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[1] Motivation

Cochlear implants (Cls) speech understanding in noisy conditions remains a major challenge, even for successful users. A key hypothesized cause is channel interactions: overlapping electrical fields between electrodes unintentionally co-stimulate auditory nerve fibers. Computational models of the auditory nerve offer a
fast, flexible way to design and test stimulation strategies that reduce these interactions, but most models are based on animal data and lack validation against human psychophysical data. Ve address this gap by exploring the validation of a computational model against multiple published CI psychophysical datasets.
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Model: Brochier et al. 2022, IEEE TBME 69(11) (BR22) [1] 1

The model is end-to-end (from sound to word recognition), including a transformation from electrodogram to
neurogram in 3 steps:

* 3D FEM + cable model: single-pulse firing probability for 1500 neurons (FIG 1 + 2)

 Phenomenological model: stochastic spike generation based on single-pulse firing probabilities and

Todd & Landsberger 2018 (TL18) [4] effect of electrode order on
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* Sequential stimulation on all channels at 900 pps per channel
* Various orders (“1-2-3", “1-5-9", “1-9-27).
* Loudness balancing between different orders at MCL
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interactions between pulses (refractoriness + adaptation) (FIG 3) o : ol (i e~ I ! I | I * (not modelled here, effect of changing polarity for every other channel)
* “Central loudness” model: temporal integration window : e e e : | ?0 Time (ms) v
This model was selected because of its availability and efficiency. Other models could equally be investigated. - erfeines showTmins oTpules ~ R esu ItS
We selected studies that reflect the within-participant impact of Spatial Selectivity, Temporal Selectivity Figure 1. FEM Model, 3D finite element model of the cochlea (built in COMSOL Multiphysics) simulates _—
o o . . Order 1-2-3 I
and a Combination of both. voltage spread from each active Cl electrode through the cochlear fluid. 9 g - Group Mean vs Computational Model
Figure 2. Single-pulse firing probability for stimulating on electrode 2, obtained with a cable model. Values are ° Ill
1 Ivi between 0 (blue) and 1 (yellow) s, Il e 1 O il oy
[lll] Spatial selectivity-C15 yellow). By e ) + 05
Figure3. Based on these probabilities, spikes are generated for any combination of neuron/pulse level and u III Z I I D55 ;;02
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Cosentino et al 2015 (C15) [2]: effect of electrode separation on loudness/masking pulse electrode. If a spike is generated, the neuron’s threshold is shifted (blue) to reflect refractoriness (red) 13 R I : c R LRREECELEREEEED LTS
. . . 15 = -
* 50-ms probe fixed in level, dual-electrode masker (masker pulses presented symmetrically around the probe, and adaptation (yellow). Each arrow shows a timepoint where a spike is generated, each vertical line shows I o 9 | X §64
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Ax) \where a pulse is presented (250 pps, every 4ms) y Order 1-5-9 . I I Eg R ) I
* Masker level varied until probe is masked (Masker Level at Threshold, MLT) ; | : 15 I - ;3'
* 125 pps (8-ms period) for all stimuli, Masker 2 and Masker 1 interleaved with ~50 ps interval. Probe [I‘/] Tembporal SeIeCtiVit MM98 5 1 ! -0 §oommmmmmnme Fommmmmmn e !
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interleaved with 4-ms interval from Masker 2. (FIG. 5) p y S ; I I 00 }\+\‘
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* Average model output across neurons (after central integration) extracted during the probe window (with : . oo ! -
or witghout robe) P ( S ) S P ( McKay & McDermott 1998 (MM98) [3]: effect of temporal separation on loudness summation 13 I I . |
2 * Interleaving of two pulse trains on the same electrode, each at 250 pps (FIG 7) or 50 pps 1 ! . | | |
R esl I tS (FIG 8) with various inter-pulse intervals Consecutive 4-Staggered 8-Staggered
e : : : : Electrode Order
4 EL 8, 200CU, 125 pps 5 EL 8,200 CU, 125 pps - * Loudness balancing to a single pulse train at threshold, mid and most comfortably loud level ( .
— | MCL) at 50 pps, and MCL only at the 250-pps ,
0 0, mr Masker Threshold Masker MCL ( ) H J = , . Figure 9. Stimuli used in TL18 [4]: stimulation on all channels with various orders.
_ _ 500 o1 T * Average output extracted across all neurons and stimulus duration (500 ms)
T - uto (mean) ~C15 (mean) Figure 10. Modelled effect of stimulation order on loudness. The model only
1 200 8 Model ~Model (1%) . . .
. L W Results shows an effect of level when compared to single-stimulation loudness, no effect of
2y - S 96 —_— MCL | electrode order.
S NN 5400 Wy o , MCL Threshold  MoKay-98 L )
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g j j 0 B S o : | " “ We explored the possibility to comparing within-participant effects in human Cl users
_‘ | | [ 70 —-— (mean) 5 S 1 3 /| \/- .
| 0 ~+-Model (10%) ¥ 3 v to the output of an auditory nerve model.
0 o 20 300 T, 2 4 2 3456 04123456 04123456 t o ~ 5 i . . . " s
Time (ms) ime g Ax Ax Ax 005 \x = I = 1 Even though using different studies / pools of participants, findings highlight
© g i T~ | | opportunities to refine the model's tuning sharpness and temporal interactions.
g A =~ b N . T T Next stages of this project will be directed towards :
Figure 4. Electrical stimulation pattern in Cosentino et al. 2015, with the masker on electrodes 11 and 5, probe on . 4 & s 10 o0 o 4 s & 10 N | | | | | | | | Xt Stdges Of this project Witl be directed towdras -
electrode 8 at levels 220, 220 and 200, respectively. Interpulse Interval (ms) Interpulse Interval (ms) 04 06 08 | 1 | 1|.2 |1|§| 16 18 2 22 * Exploring FEM adjustments / alternative single-pulse tuning curves
t terval - . . o . . : :
: . g . . . nlorpulse fnerval AP (me) * Exploring the impact of adjusting refractoriness, adaptation and central integration
Figure 5. Corresponding neurogram output to electrodogram in Fig 4, i.e. spiking across time after applying . ' . . . . ) . R e COnstants
refractoriness, adaptation, and central integration window. This would usually serve as input to the ASR system. !:lgure 7. F)lﬁerence 1 U2vel leaneen Single the ave-pulss per peioe PUIS? train at 2.50PPS’ W'th various L
. o . | inter-pulse intervals. The model (at 10% of max output) seems to show no impact of inter-pulse interval * Select further studies to create a robust target dataset (some model parameters
Flgure 6. Left Panel. Masker level Wh"o:h just masks the.probe (set to 1% of max output at 125 pps |nothe model). (but data also shows no large effect except maybe at short intervals). We have not yet converged on the might have an impact only in some studies)
Mid panel. Masker Threshold (set to 1% of max output in model). Right panel. Masker MCL (set to 10% of max best way to define detection thresholds in the model. e More work on the definition of comfort and threshold levels within the
output in model). Both MLT and MCLs show a knee point in their tuning function past one electrode, which is not . . o . simulations, as it can substantially impact the modeled auditory nerve response.
: Figure 8. Same at 50pps. Again, the model shows no effect, similarly to the data, and seems in range.
\_ Presentin the data. y 9 )
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