Noninvasive Brain Stimulation With
High- and Low-Frequency Repetitive Transcranial Magnetic
Stimulation Treatment for Posttraumatic Stress Disorder

Paulo Sergio Boggio, PhD; Martha Rocha, BSc;

Maira Okada Oliveira, BSc; Shirley Fecteau, PhD; Roni B. Cohen, MD;
Camila Campanh3, BSc; Eduardo Ferreira-Santos, MD, PhD;
Alexandrina Meleiro, MD, PhD; Felipe Corchs, MD; Soroush Zaghi, BSc;
Alvaro Pascual-Leone, MD, PhD; and Felipe Fregni, MD, PhD

Objective: We aimed to investigate the efficacy
of 20 Hz repetitive transcranial magnetic stim-
ulation (r'TMS) of either right or left dorsolateral
prefrontal cortex (DLPFC) as compared to sham
r'TMS for the relief of posttraumatic stress disorder
(PTSD)-associated symptoms.

Method: In this double-blind, placebo-
controlled phase II trial conducted between
October 2005 and July 2008, 30 patients with
DSM-IV-diagnosed PTSD were randomly assigned
to receive 1 of the following treatments: active 20
Hz r'TMS of the right DLPFC, active 20 Hz rTMS
of the left DLPFC, or sham rTMS. Treatments
were administered in 10 daily sessions over 2
weeks. A blinded rater assessed severity of core
PTSD symptoms, depression, and anxiety before,
during, and after completion of the treatment pro-
tocol. In addition, a battery of neuropsychological
tests was measured before and after treatment.

Results: Results show that both active
conditions—20 Hz rTMS of left and right
DLPFC—induced a significant decrease in PTSD
symptoms as indexed by the PTSD Checklist
and Treatment Outcome PTSD Scale; however,
right rTMS induced a larger effect as compared
to left rTMS. In addition, there was a significant
improvement of mood after left rTMS and a sig-
nificant reduction of anxiety following right rTMS.
Improvements in PTSD symptoms were long last-
ing; effects were still significant at the 3-month
follow-up. Finally, neuropsychological evaluation
showed that active 20 Hz rTMS is not associated
with cognitive worsening and is safe for use in
patients with PTSD.

Conclusions: These results support the notion
that modulation of prefrontal cortex can alleviate
the core symptoms of PTSD and suggest that high-
frequency rTMS of right DLPFC might be
the optimal treatment strategy.
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P osttraumatic stress disorder (PTSD) is an incapaci-
tating anxiety disorder characterized by intrusive
thoughts, hyperarousal, flashbacks, nightmares, sleep dis-
turbances, emotional numbing, and withdrawal, among
other clinical symptoms (as classified by the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
[DSM-1V]).! Posttraumatic stress disorder has a lifetime
prevalence of about 6.8% and may develop in susceptible in-
dividuals after exposure to a terrifying ordeal that involved
physical harm or the threat of physical harm.? This severe
anxiety disorder affects about 7.7 million people each year
and remains challenging to treat, with persistent symptoms
leading to considerable social, occupational, and interper-
sonal dysfunction.’

Although selective serotonin reuptake inhibitors
(SSRIs)—among other antidepressants—have resulted in
various degrees of improvement in patients with PTSD, there
is no definitive pharmacotherapy available to date for the
treatment of this debilitating disorder. A review of 37 clini-
cal trials of pharmacotherapies® found inadequate evidence
to determine the value of antidepressants, benzodiazepines,
anticonvulsants, a-blockers, and second-generation anti-
psychotics for the treatment of PTSD. Even so, according
to an American Psychiatric Association guideline,” SSRIs
remain the first line of treatment for PTSD. In addition,
due to the complex nature of this disorder, individuals
with PTSD also seem to benefit from 10 to 12 sessions of
cognitive-behavioral therapy, prolonged-exposure ther-
apy, or cognitive-processing therapy. Nevertheless, many
individuals respond inadequately to currently available
therapies, and research for more effective treatment para-
digms is ongoing.

Mostrecently, repetitive transcranial magnetic stimulation
(rTMS)—a method of noninvasive neuromodulation—has
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been emerging as a potentially effective technique in the
treatment of PTSD. Indeed, rTMS has already been shown
to be highly effective in the treatment of medically refractory
depression®and is now a clinically available form of treatment
in certain settings. Similarly, there is evidence that rTMS
can also be effective for the treatment of PTSD. In a prior
open-label study,” a single session of low-frequency (0.3 Hz)
transcranial magnetic stimulation (TMS) applied to the left
and right motor cortex was found to be transiently effective
in lowering the core PTSD symptom of avoidance as well as
somatization and symptoms of anxiety and depression. Stim-
ulation with 10 Hz rTMS to the right DLPFC was then shown
to generate even greater effects with an especially marked
improvement in symptoms of re-experiencing and avoidance;
these effects lasted for at least 2 weeks after the end of stimu-
lation.® Furthermore, 2 case studies suggest that stimulation
of the right DLPFC with 1 Hz rTMS can, in fact, normalize
the right frontal and paralimbic metabolic hyperactivity that
is associated with PTSD as measured with positron emission
tomography studies.” In sum, these previous studies suggest
that modulation of prefrontal activity, perhaps particularly
on the right frontal cortex, with rTMS holds promise as a
form of therapy in the treatment of PTSD.

Therefore, in this study, we aimed to investigate the
clinical efficacy of high-frequency rTMS in the relief of core
PTSD symptoms (such as hyperarousal, flashbacks, vigilance,
intrusive thoughts, emotional numbness, and withdraw-
al) as well as PTSD-associated symptoms of anxiety and
depression. In contrast to previous studies, here we inves-
tigate treatment with 20 Hz rTMS (higher frequency than
previous studies), as there is evidence that higher-frequency
stimulation may result in more substantial effects. In addi-
tion, we compare the effects of treatment of either right or
left DLPFC (“left rTMS” and “right rTMS”), since rTMS is
known to have side-specific effects. For example, in patients
with major depression, rTMS can induce antidepressant
effects either by enhancing left DLPFC excitability via
high-frequency stimulation or by decreasing right DLPFC
excitability via low-frequency stimulation.'’ Finally, our
study here also offers a longer follow-up period of 3 months’
duration and an inclusion of an extensive battery of neuro-
psychological assessments. The main goal of this study was
to evaluate the effects of high-frequency rTMS of right and
left DLPFC, as compared to sham stimulation, on the clinical
symptoms of PTSD. As secondary aims, we explored whether
the clinical effects of stimulation were long lasting and as-
sociated with any cognitive changes as indexed by a battery
of neuropsychological tests.

METHOD

Study Population

This study was carried out from October 2005 to July
2008. Participants were recruited by means of newspaper ad-
vertisements as well as referred by psychiatrists working with
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PTSD. We enrolled participants according to the following
criteria: participants fulfilling the DSM-IV diagnostic crite-
ria of PTSD, as assessed by the Structured Clinical Interview
for DSM-IV (SCID)"' by trained mental health professionals,
and aged between 18 and 64 years old. We excluded indi-
viduals with head trauma, substance abuse disorder, or any
other chronic medical conditions and contraindications to
r'TMS, such as pregnancy, use of pacemakers, and epilepsy."
In addition, patients with severe episodes of depression im-
mediately before the traumatic event were excluded. Patients
signed an informed consent form that was approved by a
local and national research ethics committee (http://portal.
saude.gov.br/sisnep). The study was conducted at Mackenzie
University (Sao Paulo, Brazil).

The traumatic events that were associated with PTSD
included 6 assaults, 5 cases of sexual abuse, 15 cases of death
or severe disease of a relative, and 4 incidences of psycholog-
ical distress/perceived physical harm (eg, kidnapping, threat
of death). The mean age of the subjects was 44.5+ 4.4 years
(mean +SD). The mean time since occurrence of trauma was
3.9+4.3 years (mean + SD).

For participants who were taking medication, we used the
same strategy used by Grisaru et al”: drug treatment was nei-
ther stopped nor changed in the 3 weeks before the study or
during the study. In addition, patients continued to receive
the same individual and group supportive psychotherapy as
before the intervention. Successful use of this procedure has
been reported by Cohen et al.* However, we adopted a strat-
egy of randomization (stratified randomization) to ensure
that the groups were balanced regarding medication use.

Experimental Design

In this double-blind, placebo-controlled phase II trial,
30 patients were randomly assigned (1:1:1) to 1 of the 3
stimulation groups: active high-frequency rTMS of the left
DLPEC (left rTMS), active high-frequency rTMS of the right
DLPFC (right rTMS), and sham rTMS. We used a strati-
fied randomization strategy with random blocks to ensure
that the 3 groups had similar use of medications; therefore,
we created 3 different groups of patients according to their
medication use: antidepressants and/or benzodiazepines,
benzodiazepines only, and neither benzodiazepines nor
antidepressants.

Rationale for Site of Stimulation

The choice of prefrontal cortex as the site of stimulation
is based on the properties of this area and previous research.
The prefrontal cortex is involved in many complex cogni-
tive and behavioral functions that are potentially relevant to
PTSD, such as working memory,"*'* supervisory attention-
al control,"” reasoning and decision making,'®"” temporal
organization of behavior,'" and emotional processing."’ In
fact, structural and functional neuroimaging studies have
demonstrated abnormalities in the prefrontal cortex in PTSD
patients. For instance, patients with PTSD show a decreased
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regional cerebral blood flow in the prefrontal cortex (and
an increased regional cerebral blood flow in the amygdala)
in response to provocation of symptoms by script-driven
imagery.”” These findings have been documented in both
patients with combat-related PTSD and patients in whom
PTSD was related to childhood abuse. Overall, functional
neuroimaging studies reveal fairly consistent data indicating
a hypoactivation of the prefrontal cortex (as well as a hyper-
responsive amygdala) in PTSD patients.**° Taken together,
these findings suggest that the prefrontal cortex (and the
amygdala) is intimately involved with PTSD abnormalities
and could potentially be the target of stimulation-based
treatment strategies. Therefore, the site of stimulation in this
study will focus on the right and left dorsolateral prefrontal
cortex. We tested treatment with the left DLPFC in addi-
tion to the right DLPFC as in the previous study® because
it is not clear whether there is a lateralization of prefrontal
dysfunction in PTSD and also because left DLPFC is the site
used for the treatment of major depression—a condition
commonly comorbid with PTSD—with rTMS.® Finally, be-
cause the DLPFC is involved with cognitive processes, such
as working memory and executive function, we performed
a cognitive evaluation in these patients before and after the
treatment as to assess the safety of this treatment.

Intervention: Transcranial Magnetic Stimulation

Transcranial magnetic stimulation was performed using
a commercially available figure-8 coil (outside diameter of
each wing=7 cm) and a Magstim stimulator (1.5 Tesla ver-
sion; Magstim Company Ltd, Wales, United Kingdom). The
current wave form was biphasic, and the orientation of the
stimulation coil was 45° from the midline with the handle
pointing backward. Patients were randomly assigned to
receive active rTMS (left or right DLPFC) and sham rTMS
as detailed below.

Active rTMS treatment. There were 2 active rTMS
groups (high-frequency rTMS of the left DLPFC [referred
to in the text as “left rTMS”] and high-frequency rTMS of
the right DLPFC [referred to in the text as “right rTMS”]).
Patients received 10 TMS treatments that were administered
5 days per week (weekdays only) for 2 consecutive weeks.
The TMS apparatus was equipped with a figure-8-shaped
insulated coil. Repetitive transcranial magnetic stimulation
was applied by positioning the stimulation coil over the
appropriate position (DLPFC) on the subject’s scalp follow-
ing the guidelines of Pascual-Leone et al”’ for the localization
of the DLPFC. Transcranial magnetic stimulation at 20 Hz
was applied at 80% of the patient’s motor threshold. Each
participant received 1,600 pulses per session (40 trains of 2
seconds with an intertrain interval of 28 seconds) over either
the right or left DLPFC. These parameters are within the
safe parameters according to the safety guidelines published
by Wassermann.'” Two trained technicians administered the
treatment for patients. These technicians had no contact
with patients and were not involved in this study.
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Sham rTMS treatment. The 10 sham rTMS treatments
were administered with the same TMS methodology used
for active rTMS treatments, except that no actual magnetic
stimulation was released from the coil. We used a specially
designed sham TMS coil that has the identical appearance
and weight as the real coil. In addition, we installed a small
electrical stimulator underneath this coil as to mimic the
scalp sensation produced by the active rTMS similarly used
by Okabe et al.*® Therefore, this device induced a small
electric current (that was near the perception threshold and
adjusted for each subject) in order to induce scalp sensation.
Although we believe that this method improved the blinding
in our study (as compared to standard sham TMS), we did
not perform assessment of blinding. With respect to later-
alization of sham rTMS, 5 subjects received left hemisphere
sham stimulation and 5 subjects received right hemisphere
sham stimulation. In this way, a total of 15 subjects had the
electrode placed on the right side: 5 subjects received sham
and 10 received active stimulation. Similarly, a total of 15
subjects had the electrode placed on the left side: 5 received
sham and 10 received active stimulation. This methodol-
ogy helped to ensure that lateralization would not inherently
unblind the subjects. Although it is possible that placing
the sham electrode on the left side has a different placebo
effect than placing the electrode on the right side, the sub-
jects were not aware that we were interested in comparing
left and right rTMS, and so this is unlikely to have made a
significant difference.

Methods of Measurement

Before the treatment, we collected data on demographic
and clinical information, such as marital status, place of
birth, education, place of residence, and the type of trauma
that led them to seek help. We then assessed PTSD symp-
toms using a clinician-administered PTSD scale.” In order
to assess changes before, during, and after treatment, a
blinded rater measured PTSD symptoms, anxiety, and de-
pression. These measures were taken at 7 time points: before
treatment (baseline), at day 5, at day 10, at day 24 (2 weeks
after the end of the intervention), at day 38 (4 weeks after
treatment), at day 66 (8 weeks after treatment), and at day 94
(12 weeks after treatment). The participants were assisted in
answering the questions, if needed. The interviewer ensured
that all participants clearly understood the content of each
item and the different aspects of the various component
questions. The 4 instruments were used as follows:

PTSD Checklist. The PTSD Checklist™ is a 17-item self-
report checklist of PTSD symptoms based closely on the
DSM-1V criteria. The respondents rated each item from 1
(“not at all”) to 5 (“extremely”) to indicate the degree to
which they have been bothered by that particular symptom
over the past month. Thus, the total scores range from 17
to 85.

Treatment Outcome PTSD Scale. The Treatment Out-
come PTSD Scale® is a clinician-rated instrument that
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measures the presence and severity of PTSD. This 8-item
instrument measures symptoms that occur frequently with-
in the PTSD population and is sensitive to the 3 major PTSD
symptom dimensions: intrusive thoughts, avoidance behav-
ior, and hyperarousal symptoms. Each symptom is rated on
a defined scale (0 to 4). Higher scores reflect greater severity
on each measure.

Hamilton Anxiety Rating Scale. The Hamilton Anxiety
Rating Scale® is a clinician-rated instrument that measures
the presence and severity of anxiety. This instrument cov-
ers 14 symptoms. Each symptom is rated on a defined scale
(0 to 4). A higher numeric rating reflects greater symptom
severity.

Hamilton Depression Rating Scale. The Hamilton
Depression Rating Scale™ is a 28-item instrument that
measures the presence and severity of depression. Each
symptom is rated on a defined scale (0 to 4), whereby a
higher numeric rating reflects greater symptom severity.

In addition to these questionnaires and tasks, a battery of
neuropsychological tests using alternate forms for repeated
measures was performed to assess whether the treatment
was associated with a detrimental effect on cognition and,
therefore, to gather preliminary data on the safety of this
treatment. This battery consists of the following tests: ex-
ecutive function (Wisconsin Card Sorting Test* [number
of categories and perseverative errors], Controlled Oral
Word Association Test” [phonemic category—letters F,
A, S], Victoria version of the Stroop Test* [colored words
and interference card]); reasoning (Raven Colored Pro-
gressive Matrices”); and working memory (Digit Span
Test*®* —forward and backward).

Statistical Analysis

The sample size calculation was based on the study of
Cohen et al.’ These data show that the scores on the PTSD
Checklist after 2 weeks of treatment were 43.5 (+8.3) for
the active group and 55 (+4.9) for the sham group. For our
sample size calculation, we assumed a type I error of 5%
(a-2-tailed) and a type 2 error of 10% (B). Therefore, for a
90% power, 8 participants per arm were necessary (total of
24 participants). Conservatively, we increased this number
to 30 participants (10 per arm) to account for unexpected
factors such as a higher placebo response.

The ratings of psychopathology (PTSD Checklist,
Treatment Outcome PTSD Scale, Hamilton Anxiety Rating
Scale, and Hamilton Depression Rating Scale) were entered
into a mixed 2-way repeated measures analysis of variance
(ANOVA). The 2 fixed factors were group (active left rTMS,
active right rTMS, and sham) and time (baseline, day 5,
day 10) with repeated measures on time. The goal of this
model was to detect if there was a significant interaction
term between group and time. In addition, we included the
random factor subject identification to account for within-
subject variability. The main outcome in this study was PTSD
symptom changes as assessed with the PTSD Checklist.
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Table 1. Demographic Characteristics of Posttraumatic Stress
Disorder Study Patients

Right rTMS ~ LeftrTMS  Sham rTMS
Characteristic (n=10) (n=10) (n=10)
Sex, n (%), female 6 (60) 7 (70) 8 (80)
Age, mean (SD), y 40.7 (13.65)  47.1 (12.13)  45.9 (11.45)
Duration of disease, 4.12 (4.61) 4.18 (4.16) 3.42 (4.48)
mean (SD), y
Type of trauma, n (%)
Assault 2 (20) 2 (20) 2 (20)
Sexual abuse 2 (20) 2 (20) 1(10)
Death or severe 5(50) 4 (40) 6 (60)
disease of relative
Psychological 1(10) 2 (20) 1(10)
distress (kidnapping,
death threatening)

Abbreviation: rTMS = repetitive transcranial magnetic stimulation.

The other instruments were used as secondary outcomes. If
appropriate, paired post hoc tests with Bonferroni correction
for multiple comparisons were also undertaken. In addition,
we performed similar analyses for the cognitive tests.

We then assessed the long-lasting effects of this treatment,
building a model in which we included time of treatment—
including all the time points: baseline, day 5, day 10, day
24, day 38, day 66, and day 94—as the main variable and
performed this model for the 2 active groups to assess each
slope separately.

Finally, we performed exploratory paired correlation tests
using Pearson correlation coefficient in which we compared
clinical changes in PTSD with demographic characteristics.

There were only 4 dropouts in this study. We used the
intention-to-treat analysis to handle missing data using the
method of last-observation-carried-forward. This is consid-
ered a conservative approach as it leads the results toward
the null hypothesis.

RESULTS

There were 4 dropouts (2 in the sham group and 2 in the
active groups [1 in the left rTMS and 1 in the right rTMS
group]). All of the dropouts were associated with difficulties
in travel to the rTMS clinic for 10 consecutive days as most
of these patients depended on family members to bring them
to the rTMS clinic.

The demographic and clinical data are summarized in
Table 1. Most of the study subjects (21 of 30) were female.
There were no significant differences in demographic and
clinical scores at baseline across the 3 groups of treatment.
Patients tolerated treatment well. There were no seizures and
only mild adverse effects, such as mild headache, neck pain,
sleepiness, and dizziness, were reported similarly in the 3
groups of treatment.

Core PTSD Symptoms

We initially performed a full model to assess whether
the interaction term was significant. This analysis showed a
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Figure 1. Scores on Measures of PTSD Symptoms, Anxiety, and Depression in Study Patients Before, During, and After rTMS
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Abbreviations: PTSD = posttraumatic stress disorder, rTMS = repetitive transcranial magnetic stimulation.

significant interaction term group versus time for the PTSD
Checklist (Fg5,=11.2; P<.001) and for the Treatment Out-
come PTSD Scale (F; ;,=12.7; P<.001). We then performed
post hoc analysis with Bonferroni correction for multiple
comparisons.

For PTSD Checklist, right rTMS induced a significant
decrease in PTSD symptoms after 5 days (P=.018, corrected
P value) and 10 days (P=.0042, corrected P value). Similar
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results were found for left rTMS: significant decrease in
core PTSD symptoms after 5 days (P=.012, corrected
Pvalue) and 10 days (P=.012, corrected P value). For sham
stimulation, there was no significant difference in PTSD
Checklist after 5 days (P=.42, corrected P value) and 10
days (P=.32, corrected P value) (Figure 1A).

Similar results were obtained for the Treatment Outcome
PTSD Scale. After 5 and 10 days of stimulation, there was a
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Table 2. Neuropsychological Performance in Study Patients Assessed by a Mixed
Analysis of Variance Model at Baseline and After 10 Days

Stroop Digit Span Raven COWA Wisconsin

Measure Mean SD Mean SD Mean SD Mean SD Mean SD

Baseline
Right rTMS  60.70 55.73 10.30 3.43 34.80 9.85 30.60 9.88 21.30 8.08
Left rTMS 51.60 46.36 8.80 2.82 3740 1328 3990 1506 2590 9.01
Sham rTMS 3840 11.09 12.10 3.14 39.80 11.78 37.60 7.52 2240 13.00
Day 10
Right rTMS  55.60 5740 1140 3.89 37.00 11.71 36.30 12.07 23.90 8.10
Left rTMS 4330 34.64 9.50 222 3840 1375 38.60 1250 26.50 9.35
Sham rTMS  36.30 7.32 1220 329 40.00 10.13 36.60 9.38 2530 12.15
F,, (P value)* 2.15(.11) 1.51(.23) 1.37 (.27) 3.24 (.04) 0.75 (.53)
*F and P values indicate the values for the interaction term group versus time.

Abbreviations: COWA = controlled oral word association test, rTMS = repetitive transcranial
magnetic stimulation.

significant decrease in core PTSD symptoms for right rTMS
(P=.02 and P=.008, respectively, corrected P values) and
left r'TMS treatment (P=.0042 and P=.0039, respectively,
corrected P values). For sham rTMS, similarly, there were
no changes in PTSD symptoms (P=.18 and P=.36, respec-
tively, corrected P values) (Figure 1B).

Moreover, when comparing left and right rTMS, the
results show that improvement after right rTMS is larger
as compared to left rTMS, and this difference was mar-
ginally significant (for PTSD Checklist: 36.9% [+20.1] vs
23.1% [+ 15.4], right and left rTMS, respectively; P=.03; for
Treatment Outcome PTSD Scale: 48.6% [+27.2] vs 22.8%
[£18.4], P=.051).

Finally, because both active treatments resulted in signif-
icant improvements in PTSD symptoms, we then analyzed
whether one of these strategies is more effective according
to the clusters of symptoms (eg, reexperiencing, avoidance,
and hyperarousal). Initially, we ran a full model with the
factors group (right and left rTMS), cluster, and time. This
model revealed that the interaction term group versus time

rTMS.

versus clusters was significant (Fy;o3=>5.78; P<.0001); sug- for details).
gesting that clusters of symptoms changed differently across
the 2 active groups of treatment. In fact, mixed ANOVA Effect Durability

models for each cluster showed a significant difference be-
tween right and left rTMS for avoidance only (F,,3=6.83;
P=.018) but not for reexperiencing (F,,;53=0.18; P=.68).
There was a trend for a differential effect for hyperarousal
(F15=2.83; P=.10). In fact, whereas the improvement in
avoidance and hyperarousal was larger for right rTMS as
compared to left rTMS, for reexperiencing, improvement
in both groups was similar.

Rating Scale (F,5,=17.9; P<.001) and
the Hamilton Anxiety Rating Scale
(Fs54=6.7; P<.001). We then performed
post hoc analysis with Bonferroni cor-
rection for multiple comparisons.

The post hoc analysis showed an
interesting result: while depression
scores were significantly improved only
after left rTMS treatment (P<.0001 and
P=.0006, for after 5 and 10 days, re-
spectively, corrected P values), anxiety
scores were significantly decreased only
after right rTMS treatment (P=.0066
and P=.0096, after 5 and 10 days, re-
spectively, corrected P values). Sham
rTMS induced no significant changes

in Hamilton Depression Rating Scale and Hamilton Anxi-
ety Rating Scale scores (Figures 1C and 1D).

Cognitive Function

We then assessed whether rTMS was associated with
cognitive worsening. Analysis with a mixed ANOVA
model showed that the interaction term time versus group
was not significant for the tests—Stroop Test, Digit Span
Test (forward and backward), Raven Colored Progressive
Matrices, and Wisconsin Card Sorting Test (Table 2, F and
P values)—when comparing baseline to day 10 results.
Interestingly, in all of these tests, the active groups had
an increase in absolute values in performance following

However, for the Controlled Oral Word Association
Test, the interaction term was statistically significant
(F5,,=3.24; P=.037). Post hoc comparisons showed that
performance was only improved after right rTMS (P=.015,
corrected P value). There were no significant changes after
left rTMS (P=.99) and sham rTMS (P=.99) (see Table 2

We initially performed a full model with all time points
(baseline, day 5, day 10, day 24, day 38, day 66, day 94) and
treatment groups (right, left, and sham rTMS). This model
showed a significant interaction term time versus group
for the PTSD Checklist (F,5,5,=6.54; P<.0001) and Treat-
ment Outcome PTSD Scale (F 4,5, =6.85; P<.0001). We
then performed separate models for right and left rTMS
groups in order to assess whether the slope of time was

significantly different from 0. Interestingly, the main effect

Anxiety and Depression

We performed an analysis of symptoms of anxiety and
depression in a manner similar to that of the PTSD symp-
toms. We initially executed a full-model analysis to assess
whether the interaction term time versus group was sig-
nificant. This analysis showed a significant interaction
term group versus time for both the Hamilton Depression
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of time was significant for left and right rTMS for both
PTSD instruments: PTSD Checklist and Treatment Out-
come PTSD Scale (F;;,>5 and P<.0001 for all 4 analyses);
showing that the effects were long-lasting (Figures 1E and
1F). In fact, when comparing day 94 against baseline for
both PTSD outcomes, this difference remained significant
(P<.005 [corrected P value] for all 4 comparisons).
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Correlations

Finally, we correlated the effects of rTMS on PTSD
symptoms (as indexed by the PTSD Checklist and Treat-
ment Outcome PTSD Scale) with demographic and baseline
clinical characteristics. There was a marginally significant
correlation between duration disease and PTSD symptom
improvement at 10 days (r=-0.45 and P=.045 for PTSD
Checklist and r=-0.43 and P=.058 for Treatment Outcome
PTSD Scale), such that longer elapsed time since trauma
was associated with a larger response.

DISCUSSION

In this study, 30 patients with PTSD were randomly
assigned to receive treatment with 10 daily sessions of either
20 Hz rTMS of right DLPEC (“right rTMS”), 20 Hz rTMS
of left DLPFC (“left rTMS”), or sham stimulation. Our re-
sults demonstrate that active stimulation of the right and left
DLPFC were both effective in the relief of core PTSD symp-
toms (hyperarousal, vigilance, intrusive thoughts, emotional
numbness, withdrawal, etc) at days 5 and 10 as determined
by scores on the PTSD Checklist and Treatment Outcome
PTSD Scale. Interestingly, right rTMS was associated with
a greater improvement in core PTSD symptoms (ie, larger
reduction in PTSD Checklist and Treatment Outcome PTSD
Scale scores) when compared to left rTMS. On the other
hand, left rTMS resulted in a significant improvement with
respect to symptoms of depression (ie, significant reduction
in Hamilton Depression Rating Scale scores) at days 5 and
10 whereas changes in symptoms of depression were not sig-
nificant for right rTMS. Interestingly, right rTMS generated
a significant improvement in the measure of anxiety (Ham-
ilton Anxiety Rating Scale) at days 5 and 10 while left rTMS
did not. Finally, with respect to the measures of cognitive
performance (Stroop Test, Digit Span Test, Wisconsin Card
Sorting Test, and Raven Colored Progressive Matrices), right
and left rTMS were both associated with improvements in
neuropsychological performance, although these results
were not statistically significant (see Table 2). Unexpectedly,
there was a significant improvement in verbal fluency—as
indexed by Controlled Oral Word Association Test (phone-
mic category—letters F, A, S)—following right rTMS.

Our findings here support the results of Cohen et al,®
which show that 10 Hz rTMS applied to the right DLPFC
results in improvements to both core PTSD symptoms and
anxiety. Indeed, our study shows that 20 Hz rTMS of right
DLPEC has similar effects as previously described for 10 Hz
right TMS, namely improvements in core PTSD and anxi-
ety symptoms; because of our longer follow-up period, we
were also able to show that these beneficial effects persist
for at least 3 months. Furthermore, here we also tested the
efficacy of left DLPFC stimulation in PTSD and showed
that, indeed, 20 Hz left rTMS improves symptoms of depres-
sion as well as core PTSD symptoms but not symptoms of
anxiety. However, because the effect of left rTMS on core
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PTSD symptoms was significantly smaller in magnitude in
comparison to the effects of right rTMS, the improvement
seen with 20 Hz rTMS of left DLPFC may be secondary to
the antidepressant effects of this mode of stimulation.

As demonstrated above, right rTMS has a significant
effect in relieving the anxiety dimension of PTSD; this feature
may be the primary factor underlying the beneficial effects
observed. Longitudinal studies show that anxiety sensitivity
and trait anxiety are important components of PTSD onset
and vulnerability,”*’ and targeting central nervous system
networks involved in the perpetuation of anxiety may be a
highly effective approach. In addition, antidepressant SSRIs
used in the treatment of PTSD have a common effect in
reducing anxiety across the spectrum of anxiety disorders.”
Hence, we propose that high-frequency stimulation of right
DLPFC may be an effective approach in the neuromodulatory
treatment of PT'SD and that it may function by decreasing the
anxiety component of this disorder.

A functional magnetic resonance imaging (fMRI) study
by Whalley et al*' provides additional evidence for the
understanding of a potential mechanism that may explain
the demonstrated anxiety-relieving capacity of right rTMS
in patients with PTSD. In this imaging study of patients with
either PTSD or depression as well as trauma-exposed con-
trols, fMRI results for the contrast between old and new items
during an episodic memory retrieval task revealed activation
in a predominantly left-sided network of cortical regions,
including the left middle temporal, bilateral posterior cingu-
late, and left prefrontal cortices for all groups. Furthermore,
relative to the control and depressed groups, the PTSD group
exhibited greater sensitivity to correctly recognized stimuli in
the left amygdala/ventral striatum and right occipital cortex,
and more specific sensitivity to items encoded in emotional
contexts in the right precuneus, left superior frontal gyrus,
and bilateral insula. These results are interesting as they
demonstrate that, first of all, retrieval of episodic memory is
a predominantly left-sided task; thus, it may be speculated
that because high-frequency rTMS of right DLPFC is known
to inhibit left-sided structures via transcollosal inhibition,
excitatory neuromodulation of the right DLPFC with 20 Hz
rTMS may, in fact, manifest its PTSD-alleviating effects via
inhibition of left-sided memory retrieval networks. In this
line, 1 Hz inhibitory rTMS of the left prefrontal cortex might
also be an effective approach for the treatment of PTSD. Sec-
ondly, the study shows that patients with PTSD may have
specific foci of hyperactivity/sensitivity in subcortical nuclei;
therefore, prefrontal modulation might inhibit subcortical
nuclei that are highly active in PTSD. An alternative sug-
gestion for the mechanism of right rTMS may be based on
work by Shin et al,** which shows hypoactivation of the
medial prefrontal cortex in patients with PTSD. In this case,
enhancement of activity in right or left prefrontal areas with
high-frequency rTMS could be compensating for deficient
prefrontal regulation of memory retrieval. These hypotheses
are in accordance with proposed neurobiological models for
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PTSD,* which hold that the symptoms of flashbacks and in-
trusive thoughts, among other core PTSD symptoms, may be
the result of either hyperactive transmission of fear-relevant
information to the amygdala, which is independent of thal-
amic and hippocampal nuclei, but which relies strongly on
visual areas of the inferior temporal cortex, and/or the result
of hypoactivation of prefrontal cortex. Indeed, Koenigs et
al* show that ventral medial prefrontal cortex and amygdala
are critically involved in the pathogenesis of PTSD.

An important limitation when using a device, especially
rTMS, in clinical trials is the sham method. Although we
tried to improve the sham method with the electrical stimu-
lator attached to the sham coil and divided the sham group
in right and left DLPFC stimulation, it is still possible that
our blinding method was not effective, and this is an inher-
ent limitation to rTMS studies.

Therefore, in summary, 10 daily sessions of high-
frequency 20 Hz rTMS of right and left DLPFC resulted
in improvements in core PTSD symptoms (right>left).
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