significant morbidity and devastating visual loss.  It was critical that the 

attending doctor understood the importance of assessing visual function. Visual field testing 

by confrontation is an insensitive test and formal visual fields, preferably automated 

perimetry, should be sought at the earliest opportunity.  Additionally, regular visual field 

monitoring to detect deterioration is important, as there are limited other clinical 

biomarkers that can determine the urgency of treatment. A step-wise investigational 

pathway was recommended.  Arterial blood pressure should be measured in all people with 

bilateral optic disc swelling, as hypertensive emergencies, such as malignant hypertension, 

are known to cause bilateral optic disc swelling.  If malignant hypertension is found, no 

further investigation for raised ICP is generally required, although brain imaging is often 

performed.20,21  

Neuroimaging with cerebral venography is an essential part of the work-up of someone with 

suspected papilloedema to exclude a venous sinus thrombosis. Imaging should be 
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performed, where possible, within 24 hours of recognition of the papilloedema. The choice 

of modality: magnetic resonance (MR) imaging (MRI) versus computerised tomography (CT), 

would be determined by local access.20,21 There are key orbital and intracranial 

neuroimaging features found in people with raised ICP, however these features are also 

found in normal subjects and within the normal ageing population.22,23 These signs may not 

reverse on normalisation of the ICP, and their incidental discovery does not mean that the 

ICP is currently elevated. Any single neuroimaging feature should not be used in isolation to 

diagnose raised ICP.24 

It is commonly accepted that the LPOP reading is abnormal if it exceeds 25 cmCSF in adults 

and 28 cmCSF in children.5 In a subsequent large population study the 95% reference 

interval was found to be between 82 and 242 mmCSF,25 and repeated LPs demonstrated 

that LPOP can vary considerably among individuals. This study found that increasing age was 

associated with a lower LPOP and increasing BMI was associated with a higher LPOP. In 

those that had a repeat LP at 2.5 years there was a high coefficient of repeatability.26 The 

SIG consensus was that there was a “grey zone” of what a cut off should be to diagnose IIH 

and that between 25cm and 30cmCSF may not be truly pathological, due to the variability in 

measurements.21 The LP procedural technique can impact on the reading. Multiple LP 

attempts which puncture the dura may falsely lower the pressure while abdominal 

compression from the legs or Valsalva manoeuvres (breath-holding or crying) can falsely 

elevate the pressure.20 The CSF should be sent for microscopy (red and white cells), and 

measurement of glucose and protein levels to help facilitate exclusion of rarer secondary 

causes. A full blood count should be taken to detect anaemia, as globally, iron deficiency 

anaemia is prevalent in this patient population, and is treatable. A full medication history is 
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important, as drug induced intracranial hypertension is typically in response to a temporal 

relationship with starting or stopping an inciting medication.20,21  

The principles of management were set out so as to protect vision, manage the underlying 

condition through weight loss and to reduce headache morbidity. Those identified as having 

a fulminant course on diagnosis or who demonstrated precipitous visual decline would likely 

need emergent surgical treatment, preferably with a ventriculoperitoneal shunt, as agreed 

by the SIG. If this was not readily available then a temporary lumbar drain should be 

considered.  All patients living with obesity and diagnosed with IIH should have a sensitive 

discussion regarding the evidence for weight loss in inducing disease remission.20  

The last key area highlighted in the infographic was management of acute exacerbations of 

headache in a person with IIH; this was included to reduce the unnecessary neuroimaging in 

those who present with an acute exacerbation of headache.21  Neuroimaging should be 

reserved for those who present with red flag symptoms, signs of infection, or papilloedema 

with precipitous visual decline.21 The IIH consensus guidelines acknowledged that there 

were many areas of IIH management that did not have a high quality evidence base. 

Research into IIH was infrequent due to the previous rarity of disease and a likely lack of 

understanding of the underlying pathology.20 

1.5 Empowering patients and physicians to define a research agenda 

Raising the profile of the disease and understanding where funding and research should be 

directed was a priority for IIHUK, the leading UK charity for people living with IIH or caring 

for people with IIH.  They understood that the James Lind Alliance (JLA), a UK National 

Institute for Health Research-supported initiative, would enable both patients and 

healthcare professionals (HCP) to work together transparently to agree on the most 

important uncertainties to inform the research agenda. The IIH priority setting partnership 



 
 

 
 

10 

(PSP) four step process, as set out by the JLA, included an independent information 

specialist to oversee and guide the process.  A broad reach of organisations became 

partners of the IIH PSP: the ABN; the British Association for the Study of Headache; the 

British and Irish Orthoptic Society; Fight for Sight; The RCOphth; The Society of British 

Neurological Surgeons CSF group; Shine; the Neurological Alliance and the United Kingdom 

Neuro-Ophthalmology Special Interest Group.27   

The results of the first survey were refined to ‘uncertainties ’or ‘out of scope ’using the UK 

Clinical Research Collaboration Health Research Classification System. The interim survey 

recorded 512 respondents prioritising 48 areas for research.  The final long list of 26 

priorities were taken to a workshop held at the RCOphth premises in London on 27th April 

2018. The top 10 priorities were decided through a series of structured workshops, as 

defined by the JLA methodology.27 

Both the JLA IIH PSP and the IIH consensus guidelines detailed a number of uncertainties 

regarding weight management strategies for people living with IIH, the understanding of 

headache mechanisms and the best way to monitor visual function.   

1.6 Demonstrating weight management as a priority for people living with IIH 

It had been established that IIH occurred predominantly in women who are overweight or 

obese.6 The population risk of developing IIH increases exponentially in those with a BMI 

≥30 kg/m2.28 An individual’s weight threshold to develop IIH is not clear, and body weight is 

not a reliable indicator of visceral adiposity. The evidence suggested that weight gain of 

between 5% to 15% increased the risk of developing IIH.6 In addition, those people with a 

BMI under 30 kg/m2 (non-obese) who gained a moderate amount of weight, were 

demonstrated to be more likely to develop IIH compared to people with similar BMI whose 

weight was stable.6 
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Weight loss was first demonstrated to be therapeutic in IIH by Newborg.29 A low-calorie rice 

diet with fluid (750–1250 mL/day) and sodium (<100 mg/day) restriction was utilised in a 

prospective case series of nine IIH patients. The weight loss, between 13–38%, was 

documented to be associated with improvement in IIH symptoms. These findings were 

supported by other retrospective case series.30,31 

The prospective weight loss study, that took place in Birmingham, UK, used a lifestyle 

intervention of a very low-calorie diet in combination with behavioural therapy, with 

physical exercise encouraged to induce weight loss of approximately 15%.  The women who 

took part in the study demonstrated a significantly lowered ICP following the weight loss. 

They also had clinical improvements in their papilloedema and visual field measurements. 

Headache frequency and severity was halved with a parallel reduction in oral analgesic 

usage.32  Weight loss specifically from the truncal region induced remission and, indeed the 

truncal fat mass correlated with ICP, as measured by LP.33  While this study proved 

prospectively that weight loss in IIH helped induce remission, anecdotally these women 

relapsed with weight gain.  

The weight management literature has established that sustained weight loss is difficult to 

achieve with lifestyle interventions alone as, on average, patients regain one-third to one-

half of the weight that was lost at 12 months, and return to their original weight within 5 

years.34 For people with IIH, weight gain has been documented to lead to recurrence of their 

disease, risking recurrence of papilloedema and damage to the optic nerves.35  Therefore, a 

priority for research was to determine sustainable method for weight loss in people living 

with IIH. 
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1.6.1 A randomised control trial evaluating weight loss methods in IIH 

The aim for the IIH Weight Trial (IIHWT) was to determine whether bariatric surgery or a 

community dietary programme would provide a more sustainable weight loss method for 

those with active IIH, in whom previous weight loss methods had been unsuccessful.36 This 

UK multicentre, randomised controlled, parallel-arm clinical trial included women with a 

BMI ≥ 35kg/m2.  This level of BMI chosen for the inclusion criteria mirrored the inclusion 

criteria for people living with obesity who could be referred to an NHS bariatric surgery 

programme and in whom there was an established obesity related comorbidity such as 

cardiovascular disease, hypertension, non-alcoholic fatty liver disease, obstructive sleep 

apnoea, or type 2 diabetes mellitus.  The primary outcome of the study was ICP as 

measured by LPOP at 12 months.  Secondary aims were to evaluate the durability of the 

intervention, clinical effectiveness, cost-effectiveness, clinical outcomes of headache and 

vision and, finally patient-centred quality of life outcomes.36 

Participants randomised to the bariatric surgery arm were referred to the local NHS bariatric 

surgical pathway and, if judged suitable according to the bariatric surgery clinic’s screening 

processes, would have the option to undergo laparoscopic adjustable gastric banding, Roux-

en-Y gastric bypass or laparoscopic sleeve gastrectomy.  The decision as to which surgery 

type was to be made between the surgeon and participant based on the participant’s health 

circumstances and preference.  Participants randomised to the community weight loss 

intervention (CWI) programme arm were provided with Weight WatcherTM vouchers that 

exempted them from paying for 52 consecutive and specified weeks of their local Weight 

WatchersTM meetings.  The vouchers included the Weight WatchersTM online and mobile 

telephone applications.  The participant attendance at the groups was monitored through 

self-reporting.   
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Ethical approvals was confirmed through the National Research Ethics Committee West 

Midlands (14/WM/0011) and the trial was registered with the ISRCTN registry 

(ISRCTN40152829 https://doi.org/10.1186/ISRCTN40152829) and at ClinicalTrials.gov 

(identifier: NCT02124486). All primary analyses were evaluated by intention-to-treat.  

A per protocol analysis was also performed for LPOP and weight change as part of a planned 

secondary analysis. The per protocol analysis population was defined as those participants 

in the bariatric arm that had undergone surgery within 12 months of randomisation and the 

CWI arm where participants did not have bariatric surgery by 12 months. The first patient 

was recruited on the 25th July 2014.36 

Among the 66 women randomised, 64 remained in the IIHWT at 12 months, with 54 (82%) 

completing the primary outcome of LPOP. Intracranial pressure, as measured by LP, was 

significantly lower in the bariatric surgery arm at 12 months (adjusted mean difference -

6.00cmCSF, 95% confidence intervals [CI], -9.5 to -2.4; p = 0.001) and at 24 months 

(adjusted mean difference -8.2cmCSF, 95% CI -12.2 to -4.2; p < 0.001). The degree of weight 

loss was significantly associated with the reduction in intracranial pressure (R2 = 0.4734, p ≤ 

0.0001). Weight loss of 13.3kg (standard deviation [SD] 1.76) was associated with disease 

remission (LPOP < 25cmCSF). The interventions were demonstrated to be safe in this 

population with 24 serious adverse events reported over the two years, of which 18 were 

unrelated to the intervention.37   

The IIHWT observed significant improvements in health related quality of life indices. The 

physical component score, energy and fatigue physical functioning, and general health had 

improvements following bariatric surgery, as compared to the weight watcher arm. At 24 

months, there were significant differences in the quality of life outcome measures, 

supporting the use of bariatric surgery for the improvement of physical functioning and 

https://doi.org/10.1186/ISRCTN40152829
https://clinicaltrials.gov/ct2/show/NCT02124486
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general health.37 There were no improvements found in mental component scores, which is 

consistent with the findings of clinical trials that evaluated bariatric surgery not focused on 

people living with IIH.38 

The main limitation of the IIHWT was that the secondary outcomes of vision and headache 

did not show any difference between the two trial arms. To achieve a difference between 

the two arms for visual outcomes would have required an approximately five-fold increase 

in the number of participants.37  

With the rising costs of healthcare documented by the IIH HES data set,13 a clear question 

was whether bariatric surgery was cost effective. Over a 20-year time horizon, the economic 

modelling found that bariatric surgery led to cost savings of £49,500 over CWI.  It also 

generated an additional 1.16 quality-adjusted life years in comparison to CWI.39,40 

In the UK, a significant barrier for access to a hospital based weight management 

programme was that other obesity related co-morbidities, such as type 2 diabetes mellitus 

or hypertension, were not a typical clinical feature for people living with IIH. Hence, unless 

their BMI was ≥ 50kg/m2 they would not be eligible for Tier 3 weight management services 

that had been demonstrated in the IIHWT to provide disease remission for up to 2 years.   

1.6.2 Amount of weight loss required to maintain disease remission 

The long-standing clinical question identified by the IIH top ten priorities in the JLA PSP was 

how much weight was required to be lost to put IIH into remission, with evidence previously 

suggesting between 3-15% of the diagnosis body weight.6,32,35 A sub-study of the IIHWT 

aimed to evaluate the amount of weight loss required to reduce ICP to below the diagnostic 

level and to explore the impact of the different bariatric surgery approaches.  In this 

planned per protocol analysis of the IIHWT it was found that the greater the weight loss the 
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greater the reduction in ICP was observed. Twenty four percent weight loss was associated 

with a LPOP < 25cmCSF.41  

Within the top ten JLA PSP priorities for IIH it was defined that research to determine if the 

starting BMI of the patient had an effect.27 The IIHWT found that those with a higher 

baseline body weight needed to lose more weight to meaningfully reduce ICP. The 

magnitude of weight loss demonstrated was unlikely to be achieved without bariatric 

surgery.  This study concluded that referral to a bariatric surgery programme for those with 

active IIH may be appropriate to reduce the duration of IIH and potential for poor IIH 

outcomes.41  

The IIH top ten priorities in the JLA PSP detailed investigation for evidence on what was the 

best acceptable method to reduce body weight.27 An analysis of the underlying type of 

surgery was therefore performed. while the numbers were low in each category, the Roux-

en-Y gastric bypass performed the best in terms of reduction of ICP and weight loss. At two 

weeks following surgery, those who underwent Roux-en-Y bypass had a 50% greater 

reduction in ICP compared to a gastric sleeve procedure. Subsequent evaluation of the meal 

stimulation studies undertaken during the IIHWT suggested that this likely occurred by 

enhanced glucagon-like peptide-1 (GLP-1) secretion in the Roux-en-Y bypass group.42 It has 

previously been established that different types of bariatric surgery have variable effects on 

GLP-1 secretion. Roux-en-Y, which bypasses food to the mid/distal jejunum, exposes L-cells 

to nutrients, which causes a rise in GLP-1, oxyntomodulin and peptide YY being secreted.43  

1.7 Discovery of headache mechanisms in IIH 

Headache is the most common symptom reported in people with raised ICP.1 The headache 

may be a new feature, or it may be a worsening of an existing headache. The headache may 

vary considerably in terms of frequency, duration, and pain intensity and does not 
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accurately reflect the ICP or the impact on the visual function.4 At presentation, the 

headache phenotype may be worse in the mornings, on lying down, on bending down, and 

with Valsalva manoeuvres.44 The challenge is that these features are not exclusive to a 

raised ICP headache as one third of people living with migraine also have reported 

exacerbation of headache with coughing and nearly half have exacerbation while bending. 

As it progresses, the headache may be a daily occurrence, which is diffuse and or constant. 

It may be pulsating and throbbing, and have associated features of photophobia, 

phonophobia, nausea, vomiting, and worsening on physical activity.44  A raised ICP 

headache phenotype therefore mimics primary headache disorders, such as episodic 

migraine, chronic migraine and tension-type headache.4 

Headache mechanisms were highly prioritised, by being cited as the second priority by the 

IIH JLA PSP.27 While it would seem plausible that ICP triggers headaches, due to the 

temporal relationship between disease onset and headache symptoms, research to date 

had not found an association between headache attributable to IIH and raised ICP.4 

Headaches associated with IIH have been found to be debilitating, and persistent, with 

many using analgesia for years after a diagnosis.45 Similar to other randomised control 

trials,4 the IIHWT documented the most common headache phenotype as a migraine-like 

headache.46 Other phenotypes reported in the IIHWT cohort included IIH headache, 

medication-overuse headache, and tension-type headache.46 

The IIHWT found that headache severity correlated with ICP at baseline and change in 

headache severity and monthly headache days correlated with change in ICP at 12 months.  

A positive association between ICP and headache was noted in this sub-study using boot 

strap analysis at 12 and 24 months.  This enabled a prediction of both change in headache 

severity and monthly headache days.  Reduction of ICP, as measured by LPOP, was 
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associated with significant improvements in quality of life using the Short Form-36.46 

Further mechanistic studies using the serum, CSF and urine of IIHWT participants were 

made. They identified different metabolic pathways related to amino acid, lipid, and 

acylpyruvate metabolism in the IIHWT participants as compared to control participants. 

These pathways were associated with clinical measures, such as LPOP, and returned to 

normal with disease remission47 

1.8 The challenge of the visual field mean deviation as a trial outcome in IIH 

In clinical practice regular assessment of visual function and optic nerve head imaging is 

necessary to identify those at risk of visual loss.20 Automated perimetry is routinely 

employed as it provides sensitivity for assessing changes in the visual field.  The Humphrey 

Visual Field (HVF) mean deviation (MD) has been used commonly as an end point in IIH 

research.32, 48  Visual field testing is dependent on the technician and patient performance 

and results can vary.49,50 The learning effect can be mitigated by allowing multiple attempts 

to allow for familiarisation. In the IIH Treatment Trial, up to one in five patients had a 

performance failure at one data point.50 Therefore, reliability indices are essential to 

determine the quality of the test. Further factors exist, such as a high prevalence of 

functional vision loss being reported in people with IIH, that may impact their visual field 

performance.51 Cognitive deficits have been shown to be affected in people with active IIH 

leading to reductions in reaction time and processing speed that can influence the visual 

field results.52,53  

The IIHWT met its primary endpoint, which was change in ICP measured by LPOP at 12 

months, however there was no significant improvement seen in the MD, or other visual 

outcomes, between the two trial arms.37 To consider future trials, and to calculate a power 

on which to base numbers for a study, it was important to understand, if MD did not 
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improve significantly between the two groups, whether another approach be feasible. A 

pointwise analysis was therefore undertaken to assess if it was a more sensitive indicator of 

a change in the visual field in IIH patients participating in treatment trials. The results found 

that those with baseline point sensitivities between 0 and -10dB showed small changes over 

time and, as expected, were unlikely to demonstrate clinically meaningful change over both 

12 and 24 months. Points in the -10 to -25dB category demonstrated change that could be 

considered clinically meaningful (mean 8.5dB in at least one point in the whole visual field).  

The challenge was that using data between -10 and -25dB resulted in fewer data points and 

larger SD for analysis. Although the median number of points worse than -10dB was five, 

only 43% of all the IIHWT participants had fewer than two points worse than -10dB at 

baseline.  This confirmed that data points worse than -10dB were not representative of the 

majority of IIH patients in a trial setting and that if a trial was powered on these types of 

data it would be even less representative of the whole IIH population.54  

1.9 Informing others of lessons learnt in controlled clinical trials in IIH 

The strength of this thesis is that numerous research methods have been employed such as 

data driven observation, literature review, convening of expert patient and health care 

opinions, and performing a randomised control trial to achieve solutions to unknowns in 

IIH.13,20,27,37 The lessons learnt about the condition and clinical trial delivery were distilled 

into the commissioned International Headache Society (IHS) Guidelines for Controlled 

Clinical Trials in IIH.55 This research guideline aimed to establish recommendations for 

designing state-of-the-art controlled clinical trials for IIH to advance treatment, inform 

regulatory decision making and to enable meta-analysis.55   

A summary of the IIH trials preformed to date and documented primary and secondary 

outcomes was made. An IIH trial guideline subcommittee, which consisted of 
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ophthalmologists, neurologists, trialists and patients met to discuss the literature and 

decide the outcomes that were deemed important. The format followed the IHS guideline 

methodology.  It was sent for comment to various stakeholders that included 

pharmaceutical and devices manufacturers.  It was posted for a specified time on the IHS 

website and IHS members were then invited to comment.  Following all revisions, it was 

sent for final approval to the IHS Board of Trustees. While there are inherent limitations on 

consensus-type guideline, this document contained many considerations that may not 

initially be obvious to those embarking on a clinical trial in IIH for the first time.55 

1.10 Limitations 

The limitations of each publication included in this thesis are discussed in the individual 

papers.13,20,21,27,37,41,46,54,55 The consensus guidelines, the IIH JLA PSP and the IIH IHS 

guidelines for clinical trials are likely subject to bias as they are based on informal group 

decision making.20,27,55 Individuals running these processes may have dominated discussions 

and created an imbalance of opinion. To minimise this balance the JLA PSP process 

employed a normal group technique of independent generation of questions, grouping of 

categories, clarification and then ranking of priorities.27 The IIH JLA PSP research priorities 

held many similarities to the uncertainties discussed in the IIH Consensus Guidelines.20,27 A 

further limitation of inclusion is likely to be, as identified by the HES study,13 that a 

significant portion of patients who live with IIH also live with social deprivation.  While 

efforts were made in terms of reducing digital exclusion, more work is required to include 

hard to reach individuals both in consensus about their care and in randomised control 

trials.   

The limitations specific to the IIHWT was that it had to balance delivery of a specific 

research question evaluating two weight loss methods over financial and participant 
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feasibility. The major drawback for the IIHWT was the lack of corresponding signal in the 

important clinical symptoms of IIH, headache and visual function. This has likely impacted 

on the directed use of bariatric surgery in women with active IIH with a BMI 35kg/m2.37 

 
1.11 Recommendations for clinical practice 

Diagnosing, monitoring and treating people with IIH require a combination of skills in 

assessing the visual function and headache.  People with IIH are best monitored by both a 

neurologist and an ophthalmologist. The IIH consensus guidelines provided a template for 

clinicians to be able to shape their own practice.20  When a repeated study of the English 

HES was performed, it was noted that there was a reduction in surgical procedures for IIH, 

which may have been as a result of the consensus guidelines.56 

The IIHWT demonstrated that there was a hierarchy of effect in weight loss methods found 

to be effective in reducing ICP, with bariatric surgery having the most robust evidence for 

effective treatment of obesity in a female IIH population with a BMI ≥35kg/m2.37 World-

wide, not all patients will qualify for bariatric surgery intervention. Following the publication 

of IIHWT and the cost utility analyses the UK National Institute of Health and Clinical 

Excellence (NICE) revised their clinical guidelines for obesity. The NICE clinical guidelines for 

obesity 2023 now include IIH as a significant condition that could be improved by weight 

loss, alongside the previously recognised conditions that could be improved after weight 

loss including: cardiovascular disease; hypertension; non-alcoholic fatty liver disease, 

obstructive sleep apnoea; and type 2 diabetes mellitus.  The implication of the inclusion of 

IIH means that people living with obesity and IIH could be referred to specialist weight 

management services.  The criteria now recommended bariatric surgery as a treatment 

option for people with a BMI ≥40kg/m2, or with a BMI of 35-39.9kg/m2 with a significant 
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obesity-related comorbidity, such as IIH, only if all non-surgical interventions had been tried 

first and the person was receiving management in a tier 3 service. For people of South 

Asian, Chinese, other Asian, Middle Eastern, Black African or African-Caribbean family 

background referrers can consider using a lower BMI threshold for referral (reduced by 2.5 

kg/m2).57,58 

1.12 Recommendations future research 

Obesity stigma amongst health care professionals and patients has been documented to 

significantly obstruct progress and is associated with poorer patient outcomes. Education 

and understanding may help to overcome this significant barrier in the treatment of IIH.  A 

patient-led research project voiced barriers in professional language that have been 

disseminated.59 

The adverse obstetric outcomes found in the HES dataset led to a number of analyses of IIH 

Life, a prospectively held database, a further analysis of the HES evaluating women’s health 

in IIH and studies investigating the association and similarities of polycystic ovarian 

syndrome.60,61,62,63 Recommendations were also made for managing women with IIH in 

pregnancy.64 

The cumulative knowledge gained over this study of IIH provided the opportunity to deliver 

an international multidisciplinary research guideline for IIH under the auspices of the IHS.55 

This shared learning opportunity may aide others in the understanding of effective clinical 

trial outcomes. This has been particularly important as recently two large international 

multicentre trials have prematurely closed due to lack of recruitment.65,66 
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1.13 Conclusions 

The direct impact of this work, from the first IIH guidelines to delivering the successful 

IIHWT has afforded a change in the obesity national guidelines for people living with obesity 

and IIH. The evidence presented within this thesis have created the foundations for future 

work to move therapies from early phase trials to large multicentre trials and ensure clinical 

delivery.  This work has delivered a ranking of research priorities for the UK and 

international clinical and research guidelines.  The randomised control trial IIHWT evaluating 

bariatric surgery compared to a lifestyle intervention for sustained remission of the disease 

has changed national guidelines for entry to a bariatric surgery pathway.   
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Supplementary File 1: 
Inclusion and exclusion codes used in the search strategy.  To access information pertaining 
to all IIH admissions, validated International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM) codes and procedural classifications from the Office of 
Population Censuses and Surveys Classification of Interventions and Procedures, 4th 
revision (OPCS-4) codes were used.  

Variable Inclusion Codes Exclusion Codes 

Idiopathic 
Intracranial 
Hypertension 

ICD-10-CM code: 
Benign Intracranial hypertension –G93.2 
[Hypertension, idiopathic intracranial; 
Increased intracranial 
pressure; Pseudotumor cerebri; Raised 
intracranial pressure] 
 

ICD-10-CM codes: 
Hydrocephalus G91; 
Cerebral venous sinus 
thrombosis G08; 
Brain Cancer C70, C71; 
Hypertensive  
encephalopathy I67.4 

Visual outcomes ICD-10-CM codes: 
H540 - Blindness, binocular  
H541 - Severe visual impairment, binocular  
H542 - Moderate visual impairment, binocular  
H544 - Blindness, monocular  
H545 - Severe visual impairment, monocular  
H546 - Moderate visual impairment, 
monocular 
H547 - Unspecified visual loss.   
H549 - Unspecified visual impairment 
(binocular)  

ICD-10-CM codes: 
H53.9 visual 
disturbance, 
unspecified 
H470 - Disorders of 
optic nerve, not 
elsewhere classified 
H543 - Mild or no 
visual impairment, 
binocular  

Past medical 
history 

ICD-10-CM codes: 
Depression F32 
Diabetes E10-E14 

 

Surgical history- 
Bariatric Surgery 

OPCS-4 codes:  
G301 G30.1 Gastroplasty NEC  
G302 G30.2 Partitioning of stomach NEC 
G303 G30.3 Partitioning of stomach using 
band  
G304 G30.4 Partitioning of stomach using 
staples 

 



 
 

 

Variable Inclusion Codes Exclusion Codes 

Surgical history- 
Cerebrospinal 
fluid diversion 
procedures 

OPCS-4 codes: 
A122 A12.2 Creation of ventriculovascular 
shunt  
A123 A12.3 Creation of ventriculopleural 
shunt 
A124 A12.4 Creation of ventriculoperitoneal 
shunt   
A53 A53 Drainage of spinal canal 
A534 A53.4 Creation of lumboperitoneal 
shunt  
A536 A53.6 Creation of lumbar 
subcutaneous shunt  

 

Obstetric History All deliveries- record of ICD-10-CM codes  
O80-O84 
 
OPCS-4 codes for all types of delivery of baby 
(R17-24) including: 
Elective C-section R17 
Other caesarean delivery R18 (in 
labour/emergency) 
R21 Forceps Cephalic deliveries 
R21 Forceps delivery 
R22 Vacuum delivery 
R24 Normal delivery 
R24.9 All normal delivery 

The data was restricted 
to only 1 birth in a 9 
month period. 

 
Supplementary file 2: 
Summary table of all costs included in the economic model analysis and source material 
from which the individual costs are derived. The model assumes same cost for first shunting 
surgeries and revision surgeries.  Analysis includes direct costs only, related to secondary 
care and drug therapy prescribed in hospital.  
 
Variable Cost (£) Code Source 

Optician visit 20.00 NA UK Health Centre. 2016 [1] 

Accident and 
Emergency 
attendance 

138.00 NA NHS Reference Costs 2015-2016 [2] 

CT Head Scan 111.00 RD24Z NHS Reference Costs 2015-2016 [2] 

MRI Scan (head and 
orbit with 
intravenous 
contrast) 

166.00 RD05Z NHS Reference Costs 2015-2016 [2] 



 
 

 

Lumbar puncture 664.01 AA55 NHS Reference Costs 2015-2016 [2] 

Venography 154.50* U117 
and 
U119 

NHS Reference Costs 2015-2016 [2] 

Ophthalmology visit 
(led by consultant) 

94.18 130 NHS Reference Costs 2015-2016 [2] 

Neurology (led by 
consultant) 

178.94 400 NHS Reference Costs 2015-2016 [2] 

Neurosurgery(led by 
consultant) 

204.31 150 NHS Reference Costs 2015-2016 [2] 

Optical Coherence 
tomography  (OCT) 
scan 

52.94 RD40Z NHS Reference Costs 2015-2016 [2] 

Humphrey visual 
field 

Included in 
Ophthalmology 
outpatient cost 

NA NHS Reference Costs 2015-2016 [2] 

Excess bed day 306.00 NA NHS Reference Costs 2015-2016 [2] 

Acetazolamide (cost 
per year) 

663.20 NA British National Formulary 2016 [3] 

Lumbar Peritoneal 
Shunt (LPS) 

4344.99 HC71Z NHS Reference Costs 2015-2016 [2] 

Ventricular 
Peritoneal Shunt 
(VPS) 

8770.00 AA52 NHS Reference Costs 2015-2016 [2] 

NB All costs are indexed for GBP 2016 prices. * 50% were MRV and 50% CTVs. 
1 UK Health Centre. 2016 (http://www.healthcentre.org.uk/opticians/opticians-

opticians-costs.html) Last accessed 19th December, 2017. 
2 Department of Health. NHS reference costs 2015 to 2016: National schedule of 

reference costs. 2016. Last accessed 19th December, 2017. 
3 British National Formulary 2016 (https://bnf.nice.org.uk/medicinal-

forms/acetazolamide.html). Last accessed 19th December, 2017. 
 
Supplementary file 3 
Figure to show the typical patient pathway 
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Supplementary file 4 
Figure of the tree diagram to show the typical readmission pathway for patients 
 
 
 

 
 
Supplementary file 5 
Methods for the prediction health care costs in IIH. 
 
For the first admission, the pathway assumed that all patients were referred to the accident 
and emergency department (Emergency room) via an optometry or optician practice who 
suspected papilledema. In the UK, the majority of these patients would be admitted to 
hospital, with a total length of stay being 2.7 days, as derived from the HES data (see 
results).  Initial investigations at admission include one lumbar puncture, one brain imaging 
scan and venography (assumed to be 50% CT and 50% MRI).  The majority of patients were 
discharged on acetazolamide, at a dosage of 1g per day, and 40% of these patients were 
assumed to discontinue drug therapy within a year due to adverse events22.  Of the initial 
cohort of patients that were referred to the Emergency room, 6.6% had CSF diversion or 
shunting surgery and an average length of stay of 8.8 days (as derived from the HES data).  
Between 2002 and 2014, The Cambridge Shunt registry18 reported 3000 shunt procedures, 
for all conditions including IIH, each year with 1400 procedures in adults, of which 53% were 
primary and 47% revisions; the placement location was recorded at 76.51% being 
Ventricular-; 7.47% Lumbar- and 1.39% other.  The model therefore assumed a ratio of 10:1 
ventricular:lumbar placement of the shunt device for IIH. 
 
Costs associated with the first year follow up visits were estimated by assuming the 
following schedule: an ophthalmology appointment every 3 months (which is at fixed cost 
no matter what investigations are included); neurology appointment every four months and 
for patients who have undergone a neurosurgical procedure, one additional post-operative 
neurosurgery appointment.  
 
The second pathway represents the likely care received for patients who were readmitted 
to hospital within the year following their diagnosis (supplementary file 4). This pathway 
assumes that readmitted patients who had previously undergone CSF diversion surgery 
have a higher probability (0.51) of requiring CSF revision surgery.23 If no previous CSF 
diversion/shunt surgery was undertaken, the probability of having a CSF diversion surgery is 



 
 

 

1% (derived from HES results).  The pathway then assumed the same follow-up visit 
schedule as before with one additional neurosurgery follow-up visit for those patients who 
had surgery on readmission.  
 
Supplementary File 6: 

The age group of the IIH cohort (2002-2016). 
 

Age (years) Males Females Persons   
 Number (%)  

Under 13 855 (21.0%) 878 (4.6%) 1733 (7.5%) 
13-16 361 (8.9%) 1083 (5.7%) 1444 (6.2%) 
17-19 133 (3.3%) 1347 (7.1%) 1480 (6.4%) 
20-24 289 (7.1%) 3538 (18.5%) 3827 (16.5%) 
25-29 267 (6.5%) 3565 (18.7%) 3832 (16.5%) 
30-34 282 (6.9%) 2468 (12.9%) 2750 (11.9%) 
35-44 563 (13.8%) 3233 (16.9%) 3796 (16.4%) 
45-54 516 (12.7%) 1730 (9.1%) 2246 (9.7%) 
55-64 390 (9.6%) 726 (3.8%) 1116 (4.8%) 
65+ 423 (10.4%) 535 (2.8%) 958 (4.1%) 

 Total 4079 19103 23182 
 
Supplementary File 7: 

The ethnicity recorded by HES data of the IIH cohort (2002-2016), with a comparison made 
to the percentage ethnic groups in England and Wales in 2011. 
 

Ethnicity Males Females Persons Percentage of 
total 
population  

White 2904 (71.2%) 14419 (75.5%) 17323 (74.7%) 86.0% 
Black/Black 
British 

125 (3.1%) 751 (3.9%) 876 (3.8%) 3.3% 

Asian/Asian 
British 

197 (4.8%) 696 (3.6%) 893 (3.9%) 7.5% 

Chinese 7 (0.2%) 20 (0.1%) 27 (0.1%) 0.7% 
Mixed 48 (1.2%) 210 (1.1%) 258 (1.1%) 2.2% 
Other 78 (1.9%) 267 (1.4%) 345 (1.5%) 1.0% 
Unknown 720 (17.7%) 2740 (14.3%) 3460 (14.9%) - 

 
Supplementary File 8: 

The regional location of the recorded home address, by Government Office Region (GOR), 
for each patient newly diagnosed with IIH (2002-2016) and their socio-economic deprivation 
quintile (based on Index of Multiple Deprivation 2010). 
 



 
 

 

Region of residence 
(GOR) 

Male  
number (%) 

Female number 
(%) 

Total 
number (%) 

East of England 586 (14.4) 2784 (14.6) 3370 (14.5) 
West Midlands 646 (15.8) 2686 (14.1) 3332 (14.4) 
Yorkshire and Humber 627 (15.4) 2582 (13.5) 3209 (13.8) 
South East  551 (13.5) 2254 (11.8) 2805 (12.1) 
South West 365 (8.9) 2126 (11.1) 2491 (10.7) 
North East 366 (9.0) 1931 (10.1) 2297 (9.9) 
London 419 (10.3) 1877 (9.8) 2296 (9.9) 
North West 333 (8.2) 1812 (9.5) 2145 (9.3) 
East Midlands  179 (4.4) 1044 (5.) 1223 (5.3) 
No Fixed Abode 7 (0.2) 7 (0.0) 14 (0.1) 
Deprivation quintile    
 1 – most deprived 1065 (26.1) 5682 (29.7) 6747 (29.1) 
2 874 (21.4) 4515 (23.6) 5389 (23.2) 
3 816 (20.0) 3498 (18.3) 4314 (18.6) 
4 675 (16.5) 2918 (15.3) 3593 (15.5) 
5 - Least deprived  627 (15.4) 2453 (12.8) 3080 (13.3) 
Unknown 22 (0.6) 37 (0.6) 59 (0.3) 

 
 
Supplementary File 9: 

The number of admitted hospital episodes in the first year following a diagnosis of IIH. 
 

Number of additional admitted 
hospital attendances in first year 
following the initial attendance for 
the diagnosis of IIH  

Number of patients (% of total number 
of patients)  

0 14504 (62.2) 
1 4105 (17.7) 
2 1916 (8.3) 
3 962 (4.1) 
4 519 (2.2) 
5 349 (1.5) 
6 261 (1.1) 
7 180 (0.8) 
8 92 (0.4) 
9 76 (0.3) 
10+ 218 (0.9) 

 
Supplementary file 10: 
 
Number of births in the general population (aged 16-55) compared to those diagnosed with 
IIH between 1st January 2002 and 31st December 2015. 



 
 

 

 
Number of births General population 

(excluding IIH 
IIH 

1 2,927,954 (58.1%) 2,535 (50.8%) 
2 1,633,387 (32.4%) 1,714 (34.33%) 
3 376,778 (7.5%) 569 (11.4%) 
4 77,495 (1.5%) 134 (2.7%) 
5 15,841 (0.3%) 28 (0.6%) 
6 3,598 (0.1%) 11 (0.2%) 
7 865 (0.0%)  
8 197 (0.0%)  
9 46 (0.0%)  
10 7 (0.0%)  

 
 



 
 

 
 

 

 

Publication 2: Idiopathic intracranial hypertension: consensus 
guidelines on management 

 
Manuscript title:  
Mollan SP, Davies B, Silver NC, Shaw S, Mallucci CL, Wakerley BR, Krishnan A, Chavda SV, 
Ramalingam S, Edwards J, Hemmings K, Williamson M, Burdon MA, Hassan-Smith G, Digre K, 
Liu GT, Jensen RH, Sinclair AJ. Idiopathic intracranial hypertension: consensus guidelines on 
management. J Neurol Neurosurg Psychiatry. 2018;89(10):1088-1100 
 
Involvement: 
I performed a literature review. I set up the specialty groups. I drafted the list of questions 
to be addressed. I wrote the first manuscript, and critically revised the manuscript.  
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Publication 3: Evaluation and management of adult idiopathic 
intracranial hypertension 

 
Manuscript title:  
Mollan SP, Hornby C, Mitchell J, Sinclair AJ. Evaluation and management of adult idiopathic 

intracranial hypertension. Pract Neurol. 2018;18(6):485-488. 

 
Involvement: 
I drafted and refined the aide-mémoire, based on the key points from the consensus 
guideline document.  I liaised with IIH UK to have them printed and disseminated to 
hospitals within the UK. 
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Publication 4: What are the research priorities for idiopathic 
intracranial hypertension? 

 
Manuscript title:  
Mollan S, Hemmings K, Herd CP, Denton A, Williamson S, Sinclair AJ. What are the research 
priorities for idiopathic intracranial hypertension? A priority setting partnership between 
patients and healthcare professionals. BMJ Open. 2019;9(3):e026573 
 
Involvement: 
I performed a literature review. I helped construct the surveys. I ensured wide 
dissemination and a social media program to ensure the surveys were taken up. I helped 
refine uncertainties, sorting of the replies into categories and identifying those out of scope 
and removing questions that could not be answered. I worked on the interim prioritisation, 
where a final list of 26 prioritised questions were taken forward to the final workshop. I 
helped construct the second survey. I arranged the venue for the final workshop. I took part 
in the day long of workshop to distil the priorities and rank them into the top 10. I wrote the 
initial manuscript and made the revisions. 
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Supplemental Table 1: The steering group members and their role 
 
 Person  Role  
Krystal Hemmings  IIH UK Research representative and PSP patient led  
Alex Sinclair  Clinical lead and neurologist  
Michelle Williamson  IIH UK Chair trustee, project coordinator and carer  
Clare Herd  Information specialist  
Martin Plowright  IIH patient  
Norma-Ann Dan  IIH UK patient representative  
Amanda Denton  IIH UK patient representative  
Rachel Bennett  IIH patient  
Jayne Best  Neuro-Ophthalmologist  
Arun Chandran  Neuro-radiologist  
Julie Edwards  Headache nurse specialist  
Anita Krishnan  Neurologist  
Kamal Mahawar  Bariatric surgeon  
Susan Mollan  Neuro-Ophthalmologist  
Caroline Rick  Trial methodologist  
Ahmed Toma  Neurosurgeon  
 
Supplemental Table 2: The prioritisation survey was designed using Qualtrics software 
(www.qualtrics.com) and responses were requested to the following seven questions:  
 
 
1. What questions do you have about how the diagnosis of IIH is made?  
 
2. What questions do you have about why people get IIH?  
 
3. What questions do you have about the management of vision in IIH?  
 
4. What questions do you have about the management of headache in IIH?  
 
5. What questions do you have about weight management in IIH?  
 
6. What questions do you have about care provision for patients with IIH? 
(e.g. General Practice, inpatient, outpatient care)  
 
7. Do you have any other questions about IIH that you feel are important 
but do not fall into the categories above?  
 
  



 
 

 

Supplemental Table 3: Partner organisations in alphabetical order 
 
ABN- Association of British Neurologists  
BASH - British Association for the Study of Headache  
BIOS - British and Irish Orthoptic Society  
Fight for Sight – _The Eye Research Charity  
RCOphth – _The Royal College of Ophthalmologists  
SBNS CSF subgroup - The Society of British Neurological Surgeons  
Shine – _Spina bifida, Hydrocephalus, Information, Networking, Equality  
The Neurological Alliance  
UKNOSIG - The United Kingdom Neuro-Ophthalmology Special Interest Group  
 
Supplementary Table 4: Characteristics of participants with IIH of first survey 
 
 Number  180  
Female (%)  96  
Median age (years)  35  
Ethnicity (%)  
White  92  
Black or Asian  3  
Multiple ethnic 
backgrounds  

4  

Not stated  1  
 
Supplementary Table 5: Declared specialism of the healthcare professionals in first survey 
 
 Declared specialism of the healthcare 
professional  

% of respondents  

Neurologist  45  
Ophthalmologist  11  
Neurosurgeon  10  
Neuro-Ophthalmologist  9  
Other  8  
Trainee  6  
Bariatric Surgeon  3  
General Practitioner  3  
Nurse  2  
Neuroradiologist  1  
Orthoptist  1  
Not declared  1  
 
  



 
 

 

Supplemental Table 6: 26 Questions for IIH PSP final workshop in alphabetical order 
 
 Are multidisciplinary clinics (joint clinics of neurology, ophthalmology, neurosurgery, 
dietetics and specialist nurses etc.) clinically and cost effective for the management of 
IIH and would they improve patient experience?  
Are non-invasive intracranial pressure (ICP) measurements accurate and clinically 
useful?  
Can IIH biomarkers (tests in body fluids for example urine, saliva, blood, or brain scans) 
help diagnosis, predict the risk and guide therapy decisions in IIH?  
Can novel therapies for IIH be developed which are effective, safe, and tolerable and 
potentially help with weight loss as well as reducing brain pressure?  
Do lumbar punctures (LPs) have long-term safety complications?  
Do the benefits of the drug treatments for IIH outweigh the side effects?  
How big is the impact of headache in IIH (how severe are headaches, how often do they 
occur, how many years do they continue for and how do they impact patients quality of 
life)?  
Is bariatric surgery effective in IIH and at what point in the disease should it be 
performed?  
Is cerebral venous stenosis the cause or consequence of IIH?  
Is IIH a lifelong condition?  
Is IIH caused by increased production or lack of cerebral spinal fluid (CSF) absorption?  
Is there a genetic cause of IIH?  
Is there a single or are there multiple causes for IIH?  
What are the best ways to monitor visual function?  
What are the biological mechanisms of headache in IIH and why in some do headaches 
continue even after papilloedema has resolved?  
What are the hormonal causes for IIH and why is IIH primarily associated with female 
gender?  
What are the triggers for periods of high intracranial pressure (ICP) in people with IIH?  
What is happening in the body of a person with IIH which causes the development of 
the disease, the symptoms and the progression of the disease?  
What is the biological explanation for the differences between rapid visual loss 
compared with gradual visual loss in IIH and how can this be predicted?  
What medications are effective and safe to treat IIH headaches?  
What other conditions / features are associated with IIH (e.g. depression, sleep apnoea, 
endocrine disorders, cognition, nerve pain)?  
Which is the best type of surgery to treat IIH and when should surgery be performed?  
Why do people get IIH without papilloedema (IIHWOP) and how should this be treated?  
Why is obesity a risk factor for IIH in women and why is this not the case in men?  
With regard to weight loss in IIH: how much is needed to treat IIH and how quickly does 
it work? What is the best, safest and most acceptable method to achieve this in the 
short and long term? Additionally, does the initial Body Mass Index (BMI) of the patient 
have an effect?  
Would an education program for health care professionals and patients with IIH 
improve care and disease experience for IIH patients  
 
  



 
 

 

Supplemental Table 7: Final Top 10 ranked uncertainties for the concerning the treatment and 
management of people with Idiopathic Intracranial Hypertension 
 
 Ranking  Research priority  
1  In the individual with IIH; what causes the disease, the symptoms and the 

progression of the disease?  
2  What are the biological mechanisms of headache in IIH and why in some do 

headaches continue even after papilloedema has resolved?  
3  Can new medical therapies for IIH be developed which are effective, safe, 

and tolerable and potentially help with weight loss as well as reducing brain 
pressure?  

4  What is the biological explanation for the differences between rapid visual 
loss compared with gradual visual loss in IIH and how can this be predicted?  

5  What are the best ways to monitor visual function?  
6  Can IIH biomarkers (tests in body fluids for example urine, saliva, blood, or 

brain scans) help diagnosis, predict the risk and guide therapy decisions in 
IIH?  

7  What are the hormonal causes for IIH and why is IIH primarily associated 
with female sex?  

8  What medications are effective and safe to treat IIH headaches?  
9  With regard to weight loss in IIH: how much is needed to treat IIH and how 

quickly does it work? What is the best, safest and most acceptable method 
to achieve this in the short and long term? Additionally, does the initial Body 
Mass Index (BMI) of the patient have an effect?  

10  Which is the best type of intervention to treat IIH and when should surgery 
be performed  

 

  



 
 

 

Publication 5: Bariatric surgery versus community weight 
management intervention for treatment of idiopathic intracranial 

hypertension (IIH:WT): a randomised controlled trial 
 
Manuscript title:  
Mollan SP, Mitchell JL, Ottridge RS, Aguiar M, Yiangou A, Alimajstorovic Z, Cartwright D, 
Scotton W, Wakerley B, Matthews TD, Anson A, Hickman S, Benzimra J, Rick C, Singhal R, 
Tahrani AA,  Brick, Frew E, Sinclair AJ. Bariatric surgery versus community weight 
management intervention for treatment of idiopathic intracranial hypertension (IIH:WT): a 
randomised controlled trial. JAMA Neurol. 2021;78(6):678-686. 
 
Involvement: 
I recruited patients to the trial. I advised on Ophthalmology aspects of the protocol. I 
performed part of patient visits. I supervised other clinical research fellows in acquiring trial 
data. I ensured timely follow-up of those requiring escalation of care during the trial. I 
helped interpret the analysis. I wrote the initial draft of the publication. I revised the 
publication following critical internal and external review.  
 
I disseminated the results at the Oxford Ophthalmological Congress July 2022, winning the 
Ian Fraser Cup for clinical research. 
 
I contacted the NICE obesity guideline group and lobbied for IIH to be included as an obesity 
related co-morbidity. 
 
Page number: 33 
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eMethods 1. Clinical Trial Investigators and Sites, Bariatric Surgery Pathway Team, Patient 
Identification Centers, and Study Oversight Committees 
 
Trial Investigators 
Chief Investigator: Professor. Alex Sinclair Trial Manager: Mr Ryan Ottridge 
Trial Statistician: Dr Kristian Brock 
Health Economists: Dr Magda Aguiar and Professor Emma Frew 
 
Trial sites and investigators 
University Hospitals Birmingham National Health service (NHS) Foundation Trust: Miss Susan 
Mollan and Mr Tim Mathews. 
Manchester Royal Eye Hospital, Manchester University NHS Foundation Trust: Mr Alec Ansons. 
Royal Devon and Exeter NHS Foundation Trust: Mr James Benzimra. 
 
Bariatric surgery pathway team 
Mr. Rishi Singhal, Mr Paul Super, Mr Markos Daskalakis (Consultant Bariatric & Upper GI 
Surgeons) Sally Abbott – Specialist Bariatric Dietician 
 
Patient identification centres 
Gloucester Royal Hospital, Gloucestershire Hospitals NHS Foundation Trust: Dr Ben Wakerley. 
Leicester General Hospital, University Hospitals of Leicester NHS trust: Dr Mark Lawden. 
Royal Stoke University Hospital, University Hospitals of North Midlands NHS Foundation Trust: 
Dr Brendan Davies. 
Royal Hallamshire Hospital, Sheffield Teaching Hospitals NHS Foundation Trust: Dr Simon 
Hickman. 
 
Study oversight committees 
We thank all the members of the study oversight committees for their valued contributions. 
The IIH:WT Trial Steering Committee; the Data Monitoring and Ethics Committee and the Trial 
Management Group. 
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eMethods 2. Community Weight Management Intervention, Bariatric Surgery Pathway, and 
Hierarchical Regression Analysis 
 
Community weight management intervention 
WeightWatchersTM program was chosen as the community weight management intervention 
(CWI) because it had superior weight loss1, was the best attended and most cost-effective2. 
Participants in the CWI arm were given exemption vouchers for 52 consecutive and specified 
weeks of their local WeightWatchersTM group with access to WeightWatchersTM online and 
mobile tools for 12 months. Vouchers provided 12 sessions at baseline, 3, 6 and 9 months. 
 
Bariatric surgery pathway 
The bariatric surgery pathway participants were screened to ensure their suitability, initially 
for medical and psychological assessment in the weight management clinic. This assessment 
continued for as long as thought appropriate, as per routine care. Once suitable, the case was 
discussed in the joint multi-disciplinary meeting, prior a group session for education regarding 
surgery. The participant then attended a consultant bariatric surgeon and was given a date for 
surgery. Twelve weeks was permitted for further consideration of the procedure if required. 
The standard patient pathway was envisioned to take approximately 4 months. The choice of 
surgical intervention was decided between the surgeon and participant, based on the 
participant’s health and preference. These included laparoscopic adjustable gastric banding, 
laparoscopic Roux-en-Y gastric bypass or laparoscopic sleeve gastrectomy. 
 
Hierarchical regression analysis 
Initially, hierarchical regression models were generated, with data for both eyes for all 
patients analyzed in one model, using group structure to distinguish between the eyes. 
Models contained population-level terms (i.e. terms that apply to each experimental unit) to 
reflect: 1) the mean baseline value (i.e. the intercept); 2) the mean change from baseline 
associated with each assessment time (i.e. time as a factor variable); 3) the extra mean change 
from baseline associated with each assessment time in the experimental arm (i.e. the 
interaction of treatment allocation and time as a factor variable). Additionally, hierarchical 
regression models contained random effects (i.e. terms that are specific to each experimental 
unit) to reflect the random deviations from the population-level mean value at baseline (i.e. 
random intercepts).
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eResults. Relevant Medication Changes Over the Course of the Clinical Trial 
 
Headache preventative medication was taken by 27% (18/66) of all patients at enrolment. This 
reduced markedly amongst the bariatric surgery arm from 36% (12/33) at baseline to 7% 
(2/30) at 12 months, compared with little difference in the CWI arm from baseline 18% (6/33) 
to 21% (6/29) at 12 months. Acetazolamide was taken by 29% (19/66) of all patients at 
enrolment. The number of patients using acetazolamide reduced amongst those in the 
bariatric surgery arm from 24% (8/33) to 3% (1/30) with a mean daily dose change from 
781mg (471.3) to 500mg (standard deviation [SD] 0) compared with the CWI arm whose 
numbers using acetazolamide reduced from 33% (11/33) to 28% (8/33) with a mean daily dose 
change from 909mg (SD 550.8) to 844mg (SD 498.9). Topiramate was used by 12% (4/33) in 
the bariatric surgery arm at baseline. All had discontinued by 12 months, whilst in the CWI arm 
6% (2/33) topiramate use increased to 10% (3/29) by 12 months. Those taking other diuretics 
were 3% (1/33) in bariatric surgery arm and 6% (2/33) in the CWI arm at baseline. By 12 
months, 3% (1/30) were using a diuretic in the bariatric surgery arm and 10% (3/29) in the CWI 
arm. There were no significant differences in the use of antihypertensive medications or 
hormonal contraception. 



© 2021 Mollan SP et al. JAMA Neurology. 

 
 

 

eTable 1. Inclusion and Exclusion Criteria of the IIH:WT 
 

 Criterion 
Inclusion Female patients with IIH aged between 18 and 55 years, diagnosed according to 

the Friedman Jacobson criteria,1 who have active disease [papilloedema (Frisén2 
grade ≥1 in at least one eye), significantly raised LP OP ≥25 cmCSF] of over 2 
months’ duration and no evidence of 
venous sinus thrombosis (MRI or CT and venography as noted at diagnosis) 
Body mass index of ≥35 kg/m2. 
Have previously tried other appropriate non-surgical treatments to lose weight 
but have not been able to achieve or maintain adequate, clinically beneficial 
weight loss for at least 6 months. 
Able to give informed consent. 

Exclusion Age <18 or >55 years. 
Pregnancy, or planning pregnancy. 
Significant comorbidity, Cushing’s syndrome, Addison’s disease or the use of 
oral or injected glucocorticoid therapy. 
Previously undergone optic nerve sheath fenestration 
Definite indication for or contraindication against surgery or dieting 
Have a specific medical or psychiatric contraindication for surgery, including 
drug misuse, eating disorder or major depression (suicidal ideation, drug 
overdose or psychological 
admission in the last 12 months). 
Previous bariatric surgery 
Inability to give informed consent, for example, due to cognitive impairment. 

 
References to eTable 1: 

1. Friedman DI, Liu GT, Digre KB. Revised diagnostic criteria for the pseudotumor cerebri 
syndrome in adults and children. Neurology. 2013; 81(13):1159‐1165. 

2. Frisen L. Swelling of the optic nerve head: a staging scheme. J Neurol Neurosurg Psychiatry. 
1982;45(1):13- 18. 
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eTable 2. IIH:WT Schedule of Events 
 

Outcome Measure Baseli 
ne 

3 mont 
hs 

6 mont 
hs 

Postoperati 
ve 

12 
months 
(primar y 
endpoin 
t) 

24 mont 
hs 

60 mont 
hs 

Intracrania 
l pressure 

Lumbar 
puncture 
opening 
pressure 

x   x x x x 

Clinical 
measures 

Body mass 
index, 
blood pressu 
re, waist/hip, 
fat mass, 
medication 
use 

x x x x x x x 

Idiopathic 
Intracrania 
l 
Hypertensi 
on 
symptoms 

Pulsatile 
tinnitus, 
visual loss, 
diplopia, 
visual 
obscurations 

x    x x x 

Visual 
function 

Visual acuity, 
contrast 
sensitivity, 
colour 
assessment 

x    x x x 

Humphrey 
visual field 
(24–2) 

x    x x x 

Papilledem 
a grade 

Optical 
coherence 
tomography 

x    x x x 

Retinal 
photographs 

x    x x x 

Headache HIT-6, 
headache 
diary 

x    x x x 

Quality of 
life 

EQ-5D-5L, 
ICECAP-A, SF-
36 v1, 
HADS 

x    x x x 

Health 
economics 

Resource use 
questionnair 
e 

x    x x x 

HIT-6 = Headache impact test-6. EQ-5D-5L= ICECAP-A= SF-36v1=, HADS=Hospital anxiety and 
depression score. 
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eTable 3. Secondary Outcome: Headache 
 
Differences in headache and visual function outcomes were not significant at 12- or 24-
months (eTables 3 and 4). Exploratory analysis noted a greater improvement in monthly 
headache days, headache severity and HIT-6 scores in the bariatric surgery arm between 
baseline and 12-months (eTable 3). 
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 Bas 
elin e 

12 
mon 
ths 

24 
mon 
ths 

Differe 
nce 
 
baseline 
to 12 
months 

Difference 
baseline to 
12 months 

Difference 
baseline to 
24 months 

Difference 
between 
arms at 12 
months 

Difference 
between 
arms at 24 
months 

Hierarchical regression 

Mean (SD), n Mean 
(SD); 
95%CI, 
p 

Mean (SE); 95%CI, p 

Headache disability (HIT-6) 

Community 64.3 59.7 60.2 -6.2 -5.3 (1.9); ( -5.7 (2.0); ( -1.4 (2.6); -1.4 (2.8); 
weight (8.6) (12.4 (10.9 (9.8), 28 -9.1, -1.5), -9.7, -1.8), (-6.6, 3.8), (-7.0, 4.1), 
management , 32 ), 26 ), 23  p=0.006 p=0.004 p=0.603 p=0.610 
intervention         
Bariatric 65.1 57.5 56.5 -7.4 -7.5 (1.9); -8.0 (2.0);   
surgery (6.0) (9.1), (13.0 (8.6), 29 (-11.1, - (-11.9, -   
 , 33 29 ), 23  3.9), 4.0),   
     p<0.001 p<0.001   
Monthly headache days 

Community 22.5 16.7 15.8 -6.3 -5.9 (2.2); -7.4 (2.3); -3.2 (2.8); -2.9 (3.0); 
weight (7.8) (11.8 (11.1 (9.9), 23 (-10.2, - (-11.9, - (-8.6, 2.2), (-8.7, 2.9), 
management , 31 ), 24 ), 21  1.6), 2.9), p=0.247 p=0.328 
intervention     p=0.007 p=0.001   
Bariatric 22.0 13.2 11.8 -8.1 -8.5 (2.0); -9.7 (2.2);   
surgery (8.3) (11.4 (11.8 (10.5), (-12.5, - (-13.9, -   
 , 32 ), 29 ), 24 28 4.5), 5.5),   
     p<0.001 p<0.001   
Monthly analgesic frequency 

Community 
weight 
management 
intervention 

14.1 
(9.4) 
, 31 

10.2 
(10.5 
), 24 

9.0 ( 
9.5), 
21 

.. -3.7 (2.1); ( 
-7.9, 0.5), 
p=0.085 

-6.0 (2.2); 
(-10.4, - 
1.6), 
p=0.008 

-3.0 (2.6); 
(-8.1, 2.2), 
p=0.257 

1.2 (2.8); 
(-4.3, 6.7), 
p=0.665 

Bariatric surgery 10.6 
(8.5) 
, 32 

7.3 
(9.1), 
29 

9.3 
(11.0 
), 24 

.. -3.1 (2.0); ( 
-7.0, 0.9), 
p=0.125 

-1.2 (2.1); ( 
-5.3, 2.9), 
p=0.570 

Headache severity (VRS 0-10) 
Community 5.0 4.0 3.8 -1.1 -1.0 (0.6); -1.5 (0.6); -0.9 (0.7); 0.2 (0.8); 
weight (2.1) (3.3), (3.0), (2.5), 22 (-2.2, 0.2), (-2.7, -0.2), (-2.3, 0.6), (-1.3, 1.7), 
management , 31 24 21  p=0.110 p=0.023 p=0.231 p=0.796 
intervention         
Bariatric 5.0 3.2 3.8 -1.6 -1.8 (0.6); -1.2 (0.6);   
surgery (1.9) (2.6), (3.1), (2.7), 28 (-2.9, -0.7), (-2.4, 0.0),   
 , 32 29 24  p=0.002 p=0.045   

CI=confidence interval. SD=standard deviation. SE=standard error. 
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eTable 4. Secondary Outcome: Visual Data (Worst Eye) 
 

 Base 
line 

12 
mont 
hs 

24 
mont 
hs 

Differe 
nce 
 
baselin e 
to 12 
months 

Difference 
baseline to 
12 months 

Difference 
baseline to 
24 months 

Differenc e 
between 
arms at 12 
months 

Differenc e 
between 
arms at 24 
months 

 Mean (SD), n Mean 
(SD); 
95%CI, 
p 

Hierarchical regression Mean (SE); 95%CI, p 

logMar visual acuity 

Community 0.0 0.0 0.0 -0.02 0.0 (0.1); (- 0.0 (0.1); (- 0.0 (0.1); 0.0 (0.1); 
weight (0.2), (0.2), (0.2), (0.20) 0.1, 0.1), 0.1, 0.1), (-0.1, (-0.1, 
management 33 28 21  p=0.985 p=0.661 0.1), 0.1), 
intervention       p=0.598 p=0.988 
Bariatric 0.0 0.0 -0.1 -0.08 -0.1 (0.1); (- -0.1 (0.1); (-   
surgery (0.2), (0.2), (0.1), (0.24) 0.2, 0.0), 0.1, 0.0),   
 33 30 24  p=0.058 p=0.120   
Log contrast sensitivity 

Community 
weight 
management 
intervention 

1.7 
(0.1), 
33 

1.7 
(0.1), 
28 

1.7 
(0.1), 
21 

.. 0.0 (0.1); 
(0.0, 0.1), 
p=0.630 

0.0 (0.1); 
(0.0, 0.1), 
p=0.584 

0.0 (0.1); 
(-0.1, 
0.0), 
p=0.411 

0.0 (0.1); 
(-0.1, 
0.1), 
p=0.951 

Bariatric surgery 1.7 
(0.1), 
33 

1.7 
(0.1), 
29 

1.7 
(0.1), 
24 

.. 0.0 (0.1); 
(0.0, 0.1), 
p=0.463 

0.1 (0.1); 
(0.0, 0.1), 
p=0.066 

Perimetric mean deviation, dB (HVF 24-2 SITA standard) 

Community -3.5 -2.0 -2.1 1.2 1.3 (0.5); ( 1.5 (0.6); ( -0.5 (0.8); 0.1 (0.8); 
weight (3.8), (2.3), (2.8), (2.6) 0.3, 2.3), 0.4, 2.6), (-2.0, (-1.5, 
management 33 29 22  p=0.010 p=0.010 1.0), 1.8), 
intervention       p=0.526 p=0.863 
Bariatric -3.6 -2.8 -2.2 1.1 1.0 (0.5); (- 1.8 (0.6); (   
surgery (3.5), (2.6), (2.2), (2.7) 0.1, 2.0), 0.7, 2.8),   
 32 29 24  p=0.064 p=0.002   
Optical Coherence Tomography 
retinal nerve fibre layer in more affected (worst) eye (μm) 

Community 161.7 111.8 107.4 -56 -50.5 (15.9); -53.0 (17.1); -8.1 -7.7 
weight (95.7 (33.1 (31.9 (88.3), (-81.7, - (-86.6, - (17.3); (- (19.6); (- 
management ), 32 ), 28 ), 22 27 19.3), 19.4), 41.9, 46.1, 
intervention     p=0.001 p=0.002 25.8), 30.7), 
Bariatric 148.8 103.0 103.0 -43 -45.3 (15.7); -47.4 (17.1); p=0.641 p=0.695 
surgery (99.1 (27.4 (27.3 (107.3), (-76.1, - (-80.9, -   
 ), 32 ), 29 ), 22 29 14.5), 13.9),   
     p=0.004 p=0.006   
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All visual function measures are of worst eye. Negative values in the mean difference and 
adjusted mean difference favour surgical arm. SD=standard deviation. CI=confidence interval. 
HVF- Humphrey visual field. 
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eTable 5. IIH Symptoms, Baseline to 12 Months 
 
There was no evidence of improvement in the IIH symptoms of pulsatile tinnitus, visual 
symptoms, diplopia and visual obscurations in either group (eTable 5). 
 

 Baseline 12 months Relative 
Risk* 
 
(95% CI) 

p 
 Community 

weight 
management 

Bariatric 
surgery 

Community 
weight 
management 

Bariatric 
surgery 

Pulsatile Tinnitus 
Not 
experienced 

8 (24) 9 (27) 11(38) 16(53) 0.76 (0.50 
to 1.17) 

0.2 

Experienced 25 (76) 24 (73) 18(62) 14(47)   
Visual Loss 
Not 
experienced 

10 (30) 8 (24) 15(52) 20(67) 0.69 (0.37 
to 1.30) 

0.2 

Experienced 23 (70) 25 (76) 14(48) 10(33)   
Diplopia 
Not 
experienced 

29 (88) 19 (58) 25(86) 26(87) 0.33 (0.07 
to 1.67) 

0.2 

Experienced 4 (12) 14 (42) 4(14) 4(13)   
Visual Obscurations 
Not 
experienced 

16 (48) 16 (48) 25(86) 23(77) 1.53 (0.54 
to 4.35) 

0.4 

Experienced 17 (52) 17 (52) 4(14) 7(23)   
Headache 
Not 
experienced 

1 (3) 2 (6) 6(21) 8(27) 0.98 (0.67 
to 1.44) 

0.9 

Experienced 32 (97) 31 (94) 23(79) 22(73)   
Data are n(%) unless otherwise stated.*Adjusted for baseline IIH symptoms and acetazolamide 
use at entry (stratification variable). Relative risk less than 1 favours bariatric surgery. 
 
CI = confidence intervals. 
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eTable 6. Quality of Life and Hospital Anxiety and Depression Scores 
 

 Base 
line 

12 
mont 
h 

24 
mont 
h 

Difference 
baseline to 
12 months 

Difference 
baseline to 
24 months 

Difference 
between 
arms at 12 
months 

Difference 
between 
arms at 24 
months 

Mean (SD), n Hierarchical regression 
mean (SE); 95%CI, p 

Hierarchical regression 
mean (SE); 95%CI, p 

Quality of Life 
Quality of life (SF-36) PCS summary 

Community 
weight 
management 
intervention 

29.1 
(12.2) 
, 30 

33.4 
(14.8) 
, 25 

32.0 
(13.8) 
, 22 

4.5 (2.6); (- 
0.5, 9.6), 
p=0.079 

4.5 (2.8); (- 
0.9, 9.9), 
p=0.099 

7.3 (3.6); 
(0.2, 14.4), 
p=0.043 

10.4 (3.8); 
(3.0, 17.9), 
p=0.006 

Bariatric Surgery 28.3 
(13.4) 
, 30 

41.6 
(14.0) 
, 28 

45.2 
(12.0) 
, 23 

13.1 (2.5); ( 
8.1, 18.0), 
p<0.001 

16.2 (2.7); 
(10.9, 21.5), 
p<0.001 

Quality of life (SF-36) MCS summary 

Community 
weight 
management 
intervention 

35.8 
(10.2) 
, 30 

37.9 
(12.0) 
, 25 

39.6 
(12.6) 
, 22 

2.1 (2.4); (- 
2.6, 6.9), 
p=0.384 

4.3 (2.6); (- 
0.8, 9.3), 
p=0.097 

1.6 (3.2); 
(-4.6, 7.8), 
p=0.617 

-0.5 (3.4); 
(-7.1, 6.1), 
p=0.876 

Bariatric Surgery 39.7 
(11.5) 
, 30 

39.8 
(12.5) 
, 28 

39.8 
(12.4) 
, 23 

-0.1 (2.4); (- 
4.7, 4.6), 
p=0.981 

0.0 (2.6); (- 
5.0, 5.0), 
p=0.998 

Hospital anxiety and depression scores 
HADS -A 
Community 
weight 
management 
intervention 

10.5 
(4.6), 
32 

10.5 
(5.2), 
26 

9.7 
(5.6), 
21 

-0.1 (0.9); (- 
1.8, 1.6), 
p=0.925 

-1.2 (0.9); (- 
3.1, 0.6), 
p=0.179 

-1.1 (1.3); 
(-3.7, 1.5), 
p=0.405 

-0.2 (1.4); 
(-3.0, 2.6), 
p=0.887 

Bariatric Surgery 10.5 
(5.1), 
30 

9.5 
(4.8), 
28 

9.0 
(5.8), 
24 

-1.1 (0.9); (- 
2.8, 0.6), 
p=0.202 

-1.3 (0.9); (- 
3.1, 0.4), 
p=0.142 

HADS-D 

Community 
weight 
management 
intervention 

7.9 
(4.8), 
32 

7.3 
(4.2), 
27 

7.0 
(5.0), 
22 

-0.3 (0.8); (- 
1.9, 1.3), 
p=0.727 

-1.5 (0.9); (- 
3.3, 0.2), 
p=0.082 

-1.6 (1.2); 
(-4.0, 0.8), 
p=0.200 

-1.5 (1.3); 
(-4.0, 1.1), 
p=0.268 

Bariatric Surgery 7.6 
(4.1), 
31 

6.2 
(5.1), 
30 

4.8 
(4.9), 
24 

-1.6 (0.8); (- 
3.1, 0.0), 
p=0.053 

-2.7 (0.9); (- 
4.4, -1.0), 
p=0.002 
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Data are mean (SD) or mean (SE). 
 
SD=standard deviation. SE=standard error. CI=confidence interval. HIT-6 = Headache impact 
test-6. HADS=Hospital anxiety and depression score. SD = standard deviation. SE = standard 
error. SF-36 = 36-item short form survey. 
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eTable 7. Quality of Life Subscales as Measured by the SF-36 
 

 Basel 
ine 

12 
mont 
hs 

24 
mont 
hs 

Difference 
baseline to 
12 months 

Difference 
baseline to 
24 months 

Difference 
between 
arms at 12 
months 

Difference 
between 
arms at 24 
months 

Hierarchical regression mean (SE); 95%CI, p 

Physical functioning 

Community 56.8 62.6 59.6 4.1 (4.3); (- 6.6 (4.5); (- 20.2 (6.8); ( 27.7 (7.2); 
weight (26.1) (30.6) (30.1) 4.2, 12.5), 2.3, 15.5), 6.9, 33.5), (13.7, 41.8), 
management , 31 , 27 , 23 p=0.331 p=0.144 p=0.003 p<0.001 
Bariatric 56.6 81.9 92.6 24.7 (4.1); 34.6 (4.5);   
Surgery (27.5) (22.9) (13.3) (16.6, 32.8), (25.8, 43.5),   
 , 32 , 29 , 23 p<0.001 p<0.001   
Role limitation due to physical health 
Community 28.1 43.3 46.7 17.4 (8.8); 24.4 (9.2);   
weight (40.5) (47.2) (43.5) (0.2, 34.6), (6.4, 42.3), 
management , 32 , 26 , 23 p=0.047 p=0.008 
Bariatric 36.4 56.0 57.3 9.7 (8.4); 21.1 (9.0); 10.5 (11.8); (- 5.0 (12.5); (- 
Surgery (44.2) (43.6) (46.9) (3.2, 36.2), (3.5, 38.8), 12.5, 33.6), 19.4, 29.5), 
 , 33 , 29 , 24 p=0.019 p=0.019 p=0.371 p=0.687 
Role limitation due to emotional problems 
Community 37.6 51.3 53.6 13.2 (10.0); (- 19.2 (10.4); (-   
weight (43.7) (46.4) (46.9) 6.4, 32.8), 1.3, 39.6), 
management , 31 , 26 , 23 p=0.186 p=0.066 
Bariatric 45.8 57.5 65.2 11.6 ( 9.6); (- 19.5 (10.4); (- 5.9 (12.2); (- 7.9 (13.1); (- 
Surgery (45.4) (47.9) (44.4) 7.2, 30.4), 0.9, 39.9), 18.0, 29.8), 17.9, 33.6), 
 , 32 , 29 , 23 p=0.226 p=0.060 p=0.627 p=0.550 
Energy/Fatigue 
Community 28.0 33.7 36.1 5.7 (4.8); (- 10.8 (5.1); (   
weight (18.2) (27.4) (23.9) 3.8, 15.1), 0.7, 20.8), 
management , 32 , 27 , 23 p=0.242 p=0.035 
Bariatric 26.1 49.0 46.5 22.4 (4.7); 20.1 (5.0); 14.9 (6.4); ( 7.5 (6.8); (- 
Surgery (20.8) (26.7) (28.8) (13.2, 31.7), (10.3, 30.0), 2.4, 27.4), 5.9, 20.9), 
 , 33 , 29 , 24 p<0.001 p<0.001 p=0.020 p=0.275 
Emotional well-being 
Community 50.5 56.0 52.7 5.3 (4.4); (- 5.2 (4.7); (-   
weight (23.6) (27.3) (27.8) 3.4, 14.0), 4.0, 14.5), 
management , 32 , 27 , 23 p=0.232 p=0.268 
Bariatric 55.0 59.2 59.8 3.1 (4.3); (- 5.0 (4.6); (- 2.3 (6.9); (- 4.3 (7.2); ( - 
Surgery (26.3) (26.0) (29.4) 5.4, 11.6), 4.0, 14.1), 11.2, 15.8), 9.9, 18.5), 
 , 33 , 29 , 24 p=0.476 p=0.277 p=0.738 p=0.550 
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Social functioning 

Community 46.9 ( 48.6 ( 50.5 1.8 (2.4); ( - 3.6 (2.5); ( -   
weight 8.4), 6.3), (10.3) 2.9, 6.5), 1.3, 8.5), 
management 32 27 , 23 p=0.450 p=0.145 
Bariatric 55.3 50.4 49.5 ( -4.9 (2.3); ( - -5.9 (2.4); (- 1.8 (2.5); (- -1.1 (2.7); (- 
Surgery (11.3) (10.3) 8.6), 9.4, -0.3), 10.7, -1.1), 3.2, 6.7), 6.5, 4.2), 
 , 33 , 29 24 p=0.036 p=0.016 p=0.482 p=0.680 
Pain 
 

Community 
weight 
management 

45.6 
(26.2) 
, 32 

51.6 
(30.4) 
, 26 

43.5 
(30.0) 
, 22 

6.9 (5.9); (- 
4.6, 18.4), 
p=0.237 

2.5 (6.2); (- 
9.7, 14.7), 
p=0.688 

  

Bariatric 
Surgery 

42.9 
(25.6) 
, 32 

62.4 
(27.4) 
, 28 

61.5 
(31.0) 
, 24 

18.4 (5.7); ( 
7.2, 29.6), 
p=0.001 

17.4 (6.1); ( 
5.5, 29.3), 
p=0.004 

8.4 (7.6); (- 
6.5, 23.3), 
p=0.267 

11.9 (8.1); (- 
4.0, 27.7), 
p=0.143 

General health 

Community 34.1 39.4 32.8 4.7 (4.1); (- 0.3 (4.3); (-   
weight (18.7) (19.7) (21.7) 3.3, 12.7), 8.2, 8.7), 
management , 32 , 27 , 23 p=0.247 p=0.949 
Bariatric 30.8 49.0 58.3 17.9 (4.0); 26.4 (4.2); 9.9 (5.6); (- 22.8 (6.0); 
Surgery (17.6) (24.0) (27.8) (10.2, 25.7), (18.1, 34.7), 1.2, 20.9), (11.1, 34.6), 
 , 33 , 29 , 24 p<0.001 p<0.001 p=0.079 p<0.001 

 
Data are mean (SD) or mean (SE). 
 
CI = confidence intervals. SD = standard deviation. SE = standard error. SF-36 = 36-item short 
form survey. 
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eTable 8. Serious Adverse Events at 12 and 24 Months 
 

Time following 
randomisation 

Community weight 
management intervention 

Bariatric surgery Total 

Related Unrelated Related Unrelated  
0-12months 0 3 (3) 4 8 (6) 15 
12-24months 1* 7 (4) 1 0 (0) 9 
Total 1 10 (7) 5 8 (6) 24 

 
Data are n. Those in brackets are the number of events that are a hospitalised episode of 
exacerbation of idiopathic intracranial hypertension. 
 
* This participant had a headache following lumbar puncture as part of the trial, which was 
therefore assigned as a related serious adverse event headache. Adverse events are 
presented by Medical Dictionary for Regulatory Activities preferred term. 
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eTable 1: Results at 12 months follow-up 
 

12 months mean (SD), number 
 Bariatric surgery Diet weight 

management 
All RYGB LGB LSG  

Intracranial 
pressure 
(cmCSF) 

24.3 (9.4), 19 20.4 ( 4.7), 12 40.3 (12.1), 3 23.9 ( 5.4), 4 31.5 ( 5.3), 35 

Weight (kg) 91.0 (26.3), 
20 

81.2 (20.8), 
12 

125.5 (25.0), 
4 

85.8 (12.8), 4 112.4 (22.1), 
39 

Excess body 
weight (Kg) 

24.6 (24.7), 
20 

15.5 (20.9), 
12 

56.7 (21.8), 4 19.6 ( 7.2), 4 44.8 (21.3), 39 

Body mass 
index 
(kg/m2) 

34.2 (8.8), 20 31.0 (7.8), 12 45.3 (6.9), 4 32.3 (2.4), 4 41.5 (7.9), 39 

OCT global 
peripapillary 
retinal nerve 
fiber layer 
thickness worse 
eye 
(μm) 

104.0 (31.1), 
20 

97.1 (11.3), 
12 

105.2 (30.6), 
4 

123.8 (63.2), 
4 

109.1 (30.2), 
37 

OCT optic 
nerve head 
volume 
central 
thickness 
worse eye 
(μm) 

501.2 (179.7), 
17 

455.6 (107.5), 
11 

580.5 (376.9), 
2 

587.0 (254.3), 
4 

578.4 (126.6), 
36 

Perimetric 
mean 
deviation 
worst eye 
(dB) 

-2.8 (2.8), 19 -2.3 (2.1), 11 -2.5 (3.0), 
4 

-4.6 (4.1), 
4 

-2.2 (2.3), 39 

Monthly 
headache 
days 

10.8 (12.1), 
20 

9.3 (11.1), 12 13.0 (15.1), 4 13.0 (15.1), 4 17.2 (10.8), 33 

Headache 
severity (VRS 
0-10) 

2.7 (2.7), 20 2.7 (2.7), 12 3.3 (3.9), 4 1.9 (2.2), 4 4.1 (3.0), 33 

HIT-6 score 55.2 ( 9.8), 19 51.7 ( 9.1), 11 63.8 ( 4.9), 4 56.2 (11.4), 4 60.3 (10.9), 36 
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eTable 2: Results at 24 months follow-up 
 

24 months mean (SD), number 
 Bariatric surgery Diet weight 

management 
All RYGB LGB LSG  

Intracranial 
pressure 
(cmCSF) 

20.4 (7.8), 15 17.0 (4.5), 10 35.0 ( -), 1 25.5 (8.8), 4 30.1 (5.6), 25 

Weight (kg) 83.2 (27.6), 
16 

72.5 (18.8), 
10 

137.5 (32.2), 
2 

83.0 ( 7.5), 4 112.1 (22.8), 
30 

Excess body 
weight (Kg) 

16.3 (26.5), 
16 

6.0 (19.9), 10 66.1 (31.0), 2 16.9 ( 1.4), 4 44.5 (22.6), 30 

Body mass 
index 
(kg/m2) 

31.0 (9.4), 16 27.5 ( 7.5), 10 48.0 (10.5), 2 31.3 ( 0.4), 4 41.5 (8.4), 30 

OCT global 
peripapillary 
retinal nerve 
fiber layer 
thickness worse 
eye 
(μm) 

98.1 (31.3), 
14 

92.8 (13.1), 8 81.5 (44.5), 2 117.0 (49.5), 
4 

108.5 (28.4), 
30 

OCT optic 
nerve head 
volume 
central 
thickness 
worse eye 
(μm) 

469.8 (182.9), 
13 

445.3 (106.8), 
7 

314.0 ( 91.9), 
2 

590.8 (266.8), 
4 

544.4 (135.6), 
28 

Perimetric 
mean 
deviation 
worst eye 
(dB) 

-2.5 (2.4), 16 -2.1 (1.8), 10 -2.0 (2.1), 
2 

-3.6 (3.8), 
4 

-1.9 (2.6), 30 

Monthly 
headache 
days 

11.0 (13.2), 
16 

8.8 (12.5), 10 16.0 (17.0), 2 14.0 (16.2), 4 15.2 (10.4), 29 

Headache 
severity (VRS 
0-10) 

3.3 (3.5), 16 2.9 (3.6), 10 7.3 (0.4), 
2 

2.2 (2.9), 
4 

4.1 (2.8), 
29 

HIT-6 score 52.7 (13.6), 
15 

49.2 (14.2), 9 61.0 ( 8.5), 2 56.2 (14.4), 4 61.1 (10.3), 31 

HIT-6 = headache impact test-6 ICP = intracranial pressure; IIH:WT = idiopathic intracranial 
hypertension weight trial; LSG - laparoscopic sleeve gastrectomy; LGB - laparoscopic gastric band; OCT 
= optical coherence tomography; RYGB - Roux-en-Y gastric bypass; SD = standard deviation; VRS = 
verbal rating scale 
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eTable 3: Difference between baseline and 12 months using hierarchical regression analysis. 
 

Difference between baseline and 12 months 
Hierarchical regression 
mean (SE); 95%CI, p 

 RYGB LGB LSG Diet weight 
management 

Intracranial -14.4 (1.9); 7.1 (3.5); -12.4 (3.3); -3.3 (1.1); 
pressure (-18.1, -10.7), ( 0.3, 14.0), (-18.9, -5.9), ( -5.4, -1.2), 
(cmCSF) p<0.001 p=0.044 p<0.001 p=0.003 
Weight (kg) -34.9 (2.6); -1.8 (4.4); -29.4 (4.6); -5.6 (1.5); 
 (-40.0, -29.8), (-10.4, 6.8), (-38.4, -20.5), ( -8.4, -2.7), 
 p<0.001 p=0.683 p<0.001 p<0.001 
Excess body -34.2 (2.6); -1.7 (4.4); -29.2 (4.6); -5.4 (1.4); 
weight (Kg) (-39.3, -29.1), (-10.3, 6.9), (-38.1, -20.3), ( -8.3, -2.6), 
 p<0.001 p=0.699 p<0.001 p<0.001 
Body mass -12.7 (1.0); -0.6 (1.6); -10.8 (1.7); -2.0 (0.5); 
index (kg/m2) (-14.6, -10.8), (-3.8, 2.5), (-14.1, -7.5), ( -3.0, -0.9), 
 p<0.001 p=0.688 p<0.001 p<0.001 
OCT global -76.7 (25.0); -19.6 (40.0); -7.7 (43.2); -47.3 (13.9); 
peripapillary (-125.6, -27.8), ( -98.0, 58.8), ( -92.5, 77.0), (-74.5, -20.2), 
retinal nerve p=0.003 p=0.625 p=0.858 p=0.001 
fiber layer     
thickness worse     
eye (μm)     
OCT optic -148.5 (48.9); (- -61.4 (91.0); -169.5 (68.8); (- -53.2 (25.1); 
nerve head 244.3, (-239.7, 117.0), 304.3, (-102.5, -4.0), 
volume -52.8), p=0.502 -34.7), p=0.037 
central p=0.003  p=0.016  
thickness worse     
eye (μm)     

Perimetric mean 
deviation worst 
eye (dB) 

1.3 (0.8); 
(-0.3, 3.0), 
p=0.121 

-0.6 (1.4); 
(-3.3, 2.1), 
p=0.649 

1.2 (1.4); 
(-1.6, 4.0), 
p=0.409 

1.3 (0.5); 
(0.4, 2.2), 
p=0.005 

Monthly -12.8 (3.1); -2.6 (5.6); -9.0 (5.4); -5.6 (1.8); 
headache days (-18.8, -6.7), (-13.6, 8.3), (-19.7, 1.7), (-9.3, -2.0), 
 p<0.001 p=0.640 p=0.102 p=0.003 
Headache -2.6 (0.9); 0.0 (1.5); -2.5 (1.5); -1.0 (0.5); 
severity (VRS (-4.3, -0.9), (-3.0, 2.9), (-5.4, 0.5), (-2.0, 0.0), 
0-10) p=0.003 p=0.980 p=0.107 p=0.045 
HIT-6 score -11.7 (2.9); 2.1 (4.7); -12.0 (4.9); -5.3 (1.6); 
 (-17.4, -6.1), (-7.0, 11.3), (-21.6, -2.4), (-8.4, -2.2), 
 p<0.001 p=0.652 p=0.016 p=0.001 
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eTable 4: Difference between baseline and 24 months using hierarchical regression analysis. 
 

Difference between baseline and 24 months 
Hierarchical regression 
mean (SE); 95%CI, p 

 RYGB LGB LSG Diet weight 
management 

Intracranial -17.5 (2.0); -0.7 (5.6); -10.8 (3.3); -4.7 (1.2); 
pressure (-21.4, -13.6), (-11.6, 10.2), (-17.2, -4.3), (-7.1, -2.3), 
(cmCSF) p<0.001 p=0.901 p=0.002 p<0.001 
Weight (kg) -42.5 (2.8); 1.0 (5.7); -32.2 (4.6); -5.2 (1.6); 
 (-47.9, -37.1), (-10.3, 12.2), (-41.2, -23.3), (-8.3, -2.1), 
 p<0.001 p=0.868 p<0.001 p=0.001 
Excess body -42.8 (2.8); 0.4 (5.7); -31.9 (4.6); -5.2 (1.6); 
weight (Kg) (-48.2, -37.4), (-10.8, 11.6), (-40.8, -23.0), (-8.3, -2.1), 
 p<0.001 p=0.948 p<0.001 p=0.001 
Body mass -16.0 (1.0); 0.0 (2.1); -11.8 (1.7); -1.8 (0.6); 
index (kg/m2) (-18.0, -14.0), ( -4.2, 4.1), (-15.1, -8.5), (-2.9, -0.6), 
 p<0.001 p=0.985 p<0.001 p=0.002 
OCT global -84.1 (28.2); -41.0 (51.5); -14.5 (43.2); -47.2 (14.8); 
peripapillary (-139.5, -28.8), (-141.8, 59.9), ( -99.2, 70.2), (-76.2, -18.2), 
retinal nerve p=0.004 p=0.427 p=0.738 p=0.002 
fiber layer     
thickness worse     
eye (μm)     
OCT optic -170.1 (54.9); (- -206.2 (91.0); (- -165.7 (68.8); (- -76.3 (27.4); 
nerve head 277.8, -62.4), 384.5, -27.8), 300.6, -30.9), (-130.0, -22.5), 
volume p=0.003 p=0.026 p=0.018 p=0.007 
central     
thickness worse     
eye (μm)     

Perimetric mean 
deviation worst 
eye (dB) 

1.7 (0.9); 
(0.0, 3.5), 
p=0.048 

0.5 (1.8); 
(-3.0, 4.1), 
p=0.767 

2.2 (1.4); 
(-0.6, 5.0), 
p=0.123 

1.7 (0.5); 
( 0.7, 2.6), 
p=0.001 

Monthly -12.8 (3.3); 1.5 (6.9); -8.0 (5.4); -8.2 (1.9); 
headache days (-19.2, -6.3), (-12.1, 15.0), (-18.7, 2.7), (-12.0, -4.4), 
 p<0.001 p=0.832 p=0.145 p<0.001 
Headache -2.4 (0.9); 4.1 (1.9); -2.1 (1.5); -1.3 (0.5); 
severity (VRS (-4.2, -0.6), (0.4, 7.8), (-5.1, 0.8), (-2.3, -0.2), 
0-10) p=0.010 p=0.031 p=0.164 p=0.018 
HIT-6 score -14.2 (3.1); 1.7 (6.1); -12.0 (4.9); -4.9 (1.7); 
 (-20.3, -8.1), (-10.4, 13.7), (-21.6, -2.4), (-8.2, -1.6), 
 p<0.001 p=0.786 p=0.016 p=0.004 

 
HIT-6 = headache impact test-6 ICP = intracranial pressure; IIH:WT = idiopathic intracranial hypertension weight 
trial; LSG - laparoscopic sleeve gastrectomy; LGB - laparoscopic gastric band; OCT = optical coherence 
tomography; RYGB - Roux-en-Y gastric bypass; SD = standard deviation; VRS = verbal rating scale. 
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eTable 5: The difference between Roux-en-Y gastric bypass (RYGB) and weight 
management intervention at 12 months and 24 months using a hierarchical regression 
analysis. 
 

Difference between Roux-en-Y gastric bypass and diet weight management 
intervention 

Hierarchical regression 
mean (SE); 95%CI, p 

 12 months 24 months 
Intracranial pressure -11.5 (2.0); (-15.3, -7.6), -13.2 (2.2); (-17.4, -9.0), 
(cmCSF) p<0.001 p<0.001 
Weight (kg) -27.6 (6.8); (-40.9, -14.4), -35.6 (6.9); (-49.0, -22.1), 
 p<0.001 p<0.001 
Excess body weight (Kg) -25.8 (6.4); (-38.3, -13.2), -34.6 (6.5); (-47.4, -21.9), 
 p<0.001 p<0.001 
Body mass index (kg/m2) -9.2 (2.3); (-13.8, -4.7), -12.7 (2.4); (-17.4, -8.1), 
 p<0.001 p<0.001 
OCT global peripapillary -12.1 (21.9); ( -55.0, 30.8), -19.7 (26.1); ( -70.8, 31.4), 
retinal nerve fiber layer p=0.580 p=0.450 
worse eye (μm)   
OCT optic nerve head -125.2 ( 53.2); (-229.3, - -123.7 ( 60.6); (-242.6, - 
volume 21.0), 4.9), 
central thickness worse eye p=0.019 p=0.041 
(μm)   
 0.2 (1.0); (-1.8, 2.2), 0.3 (1.0); (-1.8, 2.3), 

Perimetric mean deviation 
p=0.845 p=0.801 

worst eye (dB)   

Monthly headache days -7.8 (3.4); (-14.4, -1.1), -5.2 (3.6); (-12.3, 1.9), 
 p=0.023 p=0.153 
Headache severity -1.5 (0.9); (-3.2, 0.2), -1.0 (0.9); (-2.9, 0.8), 
(VRS 0-10) p=0.090 p=0.275 
HIT-6 score -7.6 (3.3); (-14.1, -1.2), -10.5 (3.5); (-17.4, -3.6), 
 p=0.019 p=0.003 
HIT-6 = headache impact test-6 ICP = intracranial pressure; IIH:WT = idiopathic intracranial hypertension 
weight trial; LSG - laparoscopic sleeve gastrectomy; LGB - laparoscopic gastric band; OCT = optical 
coherence tomography; RYGB - Roux-en-Y gastric bypass; SD = standard deviation; VRS = verbal rating 
scale. 
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Supplemental methods - allodynia checklist: 
 
Allodynia symptom checklist-12 

The allodynia symptom checklist response scales are coded as follows: 
 
• Combing your hair: Does not apply=0, Never=0, Rarely=0, Less than half 

the time=1, Half the time or more=2 
 

• Pulling your hair back: Does not apply=0, Never=0, Rarely=0, Less than half 
the time=1, Half the time or more=2 

 
• Shaving your face: Does not apply=0, Never=0, Rarely=0, Less than half the 

time=1, Half the time or more=2 
 

• Wearing eyeglasses: Does not apply=0, Never=0, Rarely=0, Less than half 
the time=1, Half the time or more=2 

 
• Wearing contact lenses: Does not apply=0, Never=0, Rarely=0, Less than 

half the time=1, Half the time or more=2 
 

• Wearing earrings: Does not apply=0, Never=0, Rarely=0, Less than half the 
time=1, Half the time or more=2 

 
• Wearing necklace: Does not apply=0, Never=0, Rarely=0, Less than half the 

time=1, Half the time or more=2 
 

• Wearing tight clothing: Does not apply=0, Never=0, Rarely=0, Less than half 
the time=1, Half the time or more=2 

 
• Taking a shower: Does not apply=0, Never=0, Rarely=0, Less than half the 

time=1, Half the time or more=2 
 

• Resting your face or head on a pillow: Does not apply=0, Never=0, 
Rarely=0, Less than half the time=1, Half the time or more=2 

 
• Exposure to heat: Does not apply=0, Never=0, Rarely=0, Less than half the 

time=1, Half the time or more=2 
 

• Exposure to cold: Does not apply=0, Never=0, Rarely=0, Less than half the 
time=1, Half the time or more=2 

 
The total score is calculated by summing the values for each question. 
 
The score ranges from 0 to 24 where a low score is good 
 
The allodynia scores can also be characterised using cut-off values as follows: 
 
0-2 = no allodynia; 3-5 = mild allodynia; 6-8 = moderate allodynia 
9 or more = severe allodynia 
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Supplemental Table 1- Headache characteristics at baseline 
 
  

Headache location (not mutually exclusive), % (number)  

Bilateral 76% (37/49) 

Unilateral Right 20% (10/49) 

Unilateral Left 18% (9/49) 

Frontal 72% (31/43) 

Temporal 47% (20/43) 

Parietal 37% (16/43) 

Occipital 44% (19/43) 

Periorbital 8% (3/38) 

Retroorbital 18% (7/38) 

Headache quality (not mutually exclusive), % (number)  

Throbbing 73% (32/44) 

Pressure 55% (24/44) 

Stabbing/Sharp 11% (5/44) 

Shooting 7% (3/44) 

Unclear 35% (17/58) 

Combination of features 45% (20/44) 

Associated symptoms, % (number)  

Photophobia 81% (38/47) 

Phonophobia 60% (27/45) 

Osmophobia 19% (3/16) 

Nausea 70% (32/46) 

Vomiting 18% (8/45) 

Dizzy symptoms 33% (10/30) 
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Autonomic features 5% (1/19) 

Pulsatile tinnitus 74% (49/66) 

Activity that exacerbated headache  

Physical activity 53% (19/36) 

Lying flat 32% (9/28) 

Bending 31% (11/35) 

Valsalva manoeuvre 23% (8/35) 

 
 

Supplemental Table 2 – Pressure allodynia at baseline and 12 months 
 

 Baseline  12 months 

 n mean sd  n mean sd 

        
F1 54 0.54 1.00  45 0.34 0.77 
F2 54 2.10 2.53  45 1.52 2.60 
F3 54 7.42 8.49  45 7.69 11.47 
HS (0-10) 59 5.02 2.00  49 3.66 2.88 
MHD / days 59 22.31 7.76  49 15.67 11.48 
ICP / cmCSF 62 34.68 5.69  51 28.88 7.84 

 
Key: sd, standard deviation; von Frey hairs (F1, 0.32g; F2, 8.30g; and F3, 24g); HS, 
headache severity; MHD, monthly headache days; ICP, intracranial pressure. 
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