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Abstract

Pure alexia iz 2 fraquent and mncapacitatine consequance of laft occipiotemporal lezions. It is thought to result from the disroption or the
disconnection aof the visual word forrn area (VWFA L a region reproducibly lecated within the left occipito-temporal sulcus, and encoding the
abatract identity of strinzs of visual lettarz. Alexic patients often retam effective smele letter recosnition abilitiez, and develop an effortful
ledter-bv-letter readime stratesy which 15 the basiz of most rehabilitztion technigques. We study 2 patient who developed letter-bv-letter
reading followmg the swrgical removal of lefi occipito-temporal rerions. Using anatomical and functional MBI in the patient and in
normal contrels, we show that alexia resulted from the deafferentation of left fusiform cortex, and we analves the network of brain regions
subtending lettar-ba-letier reading. We propose that durmg letter-byv-lettar readmg (1) letters are identified in the intact right-hemispheric
visual syztem with a ceniral role for the rerion syvretrical to the VWFA; (I) letters are zanially transfarred to the left hemisphere through
the intact segment of the corpus callosum; {3} word identity is evenmally recovarad in the left hemisphere through verbal working memory

processes pnolving inferior fromtal and supramargmal cortex.
B 2004 Elzevier Lid. All rights rezanqed.
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1. Introducton

Pure alexia 15 2 frequent and meapacitafing consequence
of laft ocoipito-temporal lesions (Binder & Mohr, 1992;
Damasio & Damazio, 1983). Affacted patients suddenhy loze
expert rezdme abilities that they have acquired through years
of academic tramming. Af the same fime, speech comprehen-
s1on and production, as well as word spelling, are preserved.
The ezsence of this lost perceptual zkill 1= (1) letter idanti-
fication mvanant for posthon, size, font, and case; and (1)
the fast and parallel identification of arrays of several let-
ters (Dehaane ot al | 2001; McCandliss, Cohen, & Dehasne,
2003). It 15 not before the age of 10 that children show
the adult reading pattern (Aghababian & Nazr, 2000}, 1e.
short word reading latenciss that are mndapendent of word
length, at least wathin a ranse of about three to seven letters
and m optimal display condifions (Lavidor, Ellis, Shillcock,
& Bland, 2001; Weekes, 1997). In severe cazes, kmouwm as
global aleia, patients cannot access abstract letter dantity
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{(Mozzo & Caramazza, 1998), and are unable to name even
smele letters (Dejerme, 1392). More often alexic patients
keep effectrve letter recosmition abilities and develop an ef-
fortful letter-ber-letter readms stratesy, wihich 12 the bazis
of most rehabiltation techmiques (Greenwald & (Gonzalez
Eothy, 1998). Eventually, this procedure may become quite
effectrra, although it remamns eazily detectable 1n the exces-
srve effect of word lensth on readmg latencies (Behrmann,
Black, & Bub, 1990).

A vanety of queshions and hypotheses have bsan put
forward concerning latter-by-leffer readme (for selected
referances see Mhontant & Behrmann 2000). Does it re-
flect the partial preservation of normal premorid proceszes
{Behrmann, Plaut, & Nelson, 1998}, or 15 1t based on novel
strategies (Speedie, Fothn, Heilman 1932)7 Iz o baszed
on residual left-hemisphenc (LH) or on compenszatory
night-hemusphene (BH) mechamisms (Coslett & Saffran,
1598)7 Does reveal a general impairment 1n processing si-
multaneous vizual objects (Farzh & Wallace, 19%1) or com-
plex displays (Montant & Behrmann, 20000, or 1= 1t specific
to reading? Such 1zzues may be clanfiad by refarme to a
smmple model of the vizual stages of reading (MMceCandhss
et al., 2003). Letters dizplaved mn one hemifield are first an-
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alrzad through a cascade of confralateral retinotopic areas,
which compute mncreazsinsly abstract representations. Even-
tually, a representation of letter 1dentities 1= created m the
visual word form area (VWEFA), reproducibly located within
the laft occipito-ternporal sulcus, at about TC —42, —63, 13
(Cohen et al., 2003). This representation 1= 1manant for
parameters such as size, position, case, font. The transfer of
visual mformation from lower-order retmotopic cortices to
the VWFA takes place within the left hamisphere for stim-
ulh displayed in the nght visual field (ENF). For laft visnal
field (LVF) stimuli, information 1= comveved through mter-
hemispheric fiber tracts that courze m the spleniom of the
corpus callosum and over the posterior homs of the lateral
ventricles (Bnder & Mohr, 1992; Molko et al., 2002). The
VWTA then projects to structurss nmrolved m phonological
oT lexico-semanhc proceszing.

In thizs framework, pure aletia 13 thought to result erther
from the dizruption of the VWEA itzelf, or from mmpaired
projechons to or from this system. We recently showed
that the cntical lesion for pure alexia overlaps accurately
with the VWFA, az 1denbfied by s actnaton durins
normal reading (Cohen ot al, 2003). In this study, fiume-
tional magng data were obtained m a patient with typical
letter-by-letter reading (patient F.). We observed that the
mntact nght-hemisphenic cortex symmetnical to the VIWEFA,
which we labeled the E-VWFA, showed a pattern of ach-
vation nommally specific to the VIWFA ttzelf 1.2, stronger
actrvation for alphabehe strinzs than for chegueboards.
Moreovar, there ware abnormally strong actriations n a left
frontopanetal netawork related to verbal workmsz memory.
Thiz pattern supported the 1dea that m letter-by-leffer read-
me, (1) alphabetic symbols are 1dentified m the E-VIWFA,
(2) they are senally transfarred to the left hemisphers, and
(3) word idantity 1z recoverad by the left hamisphera through
an effortful verbal workine memory process. Note that this
construal 1= 1n lme with a elazsical accoumt of latter-by-letter
reading (e.g. Binder & Mohr, 1592; Speedie et al., 1982).

Patient F.'s lesion zpared the dorsal bank of the calcarine
sulcus, and accordingly the lower nght vizual quadrant was
mtact. As we found some residual actrvations at coordmates
cloze to those of the VWWFA, it could not be excluded that
a partially spared left-hemisphenc pathway leadine from
V1 to the VIWTA could contribute, or even be eszanhal to
latter-by-letter readine. Hera we study a yvoums patient (C.2)
who presented letter-by-letter reading followims the surgical
resechion of left occipito-temporal structures, sparmg the
VWTFA but mecloding the enfire primary visual cortex and
all fiber tracts leading to the VIWFA from both the nght and
the left visual fields.

Chur amms were to assess the account of latter-bo-letter
readmg summarized before, and to fully document a case of
pure alexia dus to deafferentation of an mtact VIWFA. Fi-
nally, the complete surgical remon-al of left posterior regions,
as opposed to paftchy lesions followmns mfarcts, may help
to delimit the role of residual left hermisphenc structures n
letter-by-letter reading.

2. Medical hiztory and lezion dezcription

Patient C_Z. was a 19-year-old student, 100% nght-handad
accordmg to the Edmbursgh prrentory (Oldfield, 1971). She
was operated twice for the complete resection of a left
occipital neurcectodermal tumer, revealed by imtracramal
hypertension and right hemianopia. Surgery was followed
by radiotherapy and chemotherapyv. The prezant study was
cammed out between 6§ and 12 months after the surgery.
Thers was no mdication of relapsze on cloze chnical and ra-
diclogical follow-up. Following the intervention, the patient
complamed of bemnz unable fo read, while she could wnite
normally. Her family also reported szubstantal memory
difficulfies.

The anatomical MEI showed that the left occmpital lobe
had been removed, including the entire striate cortex and the
left half of the splenmm of the corpus callosum (Fig. 1). The
most antenior part of the lateral cccimtal cortex was spared.
The excizsion extended to the ventral and mesial temporal
lobe, as well a5 to the wmderhnng white matter, reaching TC
¥ = —40 antenonly. In the temporal lobe, the lesion affected
the hippocampal and paraluppocampal gy, and stopped at
the mesnal edge of the fusiform zyrus.

3. Behavioural azzezzment
3.1 General data

Goldmann penmmetry showad complete nght hemuanopia
without spaning of the macula. There was 2 marked memory
mmpairment, 1 the verbal more than m the visual domam:
with the Wechslar Memory Scale Eevised. she scored 930
(=24 a) and V30 on the mmediate and delayed verbal
memory tests; and 36/41 (405 o) and 23/4]1 (-1 o) on the
mmmediate and delaved izual memory tests. Tests for color
naming and chject-color matching, as well as Benton's face
matching test ware performead flawlessly. Oral lansuaze pro-
duction, comprahension, and repetihon were normal. Thers
were mnmal word-finding difficulties (91/100 correct on
the DENO 100 preture-naming test). C.Z. was asked to wnite
to dictzhion 2 list of 36 frequent words (three to nme lattars
and one to four syllables m length), and to 1dentify another
set of 36 smilar words oralh spelled-out by the axaminer.
She was flawless 1n the dictahion test. She made 2/36 emrors
m the word 1dentification test, proposing responses close to
the target (e.g. MUSIQUE — Mumch).

3.2 Reading

The patient was asked to read aloud a short story of zbout
15 lines. She made sszsentially no errors (pate — pate), but
1t took her more than 11 mm to complete this fazk, while
normal subjects need on average 13 s (Cohen ot al., 2003).

S1x months after surzery, C.Z. was presented wath 79
lower-case famuliar nouns, three fo nine latters and one to
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Fiz | Wormalizad T1-weightad LRI of patient © Z., thowing the nurzical resection of most of the laft occipital lobe including the left kalf of the splanfuom,
the posterior hemizpheric white matter, the hippocampel and parahippocampal syl The white amowhead points to the spared mid-fusifoon comes

four syllables i length. Stmuh were presenfed centrally on
a computer scresn, subtending a maximuom angle of 4 on
each side of fimation, uamg the Couner New font. Stimml
remamad vizible unhl a responsze was produced. Latenciss
were measured using a voice kev. C.Z. was asked to read
each word aloud as rapidly as she could, while mmimaz-
Ing errors. ohe made no errors, but her mean reading time
was 8196ms (excloding 2 outhers bevond 20:), and was
strongly correlated with word length (Fiz. 2), wath a slope
of 1181 ms per letter (n(3d.f.) = 0.594; P = 0.002). Frve
months later, at about the time of the imasine expermment,
her speed had mmproved, as reading the short text tock her
7 mmn, while the slope of the word length affect had dimin-
1zhed to 221 ms per letter.

All uppear- and lower-caze letters were presented randomby
uzing the same techmque. C.Z. made no error out of 32 tnals,
but was zipmificanthy slowed down (mean reading time =
1964 mz. excluding one outher at 12:5). In order to assess
her mental mmagery for letters, the patient was orally pre-
sented with the name of all letters, and was azked to decide
whether the upper-case letter mncludad a curve or not. She
made no error. In 2 simuilar task, she was asked to decide
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Fig 1 Patent C.Z's corract response latencies in the initial word readine
ezt (irianzles), in word reading at the time of the masing experimend
{splid sqoares), and in lexical decision (real words: orosses; Consanard
strings: open squares) She showsd a letter-tne-letter reading pattern, with
2 zlope of 1181 ms= per letter In comimast, she could discrinunase real
words fTom consanant strings rapidly and with no effect of length



