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Current State

⚫ Quality

– Specialization

– Team Working

– Standardization

– Research

– Patient Optimization 

884 first-time shunted patients 1958-1989 

The overall infection rate for all implanted 

CSF shunts was 7.4% (5.7-9.3%) and the 

acute rate of infection was 6.2% (4.6-7.9%). 



Work to do: shunts still fail



So What Actually is 
Hydrocephalus? 



What Actually is Normal:  ICP

Time period

Median 

Sys Median Dias

Median 

ICP

Median 

Pulse 

Amp Peak ICP

Trough 

ICP

%age 

Negative 

ICP

No ICP 

spikes 

>25/hr

%ICP > 

15 PIP

Indirect 

com-

pliance

PIP at 

greatest 

x hour 

variance

All 6.2705 0.42165 2.9665 5.2175 25.69 -162.6 13% 1 1% -0.452 -ve 6h -0.765

Day 5.0025 -0.54745 1.8605 5.4095 25.69 -162.6 7% 1 1% -0.760 -ve 3h -0.829

Night 8.8295 3.811 5.9495 4.7905 20.07 -0.9041 0% 0 0% 0.266 >4



Insight into ICP and PA in healthy 
individuals

9

Median ICP in this population was 

3.21 mmHg (95%

CI 2.29–4.13), with this being lower 

during the day

(0.36 mmHg, 95% CI -0.62 - 1.34) and 

higher at night

(5.84 mmHg, 95% CI 4.90–6.78)
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What Actually is Normal:  CSF 
Production

Cerebrospinal Fluid 
Production Rate In Various 
Pathological Conditions: A 
Preliminary Study



Methods

We performed a prospective 
observational study in all 

patients in our hospital who 
required CSF drainage as part 

of their ongoing treatment. 

Statistical analysis used 

SPSS (version 25.0, IBM) by 

paired t-test, comparing 

measured rates to normal 

CSF production rates 

calculated and published by 

Ekstedt (16-34ml/hour).



Results
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Graph1: Range of PRcsf in various pathological conditions



Optimizing Patients: Intracranial 
Pressure Based on Clinical Symptoms

High suggested intracranial pressure words. 

Common words used in clinic letters with 

clinical suspicion of high intracranial 

pressure state. Word Visualisation Tool from 

www.edwordle.net

Low suggested intracranial pressure words. 

Common words used in clinic letters with 

clinical suspicion of low intracranial pressure 

state. Word Visualisation Tool from 

www.edwordle.net



Correct clinical prediction 1 out of 10 cases

Clinical 
Prediction of 

ICP state 

Wording Used Actual ICP 
state 

Median ICP 
(mmHg) 

Correct 
Clinical 

Suspicion 

Patient Outcome 

Low Low pressure headaches when standing Normal -1.3 No 
Shunt revision to add 

telesensor 

High 
Headaches worse in the mornings and when 

bending over, suggesting raised ICP 
Normal 0.0 No Sleep study referral 

Low 
Low pressure headaches, worse with 

upright positions 
Normal 0.5 No No intervention 

Low Progressive headaches suggesting raised ICP Normal 0.9 No 
Neurology headache 

referral 

High Headaches worse when standing Normal 0.9 No Autonomics referral 

High 
Features of raised intracranial pressure, 
headaches worse when leaning forward 

Normal 2.9 No No intervention 

Low 
Headache improves when lying flat, patient 

may be over-draining 
Normal 4.0 No 

Neurology headache 
referral 

Low 
Postural headaches suggestive of over-

drainage 
Normal 4.4 No 

Neurology headache 
referral 

High 
Recurrent raised pressure headache, worse 

in the mornings 
High 7.8 Yes Shunt revision 

Low Positional headache worse on standing High 10.0 No Shunt revision 

 



Paradoxical effect of 
valve setting 

adjustment on ICP

D’Antona L1, Thompson S1, Chari A1, 
Craven C1, Funnell J1, Thorne L1,2, 

Watkins LD1, Toma AK1,2

1The National Hospital for 
Neurology and Neurosurgery, 

London, UK
2The Wellington hospital, London, 

UK

Towards Personalised Medicine



Valve setting 
direction

24 hours 
median ICP 

direction
N. Tot N. (%)

25
51 

(68%)
26

14
24 

(32%)
10

Paradoxical effect



Median ICP and pulse 
amplitude change

mm Hg
Mean Valve 

setting change 
(SD)

ICP change: 
Mean of the 24 
hours medians 

change (SD)

Range median 
24 hours ICP 

change

Mean pulse 
amplitude change 

(SD)

Range pulse amplitude 
change

All cases -0.06 (± 4.3) -0.06 (± 3.24) -8.1 to +9.48 -0.1 (± 1.4) -6.8 to +4.5

Valve setting 
UP 3.2 (± 2.6) 0`9 (± 2.5) -3.5 to 5.6 0.1 (± 0.9) -4.1 to +2

Valve setting 
DOWN -3.6 (± 2.5) -1.1 (± 3.6) -8.1 to 9.5 -3.5 (± 1.7) -6.8 to 4.5



Facilitates routine, non-
invasive ICP measurement

The cost of hardware must 
be outweighed by 
improvements to 
management and 
reductions in service use

Dealing with uncertainty: Telemetry



Amplitude

Pressure

Pre TAP  

 Seconds  steps  Median Pressure Median amplitude

Normal Speed   44   55   Sitting -9.9    3.94

Fastest Speed   18   32   Supine   9.1 6.89

Towards Rapid Optimization



Amplitude

Pressure

Post TAP  

 Seconds  steps  Median Pressure Median amplitude

Normal Speed   23   32   Sitting  -7.8    3.28

Fastest Speed   12.5    22   Supine   5.9  3.41

PA To determine shunt settings?



OVERALL SERVICE COST

24m - 18m - 12m - 6m - - 6m - 12m - 18m - 24m

ICPM 45 25 57 83 13 7 0 10

Other procedure 8 40 35 30 17 7 0 16

NS outpatient 186 187 213 242 340 227 222 169

Neurology 106 198 147 118 97 92 110 79

Ophthalmology 9 2 9 10 10 8 7 6

A&E 25 13 32 17 15 12 0 14

MRI scans 48 69 68 70 61 62 46 114

CT scans 49 57 80 76 70 39 14 69

X-Rays 88 52 95 52 45 45 39 74

Total 565 644 736 698 668 499 437 552



Future Proofing: iNPH

‘…shunting procedure often works well if the patient has the classic triad 

of cognitive and gait impairment and incontinence due to hydrocephalus as 
a sequel to a previous episode of meningitis or subarachnoid hemorrhage’



The Response: Yes

⚫ 14 patients randomized to open or 

closed shunts.  At 3/12 patients with 

ligated shunts had their shunts 

opened. 

⚫ Patients with open shunts improved, 

30%  motor and 23% psychometric 

scores

⚫ Those with initially ligated shunts 

were unchanged but improved in 

both motor (28%) and cognitive 

(18%) functions following removal of 

the ligature.



Conclusions: Clinical improvement of 

patients with NPH can be sustained for 

5–7 years in some patients with NPH



How (not) to Diagnose NPH



Provocative Testing Takes Too 
Long

⚫ 15 VP shunt patients (2/12 sample)

⚫ mean age 75.6 (±3.8) years

⚫ Mean lead time between referral and VP 

shunting was 321(±104) days.

– 17(±16) days between referral sending and receipt, 

– 62(±22) days 229(±75) days until shunt surgery.

⚫ Patients undergoing extended lumbar 

drainage (LD) protocol waited 249 days 

from referral to shunting 

⚫ 188 days for those who proceeded directly 

to shunt



Provocative Testing is Resource 
Intensive…

⚫ Estimated prevalence of iNPH 

among individuals 65 years and 

older was 3.7%

⚫ iNPH was four times as common 

among those aged 80 years and 

older (8.9%) than among those 

younger than 80 years (2.1%)



…and Impractical at Scale

⚫ 18% UK population >65 yr: 

11,816,649 ( + 800,000 pa)

⚫ 3.7% ~ 430,000 ( + 29,600 pa)

⚫ 2016/17 243,000 joint 

replacements in Eng/Wal/NI

⚫ Avg 217 VP shunt/yr over ten 

years for iNPH UK



Provocative Testing is not Accurate



Provocative Testing is not Needed

⚫ (DESH)…worthwhile for the 

diagnosis of iNPH

⚫ Study of iNPH on neurological 

improvement (SINPHONI) 

2010



Summary

⚫ Shunting is effective in most with 

iNPH with gait impairment

⚫ Predictive tests are good when 

positive

⚫ Predictive tests are not good when 

negative

⚫ Practice persists with slow iterative 

process

⚫ Current practice not compatible with 

potential future workload



Pragmatic UK NPH Trial (PUNT)

Diagnostic 
LP

CSF Shunt 
Surgery

CSFTT (+/- LIS)

CSF Shunt 
Surgery

ELD/ELD Conservative 
management

“NPH” 
i.e. gait 
apraxia
“+ve 
scan”



Primary Goals     Secondary Goals

⚫ Show straight to shunt has 

therapeutic equivalence with 

current practice

⚫ Reduces time to treatment

⚫ Improves quality of life

⚫ Improves equity and service

⚫ Reduces complications

⚫ Reduces treatment cost

⚫ Patients with specific 

radiological criteria have a 

favourable outcome

⚫ Patients with specific 

neurodegenerative or 

hydrocephalic profiles have a 

less/more favourable 

outcome

⚫ Incorporate AI and 

mathematical modelling to 

predict shunt outcome
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