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Nﬁé’gmbeh_aﬁc}ral Consequences of a Genetic Metabolic Di_sorder:
~ Visual Processing Deficits in Infantile Nephropathic Cystinosis

_#Angela O. Ballantyne, Ph.D., and *fDoris A. Trauner, M.D.
- L Jella, California

" Objective: The purpose of the current sty was (o further characterize the nature of the visual

- neurocognitive literalure suggests

gomewhat ambigbous, Method: Study participants were 141 children (33 with cystinosis-and 1080 -

. processing deficit in infantile nephropathic cystinosis. It was hypothesized that children with’

“ dystibosis would deimonstrite a dissociation between visuospatial and visuoperceptual abilitics,
*with impaired spatial functioning and intact perceptual functioning. Hypotheses were based on'
. cognitive studies to. dte as well as on & review of the visual processing lirerature. Background: - -

Infantile nephropathic cystinesis is s genetic metabolic disorder in which the aming acid cystine

" diceumulates, in-various organs, including e kidney; comea, thyroid, and ‘brain. The existing.
the presence of 4 vistal processing: deficit agamst a back-" "
groimd-of  generally normal ‘intellectual capacity.. The nature-of the deficit, however, is-sull -

- controls), ages: 5.through 14 vears.: Tests of visuospatial and. visuoperceptual . funclioning.

were. administered.” Results; Data were analyzed: using - hierarchical: regression analyses and .

. MANCQVYA. ‘After covarying for relevant demographic variables, the Cyslinosis group.eonsis-.

“ tenily deronstrated impuirments’ in spatial processing,” whereas perceptudl processing was
Jargely intact. Conclusions: Results support'the hypothigsis of a dissocigtion in visual processing.

. Findings suggest that cystinosis has a différential effect on the two. costical viseal processing -

.- streams; with spatial functions affected toa greater extent-than perceptual functions. The present

-study has implications for brain-behavior relationships in other geneti¢ disorders ag well, (NNBN

- Deparanents of *Newrosciences and Pediairics, School of Medicine, University of Caiifornia at San Diego,.

- 2000;13:254-263) e

- Infantile nephropathic cystinosis is a'genetic. metabolic.
disorder with-an autosomal recessive inheritance: In. this
condition, the' amina -acid cysting accumulates in lyso-
‘somics as a result of defective transport (1-3). The disease

“is characterized by normial appezrance at birth and appar-
ently normal development during‘approximately the first 6 '
to 18 tionths of life. It typically makes its clinical presen-.

tation ‘with failure:to thrive-and rénal tubular dysfunction

" (Fanconi. syndiome) (4). The incidence of infantile ne-

. phropathic- cystinosis is approximately .1 pet 100,000 to
200,000 Tive bisths (3), In 1995: the gene for cystinosis

‘was mapped by linkage analysis to-chromosome  17p13-
(6,7): The gene; CTNS, codes an amine acid protein, cys= .
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tinosin, which- has - functionin. lysosomal -membrane
transport (8-10%. - BRI o

+': Deposition of cystine crystals has beenrnoted i various.
organs of the: body; including the Kidney, cornea; thyroid;

liver, bone miarrow, ‘and brain. Cystine has been found to -
accurnulate in utero (11) and likely has-a prenatal-influ-
ence on fenal {and possibly cantral nervous system [{CNS}) -
functioning. The: accumulation of cystine crystals can

gventuilly lead to destruction of tissue and problems such

as. progressive. renal and-thyroid dysfunction. Kidney di-

- alysis and renal transplantation have served to extend-sur-

vival beyond the. first decade of life and to the second and
third décades: (12), although the discase: does progress in
honrenal fissues even after successful renal transplantation.
(13): In addition, cystine-depleting drugs {cysteamine and
phosphocysteamine) now furtfier extend the Tife span:of.

individuals with cystinosis:{14-17). As: patients ‘are

stirviving: longer, the loag-term effects of cystinosis on
varions nonrenal organs can be assessed. :
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- Cystinosis was originally thought to spare the CNS (11,
'18~20), although recent evidence has indicated otherwise.
- For example; cystine accumulation in the brain has been
documented ‘in several postmoxtem studies (21-24), It

pamcu]m deposttion’ of cystine’ cry‘:taia and abnormally

high cystine Tevels have been reported in the corehral cor-
lex, Lhcﬂ_nd plexus, pituitary; basal ganglia, thalamus, cer-

_ebellum, and internal capsule (21-25). Neroimaging: .
studies {e.g., computed tomography, magnétic fesonance -

- imaging) have found evidence of Subcomcai o1 COl"ElLal
“atrophy. {24, 26-31)-and- hydrc)cephaiub (26 32, 33 Ab—

- pormal ele(.troencepha]oalams have also been obtained in’ :
individuals witlh’ cystmos,ls (242620 32); Some studlbs_'

. 3d{>cument neurologic: unpanmcms such ds; poor fine .and
“ . gross motor skills, hypotoma or tremor (27,32.34). Other
‘studies note pyramidal or extrapyramidal symptors, par-

' E1cul‘uly iy older individuals with cystinosis (24,27,28). In

contrast, others hzwe foupd few. fmnk neuroioaic abnor»_ o

fralities. (19,20 33) - :
Recent studies of cogiitive tumnomno ha‘ve 1n€ilc,mcd

“that as a group, mdmduals with cyst;nosxs have overail
. -36) Despn{a
- normal mteflect however mdmdmis wuh cystmos;s may_

intelligence within the normal range (29,33

- have, specmc zmpalrmcnls i the; pmc,essmg ‘of:visual in-

" formation, particularly when: the processmﬂ'" emiands are
‘complex and the stimuli do not readily lend th mselvcs W

linguistic medmnonf(?;{} 24,35); Tndividua

‘iz the nature of the visual proces%mﬂ' deficit it children

: w1th CyStinosis. by analyzmw their. pelfarmance i’ the vi-

' suospatsai and wsuopeiceptmi domains..
- Visuospatial and wsuoperceptuaE skills” may be Inedla-

' ---ated by differe t-.;ne oanatomlc pathways tand dehmts' _

_ sual processing-area but not the .

- other (41). There is strong evidence fiem both animal and -
- huan research of the existeiice of two. major cortical

visual processing systems: oF pathways with both origi-

- _fnatlng in the occipital ‘cortex. The occapatop&netal systern

follows: a dorsal p1ﬁ1 to: thes p&rletal lobe; whereas the
_'ocmp:tc tcmpc)ral system follows:a ventral path 6 the ter-

nctlonaE {iISSOCIatIOIlS have beea 1cient1f' ed One modcl

_pfnthway is ihought o be sPecmlzzed fm spat:a] perwptmn

-object perception . (i.€5 3

objecz and color Tecognitiol
- cr:mxndnon, and analysi 'ﬂnd-synﬂze,

poral:lobe’ {42-44). Parallel to this: anatomic’ (iweigence :

(i.e., visuospatial skills, including analysis of spatial rela-
tions or location}, with lesions of .the. posterior parietal

-cortex a‘:*;ocmtecl thh spauai deficits (42; 444547y, The

ocmpuocemporal pathway i3 thought to be specialized for
epe:cep{ual skills, including
object identification, recognition, or dmaa;mmatmn) with

-lesions of the inferior mmponal cortex: dssoctated with vi-

suoperceptual deficits (42,44,48 49): In more recent work,

‘Geodale and Milner (50, 51) offer an’ alter native view of

the ‘two visiat processing streams” proposed by Unger-
leider and-Mishkin: (42)-Whereas the previous modet fo-

. elrdes On mput to the system;. Goodalrv and Milzer (50,51)
'mmm!ate the: two' streams’ m “terms -of output demand.

. They propose- a-“liow” versus “what” model in that the

- posterior ‘parietal system (dorsal “stream) engages in

viewei-based coding and piovuies action-relevant infor--
mation in terms of vmuomoior eontrol: ot the eyes, limbs,

“andfor body The 0cc1p1totempora ayszem (ventral
- stream) is involved.in perceptial cod
particular viewpoint.: Goodale and Mllner (50,51) ‘argue
- that spatial procéssing ¢ can occz,lr in eﬂher streamm, depend-
.ing ot the output Lhamctensncs Parietal cells are associ-
. ated with saccadic eve movements and egocentric spatial
1 coding, used for goal- ciarec.tecl actions.They do- acknowl-
" .edge that tasks such as mentdl mizmon 1he mampulatmn

& independent of a

of visual ‘and tactual i images; and map feading would in-

th " ive parietal regions (dorsal strean) because of the reg-
- sig have ‘been’ found to_have d1fﬁculty in [asks 1e§umng o ui
< yisual shert-term memory (34,35,37,38); spatial relations o
35, visuemotor integration (39), and tactile recognition .
of common: objects (40). In' contrast, these mdmduair;:
" demonstrate intact object per ception as:well as intact gen-
" eral mtellectual abﬂ:ty, ianctzage auditory proce%mg, and’
‘auditory attention and memory {30,34-36,40). Although-"
- studies to-date. provide evidence for a visual processing
deficit, the nature of the deficit is still somewhat ambigu- . -
' oue Thc present slady was (iesagned to further character -~ -

e and.exiensive scmmng ‘and visual guld'mce andfor

: weweﬁb‘mcd characteristics. (30,51). In, contrast infero-
itcmpnml ‘neurons. are asmc:ated with more object-
Ccentered char'lctensacs They are qemltwe to form, pat-- - :
o tern, and co]or and they are suited for the’ recognition of
"'Zﬁ'nbjects scene jémd 1ndw1dua£<; mdependent ot \’iewpmnt
(50,51). '

In terms of neurobeh'wmrai zmessmem vmuospaﬁal

“Such ablhtle‘; as
ecoghition: or dis- )
41). Evidencein-
di{:ates that mdmduals'w:th cysmnos;s do nothave deficits -

Vﬁuoperceptual funcn:émnw

Cin basxc areas such as object or color recognition or in the
- area of facial

ognition of“dzscnmm&tmn (3540). In-
'ﬂysxs and aynthesxs meérited. invest- -

stead, the arca.¢

" gation; This ared may involve skills stch as wsudl clcsure,
-figlresground dlfferenﬁaﬁ'

or fme vast:al discrimina- -

tion; measures. of such were mcorporated thhm t;he eur-. -

Voi, 1’3, No. 4, 2096'
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'détéét d';stt;ifb'ﬁi@es of perceptual processing (41,5662~
7!) 'md have. beeil 'lqsncntcd with ventrzl stream Or tem-
pott al ]obe funcuom (42 44 48-51,56,58,60).

ln ’mldmon *t v;qua? saannmw task. was ancluded m th&

_ mml scannuw :mmumcnﬁs may bc assocm{n,d
' wzth manemwem,ss chf hu:iiy wzth slnitznu aucntmn (e

: ndm tw

Ot 1l review: or ‘the Vi‘SLi.ll pmcc%smg htemture

nc'tioning. Thej p:‘e_sent studj{ .i_zas

: METHOD

P‘lrtmp;mts

opmeﬂmi- and medical histories .m(i WETE free f:om motor
Vaaci umom:c,ted ViSUcti dstﬁcumes '

Tl T A e rIeer )
Texts Gf v;xuosp’ntnl and w;uopexceptual tunclzonm

. ’1% weli as, 4 measure- of visual scanning, were adminis-

" tered. Tesls were chosen ‘on the b*\sm of puor rcscmd}

L andfor chmcai usaae and findings.

S pafmi Measures

: Locamoror Ma‘e (54). This is a task:of extmpcr%onal :
s _ouentatmn “switable for. chiidlen aﬁﬁd 6 years and. older.
S SLIbJéLES were 1 quired 10 quk through: & serieszof pathb
*. presenited on five’ Separate 1maps. On gdch map were ning

dots or ‘Eandmarkkh > 2 path,and “North’'; in the test room,
. there were nine ndmarks on the tloot; dﬂd “North was

N _ma;ked on ihe wall 'E‘hc qubjet:t had to walk through a

e -_Neuivpiryéﬁi.:my, e‘v’sm-fjpsychorng'_v.:and Bekavioral Nqu'mh_:gy

thes_,ed t_hai LhE]dlﬁﬁ th‘n cyslum%m wou]d _

W1th nnpdued spalmi Eumllonmg '

yisua dxlﬁéultx&% The. com:io] wb;ccte had normﬁl devel- -

path.on the floor. that comesponded to the path on each
map. Detailed instructions. and -two. practice. ems pre-
ceded the aciual test items: The subject was not able to
turn the map while walkmg; then,t:ore ‘the map was not
always in proper orfentation with: respect o extr. apersonal
space, and a series of teanslations-of i_ts:co_erdit_'wm: system
to-true directional codrdinates ‘had o be effected- by - the
subject. The total: score was the mumber of “landinarks”

‘corfectly visited in order. The maximurn seose - wis 49

(pérfect performance);

Litria-Nebiuske - Vistu- .Spcr{m! .Subreu ('?3) {hls 1% 2
mental rotation task suuabk, for childrén through 11 years
of dE!,L 5ub}u:t5 were shuwn a rotaieei shmums i"mure
*md a cude in ong comer. Subjcctb then had lo (.hoose thu
one target figure (from four choices in which the circle
was located 1y a different position refative to the. dark fine) -

 that was identical to the rotated stimulus figare. Two prac-

tice items preceded the test items, The score was the num-
bér of correct items out:of eight-total iems;’
K-ABC Spatial Menior y (76} This tests uscd 1) Hesess

shoft-term spatial ‘recall “of snmtltdm,{}usly msual]y re-

sented ‘material. The subject was shown a page with fa- |
miliar pictures for 57 seconds and was" theft shown. an -
emipty grid and asked to point 10 ‘those boxes on the grid

- {hat corresponded 1o the exact positions.of the pwkusiy

shown pictures. One practice itern preceded the testitems.
The score was the total number of correct itéms dus of 21 '
total ienis, To examine possible: eror patterns, the fiums
bers of 4d(huon omission, and mlsplaccmem errors were
tabulated S

: Percepnral Mecrsmm _
Goi!rn Incrmzpie!e F:gm@f {?’?) Thi% is an ob_;ect rec-
ocmtaon task in which the. stimuli are, mcomplen, and-the

' subje(.t st mcmaﬂy “f;li in” mmmg vispal. mtormatmn

Subjects were administered 21 test 1tems, which were. pre-

ceded by | pmctlce item, Each itém consisted of a line
. .drawing of a Familiar object pmqemed in five gradations of

'compkteness Subjects were shown the. most incomplete
- picture for 3 seconds and asked o guess what it might be.
B ._Subj(.m were, shown, more pictures in subs@qm,m grada-

tions of L,omplueness unti] they had enough visual infor--

mation to correctly identify the objeci “The total number of
pictures needed (¢ tdcnt;fy all the items was mbulau,d The
poss:bie range of scores was 2416 105, with a higher seore . -

© representing poorer perfc}mmnce

‘Children’s Embedded Figures Tes.t {78) ThlS |s a test .

“of corplex visual perception i -which the stimuli-are
B camphcateé by distracting emhelilshments The standaréw'
. ized version.of the test, which i is ‘composed of Caricatui‘ed _

dra\mncs of f’l[’ﬂlhal‘ objects for compiex figures, wis ad-
ministered. It is appropriate for children ages 3 through 11
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years. Subjects were asked to find ohe of _:WOﬁdifferent

simpler forms (shaped like a “tent” and'a “house™) within -

- a larger complex figure. A series of practice items. pre-

ceded the tent anid housa test items. There were 11 tent and
14 house’ test. itemns, THe score was the number of iteitis
correct out &f 25 total items: .

- Visual. Form Dncnmmauorz {69y, Thls s a Vlsuoper-

_(,ep_mai test that evaluates the subject’s ability to.discrimi-
“nate between complex visual configurations that differ by
* distortion of rotation-of & major figre or by misplacement |

or rotation of a peripheral figure. Subjects’ were adminis-
tered. the standardized [6~1tern 1est in. whu,h & stimulus
card :and. 2. multiple: chmce ‘regpionse card are szmuita—
neousiy presented, and- the subject inust-identify the one

-design that is exact};y the same a3 the stimulus. Bach de-
igures and one peripheral fig- -
ure; Two practlce items’ preceded the test items. According
-0 the scoring gutde]me.a. (69} two points were awarded
for'each correct résponse, one pomt was- awcuded for each
.incorrect response. mvolvmo 4 ‘peripheral error; and no-

’Elgll COHSiStS Of 1Wwo' 1!1’1_]01‘

points were awaided for errors ‘of major ratation or major

distortion: The. total, scoxe was the: numbcr -of spoints

awarded out of ‘a maxiaum. 01‘ 32 points.; To examine

possible erfor patlerns, the numbers. of - péripheral errors -

the: pemphemi ﬁgure) ‘major dzstortmn erTors, and ma_;er
rotation. SITOTS WEIT: tabulated .

S ”Vz‘ma.f Shannmo '
CA Vlsual scmmng test was given to screen for | impair-

. ments m wsuzﬁ ﬂttentzon and v1sua1 seart.h hecause f;uch

C'anceilanon {?9) ThlS test (}f v1sual scanmnw !hdt

'can be used for eva]uatmg hemmpmal m:giect, scanmng

(which répresent gither szmple mlsplacement or rotation of

cross out all thetargets he or she .could find on a page
displaying & random: array of forms (shapes or letters,’
resgectwely) Each page contained- 60 targets, mth 15in
each quadrint. SubjeCtS were: given four differént colored

marking pensat: 15—secand intervals {for a tota seanning '
time of 1°minute) to cross out target forms. For-the.pur-
poses’ of our study, the: F=minute time E:mxt was imposed 1o

. -avoid ‘Ceiling effects: ‘md only randon. Siimlﬁl were used
_(rathet . than ‘structared) because the: raudomiy distitbuted

stimuli are somewhat :more’ difficule (72). The score was
the number of stinwli identified out of $20 012l stimuli.
To evaluate left-right differences in scanning, the number
identified in'left or .1"ight hemispace was also tabulated.

Precedure

Gwen the rare nature of cystinosis and the avalhblilty
of subjects not every subject was admlmstered each test.
Table 1 shows the number of cystmosxs and contro] par-
ticipants who recewed each sest and the mean 4ges of the
cystmosas 'md control groups on ea(,h neastre: T he total
group sizes (N) shown'in Table | are; compnsed of dap-
proxmlately equal. numbms of male and female sub}ectq

-In addition to the measures sht)wn all S[}bjects were ad-

finistéred the Stanfmﬂ Bmei Intellioence Scale, ‘dth edi-

“tion (307, ‘and a compoqzte:"qcore was-derived f'mm the

following subtests: Vocabulary, . Quantitative, Pattern

_Arialysxs and Memory for Sentences. Subjects wers fested
“agpart-of a larger study of cognitive tunczseramg in fami-
Ties affected;b cysimoms “The Smniord Rinet was chosen

became it s hormed on'4 wide age rauge (2—-—23 years) and

. was ‘thus. sultable forall subjects. in-the ]argcr study. For

- patients and controls who were enrolled in our:studies

ienvnudmaily and wht) recewed the same tost.on :more
than.one. occasion, ‘we used data from the. first adminis-
tration of the test '§0 as .to avoid confounds cansed: by
famitiarity with patticular tests and practice effe_ct_. :
Informed: consent .was obtained before sesting each

umber of aubjects in, cma' mean ages of the c:}s:mos:s cmd commé ar oups o

each measure”
.:Q,'Sti'ﬁosis"ﬁ"j'_:' b ‘:_C'nm:r"él': o
SN :.Mean z_agé'_ 5 so - N : ":.:l\tlez.t_n_z_lge;. o ‘ED
- Locomator Maye C '_ |3 i 248 57 - 983 213
EuriazNebraska Visiial- Sp itial - 25T B 4T L&y - i R N 4 197
oo Spatial Memery- oo 3000 829 243 0108 - 922 255
'---Perceptual Lo Sl S L A I
- Goflin Incornplete Fidures _' 33T 780 -2 1 S 11 1 6227 - .57
AChildren’s Bmbeddet: Flgures B2 738 FUASG e 76 - o B06 L . LT9
.2 Wignal: Form Dlscnmmatmn S ) SRR % b 230, 0 J06 . 0925 . 253
.4V‘5ua1 seamming ot . ST S L
N Cancellatio_n_- e " 835 L2730 6l 9.26 260

UAge 18 bsed a8 A covaRAR N dafa“analyses)

L VBLA3 N 2000 -
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subject.in- accordance with the guidelines of the lstitu-
tional Rcvxc.w Bacuﬁ atthe Unwemty of California at San
DLLE{) S . T .

111«:311 LTS

Anaiyses of (}'mup Dll‘fc:enu_s T :
Ihuarahml tegression analyses were conducted 10 test
the: ‘hypothesized relationships between each of the seven
df_;pan_dcm; var;al_}_tes {visual processing test scores) and the:
_ in_dc'p{:ndls:n_'tf variable of group membership (cystinesis vs
" conmrol) after statistically controlling for relevant demo-
graphic: variables. Becanse not all subjects were adminis-
-ctefedall tests, -each dependent variable -was.- exammcd_
© separately,”
. Initial data scrccmn;, mcfudt,d examination of the data
io; missing values, outliers and unusual cases, normahty,
_and Tinearity, Before full regression models were tested, it

was conlizmed that-assumptions. were met. The covariates

.(agb and 3(0)8 aaceunlul for a sigrificant proportion: of
_variance: for each dependent variable, and inall cases ex-

ceploie, thc covariates did not interact with the indepens,

dent vanab]c of group mcmberﬁhip {for that single Case,

th_c: :ml_emcgqgl_.,qu__;r;clﬁded as an mdependem.wmable "
rather than:a: Covariate). Sex:was also evaluated asapo-
° ten'tiéz‘l 'c'ov'uﬁté'but'waq fo'und ot to 'acmunt ’s‘o’;‘ asig

. _<:mr;-3 Conf;equentiy 58X was not mc!uded as 4 Vi lmhle. :
Va.rmb]cq were: entered by blocks, with covariates (age.

: and 19} entered I the [irst ‘block and the primary inde-

pcndent vamab]a. (gzoup membership} entered i the sec- -

ond. biock Tﬁbie 2 presents the mean raw scores and

.acljusted raw sc_c:m‘; tor the cy'stmﬂsm cmd comrol gm!.!ps.

BALLANTYNE AND TRAUNER

on each measure. The mean. 1Qs for the cystinosis and
control groups on each test ranged from 10138 = 143210
103.92 = 14.15 for the cystinosis' group and from 112.02°

+ 1034 to 113.23 + 10.50 for the control group, For cach
of the seven measures, Table 3 presents the. proportlon_nf_
variance accoumted for after entry of the covariates, and |
after entry of the primary independent variable of group
membership in the regression model. - e

Spatial Measures

It 1s clear from Table 3 that the coxr‘u |'1te% of d“c <md EQ
accounted For a significant proportion of varidnce in.score
for each of the three. spatial tests. Group membership ac-
cmmtcd for a significant proportion of additional variance
in score for each of the thres measures, with the cy%tmos;s '
sroup comlstemiy performing more poorlv than the con-
ol g oup ' :

Perceptual Measures and Visugl Scanning

The covariates of age and 1Q accounted for a significant
proportion: of varfance in-score for all percepuial and vi-
sual $canning measures. In’conunst 1o the spatial. mea-
sures, however, group memberah;p did #p! account fora.
x:‘gmf' jeant Troportion of variance on thre¢ of the four
measures: ($ee Table 3). Only for- Visual Form Discrirmi-
nation’ dl(f group membetsmp aceount for a significant
pr oportlon of variance: In addition, the full modet for this
dependent. variable included asignificant 1Q X Group in- .

teraction. Examination of the data revealed timt ihe mler-
action was the result of a ceiling effect m_thgse control_s

with ' higher 1Qs, ‘whereas there was no ceiling effect
within the cybtmoszs frmup, hence, the. qlopav. of the re-
gression lings for each group dxf’%ered :

ABI E 2. Mean rave scores (md af{,rusred raw scores for :‘fze cysrmmzs‘ cmd comml gwups on
: : : L eackh measure '

_ Cystiuosis- Control
: - } s Qbserved e -Adjusted Observed : Adjusted
o oMeasure, - oean 8D fean o ean k93] Cmesn
- Spial _ : S
- Lotomotor Mazre 182K 1367 20018 3379 16T LRI
: Luria-Nebraska Visual- Sp’l[m] 338 218 36 5.49 224 500
i _Sp.mul Mumny . - 11.20 429 11,94 14.23 - 29] 1349
Peroeptdl R : o L o
“Gollin Incomplete F:uurea T 4847 11.35 46:12 - 41,73 835 4402 -
" Children’s Embedded Figures' ....o-972. 5.53 1132 13.76 573 26
U Nisuad Form Discrimination e23te 546 24.26 27.28 A 26.19
2 Visual scanning DR ) s s S
5333 3072 ~59.87 3302 2640 --66.49 -

- Cance_itﬂti(m. -

B S'lmple: s;.re‘; and agcs ?nr thc cyszmosls and ctmtml groups on each [est am ﬁhown in. Table 1.Fhe; mgmtzcance .
1e.veh. for the regression models and coefficicnts are shown in Tables'd and 4, respectavefy ‘Observed and ‘zdjﬁsteﬁ .
‘means reflect adjustment for Lhe covariates of ageand IQ For Goltin Tacomplele Figures, & Kigher score represeiits

L -pocnc,r pcrferm'ancc

. 'Nw'_njap.vyc"hf_'arfy;'Neump.-.j&_cfrofo'gy._ and Behavigral Newrology
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TABLE 3. . Proportions of variance qecounted for by .
“covariates {age, 1Q) and independent variable of
group membership

R with

R R with - covariates Group.-
Messure: .. covariates and group | significance
Spatial A _ I
Loconotor Mage o 00E 0.51% - Yes o
LuriasNebiaska thai-&pzmal 04T 0.52% Yes -
Spatial Mcmmv ) 0.37¢ 0.601 Yes
Perceptial . o
Gollin Incomplete F1gum~, C0514 0.51 No
Chitdren’s Embedded Figures . -048F - 049 Neo
. ¥isuat Form Discrimvination - 03&E . . 0407 “Yes -
Visual scanning S o .
'Can_ce_llat_ian IR 07 0T No

p<003 '-p<001 $p<uu{)i : :
The p-values noted for “R. With covariaics and group” reflect the

_swn_iﬁc*mcc of the increment 't &2 after éntry of group membership, ©

Impacr of Age IO rmd (;roup Membersfup o
Each Memure

ized regression. coefﬁcnents are chsplayed in T’lbll.. 4. The

stdndardized rather than unstmda;rdued regression coeffi-

clents are appropnatc for mmpaung, the effects of differ-

ént, variables within; the same.population (81). As can be
séen in Table 4, the covmates had a considerable impact

~on: all _measures. The lmpz}ct off group. membemhlp was

examined only afrer variance attnbl}table to the covariates

was removed. Tt can be séen that group s memhel ship’ lmd_

the greatest impact on the spatial measures as opposed o

“the perceptual and scanning measures. Arn()nc the spatial

T ABLL 4, Sfamiard!zed rcgrcs&wn coefficients: of éovarintes

i age, 1Q) and independent variable of group memberskip

. Stundardized régression coetficients |

Meagare "0 0 Age: 1 IQ ~Greup -
Spatial : A
Locomuotor Maze - S ()46' 044 0.35
Luria-Nebraska Visual:Spatiat /039 052 023
‘Spatial Memory- -~ - o k68 0300 - 08
Pcrcrcplua§ e ) . P )
" Gollin Incumpicie Figures - =067 =018 - =0.09 (NS}
" Children’s Embedded Figures - 053 044 (.06 (NS)
Visual Forii’ Discrimination. - - 046 037 017
Visaal scanning . Lo L L
Can_celi'_ltmn o 083 024 .69 (NS)

NS not swmﬁcam o o
The valies are. %rgmﬁc&m unless nﬂied For Gaiim Incomplete Fig-

" ures, the negative coclficients ieflect the fact that a highdr score repre-
Serits poorer performancs {whereas forall other” testq, a hngher SCOR -
: wpxeﬂems beteer perkﬁrmdnw) :

;md 10 as covariates.

C1.49 for pcnphefal eIrars.

measures, Locomotor Maze was i’nqst influenced by group
membership, followed by the Luria<Nebraska Visual-
Spatial subtest and K-ABC Spatial Memory, respectively.

Anatysis of Hemispatial Differences

Although the cystinosis and control groups. performed
simitarly for total score on-Cancellation, (i.e.,: visual scan-
ning}; it was of a priod interest to determine -whether
the two:groups Had differentjal performance in terms of
left-sided or right-sided” stxmuh identified. - Therefore, a
2 % 2 {Group [cystinosis; control] x Slde [left, right]} -
MANCOVA was conducted; -with* the covariates again
being age and 1Q. Results indicatédl that the cysiinosis and
control groups did not differ i téhhs' of 1ef£-31éecl or right=
sided score. :

Erms: Analyses
- Twe of the measures, Spaiml \!k:mcry and Visual Form
Discnmmmmn “were: scored in’ such a. way that errcr
analyses were posmble Anaiyses were ccmducteci with age

F{)r Spaﬁal Memory, a 2 >< 3 (Gmup E"cystlnosu,, con-

'MANCOVA mdu.ated that there was a sagmncam main

cff’ect for group (Fi3, 1321 = 5. 12 P <0.01),. Univariate
tests leveqlcd that the cystm(ms group made. mgmflmntly
more nnsplac.ement ermrs (F[l 134] = 14,82, p.<0.001)
than did the control gmup _whexeas theu SCores did- not
signifi Tcantly. dxffer for -addition or Omission errors. The
cystinosis and commi umdju.sted means;. respecmely,-
were 1070 and 5.87 for misplacement.errors, 1.63 and
0.70 for ﬂddltaon errors and 3 23 and 2 55 tor omission
erTors. I

-For V;sml Form Dtscnmnnnon a 2 %3 {Gmup [cys— _
tinesis, contro]} % Error Type [majar IOtdthI], major dis
tortion, penpher’tl error]) MANCOYA mchcated that there |
was asignificant main etfect for group. (F [3,130] = 2.98,
p <0.05). Univariate te_sts_,__;__nch;ated that the cystinosis
gronp made significantly more érrors of major rotation
(FT1L,E32] = 4.40,p <. 05) and major distortion (F1:132]
= 507 p <0.05) than did the control group. Peripheral
err()ls were not swmﬁcantly different between the two

-ﬁaoups The cystluosm and control unadjuqtcd qmeans, re-

spectively, were 1.55 and 074 for. major. rotatior errors,
1.55.and (.83 for major distomo' errors and 2.58 and

DISCGSSION

Results of the carrent stv.dy support the hypothesms that
children with ‘¢cystinosis exhibit-a drssocmuo_n in visual

Yol, 13, No, 4, 2000
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- p;;'t')i’;es__siﬁgi_ S"pa_tial'_ prér_:’éss%n_gi impairments ‘were present, -

whercis perceptual processing seemed 10 be largely intact.
Cormpared 'with ‘control -subjects, cystinosis subjects

showed. impairment on each of the spatial measures used

in this Siudy “These tests involved extrapersonal orlenta-

" tiof, m_ental rotation, and short-term meimory -of spatial
~location. Interestingly,-an analysis of error types on the.

t,pdual memmy tisk ‘revenled that.the ¢ystinosis -subjects

dccumlcly recalled m[ormatlon about the number of visual
“ghimuly shown (2.5 there were no between‘group d1ftel—_

2ncds forl oniission or addition error types) bui were sig-
Hif 1cantly 1mpaned at recalling ihe spatial location of the
stimuli and thus iended to ‘misplace the stimuli on recall.

- This finding lends. further- support to the hypothesis of a
~spatial deficit in:children with cystinosis and helps to rule
~out am jry deficit as the pnmm y ba@as ol the defective
: perform hée o this: task: S e

Cada addition, -on- 4 task- that -was used as a measwe of
'_pe_rg_i;:p!;u_di_ __fun_ctlop_n_]_g (Visual Form Discrimination), it
seems: that-a-small spatiai component may have made-it
mor *chfﬁcult Ior aystmosas subjccts, Au:llysr:- of euor

errors’ bétwccn thc oroupa ?erlpht,ral errors can rﬂpres&,nt
~either: cl'ml,spidccment or rotation of a penpheral figure.

i -EAIthough there are no known studies on the different EITOE; '

:: types, pe;hﬂps major tolation. and major distortion errors
- _have a ‘greater spatial compeonent, whereas peripheral er-

Gontrast, ‘have a greater ‘perceptual component.

i 'Supportt.d by the fa.ct that onIy a pomon of penph—

' ua] skﬂ]s R
_ 5‘1--T-h'e al _pwccssma defects in cystmoszs seern to rep—
résent a tather Specific Im;:-aﬁ'ment and are not due solely

o glob’xi intellectual: decrements. The children with cys-
o imom:, in’thig: study had & mean 1Q within-the normal-

fange (which is ‘consistent with' previous findings), and
spatia -dxft'c_ultics Were. f{}und even after pama.ilm(f out the
effect of 1Q on sp'mal test scores. The visual processing

- : -differences found between' the two: groups were also-un- -
"j: I_ikél "to_ be due to dlffexemes m v1sua1 scannmg effl-

e '_"chcates th tthe v1sml processmtr deﬁcxts n cysﬁnoms are
2 spec:ﬁc to the sp‘ltlal domain and involve the analysis of
"-rgspana 'clatlon‘; oF" lom’uon Bd‘nc encoding and retrieval

of vzsual information seem ‘to- be intact.in cystmoszs “be-
- cause p ccptual mcasure% that ‘make demands on these

- aspects of processing do not differentiate cystinosis from -
~-conirol : subjf:cts This. functionaﬂy based: paltemn of im-
paued bpdtial proaessmrr and" Iawely spared perceptual'

. : J\f‘euf'uﬂ_s)‘&tma{.;y).‘Nert'm';::‘s'j'cf!vlog}‘, 'zi;lurl Beh&}'ibr«l Newroiogy

processing: has 1mplxcat10ns for dur understandmg of the
effect of cyq’tmosm on the brain. :
“The neurologic basis of the observed vasuospaual defi-

- cil in cystinosis is unknowi; a}thouch several possibilities

exist: First, it is possible that the primary genetic defect
(and concomitant accumulation of cystine: in the brain} is
responsible for the spatial deficits. The genetic: defect in-
volves a gene that encodes for a transport protein. that
allows L)’SUHL {0 cross the !ys{)somal membrane (1.2,82),

It is wel documented that cystine awumulates in various.
aread of the brain in individuals with cystinosis (21-25).
Pcutu,ul;u neu;onal ;)opuiatlons or-areas:of the brain may
be more. vulaerable than othérs to the’ e,liecis of cystmc.
accumulation over time, '

IE cystme accumuiatlon WETE. the chuse 01 dlc obaerved
with age, aiﬂmugh this was not the case. Peifbmmncc on
all measures Improved with age. and both the cystinosis
and control groups improved at the same fate. An impors
tant consideration, however, Is that most.of the ¢ystinosis
participants were receiving treatment with' cysteamine-{or
phosphocystearnine), which is an intracellulas. cystine-
depleting drug (17.83) that helps to protect renal function.
It s possible that cystine accumulation:in brain tissue is
also’ attemlated by this treatment thereby eradicating dec-
rements in functmmm across the dge range stodied. Fu-
fure studzes arg eeded- 0 address the:effect of (phospho)
cysteamine treatment .on bram tissue and to clarify-how
this” treatment influences Lh{: neuroc,oumi‘wc mamtm;h—
tions of cystinosis.. :

If cognitive differences are due 1o the effect‘s of cyqtme
accurnulation, studies of individuals not treated may show
a different pattern of performance: from that: seen here.
Such studies are underway. Also, similar studies of older
adults with- cysfmosxs cculd further eEumdaEe any’ te]atton- :
ship between spatial performance and age. . ..

Alternatively, it is possible that a subtle ncurocieveiop-
mental anomaly may-account for the observed cognitive
deficits in CYSLnosis. This is plausible given that the meta-
bolic defect is present during brain development. Cystine
accurnulates n utero and: affects renal functioning (11);
thus* itis pos*s1bie that the: CNS is also affected prenatally
by cystine accumulanon ot by other indirect mefabolic
influences. “This could result in differences: (fmm the
norm) ‘in neural or cerebral - 01gammt:on for: particular
str uctures and!co} functmns ‘Detailed neufoanatomic -arid
neurophys:olnmc studies, pamcularly of wery ymmcr cys-
tinosis patients, could help 1o deternune whether atypical
neural or cerebral organization is presem :

Finally; the obz.erved deficits could-be related to some

' (}ther effect of the gene either direct or- indirect. For ex-

ample, the gene for: cystingsis may be. Llosely Imked toa
gene thd.t influences visuospatial processing,. or: the ab-
sence of the cystine transporter ‘may ‘result in-as’ yet
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undefined - metabolic consequences such-as- changes. in

neurotransimittér function ot other CNS alterations.
Although the mechamsm(s) of impairment are curvently

unknown the pattern-of results in-the ctrrent study. sug-

agests that cystinosis may have a differential effect on.the . .

two cortical visual processing streams, with the. “where”
systemn more-affected and the “what” system less affected.
Impairments on. spatial: tasks such: as those used i the
current study are frequenty re}atcd to parietal lobe com-
promise. in adults. Becausé there is a: paucity -of similar

studlies fu children, we cannot say with cettainty that the.
same neuroznatomic localizations apply to children. How-

cver, if the same’ neuroanatomic localizations do hold up;
perhaps the posterior parietal lobe'is more vulnerable than
other areas of the brain to the direct and/or indivect effécrs

of the disease. Recent tindings ‘of arithmetic difficulties. -

(84 in mdwujua]s with cystinosis lend tuﬂ:her support to
the involvement of parietal lobe funciion because spatial
and arthmetic difficulites tend to co-ocomr and are asso-
ciated in a number of syndromes (¢.g., Turier syndrome,

'Gelstmann syndm*nc 1 0}1{ humbphe;e deflcn‘. syndrothe).

(B5--89).

‘These findings may haw: 1mp1lcatzonb for the daliy'

functlomnv of children with cystinosis. Their spatial prob-

lems may catise chtﬁculty iin :school: with,  for example,-
. learning’ arithmetic or Ueegraphy .or finding their way-
- frem: one daxs 10 another These individuals may ‘have-
d]fﬁculty wzth t’\skt'. such as putting together pu;?zles as-’
- seribling househo}d items, map reading, or pavigating :
around unf:umhar surroundmws it would be’ 1mportanc to.

:ccu»e the appmpmte thenpeuhc mterventxon thlough
the schooi or in ocetpational iherapy i
“Several’ méthodological ‘issues mmt be cons;dered
~when interpreting the results:of this study. Measures were
classitied as belonging to the visuoperceptualor visuospa-
tial domain on the basis-of prewous research and clinical
findings. The measures ‘used’ in- the current study ‘were
“deérmed appropriate for use:with chﬂc_lren of the ages stud-
. ied. As would be expected; there were significant positive
. corrélations between the demographic viriables of age and

“each test'score as well ag between IQ-and each testscore.
‘Sex was not signiticantly associated with score on any of
© the measures. Although  this may “seem surprising at frst

. -glance; it is Tess 'so- when:we. consider the age of these

: _sub_;e{_t.s Who were prcdommantiy pieadolescents. Sex

E dlfferenccs ﬂcnerally become apparent In ddolescente. (53)

e and are:more salientin adultheod than in ch;ldhood Cefl-

‘ing a_nc_l floor effects. were not present, with the exception
of perfect performance:on Visual Form Discrimination by

- higher 1Q} confrols; this test-was designed, however to
- yield' (near) pezfect scores in “nor:mal” adults;

- +* Results of this study couid potentmlly be. related 1o dif-

i tercntzal task difficulty for the perceptuﬂ and spanai meéa- -

sures, although this'is unlikely.. For each measure, the;

performance of the cystinosis. SUI}_]E(.IS was compared. with. S

that of control subjects, and the measures were not directly
compared within the groups: In addmon a-recent .study-’
{90) uséd a framework and measures similar to those used
in the current study to assess perceptual and spatial abili-
ties in Alzheimer discase: Toterestingly, the Alzheimer dis-
ease patients had predominantly perceptual impairments
and were less: impaired-in the spauai domain.. This would
aigue against the perceptual set of measures siniply being _
“easier” psychometrically than ‘the spauai set. Examina-
tion of thie distribution .of $cores-among subjects in- the.
cuwrrent study also supports:the contention that the sets-of
measwres were generally mmparabie and contamui ng
systematic psychometric flaws. :
Due'to the paucity-of pubhshed noumtwe cla{a f:}r chil-

- dren’s performances on' many of the tests, the cirrent

study used a large control.group that-was similar to the
cystinosis group in terms of the age and sex distribution of
participants, “and -all’ comparisons 'were based. on raw

-scores. Analysés were conducted so as to account for po-

tentially confounding demographic. variables (age; 1Q;

_sex}. Moreever, analyses. were appropriately focused on
“between-group differences. (i.e.. for each test, comparing

the performance of cystinosis subjects with that of con-
trols) rather than within-group-differences (i.e., comparing
performance on the different tests wzthm the cystinosis.or
control gfouds) becanse: the measures were ali sealed dif-
ferently ‘and the' covm:ates had a dszucmni Jmpact o
each measure; TR e S
- The present z,tudy has lmphmuom For our understan&
ing of the neurocognirive- effects of cystinosis afid for
remediation of specific ‘cognitive deficits that: may "be’
problematic for the individual. There has been recent in-
terest in-the ncurom‘rmtwe aspects of genetic disorders.

This study is unigue in that it identifies a specific nevro-,

cognitive’ deficit’ in an zatosomal recessive genetic disor-
der. In the current study, & dissociation within a cognitive

donain {visual processmcr} was identified in children with.
cystinosis, whereas cognitive studies of ather genetic dis-
orders have pwdommanﬂy idenified differences between
domains (e:g:, lingnistic vs visual cognition:in . Williams

syndrome_{!)]‘],_nght v left hem;sphere_ specialization in- .o
Turner syndrome [89])::Interestingly, a recent study of .- 71
Williams syndrome (92} provided the “first eviderice”of -

visiral processing deficits specifie. o the dorsal SIream Ay
opposed fo-the ventral stream.:Our’ study is sumlarly novel
in terms of the: degree of speufiuty in charactcnzmo the
cogmtwe “defigit. -

“More imponanﬂy however th@ nnphcatloﬂs of thls re-
search extend beyond the ‘group:of individuals-with cys-
tinogis because catriers of the gene alse have elevated -
cystine levels (4,9,20) and identified gene deletions (8;10}: -
If-a genetic alteration can cause a. difference in.cognitive

" Vol 13, Mo, 4.2000
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- functlon Ehere rmy bc Imphcatlons for otherwise asymp-
' 'tomatx-:: camem of the gene. In fact, recent studm of Cys-
 tinosis carie Zh_wc documented- mild cognitive deficits -

(93) and event—reiated bmm potennal (ERP} abnormahtxei

. '_'111 abeuant gv:.m The re:sults. of the “ctirrent saldy thus
+ .'serve as 1 stmnn lmpetuq for mmt, wnduspu.ad studxes of

.&ml‘;al tor pmvxdmu Statist-
_Kalbim,n Seatvie for ier technical assistance,
Dr. Jerry-Schneider: for referring patients to the study;-and the
Naricual” C}fsmmsm F()zmdanun for their iaterest and - support
“Tover the years. We extend our warmest thanks 1o all the children
: (and their pcuent%} Who:,e pa: ﬂupatmﬂ was v11a] fo the; compie—

Lz(}n ‘of [hm lcsem'ch
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