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Wada test results contribute
to the prediction o4 change
in verbal learning and verbal
memory 4unction a4ter temporal
lobe epilepsy surgery
Nadine Conradi1,2�, Friederike Rosenberg1, Susanne Knake2,3, Louise Biermann3,
Anja Haag3, Iris Gorny3, Anke Hermsen1,2,Viola von Podewils4, Marion Behrens5,
MariannaGurschi6, Richard du Mesnil de Rochemont7, Katja Menzler3, Sebastian Bauer1,2,
Susanne Schubert‑Bast1,2,8, Christopher Nimsky9, Jürgen Konczalla10, Felix Rosenow1,2 &
AdamStrzelczyk1,2,3

In recent years, the clinical use4ulness o4 theWada test (WT) has been debated among researchers
in the feld.There4ore, we aimed to assess its contribution to the prediction o4 change in verbal
learning and verbal memory 4unction a4ter epilepsy surgery. Data 4rom 56 patients with temporal lobe
epilepsy who underwentWT and subsequent surgery were analyzed retrospectively. Additionally, a
standard neuropsychological assessment evaluating attentional, learning andmemory, visuospatial,
language, and executive 4unction was per4ormed both be4ore and 12months a4ter surgery.
Hierarchical linear regression analyses were used to determine the incremental value o4WT results
over socio‑demographic, clinical, and neuropsychological characteristics in predicting postsurgical
change in patients’ verbal learning and verbal memory 4unction.The incorporation o4WT results
signifcantly improved the prediction models o4 postsurgical change in verbal learning (∆R2 =0.233,
p= .032) and verbal memory 4unction (∆R2 =0.386, p= .005). Presurgical per4ormance andWT scores
accounted 4or 41.8% o4 the variance in postsurgical change in verbal learning 4unction, and 51.1% o4
the variance in postsurgical change in verbal memory 4unction.Our fndings confrm thatWT results
are o4 signifcant incremental value 4or the prediction o4 postsurgical change in verbal learning and
verbal memory 4unction.Thus, theWT contributes to determining the risks o4 epilepsy surgery and,
there4ore, remains an important part o4 the presurgical work‑up o4 selected patients with clear clinical
indications.
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sgd�etmbshnm‘k�qdrdqud�b‘o‘bhsx�ne�sgd�gdlhrogdqd�bnmsq‘k‘sdq‘k�sn�sgd�dohkdosnfdmhb�enbtr�’mnm,dohkdosnfdmhb�
gdlhrogdqd(2+3-�Ĳd�VS�adb‘ld�‘m�hlonqs‘ms�o‘qs�ne�sgd�oqdrtqfhb‘k�vnqj,to�ne�dohkdorx�rtqfdqx�b‘mchc‘sdr�
‘mc�v‘r�‘ookhdc+�snfdsgdq�vhsg�bnloqdgdmrhud�mdtqnorxbgnknfhb‘k�‘rrdrrldmsr+�sn�oqnuhcd�‘bbtq‘sd�oqdchbshnmr�
ne�‘�o‘shdms&r�onrrhakd�onrsrtqfhb‘k�bnfmhshud��hlo‘hqldms4+5-

Fhudm�sgd�vdkk,cnbtldmsdc�hmsdqcdodmcdmbd�adsvddm�bnfmhshud�cdbkhmd�‘mc�qdctbdc�pt‘khsx�ne�khed�‘fldq�
dohkdorx��rtqfdqx6fl0/+�sgd�oqdrtqfhb‘k�oqdchbshnm�ne�onsdmsh‘k�bnfmhshud�qhrjr�ax�cdsdqlhmhmf�sgd�o‘shdmsr&�gdlh,
rogdqhb�k‘mft‘fd�‘mc�ldlnqx�k‘sdq‘khy‘shnm�hr�drrdmsh‘k�enq�a‘k‘mbhmf�nts�sgd�qhrjr�‘mc�admdfhsr�ne�dohkdorx�
rtqfdqx�nm�‘m�hmchuhct‘k�kdudk-�O‘qshbtk‘qkx�hm�o‘shdmsr�vhsg�sdlonq‘k�knad�dohkdorx�’SKD(+�sgd�dfbdbsr�ne�rtqfdqx�
nm�bnfmhshud�etmbshnmhmf�g‘ud�addm�bnloqdgdmrhudkx��hmudrshf‘sdc00+01-�@ooqnwhl‘sdkx�2/fl3/$�ne�SKD�o‘shdmsr�
dwodqhdmbd�onrsrtqfhb‘k�cdbkhmd�hm�ldlnqx�etmbshnm+�vhsg�sgd�ghfgdrs�cdbkhmd�q‘sdr�rddm�‘fldq�rtqfdqhdr�vhsghm�
sgd�k‘mft‘fd,cnlhm‘ms��gdlhrogdqd02+03-�Trhmf�ltkshu‘qh‘sd�‘ooqn‘bgdr+�rdudq‘k�oqdchbsnq�u‘qh‘akdr�enq�bg‘mfd�
hm�ldlnqx�etmbshnm�‘fldq�dohkdorx�rtqfdqx�g‘ud�addm�hcdmshfhdc-�@�rstcx�mns�hmbktchmf�VS��qdrtksr04�cdrbqhadc�
sgd�oqdrdmbd�ne�enb‘k�sn�ahk‘sdq‘k�snmhbflbknmhb�rdhytqdr�adenqd�rtqfdqx+�sgd�rhcd�ne�rtqfdqx�’kdfl.qhfgs�gdlhrogdqd(+�
sgd�hmbktrhnm�ne�sgd�ghoonb‘lotr�hm�sgd�qdrdbshnm+�‘mc�sgd�o‘shdmsr&�oqdrtqfhb‘k�bnfmhshud�odqenql‘mbd�sn�ad�
rhfmhfhb‘mskx�oqdchbshud�enq�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�ldlnqx�etmbshnm-�@mnsgdq�rstcx�mns�hmunkuhmf�VS�
�qdrtksr05�entmc�sgd�o‘shdmsr&�‘fd+�‘fd�‘s�nmrds�ne�dohkdorx+�sgd�dshnknfx�ne�dohkdorx+�sgd�rhcd�ne�rtqfdqx�’kdfl.qhfgs�
gdlhrogdqd(+�‘mc�sgd�o‘shdmsr&�oqdrtqfhb‘k�bnfmhshud�odqenql‘mbd�sn�ad�rhfmhfhb‘ms�oqdchbsnqr�enq�ldlnqx�cdbkhmd�
‘fldq�sdlonq‘k�knad�rtqfdqx-

Ĳd�u‘ktd�ne�VS�qdrtksr�enq�sgd�oqdchbshnm�ne�onrsrtqfhb‘k�bg‘mfd�hm�ldlnqx�etmbshnm�qdl‘hmr�bnmsqnudqrh‘k-�
Nm�sgd�nmd�g‘mc+�‘�mtladq�ne�rstchdr�hmchb‘sdc�sgd�trdetkmdrr�ne�VS�qdrtksr�enq�sghr�otqonrd-�Enq�dw‘lokd+�
Bngdm,F‘cnk�ds ‘k-06�oqnuhcdc�duhcdmbd�enq�sgd�hmsdqoqds‘shnm�ne�VS�rbnqdr�‘r�hmchb‘snqr�ne�sgd�etmbshnm‘k�
hmsdfqhsx�ne�sgd�o‘shdmsr&�ghoonb‘loh-�Etqsgdqlnqd+�hm�‘�ltkshu‘qh‘sd�oqdchbshnm��lncdk07+�VS�rbnqdr+�snfdsgdq�
vhsg�sgd�rhcd�ne�rtqfdqx�’k‘mft‘fd,cnlhm‘ms.mnm,cnlhm‘ms�gdlhrogdqd(+�sgd�o‘shdmsr&�oqdrtqfhb‘k�bnfmhshud�
odqenql‘mbd+�‘mc�sgd�oqdrdmbd�ne�ghoonb‘lo‘k�rbkdqnrhr�‘r�sgd�dshnknfx�ne�dohkdorx+�vdqd�hcdmshfhdc�‘r�rhfmhfhb‘ms�
oqdchbsnq�u‘qh‘akdr�enq�onrsrtqfhb‘k�udqa‘k�ldlnqx�cdbkhmd-�@mnsgdq��rstcx08�cdrbqhadc�VS�rbnqdr+�snfdsgdq�vhsg�
sgd�o‘shdmsr&�‘fd+�‘fd�‘s�nmrds�ne�dohkdorx+�‘mc�oqdrtqfhb‘k�bnfmhshud�odqenql‘mbd+�sn�ad�rhfmhfhb‘mskx�oqdchbshud�enq�
udqa‘k�ldlnqx�cdbkhmd�‘fldq�sdlonq‘k�knad�dohkdorx�rtqfdqx-�Vghkd�rnld�rstchdr�hcdmshfhdc�VS�rbnqdr�du‘kt‘shmf�
sgd�etmbshnm‘k�‘cdpt‘bx�ne�sgd�dohkdosnfdmhb��gdlhrogdqd07+1/�sn�ad�lnqd�gdkoetk+�nsgdq�rstchdr�cdrbqhadc�VS�
rbnqdr�‘rrdrrhmf�sgd�etmbshnm‘k�qdrdqud�b‘o‘bhsx�ne�sgd�mnm,dohkdosnfdmhb��gdlhrogdqd10+11�sn ad�lnqd�trdetk:�‘mc�
xds�nsgdqr�bnmbktcdc�sg‘s�sgd�bnlahm‘shnm�ne�ansg�VS��rbnqdr06+12�v‘r�lnrs�rths‘akd�enq�sgd�oqdchbshnm�ne�onrrhakd�
onrsrtqfhb‘k�bnfmhshud�hlo‘hqldms-

Nm�sgd�nsgdq�g‘mc+�‘�u‘qhdsx�ne�rstchdr��dwhrs13fl16�sg‘s�cntas�sgd�rhfmhfhb‘mbd�ne�VS�qdrtksr�enq�sgd�oqdchbshnm�
ne�onrsrtqfhb‘k�ldlnqx�cdbkhmd-�Enq�dw‘lokd+�Dkrgnqrs�ds ‘k-17�bnmbktcdc�sg‘s�VS�rbnqdr�vdqd�ne�mn�‘ccdc�u‘ktd�
enq�sgd�oqdchbshnm�ne�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�ldlnqx�etmbshnm�‘mc�hcdmshfhdc�sgd�dshnknfx�ne�dohkdorx�‘mc�
sgd�o‘shdmsr&�oqdrtqfhb‘k�bnfmhshud�odqenql‘mbd�sn�ad�sgd�nmkx�rhfmhfhb‘ms�oqdchbsnq�u‘qh‘akdr�hm�sgdhq�ltkshu‘qh‘sd�
lncdk-�@cchshnm‘kkx+�qdonqsr�ne�e‘krd,onrhshud�VS�qdrtksr�’h-d-+�e‘krdkx�oqdchbshmf�onrsrtqfhb‘k�ldlnqx�hlo‘hq,
ldms(18�‘mc�khlhsdc�qdoqnctbhahkhsx�ne�V‘c‘�GLK��qdrtksr2/�‘cu‘mbdc�rjdoshbhrl�snv‘qcr�sgd�oqdchbshud�u‘ktd�
ne�VS�qdrtksr-

Vhsg�sgd�cdudknoldms�ne�mnm,hmu‘rhud�‘ksdqm‘shudr+�sgd�trd�ne�sgd�VS�g‘r�cdbqd‘rdc�hm�qdbdms��xd‘qr20fl22-�
@bbnqchmf�sn�‘�k‘qfd��rtqudx23+�hm�80$�ne�dohkdorx�bdmsdqr�‘bqnrr�Dtqnod+�etmbshnm‘k�LQH�’eLQH(�hr�sgd�btqqdms�
rs‘mc‘qc�ldsgnc�enq�sgd�‘rrdrrldms�ne�GKK+�vghbg�g‘r�addm�cdlnmrsq‘sdc�sn�ad�‘�qdkh‘akd�rtarshstsd�enq��VS24-�
Rnld�bdmsdqr�‘krn�trd�etmbshnm‘k�sq‘mrbq‘mh‘k�Cnookdq�rnmnfq‘ogx�’eSBC(+�sq‘mrbq‘mh‘k�l‘fmdshb�rshltk‘shnm�
’SLR(+�nq�l‘fmdsndmbdog‘knfq‘ogx�’LDF(�sn�‘rrdrr�GKK-�GLK�hr�sxohb‘kkx�‘rrdrrdc�sgqntfg�dk‘anq‘sd�mdt,
qnorxbgnknfhb‘k�‘rrdrrldmsr+�sgntfg�‘�mtladq�ne�rstchdr�g‘ud hmudrshf‘sdc sgd�trd�ne�udqa‘k�ldlnqx�o‘q‘chflr�
hm�eLQH�enq�sghr�otqonrd+�‘r�rtll‘qhydc�ax�L‘rrns,S‘qqúr�ds ‘k-25-

@r�qdrd‘qbgdqr�‘mc�bkhmhbh‘mr�hmbqd‘rhmfkx�ptdrshnm�sgd�qdl‘hmhmf�trdetkmdrr�ne�sgd�VS�enq�sgd�oqdrtqfhb‘k�
‘rrdrrldms�ne�dohkdorx�rtqfdqx�b‘mchc‘sdr+�sghr�rstcx�v‘r�cdrhfmdc�sn�bnmsqhatsd�sn�sgd�‘mrvdq�ne�sghr�bnmshmt,
ntrkx�cda‘sdc�hrrtd-�Athkchmf�tonm�sgd�qdrtksr�ne�sgd�k‘qfd�u‘qhdsx�ne�d‘qkhdq�rstchdr+�vd�enkknvdc�‘�ltkshu‘qh‘sd�
‘ooqn‘bg�‘mc ‘hldc�sn�cdsdqlhmd�sgd�hmbqdldms‘k�u‘ktd�ne�VS�qdrtksr�nudq�rnbhn,cdlnfq‘oghb+�bkhmhb‘k+�‘mc�
mdtqnorxbgnknfhb‘k�bg‘q‘bsdqhrshbr�hm�oqdchbshmf�bg‘mfd�hm�o‘shdmsr&�udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx�etmbshnm�
‘fldq�sdlonq‘k�knad�dohkdorx�rtqfdqx-

Materials andmethods
Patients. Ĳhr�qdsqnrodbshud�rstcx�bnkkdbsdc�knmfhstchm‘k�c‘s‘�eqnl�‘�bnmrdbtshud�bkhmhb‘k�r‘lokd�ne�58�SKD�
o‘shdmsr�vgn�qdbdhudc�sdbgmhb‘kkx�u‘khc�ahk‘sdq‘k�VS�‘mc�tmcdqvdms�dohkdorx�rtqfdqx�‘s�sgd�Dohkdorx�Bdmsdq�Gdr,
rdm�’L‘qatqf+�Fdql‘mx(�nq�sgd�Dohkdorx�Bdmsdq�Eq‘mjetqs�Qghmd,L‘hm�’Eq‘mjetqs�‘l�L‘hm+�Fdql‘mx(�adsvddm�
1///�‘mc�1/08-�@cchshnm‘kkx+� ‘� rs‘mc‘qc�mdtqnorxbgnknfhb‘k� sdrs� �a‘ssdqx26fl28�v‘r�odqenqldc�ansg�adenqd�‘mc�
01�lnmsgr�‘fldq�rtqfdqx-�O‘shdmsr�vhsg�hmbnlokdsd�mdtqnorxbgnknfhb‘k�c‘s‘�ctd�sn�k‘mft‘fd�a‘qqhdqr�’m�<6(�nq�
hmsdkkdbst‘k�chr‘ahkhshdr�’m�<�5(�vdqd�dwbktcdc�’07-7$(+�qdrtkshmf�hm�‘�fhm‘k�r‘lokd�ne�45�SKD�o‘shdmsr�’44-3$�ldm:�
ldch‘m�‘fd�<�27-/�xd‘qr+�q‘mfd�<�01fl48�xd‘qr(-

VS�v‘r�odqenqldc�‘r�o‘qs�ne�sgd�oqdrtqfhb‘k�vnqj,to�sn�cdsdqlhmd�gdlhrogdqhb�k‘mft‘fd�‘mc�ldlnqx�k‘sdq,
‘khy‘shnm�vgdm�mnm,hmu‘rhud�hl‘fhmf�sdbgmhptdr�’h-d-+�qdod‘sdc�eSBC�‘mc.nq�eLQH(�e‘hkdc�sn�oqnuhcd�bnmbktrhud�
GKK�qdrtksr�’d-f-+�ctd�sn�sdbgmhb‘k�chffhbtkshdr+�hmrtffhbhdms�sdlonq‘k�anmd�vhmcnvr+�nq�sgd�o‘shdms&r�hm‘cdpt‘sd�
s‘rj�odqenql‘mbd(-

Ĳd�rstcx�v‘r�‘ooqnudc�ax�sgd�Dsghbr�Bnllhssdd�ne�sgd�Tmhudqrhsx�ne�Eq‘mjetqs�Ldchb‘k�E‘btksx-�@kk�ldsg,
ncr�vdqd�odqenqldc�hm�‘bbnqc‘mbd�vhsg�sgd�qdkdu‘ms�fthcdkhmdr�‘mc�qdftk‘shnmr�cdfhmdc�ax�sgd�Cdbk‘q‘shnm�ne�
Gdkrhmjh-�Hmenqldc�bnmrdms�v‘r�v‘hudc�ax�sgd�dsghbr�bnllhssdd�ctd�sn�sgd�qdsqnrodbshud�m‘stqd�ne�sgd�‘m‘kxrhr-
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Dohkdorx�rxmcqnld�ch‘fmnrdr�vdqd�nas‘hmdc�ctqhmf�uhcdn,DFF,lnmhsnqhmf+�‘mc�sgd�bk‘rrhfhb‘shnmr�ne�dohkdo,
rhdr�‘mc�dshnknfhdr�vdqd�a‘rdc�nm�sgd�cdfhmhshnmr�oqnonrdc�ax�sgd��HK@D3/fl32�‘mc�sgd�entq,chldmrhnm‘k�dohkdorx�
�bk‘rrhfhb‘shnm33fl35-�Rdhytqd�ntsbnld�v‘r�bk‘rrhfhdc�trhmf�sgd�Dmfdk�Dohkdorx�Rtqfdqx�Ntsbnld��Rb‘kd36-

Wada testing procedure. @r�cdrbqhadc��dkrdvgdqd37+�‘kk�o‘shdmsr�tmcdqvdms�hmsdqm‘k�b‘qnshc�‘qsdqx�b‘sg,
dsdqhy‘shnm�uh‘�sgd�qhfgs�edlnq‘k�‘qsdqx-�@fldq�‘�bnmsq‘rs�ldchtl�v‘r�hmidbsdc�sn�cdsdqlhmd�sgd�knb‘shnm�ne�sgd�
b‘sgdsdq�‘mc�sn�bnmsqnk�enq�bqnrrfknv+�‘�a‘qahstq‘sd�hmidbshnm�’trhmf�‘lna‘qahs‘k�hm�64-/$�‘mc�ldsgngdwhs‘k�hm�
14-/$�ne�o‘shdmsr(�enkknvdc+� kd‘chmf�sn�‘m�hm‘bshu‘shnm�ne�aq‘hm�rsqtbstqdr�rtookhdc�ax�sgd�hmidbsdc�udrrdk-�@kk�
o‘shdmsr�vdqd�lnmhsnqdc�vhsg�rhltks‘mdntr�DDF�qdbnqchmf�ctqhmf�VS-�Nmbd�dfbdbshud�gdlhrogdqhb�hm‘bshu‘shnm�
v‘r�bnmfhqldc�ax�DDF�rknvhmf�‘mc�‘�bnmsq‘k‘sdq‘k�fqho�rsqdmfsg�ne�/.4+�sdrshmf�adf‘m-

K‘mft‘fd�sdrshmf�hmbktcdc�ronms‘mdntr�roddbg�’0/�onhmsr(+�roddbg�bnloqdgdmrhnm�’4�onhmsr(+�rdmsdmbd�qdo,
dshshnm�’1�onhmsr(+�naidbs�m‘lhmf�’3�onhmsr(+�‘mc�vnqc�qd‘chmf�’7�onhmsr(-�Enq�d‘bg�oqnbdctqd+�‘�V‘c‘�k‘mft‘fd�
rbnqd�’q‘mfd�<�/fl18(�qdfkdbshmf�sgd�k‘mft‘fd�etmbshnm�ne�sgd�mnm,hm‘bshu‘sdc�gdlhrogdqd�v‘r�bnlotsdc-�@�V‘c‘�
k‘mft‘fd�k‘sdq‘khsx�hmcdw�v‘r�cdsdqlhmdc�ax�rtasq‘bshmf�sgd�V‘c‘�k‘mft‘fd�rbnqd�qdoqdrdmshmf�kdfl,rhcdc�k‘m,
ft‘fd�etmbshnm�’nas‘hmdc�‘fldq�hm‘bshu‘shnm�ne�sgd�qhfgs�gdlhrogdqd(�eqnl�sgd�V‘c‘�k‘mft‘fd�rbnqd�qdoqdrdmshmf�
qhfgs,rhcdc�k‘mft‘fd�etmbshnm�’nas‘hmdc�‘fldq�hm‘bshu‘shnm�ne�sgd�kdfl�gdlhrogdqd(-�Ĳd�V‘c‘�k‘mft‘fd�k‘sdq‘khsx�
hmcdw�bntkc�q‘mfd�adsvddm�®�18�’qdoqdrdmshmf�bnlokdsd�kdfl,rhcdc�GKK(�‘mc�*�18�’qdoqdrdmshmf�bnlokdsd�qhfgs,
rhcdc�GKK(-

Ldlnqx�sdrshmf�hmbktcdc�sgd�cdk‘xdc�qdbnfmhshnm�ne�naidbs�rjdsbgdr�’3�onhmsr(+�onqsq‘hs�ognsnfq‘ogr�’3�
onhmsr(+�vnqcr�’3�onhmsr(+�‘mc�‘arsq‘bs�vnqcr�’3�onhmsr(�sg‘s�g‘c�addm�uhrt‘kkx�oqdrdmsdc�ctqhmf�k‘mft‘fd�sdrs,
hmf�04fl2/�lhm�oqhnq-�Enq�d‘bg�oqnbdctqd+�sgd�oqnonqshnm�ne�bnqqdbskx�qdbnfmhydc�hsdlr�v‘r�bnlotsdc�‘r�enk,
knvr9�’qdbnfmhydc�hsdlr�÷�05(�×�0//-�Ĳd�qdrtkshmf�V‘c‘�ldlnqx�rbnqd�’q‘mfd�<�/fl0//$(�qdfkdbsdc�sgd�ldlnqx�
etmbshnm�ne�sgd�mnm,hm‘bshu‘sdc�gdlhrogdqd-�@�V‘c‘�ldlnqx�k‘sdq‘khsx�hmcdw+�bnlotsdc ‘m‘knfntrkx�sn�sgd�
V‘c‘�k‘mft‘fd�k‘sdq‘khsx�hmcdw+�bntkc�q‘mfd�adsvddm�®�0//�’qdoqdrdmshmf�bnlokdsd�kdfl,rhcdc�GLK(�‘mc�*�0//�
’qdoqdrdmshmf�bnlokdsd�qhfgs,rhcdc�GLK(-

Ĳd�dohkdosnfdmhb�gdlhrogdqd�v‘r�hmidbsdc�fhqrs-�@fldq sgd�oqnbdctqd�v‘r�bnlokdsdc+�sgd�oqnbdrr�v‘r�qdod‘sdc�
hm�sgd�mnm,dohkdosnfdmhb�gdlhrogdqd-�V‘c‘�k‘mft‘fd�rbnqdr�qdoqdrdmshmf�k‘mft‘fd�etmbshnm�ne�sgd�dohkdosnfdmhb�
gdlhrogdqd�’nas‘hmdc�‘fldq�hm‘bshu‘shnm�ne�sgd�mnm,dohkdosnfdmhb�gdlhrogdqd(�‘qd�qdedqqdc�sn�‘r�'horhk‘sdq‘k�V‘c‘�
k‘mft‘fd�rbnqdr„+�vgdqd‘r�V‘c‘�k‘mft‘fd�rbnqdr�qdoqdrdmshmf�k‘mft‘fd�etmbshnm�ne�sgd�mnm,dohkdosnfdmhb�gdlh,
rogdqd�’nas‘hmdc�‘fldq�hm‘bshu‘shnm�ne�sgd�dohkdosnfdmhb�gdlhrogdqd(�‘qd�sdqldc�'bnmsq‘k‘sdq‘k�V‘c‘�k‘mft‘fd�
rbnqdr„-�Ĳd�r‘ld�‘ookhdr�enq�V‘c‘�ldlnqx rbnqdr-

Neuropsychological assessment. Ĳd�rs‘mc‘qc�mdtqnorxbgnknfhb‘k�sdrs�a‘ssdqx�du‘kt‘shmf�‘ssdmshnm‘k+�
kd‘qmhmf�‘mc�ldlnqx+�uhrtnro‘sh‘k+�k‘mft‘fd+�‘mc�dwdbtshud�etmbshnm�v‘r�‘clhmhrsdqdc�‘s�sgd�oqdrtqfhb‘k�’a‘rd,
khmd�rbnqdr(�‘mc�onrsrtqfhb‘k�’qdsdrs�rbnqdr(�‘rrdrrldms+�‘r�cdrbqhadc��dkrdvgdqd0/+26fl28-�Hmsdkkhfdmbd�’udqa‘k�HP(�v‘r�
ld‘rtqdc�trhmf�sgd�Vdbgrkdq�Hmsdkkhfdmysdrs�eûq�Dqv‘bgrdmd�’VHD(38�hm�67-5$�ne�o‘shdmsr+�‘mc�‘�ltkshokd,bgnhbd�
unb‘atk‘qx�sdrs�’Ldgqe‘bgv‘gk,Vnqsrbg‘sy,Hmsdkkhfdmysdrs(4/�hm�10-3$�ne�o‘shdmsr-�G‘mcdcmdrr�v‘r�cdsdqlhmdc�
ax�sgd�Dchmatqfg�G‘mcdcmdrr�Hmudmsnqx�’DGH(40-�Sq‘hmdc�mdtqnorxbgnknfhrsr�odqenqldc�‘kk�mdtqnorxbgnknfhb‘k�
‘rrdrrldmsr�hm�‘�rs‘mc‘qchydc�l‘mmdq-�O‘shdmsr�vdqd�bnmfhqldc�‘r�mns�btqqdmskx�adhmf�sqd‘sdc�vhsg�snohq‘l‘sd�nq�
admynch‘ydohmdr�‘mc�mns�g‘uhmf�rdhytqdr�nq�rs‘str�dohkdoshbtr�vhsghm�sgd�13�g�adenqd�nq�ctqhmf�sgd�‘rrdrrldmsr-

Outcome measures. Ĳd�Udqa‘kdq�Kdqm,�tmc�Ldqjeâghfjdhsrsdrs� ’UKLS(41�v‘r�trdc� sn�‘rrdrr�o‘shdmsr&�
udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx�etmbshnm-�Hm�sgd�UKLS+�‘�o‘shdms�ltrs�kd‘qm�‘�khrs�ne�04�vnqcr�vhsghm�fhud�qdo,
dshshnmr�’UKLS,0�<�fhqrs�qdodshshnm+�kd‘qmdc�vnqcr:�UKLS,4�<�fhflg�qdodshshnm+�kd‘qmdc�vnqcr:�UKLS,Rtl�<�‘kk�
qdodshshnmr+�rtl�ne�kd‘qmdc�vnqcr(-�Ĳdm+�‘�chrsq‘bshnm�khrs�ltrs�ad�kd‘qmdc�’UKLS,A�<�chrsq‘bshnm�khrs+�kd‘qmdc�
vnqcr(+�‘mc�sgd�vnqcr�ne�sgd�hmhsh‘k�khrs�ltrs�ad�qdb‘kkdc�‘fldqv‘qcr�’UKLS,45�<�qdb‘kk�‘fldq�chrsq‘bshnm+�enqfns,
sdm�vnqcr(-�K‘sdq+�sgd�vnqcr�ltrs�ad�qdb‘kkdc�‘fldq�‘�2/,lhm�cdk‘x�’UKLS,6�<�cdk‘xdc�qdb‘kk:�UKLS,46�<�cdk‘xdc�
qdb‘kk+� enqfnssdm� vnqcr(-� Ehm‘kkx+� sgd� vnqcr� ltrs� ad� qdbnfmhydc� nts� ne� fhflx� vnqcr� ’UKLS,Q�<�qdbnfmhshnm:�
UKLS,QL�<�qdbnfmhshnm�lhmtr�lhrs‘jdr(-

@fd,‘citrsdc�mnqlr�eqnl�sdrs�l‘mt‘kr�vdqd�trdc�sn�b‘kbtk‘sd�y,rbnqdr�enq�a‘rdkhmd,�‘mc�qdsdrs�UKLS�sdrs�
rbnqdr-�Enq�sgd�oqd,�‘mc�onrsrtqfhb‘k�‘rrdrrldms+�udqa‘k�kd‘qmhmf�etmbshnm�v‘r�cdfhmdc�‘r�sgd�ldch‘m�ne�UKLS,
0+�UKLS,4+�UKLS,Rtl+�‘mc�UKLS,A�y,rbnqdr+�vghkd�udqa‘k�ldlnqx�etmbshnm�v‘r�cdfhmdc�‘r�sgd�ldch‘m�ne�
UKLS,45+�UKLS,6+�UKLS,46+�UKLS,Q+�‘mc�UKLS,QL�y,rbnqdr�enq�d‘bg�o‘shdms-�Enkknvhmf�sg‘s+�a‘rdkhmd�
ldch‘m�y,rbnqdr�vdqd�rtasq‘bsdc�eqnl�sgd�qdrodbshud�qdsdrs�ldch‘m�y,rbnqdr�sn�cdsdqlhmd�sgd�svn�ntsbnld�ld‘r,
tqdr9�’‘(�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�kd‘qmhmf�etmbshnm+�‘mc�’a(�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�ldlnqx�etmbshnm-

Potential predictor variables. A‘rdc�nm�bkhmhb‘k�bnmrhcdq‘shnmr+�ed‘rhahkhsx+�‘mc�oqduhntr�fhmchmfr+�sgqdd�
fqntor�ne�onsdmsh‘k�oqdchbsnq�u‘qh‘akdr�enq�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx�etmbshnm�
vdqd�cdfhmdc9

0-� Rnbhn,cdlnfq‘oghb�‘mc�bkhmhb‘k�bg‘q‘bsdqhrshbr�hmbktchmf�sgd�o‘shdmsr&�‘fd+�‘fd�‘s�nmrds�ne�dohkdorx�hm��xd‘qr05+08+�
‘mc�sgd�oqdrdmbd�nq�‘ardmbd�ne�ghoonb‘lo‘k�rbkdqnrhr�‘r�sgd�dshnknfx�ne��dohkdorx04+05+07+17-

1-� Mdtqnorxbgnknfhb‘k�u‘qh‘akdr�hmbktchmf�sgd�o‘shdmsr&�oqdrtqfhb‘k�bnfmhshud�odqenql‘mbd+�‘r�‘rrdrrdc�ax�a‘rdkhmd�
udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx��etmbshnm04+05+07+08+17-

2-� V‘c‘�sdrs�rbnqdr�‘mc�qdrtksr�hmbktchmf�horhk‘sdq‘k�‘mc�bnmsq‘k‘sdq‘k�V‘c‘�k‘mft‘fd�‘mc�ldlnqx��rbnqdr07+08+�
‘mc�rhcd�ne�rtqfdqx+�‘r�‘rrdrrdc�ax�V‘c‘�GKK�’k‘mft‘fd,cnlhm‘ms�nq�mnm,cnlhm‘ms�gdlhrogdqd(�‘mc�GLK�
qdrtksr�’ldlnqx,cnlhm‘ms�nq�mnm,cnlhm‘ms�gdlhrogdqd(04+05+07-
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Statistical analyses. Cdrbqhoshud�‘m‘kxrdr�vdqd�bnmctbsdc�enq�sgd�rnbhn,cdlnfq‘oghb�‘mc�bkhmhb‘k�bg‘q‘b,
sdqhrshbr�ne�sgd�r‘lokd+�‘mc�sgd�VS�rbnqdr�‘mc�qdrtksr�qdf‘qchmf�gdlhrogdqhb�k‘mft‘fd�‘mc�ldlnqx�k‘sdq‘khy‘,
shnm-�Ĳd�o‘shdmsr&�udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx�etmbshnm�vdqd�bnlo‘qdc�adsvddm�sgd�oqd,�‘mc�onrsrtqfh,
b‘k�‘rrdrrldms�trhmf�Vhkbnwnm�sdrsr�enq�sgd�ldch‘m�sdrs�rbnqdr�‘mc�LbMdl‘q&r�sdrsr�enq�sgd�bk‘rrhfhb‘shnm�‘r�‘�
qdkdu‘ms�cdfhbhs�’h-d-+�y,rbnqd�;�®�0-/(-�Lhrrhmf�u‘ktdr�enq�d‘bg�sdrs�rbnqd�vdqd�qdok‘bdc�ax�sgd�ldch‘m�sdrs�rbnqd�hm�
sgd�r‘lokd-

@fldq�bnlotshmf�bnkkhmd‘qhsx�rs‘shrshbr+�ghdq‘qbghb‘k�khmd‘q�qdfqdrrhnm�‘m‘kxrdr�vdqd�odqenqldc+�‘mc�sgd�fqntor�
ne�onsdmsh‘k�oqdchbsnq�u‘qh‘akdr�vdqd�dmsdqdc�hmsn�sgd�qdfqdrrhnm�lncdkr�hm�sgqdd�aknbjr�sn�cdsdqlhmd�sgd�hmbqd,
ldms‘k�u‘ktd�ne�’2(�V‘c‘�sdrs�rbnqdr�‘mc�qdrtksr�nudq�’0(�Rnbhn,cdlnfq‘oghb�‘mc�bkhmhb‘k�bg‘q‘bsdqhrshbr+�‘mc�’1(�
Mdtqnorxbgnknfhb‘k�u‘qh‘akdr�hm�oqdchbshmf�’‘(�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�kd‘qmhmf�etmbshnm+�‘mc�’a(�onrsrtqfh,
b‘k�bg‘mfd�hm�udqa‘k�ldlnqx�etmbshnm-�Hcdmshb‘k�rs‘shrshb‘k�oqnbdctqdr�vdqd�odqenqldc�enq�ansg�ntsbnld�ld‘r,
tqdr+�‘mc�‘m‘kxrdr�vdqd�b‘qqhdc�nts�trhmf�HAL�RORR�Rs‘shrshbr�11�’HAL�Bnqonq‘shnm+�@qlnmj+�Mdv�Xnqj+�TR@(-

Results
Ĳd�rnbhn,cdlnfq‘oghb�‘mc�bkhmhb‘k�bg‘q‘bsdqhrshbr�ne�sgd�r‘lokd�‘qd�rtll‘qhydc�hm�S‘akd 0-�Svdkud�lnmsgr�‘fldq�
dohkdorx�rtqfdqx+�3/�o‘shdmsr�vdqd�eqdd�ne�chr‘akhmf�rdhytqdr�’60-3$+�Dmfdk�bk‘rr�H(+�‘lnmf�vghbg�20�o‘shdmsr�vdqd�
bnlokdsdkx�rdhytqd,eqdd�rhmbd�rtqfdqx�’44-3$+�Dmfdk�bk‘rr�H@(-�Rhw�o‘shdmsr�g‘c�q‘qd�chr‘akhmf�rdhytqdr�’0/-6$+�
Dmfdk�bk‘rr�HH(+�rhw�o‘shdmsr�‘bghdudc�‘�vnqsgvghkd�hloqnudldms�’0/-6$+�Dmfdk�bk‘rr�HHH(+�‘mc�entq�o‘shdmsr�dwod,
qhdmbdc�mn�vnqsgvghkd�hloqnudldms�hm�rdhytqd�bnmsqnk�’6-0$+�Dmfdk�bk‘rr�HU(-

@�rtll‘qx�ne�VS�rbnqdr�‘mc�qdrtksr�qdf‘qchmf�gdlhrogdqhb�k‘mft‘fd�‘mc�ldlnqx�k‘sdq‘khy‘shnm�hr�oqdrdmsdc�
hm�S‘akd 1-�Gdlhrogdqhb�k‘mft‘fd�k‘sdq‘khy‘shnm�v‘r�kdfl,rhcdc�hm�36�o‘shdmsr�’72-8$(+�qhfgs,rhcdc�hm�fhud�o‘shdmsr�

S‘akd�0-� �Rnbhn,cdlnfq‘oghb�‘mc�bkhmhb‘k�bg‘q‘bsdqhrshbr�ne�sgd�r‘lokd�’m�<�45(-

Mtladq�’$(

Fdmcdq

Edl‘kd 14�’33-5(

L‘kd 20�’44-3(

G‘mcdcmdrr

Bnmrhrsdmskx�qhfgs,g‘mcdc�’DGH�≥�4/( 34�’7/-3(

Bnmrhrsdmskx�kdfl,g‘mcdc�’DGH�≤�®�4/( 5�’0/-6(

@lahcdwsqntr 4�’7-8(

Dctb‘shnm

≤�8�xd‘qr�’Fdql‘m�G‘tosrbgtk‘arbgktrr( 15�’35-3(

0/fl01�xd‘qr�’Fdql‘m�Qd‘krbgtk‘arbgktrr( 11�’28-2(

=�01�xd‘qr�’Fdql‘m�@ahstq( 7�’03-2(

K‘sdq‘khy‘shnm�ne�SKD

Kdfl,rhcdc�enbtr 3/�’60-3(

Qhfgs,rhcdc�enbtr 05�’17-5(

Dshnknfx

Ghoonb‘lo‘k�rbkdqnrhr 22�’47-8(

@qsdqhnudmntr�l‘kenql‘shnm 5�’0/-6(

Knv�fq‘cd�dohkdorx,‘rrnbh‘sdc�stlnq 7�’03-2(

Enb‘k�bnqshb‘k�cxrok‘rh‘ 1�’2-5(

Tmjmnvm 6�’01-4(

Rtqfhb‘k�oqnbdctqd

Bk‘rrhb‘k�svn,sghqc�sdlonq‘k�knadbsnlx 7�’03-2(

@lxfc‘knghoonb‘lodbsnlx�hmbk-�sdlonq‘k�onkd 8�’05-0(

Rdkdbshud�‘lxfc‘knghoonb‘lodbsnlx 17�’4/-/(

Dwsdmcdc�kdrhnmdbsnlx 00�’08-5(

Rdhytqd�ntsbnld�‘fldq�rtqfdqx

Dmfdk�bk‘rr�H�’eqdd�ne�chr‘akhmf�rdhytqdr( 3/�’60-3(

Dmfdk�bk‘rr�HH�’q‘qd�chr‘akhmf�rdhytqdr( 5�’0/-6(

Dmfdk�bk‘rr�HHH�’vnqsgvghkd�hloqnudldms( 5�’0/-6(

Dmfdk�bk‘rr�HU�’mn�vnqsgvghkd�hloqnudldms( 3�’6-0(

Ldch‘m�’q‘mfd(

@fd�’xd‘qr( 27-/�’01�sn�48(

@fd�‘s�nmrds�ne�dohkdorx�’xd‘qr( 05-/�’0�sn�27(

@fd�‘s�rtqfdqx�’xd‘qr( 26-4�’01�sn�5/(

Hmsdkkhfdmbd�’udqa‘k�HP( 81-/�’63�sn�017(
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’7-8$(+�‘mc�ahk‘sdq‘k�hm�entq�o‘shdmsr�’6-0$(-�Gdlhrogdqhb�ldlnqx�k‘sdq‘khy‘shnm�v‘r�kdfl,rhcdc�hm�10�o‘shdmsr�
’26-4$(+�qhfgs,rhcdc�hm�07�o‘shdmsr�’21-0$(+�‘mc�ahk‘sdq‘k�hm�06�o‘shdmsr�’2/-3$(-�Mn�ldchb‘k�bnlokhb‘shnmr�’rtbg�
‘r�bkhmhb‘k�nq�DDF�rdhytqdr+�rsqnjdr+�nq�‘kkdqfhb�qd‘bshnmr�sn�sgd�bnmsq‘rs�ldchtl(�vdqd�nardqudc�ctqhmf�VS-

Ĳd�o‘shdmsr&�udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx�etmbshnm�‘s�sgd�oqd,�‘mc�onrsrtqfhb‘k�‘rrdrrldms�‘qd�cdohbsdc�
hm�S‘akd 2-�@�rhfmhfhb‘ms�cdbkhmd�hm�o‘shdmsr&�ldch‘m�udqa‘k�ldlnqx�etmbshnm�v‘r�nardqudc�adsvddm�sgd�oqd,�‘mc�
onrsrtqfhb‘k�‘rrdrrldms�’o�<�/-//2(+�vghkd�mn�rhfmhfhb‘ms�bg‘mfd�hm�o‘shdmsr&�ldch‘m�udqa‘k�kd‘qmhmf�etmbshnm�
v‘r�entmc-�Ĳd�oqnonqshnm�ne�o‘shdmsr�bk‘rrhfhdc�‘r�rgnvhmf�qdkdu‘ms�cdfhbhsr�rhfmhfhb‘mskx�hmbqd‘rdc�adsvddm�sgd�
oqd,�‘mc�onrsrtqfhb‘k�‘rrdrrldms�enq�udqa‘k�kd‘qmhmf�etmbshnm�’28-2$�ur-�42-5$+�o�<�/-/28(�‘mc�udqa‘k�ldlnqx�
etmbshnm�’33-5$�ur-�56-8$+�o�<�/-//1(-

Hierarchical linear regression analyses. Mn�rhfmr�ne�ltkshbnkkhmd‘qhsx�adsvddm�oqdchbsnq�u‘qh‘akdr�vdqd�
entmc-

@r�cdohbsdc�hm�S‘akd 3+�rnbhn,cdlnfq‘oghb�‘mc�bkhmhb‘k�bg‘q‘bsdqhrshbr+�dmsdqdc�‘r�oqdchbsnq�u‘qh‘akdr�hm�sgd�
fhqrs�aknbj�ne�sgd�‘m‘kxrhr+�chc�mns�‘bbntms�enq�‘�rhfmhfhb‘ms�‘lntms�ne�u‘qh‘mbd�hm�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�
kd‘qmhmf�etmbshnm�’lncdk�09�4-4$+�o�<�/-343(-�@cchmf�mdtqnorxbgnknfhb‘k�oqdchbsnq�u‘qh‘akdr�hm�sgd�rdbnmc�aknbj�
kdc�sn�‘�rhfmhfhb‘ms�hmbqd‘rd�hm�sgd�oqnonqshnm�ne�dwok‘hmdc�u‘qh‘mbd�’o�<�/-/0/(:�gnvdudq+�lncdk�1�rshkk�chc�mns�
‘bbntms�enq�‘�rhfmhfhb‘ms�‘lntms�ne�u‘qh‘mbd�hm�sgd�ntsbnld�u‘qh‘akd�’07-4$+�o�<�/-/40(-�VS�rbnqdr�‘mc�qdrtksr+�
‘ccdc�‘r�oqdchbsnq�u‘qh‘akdr�hm�sgd�sghqc�aknbj+�‘bbntmsdc�enq�‘�etqsgdq�rhfmhfhb‘ms�hmbqd‘rd�hm�sgd�oqnonqshnm�

S‘akd�1-� �Rtll‘qx�ne�V‘c‘�sdrs�rbnqdr�‘mc�qdrtksr�qdf‘qchmf�gdlhrogdqhb�k‘mft‘fd�‘mc�ldlnqx�k‘sdq‘khy‘shnm-

Mtladq�’$(

Gdlhrogdqhb�k‘mft‘fd�k‘sdq‘khy‘shnm

K‘mft‘fd�kdfl,rhcdc 36�’72-8(

K‘mft‘fd�qhfgs,rhcdc 4�’7-8(

K‘mft‘fd�ahk‘sdq‘k 3�’6-0(

Gdlhrogdqhb�ldlnqx�k‘sdq‘khy‘shnm

Ldlnqx�kdfl,rhcdc 10�’26-4(

Ldlnqx�qhfgs,rhcdc 07�’21-0(

Ldlnqx�ahk‘sdq‘k 06�’2/-3(

Ldch‘m�’q‘mfd(

Horhk‘sdq‘k�V‘c‘�k‘mft‘fd�rbnqdr 12-/�’/�sn�18(

Bnmsq‘k‘sdq‘k�V‘c‘�k‘mft‘fd�rbnqdr 01-/�’/�sn�18(

V‘c‘�k‘mft‘fd�k‘sdq‘khsx�hmchbdr�’q‘mfd�<�®�18�sn�18( ®�05-/�’®�18�sn�12(

Horhk‘sdq‘k�V‘c‘�ldlnqx�rbnqdr 27-/�’5�sn�77(

Bnmsq‘k‘sdq‘k�V‘c‘�ldlnqx�rbnqdr 45-/�’02�sn�77(

V‘c‘�ldlnqx�k‘sdq‘khsx�hmchbdr�’q‘mfd�<�®�0//�sn�0//( /-/�’®�52�sn�51(

S‘akd�2-� �Udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx�etmbshnm�‘s�sgd�oqd,�‘mc�onrsrtqfhb‘k�‘rrdrrldms-�KV+�kd‘qmdc�
vnqcr:�EV+�enqfnssdm�vnqcr-�‘�Ldch‘m�sdrs�rbnqdr�bnlo‘qdc�adsvddm�sgd�svn�‘rrdrrldmsr�trhmf�Vhkbnwnm�sdrsr+�
))o�;�-/0-

Sdrs�rbnqd

A‘rdkhmd�rbnqdr Qdsdrs�rbnqdr

Ldch‘m�’q‘mfd( Ldch‘m�’q‘mfd(

Q‘v�rbnqdr S,rbnqdr Q‘v�rbnqdr S,rbnqdr

Udqa‘k�kd‘qmhmf�etmbshnm

UKLS�fhqrs�qdodshshnm+�KV 5-/�’2�sn�0/( ®�/-41�’®�0-64�sn�0-64( 5-/�’0�sn�01( ®�/-41�’®�0-64�sn�0-64(

UKLS�fhflg�qdodshshnm+�KV 00-/�’3�sn�04( ®�0-/3�’®�0-64�sn�0-54( 00-/�’2�sn�04( ®�0-05�’®�0-64�sn�/-73(

UKLS�‘kk�qdodshshnmr+�rtl�ne�KV 34-4�’11�sn�57( ®�/-73�’®�0-64�sn�0-64( 30-4�’05�sn�61( ®�0-/3�’®�0-64�sn�0-64(

UKLS�chrsq‘bshnm�khrs+�KV 4-/�’1�sn�0/( ®�/-73�’®�0-64�sn�0-64( 4-/�’0�sn�00( ®�0-/3�’®�0-64�sn�0-64(

<�‘ldch‘m�udqa‘k�kd‘qmhmf�etmbshnm ®�/-71�’®�0-64�sn�0-35( ®�0-/4�’®�0-64�sn�0-64(

Udqa‘k�ldlnqx�etmbshnm

UKLS�qdb‘kk�‘fldq�chrsq‘bshnm+�EV 1-/�’®�4�sn�6( ®�/-41�’®�0-64�sn�0-64( 2-/�’®�3�sn�00( ®�0-17�’®�0-64�sn�0-64(

UKLS�cdk‘xdc qdb‘kk 7-/�’0�sn�04( ®�0-17�’®�0-64�sn�0-17( 5-/�’/�sn�04( ®�0-64�’®�0-64�sn�0-17(

UKLS�cdk‘xdc�qdb‘kk+�EV 1-/�’®�6�sn�5( ®�/-56�’®�0-64�sn�0-64( 1-/�’®�6�sn�7( ®�/-56�’®�0-64�sn�0-64(

UKLS�qdbnfmhshnm 03-/�’7�sn�04( ®�/-65�’®�0-64�sn�/-56( 01-/�’5�sn�04( ®�0-/3�’®�0-64�sn�/-56(

UKLS�qdbnfmhshnm+�lhrs‘jdr 1-/�’/�sn�05( ®�/-83�’®�0-64�sn�/-56( 2-/�’/�sn�05( ®�0-17�’®�0-64�sn�/-73(
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ntsbnld�u‘qh‘akd�’o�<�/-/0/(-�Dw‘lhm‘shnm�ne�hmchuhct‘k�oqdchbsnq�u‘qh‘akdr�hmchb‘sdc�sg‘s�knvdq�a‘rdkhmd�udqa‘k�
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vghbg�oqnctbdc�‘�rhfmhfhb‘ms�lncdk�2+�dwok‘hmhmf�40-0$�ne�sgd�u‘qh‘mbd�hm�sgd�ntsbnld�u‘qh‘akd�’o�<�/-//0(-�
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onrsrtqfhb‘k�ntsbnld�hm�udqa‘k�ldlnqx�etmbshnm-
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VS�sn�cdsdqlhmhmf�sgd�qhrjr�ne�dohkdorx�rtqfdqx�enq�hmchuhct‘k��o‘shdmsr13fl16-�Ĳdqdenqd+�sghr�rstcx�v‘r�cdrhfmdc�
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’d-f-+�qdf‘qchmf�sgd�‘ookhdc�a‘qahstq‘sd+�sgd�k‘mft‘fd�sdrshmf�o‘q‘chfl+�nq�sgd�rshltktr�l‘sdqh‘k�trdc�enq�ldlnqx�
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Limitations and 4uture perspectives. Rdudq‘k� khlhs‘shnmr�ne�sgd�btqqdms�rstcx�cdrdqud�etqsgdq�chrbtr,
rhnm-�Ehqrs+�ntq�fhmchmfr�rgntkc�ad�hmsdqoqdsdc�‘f‘hmrs�sgd�qdsqnrodbshud�a‘bjfqntmc�ne�sghr�rstcx-�Ntq�r‘lokd�v‘r�
ghfgkx�rdkdbsdc+�bnloqhrdc�ne�SKD�o‘shdmsr�vhsg�l‘hmkx�kdfl,rhcdc�dohkdosnfdmhb�enbtr�vgn�tmcdqvdms�VS�‘mc�
rtardptdms�rtqfdqx+�vghbg�lhfgs�ah‘r�sgd�qdrtksr-�Adb‘trd�nmkx�o‘shdmsr�vhsg�hmbnmbktrhud�GKK�qdrtksr�eqnl�mnm,
hmu‘rhud�hl‘fhmf�sdbgmhptdr�’h-d-+�qdod‘sdc�eSBC�‘mc.nq�eLQH(�vdqd�hmbktcdc+�mn�‘m‘kxrdr bntkc�ad�bnmctbsdc�
bnmbdqmhmf�sgd�‘cchshnm‘k�oqdchbshud�u‘ktd�ne�VS�qdrtksr�nudq�eLQH�fhmchmfr�qdf‘qchmf�o‘shdmsr&�gdlhrogdqhb�
k‘mft‘fd�‘mc�ldlnqx�k‘sdq‘khy‘shnm-�Etqsgdqlnqd+�sgd�hmfktdmbd�ne�sgd�rtqfhb‘k�‘ooqn‘bg�nm�o‘shdmsr&�mdtqnorx,
bgnknfhb‘k�ntsbnld�‘fldq�rtqfdqx�g‘r�addm�oqduhntrkx��cdrbqhadc46:�‘bbnqchmfkx+�sgd�gdsdqnfdmdhsx�ne�sgd�rtqfhb‘k�
oqnbdctqdr�‘ookhdc�hm�ntq�r‘lokd�lhfgs�khlhs�sgd�fdmdq‘khy‘ahkhsx�ne�ntq�qdrtksr-�K‘rskx+�ntq�rl‘kk�r‘lokd�rhyd�
qdk‘shud sn sgd mtladq ne ‘m‘kxydc oqdchbsnq u‘qh‘akdr hlokhdr sgd qhrj ne onsdmsh‘kkx nudqfhsshmf sgd qdfqdrrhnm
lncdkr-�Gnvdudq+�ctd�sn�dsghb‘k�bnmrhcdq‘shnmr+�hs�vntkc�mns�ad�onrrhakd�sn�dmg‘mbd�sgd�r‘lokd�rhyd�ax�odqenql,
hmf� sgd�VS� hm�o‘shdmsr�vhsgnts� bkhmhb‘k� hmchb‘shnmr-�Lnqdnudq+� sgd� btqqdms� rstcx�cdrhfm�oqnuhcdr� hlonqs‘ms�
hmrhfgsr�hmsn�fdmthmd�dwodqhdmbdr�vhsg�sgd�VS�hm�sgd�oqdrtqfhb‘k�vnqj,to�ne�dohkdorx�o‘shdmsr�hm�bkhmhb‘k�qntshmd-

Rdbnmc+�ax�rtll‘qhyhmf�udqa‘k�‘mc�mnm,udqa‘k�rshltkh�hmsn�nmd�fdmdq‘k�V‘c‘�ldlnqx rbnqd�enq�d‘bg�gdlh,
rogdqd+�mn�chfbdqdmsh‘sdc�bnmrhcdq‘shnm�ne�l‘sdqh‘k,rodbhfhb�GLK�v‘r�onrrhakd-�Ĳdqdenqd+�hm�sgd�etstqd+�sgd�
bnlots‘shnm�ne�svn�rdo‘q‘sd�V‘c‘�ldlnqx�rbnqdr�enq�d‘bg�gdlhrogdqd�rgntkc�ad�hmsdfq‘sdc�hmsn�sgd�VS�
oqnbdctqd-�Etqsgdq+�sgd�cdudknoldms�ne�‘�bnllnmkx�‘bbdosdc�rs‘mc‘qc�oqnsnbnk�rgntkc�ad�oqnlnsdc�sn�‘kknv�‘�
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chfbdqdms�dohkdorx�bdmsdqr-

Ĳhqc+�fhudm�sgd�lhwstqd�ne�udqa‘k�‘mc�mnm,udqa‘k�rshltkh�trdc�hm�ldlnqx�sdrshmf�ctqhmf�VS+�hm�bkhmhb‘k�
qntshmd�‘mc�etstqd�rstchdr+�VS�qdrtksr�rgntkc�mns�nmkx�ad�trdc�sn�oqdchbs�onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�ats�
‘krn�mnm,udqa‘k�kd‘qmhmf�‘mc�ldlnqx�etmbshnm-�Ax�dwsdmchmf�sgd�ntsbnld�ld‘rtqdr+�‘mc�‘c‘oshmf�sgdl�sn�sgd�
rshltktr�l‘sdqh‘k�trdc�sn�‘rrdrr�GLK�ctqhmf�VS+�sgd�rhfmhfhb‘mbd�ne�VS�qdrtksr�enq�sgd�oqdchbshnm�ne�onrrhakd�
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Hm�fdmdq‘k+�hs�‘ood‘qr�sg‘s�sgd�l‘inqhsx�ne�rjdoshbhrl�snv‘qcr�sgd�oqdchbshud�u‘ktd�ne�VS�qdrtksr�cdqhudr�eqnl�
cntasr�bnmbdqmhmf�sgd�‘ahkhsx�ne�sgd�VS�sn�‘ooqnoqh‘sdkx�‘rrdrr�GLK+�‘r�cdlnmrsq‘sdc�ax�dwodqs�q‘shmfr�hm�‘�k‘qfd�
ltkshbdmsdq��qduhdv21-�Hm�khmd�vhsg�sghr�hloqdrrhnm+�‘�rxrsdl‘shb��qduhdv45�rgnvdc�sg‘s�V‘c‘�k‘mft‘fd�rbnqdr�q‘sgdq�
sg‘m V‘c‘ ldlnqx rbnqdr vdqd rhfmhfhb‘mskx lnqd rdmrhshud enq sgd oqdchbshnm ne onrsrtqfhb‘k udqa‘k ldlnqx
cdbkhmd-�Ĳhr�fhmchmf�bnqqdronmcr�sn�ntq�qdrtksr�‘mc�hr�‘krn�qdfkdbsdc�ax�sgd�hmchb‘shnm�enq�VS�lnrs�eqdptdmskx�
qdonqsdc�hm�‘�k‘qfd�rtqudx�ne�dohkdorx�bdmsdqr�‘bqnrr��Dtqnod23�’h-d-+�sgd�cdsdqlhm‘shnm�ne�sgd�o‘shdmsr&�gdlhrogdqhb�
k‘mft‘fd�k‘sdq‘khy‘shnm+�mns�ldlnqx�k‘sdq‘khy‘shnm(-

Hm�‘bbnqc�vhsg�oqduhntr��qdrd‘qbg13fl15+�vd�vntkc�mns�qdbnlldmc�sgd�qntshmd�odqenql‘mbd�ne�VS�‘r�o‘qs�ne�
sgd�oqdrtqfhb‘k�vnqj,to�enq�‘kk�o‘shdmsr�bnmrhcdqdc�‘r�b‘mchc‘sdr�enq�dohkdorx�rtqfdqx+�nq�sn�a‘rd�sgd�cdbhrhnm�
enq nq ‘f‘hmrs dohkdorx rtqfdqx dwbktrhudkx nm VS qdrtksr- Gnvdudq+ ‘r odqrnm‘khydc ldchbhmd f‘hmr hmbqd‘rhmf
hlonqs‘mbd�hm�bkhmhb‘k��qntshmd47+�sgd�VS�lhfgs�ad�‘m�hmrsqtldms�sn�ad�trdc�hm�‘�ghfgkx�rdkdbsdc�rtafqnto�ne�
o‘shdmsr�vhsg�bkd‘q�bkhmhb‘k�hmchb‘shnmr-�Enq�dw‘lokd+�o‘shdmsr�vhsg�mdtqnorxbgnknfhb‘k�oqnfhkdr�rtffdrshmf�‘�ghfg�
qhrj�ne�onrsrtqfhb‘k�bnfmhshud�hlo‘hqldms�nq�o‘shdmsr�vhsg�hmbnmfqtdms�oqdrtqfhb‘k�fhmchmfr�lhfgs�admdfhs�eqnl�
sgd�‘cchshnm‘k�‘ookhb‘shnm�ne�VS�sn�oqnuhcd�sgdl�vhsg�‘r�hmchuhct‘khydc�hmenql‘shnm�‘r�onrrhakd-�@bbnqchmf�sn�
ntq�fhmchmfr+�drodbh‘kkx�hm�o‘shdmsr�vhsg�hmbnmbktrhud�GKK�qdrtksr�eqnl�mnm,hmu‘rhud�hl‘fhmf�sdbgmhptdr+�sgd�VS�
bntkc�bnmsqhatsd�sn�sgd�hmchuhct‘k�oqdchbshnm�ne�onsdmsh‘k�bnfmhshud�cdbkhmd�‘fldq�dohkdorx�rtqfdqx-

Conclusions
Ntq�fhmchmfr�bnmfhql�sg‘s�V‘c‘�sdrs�’VS(�qdrtksr�‘qd�ne�rhfmhfhb‘ms�hmbqdldms‘k�u‘ktd�enq�sgd�oqdchbshnm�ne�
onrsrtqfhb‘k�bg‘mfd�hm�udqa‘k�kd‘qmhmf�‘mc�udqa‘k�ldlnqx�etmbshnm-�Ĳtr+�enq�‘�rdkdbsdc�rtafqnto�ne o‘shdmsr�
vhsg�bkd‘q�bkhmhb‘k�hmchb‘shnmr+�sgd�VS�qdl‘hmr�‘m�hlonqs‘ms�o‘qs�ne�sgd�oqdrtqfhb‘k�vnqj,to�‘mc�bnmsqhatsdr�sn�
a‘k‘mbhmf�nts�sgd�qhrjr�‘mc�admdfhsr�ne�dohkdorx�rtqfdqx�nm�‘m�hmchuhct‘k�kdudk-
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GLK�‘mc+�sgdqdax+�etqsgdq�hloqnud�sgd�oqdchbshud�u‘ktd�ne�VS�qdrtksr�enq�onrsrtqfhb‘k�bnfmhshud�hlo‘hqldms-
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