Introduction

Sleep loss! and alcohol? have been shown to impair smooth pursuit and its underlying visual
motion processing in humans. This study examines the saccadic compensation for this poor

pursuit. We also investigate the mitigating effects of caffeine on acute sleep loss.
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Ocular Tracking Task:
* Step-ramp Rashbass-like ocular tracking task?3.
 90-trial session (90 directions, 5 speeds).
 Tracking target is randomized in direction, speed, and motion onset.

Acute Sleep Loss (ASL) with/without Caffeine
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Low-Dose Alcohol
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Chronic Sleep Restriction (CSR)

At-Home Preparation (2x14 days): Lab Study (2 days):

* Fixed sleep schedule (5 hrs or 9 hrs sleep) + Lab day at the end of each 14-day at-home prep

* CSR condition: 5-hr sleep/day for 1 week .
prior to lab visit

Lab day assesses impact of a 5-hr or 9-hr sleep schedule

e Same constant routine constraints as the ASL conditions
e No caffeine or alcohol
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Individual Case Study

Acute Sleep Loss
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Pursuit Gain Saccade Amplitude (deg) Saccade Rate (Hz)
 Pursuit gain decreased for both ASL and EtOH relative to baseline.
 Saccadic rate increases for both ASL and EtOH relative to baseline.
* However, saccadic amplitude only increased for EtOH.
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ASL: Significant ground lost, which is significantly higher than ground recouped, consistent
with partial compensation. Impairment is eliminated with caffeine.

EtOH: Significant ground lost and ground recouped, consistent with full compensation.

CSR: Pursuit gain and saccade amplitude significantly decreased, but saccade rate increased.

Note: * indicates one-tailed, not two-tailed for CSR analysis.
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Circadian-Dependence of Saccade-Pursuit goordination
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Significant circadian modulation in ground lost with ASL is reduced by caffeine (p < 0.01, independent-measures t-test, one-tailed).
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Significant difference in modulation between ground lost and ground recouped with ASL.
Significant difference in phase between ground lost and ground recouped is eliminated by caffeine.
Large variance in phase of ground gained is induced by ASL.

Circadian Phase Variability of Saccadic Compensation

1= 1 : :
0.5 r\_/ 0.5 r\\_/ ASL Caffeine Predicted
0 S 0= =
2.
1 1 =
o.sL/\ 0.5L N
0 b—=—— 0 —
0
1 ~ 1
0 - 0 -
O'SL/\O'SM\ 260 0 100 260 0 100 260 0 100
n=7 n==6
o%[/\ O%m 120 B S - Caff| 120
0 b— <70 ’ =100 Caff- (Caff +ASL) 100 |
O
1 PR ‘ 0 ! !
- o
- 60} 60 |
1 1 S
0 0 =
260 0 100 260 0 100 O 20} 20 |
Predicted Predicted 0 0
- - - - Caffeine ---- ASL

Adding an estimate of the homeostatic effect during ASL to the circadian modulation under ASL and caffeine predicts the phase
variance of ASL circadian modulation in ground recouped for 6 of the 7 subjects who were tested under both conditions.

Across all 7 subjects, an estimate of the homeostatic effect of ASL predicts phase of the circadian modulation well.
Across the subset of 6 subjects, the prediction is nearly perfect (mean A =-4.2°, p = 0.30, paired t-test).

Conclusion
We have previously shown that ASL and EtOH impair pursuit tracking albeit differently.

We show here that saccadic compensation is different under these conditions, appearing complete with EtOH, but
not with ASL (or CSR).

We also show that caffeine largely eliminates the ASL pursuit deficit, obviating the need for compensation.
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