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Objectives
• Demonstrate PET measured CSF clearance reductions in Alzheimer’s Disease
• Anatomical correlations between dynamic PET and GADO MR (Gold Standard)
• Test CSF clearance reductions with aging
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de Leon, Li, Rusinek et al 2017
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AD Diagnosis
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Ventricle CSF Clearance Reduction Replications in AD
18F-THK5117- 2017
18F-THK5351- 2022

Slope p<.01
AUC p<.01

de Leon, Li, …Rusinek et al J.Nuc.Med. 2017
Li, Rusinek,… de Leon et al Fluids 2022
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ISF Clearance Aβ
THK5117-PET PiB-PET
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de Leon and Li unpublished 
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CSF Clearance and Amyloid Binding

Li, Y ….de Leon, MJ et al Fluids and Barriers 2022
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r= −0.64, n=24, p<.01

CSF-SLOPE
AD vs normal − 18%, p< .01
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Anatomical Studies
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Extra-cranial CSF  Clearance 

[11C]-Cocaine

[18F]-THK5117 (TAU)
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U=8, p<0.02

Superior Turbinate CSF Clearance
(number of voxels x AUC)
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Johnston M, et al  (2004)

de Leon, Li , Rusinek et al J Nuc Med 2017
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Candidate PET Clearance Tracer- [11C]-Butanol

Freely permeable, rapidly clearing, and non-binding
Kothari PJ, Finn RD, Vora MM, Boothe TE, Emran AM, Kabalka GW.
1-[11C]butanol: synthesis and development as a radiopharmaceutical for blood flow measurements
Int J Appl Radiat Isot. 1985 May;36(5):412-3. doi: 10.1016/0020-708x(85)90285-6. PMID: 4018902.

Waterhouse NN, Kothari PJ, Dooley M, Hu B, de Leon MJ, Babich J, Qu W. 
Synthesis of [1-11C]Butanol via a facile solid phase extraction protocol. 
Appl Radiat Isot. 2020 May;159:109078. doi: 10.1016/j.apradiso.2020.109078. Epub 2020 Feb 8. PMID: 
32068145.
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Demographics 11C-Butanol
Normal Subjects 35

Age 64 +/- 17 ; range: (23 - 86)

Female 66%

Ventricle Volume 
Young (23-67y)  n= 15
Old (68-86y) n= 20

18 cm3

37 cm3
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11C-Butanol 
Ventricular CSF and Blood (IDIF) TAC

BLOOD

CSF
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Cross Tracer Agreement Ventricular Clearance
11C-Butanol vs. 18F-MK6240
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MR 10h 5-15min slope (1st Quartile)

i.t. GadolimiumMRI i.v. 11C-Butanol PET

Optic N.

Olfactory N.
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10h 

i.t. GadolimiumMRI i.v. 11C-Butanol PET

5-15min slope (1st Quartile)
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71y Female 23y Female11C-Butanol PET superior sag. sinus
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Olfactory and Optic Nerve AUC and Slopes
Age Statistics

Whole Brain Normalized

Cribriform Plate
NS

Optic Nerve Sheath
NSAvg. AUC 5-60m

Slope 5-15m         r= .35, p<.05 ` NS

SSS
Old+11%, p<.05

r=.55, p<.05
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Ventricular CSF TAC Before and After Volume Correction
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Volume Adjusted Ventricular CSF AUC 5-60min by Age Group

O-Y/Y P
Value

CSF AUC *1000 -21% <.001

V. Volume cm3 +106% <.001

CSF AUC* V. Vol (*1000) +59% <.001

Ventricular CSF tracer (load) elevated in old 1.6X
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Conclusions

PET measures of CSF drainage reduced and have diagnostic value

11C-Butanol a novel radiotracer to explore CSF egress pathways
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