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Background: Multiple groups have reported on the use of Key Words: Major depression, transcranial magnetic
repetitive transcranial magnetic stimulation (rTMS) in treat- stimulation, randomized clinical trial, medication resis-
ment-resistant major depression. The purpose of this study imnce, neuroanatomy, dorsolateral prefrontal cortex

to assess the efficacy of rTMS in unmedicated, treatment-

resistant patients who meet criteria for major depression.

Methods: Depressed subjects, who had failed to respond] .

to a median of four treatment trials, were assigned in a ntroduction
randomized double-blind manner to receive either activep=yevyailing hypotheses on the pathophysiology of psy-
(n = 10; 20 2-sec trains of 20 Hz stimulation with 58-sec Rhiatric illnesses such as major depressive disorder
intervals; delivered at 80% motor threshold with the . o boan founded predominantly on receptor-based mod-
figure-of-eight coil positioned over the left dorsolateral els. With advances in functional neuroimaging, hypothe-

prefrontal cortex) or shamn( = 10; similar conditions th euitry of d on h b tered
with the colil elevated and angled 45 degrees tangentir:llly':'es on the neurocircuitry ot depression have been otiere
revets 1998; Mayberg 1997). Until the development of

to the scalp) rTMS. These sequences were applied durin : , X , '
10 consecutive weekdays. Continuous electroencephaléanscranial magnetic stimulation (TMS), no practical
gram sampling and daily motor threshold determinationstools have been available to directly exploit this under-
were also obtained. standing in the treatment of major depression. Multiple
Results: The group mean 25-item Hamilton Depression9"oups have reported that repetitive transcranial magnetic
Rating Scale (HDRS) score was 372 2.0 SEM) points.  stimulation (rTMS) may be efficacious in treatment-
Adjusted mean decreases in HDRS scores were #43)7)  refractory major depression. To date, most of these pub-
and 0.2 ¢ 4.1) points for the active and control groups, lished studies are limited by either open-label design or
respectively § < .05). One of 10 subjects receiving active inclusion of medicated depressed subjects. In one report
treatment demonstrated a robust response (i.e., HDRS d€6George et al 1997), active rTMS treatment (80% motor
creased from 47 to 7 points); three other patients demonthreshold [MT]; 20 Hz; 20 2-sec trains; 58-sec off-
strated 40—45% decreases in HDRS scores. No patientgtervals; 5 cm anterior to the point yielding maximal
receiving sham treatment demonstrated partial or full gimyation of the right abductor pollucis brevis muscle)
reSponses. resulted in greater decline on the Hamilton Depression
COI’IC|USi0nSZ A 2'Week course Of aCtiVe rmTMS resulted in Ra‘“ng Scale (HDRS) than Sham rTMS. In another report
statist_ically significant but clinically modest reduc_tions of dej (Pascual-Leone et al 1996), rTMS applied over a similarly
p;]esrswte r?;/rgptbon); atsmCOnTEarie? tr? ?BhiaPPrTMrﬁ 'tn a gggg_lat'%fined area resulted in clinically and statistically superior
272,1322_23? @%Ooegocizty ci‘slgcjogic‘; Ps?%%ia?r;r/y ’improvement in depressive symptoms when compared to
' four other locations. More recent blinded (Klein et al
1999) and open-label reports have also lent compelling
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B i aver STl Neuroscinee Reseaeh untdant findings have also been reported (Loo et al 1999).
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Methods and Materials visually detected, with the paddle axis oriented laterally. The
) treatment site, designated left dorsolateral prefrontal cortex
Twenty patients between the ages of 18 and 70 years who m?LDLPFC), was defined as 5 cm anterior to this point. Over 10

DSM-IV criteria for major depressive episode on initial phone ; . .
interview were screened via a modified 25-item HDRS (Ber- consecutive weekdays (starting on Mondays), patients re-
ceived 20 2-sec, 20 Hz trains delivered at 80% MT with

man et al 1999; Mazure et al 1986), a structured cIinicaI58_seC inter-train intervals. For active treatment. the coil was
interview for DSM-IV (SCID; Spitzer et al 1999), a physical ! ni vails. v ' W

examination, medical as well as psychiatric histories, routineplaced tangerlmally on the scalp with the paddle axis oriented
blood as well as urine laboratory analyses, an electrocardiot-oward the bridge O_f the nose. For sham treatment, the pad.dle
gram, and an electroencephalogram (EEG). Eligible patientd/aS @ngled approximately 3045 degrees off of the scalp with
met DSM-IV criteria for a major depressive episode; were the bottom coil margin elevated approximately one-half cm
deemed treatment-resistant (i.e., failed at least one adequaft®m the scalp and the lucite paddle casing firmly applied
pharmacologic trial during the current episode or previousagainst the scalp. Physicians administering the treatment had
episodes); did not meet criteria for a substance or alcohominimal clinical contact with the patient and blinded raters.
abuse diagnosis; if female, had negative serpriuman Patients were assessed daily by a blinded research assistant
chorionic gonadotropin tests and were adhering to adequatwith the following: a modified 25-item HDRS (Mazure et al
methods of birth control; did not have a history of significant 1986); side effect checklist (SECL; Woods et al 1988); Beck
neurologic illnesses, such as seizures or head trauma; did n@epression Inventory (BDI; Beck et al 1961); and, Hamilton
have EEG abnormalities suggestive of an epileptic predispoAnxiety Scale (HAS; Hamilton 1959). The SECL is a ques-
sition; and did not have significant, unstable medical illnessestionnaire that assesses 23 potential side effects and their
(Only two patients, both from the sham group, were onseverity over the previous week, with ordinal scores from 0
medications. One patient took amlodipine and lisinopril for (“none at all’) to 3 (“severe”). Assessed items included poor
hypertension. Another patient took glyburide, digoxin, and memory, nausea or vomiting, headache, constipation, drows-
Warfarin sqdiu_m for_non—insulin-dependentdia_betes meIIiFus,iness’ blurred visions, increased appetite, dry mouth, de-
chronic atrial flbulatlon_, and hypertensnon. Medl_cal ev_aluatlo_n creased appetite, tremors or shakiness, nightmares, difficulty
for both of these patients included consultation with their gjyin o il difficulty starting urination, trouble concentrating,

internists.) Patients with comorbid psychiatric diagnoses werefrregular or pounding heartbeat, diarrhea, frequent need to

included, pr_owded that_ the onset_occu_rred after the deveIOphrinate, rash, ringing in the ears, sweating, faintness or
ment of major depression (for axis | diagnoses) and that thef. o .
symptoms of major depression were more prominent (for aXislghtheadedness, poor coordination, and muscle stiffness. For

ymp ) P P the last 15 subjects, patients and raters were administered an

| and Il diagnoses), as determined by consensus of two t of blinded in which th ked t
research psychiatrists. Qualifying patients were enrolled aftefSSessment ot blindedness, in which they were asked 1o guess

complete discussion of the study and their written consent wad® Plind (active vs. sham) and give the certainty of the guess
obtained. Treatment histories were typically obtained via®" @n ordinal scale (i.e., 1, “not at all"; 4, “somewhat”; and,
clinical interviews and contact with the most recent prescrib-8: “absolutely). . .

ing physician. Trials counted in the demographics table All patients had one baseline EEG. Baseline EEGs were
consisted of a minimal 4 weeks of treatment with at least 20030~40 min of recording using the 10/20 international elec-
mg/d of imipramine, 20 mg/d fluoxetine, 60 mg/d phenelzine,trOde placement system. B_oth bipolar and refere_ntlal mon-
225 mg/d venlafaxine, and 30 mg/d mirtazapine (Prudic et a|tage_s were used. The majority pf the records contalned_at least
1996); augmentation agents included lithium, stimulants,@ brief perlod_of sleep. Recordings were not repeated if sleep
buspirone, and thyroid hormone. The review board of theWas not obtained and the awake record was normal. Hyper-
human investigations committee and the U.S. Food and Druqe_ntllatlon was performed for 3 minutes. Additional prestimu-
Administration approved the protocol and consent forms. ~ 1ation EEG was obtained for 2-3 min prior to each rTMS

All subjects were free of antidepressants, neuroleptics, and€SS!on- Thel EEG Wasfthenhmonltor‘ed for 30f—40 r?ec §tart|r(1)g
benzodiazepines for the week prior to initiating TMS treat- approximately 3 sec after the termination of each train (4

ment. tapers beainning earlier as necessary. Patients met wi timuli). At the end of the each session 2—3 additional minutes
ent, tap 9 g . Y. . EEG were obtained. A 16-channel Grass Model 8 (Astro-
clinicians at least weekly during the pretreatment period an

I ffered inpatient admission to the Clinical N ed, Braintree, MA) was used for all EEG recordings.
all were offered an inpatient admission to the Lhinical Neu- — 1y,q gitterent linear trends of primary (HDRS) and second-

roscience Research Unit (Connecticut Mental Health Centerary (BDI, HAS) efficacy variables across time between the
New Haven, CT). Inpatients were allowed chloral hydrate,q treatment groups were evaluated via use of a random
(500 mg gHS p.r.n.) for severe insomnia. Patients weregffects model using SAS PROC MIXED (SAS Institute, Cary,
randomly assigned to receive a course of active or sham TM{C). Considering time as a continuous variable and treatment
via a high-speed magnetic stimulator (Cadwell Inc., Ken-group as a class variable, the fixed effects in the random
newick, WA) with a figure-of-eight, water-cooled coil. Motor effects model were time and time treatment interactions.
threshold (MT) was determined daily (Pridmore et al 1998) The treatment effect was evaluated by testing the time
and was defined at the point of maximal stimulation for the treatment interactions using the Wald test. The adjusted mean
right abductor pollucis brevis or other hand muscles, asdecreases in outcome variables over the course of the trial
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Table 1. Demographics

Identification Current Augmentation Baseline  Terminal
number/ episode Age of first Medication trials trials for ECT for  Hamilton Hamilton
age-race- Randomization duration  depression for current current current Depression Depression
gendef (active, sham)  Diagnogis (yrs) (yrs) episodé episode episodé score score

1/37WM Active UD, m 5 32 10 3 - 36 32

2/51WF Active ub 8 <12 5 1 + 48 7

3/45WM Active UbD, m 5 19 5 0 48 27

4/4TWM Active UD mé&p 1 24 3 1 52 31

5/28WF Active ub 4 <12 7 2 39 35

6/47TWM Active ub 10 22 5 1 31 26

7/44HM Active ub 4 18 1 0 25 16

8/63WM Active ub 6 25 3 1 24 14

9/52WM Active ub 10 19 3 1 o 32 26

10/38WM Active ubD 26 <12 6 2 + 36 32

11/50WM Sham ub 3 45 5 0 26 48

12/4A5WM Sham BP2 13 33 4 1 49 40

13/32HM Sham ub 0.8 13 4 1 . 50 47

14/62WM Sham UbD, m 3 42 5 2 - 43 45

15/34WF Sham ub 0.8 18 1 0 29 20

16/29WF Sham ub 15 19 3 2 31 33

17/29WF Sham uD, a 15 <12 2 1 41 34

18/30WM Sham ub 8 12 1 0 31 29

19/41WM Sham ub 0.25 28 0 0 33 29

20/42WF Sham uD, a 6 20 9 3 40 39

2Subjects included inpatients (4, 5, 7, 10, 13, 14, 19, 20) and outpatients patients; patients with (4, 14, 15, 7, 8) and without a remote histite afterspic and
patients with (2, 13, 4, 15, 20) and without a reported history of childhood trauma.
bAll patients carried diagnosis of Major Depressive Disorder, unipolar type (UD) or Bipolar Il, depressed (BP2). Some patients also demonatretediar(eh),
psychotic (p), or atypical (a) features. Patients 2, 11, 13, 5, 8 carried diagnoses of substance abuse in remission (range 4—-29 years); otltBagoos hictluded
obsessive-compulsive disorder (3); panic disorder (2, 17); social phobia (7, 10); and trichotilomania (20)
°See text for definition of trials. Patient 4 additionally received trials of perphenazine and risperidone. Patient 19 had a history of ECT resppfae guevious
depressive episodes, during which he demonstrated medication resistance.
90f the four patients with a trial of electroconvulsive therapy (ECT) during the present episode, each patient demonstrated a transient fuliti@) (469l response

to bilateral ECT; however, debilitating post-ECT cognitive side effects prevented continuing with ECT. Two other subjects demonstrated mifith&igaified as “-”)
to at least six sessions of bilateral ECT.

Race: W, white; H, Hispanic. Gender: M, male; F, female.

were estimated by multiplying the estimated slope of changeearly (Fisher Exacp = .21). All decisions to discontinue
and time duration (10 days). Various within-patient covari- were based on severity of depressive symptoms and made

ance structures were compared by log likelihood ratio testsin consultation with the research psychiatrist blind to
The first-order autoregression structure was selected. Categofreatment assignment.

ical “response” criteria (i.e., 50% decrease from baseline
HDRS and maximum absolute score of 15 points) were
assessed via two-tailed Fisher Exact tests.

Efficacy

Figure 1 depicts mean HDRS scores, last observation
carried forward. In the active TMS group, HDRS
decreases averaged 14.63.7 SEM) points over the
course of the trial (df= 141;t = 3.75;p < 0.001);
Baseline characteristics of study subjects are shown imwhereas, decreases in the sham TMS averaged 0.2
Table 1 . Overall, this sample represented a treatmentf+4.1 SEM) over the same period (ef 141;t = 0.05;
resistant population of depressed patients with 4.5 mediap = .96), a statistically significant difference between
medication trials (5 for the active group; 3.5 for the shamthe two groups (df= 141;t = 2.97;p < .01). Note that
group) with a median 1 augmentation agent (both groupsihese adjusted mean HDRS decreases are based on the
for the current episode. The mean duration of episode fobest fit slopes of all data points throughout the study
the active (7.9 years 2.2 SEM) and sham (3.& 1.3) and hence differ slightly from the mean baseline minus
groups did not significantly differg = .12). Three of 10 termination HDRS scores. Subanalysis of the HDRS
subjects receiving sham treatment discontinued early benood item revealed mean changes of 1:D(3) point
cause of lack of response (i.e., after 3, 4, and 6 shamdecrease (df 139% = —3.73;p < .001) versus a 0.1
treatments); whereas, none in the active group terminate(t0.4) point increase (df 139t = 0.37;p = .71),

Results
Patient Attributes and Disposition
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Categorical Analysis of the Data

40 One of 10 subjects receiving active treatment demon-
35 strated a full response (i.e., HDRS decreased from 47 to 7
points); three other patients demonstrated 40—45% de-
creases in HDRS scores. No patients receiving sham
treatment demonstrated partial or full responses (Fisher
Exact,p = .09). The full responder remained a responder
as of 2 months follow-up. For the three partial responders,

Mean HDRS Score
15

15 —e— active rTMS (n=10) symptom severity returned to baseline within 1 weeks(

10 —O— sham rTMS (n=10) 1; as determined by HDRS scores) or 2 weeks=(2; as
determined by HDRS scores in one patient and retrospec-

> tive assessment for the other patient in the third week after

L B study completion) after study completion. The patient who

Day# 23 4 5 6 7 8 9 10 demonstrated an enduring response period did not prom-

inently differ from other subjects with regard to baseline
symptom characteristics, serial EEG results, or motor
threshold observations (i.e., between 70% and 80% MT
throughout the study).

3] Side Effects, EEG, and Motor Threshold
2.5Jj As partially reported previously (Boutros et al, in press),
] among the 10 patients who received sham rTMS, nine had
] normal baseline EEG. The tenth subject demonstrated

minimal slowing on the left temporal region. None of the

patients demonstrated any EEG changes during the 10

. days of stimulation. Among the 10 patients who received
] active rTMS, nine had completely normal baseline EEGs.

Mean HDRS Item 1 Score

o.s-f The one patient who had demonstrated a diffusely slow
] EEG background (7.5 Hz) at baseline without any clinical
0 . . . . correlates of organic cerebral disorder, had no EEG

Day#l 2 3 4 5 6 1 8 9 10 : ) o
changes during rTMS. Another patient exhibited rare slow

Figure 1. Effects of active and sham rTMS on Hamilton Depres-wave transients (theta activity) on the left temporal lobe
sion Rating Scale (HDRS) scores. Repetitive transcranial magregion, a phenomenon that was observed only on the

netic stimulation (rTMS) resulted in statistically significant fourth stimulation day without attendant clinical com-
redL_JctionsintotaI HDRS scores (top panel) and in the core mood laints. An additional patient. a chronic midraneaur. com-
subitem (bottom panel), as compared to sham rTMS. Datd’ ' P ' 9 ’

represents group means SEM. plained of a severe migraine headache on the morning of
the third session that was typical of his usual episodes and
associated with minimal slowing (theta activity) in the
occipital regions, a finding that normalized by the next

respectively, for the active and sham TMS groups, agairjay.

a statistically significant intergroup difference (e Baseline motor threshold levels (expressed as percent

1395t = —3.48;p = .001). maximal output from the Cadwell stimulator) were mod-

Changes in HAS revealed mean decreases of-8073) estly higher for the sham (8% 7.7 SD) than the active

and 9.1 (-0.3) points over the course of the study for (72 = 13) groups p = .06). Both the active and sham

active and sham groups, respectively; intergroup differ- e
ences were not statistically significant (€f168;t = 0.12; groups demonstrated similar mean decreases g and

p = .91). Mean BDI scores decreased a significant 11.4 ~ 11, respectively; paired tests,ps > .25). Among
(+5) over the course of treatment for the active groupcompleters, standard deviations of MT over 10 days did
(df = 130:t = —2.24;p = .03), and mean decreases of 4.7 ot differ between the active (4.6 2.0 SD) and sham

(=6) points were not significant for the sham TMS group (5.6 = 1.9 SD) groupsy{ = .36). Intergroup differences of
(df = 130;t = —0.80; p = .42). Intergroup differences the maximal score from each SECL item during the study
were not significant (d&= 130;t = —1.11;p = .27). course was compared. No significant differences were
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achieved after correction for multiple comparisons. With-assignment; however, confounding factors were not con-
out such correction, “difficulty starting urination” was Spicuous by inspection of the patient demographics. Al-
greater in the active (2.6 1.1 ) than sham (1.1 0.3) though the very weak placebo response in the sham group
group @ = .03). A common complaint, 11 subjects Was unanticipated, it is consistent with the high level of

reported at least one moderate or severe headache duri?"(&atment refractoriness in this study cohort.

the study course (6, active; 5, sham). No subjects withdrev¥ Assessmg the role of rTMS n the therapeutic armamen-
. arium for major depression requires further work on the
because of side effects.

determination of optimal treatment parameters that may

) lead to a more complete and enduring response. Although
Adequacy of Blind preliminary trends are emerging to suggest that efficacy
Patients guessed their blind accurately in 10 out of 13nay be related to stimulus frequency and intensity
(67%) assessed casqs € .56); whereas raters guessed (George et al 1999), important treatment variables poten-
blind correctly in 12 out of 15 (80%) casep & .04). tially include cognitive/affective state during stimulation
Certainty score of correctly versus incorrectly guessing(Post et al 1997), stimulus localization, coil shape, capac-
patients (5.6t .3 SEM vs. 5.8+ 0.5, respectivelyp = itor discharge characteristics, number of stimulations, and
.79) and raters (4.6 0.6 vs. 4.7+ 0.2;p = .19) were not  duration of treatment.
significantly different. Excluding patients whose HDRS
score changed by a minimal 10 points and noncompleters;
rater accuracy diminished to 8 out of 11 (73%) (FisherResearch supported by a VA Merit Award (NNB), NIMH Program
Exact, p = .24). For both patients and raters, clinical Gt and the State of Connecticut.

id ified h . f The authors thank the excellent clinical and administrative assistance
response was identified as the prime reason for guess. of Cathy Finkelstein, Lisa Roach, and Kate Lynch-Colonese.
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