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Sleep in the Military
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Targeting REM Sleep to Improve Warfighter Readiness
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Majority of Service 
Members have mTBI 

and/or PTSD symptoms  

which is linked to deficient 
REM Sleep 
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Scientific Rationale for the Work
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Why REM – why BLA and CMT

Rodent studies with optogenetic stimulation 

of BLA and CMT showed 

● ↑ REM onset maintenance (Machida et 

al., 2021; Wellman et al., 2017). 

● ↑ REM, theta (Hasegawa et al., 2022)

● ↑ NREM-REM sleep stage transitions 

(Hasegawa et al., 2022)

Why LIFU 

LIFU is capable of targeting deep brain nuclei 

non-invasively. Promising results in prior studies 

● Depression (Tsuchiyagaito et. al 2026; Tan 

et.al 2026; Fan et al. 2024) 

● Addiction (Mahoney et. al 2023; Meads et. 

al 2024)

● Disorders of consciousness (Cain et. al 

2021)

No prior study has used LIFU to engage BLA or CMT to augment sleep in human. This work is the 

first non-invasive test of this approach
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REM SLEEP MODULATION – In Humans

PREVIOUS ATTEMPTS IN REM 
AUGMENTATION – In Humans

❑ PRAZOSIN – Limited success with REM 

augmentation (Raskind et al., 2018) 

❑ TRANSCRANIAL ELECTRICAL 

STIMULATION (TES) – Not as successful 

as Prazosin (Johnson & Durrant, 2018)

❑ CLOSED LOOP ACOUSTIC 

STIMULATION – Did not demonstrate 

improvements in REM (Guerrien et al., 

1989; Harrington et al., 2021; Mouze-

Amady et al., 1986 )

❑ Nontargeted electrical and acoustic stimulation theta 

targeting may have failed due to LACK OF TARGET 

ENGAGEMENT. 

❑ Slow wave sleep success → cortical networks and brain-

wide effects.

❑  REM cortical theta activity (complex) →  may best respond 

to activation of Deep Nuclei (e.g. BLA and CMT).

OUR HYPOTHESIS: 
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REM SLEEP🡪  performance 🡪  Autonomic Functions 🡪  Noradrenaline
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Experiment Protocol

A chi-square, χ²(4) = 1.27, p = .866
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All statistical analysis was performed using linear mixed effects model with stimulation as the 
fixed effect and participant as the random intercept

Participant Demographics
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LIFU Closed Loop Stimulation
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● Wearable Fus Headset (W/ Human Prelim Data) Stimulate a 1cm X 0.3cm X 0.3cm Brain Region and 

Activate REM Targets (BLA vs CMT) - Trial In Military Participants 

● Used MRI, prior to stimulation, to localize the brain targets spatial coordinates. 

● Targeting with FUS was hypothesized to see ↑ NREM to Rem Transitions with ↓ Noradrenergic 

Hyperactivity - core features deficient in mTBI and PTSD service members. 
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Closed-Loop Algorithm for Real-Time Sleep Staging, Spindle Detection, and LIFU Device Triggering

spindles

Sleep 
stages

stimulation events
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Closed-loop stimulation logic based on real-

time EEG analysis

● N1/N2 has exceeded 5 minutes (cumulative) &
● N3 has exceeded 5 minutes (cumulative) &
● Total sleep time has exceeded 45 minutes &
● Must be within N2 and spindles detected &
● At least 5 minutes since last stimulation ended

*Never exceed 10 stimulation events

Forehead EEG
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RESULTS – EEG Architecture

Sleep Architecture REM Architecture
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RESULTS – REM Continuity

CMT stimulation shows the significant REM intrusions, however majority of them were NREM intrusions, BLA stimulation shows 

most consolidated REM **

NREM+Wake Intrusions in REM Only Wake Intrusions in REM
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p<0.05,  d = 0.66

p<0.05,  d = -0.58
p<0.001,  d = 1.13 P = 0.058,  d = 0.57
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RESULTS – NREM Slow Oscillation and their Coupling with Spindles
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Coupling 

Directionality Slow Wave

peak-to-peak

BLA stimulation shows more coupling directionality (PSI) 

and Slow Wave peak-to-peak amplitude compared to 

unfocussed (close to significance)

p<0.05,  d = 0.62

p<0.01,  d = 0.92
P = 0.064,  d = 0.56
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RESULTS – Spectral Powers in NREM and REM
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BLA shows the more Delta dominant NREM structure, while CMT shows more Theta dominant REM structure 

w.r.t beta arousal

P = 0.099,  d = 0.55
p < 0.01 ,  d = 1.04
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RESULTS - CHANGES IN AUTONOMIC ACTIVITY

Heart Rate Variability in NREM across Stimulation Conditions – Second Half of the Night

NREM 1

REM 
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Frequency domain HRV metrics
LF/HF - sympathovagal ratio
Log (LF/HF) - log transformed ratio

Time domain HRV metrics
RMSSD - beat to beat heart beat 
variability
pNNS50- successive difference 
between beats > 50ms

Healthy HRV patterns

↓ Lower LF/HF, log (LF/HF) (less 
sympathetic dominance)
↑ Higher RMSSD, pNNS50, HF 

power (strong vagal tone)
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RESULTS - CHANGES IN AUTONOMIC ACTIVITY
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Main Effects

Unfocused Comparator vs CMT in N1

d = -1.56, p = 0.003

Unfocused Comparator vs BLA in REM

d = 1.04, p = 0.21

CMT vs BLA in REM

d = 1.24, p = 0.029

Takeaway

Active Stimulation reshapes the sympathovagal 

balance. 

Direction of Shift

BLA → parasympathetic (vagal) shift

Lower LF/HF and higher RMSSD in REM

CMT → relative sympathetic shift

Higher log (LF/HF), lower HF power in wake and 

NREM1

*
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RESULTS - CHANGES IN COGNITIVE PERFORMANCE

Key Findings (BLA vs Unfocussed Comparator)

ns

• Reaction Time not significantly reduced
• Lapses significantly reduced (p < 0.05; d = 0.71)

• LSNR improved significantly (p < 0.01)

Key Findings (CMT vs Unfocussed Comparator)

• Reaction Time not significantly reduced
• Lapses not significantly reduced
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Key Findings (CMT vs BLA)

• LSNR significantly improved in BLA (p < 0.05)
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RESULTS - EEG Slow Wave (SW) Amplitude and PVT correlations
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Bigger slow waves trended with better PVT performance - for BLA 
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RESULTS - EEG SW and Spindle Coupling and PVT correlations
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SW-spindle coupling associated with better PVT performance - for CMT 
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Conclusion and Future Steps

● Sleep duration is preserved; microstructure is selectively modulated.

● BLA stimulation consolidates REM and deepens NREM. 

● Sleep changes translate to vigilant-attention improvements - strongest with BLA. 

● CMT stimulation reshapes the spindle/slow-wave coupling axis, distinct from BLA in associating with performance. 

● Two stim targets, two complementary pathways from sleep to cognition. 
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● Preliminary data support the feasibility of LIFU during sleep. 

● Early findings suggest potential performance benefits, but larger clinical trials are needed in TBI and PTSD Service members

● Stimulation parameters must be characterized and optimized. 

● The goal is to identify the safest and most effective LIFU protocol for human sleep. 

● Behavioral testing should be expanded to include emotional regulation and memory consolidation. 

● This would clarify how LIFU-induced changes in REM sleep affect mood, emotion, and memory.

Conclusion

Future Steps
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Thank You
Questions & Discussion! 

Dr. Kent Werner Dr. Sujasha Gupta

sujasha.gupta.ctr@usuhs.edujohn.werner@usuhs.edu
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Appendix
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Participant Recruitment
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Supplemental Results - Statistical Modeling
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Mixed Effects Model - LSNR Mixed Effects Model - Lapses
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Supplementary Results - Changes in Noradrenaline

Urine noradrenaline differed sharply between PM and AM collections, exceeding any effect of stimulation 
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