Lack of Patholbgic Changeis in Human Temporal Lobes
After Transcranial Magnetic Stimulation
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Summary: Most animal studies have failed to demon-
strate pathologic changes in the brain after transcranial
magnetic stimulation (TMS). Nevertheless, vacuolar le-
sions in the cortex of rats after TMS have been reported.
We report the first histopathologic studies of human
brains after TMS in 2 patients with epilepsy who under-
went temporal lobectomics. They had bezn involved in a

study to determine the speech-dominant hemisphere by
TMS and had received ~2,000 stimuli-centered over the
resected temporal lobe. Histologic study of the surgical
specimens did not show any lesions attributable to TMS
in these 2 patients. Key Words: Transcranial magneuc
stimulation—Equipmeant s —Epilepsy—Brain pa-
thology—Temporal lobe.
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Since introduction of the magnetic stimulator as a
clinical tool in 1985 (Barker et al., 1985), more ap-
plications for transcranial magnetic stimulation
(TMS) in clinical neurophysiology and research are
being developed (Chokroverty, 1989). The magnetic

- stimulator is a capacitor discharge system: Storage

. * capacitors are charged to a voltage determined by.

‘ the stimulus strength required and can then be gdis-
charged into the stimulating coil through soli

switches. The flow of current in the coil ge esa

magnetic {ield pulse which is onented

larly to the wire windings in the coil

field induces a secondary curr

~ which is perpendicularly orie

field, i.e., parallel to the pri

"(Barker et al., 1985; Jalin 988 Cadwell, 1989).

TMS is noninvasive and do€s not transmit any elec-

trical current dire IQ he tissue, but the potential

dangers of the % urrents induced in the brain

must be considered’(Barker et al., 1985; Agnew and

McCreery, 1987). Most studies have failed to dem-

onstrate any pathologic changes in the brain of an-

. imals repeatedly stimulated with TMS (Sgro et al..
, 1989: Tsubokawa et al., 1989), but Matsumiya et al.
(1989) described vacuolar lesions in several cortical

layers in rats after TMS stimulation. We report the

in the tissue
0 the magnetic
current in the coil
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first paihologi}sludics of humans stimulated re-

pcalcdlyc‘)(hh TMS.
@ METHODS

(Q%ubjects of this report are 2 patients with meci-
@cally intractable epilepsy who were part of a study
to determine the spesch-dominant hemisphere us-
ing TMS (Pascual-Leone et al., 1991) and who have
in the meantime undergone anterotemporal lobe:-
tomy. Informed consent was obtained before pa-
tients were enrolled in the study, which had bezn
approved by the Human Ethics Committee at Ab-
bott Northwestern Hospital and at the University of
Minnesota. Both patients were experiencing muiti-
ple daily partial complex and secondarnly gcncr:}l-
ized seizures despite use of multiple ahticpilcpti_c
drugs (AEDs). Table | summarnizes the ages, sei-
zure types and frequencies, localization of seizure
foci. and surgical treatment of both patients. At the
time of the TMS study, both were being tapered on
AED:s for the purpose of preoperative characteriza-
tion of the ictal focus. Location of the ictal focus
was based on video-surface EEG recording of [2
and 16 seizures, respectively.

TMS was performed with 2 Cadwell Rapid-Rate
Magnetic Stimulator. This is a net-0 charge stimy-
lator specially designed to deliver stimuli at a fre:
quency of <25 Hz (Gates et al., 1990). The powerol
the discharges can te regulated for an output of
0-100% maximal output intensity. Each sinusoidal
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TABLE 1. Summary of clinical data and parameters of ‘magnetic stimulation for the 2 patients
™S
) AED Epileptic Appcoximate Intensity ’
) Age/sex Seirure conceaition focus pa. of NoJ (% maximum ~Surgical
Pageat ym frequency (ng/ou) (electrode) stimuli position cutput) procedure
| JUF PC (1m0} PHT (5) L temporal 430 (F1. 7, DY) &0 L aaterotemporal
2 GTC (4y1) (F1. T 240 (F8, T4, D&Y &0 lobestomy
430 (] (S co)
b3 a9 PC (4-8/days) CBZ (10.4) R temponil 430 ] R anterotemporal
20 GTC (1~Yma) (Spl. F3) %0 %0 lobestomy
480 ® (1 cn),
hippocampesioay,
resestion of
vascular
malformation

PC. partial complex seirures; 20 GTC, secondarily geaeralized tonic<lonic seizures: PHT, pheaytoin: CBZ, carbamazzpine: TMS, transcranial magnetic
sumulatioa.

¢ D1, Midway position poiat betweea F7 and T3.
* DL, Midway position point between F8 and Td.

" stimulus has a pulse width of 50 is. The peak volt-

age gradient is ~6 V/cm, and the calculated charge
density/phase is 1-2 pCoulombs/em? (personal
communication, Dr. John Cadwell). A water-

“cooled, round stimulation coil of 11-cm inner diam-

eter was used in the study.

In both patients, TMS was performed with the
outer edge of the coil centered over the point of
stimulation and the coil held in a sagittal plane an-
gulated toward the vertex so that it lay flat on the
scalp. Stimulation was performed over F7(8), F3(4),
T3(4), C3(4), T5(6), and P3(4), and nine other points
over each hemisphere defined by dividing in hal
the distances between the above [0-20 Int
tional Electrode System positions (Pasc
et al., 1991). The stimulation parameterssedsin the
patients are summarized in Table 1. (ZZ,

The 2 patients underwent temp @0 ectomy 2
and 4 weeks after TMS study ctively. The
surgical procedure was decid ¢d on the com-
bined results of long-term @odiagnostic monitor-
ing with video-EEG, neu ychologic assessment,
intracarotid sodium tal'(Wada) testing, and in-
traoperative el rticography (Gates, 1986).
After removal, the temporal lobe specimens were
immediately fixed in 10% neutral formalin for 1-2
weeks. Thereafter, sections were embedded in par-
affin and thin sections for microscopy were ob-

lained with a microtome. Only H&E stains were
performed.

S

RESULTS

Patient | underwent a standard left anterotempo-
ral lobectomy without resection of the amygdala-
hippocampus complex. Patient 2 had a standard
right temporal lobectomy with limited ressction of
the hippocampus. All resected portions of the tem-

poral lobe of patient | wer
2 was known to have an
on cranial magnetic re

al (Fig. 1). Patient
increased T, signal
ce imaging (MRI) in the

anterior right tempgral Yobe. Histopathologic exam-
ination of the sug specimen showed a vascular

malfom\ation® likely a cavernous hemangio-
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FIG. 1. - Patient 1. H&E-stainea sectica cf lsft temporat car-
tex {original magautication- x10). No pathelcgiC Changes
were evizent.
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ma, anterior in the temporal lobe beneath the me-
_ninges in the gray matter (Fig. 2). The hemangioma
. appeared to be degenerating, and there was evi-
dence of old hemorrhage with hemosiderin-laden
macrophages in the adjacent cortex. No evidence of
recent hemorrhages surrounding the hemangioma was
noted. The rest of the resected temporal lobe cortex
(Fig. 3) and the hippocampus (Fig. 4) were norm
Patient | did have a seizure, an uncharacterisfics

. isolated, partial motor event as a consequ of

stimulation, as documented by simultan EG
monitoning. Neither patient had a si@cant in-
crease in ictal events of any type ever, while

under observation on the epile it for severel
days or by report after dischan@?una etal, 191).

DISCHUSSION

Direct cortical l%rical stimulation with a
charge density of 'fO nCoulombs/cm?® 2pplied at 50
Hz conlinum%_g 24 h will not cause any detect-
able brain damege (Agnew et al., 1983). T™MS of
60% maximal intensity with the Cadwell Rapid-Rate
Magnetic Stimulator used in this study causes acal-
culated cortical charge density/phase of only 1-2
iCoulombs/cm® (personal communication, Dr.
John Cadwell). Thus. there is a large safety margin
betwesn the estimated currents required to yield
histologic damage with direct electrical stimulztion
and those induced in the brain with TMS (Agnew
and McCreery, 1987). Nevertheless, Matsumiya et
al. (1989) reported minute vacuolar lesions in corti-
cal layers 34 and sometimes in layers -2 and -6 in
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F1G. 2. Patient 2. HAE-stained sactions
of the vascular malformation (original
magnification x1.5). Details proviced in
text.
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FIG. 3. ° Patient 2. H&E-stained secticn of the right temporal
lobe cartex aistant frem the vescular malformation (ongin
magnification x 10), No patholcgic changes were evicant.
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rats after >700 TMS at 2.8 T. These findings are
very controversial because other researchers have
failed to show any. pathologic changes with TMS.
Sgro et-al. (1989) stimulated rats with TMS for 20
min at a rate of 7 Hz (~10,000 stimuli) and failed to
demonstrate pathologic changes with either H&E
staining or with electronmicroscopy. Similarly,
Tsubokawa et al. (1929) stimulated cats 1,000 times

— mmevecesr
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FiQ. 4. Patient 2. HAE-stained sec-
tion of the hippocampus (original
magnification x10). No pathologic
changes ware avident.
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Anew WF.v Yuen T@Cre:r‘y DB8. Morphologic change
afier prolonged glec! stimulation of the cat's cortex at

defined chsities. Exp Neurol 1983:79:397-411.
Barker AT, Jallgohs R, Freeston IL. Non-invasive magnetic
stimulal the human motor conex. Lancer 1985:1:

I
inciples of magnetoelectric stimulation. {n: Chok-

Cad
vy S, ed. Magactic stimulation in clinical neurophysiol-
‘ . Boston: Butterworth, 1983:13-32.

okroverty 8. ed. Magnetic stimulation in clinical neurophys-

transcranially with maximum magnetic field pUlSCi b{) iology. Bostan: Butterworth, 15989.

of 4,000 A and did not observe extravasatio
Evans blue (indicating lack of damage to the®]
brain barmier) or pathologic ¢changes on hist cor
electronmicroscopic studies. No prevj reports
of pathologic studies in humans »\% nderwent
TMS are available. &

The histopathologic study ¢ @c surgical speci-
mens in our patients did not ‘Show any lesions at-
tributable to TMS alt they had received
~2,000 stimuli with centered directly over
the studied anterotemporal lobe (F7 or F8, T3 or
T4, and intermediate position). No statements
about delayed pathologic injury from TMS can be
made, and continued observation is required. When
epileptic patients wno have undergone TMS un-

dergo operation, the surgical specimens should be
studied carefully.
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