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Threshold Discrimination Identification TDI composite score

Hippocampus r=-0.43, p=0.018 r=0.03, p=0.85 r=-0.36, p=0.047 r=-0.35, p=0.054

ParaHippocampus r=-0.20, p=0.30 r=0.15, p=0.44 r=-0.21, p=0.26 r=-0.16, p=0.38

Piriform Cortex r=-0.34, p=0.07 r=-0.21, p=0.27 r=-0.34, p=0.06 r=-0.39, p=0.03

CNR LC left r=0.23, p = 0.22 r=0.14, p=0.45 r=0.48, p=0.007 r=0.38, p=0.039

INTRODUCTION

Parkinson’s disease (PD)

Degeneration of the 

noradrenergic (NA) system
[1,2,3]

Olfactory dysfunction
• Early non-motor symptom [4]

• Prevalence between 50-90% [5]

• No effect of Ldopa [6]

OBJECTIVES

Investigate the relationship between

in vivo NA markers and 

olfactory impairment in patients with PD

METHODS

Neuromelanin-sensitive T1_weighted image

HC PD patient

HC PD patient

MNI space
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LC identification

LC contrast-noise-ratio

CNRLC=(SLC-SREF)/SREF

Mean [11C]yohimbine BPND parametric maps

Extraction of 

[11C]yohimbine 
BPND values [7]

within 

olfactory ROIs 
using the 

Hammers atlas [8,9]

[11C]yohimbine PET LC Neuromelanin MRI

LC areas

Healthy 

controls
PD patients Stat.

N (F/M) 18 (10/8) 14 (4/10) *

Age 59.7 (7.2) 61.3 (9.6) ns#

MoCA 27.9 (1.5) 27.9 (2) ns§

PD characteristics

Disease duration (years) - 6.9 (4.2)

LEDD (mg/day) - 910 (668)

Hoehn & Yahr - 1.8 (0.4)

MDS-UPDRS I - 8.5 (5.1)

MDS-UPDRS III - 17.7 (12.3)

Olfaction

Threshold 10.1 (2.8) 4.7 (2.9) <0.001#

Discrimination 13.3 (2.1) 10.8 (2.1) 0.002#

Identification 14.1 (1.8) 6.9 (2.9) <0.001§

TDI composite score 37.4 (3.4) 22.3 (4.5) <0.001#

Olfactory Screening

• Threshold

• Discrimination

• Identification Rose

Partial correlations adjusted 

for age and sex

RESULTS

➢ Increase [11C]yohimbine BPND in PD patients➢Worse olfactory performance of PD patients

Note. Data are presented as mean (SD). Abbreviations: MoCA, Montreal Cognitive
Assessment; MDS-UPDRS, Movement Disorder Society-sponsored revision of the Unified
Parkinson’s disease Rating Scale; #Parametric test (Student’s t-test); §non-parametric test
(Wilcoxon test).

➢Reduced LC signal intensity in PD

➢Relationship between olfactory performances and in vivo imaging 

W=63, p = 0.016 t=-2.11, p = 0.044 t=-2.14, p = 0.041
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CONCLUSIONS

funded by ANR and France Parkinson

18 healthy subjects and 14 PD patients included

Hippocampal noradrenergic denervation

Locus coeruleus degeneration

NA innervation in the piriform cortex

Locus coeruleus signal intensity

Impaired

Amygdala, Hippocampus, paraHippocampus, 

Piriform cortex, Insula, Striatum, Thalamus, ACC, 

OFC (ant, post, lat, med)

t=2.64, p=0.013 t=0.43, p=0.67
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