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A retrospective chart review
to assess the impact of alpha-
guided transcranial magnetic
stimulation on symptoms of
PTSD and depression in
active-duty special operations
service members
Marybeth Bailar-Heath*, Riley Burke, Delisha Thomas and Chad
D. Morrow

Human Performance Optimization Department, Brain Health Clinic, Air Force Special Operations
Command (AFSOC) Geographically Separated Unit (GSU), Fayetteville, NC, United States
Introduction: Special Operations Forces service members (SOF) are regularly

exposed to traumatic and concussive events, increasing the prevalence of

symptoms of post-traumatic stress disorder (PTSD) and depression, shortening

potential years of service.

Methods: This retrospective chart review presents preliminary data on a Human

Performance Optimization (HPO) program that provided an average of 30

sessions of individualized alpha frequency repetitive transcranial magnetic

stimulation (a-rTMS) to active-duty SOF as to reduce symptoms of PTSD and

depression following traumatic brain injury. Scores from the PTSD Checklist for

DSM-5, PROMIS Depression short form and Perceived Deficits Questionnaire

(PDQ) were reviewed.

Results: Significant reductions were noted after the HPO program in all clinical

scales with an average 37% decrease in PCL-5 (p<.01), 11.3% reduction in PROMIS

depression T-scores (p<.01), and 45.5% reduction in PDQ scales by session 30

(p<.01), with side effects matching those commonly reported in rTMS.

Importantly, the average PCL-5 score decreased from 42.9 to 27 by end of the

treatment program, which is below the clinical threshold of 33 for presence of

PTSD. For those with depression symptoms scores greater than cut off clinical

thresholds at baseline, 46% resolved following treatment.

Conclusion: This data provides preliminary support for safe application of a-
rTMS for symptom reduction in active-duty special operations military personnel.
KEYWORDS

military medicine, PTSD, TMS, individualized alpha peak TMS, TBI, special operations
forces, MeRT
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1 Introduction

Special Operations Forces service members (SOF) operate in

dynamic environments and frequently experience psychological

traumas, concussive forces, and blast waves (1–5). According to

the US Department of Veteran’s Affairs (VA), of veterans who

served in Iraq and/or Afghanistan receiving VA services in 2021, up

to 24% met diagnostic criteria for post-traumatic stress disorder

(PSTD) (6). In comparison to conventional forces, SOF generally

engage in a healthier lifestyle (7) yet they have higher levels of

traumatic brain injury (TBI) due to more rigorous training,

intensity and number of deployments (8). As SOF have an

increased risk of TBI when compared to conventional forces (9),

they also have higher prevalence of multimorbidity, as military

personnel with TBI are 4.18 times more likely to have PTSD than

personnel without TBI (10). Depression is also prevalent in the

armed services, with a recent meta-analysis revealing a 23%

prevalence of depression in active duty military (11).

PTSD and depression are characterized by alterations in

cognition and mood, and both disorders present with

impairments in executive function, attentional control and

working memory (12, 13). These cognitive processes are engaged

through interconnected large-scale cortical networks, specifically

the Default Mode Network (DMN), the predominant resting-state

network, which has been shown to be impaired in patients with

PTSD (14). PTSD has been characterized by a general lack of

prefrontal connectivity, with decreased medial prefrontal cortex

(mPFC) connectivity, and frontal DMN connectivity inversely

correlated with increasing symptoms of PTSD (14, 15).

Furthermore, in instances of comorbid TBI and PTSD, although

not directly measured in this present study, network connectivity

has also been reported to be inversely correlated with PTSD

severity, with significantly lower connectivity noted in the mPFC

in co-occurring conditions as compared to those with TBI

alone (16).

The human alpha rhythm, which is the predominant resting-

state cortical rhythm, with oscillations occurring between 8-13Hz

(17), has been reported to be closely linked to DMN activity (18–

20). Alpha activity is clustered around a single frequency, the

individual alpha frequency (IAF), which peaks in frequency in

early adulthood, and slows with age (21), with overlapping sites

of generation of alpha and DMN activity in frontal and parietal

regions (18). IAF is associated with key cognitive and emotional

functions, including working memory, visual perception, reaction

speed, time perception, emotional memory consolidation, and likely

representative of DMN health via synchronization of spontaneous

network activity and suppression of cortical propagation (22, 23).

Disruptions in alpha synchronization are reported in affective

and anxiety disorders (24), as well as in PTSD (25), with deficits

in alpha networks theorized to correspond with symptoms of

hypervigilance, sensory disinhibition, and alterations in working

memory present in PTSD. Neuromodulation, in the form of

repetitive transcranial magnetic stimulation (rTMS) has been

shown to decrease hyperconnected DMN networks reported in

depression (26), and when applied as transcranial alternating

current stimulation targeting alpha oscillations in healthy controls
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has been shown to upregulate local alpha EEG power and increase

DMN connectivity (27). Additionally, rTMS delivered at IAF (a-
rTMS) has been preliminarily reported to improve clinical response

in PTSD (28). Symptom response to neuromodulation has been

correlated with stimulation frequency proximity to IAF in

depression (29–31), making it a promising interventional

approach for use in the PTSD population.

In the past decade, personalized noninvasive neuromodulation

targeting disrupted networks has been explored for the treatment of

depression and PTSD in military populations (28, 32, 33). The most

common side effects of rTMS include headache, pain at the site of

stimulation, and nausea resolving within several therapy sessions

(34). For the Human Performance Optimization (HPO) program

studied here, physicians used a-rTMS for active-duty SOF

personnel with a history of TBI who suffered from symptoms of

depression and PTSD and consequently were at risk for

development of long-term psychiatric illness. a-rTMS was used in

the HPO program for its specific targeting of disrupted neural

circuits and function implicated in PTSD and TBI in comparison to

10Hz rTMS or intermittent theta burst stimulation (iTBS). In this

retrospective chart review, active-duty SOF who participated in this

HPO program that deployed a-rTMS were identified and reviewed,

and preliminary safety and clinical response data is reported.
2 Materials and methods

2.1 Clinical population

Charts from active-duty SOF who had received a-rTMS as part

of an HPO program were identified for review. The HPO program

was run in a US-based outpatient military Brain Health Clinic and

focused specifically on improving symptoms of persistent post-

concussive syndrome. Potential participants learned of the Program

through email and via conversation as a performance and

optimization program. Participation in the HPO program was

voluntary, and senior leadership was not involved in program

recruitment. HPO program inclusion for the active-duty SOF

included a self-report of history of head injury obtained by a

neuropsychologist from a full history taken at screening, and

capability to commit to 5 days of a-rTMS sessions per week for 6

weeks (30 sessions in total). Program participants were not formally

assessed for clinical diagnoses. In this chart review clinical

symptoms scales, which contain cutoffs suggestive of clinical

diagnosis, were used to monitor participant’s self-reported

symptom severity at baseline, midpoint and end of the HPO

program. Clinical scales used in the HPO program include the

PCL-5 to assess PTSD symptom severity (35), the PROMIS

Depression short form, used to assess depression symptom

severity (36), and the Perceived Deficits Questionnaire (PDQ),

which measures self-inferential assessment data (37).

Inclusion required approval from unit command leadership,

command psychologist and the physician medical director.

Program exclusion criteria included pacemakers, defibrillators,

any metal in the head, history of seizures, as well as current

benzodiazepine or alcohol use. Participants were asked daily to
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report on sleep quality, and any possible side effects, including

presence of headaches, fatigue, and pain, were noted by staff

providing the a-rTMS. HPO program participants provided

informed written consent, which included notification that

a-rTMS was off-label.

Charts of SOF from the Air Force Special Operations Command

Geographically Separated Unit (AFSOC GSU) at an outpatient

medical facility who had undergone the HPO program and

received a-rTMS between January 2020 and August 2021, were

reviewed. Patient charts were accessed, with information kept in

paper and electronic charts aggregated. Prior to analysis and during

data aggregation, all identifying patient information was removed

and deidentified. Charts were examined for data pertaining to

intake and screening notes, clinical notes, history of injury,

clinical scales, demographics, length of service, as well as daily

therapy notes taken throughout therapy. It was noted that

medications and concomitant therapies were not available for

review. Additional charts search keywords included: sleep, pain,

anxiety and depression, headache. Side effects from a-rTMS were

also searched for within clinical and daily therapy notes.
2.2 a-rTMS procedure

a-rTMS (known commercially as Magnetic E-Resonance

Therapy (MeRT)) was delivered five days per week for 6 weeks

with a MagVenture MagPro R30 stimulator and b65 coil, with

stimulation frequency at patient-measured IAF, and target

locations of midline frontopolar (Fpz) and midline parietal (Pz)

regions with rTMS coil orientation perpendicular to the midline.

EEGs were recorded with a Deymed Truscan EEG system and

fitted 21-lead FlexiCAP with standardized 10-20 positioning. A

10-minute eyes closed EEG recording was obtained on patients

biweekly. Each participant’s EEG data was processed by the MeRT

algorithm, which calculates and identifies a-rTMS frequency

parameters as the dominant EEG alpha peak frequency in the 8-

13Hz range in a posterior-occipital region of interest (ROI)

consisting of P3, P4, Pz, O1, and O2 electrodes. Patient IAF was

determined following a fast-fourier transform (FFT) of the

posterior ROI on data following initial EEG automated

artifacting. Resting motor threshold (rMT) was measured prior

to receiving a-rTMS as the minimum stimulation intensity

delivered to bilateral motor cortical regions that elicits a

contralateral thumb twitch as visually evaluated by a trained

technician. Starting stimulation site was the bilateral prefrontal

cortex, over the Fpz EEG site. Stimulation was delivered at IAF in

5-second trains, with 45 second intertrain intervals, for 36 trains,

lasting approximately 30 minutes for patients receiving a single

site of stimulation. Patients with poor posterior alpha peak

synchronization after the first EEG had the addition of

stimulation to the bilateral central parietal region, with the coil

centered at the Pz EEG site. Poor alpha synchronization was

identified by the presence of a low-amplitude, broad based

posterior alpha peak reflective of high alpha frequency

variability around IAF. Subjects receiving stimulation at two

cortical sites received the same 5 seconds of stimulation, with
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28-second intervals and 32 trains per site. IAF was recalculated

biweekly, with intensity at no more than 80% of patient rMT to

minimize side effects. Clinical scales were administered by

clinicians prior to the first a-rTMS session, at three weeks, and

at the final session. Daily therapy notes were also retrieved.
2.3 Statistical analysis

Session information, a-rTMS parameters, clinical scales and

notes were gathered from patient charts at the commencement of

the review. Analysis of variance was first used to test for a main

effect of time across the three repeated measures for each scale.

Paired samples T-tests were then performed on data taken prior to

their first a-rTMS session versus their midpoint, or final session

data, with p<0.05 considered statistically significant. Hedge’s g (38)

was calculated to determine the effect size for a change from

baseline on a given psychometric scale. Remission rates were

calculated on subjects with a baseline score above the threshold

for the scale. The clinical threshold for the PCL-5 was 33, and 55 for

the PROMIS T-score. Clinically relevant scale reductions are 10

points for PCL (39) and 3 points for the PROMIS T-score (40). Data

were plotted to show the mean with error bars at +/- one standard

error of the mean.
3 Results

Eighteen participants’ charts were found, and seventeen males

(mean age of 39.2, range 33-55, SD=5.3) and one 33-year-old female

were reviewed. SOF personnel had served an average of 17.3 years

(range 11-26, SD=4.7). No SOF had any current or previous

diagnoses of PTSD or depression.

SOF received an average of 30.9 a-rTMS sessions (20-53,

SD=1.4), with average stimulation frequency assigned by the

MeRT algorithm of 10.8Hz (range 9.6-12.3, SD=0.65). Average

mid and endpoint frequency settings were 10.8Hz (9.6-12.3,

SD=0.64) and 10.7Hz (9.5-12, SD=0.59). There were no

significant differences in treatment frequency calculation by

time (F2,34 = 1.1, p=.35), and post-hoc pairwise comparisons

were nonsignificant (p>.05). All SOF started with one

stimulation location at the Fpz site, with 5 switching to

stimulation at Pz and Fpz sites following the midpoint EEG.

There was no significant difference in frequency of stimulation

between dual site subjects and single site at baseline (p=.14) or end

of program (p=.56), however stimulation frequency for the dual

site group was higher at baseline (11.2Hz versus 10.7) and end of

program (10.8 versus 10.6).

With respect to commonly reported side effects of the a-rTMS

program, at the end of 20 treatment sessions (the minimum number

of treatment sessions with complete data for all participants) there

was one participant who reported headache (5.5%), and one

participant who reported nausea/vertigo (5.5%). No other side

effects were reported at the conclusion of 20 treatment sessions. It

was noted that some side effects were experienced transiently

throughout the sessions, with significantly fewer in the last ten
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treatment sessions in comparison to the first ten sessions. For

example, 33% (6 of 18 participants) reported headaches at least

two times throughout the first ten treatment sessions, of which all

but one resolved during the last ten sessions; and 39% (7 of 18

participants) reported insomnia/fatigue during the first ten

treatment sessions, of which all but three resolved during their

last ten sessions. No SAE (serious adverse event) was reported

in charts.

It was noted in the charts reviewed, that two participants

reported a single instance of suicidal ideation (1 participant at

only session 5, and 1 participant at only session 3). Both were

cleared to continue treatment as per established clinic protocol as

these instances were not considered related to the treatment, and

neither reported any other than the single occurrences.

All baseline and mid-point scales were completed, with one

subject not completing final scales. A significant main effect of time

was detected for all three scales (PCL-5 F2,33 = 12.1, p<.001;

PROMIS F2,33 = 8.8, p<.001; PDQ F2,33 = 28.9, p<.001), and

significant reductions from baseline were found at mid- and end-

points for all scales (Figure 1).

The average PCL-5 baseline score was 42.9 (15-72, SD=16.8),

midpoint of 31.2 (7-58, SD=16.3), and final score of 27 (4-52,

SD=16.1). PCL-5 reduction was significant at mid (t17 = 3.70,

p=.002, g=.83) and end-points (t16 = 3.68, p=.002, g=.89). Twelve

SOF personnel (67%) had data at all time points and reported a

PCL-5 score of greater than the PTSD cutoff of 33 at baseline, with

an average score of 51 (35-72, SD=12.6). The score dropped

significantly over the course of the program, to an average of 35.8

(11-58, SD=13.1) by midpoint (t11 = 4.21, p=.001, g=1.1) and 32.8

(8-52, SD=13.8) by the end (t11 = 3.47, p=.005, g=.93), with 5 of 12

patients (42%) scoring under 33 at completion, and 8 total

participants decreased by a clinically relevant amount of 10

or greater.

The average baseline PROMIS T-score was 57.6 (46.2-76.2,

SD=6.4), reduced to 53.4 at midpoint (37.1-65.4, SD=8.8), and final

score of 51.1 (37.1-63.5, SD=9.2). PROMIS score reduction was
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significant at both mid (t17 = 2.82, p=.012, g=.67) and end-points

(t16 = 3.61, p=.002, g=.88). Thirteen SOF personnel had data at all

time points and reported a PROMIS score greater than 55 at

baseline (72%), with an average score of 59.9 (55.3-76.2, SD=5.8).

The score dropped significantly over the course of the program, to

an average of 56.1 (43.3-65.4, SD=6.6) by midpoint (t12 = 2.33,

p=.04, g=.61) and 55 (37.1-63.5, SD=6.5) by the end (t12 = 2.30,

p=.04, g=.60), with 6 of 13 patients (46%) scoring under 55 at

completion, and 7 of 13 (54%) total participants decreased by a

clinically relevant amount.

The average PDQ baseline score was 50.5 (12-80, SD=18.3),

midpoint score of 34.8 (5-69, SD=16.3), and final average score of

27.5 (4-66, SD=16.1). PDQ score reduction was significant at both

mid (t17 = 4.79, p=1.7x10-4, g=1.08) and end-points (t16 = 6.68,

p=5.3x10-6, g=1.54).
4 Discussion

Special operations forces service members are at greater risk for

TBI as compared to conventional forces (8), which represents an

increased risk for TBI comorbid conditions, often including PTSD

and depression. TBI has been demonstrated to significantly impair

stability of the DMN (41), which has been shown to be affected in

patients with depression and PTSD. In this retrospective review, we

examined charts from healthy active-duty operators with a history

of TBI who participated in a Human Performance Optimization

(HPO) program that utilized guided neuromodulation in the form

of a-rTMS. The personalized noninvasive neuromodulation used in

this program targets disrupted networks, and in the present chart

review, the HPO program resulted in decreased severity of PTSD

and depression symptoms, with 42% and 46% of participants no

longer meeting severity thresholds for PTSD or depression,

respectively. Recorded side effects in this population were

equivalent to or slightly elevated compared to side effects reported

in application of rTMS in depression. Headache is generally the
B CA

FIGURE 1

Effect over time of alpha guided neuromodulation (alpha-rTMS) in program participants for: (A) PCL-5; (B) PDQ; (C) PROMIS. Values are represented
as mean ± SEM. All pre vs. mid, and pre vs. post comparisons were statistically significant at p<0.05.
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most common side-effect of rTMS, with one study of 412 patients

receiving 10Hz rTMS or intermittent theta burst TMS reporting

64% and 65% incidence of headache, respectively (42). At the end of

20 treatment sessions there was one participant who reported

headache (5.5%), and one participant who reported nausea/

vertigo (5.5%). No other side effects were reported at the

conclusion of 20 treatment sessions. While there were transient

reports of headaches (33%), all resolved with the exception of one

participant (5.5%). Additionally, while there were transient reports

of fatigue and insomnia, which are generally elevated in active-duty

military populations, as it has been reported that as few as 27-30%

of active-duty soldiers obtain the recommended minimum of 7

hours of sleep per night for adults (43, 44), these symptoms resolved

by the end of the treatment sessions. Other side effects matched

those normally reported in TMS application, with resolution of

most side effects by the second half of the program.

In current practice, rTMS is most often provided as a therapeutic

intervention to patients who are suffering from diagnosed clinical

conditions, and is generally provided in military populations after

they complete their service. The military has implemented programs

that attempt to combat the development and severity of PTSD and

depression, including the deployment of cognitive behavioral therapy,

collaborative care interventions and virtual-reality-based interventions,

however none directly target and interact with potentially disrupted

neurocircuitry (45). The reduction in PTSD and depression symptoms

illustrated in the current chart review may represent a relative

reduction in risk for further development of these disorders, however

long-term follow-up with a comparison group is necessary for

such conclusions.

As this was a retrospective chart review and not a prospective

trial, conclusions are limited by low sample size, absence of a

control group, absence of knowledge of current medication and

concomitant therapies, and absence of comprehensive testing prior

to and throughout the program. No long-term follow-up data were

present in charts; however, SOF were assumed to continue their

career and deployment in adverse environments. No validated TBI

scale or automated neuropsychiatric batteries were administered to

program participants throughout the program. As post-concussive

TBI symptoms overlap significantly with symptoms of PTSD, lack

of TBI scale limits the specificity of the conclusions as to the efficacy

of a-rTMS in this population. Additionally, formal neurocognitive

evaluation as well as imaging of DMN connectivity via MRI were

not captured, and should be gathered in future studies. Program

safety is consistent with other applications of TMS, with noted

initial elevations in reported headache and fatigue, however a

randomized sham-controlled trial of a-rTMS is currently

underway to corroborate these findings and further establish

safety and efficacy of the treatment.

To our knowledge, this is the first chart review of an optimization

program using a-rTMS deployed in a population of active-duty special

forces personnel. Given the growing population of veterans with TBI

history who show symptoms of PTSD and depression, prospective pre-

retirement neuromodulation programs may aid in attenuating rates of

mental health disorders and suicide post-deployment and in
Frontiers in Psychiatry 05
retirement. This data provides a demonstration of significant

reduction in PTSD and depression symptoms and safety with the

application of a-rTMS in active-duty special operations military

personnel. Expansion of targeted neuromodulation programs could

be impactful for military and civilian populations.
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