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modification, which could make producing pig
organs easier, Montgomery says. Pisano is in
stable condition in hospital, he adds.

Thereis stillmuch moretobelearnt, he says.
In aforthcoming study and in one published
thismonthin Nature Medicine*, Montgomery
and his colleagues analysed tissue samples
from two people who had been declared
legally dead before receiving a pig heart and
found that at the cellular level, rejection of

xenotransplanted organs looks “very differ-
ent” from that of organs transplanted froma
humandonor, Montgomery says. He adds that
these findings could help researchers to antic-
ipaterejectionand develop tailored immuno-
suppressant regimens for future surgery.
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‘BILINGUAL BRAIN
IMPLANT DECODES
SPANISHAND ENGLISH

Artificial-intelligence system allows a manwho cannot
speak clearly to converse in the language of his choice.

By Amanda Heidt

or the first time, a brain implant has
helped abilingual personwhoisunable
to articulate words to communicate in
bothof hislanguages. An artificial-intel-
ligence (Al) system linked to the brain
implant decodes, inreal time, what theindivid-
ualis trying tosay ineither Spanish or English.
Thefindings', published on 20 May in Nature
Biomedical Engineering, provide insightsinto
how our brains process language, and could
oneday lead tolong-lasting devices capable of
restoring multilingual speech to people who
can’t communicate verbally.
“Thisnewstudyisanimportant contribution
for the emerging field of speech-restoration
neuroprostheses,” says Sergey Stavisky, a
neuroscientist at the University of California,
Davis, who was not involved in the study.
Although the study included only one
participant, “there’s every reasonto think that
this strategy will work with higher accuracyin
the future when combined with other recent
advances”, Stavisky says.

Speech-restoring implant
The person at the heart of the study, who was
nicknamed Pancho, had a stroke at age 20
that paralysed much of his body. As aresult,
he can moan but he can’t speak clearly. In his
thirties, Pancho partnered with Edward Chang,
aneurosurgeon at the University of California,
San Francisco, to investigate the effects that
the stroke had on hisbrain. Chang’s team surgi-
callyimplanted electrodes on Pancho’s cortex
torecord neural activity, which was translated
into words on a screen?

Pancho’s first sentence — ‘My family is
outside’” — was interpreted in English. But

Panchois a native Spanish speaker wholearnt
English only after his stroke. It’s Spanish that
still evokes in him feelings of familiarity and
belonging. “What languages someone speaks
are actually very linked to their identity,”
Chang says. “And so our long-term goal has
never been just about replacing words, but
about restoring connection for people.”

To achieve this goal, the team developed
an Al system to decipher Pancho’s bilingual
speech. This effort, led by Chang’s PhD student
Alexander Silva, involved training the system
as Pancho tried to say nearly 200 words. His
efforts toformaword created adistinct neural
pattern that was recorded by the electrodes.

The authors then applied their Al system,
which has both a Spanish and English mod-
ule, to phrases as Pancho tried to say them
aloud. For the first word in a phrase, the

Brain activity during speech production.

Spanishmodule chooses the Spanish word that
matches the neural pattern best. The English
component does the same, but chooses from
the English vocabulary instead. For example,
the English module might choose ‘she’ as the
most likely first word and assess its probability
of being correct to be 70%; the Spanish one
might choose ‘estar’ (to be) and measure its
probability of being correct at 40%.

Word for word

From there, both modules attempt to build a
phrase. They each choose the second word on
the basis of not only the neural-pattern match
but also whether it is likely to follow the first
one. So ‘lam’ would get a higher probability
score than ‘I not’. The final output produces
two sentences — one in English and one in
Spanish —but the display screen that Pancho
faces shows only the version with the highest
total probability score.

The modules distinguished between Eng-
lish and Spanish on the basis of the first word
with 88% accuracy. Pancho could eventually
have candid, unscripted conversations with
the research team. “After the first time we did
one of these sentences, there were a few min-
utes where we were just smiling,” Silva says.

Two languages, one brain area

The findings revealed unexpected aspects of
language processinginthe brain. Some previ-
ous experiments using non-invasive tools have
suggested that different languages activate
distinct parts of the brain®. But the authors’
examination of the signals recorded directly
inthe cortex found that “alot of the activity for
both Spanishand English was actually fromthe
same area”, Silva says.

Furthermore, Pancho’s neurological
responses didn’t seem to differ much from
those of children who grew up bilingual, even
though he was in his thirties when he learnt
English —in contrast to theresults of previous
studies. Together, these findings suggest to
Silva that different languages share at least
some neurological features, and that they
might be generalizable to other people.

Kenji Kansaku, a neurophysiologist at
Dokkyo Medical University in Mibu, Japan,
who was not involved in the study, says that
inaddition to adding participants, anext step
will be to study languages “with very differ-
ent articulatory properties” to English, such
as Mandarin or Japanese. This, Silva says, is
something he’s already looking into, along
with ‘code-switching’, or the shifting from
one language to another in a single sentence.
“Ideally, we'd like to give people the ability to
communicate as naturally as possible.”
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