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Testing the therapeutic potential of transcranial magnetictween active TMS and sham stimulation (Loo et al 1999).
stimulation (TMS) in controlled trials requires a valid In the Loo et al (1999) study, the lack of a differential
sham condition. Sham TMS s typically administered byeffect between the active and sham treatments was seen in
tilting the coil 45-90° off the scalp, with one or two wings the presence of a substantial therapeutic response in the
of the coil touching the scalp. Lack of cortical effects hassham condition. Variability in therapeutic effects across
no\}vbeen Ve”f'e(f' H ulations in their thresholgStudies may reflect differences in the biological activity of
€ compared sham manipulations n their tresholds, o "qpam manipulations employed. Validating the sham

for eliciting motor-evoked potentials (MEPS) in human o -
volunteers and in intracerebral measurements of voltagéndition is key to determining whether TMS has thera-

induced in the prefrontal cortex of a rhesus monkey.  Peutic properties.

Three types of sham (one-wing 45° and 90° and two- A valid sham should simulate the ancillary aspects of
wing 90° tilt) induced much lower voltage in the brain TMS (acoustic artifact, scalp muscle stimulation, daily
than active TMS (67-73% reductions). However, theexperimenter contact, expectations about efficacy and side
two-wing 45° sham induced values just 24% below activesffects) but not result in cortical stimulation. The most
TMS. This sham was about half as potent in inducingcommon sham conditions angle the coil 45° or 90° off the
MEPSs over the motor cortex as active TMS. _ head so that the magnetic field stimulates scalp muscles

Some sham TMS conditions produce substantial corticalq hroduces an acoustic artifact, but presumably does not
stimulation, making it critical to carefully select the sham 4, ce cyrrent in the cortex (Figure 1). In vivo validation
manipulation for chmcal trials. .B|oI .Psychlatry.2001,49. of sham is critical. Indeed, Loo et al (2000) reported that
460-463 ©2001 Society of Biological Psychiatry a 45° sham was about half as potent as standard TMS in
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sham, motor threshold (MT), depression, magnetics, in- In this study, electrical voltage induced in the brain with
duced current ’ ’ " active and four types of sham TMS was measured intra-

cerebrally in a rhesus monkey, representing the first in
vivo measurements of TMS-induced intracerebral electric
Introduction fields. We also titrated the threshold for excitation of the
) ~motor cortex in normal volunteers (motor threshold [MT])
S]V”a' controlled trials have found that transcranialas g noninvasive index of the cortical activity of various
agnetic stimulation (TMS) exerts antidepressant Okjnactive” sham conditions.
antimanic effects (George et al 1997; Grisaru et al 1998;
Klein et al 1999; Lisanby and Sackeim 2000; Pascual-
Leone et al 1996). However, effect sizes have variedMlethods and Materials

considerably, and some studies found no difference bel'ntracerebral Measurement of TMS-Induced

Voltage
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mg/kg and xylazine 1 mg/kg intramuscularly). Motor threshold
under these conditions was 22% of maximal stimulator output.

Motor Threshold with Active and Sham TMS

Eight healthy normal adult volunteers (four female, mean age
29.6 = 1.6 years, range 28-32) were paid $10/hour for partici-
pation. Subjects were excluded on the basis of>ads, history

of DSM-1V axis | diagnosis, neurologic illness or head trauma, or
use of prescription medication in the past month. No subject had
previously received TMS, and all were masked to condition
order. This study was approved by the Institutional Review
Board of the New York State Psychiatric Institute. After com-
plete description of the study, written informed consent was
obtained.

Motor threshold was determined for active TMS and four
sham conditions, administered in a randomized order. Tilt angle
was held constant with a rigid wedge. Single-pulse TMS was
delivered with the Magstim 200 (double 7-cm figure-eight coil).
The optimal position for the FDI was defined as the scalp
position eliciting the largest motor-evoked potential (MEP) and
was marked on a swim cap. The coil handle was rotated 45° from
Figure 1. Coil positioning for several commonly used shamthe parasagittal line such that the induced current would be in the
technigues. Active transcranial magnetic stimulation (TMS) isoptimal direction for stimulating the motor strip. Motor threshold
performed with the figure-eight coil tangential to the scalp, with was determined with voluntary contraction (10% of maximal
the intersection of the figure eight in direct contact with the scalp.effort on a force transducer) to lower threshold and to serve as a
All of these sham manipulations consist of angling the coil more sensitive indicator of cortical stimulation. With a descend-
slightly off the head such that the superficial scalp muscles argng method of limits procedure with 2% steps, MT was defined
activated to simulate the sensation and acoustic artifact 0L the minimal intensity that elicited an MEP of at leastp 80
repetitive TMS. This may be accomplished by tilting the coil peak-to-peak amplitude averaged from five trials. At least 10 sec

such that two wings of the figure-eight coil touch the scalp . . .
(two-wing sham) or such that only one wing of the figure eight were allowed between successive stimulations. Repeated-mea-

touches (one-wing sham). The degree of angulation from thsures analysis of variance on MT values was used to test for main
plane tangential to the scalp is typically 45° or 90°. effects of coil angle and orientation. Post hoc paireests were

used to contrast the coil manipulation conditions.

(GE [Milwaukee] Signa 1.5 T, contiguous 1.5-mm slices) was

obtained to verify the electrode position in the prefrontal cortexResultS

relative to fiducial markers representing TMS coil position

(Figure 1). Intracerebral Measurement of TMS-Induced
Potential differences yV) between each contact and an \/oltage

internal reference located in the occipital cortex were differen- f . dicti . | h
tially amplified (Tektronix [Beaverton, OR] AM-501) and digi- Conforming to predictions (Cerri et al 1995), there was a

tized at 250 kHz/channel to capture the dampened cosin&aPid fall-off in the amplitude of the induced voltage with
waveform of the TMS-induced electrical pulse. Transcranialincreasing distance from the coil. Amplitude was linearly
magnetic stimulation waveforms recorded intracerebrallyrelated to TMS intensityrf = .9, p < .0001).

matched those recorded in saline models and reversed polarity Induced voltage differed as a function of TMS condition
when the direction of induced current was reversed. Measure@Figure 2). Individual pulses within each 5-sec train
voltage across the contact sites was plotted to describe theéhowed extremely little amplitude variation (coefficient of
voltage gradient induced by the magnetic pulse (McCreery et &ariation = 2.4%). All sham conditions induced substan-
1990).‘ ) tially lower voltage than active TMS, and there was no

Active TMS and four types of sham (one or two wings of the overlap between the conditions. Peak integrated voltages

figure-eight in contact with the scalp; 45° or 90° tilt from - . .
, . . . . . , of the TMS-induced dampened cosine waveform in the
tangential) were applied with a figure-eight coil (5 cm diameter .
g ) PP g : ( )prefrontal cortex were 171.% 0.7 mV for active TMS,

to the left prefrontal cortex, 3 cm anterior to the optimal site for :
stimulating the right first dorsal interosseous (FDI). Transcraniall29-6 = 0.5 mV for two-wing 45° sham, 56.8 0.7 mV
magnetic stimulation was administered with the Magstim (Whit- for one-wing 45° sham, 48.4 0.3 mV for two-wing 90°
land, United Kingdom) Super Rapid (1 Hz, 5-sec train, 70%sham, and 50.0+ 0.2 mV for one-wing 90° sham.
maximal output) with the subject under sedation (ketamine 15Although three of the sham conditions reduced the in-
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duced field by 67-73%, the two-wing 45° orientation conditions may be biologically active. This could artifi-
induced values that were only 24% below active TMS. cially increase therapeutic response to sham treatment, and
may in part explain some of the variability in effect sizes

Motor Threshold with Active and Sham TMS across studies. The relevance of stimulation below the MT

. is an important issue. It is conceivable that repetitive
Mean MTs were 32%+ 5% for active TMS, 66%+ 12% . .
. ! stimulation of the prefrontal cortex at levels below the
for the two-wing 45° sham, and 85% 19% for the P

. . " ._.._threshold for motor cortex excitation to a single pulse ma
one-wing 45° sham. Neither 90° sham condition elicited o 'g'e P Y
have a clinical effect. In fact, several studies have found

MEPs, even at 100% maximal output. A repeated-mea- . ) . o . .

. . ntidepressant efficacy with repetitive stimulation at 80%
sures analysis of variance on MT values demonstrategf MT (George et al 1997). This observation also implies
significant effects of coil angleH(1,7) = 35.3,p < 9 : P

0006], one wing versus two wing&(L,7) = 6.3, p < a possible role for summation from one pulse to the next,
'04] a’nd a wing by coil angle interacti,oﬁ([l 7)' _ 6.3 and these cumulative effects may be frequency dependent,
.p<’ 04]. The MT for the 45° two-wing condition was @S illustrated in the cases of rTMS-induced seizures

approximately twice that for the active conditiotf7) = (Wastrmar?n et al 19a6)' Fubrther et;/lidence that stimdulla—
8.19, p < .0001], and the MT for the 45° one-wing tion below the MT may have observable effects is found in

condition was 2.7 times active MT(f) = 7.47,p < the phenomena of pa_ti_red_ pulse inhibition_and facilitation.
.0001]. A subthreshold conditioning pulse can either enhance or
inhibit the cortical response to a subsequent suprathresh-
. . old pulse, contingent upon the interstimulus interval
Discussion (Ziemann 1999).
The 45° sham conditions elicited substantial cortical A limitation of this study was the lack of ratings of the
stimulation at levels corresponding to 48—76% of activeSubjective effects of the various sham conditions. Instead,
TMS, as evidenced by both MEPs in human subjects an#€e focused on contrasting these conditions in induced
measurements of intracerebral voltage in a nonhumakoltage and biological activity. Another limitation is that
primate. In agreement with Loo et al (2000), the effects ofMT assesses depolarization in the motor cortex, whereas
the 45° sham were most marked for the two-wing condi-most studies in depression and mania involve the prefron-
tion. Although Loo et al (2000) tested only the 45° sham,tal cortex. However, our in vivo measurements of induced
we demonstrate that the 90° sham (both one and two wingyoltage sampled the prefrontal cortex and substantiate the
conditions are devoid of biological effects as measurabléMT findings.
in this study, and present the first in vivo measurements Given these findings, we recommend tilting the coil 90°
comparing active and sham repetitve TMS (rTMS)-from tangential rather than the 45° sham to minimize
induced intracerebral voltage. cortical effects. Neither the one-wing nor the two-wing
These findings raise the possibility that some shanB0° sham elicited MEPs, even at maximal stimulator
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output. It should be acknowledged, however, that the 90Klein E, Kreinin I, Chistyokov A, Koren D, Mecz L, Marmur S,
sham may feel less intense subjectively, but this should be €t al (1999): Therapeutic efficacy of right prefrontal slow

_arihi ; o repetitive transcranial magnetic stimulation in major depres-
less of a problem for between-subject studies than within sion- A double-blind controlled studyarch Gen Psychiatry

subject crossover designs. The correspondence seen be-5g.315_320.

Fween the in vitro recordings in monkeys and_MT resuItsLisanby SH, Sackeim HA (2000): TMS in major depression. In:

in humans suggests that evaluating the MT V_Vlth the.sham George MS, Belmaker RH, editor§ranscranial Magnetic

condition selected may represent a readily available, Stimulation (TMS): Applications in Neuropsychiatiy/ash-

though approximate, means of testing its biological activ- ington, DC: American Psychiatric Press, 185-200.

ity. Such testing may be advisable because the outputoo C, Mitchell P, Sachdev P, McDarmont B, Parker G,

characteristics of coils differ across specific coil designs tGandevua_SI (1999)It_DOltJ_ble-llD'tl_nOI ?OniLo”etd w;vestltga?on of
ranscranial magnetic sumulation 1or the treatment Ot resis-

and manufacturers. tant major depressioim J Psychiatryl56:946—-948.
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