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Despite the apparently strong dominance
of visual perception, we usually experi-
ence our environment through simulta-
neous stimulation of more than one sen-
sory channel. For instance, watching a
movie is in most cases a visual and audi-
tory experience. This integration of infor-
mation from different sensory modalities
can bring about behavioral advantages,
for example concerning stimulus detec-
tion and discrimination in noisy
environments.

Although many questions about the
neural underpinnings of processing
within single sensory domains have been
tackled successfully over several decades
of neuroscientific research, related ques-
tions of how and where in the brain these
different processing streams are inte-
grated have begun to be addressed only
more recently. Interestingly, in nonhu-
man primates, integrative processing
caused by the presentation of stimuli in
more than one sensory modality has re-
cently been reported in regions as early as
primary auditory or visual cortex (Laka-
tos et al., 2007). Thus, this active field of
research might call into question tradi-
tional views of brain organization that

postulate strict parceling into unisensory
and multisensory cortical levels (Ghazan-
far and Schroeder, 2006).

A recently published study by Romei et
al. (2007) offers valuable additional in-
sights into early auditory–visual (AV) in-
tegration effects in human subjects. Their
subjects were instructed to detect simple
stimuli (a briefly presented pure tone, a
small white disk, or a combination of the
two), and their reaction times (RTs) were
measured. In some cases, these three ex-
perimental conditions were accompanied
by single-pulse transcranial magnetic
stimulation (TMS), either over the occip-
ital poles of the subjects’ heads or over a
control site at the vertex. The rationale for
this is that TMS generates short electro-
magnetic pulses that transgress the skull
and stimulate the underlying cortical tis-
sue, facilitating or suppressing a subject’s
task performance, depending on stimula-
tion site, intensity, and timing. Addition-
ally, TMS stimulation can be restricted to
specific time intervals after stimulus pre-
sentation, thereby offering temporal in-
formation in the millisecond range about
cortical processing stages. More specifi-
cally, TMS effects over visual cortex in a
timeframe from 60 to 75 ms after sensory
stimulus onset would suggest an interac-
tion with feedforward processes, whereas
later effects might be caused by feedback
from higher cortical regions. Thus, vary-
ing the delay from 30 to 150 ms between

TMS and the preceding sensory stimula-
tion in different sensory modalities en-
abled Romei et al. (2007) to determine the
processing type (feedforward or feed-
back), as well as the critical timeframe of
visual cortex involvement in stimulus
processing.

In agreement with previous studies,
RTs for the detection task without con-
current TMS stimulation [Romei et al.
(2007), their Fig. 1 (http://www.
jneurosci.org/cgi/content/full/27/43/
11465/F1)] were significantly better for
the AV condition than for both unimodal
conditions, suggesting a typical behav-
ioral facilitation effect for stimuli pre-
sented simultaneously in both modalities.
Furthermore, the authors explicitly tested
for violations of the so-called race model,
according to which the probability of an
assumed facilitation effect for AV stimuli
has to exceed the sum of the probabilities
for the same RT during both unimodal
conditions minus an expression of their
joint probability. Romei et al. (2007) were
able to demonstrate such a violation of the
race model over the fastest 40% of the RT
distribution. This suggested that the RT
facilitation for AV stimuli is produced by
true nonlinear multisensory interactions
instead of a simple probability
summation.

Most importantly, to investigate where
and when these multisensory interactions
occurred, the authors applied occipital
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TMS along with sensory stimulation
[Romei et al. (2007), their Fig. 2 (http://
www.jneurosci.org/cgi/content/full/27/
43/11465/F2)]. In a time window of
60 –75 ms after stimulus presentation, a
TMS pulse impaired RTs for visual stimuli
but facilitated RTs for auditory stimuli
compared with a control TMS pulse (over
the vertex) or to baseline without TMS
stimulation. In contrast, no significant
differential effects between occipital and
vertex TMS were found when the pulse
was paired with AV stimuli.

The magnitude of facilitation pro-
duced by pairing auditory stimulation
with occipital TMS was nearly identical to
that produced by the simultaneous pre-
sentation of AV stimuli in the absence of
TMS. Furthermore, there was a significant
correlation in the amount of facilitation
produced under the two experimental
paradigms across subjects [Romei et al.
(2007), their Fig. 3 (http://www.jneurosci.
org/cgi/content/full/27/43/11465/F3)].
Thus, a combination of tone presentation
and successive occipital TMS on the one
hand or AV stimulation on the other hand
seem to tap into the same processes on a
level as early as primary visual cortex.

The authors added several interesting
control experiments and further analyses
to strengthen these findings. Of particular
importance were measurements of phos-
phenes, visual sensations induced by mag-
netic or electrical stimulation of neural
tissue. First, Romei et al. (2007) were able
to show that their results remained essen-
tially the same even when those subjects
who were especially prone to experience
phosphenes after occipital TMS stimula-
tion were excluded from the analysis. This
ruled out the possibility that the results
reflected a special case of AV integration

in which a visual stimulus is produced by
TMS rather than entering via the conven-
tional retinal pathway.

Second, seven subjects participated in
a follow-up experiment, in which the au-
thors determined in how many trials the
subjects experienced visual phosphenes
when auditory stimuli were presented
with occipital TMS at delays between 30
and 150 ms. Consistent with their results
from the main experiment, phosphenes
were induced significantly more often
when occipital TMS pulses were delivered
75–120 ms after auditory stimulus presen-
tation [Romei et al. (2007), their Fig. 4
(http://www.jneurosci.org/cgi/content/
full/27/43/11465/F4)], suggesting the
possibility that an auditory stimulus en-
hanced the excitability of the visual cor-
tex. These results are in line with a recently
published study by Ramos-Estebanez et
al. (2007), in which phosphene induction
was found to be significantly increased
after combined subthreshold somatosen-
sory and occipital TMS stimulation.

The paper by Romei et al. (2007)
makes an important contribution to stud-
ies concerning early integration effects
across sensory modalities in cortical re-
gions previously regarded as strictly
unisensory. Most interestingly, they were
able to use the strength of single-pulse
TMS to provide highly specific temporal
information about these interactions.
This nicely complements neuroimaging
data that have a lower temporal resolu-
tion, for instance a recent study demon-
strating enhanced responses in primary
visual and auditory cortices for simulta-
neously presented AV stimuli in contrast
to temporally incongruent stimuli (Noes-
selt et al., 2007).

Romei et al. (2007) impressively dem-

onstrate that TMS is valuable for studying
multisensory integration, by showing that
early AV interactions are not functionally
silent, but behaviorally relevant. This
method will certainly be used in future
studies within this research field, for ex-
ample in paradigms using concurrent
TMS stimulation over two cortical regions
(see, e.g., Pascual-Leone and Walsh, 2001)
to further disentangle the role of feedfor-
ward and feedback connections. Possibly,
its combination with other neuroimaging
techniques will provide the key to a better
understanding of the multisensory brain.
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