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I. Introduction 

This white paper aims to examine the applicability of utilizing biometric-guided Transcranial Magnetic Stimulation 
(TMS) to enhance cognitive function among service members. As background research for this paper, aAn extensive 
literature review was conducted and numerous leading experts in the field of brain stimulation and human 
performance were consulted.  

 

There is a growing body of literature demonstrating cognitive enhancement benefit of TMS for basic tasks (e.g., 
reaction time, stress resilience, concentration), but rigorous research has yet to be done on more complex tasks which 
would be more applicable to SOF operators. Biometric-guided TMS has demonstrated promising early results for a 
variety of mental disorders, including depression, anxiety, PTSD, and Schizophrenia 1-10, and has drawn growing 
interest from the human performance community with emerging data that these techniques may also help facilitate 
improvements in recovery/sleep quality (REM and deep sleep), heart rate variability, and cognitive processing speed. 
These improvements have been anecdotally reported by operators within the SOF community, and are now being 
corroborated by third-party assessment tools such as computerized neurocognitive batteries and wearable sleep 
tracking devices.  

 

As military operations have evolved to assimilate an ever-expanding array of data, individual operators are required to 
process and integrate unprecedented volumes of information in dynamic settings while making rapid decisions. 
Technological innovation has enabled quantum leaps in communication and dissemination of information at a 
dizzying pace but the capabilities of the human brain to process this information has remained relatively static.  

 

The growing field of neuromodulation, and any capacity for cognitive enhancement, is particularly compelling as any 
gains can have potentially immense and wide-reaching impact. As noted in the Air Force Research Laboratories, 
Enhancing Warfighter Cognitive Abilities with Transcranial Magnetic Stimulation: a Feasibility Analysis (2007):  

 

The Joint Human Performance Enhancement (JHPE) Joint Capabilities Document (2006), identified capabilities needed 

to achieve future military objectives include "Enhance Warfighter Sensory, Cognitive, and Motor Capabilities" and 

"Enhance Warfighter Learning, Communications, and Decision- Making". More specifically, these consist of 

"Enhanced recognition of sensory stimuli beyond unaided levels" and "Cognitive abilities increased above baseline 

levels to enhance speed and accuracy of decision-making". Through cognitive enhancement techniques and 

technologies, the operators' mental abilities may be expanded and become less of a limiting factor. 

Enhancement of cognitive abilities is a part of the much larger domain of human performance optimization (HPO). In 

a broad sense, HPO is the "relatively precise, controlled and combined application of certain substances and devices 

over the short and long-term to achieve optimization in a person or unit' s performance overall'' (Russell, Bulkley, & 

Grafton, 2005). While it is unlikely a single discovery will yield the advantage of HPO, performance enhancement 

substances and devices as well as the expertise in applying those discoveries in order to best optimize military human 

performance are vital to attain this advantage.” 

 



 

 

 

This white paper explores the potential of biometric-guided TMS, an innovation within the neuromodulation field, 
and its application for enhancing cognitive performance in operators. More specifically, there is a knowledge gap 
identifying the precise domains these improvements are being observed as well as the effect size, which warrant 
further research given recent findings with third party instruments and tools in domains of sleep quality, heart rate 
variability, visual attention, and cognitive processing speed. 

 

II. The “Calm Brain” in an Irregular Warfare (IW) Environment 

The modern soldier must perform at a consistently high level in an increasingly complex irregular warfare (IW) 

environment.  He is required to process data from a variety of sources, communicate with others, and coordinate 

more activities than during past conflicts.  The soldier must do these while engaging an enemy that is intermingled 

with the general population and who may strike at any time without warning.  To perform well in this environment, 

a soldier must be focused, relaxed, ready to respond quickly to events, and able to recognize subtle clues to identify 

and deal with potential threats. 

 

The brain, like everything else in nature, always attempts to achieve the lowest energy state possible, while still 

accomplishing its assigned task.  When we state that a particular region of the brain is responsible for a specific 

function (i.e., emotion, memory, vision), that is because that’s the location that will conserve the most energy (fewest 

neurons firing).  For instance, the occipital lobe processes vision because it is located where the optic nerve enters the 

brain. 

 

Neurons in the brain do not fire at random.  Instead, they fire relatively rhythmically with each other.  Brains are all 

unique, with some being much more rhythmic than others.  One can categorize them generally as rhythmic brains 

and complex (non-rhythmic) brains.  The brain’s rhythmic nature can be seen in its electroencephalogram (EEG).  A 

rhythmic brain has a very rhythmic EEG, with a sinusoidal waveform oscillating at the brain’s “alpha” frequency, 

somewhere between 8Hz and 12 Hz.  The complex brain has a very non-rhythmic EEG, containing a wide variety of 

frequencies.  The two pictures below show the EEG for a rhythmic brain and for a complex brain. 

 

Rhythmic: 

 
 

Complex:  
 

 

Rhythmic activity uses less energy than non-rhythmic activity.  Rhythmic brains have rhythmic EEGs, and we 

consider these brains to be high efficiency, low energy, similar to a clock pendulum.  The complex brain is very non-

rhythmic and has a non-rhythmic EEG.  This brain has lower efficiency, with high energy.  It has been shown that the 

blood flow to the rhythmic brain is lower than the complex brain.  This is because the higher energy brain needs more 

oxygen to function. 

 

Our research on EEGs of healthy individuals has shown that different brains relate to different personality types.  A 

person with a rhythmic brain is generally calm, less verbal, does not express his emotions willingly, and is very good 



 

 

 

at focusing on tasks for an extended period of time.  Conversely, a person with a complex brain is usually more 

talkative, more excitable, expresses emotions willingly, and does not focus as well in a stressful environment 

 

All other factors being equal (training, experience, technical knowledge, physical fitness, etc.), soldiers with calm 

rhythmic brains are likely best suited for an IW environment that involves processing many degrees of freedom while 

under stress.  A soldier in an IW environment must be able to process large amounts of information and make 

appropriate decisions, even in a stressful situation.  Therefore, the soldier who remains calm and relatively relaxed 

under stress is generally best suited to perform well. 

 

Many soldiers who have performed well in combat situations talk about everything “slowing down”, and being in a 

“zone” where they are able to direct others, recognize new events, and react to enemy movements smoothly and with 

very little active concentration.  Everything “just happens.”  These are soldiers who managed to maintain a calm brain 

during an extreme situation.  The same thing occurs in elite athletes. 

 

III. Improving Performance by creating the Calm Brain 

 

Certain techniques, such as realistic training and relaxation exercises, can help to create a more rhythmic calm brain 

and thereby improve performance.  We propose a technological solution involving imparting low-level electric 

stimulation to the brain at the brain’s natural frequencies, which tends to accentuate those frequencies, promoting the 

rhythmic firing of neurons.  This stimulation gently “tunes” the brain, making brain waves more rhythmic and 

regular, and making the person calmer and more relaxed. 

 

IV. Differentiation Between TMS and Biometric-Guided TMS 

 

Transcranial magnetic stimulation (TMS) is a non-invasive treatment that delivers pulses of an MRI-strength 
magnetic field from a coil placed over the scalp. Powered by a rapidly pulsed current, the magnetic field passes 
unimpeded through the skull and stimulates brain tissue beneath, inducing currents that may help normalize activity in 
the area stimulated without producing seizure activity. The FDA approved TMS in 2008 as a treatment to alleviate 
symptoms of mildly treatment-resistant depression, in which patients have not found relief from antidepressant 
medication. 

 

How it works 



 

 

 

 
 

Repetitive transcranial magnetic stimulation (rTMS) 

Repetitive TMS (rTMS) refers to a series of rapid pulses to the brain.The mechanism of action underlying the effects 
of rTMS remain unclear. In the present review, the effects of rTMS on neurotransmitters and synaptic plasticity 
remain the dominant working theory, including the classic interpretation of rTMS effects on synaptic plasticity via 
long-term potentiation and long-term depression. The effects of rTMS on the genetic apparatus of neurons, glial cells, 
and the prevention of neuronal death are also being explored. The neurotrophic effects of rTMS on dendritic growth 
and sprouting and neurotrophic factors are also being researched, including change in brain-derived neurotrophic 
factor concentration under the influence of rTMS. Also, non-classical effects of TMS related to biophysical effects of 
magnetic fields are gaining research interest, including the incorporation of quantum physics, magnetic spin effects, 
genetic magnetoreception, the macromolecular effects of rTMS, and the electromagnetic theory of consciousness. It is 
thought that these factors underlie the therapeutic benefits of therapy with rTMS. Future research on these 
mechanisms will be instrumental to the development of more powerful and reliable TMS treatment protocols. 

 

Biometric-Guided Transcranial Magnetic Stimulation 

Both TMS and rTMS utilize “one-size fits all” protocols. The timing of the pulses is programmed at a single 
frequency of 10Hz, and is targeted at one location, the LDPFC. Biometric-guided TMS differs by targeting the pulse 
frequency  and, in some cases, targeting the specific stimulation location in an effort to customize the protocol to the 
individual. As alpha-waveform profiles may intrinsically reside between 8 – 13Hz (Thut 2010, Buzsaki 2012, Farzan 
2016), a one-size fits all approach may be unnecessarily limiting, while tuning stimulation to the frequency of the 
individual may represent a level of personalization that can yield improvements in response rates and magnitude of 
effect. While the market has been proliferated with a number of entrants, one of the most intriguing human 
performance optimization technologies is Magnetic EEG/ECG-Guided Resonant Therapy (MeRT). 

 



 

 

 

Magnetic EEG/ECG-Guided Resonant Therapy (MeRT) 

Recent innovations in neuromodulation have focused on personalizing treatment protocols to the individual - 
customizing the frequency of stimulation to the individual and navigation to specified areas of the brain based on 
biometric guidance. One particular technology of note, Magnetic EEG/ECG-Guided Resonant Therapy (MeRT), has 
garnered increasing market interest as it utilizes both electrophysiologic brain imaging in the form of a quantitative 
EEG (qEEG) and electrophysiologic cardiac imaging in the form of an electrocardiogram (ECG) to design customized 
protocols. The relationship between the two electrophysiologic studies is proposed to allow a greater level of 
precision guidance and incorporates algorithms capturing a variety of harmonics between the two organs (US Patent 
#9308385) including heart rate variability, cortical alpha frequency, and respiratory rate. The hardware employed by 
this method of neuromodulation is all FDA approved (Magventure TMS devices, Deymed EEG / ECG, and/or Zeto 
EEG), although the method of setting magnetic pulse frequency is novel, so MeRT is considered to be off-label.   

Abnormal waveform patterns detectable on q-EEG, 1-3 suggest disrupted oscillatory neuronal communications may 
play a role in a variety of symptom manifestations. These deviations from normal oscillatory patterns are detected 
utilizing a normative database and proprietary algorithms that help to guide MeRT treatment protocols.1-7 MeRT 
differs from standard rTMS by taking the extra step of acquiring a functional brain image prior to delivering 
stimulation, repeated as part of a personalized therapeutic protocol tailored to the individual’s specific q-EEG/ECG 
signature. MeRT has been shown to effectively entrain neural activity of individuals with PTSD, TBI, and other 
neuropsychiatric disorders into more efficient and normalized waveform patterns.4-10 This suite of services and 
customized protocol have yielded promising clinical outcomes, and have been shown to be safe and effective from 
research studies and clinical trials in the treatment of neuropsychiatric disorders.1-10  

As a byproduct of military subjects being treated in the aforementioned clinical trials, there has been rapidly growing 
interest in its application for human performance optimization. Pilot data has shown encouraging preliminary results, 
but large-scale studies by independent third parties remain outstanding and are required for validation. 

 

Safety 

The formal use of repetitive transcranial magnetic stimulation (rTMS) was first described in the mid-1980s by a team 
from the University of Sheffield15. For over thirty years, the technique has been used in fields as diverse as 
neurological and cognitive research, diagnosis and active treatment. rTMS has since become an important tool for 
researchers and clinicians alike, with over six thousand papers to date describing the technique, its applications, and 
safety. 

Unlike other techniques, such as electroconvulsive therapy (ECT), which involve passing high electric current through 
the skull, the spatial resolution characteristics of rTMS and MeRT allow specific areas of the cortex to be selectively 
pinpointed for stimulation at much lower energy levels. 

Additionally, in comparison to rTMS protocols that stimulate at 120% motor threshold, MeRT focuses on precision of 
the personalized frequency and achieves positive clinical outcomes at 60-80% motor threshold, a subthreshold 
intensity that significantly reduces the risk of seizure or other adverse events.  

MeRT shares side effects with all other rTMS treatments, such as transient mild headaches, euphoria, anxiety, and 
rare seizures. Headaches are experienced by around 5-25% of individuals who undergo rTMS18-21. Studies of rTMS 
following safety guidelines published in 2009 have shown the rate of seizure to be remarkably low.11, 12  To date, 
MeRT has never produced a seizure in over 5,000 treatment sessions. 



 

 

 

MeRT personalization settings are verified for safety by an EEG lab, Senior Scientist, and more than one licensed 
medical professional – including final approval and oversight by a board-certified neurosurgeon. Safety limits exist 
for stimulus site, intensity of stimulation, and frequency range. 

 

Clinical Efficacy – Neuropsychiatric Data 

There have been over 500 service members and veterans suffering from PTSD and/or TBI treated with MeRT with 
positive clinical outcomes. Results from an open-label pilot study have been published (Taghva et al, 2015). A 
retrospective chart review study has also been completed - data were analyzed using Bayesian statistics to compare 
with published psychotherapy studies (see below). To verify the clinical findings, a third prospective, double blind, 
sham controlled, randomized controlled trial (RCT) has recently completed (see attachment). A fourth clinical trial, 
seeking FDA clearance for an automated protocol generator, is currently underway. Here is the summary of the three 
completed studies pertaining to service members: 

o An initial pilot study was conducted with 21 veterans who were treated (open label) with 2 weeks of 
MeRT. Symptom severity was measured utilizing the Post-Traumatic Checklist – Military (PCL-M) 
questionnaire, which demonstrated a 42% (23.2 points) reduction. As a clinical benchmark, the 
Department of Veterans Affairs considers 10 points a “clinically significant change”.  Subjective 
improvements in PCL-M were corroborated by changes observed on q-EEG (see Figure 1) . 

• Retrospective chart review of 201 patients with severe war-related TBI and PTSD was conducted. Average period 
of MeRT treatment was 5 weeks. Using the similar VA clinical benchmark of 10-point reduction in PCL-M, 196 
(97.8%) were found to be responders.  Bayesian analysis with a conservative estimate of 20% placebo effect, 
showed 83% probability that the clinical effect was likely brought about by MeRT and only 5% by placebo. 
Second analysis to compare MeRT with three published results of psychotherapies demonstrated a clear split, 
suggesting with >90% likelihood that MeRT is superior to the compared protocols (see detail below). 

• Based on the pilot study and case review results, a prospective, randomized, double blind, sham-controlled, RCT 
was conducted with 86 veterans treated with MeRT for 4 weeks. This was performed in two phases: Phase 1 was 
double blind with randomization into a treatment group and sham group (placebo), which demonstrated 
statistically significant differences (49.3% vs 27.3% improvement, p<0.01). Phase 2 was initiated after week two, 
with open label treatment for all subjects. PCL-M for the treatment group demonstrating a 63% reduction in 
symptom severity (see Figure 2). 

 

Figure 1. Combat veteran with polytrauma (PTSD, TBI, and Chronic Pain )



Left: Picture depicts injury to the right frontal lobe with hyperpolarization at 2 standard deviations above normal 
(manifesting as headaches, anxiety, and insomnia)  

Right: After 10 treatment sessions with MeRT, the brain has recovered optimal function with clinical reductions in 
headaches, anxiety, and improved quality of sleep. 

 

 

Figure 2: Clinical Improvement in PCL-M 

During the double-blind phase of the trial (Baseline to Week 2), statistically significant differences were observed 
between treatment group and sham group. After week two, open label treatment was provided to all subjects (sham 
group crossed over and started receiving treatment) with concordant changes in PCL-M. 

 

Bayesian Analysis of the Probability that TBI and PTSD Respond to MeRT 

According to two-tail hypothesis, MeRT effect on PTSD is 50-50, i.e. 50% confident that hypothesis is true and 50% 
confident that it is not true. 

sP(A) = .50  and 
sP(~A) = .50 

Suppose that placebo has an 80% chance to have similar efficacy if the hypothesis is true (B|A), but only a 20% 
chance of occurring if the hypothesis is false (B|~A). Thus: 

sP(B|A) = 0.96 
sP(~B|A) = 0.04 

         



 

 

 

sP(B|~A) = 0.20    
sP(~B|~A) = 0.80 

  A = MeRT effect A is true 
~A = MeRT effect A is false 
  B = PTSD response B occurs 
~B = response B does not occur 

 

    

The probability that patients’ response does occur [A] if MeRT is provided (true positive): P(A|B) = 0.83. 

On the other hand, the probability that patients’ response occurs without MeRT (false positive) P(A|~B) = 0.05.  

 

Bayesian Split Test 

Three sets of published data (Polusny et al. JAMA 2015; Schnurr et al. JAMA 2007) of psychotherapy effect on 
PTSD were used in the analysis to compare with MeRT treatment. First set included 58 cases with PTSD who 
underwent 8 weekly mindfulness-based stress reduction therapy. Second set were 58 cases with PTSD receiving 9 
weekly present-centered group therapy. The third group included 141 veterans who were treated with 10-weekly 
sessions of standard prolonged exposure. Based on clinical criterion of 10 points or greater PCL-M score reduction, 
48.9% in the first group, 28.1% in the second group, and 41.0% in the third group responded to therapies, 
respectively. 

 

Bayesian analysis is used to test how likely it is that MeRT is better than existing psychotherapy as cited above. In the 
past 3 years, 201 military veterans with severe PTSD were treated for an average 5 weeks using MeRT. Based on the 
same criterion of 10 points or greater drop in PCL-M score, 196 patients responded (97.8%). Mean symptom 
reduction from baseline following treatment is 61%.  

 

Figure 3: Split test graph showing the probability distribution of responding (conversion) rates, given the data.  

 

A: Mindfulness-based stress reduction therapy 



 

 

 

B: Present-centered group therapy 

C: MeRT 

D: Prolonged exposure Therapy 

 

Table 1: Displays the probability of how likely that MeRT is better than psychotherapies (current standard of care 
for PTS)  

 

 
 
Clinical Efficacy – Human Performance Data 

Based on feedback from servicemen, veterans, and several commands, an effort was begun to quantify and collect 
data on the human performance optimization utilizing MeRT. The following are preliminary “proof of concept” data 
collected to date: 

1. “WebNeuro”, third party web-based neurocognitive assessment tool. WebNeuro was validated to be comparable 
to best-in-class neurocognitive batteries including IntegNeuro in a web-based platform, as part of the standardized 
methodology used with the Brain Resource International Database (BRID; Gordon, 2003; Gordon, Cooper, 
Rennie, Hermens, & Williams, 2005)24.  

o 100 veterans and servicemen underwent pre-and-post MeRT studies with WebNeuro with the following 
findings: 

o Stroop test response latencies and reaction times found an average of 33% improvement in linear reaction 
times following two weeks of treatment 

o Stroop test response latencies and reaction times found an average of 22% improvement in information 
processing speed (cognitive challenge and attention switching) following two weeks of treatment  

o Improvements in the domains of executive function, self-regulation, emotion, and thinking were also 
observed but were poorly quantifiable due to WebNeuro summary data utilizing non-numeric scales (this 
prompted follow-on neurocognitive data collection with BrainCheck – see #2) 
 

2. “BrainCheck”, third-party neurocognitive assessment. Braincheck was designed in accordance with the American 
Academy of Neurology Clinical Practice Guidelines for Mild Cognitive Impairment25-26. Summary data output 
was quantifiable utilizing numeric scales and standard deviations. A currently ongoing non-profit collaboration 



 

 

 

with Special Operations Care Fund (SOC-F) and Tomahawk Foundation has treated 14 veterans with the 
following preliminary data: 

o Braincheck Composite Score = 8.1% improvement post-treatment 
o Braincheck Executive Function Score = 16.3% improvement post-treatment 
o Braincheck Visual Attention Score = 22% improvement post-treatment 

o Note: Neuro-ophthalmolagist at the USC Roski Eye Institute advised that a Veteran that visited 
his center showed significant post-treatment improvement in the domain of “contrast 
enhancement”, suggested further study 

o Braincheck Cognitive Processing Score = 8.9% improvement post-treatment 
o Note: Improvements in both cognitive processing speed and right/wrong determinations were 

observed, further study with a larger sample size assessing cognitive performance may be 
warranted 

o Additional data points, RPQ-16 (Rivermead Post-Concussion Questionnaire) improvement of 59% 
PCL-5 (PTSD Checklist for DSM-5) improvement of 46% 

3. Pittsburgh Sleep Quality Index (PSQI) is a well validated 19-item questionnaire that measures sleep disturbance 
and sleep patterns. It categorizes sleep into seven clinically derived domains of sleep difficulty (sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications, and daytime 
dysfunction).  Third party validation found an internal reliability of α = .83, a test–retest reliability of .85 for the 
global scale, a sensitivity of 89.6%, and a specificity of 86.5% (Thoracic - PSQI Summary Data). MeRT data was 
as follows: 

o Sham group (n=35), Baseline average PSQI-A of 9.34 +/- 4.6. After two weeks average PSQI-A of  7.29 
+/-4.8, Average improvement of 2.1 

o Treatment Group (n=36), Baseline average PSQI-A of 10.58 +/- 5.0, After two weeks average of 5.83 +/- 
4.9, Average improvement of 4.6 

o Significant gains in restorative properties of sleep were identified. Based on these findings, secondary 
validation was pursued utilizing a wearable sleep tracking device 

4. WHOOP, wearable sleep tracking device was deployed to further measure sleep quality 
o Aggregate “Sleep Performance” composite score demonstrated only marginal improvement of +1.8%, but 

increases in REM sleep and SWS (deep) sleep were consistently observed 
o Aggregate “Recovery” composite scores were slightly better at, +2.6% 

§ Note: To better assess sleep quality and REM / deep sleep, pre-and-post treatment formal in-lab 
polysomnograms (PSG) should be considered for further study 

o An incidental finding discovered through the use of the WHOOP was a 26% improvement in HRV 
(among active subjects who self-reported exercising three or more times per week) 

§ WHOOP’s proprietary algorithm utilizes “Root mean square of successive RR interval 
differences” (RMSSD) to calculate an HRV, validation with a dedicated cardiac monitor may be 
preferred 

§ Note: To better assess HRV, utilization of a dedicated cardiac monitor such as a Zephyr device 
may be considered for further study.  

 
V. Summary 

Neuromodulation represents a rapidly advancing area of research with immense potential for enhancing cognitive 
performance, and inherent advantages of being a non-pharmaceutical and non-surgical intervention. Additional 
research is required to advance the science of these innovations, with biometric-guided precision therapy showing 
early promise as an advancement on standard “one size fits all” rTMS by using the brain’s natural resonance to gently 
tune the brain, making it more rhythmic and calm, resulting in improved performance in a wartime environment. 
MeRT is a variable frequency biometric-guided procedure utilizing digital brain and cardiac imaging, computational 
analytics, and rTMS. The procedure was developed and is supported by a strong team of physicians, engineers, and 
neuroscientists in collaboration with the USC Center for Neurorestoration, Kerlan-Jobe Sports Neurology, and the 
Texas A&M Institute for Bioscience and Technology. MeRT is also bolstered by a deep portfolio of intellectual 



 

 

 

property (US Patent and Trademark Office has awarded ten patents, with six patents pending) and a track record of 
safety with over 5,000 patients treated with no malpractice claims or serious adverse events. 

 

Clinical trials have demonstrated an excellent safety record, significant improvements for a variety of 
neuropsychiatric conditions, with some early data and anecdotes demonstrating promise as an adjunct for human 
performance. More study is needed to further elucidate the clinical efficacy of MeRT in enhancing cognitive 
performance along a number of different domains. Areas of potential interest to military operators that warrant further 
research include pre-and-post treatment: 1) Neurocognitive Assessments, 2) Sleep Quality/Recovery, 3) Heart Rate 
Variability, and 4) Visual Attention and Contrast Enhancement. 
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