Dynamic risk control by human nucleus accumbens
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Focal disruption of the activity of the human nucleus accumbens by invasive
electrical stimulation impairs choosing between uncertain rewards.

Activity in human nucleus accumbens (NAc) is known to covary with risk when
choosing between uncerain rewards (1). Whether or not this activity is critical to
human behaviour remains, however, an open question, best addressed with
methodolegy that probes the behavioural consequences of focai functional
disruption of the region (2). Here we combine a behavioural index of risky
decision-making with dynamic disruption of the nucleus accumbens during
therapeutic deep brain stimulation (DBS}) to determine the critical relation
between the two.
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Fig. 1 Experimental design.
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Fig. 3 Electrode positions,

Stimulation was shown to disrupt the normal relation between probability of
reward and choice in each patient, resulting in either a reduced slope or a shift
towards more risk seeking behaviour. The effects were dynamic, promptly
rgversing after discontinuing stimulation.
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Four patients with treaiment-resistant psychiatric disease (2 with obsessive-
compulsive disorder, 1 with major unipolar depression, 1 with schizoid
personality disorder with strong obsessions of social phobia) underwent deep
brain electrode placement in the NAc. Patients were studied in the early post-
operative period while their electrodes remained extemnalised. A manual fwo-
alternative forced choice task involving on each trial selection between a
certain small reward and an uncertain large reward with probability randomly
varying parametrically from 10% to 90% was administered during either real or
sham stimulation. Each experimental run comprised 160 ftrials and lasted
approximately 15 mins. The procedure was repeated for a total of 6 runs, with
five minutes rest period between runs (Figure 1). Bilateral NAc stimulation was
delivered via a constant current stimulator as square pulses {Medtronic Madel
3625 Test Stimulator). Bipolar stimulation at 3.5 V (Figure 3) between the 2
most distal contacts {negative polarity most distal) was delivered at 130 Hz
(pulse width 60 ps). DBS was only applied during runs 3 and 5§, with the onset
of stimulation one minute before run start, and voltage increase from 0-3.5 V
ramped over 15 s, The effect of stimulation on the behavioural risk function
describing the probability of choosing an uncertain large reward over a certain
small one was parameterised in terms of the change to its slope and
threshold(Figure 4).

"y
|
., FR | .| RS
z | | 2 :
g 08 E oBk
g‘ 2z
v 2oal
B k]
: ;
Fos 04
g £
[ a '
vz 02|
| o B
Mo 83 s 67 00 1 03 a5 ©7 99
Probability of high reward Prabability of high reward
B 4| DH
[ @ .
T os £
5 5
- z
XY £ e
B k]
z 3
[ E] g 04 1
: !
oz ® oz
[ ]
b1 03 05 07 ei L1 83 85 7
Probabllty of high reward Probabaity of high reward

Fig. 2 Behavicural data.

Fig. 4 Probabilistic tractography from stimulation sites to cortex.

Disruption of the human NA¢ function through deep brain electrode delivered
electrical stimulation dynamically alters reward decision-making under risk.




