Memory recall for high value items correlates with individual differences in white matter pathways
associated with reward processing and fronto-temporal communication
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Methods

Introduction

Task Paradigm and DTI Parameters
Value-Directed Remembering
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N=19 (10 female; age 18-30)

•

3T Siemens Tim Trio MRI scanner

•

Diffusion-weighted imaging
parameters: 64 directions; TR= 9000;
TE=93ms; b-value =1000s/mm2; voxel
size = 2mm3; 60 axial slices
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5 runs
Vowel
Consonant
24 trials/run
Task
High values: {10,11,12}
Low values: {1,2,3}
Free recall test after each run

•

All analyses were conducted in
subject-specific diffusion space. All
transformations utilized Advanced
Normalization Tools (ANTS).
DTI and probabilistic tractography
maps were created using FMRIB’s
Diffusion Toolkit and accounted for
crossing fibers (ProbtrackX).
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Selectivity Index
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• To examine anatomical connectivity within the mesolimbic system, we used a
probabilistic tractography approach with ROIs in the left NAcc and VTA.
• Each subject’s left NAcc ROI was
identified using Freesurfer’s
Automated Segmentation algorithm
• The VTA ROI was defined as a 5mm
sphere centered around a previously
reported coordinate from a monetary
incentive delay task [-3,-15,-12]4.
- Reverse normalized to subject space

r = .746, p = 0.0001
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r = .482, p= .018

Blue sphere
= VTA ROI

0
0

100

200

300

400

500

600

700

800

Number of Streamlines from NAcc to VTA

- This brain-behavior relationship was only observed for high value items.
- Suggests that participants may preferentially depend on fronto-temporal
communication when attempting to deeply encode important words.

• Anatomical connectivity between left NAcc and VTA did not predict number
of items recalled, but rather predicted participants’ selectivity index.

14

6

0.4

• The integrity of white matter within the uncinate fasciculus, a pathway
shown to be critical for semantic comprehension5, can serve as a robust
predictor of verbal memory recall performance.

Low Value Recall
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Conclusions

High Value Recall
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- Correlation with selectivity was also significant when VTA was used as the seed for fiber tracing.
- NAccàVTA connectivity did NOT correlate with mean number of high or low value items recalled.

• Mean FA within the UF is strongly correlated with mean number of high value words
reported during free recall, but not with number of low value words recalled.
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Fibers emanating
from left NAcc in a
representative subject

Results: Uncinate Fasciculus FA and Recall Performance
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# Low Value Words Recalled

• In the present study, we used diffusion tensor imaging
(DTI) to explore whether individual differences in the
behavioral effects of value can be partially explained by
differences in the white matter integrity of specific frontotemporal and mesolimbic pathways.

• The number of streamlines (i.e., the Anatomical Connectivity Index) from
left NAcc to left VTA correlated with Selectivity Index.

VENTRAL TEGMENTAL AREA

• Individuals show widespread variation in degree to which
their memory performance is modulated by value.2,3

- UF ROIs extracted from JHU-White Matter Atlas and reverse normalized to subject space.
- Mean FA of all voxels within the UF calculated for each subject.

• We hypothesized that individual differences in participants’ sensitivity to item
reward value might correlate with anatomical differences in the mesolimbic
reward pathway.
• Behavioral effects on value on memory selectivity were operationalized as
follows:

NUCLEUS ACCUMBENS

• For verbal stimuli, value cues may also trigger the use of
elaborative semantic encoding strategies, which depend
on the engagement of left ventrolateral prefrontal cortex
(VLPFC) and lateral temporal lobe structures.2

• Given our hypothesis that encoding of high value words may depend on the
coordinated interplay of left frontal and temporal regions, we defined the left
uncinate fasciculus (UF), which connects these areas, as a region-of-interest (ROI).

# High Value Words Recalled

• Prior neuroimaging studies have found that high value
cues engage the mesolimbic dopamingeric reward
circuitry of the brain, including the nucleus accumbens
(NAcc) and the ventral tegmental area (VTA), which in
turn leads to up-regulation of hippocampal encoding
processes and better memory.1

• Whole-brain fractional anisotropy (FA) maps were created for each participant.

UNCINATE FASCICULUS

• When given a list of things to remember, people often
prioritize the memorization of the most important items
(i.e., those that have the highest value to the learner).

Results: NAccàVTA Connectivity and Memory Selectivity
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r = .219, p = 0.81

- Participants who optimized encoding to prioritize high over low value items have
stronger connections between key nodes in the dopaminergic reward system.
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