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Functional Functional Functional Functional ---- DDDDEEEELLLLPPPPHHHHIIII    ddddiiiirrrreeeecccctttt    eeeelllleeeeccccttttrrrroooopppphhhhyyyyssssiiiioooollllooooggggiiiiccccaaaallll    iiiimmmmaaaaggggiiiinnnngggg    

NonNonNonNon----invasively probes brain function with focused magnetic stimulation and electrophysiological invasively probes brain function with focused magnetic stimulation and electrophysiological invasively probes brain function with focused magnetic stimulation and electrophysiological invasively probes brain function with focused magnetic stimulation and electrophysiological 

recordings providing reliable, objective, and quantifiable information related to excitation, inhibition, recordings providing reliable, objective, and quantifiable information related to excitation, inhibition, recordings providing reliable, objective, and quantifiable information related to excitation, inhibition, recordings providing reliable, objective, and quantifiable information related to excitation, inhibition, 

oscillatory neuronal activity, connectivity, and plasticityoscillatory neuronal activity, connectivity, and plasticityoscillatory neuronal activity, connectivity, and plasticityoscillatory neuronal activity, connectivity, and plasticity

TMS Evoked-Potentials (TEPS)







MARGNETICALY INDUCED NETWORK RESPONSEMARGNETICALY INDUCED NETWORK RESPONSEMARGNETICALY INDUCED NETWORK RESPONSEMARGNETICALY INDUCED NETWORK RESPONSE

Abnormal brain response may be represented by changes in response latencies or 

amplitudes (see figure below)

2. Example of an Abnormal response1. Example of a Normal response

* Dotted line represents normal reference response

DELPHI’s magnetically induces brain response is the brain’s physiological signature, 

much like a cardiac ‘ECG’ with specific amplitudes and latencies for normal brain response 



DELPHI OUTPUT MEASURESDELPHI OUTPUT MEASURESDELPHI OUTPUT MEASURESDELPHI OUTPUT MEASURES
Brain response features are represented in the output report : 

DELPHI output DELPHI output DELPHI output DELPHI output 

measuremeasuremeasuremeasure

Measure Measure Measure Measure RangeRangeRangeRange MeaningMeaningMeaningMeaning

Wave Form Adherence Wave Form Adherence Wave Form Adherence Wave Form Adherence 

(WFA)(WFA)(WFA)(WFA)

Total brain response adherence score 

to normal response

-1<WFA<1

1 = perfectly normal response 

compared to age related norm

Indicates network 

connectivity, white matter 

integrity and functionality 

in transmitting the 

electrical response.

Area Under the Curve Area Under the Curve Area Under the Curve Area Under the Curve 

(AUC)(AUC)(AUC)(AUC)

Total amplitude of brain response > 0 Indicates  brain excitability. 

Decreases with age.

Short Term Plasticity Short Term Plasticity Short Term Plasticity Short Term Plasticity 

(STP)(STP)(STP)(STP)

Short term plasticity : Ability of the 

network to reflect changes in the 

ration between Excitation/ Inhibition  

-1<STP<1 Indicates white matter 

integrity in inter-

hemispheric tracts 

(transcallosal fibers-

Corpus Collosum) 



• Fracional anisotropy (FA) (ellipsoid eccentricity): degree of anisotropy in a

given voxel. FA is greater in white matter and smallest in unorganized

brain tissue \ index of white matter integrity.

• Mean diffusivity (MD) (average ellipsoid size): rotationally invariant

magnitude of water diffusion (trace/3). MD is largest in CSF and smallest

in organized white matter \ reflects brain tissue atrophy and pathology

Structural DTI: local Tensor Derived Measures



Evaluation of White Matter Integrity Utilizing DELPHITM (TMS-EEG) System

Levy Lamdan et al. Frontiers in Neuroscience; Dec 2020 

r=0.7±0.02, RMSE=0.07 r=0.66±0.02, RMSE=0.04 r=0.65±0.02, RMSE=0.09





Study populationStudy populationStudy populationStudy population

HCHCHCHC SCDSCDSCDSCD aMCIaMCIaMCIaMCI DementiaDementiaDementiaDementia

NNNN 15 17 12 11

FemaleFemaleFemaleFemale 6 4 5 4

MaleMaleMaleMale 9 13 7 7

LeftLeftLeftLeft----handedhandedhandedhanded none 2 none none

AgeAgeAgeAge 66±6 68.6±8.8 68±6 70.1±4

Rest Motor Rest Motor Rest Motor Rest Motor ----

ThresholdThresholdThresholdThreshold 47 ±8 47.7±10 52±10 50±10

Group Group Group Group 1111---- Healthy (HC)Healthy (HC)Healthy (HC)Healthy (HC)

Group Group Group Group 2222---- Subjective Cognitive Decline (SCD)Subjective Cognitive Decline (SCD)Subjective Cognitive Decline (SCD)Subjective Cognitive Decline (SCD)

Group Group Group Group 3333---- Amnestic Mild Cognitive Impairment (aMCI)Amnestic Mild Cognitive Impairment (aMCI)Amnestic Mild Cognitive Impairment (aMCI)Amnestic Mild Cognitive Impairment (aMCI)

Group Group Group Group 4444---- DementiaDementiaDementiaDementia



HC SCD MCI Dementia

Memory

Mean 108.4 102.6 76.4 70.2

SEM 4.4 6.5 12.8 13.0

EF

Mean 111.9 103.9 91.7 80.0

SEM 7.7 7.7 9.4 6.0

Attention

Mean 104.2 100.4 95.1 73.2

SEM 7.4 5.9 5.9 15.8

IPS

Mean 106.4 104.2 96.3 72.0

SEM 10.8 12.1 11.8 6.1
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CognitiveCognitiveCognitiveCognitive---- Computerized cognitive testing (Computerized cognitive testing (Computerized cognitive testing (Computerized cognitive testing (NeurotraxNeurotraxNeurotraxNeurotrax))))

*   NT score normalized to age related healthy norms

** IPS – Information Processing Speed

SCD group displayed reduced cognitive performance compared to HC but remained well within normal SCD group displayed reduced cognitive performance compared to HC but remained well within normal SCD group displayed reduced cognitive performance compared to HC but remained well within normal SCD group displayed reduced cognitive performance compared to HC but remained well within normal 

performance range, aMCI displayed abnormal memory performance and dementia group displayed abnormal performance range, aMCI displayed abnormal memory performance and dementia group displayed abnormal performance range, aMCI displayed abnormal memory performance and dementia group displayed abnormal performance range, aMCI displayed abnormal memory performance and dementia group displayed abnormal 

performance in all cognitive domainsperformance in all cognitive domainsperformance in all cognitive domainsperformance in all cognitive domains

Front. Neurol., 2021; https://doi.org/10.3389/fneur.2021.699014

**

*



Structural MRI: Structural MRI: Structural MRI: Structural MRI: TTTT1 1 1 1 Gray Matter volumeGray Matter volumeGray Matter volumeGray Matter volume

SCD group displayed no change in GM volume, aMCI group displayed significant volume loss in left SCD group displayed no change in GM volume, aMCI group displayed significant volume loss in left SCD group displayed no change in GM volume, aMCI group displayed significant volume loss in left SCD group displayed no change in GM volume, aMCI group displayed significant volume loss in left 

hippocampus compared to HC and SCD. Dementia subjects displayed significant GM volume loss compared hippocampus compared to HC and SCD. Dementia subjects displayed significant GM volume loss compared hippocampus compared to HC and SCD. Dementia subjects displayed significant GM volume loss compared hippocampus compared to HC and SCD. Dementia subjects displayed significant GM volume loss compared 

to SCD and HC in most areas but not compared to aMCIto SCD and HC in most areas but not compared to aMCIto SCD and HC in most areas but not compared to aMCIto SCD and HC in most areas but not compared to aMCI

T1 HC vs. SCD HC vs. MCI HC vs. Dementia SCD vs. MCI SCD vs. Dementia MCI vs. Dementia

Frontal Inferior\Orbital R 0.33 0.19 0.01 0.58 0.04 0.22

Frontal Inferior \Orbital L 0.26 0.29 0.01 0.87 0.08 0.20

Insula Right 0.26 0.03 0.00 0.19 0.02 0.47

Insula Left 0.28 0.13 0.01 0.49 0.05 0.32

Hippocampus Right 0.91 0.06 0.00 0.05 <0.0001 0.10

Hippocampus Left 0.88 0.03 <0.0001 0.03 <0.0001 0.11

Parietal Right 0.87 0.30 0.01 0.32 0.01 0.19

Parietal Left 0.90 0.36 0.01 0.38 0.01 0.15

Temporal Right 0.74 0.11 0.01 0.16 0.01 0.42

Temporal Left 0.70 0.16 0.02 0.24 0.03 0.44



MRI DTI: MRI DTI: MRI DTI: MRI DTI: White matter fibers fractional anisotropy (FA) White matter fibers fractional anisotropy (FA) White matter fibers fractional anisotropy (FA) White matter fibers fractional anisotropy (FA) 

SCD group displayed significant decrease in FA in frontal superior fibers. aMCI and dementia group displayed SCD group displayed significant decrease in FA in frontal superior fibers. aMCI and dementia group displayed SCD group displayed significant decrease in FA in frontal superior fibers. aMCI and dementia group displayed SCD group displayed significant decrease in FA in frontal superior fibers. aMCI and dementia group displayed 

significant FA decrease similar fibers compared to HC. No significant changes was measured in SCD compared significant FA decrease similar fibers compared to HC. No significant changes was measured in SCD compared significant FA decrease similar fibers compared to HC. No significant changes was measured in SCD compared significant FA decrease similar fibers compared to HC. No significant changes was measured in SCD compared 

to aMCI and dementia.to aMCI and dementia.to aMCI and dementia.to aMCI and dementia.

DTI-FA

p value HC vs. SCD HC vs. MCI

HC vs. 

Dementi

a

SCD vs. 

MCI

SCD vs. 

Dementi

a

MCI vs. 

Dementi

a

Genu of corpus callosum' 0.01 0.02 0.00 0.96 0.31 0.42

Body of corpus callosum' 0.01 0.04 0.00 0.99 0.30 0.39

Splenium of corpus callosum' 0.01 0.07 0.00 0.87 0.08 0.12

Anterior corona radiata L' 0.04 0.02 0.06 0.54 0.97 0.60

Anterior corona radiata R' 0.02 0.02 0.03 0.57 0.84 0.73

Superior corona radiata L' 0.13 0.24 0.40 0.97 0.62 0.70

Superior corona radiata R' 0.17 0.23 0.28 0.91 0.91 0.84

Cingulum (hippocampus) L' 0.05 0.03 0.03 0.53 0.63 0.87

Cingulum (hippocampus) R' 0.04 0.07 0.26 0.82 0.51 0.45

Fornix L' 0.13 0.07 0.02 0.54 0.29 0.75

Fornix R' 0.07 0.03 0.10 0.42 0.96 0.50

Superior longitudinal 

fasciculus L' 0.01 0.02 0.03 0.68 0.97 0.69

Superior longitudinal 

fasciculus R' 0.02 0.01 0.03 0.54 0.91 0.65

Superior fronto-occipital L' 0.00 0.04 0.00 0.41 0.98 0.48

Superior fronto-occipital R' 0.00 0.01 0.00 0.91 0.33 0.48

*Jellison et al. (2004) and Poupon (1999a)] 



MRI DTI: MRI DTI: MRI DTI: MRI DTI: White matter fibers mean diffusivity (MD)White matter fibers mean diffusivity (MD)White matter fibers mean diffusivity (MD)White matter fibers mean diffusivity (MD)

SCD group displayed significant increase in MD frontal tracks and Cingulum, aMCI group displayed significant SCD group displayed significant increase in MD frontal tracks and Cingulum, aMCI group displayed significant SCD group displayed significant increase in MD frontal tracks and Cingulum, aMCI group displayed significant SCD group displayed significant increase in MD frontal tracks and Cingulum, aMCI group displayed significant 

MD increase in fornix and rear CC only compared to HC and SCD. Dementia subjects displayed significant MD MD increase in fornix and rear CC only compared to HC and SCD. Dementia subjects displayed significant MD MD increase in fornix and rear CC only compared to HC and SCD. Dementia subjects displayed significant MD MD increase in fornix and rear CC only compared to HC and SCD. Dementia subjects displayed significant MD 

increase  in CC ,Fornix and superior increase  in CC ,Fornix and superior increase  in CC ,Fornix and superior increase  in CC ,Fornix and superior frontofrontofrontofronto----occipital fibers.occipital fibers.occipital fibers.occipital fibers.

*Jellison et al. (2004) and Poupon (1999a)] 

DTI-MD

p Value HC vs. SCD HC vs. MCI

HC vs. 

Dementia SCD vs. MCI

SCD vs. 

Dementia

MCI vs. 

Dementia

Genu of corpus callosum' 0.01 0.08 0.00 0.70 0.19 0.14

Body of corpus callosum' 0.10 0.13 0.00 0.87 0.05 0.13

Splenium of corpus callosum' 0.42 0.04 0.00 0.16 0.00 0.15

Anterior corona radiata L' 0.12 0.22 0.11 0.93 0.79 0.76

Anterior corona radiata R' 0.11 0.21 0.05 0.93 0.52 0.53

Superior corona radiata L' 0.26 0.32 0.13 0.95 0.55 0.65

Superior corona radiata R' 0.31 0.30 0.13 0.85 0.51 0.69

Cingulum (hippocampus) L' 0.02 0.33 0.17 0.30 0.50 0.74

Cingulum (hippocampus) R' 0.03 0.29 0.21 0.45 0.53 0.89

Fornix L' 0.02 0.03 0.01 0.79 0.57 0.81

Fornix R' 0.04 0.02 0.03 0.56 0.63 0.91

Superior longitudinal fasciculus L' 0.20 0.35 0.26 0.87 1.00 0.89

Superior longitudinal fasciculus R' 0.20 0.26 0.21 0.96 0.89 0.94

Superior fronto-occipital L' 0.01 0.12 0.01 0.56 0.56 0.30

Superior fronto-occipital R' 0.04 0.13 0.01 0.84 0.29 0.28
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Functional Functional Functional Functional ---- DELPHI direct electrophysiological imaging DELPHI direct electrophysiological imaging DELPHI direct electrophysiological imaging DELPHI direct electrophysiological imaging 

Main conclusion: Main conclusion: Main conclusion: Main conclusion: SCD group displayed significant decrease in WFA and AUC indicating changes in network 

connectivity and excitability compared to HC. aMCI and dementia group displayed significant decrease in 

WFA, AUC and STP compared to HC. Dementia group displayed decreased WFA and STP in compared to SCD



Subjective 

Cognitive Decline

Onset of Decline 

in Cognitive 

Performance 

Objective Cognitive 

Impairment

Preclinical 

Dementia

MCI / Prodromal 

Dementia 
Dementia 

B
ra

in
 N

e
tw

o
rk

 

In
te

g
ri

ty

Progression of Disease Pathology and Clinical State 

Cognitive Performance
GM
WM
Network Physiological 

Objective direct measures of brain network physiology and WM integrity may provide earlyObjective direct measures of brain network physiology and WM integrity may provide earlyObjective direct measures of brain network physiology and WM integrity may provide earlyObjective direct measures of brain network physiology and WM integrity may provide early----stage stage stage stage 

neuroneuroneuroneuro----biomarkers in subjects that have not yet displayed any other objective measurable cognitive biomarkers in subjects that have not yet displayed any other objective measurable cognitive biomarkers in subjects that have not yet displayed any other objective measurable cognitive biomarkers in subjects that have not yet displayed any other objective measurable cognitive 

or GM volume deficits which may facilitate early preventive care. or GM volume deficits which may facilitate early preventive care. or GM volume deficits which may facilitate early preventive care. or GM volume deficits which may facilitate early preventive care. 




