Cardiac Phase Modulation of Near-Threshold Tactile Detection
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Introduction Methods

. Background & Significance * Experimental Design

* Perceptual sensitivity is not temporally stable but fluctuates with » Each participant takes part in separate sessions receiving electrical and mechanical stimulation. Each
ongoing bodily rhythms. session consists of 8 blocks, with each block comprising a Threshold Assessment phase followed by a

» Cardiac activity, in particular, has been shown to modulate Main Block, where 7 stimulus intensities are set based on the individual sensory threshold.
conscious somatosensory perception, with higher detection rates » Approximately 10% of the Main Block trials are catch trials (no stimulus) to assess false positive errors and
during diastole than systole (Al et al., 2020; Motyka et al., 2019). response bias (i.e., responding “Yes” when no stimulus is presented).
Detection probability is typically reduced during the early phase of
the cardiac cycle following the R-peak (Al et al., 2020). Stimulus Detection « Data Acquisition

» Cardiac phase—dependent modulation has also been observed in Trial start Stimulus cue  Stimulus/Catch Window Response * Electrocardiography (ECG)
tactile discrimination paradigms involving active sensing, * Respiration
suggesting that heart—brain interactions shape sensory processing  Electroencephalography (EEG)
beyond strictly passive stimulation designs (Galvez-Pol et al., + + + + v N * Finger Force
2022).

- Research Gap . f e

» Despite converging evidence for cardiac phase effects, most near- Jitared e Fived -
threshold detection studies have relied on electrical stimulation (Al 0.5-15s 04s ~0.01s 0.5 sec Max. 15 sec
et al., 2020; Motyka et al., 2019). ° —= = ° o -

 Although mechanical stimulation has been examined in related
tactile paradigms (Galvez-Pol et al., 2022), direct comparisons
between electrical and mechanical stimulation under identical
near-threshold detection conditions remain scarce.

* It therefore remains unclear whether cardiac phase modulation
generalizes across stimulation modalities and whether such effects
persist when tested using trial-level mixed-effects modeling.

Cardiac Phase Definition Generalized Linear Mixed Model

0 360°  Experimental Design
R R Detection ~ Intensity * Stimulus Type + Cardiac Phase + RE

» Objectives  Electrical Model

. . . Detection ~ Intensity * Stimulus Type + Cardiac Ph + RE
 To directly compare near-threshold detection rates for electrical ﬂ ﬂ stection ~ Intensity * Stimulus Type * Cardiac Phase
and mechanical tactile stimulation within the same participants T . Mechanical Model
under identical experimental conditions. 5] V_/\ A V_/\_ Detection ~ Intensity * Stimulus Type + Cardiac Phase + Force + RE
 To replicate prior circular and phase-binning analyses and extend "
them using generalized linear mixed-effects models (GLMMSs) to
test whether cardiac phase significantly predicts detection ® , Random Effect = (1 | Subject) + (0 + Block | Subject)
. ”» systole diastole
probability across modalities. . .
Adapted from [Caparco et al., 2025] Cardiac Phase = sin(0) + cos(9)
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, S € 0.01 /. Predictor B OR p
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| e % T 8 cé Mechanical vs Electrical 0.27 1.32 <.001
¢ - 0.00 Cardiac phase (sin,cos) — — <.001
270° ¢ \ | 90° 270° &8 90° 8 8 ® Intensity x Type -0.14 — <.001
‘ \ "‘ < E'—0.01 \
a \ ¢ ® Electrical model Mechanical model
L . -0.02 Predictor B OR p Predictor B_OR P
’ : Intensity 0.68 1.96 <.001
Intensity 0.77 2.16 <.001
—0.03 | | Force 0.07 1.07 <.001
0-200ms 200-400ms  400-600ms  600-800ms cardiac phase (sin.cos) = — <00 Cardiac phase (sincos) ~ — — <.001
o 1807 Time from R-peak
Hi_t responses show §igpificant phase clustering within the cardiac cycle, whereas D_etectiop IS Suppress.ed during early §ystolg and recovers toward late Cardiac phase remains a significant predictor after controlling for intensity,
misses are randomly distributed. diastole in both electrical and mechanical stimulation. :
modality, and force.
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