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Twelve patients with comorbid posttraumatic
stress disorder (PTSD) and major depression un-
derwent repetitive transcranial magnetic stimula-
tion (rTMS) to left frontal cortex as an open-label
adjunct to current antidepressant medications.
rTMS parameters were as follows: 90% of motor
threshold, 1 Hz or 5 Hz, 6,000 stimuli over 10
days. Seventy-five percent of the patients had a
clinically significant antidepressant response after
rTMS, and 50% had sustained response at 2-
month follow-up. Comparable improvements were
seen in anxiety, hostility, and insomnia, but only
minimal improvement in PTSD symptoms. Left
frontal cortical rTMS may have promise for treat-
ing depression in PTSD, but there may be a disso-
ciation between treating mood and treating core
PTSD symptoms.
(The Journal of Neuropsychiatry and Clinical

Neurosciences 2002; 14:270–276)

Posttraumatic stress disorder (PTSD) is a serious psy-
chiatric illness with an estimated prevalence of 1%

to 2% in the general U.S. population1 and 15% to 25%
in Vietnam combat veterans.2 Studies have shown that
PTSD in Vietnam combat veterans is associated with a
wide range of social and psychological problems, in-
cluding alcohol and drug abuse, suicidal ideation, de-
pression, unemployment, marital and familial con-
flicts, suspiciousness, and a reduced social support
system.3,4 Current treatments for PTSD include medi-
cations, cognitive-behavioral techniques, and group
therapy. Antidepressants have been the most inten-
sively studied medications for treatment of PTSD, but
their efficacy is variable and they are probably not as
effective for combat PTSD as for noncombat PTSD.5 For
example, amitriptyline, a tricyclic antidepressant, was
superior to placebo in reducing depression, anxiety,
and PTSD symptoms in a controlled study of 46 veterans
with combat PTSD.6 However, a comparable controlled
study with desipramine showed no difference between
active drug and placebo.7 Fluoxetine, a selective sero-
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tonin reuptake inhibitor, significantly reduced PTSD
symptoms and improved depressed mood in patients
with noncombat PTSD in a controlled study of 64 pa-
tients.5 However, patients with combat PTSD improved
only in mood, not in avoidance symptoms. There are
comparable studies showing only moderate efficacy for
paroxetine and fluvoxamine,8–11 as well as for nefazo-
done,12–14 bupropion,15 and the monoamine oxidase in-
hibitor moclobemide.16 Sertraline, another SSRI, is the
only medication that is FDA-approved for treatment of
PTSD on the basis of a placebo-controlled, multicenter
study with 186 subjects.17 This study demonstrated im-
provement in both mood and PTSD symptoms, but in-
cluded very few combat PTSD subjects (6%). In an in-
teresting “real world” study, Dow and Kline18studied
72 combat PTSD patients in a real-world clinical setting
but with standard PTSD and mood measures. They
found that the probability of clinical response to each
individual trial of antidepressant was only 20%, consid-
erably less than in the controlled studies referred to
above. These results reflect the experience of many cli-
nicians that combat PTSD patients often have limited
symptom response to antidepressant medications.
Repetitive transcranial magnetic stimulation (rTMS)

is a new technique that has been found to be useful for
investigations of cortical and cognitive function and
more recently as a potential treatment for neuropsychi-
atric illnesses. There are several uncontrolled and con-
trolled studies in which rTMS treatment led to mood
improvement in major depression.19–26 There are also
two published open-label studies of rTMS in PTSD.
McCann et al.27 studied two patients with noncombat
PTSD; the stressors were rape and a shooting incident.
The patients’ PTSD symptoms had been highly refrac-
tory to medications, and one patient had not responded
to a trial of left frontal rTMS. Both patients had baseline
cortical hypermetabolism on [18F]fluorodeoxyglucose
positron emission tomography (FDG-PET). They ad-
ministered rTMS to right frontal cortex for 20 to 30 daily
sessions at 1 Hz, 80% of motor threshold, administering
1,200 stimuli daily. After rTMS, PTSD symptoms de-
creased by about half and both global and right frontal
cortical hypermetabolism decreased on FDG-PET. Gri-
saru et al.28 administered rTMS to 10 patients with
PTSD, with a stimulation rate of 0.3 Hz at the maximum
output of a Magstim single-pulse stimulator, adminis-
tering 30 pulses bilaterally over motor cortex with a
nonfocal coil. They found transient improvement in
both self- and observer ratings of PTSD symptoms. The
transient nature of these improvements may be due to
very conservative rTMS parameters, with only 60 repe-
titions daily as opposed to 500 to 1,000 repetitions typ-
ically in rTMS studies of major depression.

Thus, rTMS (particularly administered to left frontal
cortex) may mimic the effect of antidepressant medica-
tions in mood disorders. We hypothesized that left fron-
tal rTMS might similarly mimic the effect of antidepres-
sant medications in patients with combat PTSD and
comorbid major depression. Because slow (1 Hz) rTMS
is inherently safer than fast (5 Hz) rTMS, we chose to
compare 1 Hz vs. 5 Hz rTMS in an open-label design.
Although slow left frontal rTMS has not been found to
improve mood significantly in patients with major de-
pression,29 we present the first report of its effect on
PTSD symptoms.

METHODS

Study Subjects
Patients were recruited from the Partial Hospitalization
Program and Post Traumatic Stress Disorder Clinic of
the Mental Health Service Line at the Department of
Veterans Affairs (VA) Medical Center in Washington,
DC. Patients were eligible for inclusion in the protocol
if they met the following criteria: 1) diagnoses of post-
traumatic stress disorder and major depression on the
Structured Clinical Interview for DSM-IV Axis I Disor-
ders, Clinician Version (SCID-C);30 2) taking antidepres-
sant medication (of any class) at an unchanged dose for
one month prior to rTMS; 3) had a Hamilton Rating
Scale for Depression (Ham-D) score greater than 17 at
baseline; 4) age 20 to 80 years; 5) competent to sign in-
formed consent. Patients were excluded from the pro-
tocol if they met any of the following criteria: 1) metal
in the head or scalp; 2) implantable devices including
cardiac pacemakers and defibrillators; 3) seizure within
the past year; 4) substance abuse within three months
prior to rTMS; 5) acute medical illness; 6) investigators
unable to determine motor threshold after attempting
on two successive days; 7) epileptiform abnormalities on
electroencephalogram (EEG). The protocol was ap-
proved by the Institutional Review Board of the hospi-
tal, and all patients signed an informed consent docu-
ment prior to taking part in the protocol. The inclusion
criteria define a group of patients with treatment-refrac-
tory depression and PTSD who remain depressed after
a minimum of one month on antidepressant therapy.

Procedures
Patients underwent a physical examination, electrocar-
diogram, and laboratory studies (including complete
blood count, liver function tests, and electrolytes) to rule
out comorbid acute medical illness. An EEG was ad-
ministered to rule out epileptiform abnormalities; if
nonspecific abnormalities (such as diffuse slowing)were
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TABLE 1. Subject characteristics (N�12)

Variable
Mean�SD or
Frequency (%)

Age, years (range 47–75) 54.8�9.1
Male gender 12/12 (100)
Alcohol abuse history 12/12 (100)
Drug abuse history 5/12 (42)
Prior ECT 0/12 (0)
Prior suicide attempts 7/12 (58)
Family history of psychiatric disorder 8/12 (67)
Anticonvulsant use 1/12 (8)
Antipsychotic use 4/12 (33)
Duration of symptoms, mean years 29.8
Number of hospitalizations 3.0�2.2
Years since last hospitalization 4.5�7.5

found, a computed tomographic scan or magnetic res-
onance imaging scan of the brain was performed to ex-
clude structural brain lesions. The following clinical rat-
ing instruments were administered at baseline: SCID-C,
Ham-D (21-item version),31 Profile of Mood States
(POMS),32 University of Southern California Repeatable
Episodic Memory Test (USC-REMT),33 and Mississippi
Scale of Combat Severity (MISS).34 Patients with 50% or
greater decrease in Ham-D score after rTMS treatment
were considered to have had an antidepressant re-
sponse.

Magnetic Stimulation Methods
Magnetic stimulation was administered with a Dantec
Maglite stimulator (Dantec Corporation, Skovlunde,
Denmark), using a figure-8 coil (MCB70 coil, inner ra-
dius�10 mm, outer radius�50 mm, 2�10 windings,
winding height 6 mm). rTMS was administered on 10
consecutive weekdays. Left cortical motor threshold
was determined on each day prior to rTMS by increas-
ing the intensity of stimulation by 2.5% increments until
a reproducible motor evoked potential (�50 lV) was
obtained from the electromyogram measured with gold
surface electrodes placed over the right abductor pollicis
brevis (APB) muscle. The TMS coil was then moved 4
cm anterior parasagittally and 2 cm laterally, to maxi-
mize stimulation to the estimated location of left dor-
sofrontolateral cortex. In preliminary studies, we found
that the most widely used location for left frontal rTMS
(5 cm anterior to the site of maximal stimulation for
right APB) gave patients significant discomfort from left
temporalis muscle contraction; we moved to a slightly
more posterior placement with much improved patient
tolerance for the procedure. Given that most estimates
of the affected region of cortex involve several cm in
each dimension from the center of the coil,35,36 this
change should not significantly alter the anatomic re-
gion of stimulation. rTMS was administered at 90% of
motor threshold, 40 stimulations per minute, for 15min-
utes daily. Stimulation rates were either 1 Hz (40 s stimu-
lation, 20 s rest per minute) or 5 Hz (8 s stimulation, 52
s rest per minute).
Patients were randomized to 1 Hz or 5 Hz rTMS. The

patients described in this study are a subset of a larger
sample in an ongoing study of patients with major de-
pression comparing 1 Hz and 5 Hz rates. rTMS was ad-
ministered in an open-label fashion, with both patients
and investigators aware of the treatment condition. Pa-
tients were maintained on unchanged antidepressant
therapy during the rTMS treatments and for twomonths
afterward; that is, rTMS was used as an adjunct to anti-
depressant treatment.

Follow-up
The POMS was administered after the first and fifth
rTMS treatments, and the Ham-D, POMS, MISS, and
USC-REMT were administered after the final (10th)
rTMS treatment (“post-rTMS”) and at 1-month and 2-
month follow-up.

Statistical Analysis
Statistical analysis was performed with WINKS 4.6
Evaluation software (Texasoft, Cedar Hill, TX). The ef-
fect of rTMS treatment on the clinical measures was as-
sessed with a repeated-measures analysis of variance
(ANOVA), using a significance level of P�0.05 and a
post hoc Scheffé comparison. The influence of demo-
graphic variables on clinical measures was assessed
with chi-square or Fisher’s exact test for categorical vari-
ables and independent-sample t-test for continuous
variables.

RESULTS

Fifteen outpatients gave signed informed consent and
were enrolled in the protocol. Twelve patients com-
pleted the protocol. The characteristics of the study com-
pleters are outlined in Table 1. All patients had a history
of alcohol abuse and a substantial number had a history
of drug abuse as well, which are typical findings in com-
bat PTSD populations. No patients had a current diag-
nosis of substance abuse. There were no serious adverse
events, seizures, or development of new neurological
deficits. One of the 15 patients enrolled dropped out be-
cause of marked tension headache after two rTMS treat-
ments; it is notable that this individual had an initial
diagnosis of cluster headaches and rTMS was delayed
for several months until he reached a quiescent point of
his headache cycle; the headache symptoms he devel-
oped with rTMS were not typical of his cluster head-
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TABLE 2. Summary of study efficacy measures

Mean�SD

Measure Baseline Post-rTMS
1-Month

Follow-up
2-Month

Follow-up P

Hamilton Rating Scale for Depression (21-item) 28.9�4.9 11.8�5.4* 12.7�5.8* 14.5�7.4* �0.001
Mississippi Scale of Combat Severity 130.7�24.5 125.3�27.0 123.1�25.7 122.7�29.7* 0.02
Profile of Mood States Subscales
Tension-Anxiety 22.3�5.6 15.6�10.1* 15.8�9.3* 17.9�11.3 0.002
Depression-Dejection 44.0�8.8 29.3�15.7* 30.3�16.2* 32.8�16.3* �0.001
Anger-Hostility 27.9�10.1 20.0�11.0* 21.1�12.7* 20.7�12.4* 0.001
Vigor-Activity 4.6�2.9 8.9�4.7* 9.2�5.4* 5.9�5.0 0.007
Fatigue-Inertia 19.1�5.2 14.6�7.3* 14.8�7.2 16.4�6.9 0.019
Confusion-Bewilderment 15.2�5.5 10.6�6.8* 11.3�6.7 12.8�6.2 0.016

USC-REMT 3-trial recall 17.9�3.9 20.0�5.0 19.8�5.4 20.1�4.5 0.166

Note: Post-rTMS�after the last (10th) repetitive transcranial magnetic stimulation treatment; USC-REMT�University of Southern
California Repeatable Episodic Memory Test.
*Means significantly different from baseline (P�0.05) with Scheffé’s multiple-comparisons test. P-value for repeated-measures analysis of

variance.

aches but instead resembled tension headache. The
other two patient dropouts never received rTMS: one
patient did not meet inclusion criteria because of mood
improvement prior to rTMS, and in the other patient we
were unable to determine motor threshold at up to 80%
of maximal output of the TMS machine, and higher
stimulus intensities would not have been tolerated.
The patients were receiving a wide variety of antide-

pressant medications, including amitriptyline, fluoxe-
tine, sertraline, paroxetine, venlafaxine, bupropion, ne-
fazodone, trazodone, doxepin, and mirtazapine. Seven
of the 12 completers were on two antidepressant medi-
cations and one was on three antidepressant medica-
tions.
Six patients received 1 Hz and six received 5 Hz

rTMS. There were no statistically significant differences
between the two groups in the demographic variables
listed in Table 1, nor in baseline clinical ratings (Ham-D,
MISS, USC-REMT recall scores).

Clinical Efficacy
The results for the clinical measures are presented in
Table 2. Ham-D decreased robustly, and the decrease
was largely sustained at 2-month follow-up. Rates of
antidepressant response, displayed in Table 3, show a
50% response rate at 2-month follow-up. Comparably
sustained improvements were seen in the POMS sub-
scales Tension-Anxiety, Depression-Dejection, and An-
ger-Hostility; the remaining POMS subscales improved
transiently. Core combat PTSD symptoms as measured
by the MISS showed a modest but statistically signifi-
cant decrease (6%). Short-term recall as measured by the
USC-REMT was unchanged after rTMS.
We found no significant differences inmood improve-

ment between 1 Hz and 5 Hz rTMS (Table 3), nor any

differences between these groups inMISS or USC-REMT
scores.

Subjective Sleep Changes
Patients anecdotally reported improved sleep after
rTMS. Although we did not use a formal sleep assess-
ment, we analyzed the three insomnia items from the
Ham-D (early, middle, and late insomnia). The sum of
these three items decreased from 5.0 at baseline (out of
a possible 6.0) to 2.3 post-rTMS, 2.7 at 1-month follow-
up, and 2.3 at 2-month follow-up (P�0.001 on repeated-
measures ANOVA).

Time Course of Subjective Improvement
The rapidity of mood improvement was roughly linear
through the 10 treatments. The POMS subscale scores
during the course of the 10 treatments are graphed in
Figure 1. There is no apparent change after treatment 1.
The POMS subscale scores after treatment 5 are lower
but not statistically significantly different from baseline.
The POMS subscale scores only become statistically sig-
nificantly different from baseline at treatment 10.

DISCUSSION

We found a clinically robust and sustained mood im-
provement after administering rTMS to patients with
comorbid PTSD and major depression. Althoughwe ob-
served a slight relapse of depressive symptoms at 2-
month follow-up, patients still remained substantially
improved, showing a mean 50% reduction in Ham-D.
The effect size and proportional reduction in depressive
symptoms compare favorably with several controlled
and uncontrolled studies of antidepressant medications
in PTSD (Table 4). Core combat PTSD symptoms im-



274 J Neuropsychiatry Clin Neurosci 14:3, Summer 2002

rTMS FOR PTSD AND DEPRESSION

FIGURE 1. Rate of response measured with Profile of Mood
States subscales.
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proved only minimally, and this was consistent with pa-
tients’ subjective comments that intrusive memories
were not diminished by rTMS. However, the Tension-
Anxiety and Anger-Hostility subscales of the POMS de-
creased, suggesting that affective distress did decrease
even if intrusive memories, avoidance, and hypervigil-
ance did not. Left frontal rTMS thus appeared to be ef-
fective against the depressive, anxiety, and anger symp-
toms that are common in PTSD, but not against the core
trauma symptoms. Five treatments yielded only a par-
tial and statistically insignificant response and 10 treat-
ments appear to be needed for full response, in a finding
similar to that of Klein et al.26 Our patients’ clinical pro-
file is typical of VA PTSD clinic populations, with a high
lifetime prevalence of substance abuse and chronic de-
pressive symptoms.
Patients reported that their subjective experience of

sleep was much improved. Because insomnia is one of
the most common and distressing symptoms of PTSD,37

improving sleep is crucial to PTSD treatment. Our pa-
tients reported 54% fewer sleep complaints on the sum

of the three insomnia items on the Ham-D. This mag-
nitude of improvement is similar to the 30% to 50% de-
crease in sleep complaints seen in antidepressant trials
of PTSD.8,9,12,14,16,38

These data lead to the question of why we saw such
a robust improvement in mood but only modest im-
provement in core trauma symptoms. We chose to stim-
ulate left prefrontal cortex on the basis of prior reports
of mood improvement in major depression. This choice
of laterality is loosely based on observations that cere-
bral perfusion and metabolism are often decreased in
left prefrontal cortex in major depression,39,40 but com-
parable mood improvement has been observed after
slow right prefrontal cortical rTMS.26 Similar ambiguity
exists for the treatment of PTSD; evoked trauma mem-
ories are observed to increase cerebral perfusion in right
limbic areas,41,42 which are not likely to be affected by
left frontal stimulation.
Although our sample is too small to yield much sta-

tistical power, our preliminary finding that slow left
frontal rTMS leads to mood improvements similar to
those seen in fast left frontal rTMS is quite surprising.
Fast rTMS (defined as �5 Hz) increases motor cortex
excitability, and slow rTMS (1 Hz) decreases it.43,44 Be-
cause left frontal cortical metabolism has often been
found to be decreased in major depression, one might
expect fast left frontal rTMS to “normalize” metabolism
and thus be more effective than slow left frontal rTMS
in improving mood, and the data of Speer et al. support
this.45 Our differing results may reflect the use of rTMS
as an adjunct to antidepressant medications and the dif-
ferences in patient populations.
The major limitation of the study is its open-label de-

sign, in which neither the patients nor the raters were
blinded to treatment condition. There is considerable
debate in the literature about the magnitude of placebo
(sham) response to rTMS. George et al.24 found an in-
crease in Ham-D scores during the placebo phase of a
crossover trial, suggesting no placebo effect. Similarly,
Padberg et al.46 found Ham-D scores slightly increased
in their placebo group. Klein et al.26 found a moderate
placebo effect: a 23% decrease in Ham-D in their placebo
group versus a 46% decrease in their active-rTMSgroup.
Berman et al.47 found no placebo effect, albeit the mood
improvement they observed in the active rTMS group
was modest. In contrast, Loo et al.48 observed similar
mood improvement in active and shamgroups, but their
sham condition may have caused significant cortical ac-
tivation.49 Given these questions about placebo effect in
rTMS, any conclusions drawn from the results we have
presented are necessarily preliminary. However, the
magnitude of mood improvement we observed is con-
siderably more than is usually seen in the placebo arm

TABLE 3. Antidepressant response rates

Response Rate (%)a

rTMS Variable Post-rTMS 2-Month Follow-up

1 Hz 4/6 (67) 3/6 (50)
5 Hz 5/6 (83) 3/6 (50)
Total 9/12 (75) 6/12 (50)

Note: Antidepressant response defined as 50% decrease from
baseline score on the Hamilton Rating Scale for Depression. Post-
rTMS�after the last (10th) repetitive transcranial magnetic
stimulation treatment.

aComparisons of response rates for 1 Hz vs. 5 Hz groups, all
P�0.05 (not significant) by Fisher’s exact test.
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TABLE 4. Comparison of mood responses to repetitive transcranial magnetic stimulation and antidepressant medications in
posttraumatic stress disorder

Study Treatment Measure
Baseline
Ham-D

Duration
of Studya

% Decrease
in Final Ham-D Effect Sizeb

Present study Left frontal rTMS Ham-D 28.9 10 weeks 50 2.93
Zygmont et al.9 Paroxetinec Ham-D 19.1 16 weeks 51 1.95
Hertzberg et al.14 Nefazodone Ham-D 25.6 16 weeks 45 1.89
Neal et al.16 Moclobemide MADRS 24.4 12 weeks 41 1.57
Brady et al.51 Sertraline Ham-D 23.6d 12 weeks 41 1.24
Brady et al.17 Sertraline Ham-D 21.5 12 weeks 40 1.24
Davidson et al.6 Amitriptyline Ham-D 20.1 8 weeks 49 1.01
Canive et al.15 Bupropion Ham-D 18.4 6 weeks 26 1.00

Note: All data are taken or calculated from published reports. Ham-D�Hamilton Rating Scale for Depression; MADRS�Montgomery-
Asberg Depression Rating Scale.

aFrom initiation of treatment to final assessment.
bMean difference from baseline to final Ham-D divided by baseline standard deviation. For placebo-controlled studies, only data from the

drug treatment condition are reported.
cParoxetine condition only (standard deviations not available for nortriptyline-treated patients).
dCompleters only (n�6).

of rTMS studies or antidepressant medication stud-
ies,17,50 suggesting that we have observed a true clinical
effect.
In short, we observed substantial improvement in

mood, anxiety, and sleep symptoms after adjunctive left
frontal cortical rTMS in patients with comorbid PTSD
and major depression. These encouraging results suggest

that rTMS may be useful as an adjunctive treatment in
this notably treatment-refractory population, and merit
replication in a double-blind, sham-controlled design.

This work was previously presented at the Society for Bio-
logical Psychiatry annual meeting, Chicago, IL, May 11–13,
2000.
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