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Abstract Transient visual field defects (VFDs) and phos- Key words Visual system. Transcranial magnetic brain
phenes were induced in normal volunteers by means of stimulation. Visual field defect. Phosphenes .Human
transcranial magnetic stimulation (TMS) using a circular
magnetic coil of 12.5 cm diameter placed with its lower
rim 2-4 cm above the inion in the midline. Subjects had Introduction
to detect small, bright dots presented randomly for
14 ms in one of 60 locations on a computer screen result- Transcranial magnetic stimulation (TMS) over the occipi-
ing in a plot of the central 9° of the visual field. In 8 of 17 tal pole has been shown either to interfere with visual per-
subjects, transient VFDs were inducible at peak magnetic ception (Amassian et al. 1989a; Beckers and Hamberg
field strenghts of 1.1-1.4 T. In the central 1-3°, detection 1991; Masur et al. 1993; Epstein and Zangaladze 1996;
of targets was impaired in both the upper and lower visual Miller et al. 1996) or to induce visual sensations such
field, whereas at 4-9° large parts of only the lower visual as phosphenes (Meyer et al. 1991; Marg and Rudiak
field were affected with a sharp cut-off along the horizon- 1994). In particular, several investigators have demon-
tal meridian. Targets at 1 ° in the lower field were affected strated the suppression of the recognition of letter tri-

with lower TMS intensities than corresponding locations grams or four-digit numbers presented close to the fovea.
in the upper or peripheral locations in the lower field. De- This effect depends on various stimulation variables such
tection of central targets was affected at more caudal as magnetic coil (MC) position (Amassian et al. 1989a),
stimulation sites than detection of peripheral targets. TMS intensity (Beckers and Hamberg 1991), brightness
Phosphenes were elicitable in 14 of 17 subjects at clearly of the target stimulus (Masur et al. 1993; Miller et al.
lower field strengths of 0,6-1.0 T. Many subjects per- 1996), or the visual stimulus- TMS interval (Amassian et
ceived chromatophosphenes. From a discussion of the lit- al. 1989a), Which neural structures are affected by TMS
erature on patients with VFDs and the known topography over the occiput has not been unequivocally clarified yet.
of the human visual system, it is concluded that the tran- The primary and secondary visual areas (areas VI, V2,
sient VFDs at 1-3° are probably due to stimulation of V3) are retinotopically organized structures. The topogra-
both striate cortex (VI) and extrastriate areas (V2N3), phy of these areas has been studied in patients (Poppel-
while VFDs in the lower visual field at eccentricities 4- reuter 1917; Holmes 1918; Horton and Hoyt 1991a,b),
9° are due to stimulation of V2N3 but not VI, in healthy subjects using functional imaging techniques

(Fox et al. 1987; Sereno et al. 1995; DeYoe et al.
1996), and more thoroughly in nonhuman primates (Van
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00 0 .0 Fig. 2 Mean suppression rates for targets presented at 1 ° and 9° in
0 0 0 0 0 0 0 the upper and lower visual field. Analysis is based on the data ob-

0 o' 0 o. 0 tained from the eight subjects presented in Fig. I. For each subject,
.0 0 00 0 ...0 0 129 suppression rates (SRs) were calculated by dividing the number of

0 0 0 o' 0 00 0 0 0 undetected stimuli by the number of overall presentations at the ec-

0 : 0 centricities indicated on the abscissa; these data were averaged, re-
o 0 0 suIting in the mean SRs. The horizontal meridian was excluded from

analysis to avoid double counting. Standard errors are indicated by
Flg.lA-I Configur:atlon of tr.ansl~nt vls.ual field defects (VFDs~ m- vertical bars. At I °, there exists a bias in effectiveness of visual sup-
duc~d by transcran~al magnetic sti~ulation (TMS). Results of eight pression toward the lower field, while at 9° a strong asymmetry with
s~bJects (A-~). Bn~ht. dots of 0.3 woere pres~nted rand<:>~y ~t 60 an almost complete suppression in the lower but almost complete
dlf~erent locati<:>ns w!thm the ~entral. 9 of the visual field llDltating a preservation of target detection in the upper field was obtained
penmeter (outlmed m I), while subjects fixated a cross (not shown (UVF upper visual field LVF lower visual field)in I) presented in the center of the screen. TMS was applied with '

95-100% intensity 2-4 cm above inion in the midline and 100 ms
after target presentation. Dark areas indicate 6 or more undetected
stimuli (out of nine presentations) at a given location. Stippled areas Transient VFDs at different stimulation sites
refer to four or five undetected stimuli. Transient VFDs were mainly
restricted to the lower visual field; only at 1-3°, also the upper field was (partially) affected in most of the subjects In three subjects (same as ill FIg. IB.G,H), transIent VFDs

were plotted at different stimulation sites by moving the

lower rim of the MC away from the optimal position

Owing to technical limitations, we were not able to inves- up- and downward, and laterally to the left and right. This

tigate more peripheral sites of the visual field. experiment was repeated in all three subjects four times

For each subject a suppression rate (SR) was calcula- (resulting in 12 data sets). Results across all subjects are

ted by dividing the number of undetected stimuli by the shown as summary plots in Fig. 3. Dark areas indicate tar-

number of overall target presentations at a given eccen- gets missed 9 or more out of 12 times, while in stippled

tricity. SR values close to 1 indicate almost complete im- areas targets were not detected 6-8 out of 12 times.

pairment of target detection (1, all targets missed), while At the optimal position with the lower rim of the MC

values close to zero indicate almost no impairment (0, no 2 cm above the inion (012 in Fig. 3), all targets presented
target missed). SRs were calculated separately for the up- at 1 ° remained undetected, resulting in a complete central

per and lower field for targets presented at 1 ° and 9°, re- field defect. In addition, most of the targets at 4° and 9° in

spectively. Data were averaged for the eight subjects from the lower field were missed, resulting in an almost com-

Fig. 1, resulting in the mean SRs shown in Fig. 2. plete lower VFD. When the lower rim of the MC was
Targets presented at 1 ° in the upper visual field were moved caudally by 2 cm to be centered over the inion

less suppressible than those presented at corresponding (010), all targets presented at 1 ° remained undetected,

locations in the lower field, indicating a bias in the effec- while the lower visual field at 4° and 9° was now almost

tiveness of visual suppression towards the lower field. completely visible. When shifting the MC 2 cm rostrally

This asymmetry in impairment of target detection be- from the optimal position (0/4), the upper visual field
tween upper and lower field was much more pronounced within the central 1 ° was now spared from the VFD, while

for targets presented at 9°: 80% of targets in the lower the peripheral VFD in the lower field still was largely ob-
field were missed, while detection of targets presented tainable. In one of the three subjects, the central 1 ° re-

at corresponding locations in the upper field was almost mained completely unaffected at this MC position and on-

unaffected(4%). ly targets at 4-7° in the lower visual field were missed.

Shifting the coil to the left side from the optimal position

by 3 cm (-3/2) resulted in a field defect of the right lower




