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INTRODUCERE

Fenilcetonuria (PKU) este una dintmele boli genetice in care retardul mengal
tulburarile neuropsihice asociate pot fi prevenite. Maddédia de prevenire este stabilirea
diagnosticului Tn maternitatg instituirea tratamentuluiasac in fenilalania (phe) in primele
saptaimani (zile) de vig. Tratamentul dietetic corect controkatcontinuat pe toatdurata
vietii conduce la un coeficient de inteligenQl) in limite normale, dar mai mic decat al
populdiei de control sau al rudeloirh fenilcetonurie. Aceastdiminuare goari a valorii QI
este uneori asockatu deficite cognitive subtile.

Relaxarea sau abandonarea tratamentului poate e@nitufunge de varsta la care se
realizeaz acest lucru, la accentuarea deficitelor cogngiveamportamentale.

Exista un nundr de pacieti care din diferite motive sunt ognide la screening-ul
neonatal sau nu adela tratament. Studiile longitudinale efectuateatasti pacieni arat o
recuperare péeala a retardului neuropsihic dapinstituirea tratamentului, demonstrand
efectul benefic al dietai la pacienii cu diagnostic tardiv.

Evolutia naturad a PKU netratat este ireversibil, cu deteriorare neurologic
progresiv, microcefalie, crize epileptice, retard mental lbtutri cognitive si de
comportament.

Lucrarea de fa Tsi propune 8 evalueze dezvoltarea neuropsihie paciefilor cu
PKU, la diferite categorii de vaistin funaie de varsta la care a fost instituit tratamestul
controlul dietetic, dcand totoddt o sinteza a datelor stiifice recent publicatgi a studiilor
efectuate la nivel mondial.

STADIUL ACTUAL AL CUNOA STERII
|. Fenilcetonuria - date din literatura - capitolul cuprinde o trecere in revist o aducere la
zZi a patologiei studiate.

CONTRIBUTII PERSONALE

I.1. EVALUAREA DEZVOLT ARII NEUROPSIHICE LA PACIEN TII CU VARST A
MAI MIC A DE 7 ANI

I1.1.1 Metodologia cercetrii
» Scopul studiuluisi ipoteze de lucru

Scopul studiului a fost evaluarea dez&oitneuropsihice a unui lot de 23 de pagien
cu PKU cu varsta mai nmicde 7 ani, in funte de varsta la care a fost instituit tratamentul
dieteticsi controlul dietetic. Controlul dietetic a fost regentat de:

* indicele de control dietetic (ICD), definit prin media tuturor medianelor la 6 luhe a
valorilor phe plasmatice. Acest indice reprezintontrolul dietetic in cursul
tratamentului.

» fenilalanina curenta (phe curentd), reprezentand valoarea fenilalaninei plasmatice di
Ziua n care a fost efectdatvaluarea clinit

» fenilalanina plasmatica la data stabilirii diagnosticului (phe dg), reprezentand
valoarea phe plasmatice Tnhainte de instituirearmantului.

La baza studiului au stat usitoareleipoteze

* Pacienii cu PKU cu tratament instituit precoce, bine cofdt si urmat constant,
prezink o dezvoltare neuropsiliicin limite normale, dar cu deficite neuropsihice
subtile.

* La pacienii cu diagnostic tardiv instituirea tratamentuluettic duce la recuperarea
pattiala a retardului neuropsihic.



» Manifestrile clinice in PKU netratatsunt: retard mental, semne neurologice diverse,
epilepsie, comportament autist, hiperkinezie, ttdibwe aterie, tulbutri emaionale,
tulburari cognitive, microcranie, séderea pigmentaei pielii si a parului, eczem.

» Factorii care pot influga dezvoltarea neuropsiliisunt varsta la care a fost instituit
tratamentuki controlul dietetic.

» Participanti

S-a realizat un studiu longitudinal prospectiv gedbservédonal, analitic, care s-a
derulat Tn Clinica Neurologie Pediattidin Cluj-Napoca n perioada 2003-2011. Modalitatea
de culegere a datelor a fost de tigarion reprezentativ. Paci@inau fost monitoriza pe
durate variabile de timg Tn perioade diferite, fiind gmut Tn prealabil consigimantul scris
pentru participarea la studiu.

Lotul initial a fost divizat in daw loturi, in fungie de varsta la care a fost stabilit
diagnosticuki instituit tratamentul dietetic:

1. Lotul cu diagnostic precoce -a fost format din 7 paciginin lot au fost inclgi
pacieni cu varsi sub 7 ani, cu tratament dietetic instituit in pElen 3 luni de Vi,
compliani la tratament, cu deterniin periodice ale phe plasmatice inclusiv inainte de
instituirea tratamentului.

2. Lotul cu diagnostic tardiv — a fost format din 16 pacignin lot au fost inclyi
pacieni cu varsi sub 7 ani, cu tratament dietetic instituit du@rsta de 3 luni (8i 57 de
luni) compliani la tratament. Din totalul paciglor 13 paciei au continuat studiul timp de
aproximativ 6 luni kotul tardiv-abandon) si 7 pacieni timp de aproximativ 48 de lunidul
tardiv-compliant).

» Metoda de lucrua fost reprezentatdeevaluarea clinica si dozarea phe plasmatice.

Evaluarea clinica a inclus: anamnéz examen somatic (notarea perimetrului cranian,
fenotipului blondsi a eczemei), examen neurologic, examen psiholpdestarea dezvaditii
neuropsihice. Testele utilizate pentrestarea dezvoltarii neuropsihice au fost Scala de
Dezvoltare Minchen, pentru paciermde 0-3 anisi teste de inteliget (Matrici Progresive
Ravensi testul Binet Simon) pentru pacig@rde 3-7 ani.

Dezvoltarea neuropsitica fost apreciat prin studiul factorilor de dezvoltare
(ortostaiune/mers, prehensiune, pergeplimbaj expresiv, limbaj receptiv, socializake)al
coeficientului de inteliga#i (Ql) sau a coeficientului de dezvoltare (QD). QIbst calculat
la paciemii a ciror varsi mentai nu a permis calcularea QI, fiind utilizatirmitoarea
formula: Varsta mental (luni)/Varst cronologié@ (luni) x 100. Varsta mentala fost
reprezentd@t de media aritmetic a factorilor de dezvoltare. Nivelul de intelig&ma fost
clasificat in funge de valorile QI (QD), conform criteriilor din DSMW si manualului Raven.

Determinarea phe plasmatice a fost efectudatprintr-o metod videodensitometric a
cromatografiei bidimensionale in strat std de celuloz (148), la Laboratorul de Explin
Genetice | al Spitalului Clinic Jugean de Urgeti Cluj. Pe baza valorilor phe plasmatice a
fost definitcontrolul dietetic al fiecarui pacient.

In fundie de valorile ICD, controlul dietetic a fost clfisat in bun, acceptabil sau slab
(vezi tabelul de mai jos).

Tabel nr. 9: Calitatea controlului dietetic Tn futie de varsta pacientului

varsta | 1o |
(I,
2-6 mg/dl 6-8 mg/di > 8 mg/d|

2-8 mg/di 8-10 mg/dl > 10 mg/dI

2-10 mg/dl 10-15 mg/dl > 15 mg/dI




» Diagrama studiului: Au fost efectuate evalu clinice si dozari ale phe plasmatice
periodice, fiecare pacient avand cetipw evaluare clinigla 6 lunisi cel puin 2 determigri
ale phe plasmatice in interval de 6 luni. S-auizaain total 160 de evalt clinice si 261 de
doziri al phe plasmatice pe bazarara s-a stabilit dezvoltarea neuropsihécpaciefilor si s-
a definit controlul dietetic.

Au fost efectuate comparasi corelgii multiple intre dezvoltarea neuropsifigi
controlul dietetic al pacieihor din fiecare lot. Au fost efectuate de asemeweapardi intre
lotul cu diagnostic precoce lotul cu diagnostic tardiv.

» Prelucrare statistici s-a realizat prin utilizarea atat a calculului aggiv céat si a
calculului de semnifigd. Pentru studiul existgai unor diferepe semnificative intre dau
grupuri, a fost utilizat testul Student (t), vatele fiind testate in prealabil cu testul Levene.
Pentru studiul coreteei a dou variabile cantitative, normal distribuite, a fostilizat
coeficientul de coretee Pearson. Nivelul de semnifiga ales pentru testele statistice a fost
mai mic de 0,05.

11.1.2. Lotul cu diagnostic precoce - rezultate, dcutii, concluzii

Rezultatele studiului nostru au indicat, pentrwllatu diagnostic precoce, o valoare
medie Ql/QDcorespunitoare intelectului de limit (QI/QD=83,71+6,72), valoarea fiind mai
mica comparativ cu cea raporiatie majoritatea studiilor din literatura. Asociat #ost
identificate deficite de dezvoltare latitfactorii de dezvoltareéestai: prehensiune, percee,
limbaj expresiv, limbaj receptiy socializare. Dintre agéa, prehensiune a fost factorul care
a inregistrat cel mai 8zut nivel mediu de dezvoltare, fiind urmat in oelicresgtoare de
factorii limbaj expresiv, perceie, limbaj receptiwi socializare. Dezvoltarea motorie glohal
cuantificat prin factorul ortostgune/mers, nu a inregistrat deficite, cu toatdrc evoluie
unii copii au prezentat retard in dezvoltare metoracesta fiind recuperat pafa data
evaluirii. Semnele neurologice Tnregistrate la pagiiedin acest lot au fost: deficite ale
motricitatii fine (100%), hiperreflexie osteotendin@afl00%) si crize epileptice recurente
(14%). La acestea s-au asociat disfuineuropsihicesi anume: comportament autist (14%),
hiperactivitate (58%), deficit de atém (86%), tulbuiiri de limbaj, reprezentate de dislalie
polimorfa si/sau vocabular #@ac (100%), procesare numerideficitai (100%), organizare
vizuo-spaiala deficitai (29%), impulsivitate (29%), tolergh sczuta la frustrare (29%),
autocontrol deficitar (29% tulburiri emaionale (29%).

Varsta la care a fost instituit tratamentul dietédi paciemii cu diagnostic precoce a
fost cupring Tntre 3si 12 siptimani, cu o varstmedie de 6,29+3,45igtamani. In prezent,
recomandarea pe plan mondial pentru a minimalifigitide neuropsihice este ca tratamentul
dietetic & fie instituit in prima lua de viaa, sau, conform recomamdor din SUA, in
primele 10 zile de vid. Varsta la care a fost instituit tratamentul élietin studiul nostru a
fost corelai negativ cu valorile QI/QDsi dezvoltarea perceiei, prehensiunii, limbajului
receptivsi a socializrii, rezultatle fiind semnificative statistic numaentru QI/QD (p=0,049,
r=-0,810)si percepie (p=0,006, r=-0,938).

Controlul dietetic mediu realizat in cursul tratartugui de pacietii din acest lot a fost
situat in intervalul 2-6 mg/dl (ICD=5,78+2,94 mg/diind considerat un control dietetic bun.
Spre deosebire de acesta, valoarea medie a phagties inregistratla ultima evaluare a
indicat valori in crgtere, corespuritoare unui control dietetic acceptabil (phe
curenti=7,31+5,51 mg/dl), care similar altor studii din literatut, ar putea avea semnifica
unei séaderi a compliatei la tratament. Studiul relei dintre dezvoltarea neuropsihigi
cotrolul dietetic (ICDsi phe curerit) a pus in evidga existena unei corelgi negative intre
dezvoltarea prehensiunii, limbajuluji socializrii si ICD fara ca rezultatele s fie
semnificative statistic (p>0,05). In mod similaralerile QI/QD, dezvoltarea perces,
limbajului si a socialiarii au fost corelate negativ cu valoarea medie @ phsmatice la care



au fost expsi pacienii Tnhainte de instituirea tratamentuluiari ca rezultatele as fie
semnificative statistic (p>0,05).

[1.1.3. Lotul cu diagnostic tardiv (lot tardiv-abandon si lot tardiv-compliant) - rezultate,
discutii, concluzii

Acest lot a fost constituit din 16 paciefa care diagnosticul de PKU a fost stabilit
tardiv, intre &i 57 luni cu 0 medie de 22,56+13,76 luni.

Inainte de instituirea tratamentului tabloul clicidost dominat de retard psiho-motor
sever (QI/QD=27,38+12,82), crize epileptice, comg@ment autist, asociate cu semne
neurologice polimorfe in absgnantecedentelor personale semnificative, elemeste au
sugerat diagnosticul de PKU. Tn unele cazuri a fwezent microcrania, fenotipul blongi
erugiile de tip eczematiform.

Instituirea tratamentului a dus la recuperaregiglara retardului psihomotogi a
simptomelor neuropsihice asociate. Astfel, d@luni de tratament s-a mhbut o cratere
semnificatia atat a valorilor QI/QD (p=0,004) cai a tuturor factorilor de dezvoltare
(p=0,001-0,002). Tn acest interval valoarea medi€®D a crescut cu 11,93 puncte atingand
pragul retardului psihic mediu (QI/QD=39,31+20). fiaalul studiului, dup 48 de luni de
tratament (lotul tardiv-compliant) valorile QI/Qu a&rescut Tn medie cu 24,16 puncte, de la
retard psihic sever la retard psihic mediu (QI/QB38+29,38), crgerea fiind semnificativ
statistic (p=0,028). Valorile au crescut semnificat pentru factorii de dezvoltare (p=0,015—
0,03). Ritmul de crgere realizat de factorii de dezvoltare in printleni de tratament a fost
apropiat de cel normal, cu un ritm de dezvoltarei rhan Tinregistrat de factorul
ortostaiune/mers, urmat de factorii prehensiune, sociedizpercepe si limbaj expresiv. in
timp, ritmul de crgtere a sazut, in mod inegal, astfel Thcat dug8 de luni de tratament
factorul prehensiune a inregistrat cel maizst nivel mediu de dezvoltare, in timp ce
dezvoltarea motoriai limbajul receptiv au inregistrat cel mai Tnaltagr de recuperare.
Factorii care consid&m ca au contribuit la ritmul de cgeere alert inregistrat in primele 6 luni
de tratament au fost disp@ai crizelor epileptice (Sindrom West}i ameliorarea
comportamentului autist.

La examenul neurologic efectuat inainte de insgtuitratamentului au predominat
tulburarile de tonus muscular, hipotonia fiind mult madvent observat(87,5%) comparativ
cu spasticitatea (12,5%). La acestea s-au asociperréflexie osteotendino@s
hipersalivaiettulbutairi de masticae (62,5%), strabismsi nistagmus (38%), semne
extrapiramidalesi cerebeloase (19%). Dap48 de luni de tratament naml semnelor
neurologice s-a redus la majoritatea cazurilor,egaepia tulbudrilor de motricitate fid
(100%) si a semnelor cerebeloase (57%). Tuflole de motricitate fia au devenit evidente
odati cu dezvoltarea prehensiugiidispartia streotipiilor. Semnele cerebeloase, reprezentate
de mersul ataxic, au devenit evidente adat dezvoltarea motorig achiztionarea mersului.
Procentul disfun@lor neuropsihologice a crescut in timp, devenieddente odat cu
dezvoltarea sistemului nervos, exgepficand comportamentul autist, care aizst
procentual de la 100% la prima evaluare, la 42% d@ode luni de tratament.

Controlul dietetic mediu (ICBi phe curent) a fost situat in intervalul 2-6 mg/dl,
reprezentand un control dietetic bun, cu exeeyalorii phe curente aoimuta la 48 de luni de
tratament (phe curent8,64+8,49 mg/dl), care, similar lotului cu tratarhprecoce, semnific
saderea compliaei la tratament. Coreiide efectuate intre dezvoltarea neuropsihic
controlul dietetic au indicat existgnunei corelgi negative intre valorile QI/QD aimute la 6
luni de tratamenti indicii de control dietetic, drd ca aceastaasfie semnificatid statistic
(p>0,05).



Studiul relaiei liniare dintre dezvoltarea neuropsthigi varsta la care a fost
implementat tratamentul a indicat o cotelanegatid intre valorile QI/QDsi varsta la care a
fost instituit tratamentul ifa ca rezultateleasfie semnificative statistic (p>0,05).

I1.1.4. Compararea loturilor - rezultate, discutii, concluzii

Au fost efectuate comparain ceea ce privge dezvoltarea neuropsilijcvarsta de
instituire a tratamentulugi controlul dietetic, intre lotul cu diagnostic pogesi lotul cu
diagnostic tardiv. Ambele loturi au fost formaten diate 7 pacign cu varsta medie de
51,5746,72 luni pentru lotul cu diagnostic precatede 53118,44 luni pentru lotul cu
diagnostic tardiv.

La lotul cu diagnostic precoce tratamentul dietedicfost instituit intre 3si 12
saptaimani, cu o medie de 6,29+3,4&ptimani, iar la lotul cu diagnostic tardiv intreig43 de
luni, cu o varst medie de 17,63+12,21 luni.

Rezultatele ofinute au relevat o dezvoltarea neuropsihgemnificativ mai bui
(p=0,021) a pacigitor din lotul cu diagnostic precoce (QI/QD=83,78+11) comparativ cu
cea a pacigilor cu diagnostic tardiv (QI/QD=48+28,14). Reztéle@ au fost similargi in
privinta factorilor de dezvoltare (p<0,02). La ambele rotiactorul prehensiune, care
cuantifica dezvoltarea motorie fip a inregistrat nivelul cel mai &ut de dezvoltare spre
deosebire de dezvoltarea motorie glalmgre a inregistrat nivelul cel mai inalt de detawel.

Examenul neurologisi psihologic au relevat semne neurologice minoEciase cu
disfunaii cognitive la paciefi cu diagnostic precoce, in timp ce la pagieocu diagnostic
tardiv au fost finregistrate semne neurologice paiien asociate cu microcranie,
hiperactivitate, deficit de at@a si comportament autist.

Controlul dietetic realizat pe parcursul trataméritgi valoarea phe plasmatice inainte
de instituirea tratamentului nu au prezentat difgresemnificative intre cele dadoturi
(p=0,19; p=0,35). Ambele loturi au inregistrat @@qursul tratamentului un control dietetic
bun, cu valori medii situate Tn intervalul 2-6 mig/gl au fost expuse inainte de instituirea
tratamentului la valori medii ale phe plasmatice mari de 20 mg/dl.

Valoarea phe plasmatice din ziua efagitevaluarii neuropsihice a indicat un control
dietetic bun la lotul cu diagnostic tardivun control dietetic acceptabil la lotul cu diagtio
precoce, diferegele fiind semnificativ mai mari pentru lotul cu draostic precoce (p=0,04).
Aceste rezultate ar putea indica ciderea compliagei la tratament Tn cazul lotului cu
diagnostic precoce.

Dezvoltarea neuropsitiidiferita a pacierilor din cele dod loturi, care au realizat un
control dietetic similar pe durata tratamentyiuau fost expsi la valori aseriniatoare ale phe
plasmatice anterioare instituirii tratamentului,r dai prezentat difergm mari in ceea ce
priveste varsta la care a fost instituit tratamentul, destreaz importana instituirii cat mai
devreme a tratamentului.

I.2. EVALUAREA DEZVOLT ARII NEUROPSIHICE LA PACIEN TII CU VARST A
MAI MARE DE 7 ANI

11.2.1 Metodologia cercetrii
» Scopul studiuluisi ipoteze de lucru
Scopul acestui studiu a fost evaluarea dezsipheuropsihice la pacigincu PKU cu
varst mai mare de 7 angj analiza reldei dintre dezvoltarea neuropsihigi varsta la care a
fost instituit tratamentul dietetig controlul dietetic. Controlul dietetic a fost regentat de:
* indicele de control dietetic (ICD), definit prin media tuturor medianelor la 1 an ale
valorilor phe plasmatice. ICD a fost calculat sepan fungie de perioadele critice ale
dezvoltrii neuropsihice, astfel: 0-6 ani, 6-14 ank 14 ani.



» fenilalanina curentd, reprezini valoarea phe plasmatice din ziua in care s-a wefect
evaluarea clinit.

Ipotezele care au stat la baza studiului au fostilaie cu celedin capitolul 11.1.1,
asociindu-se in plus ipoteza ebandonarea tratamentului in capé poate fi asociatcu
reducerea inteligeai si deficite neuropsihice.

» Participanti

Studiul realizat a fost longitudinal prospectiv retrospectiv de tip obsergranal,
analitic, derulat in Clinica Neurologie Pediairidin Cluj-Napoca in perioada 2003-2011.
Modalitatea de culegere a datelor a fost deggmion reprezentativ. Pacigrau fost urnriti
pe durate variabile de timg in perioade diferite, fiind abut in prealabil consimimantul
scris pentru participarea la studiu.

in studiu au fost incki 30 de paciet avand diagnostic de PKU, cu varsta cuptins
intre 8si 42 ani. Grupul inial a fost divizat in patru loturi, in futie de varsta la care a fost
instituit tratamentu$i de compliam la tratament.

1. Lot cu diagnostic precoce include 9 pacien, cu varsta cupririsintre 8si 26 ani,
cu tratament dietetic institugrecoce, in primele 3 luni de via (12,73%3,14 &ptamani), cu
compliana la tratamengi determiriri periodice ale phe plasmatice.

2. Lot cu diagnostic tardiv -include 7 pacie diagnostica tardiv, cu varsta cuprias
intre 11si 20 ani, cu tratament dietetic institwérdiv, dupa varsta de 3 luni (1,81+0,94 ani),
cu compliar la tratamengi determirari periodice ale phe plasmatice.

3. Lotul cu diagnostic precoce-abandon include 7 paciem cu varsta cupririsintre
9 si 25 ani, la care tratamentul dietetic a fost bugtiin primele 3 luni de via (8,29+2,43
saptaimani), cu compliafa la tratament panla varsta de 5 ani, cand tratamentul a fost
abandonat. Tiopacienii au avut determidiri periodice ale phe plasmatice, cekipw dati la
6 luni pari la abandonarea tratamentului.

4. Lotul fara tratament - include 7 paciem, cu varsta cupririsintre 10si 42 ani,
care nu au urmat niciodetratament dietetic.

» Metoda de lucrua fost reprezentadeevaluare clinica si dozarea phe plasmatice.

» Evaluarea clinica a inclus: anamné&z examen somatic, examen neurologic, examen
psihologicsi testarea QIl. Pentru testarea QI au fost fosizaté Matrici Progresive
Ravensi testul Binet Simon.

» Determinarea phe plasmatice a fost similai cu cea prezentain capitolul 11.1.1.

» Diagrama studiului si prelucrare statistica — au fost similare cu cele prezentate in
capitolul 11.1.1. Au fost realizate in total 60 @waluiri clinice si 98 de doiri ale phe
plasmatice.

I1.2.2-2.4.Rezultate, disctii, concluzii

Rezultatele studiului prezent au indicat valori @kecorespunzoare intelectului de
limita (QI=81,33+£17,62) la paci@incu diagnostic precoce care au continuat dietaciate cu
disfunaii neurologice minore (hiperreflexie osteotendirioas 77,77% si tulburari de
motricitate firh - 44,44%) si deficite cognitive (66,66%), enionale (77,77%) si
comportamentale (22,22%) dominate de difillecexecutive. Pacian acestui lot au inceput
tratamentul dietetic intre 8 16 siptimani (12,73+3,14 aptimani), realizand un control
dietetic bun (ICDsi phe curent) pe toai durata tratamentului. Valorile QI ale acestor
pacieni au fost corelate negativ cu varsta la care a iestituit tratamentulsi controlul
dietetic (ICDsi phe curert) realizat intre Gi 14 ani, rezultatele fiind semnificative statistic
numai pentru ICD (r=-0,797, p=0,018).

Pacienii cu diagnostic precoce care au abandonat dietarista de 5 ani au pbut un
QI corespunitor retardului psihic gor (QI=65,29+18,44), asociat cu disfginaeurologice
minore (hiperreflexie osteotendin@as 100%, tulbuirile de motricitate fin - 85,71%),



deficite cognitive (100%), comportamentale (51,14¢@maionale (85,71%), in procent mai
mare comparativ lotul care a continuat tratamerRelizultatele au fost dhute Tn condiile

unui tratament insuficient controlat (ICD=8,27+2,8ig/dl) si a abando#rii premature a
dietei. Aceste afirm@ sunt suginute de faptul & varsta la care a fost abandonat tratamentul a
fost corelai pozitiv in studiul nostru cu valorile QI ale pawiéor, fara si putem ing
generaliza rezultatele (r=0,724, p=0,066). De asemevalorile QI ale acestor padieau

fost corelate negativ cu controlul dietetic (IGD phe curent) fara ca rezultatele asfie
semnificative statistic (p<0,05).

Pacienii cu diagnostic tardiv au oinut valori ale QI coresputitoare retardului psihic
usor (QI=55,71+32,82), asociate cu disfuhc neurologice multiple: hiperreflexie
osteotendinod@s(100%), tulbuiri de motricitate fia (85,71%), spasticitate (28,57%), semne
cerebeloase (14,28%), semne extrapiramidale (14,28%persaliveie * tulbutri de
masticaie (14,28%), microcranie (28,52%i)fenotip blond (42,85%). La acestea s-au asociat
deficite cognitivesi comportamentale, cum ar fi: hiperactivitate cticiede atenie (28,57%),
disfunaii cognitive (85,71%)si emaionale (85,71%), comportament autist (14,28%)
agitaie psihomotorie (14,28%). Valorile QI ale paai@r cu diagnostic tardiv au fost
corelate negativ cu controlul dietetic (ICB)cu varsta la care a fost instituit tratamentul,
valorile fiind semnificative statistic doar in whtul caz (r=-0,817, p=0,025). Controlul
dietetic (ICD si phe curer#t) realizat de ac#i pacieni a fost bun pe toat durata
tratamentului.

Pacienii fara tratament au inregistrat valori ale QI coresptware retardului psihic
sever (QI=32,86+14,59}i disfunaii neurologice multiple: spasticitate (71,42%), s&m
piramidale (100%), cerebeloase (28,57%), extrapdalm (42,85%), tulburile de
motricitate firh (100%), hipersaliviée ztulbuiiri de masticae (28,57%), microcranie
(42,85%)si fenotip blond (100%), toate fiind in procent nmaare fai de lotul cu diagnostic
tardiv. La acestea s-a asociat aggt@sihomotorie (85.71%), comportament autist (8%)si
disfunaii cognitive (71,42%). Valorile QI ale paciglor fara tratament au fost corelate
negativ, semnificativ statistic cu valorile phegtaatice (r=-0,895, p=0,016).

[Il. CONCLUZII GENERALE

1. Paciemi cu diagnostic precoce, din ambele grupe de ¥asst prezentat valori ale
QI corespunitoare intelectului de limit asociate cu disfufic neurologice minorei unele
deficite cognitivesi comportamentale.

2. La paciemi cu varst mai mia de 7 ani, cu diagnostic precoce, prehensiuneata fo
domeniul cu cele mai importante deficite, dar ast finregistrate deficitgi in domeniul
limbajului, percegei si a socializrii. Dezvoltarea motorie globah fost in limite normale.

3. Paciemi care au abandonat dieta la varsta de 5 ani ammutbvalori QI finale
corespunitoare retardului psihicsor, asociate cu disfuric neurologice minoresi deficite
cognitivesi comportamentale.

4. Tabloul clinic care a sugerat diagnosticul de Pklpaciefi cu diagnostic tardiv,

a fost retardul psihomotor sever asociat cu criggegtice, comportament autist, semne
neurologice polimorfe, in absenantecedentelor personale semnificative. in uoatiri a
fost prezerit microcrania, fenotipul blongl erupiile de tip eczematiform.

5. Instituirea tratamentului la pacig@ncu diagnostic tardiv a dus la recuperarea
patiala a retardului psihic. Valorile QI au crescut senwaifiv de la retard psihic sever la
retard psihic mediu, cu un ritm de giere mai alert in primele 6 luni dupnstituirea
tratamentului. Factorii de dezvoltare cu cel mailtigrad de recuperare au fost factorul
ortostaiune/mers;i limbaj receptiv, iar cel mai &zut factorul prehensiune.



6. Paciemii cu diagnostic precoce, mai mici de 7 ani, auzpréat o dezvoltare
neuropsihid@ semnificativ mai bui comparativ cu cea a pacigor cu diagnostic tardiv,
asociai cu un procent mai mic de disfunaeuropsihice.

7. Valorile QI inregistrate de pacigncu diagnostic tardiv, cu vagspeste 7 ani, au
fost corespun#oare retardului psihicsor.

8. Paciemi fara tratament, din ambele grupe de vérstu inregistrat valori ale QI
corespunitoare retardului psihic sever.

9. Semnele neurologice observate la padi@u diagnostic tardiwi fara tratament,
din ambele grupe de véistau fost: hiperreflexie osteotendin@asulbutiri de motricitate
fina, spasticitatexzsemne piramidale, semne cerebelaaseapiramidale, hipersaliia +
tulburari de masticae, in procent mai mare la ceird tratament. Unii pacighau prezentat
microcranie, fenotip blongi eczen, in procent mai mare la ceirf tratament

10. Varsta la care a fost instituit tratamentul dietetfost coreldt negativ cu valorile
QI la tai pacienii, rezultatele fiind semnificative statistic doaentru pacieti cu diagnostic
precoce cu varsdtmai mic de 7 anki pacienii cu diagnostic tardiv mai mari de 7 ani.

11. La paciemi cu diagnostic precoce dezvoltarea petiapprehensiunii, limbajului
receptivsi a socializrii, au fost corelate negativ cu varsta la cares instituit tratamentul,
rezultatele fiind semnificative statistic numaicaeul percegei.

12. Varsta la care a fost abandonat tratamentul a 6tmstla pozitiv, dar
nesemnificativ statistic, cu valorile QI.

13. Valorile QI ale pacietilor cu diagnostic precoce, inregistrate la vadsal4 ani,
au fost corelate negativ, semnificativ statisticcomtrolul dietetic (ICD) realizat intre % 14
ani.

14. Controlul dietetic (ICD) realizat pe durata tratmtului de étre pacienii care au
abandonat dieta, a fost corelat negativ, dar neieativ statistic, cu valorile QI la varsta de
15 ani.

15. Controlul dietetic (ICD) realizat de paciercu diagnostic tardiv, in primele 6 luni
de tratament, a fost corelat negativ, dar neseoativVi statistic, cu valorile QI ale paciéar
Cu varsta mai mic7 ani.

16. La paciemi fara tratament valorile QI au fost corelate negativnsiicativ cu
valorile phe plasmatice.

17. Valorile phe plasmatice din ziua eferiu testirii neuropsihice (phe curettau
fost corelate negativ, nesemnificativ statistic, v@alorile QI ale paciemor cu diagnostic
precoce mai mari de 7 agtiale celor care au abandonat tratamentul.

18. Valorile phe plasmatice anterioare instituiriiténaentului au fost corelate negativ,
dar nesemnificativ statistic, cu valorile @Ildezvoltarea limbajului, percepi si a socialiarii
la paciemii mai mici de 7 ani cu diagnostic precageardiv-abandon.

IV. LIMITELE STUDIULUI; IMPLICA  TII TEORETICE SIPRACTICE

Limitele studiului au fost cel inerente majatit studiilor clinice bazate pe poptia
de pacieti cu boli rare:

- numir relativ mic de pacigninclusi in fiecare lot (7-9 pacieiilot), ceea ce a
determinat ca Tn unele sitiiaezultatele obinute n studiu Znu poai fi generalizate la nivel
de populée.

- incidena generd scizuti a PKU si subdiagnosticarea ei au ca rezultat existen
unui nundr restrans de pacigrdiagnosticé cu aceagt boak, astfel incat am fost nevoin
unele situai sa includem 1in lotsi cazuri limita. la interpretarea rezultatelor s-a luat in
considerare acest lucru



- nunirul redussi frecvena nereguldt a determiarilor phe plasmatice la unii
pacieni ar putea constitui o sursde eroare in ceea ce pgtee interpretarea controlului
dietetic, Tn special la pacigincu varsta peste 7 ani.

- au fost inclygi Tn studiu tai pacienii diagnostica cu PKU, fira a fi posibik in toate
cazurile diferefierea intre forma clasicsi formele yoare/medii sau eventualele deficite ale
cofactorului BH.

- deficitele cognitivesi comportamentale au fost identificate la exameysithologic
in timpul tesirii dezvoltrii neuropsihice, &rd si se aplice teste caracteristice anumitor
disfunaii specifice, astfel incat nuirul si varietatea lor ar putea fi mult mai mare.

Luand in considerare toate aceste limjitcare au fost avute in vedere la interpretarea
rezultatelor, studiul prezent este cel mai ampidist clinic realizat Tntara noastr atat pe
populdie pediatria catsi adulti cu fenilcetonurie, oferind o perspedctianalitici a evoldiei
diferitelor categorii de pacigincu PKU.

IMPLICA TIl TEORETICE SI PRACTICE:

- screeningul neo-natal trebuig fie o prioritate in scopul prevenirii retarduluentalsi a
patologiei neuropsihice asociate

- avand n vedere nufrul mare de copii diagnostigdardiv, se impune a fi testat pentru
PKU orice copil care prezimtretard psihomotor asociat cu comportament autistze
epilepticesi semne neurologice polimorfe, Tn abseantecedentelor personale semnificative

- confirmarea diagnosticului necesiinstituirea tratamentului, indiferent de varsta
pacientului

- evaluare neurologicsi psihologia trebuie inclus in managementul pacigior cu PKU,
inclusiv a celor cu diagnostic precoce, pentru stepea Tn timp util a deficitelor, in special a
celor subtile, in vederea implemamitstrategiilor de soltionare

- comgtientizarea de atre parinti si pacieni a importanei urmarii dietei pe tot parcursul
vietii
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INTRODUCTION

Phenylketonuria (PKU) is one of the few geneticodigrs in which mental
retardations and associated neurocognitive diserdan be prevented. One measure of
prevention is to diagnose by newborn screeningrprog and to start the treatment with low
phenylalanine diet in the first weeks (days) oé.liThe correctly controlled and life-long
followed diet leads to a normal intelligence quotidQ), but lower than that of the control
subjects’ or than that of relatives without PKU.isI'Blightly lower of the 1Q is sometimes
associated with subtle cognitive disorder.

Relaxation or abandon of the diet may lead, depgndn the age when this happens,
to an increase of the cognitive and comportamelisalrders.

There is a number of pacients who, for a serieseabons, are omitted from the
neonatal screening or who do not respond to thantrent. Longitudinal studies carried on
these patients show a partial recovery of the reagwitive disorder after beginning the
treatment, proving the benefic effect of the dwetlate diagnosed pacients.

The natural evolution of untreated PKU is irrevielesi registering progressive
neurological deterioration, microcephaly, seizuresental retardation, cognitive and
comportamental disorders.

Our thesis aims at evaluating the development ofrawgnitive disorder in PKU
diagnosed patients, at different age groups, actptd the age when the diet treatment and
control started, making, at the same time, a sgmha&f the recently published scientific data
and studies carried worldwide.

CURRENT STAGE OF KNOWLEDGE

I. Phenylketonuria — data from literature — the chapter is a review and an update of the
studied pathology.

PERSONAL CONTRIBUTION
[1.1. NEUROCOGNITIVE ASSESSMENT IN PACIENTS UNDER T HE AGE OF 7
II.1.1 Research Methodology
» Research Objectives and hypothesis
The aim of the study was the evaluation of neuroitvg aspects in a group of 23
PKU diagnosed patients under 7, according to tleevedten the diet treatment started and the
diet control. The diet control was represented by:

* The index of dietary control (IDC), definite by all half-year medians throughout the
patient's life. This index represents the diet marduring the treatment.

* The current Phe level, representing the blood Phe level from the daynathe clinic
evaluation was done.

* The blood Phe at the moment when diagnosed (Phe dg), representing Phe levels before
the start of the treatment.

The study was based on the following hypothesis:

* PKU patients diagnosed by newborn screening progjravith a well-controlled and
constantly followed treatment, register a normalroeognitive development, but with
subtle cognitive disorders.

* For late diagnosed patients the start of the dégsitinent leads to a partial recovery of
the neurocognitive disorder.

» Clinical manifestations in untreated PKU patients anental retardation, neurological
complication, seizures, autistic behavior, hypevégt disorder, attention deficit,



emotional disturbances, cognitive disorders, miepbaly, lighter skin and hair,

eczema.

» The factors that can influence the neurocognitigeetbpment are the age when the
treatment started and the diet control.
» Participants

An observational, analytic type prospective longjital study carried out during
2003-2011 in the Pediatric Neurology Hospital irujNlapoca. Patients were monitored
during variable time periods and in different pdsoof time, with a previously written
agreement for participating in the study.

The initial group was divided into two groups, aciing to the age of starting
treatment:

1. The early diagnosed group was formed by 7 patients. Patients aged under & wer
included in the group, all of them started the diethe first 3 months of life, had a treatment
compliance and periodical blood Phe determinatiomtdyding before starting the treatment.

2. The late diagnosed group- formed by 16 patients. Patients aged under 7 were
included in the group, all of which late diagnosedl on a diet treatment after 3 months of
life (between 8 and 57 months), had a treatmentptiance and periodical blood Phe
determinations. Out of the total of 16, 13 patiecwsitinued the study for about 6 months
(Late diagnosed diet-off group) and 7 patients who were on the treatment for af®umonths
(Late diagnosed diet-on group).

» The Methodsused werelinical assessment and blood Phe levels measure.

The clinical assessment included: medical history, somatic examination,ache
circumference, fair skin and hair, eczema, neuiolegamination, psychological examination
and assessment of the neurocognitive developmdrd. tésts used for assessment of the
neurocognitive developmemiere Minchen Development Scale, for children ag&dy@ars
and (Ravefs Progressive Matrices and Binet-Simon test) fdddn aged 3-7 years.

The neurocognitive development was appreciatedidnyysg the development items
(gross motor skills, fine motor skills, perceptiaxpressive language, receptive language,
social skills) and the intelligence quotient (1Q)the development quotient (DQ). The QD
was calculated for patients whose mental age diclhmw calculating their Ql, the following
formula being used: The mental age (months)/ Theraiogical age (months) x 100. The
mental age was reprezented by the aritmetic aveodgthe development factors. The
intelligence quotient was classified accordingtie values of the QD, corresponding to the
criteria from DSM IV and the Raven book.

The blood Phe levels determination was carried out using a videodensitometry method
of the bidimensional chromatography in a thin lagecelulosis at the Laboratory of Genetic
Explorations | of the Emergency Clinical County idibal, Cluj-Napoca.

According to the blood Phe levels, thleet control of each patient was established.

According to IDC values, the diet control was cifisgd in good, acceptable or bad
(see the table below) (149).

Table no. 9:Quality of the diet control according to the patiemage
Age e
(years)
2-6 mg/dl 6-8 mg/d| > 8 mg/dI
2-8 mg/di 8-10 mg/dl > 10 mg/dI
2-10 mg/dl 10-15 mg/dl > 15 mg/dI




» Study Design: Clinic evaluations and periodic blood Phe levelsravcarried out, each
patient having at least a clinic evaluation everym@nths and at least 2 blood Phe
determinations every 6 months. 160 clinic evaluaiand 261 dosing of blood Phe were
done, on which it was decided the patients’ neugoitive development and the diet control
was defined.

Comparisons and multiple correlations were donewéeh the patients’
neurocognitive development and diet control in egdup. Also, comparisons between the
early and the late diagnosed groups were carried ou
» The statistic analysiswas done by using both descriptive calculus agdifstance. The
Student (t) test was used for studying the exigtapic meaningful differences between 2
groups, and the Levene test in advance for thetans. Pearson correlation coefficient was
used for studying the correlation between two ndignthstributed quantitative variables. The
level of significance chosen for statistic tests\waver than 0,05.

[1.1.2. The early diagnosed group - results, discegons, conclusions

Our study results indicated, for the early diagdogeoupan average value QI/QD
corresponding to the subaverage intellectual fonatg (QI/QD=83,71+6,72), a lower value
compared to the one mentioned in most studies.sBgaation, development retardation was
found at all tested development itenfiste motor skills, perception, expressive language,
receptive language, social skills, out of whiclmefimotor skill was the factor that registered
the lower average development, followed by expvessanguage, perception, receptive
language and social skills items. The gross mogeekbpment did not registered any deficit,
although, in their evolution, some children had aton delay development, which was
recovered until evaluation. The neurological sympaliagnosed at the patients of this group
were: fine motor deficits (100%), brisk reflexesdarecurrent epileptic seizures (14%).
Neurocognitive disfunctions added to the previousigntioned ones: autistic behaviour
(14%), hyperactivity (58%), attention deficit (86%dpnguage disorders (represented by
difficulties with spelling and/or poor vocabular{)00%), deficit in numerical processing
(100%), visual-spatial ability (29%), impulsivity29%), low frustation tolerance (29%),
behavioral self-control deficiency (29%) and emogibdisorders (29%).

The age when the diet was started for early diagphgsatients was between 3-12
weeks, at an average age of 6,29+3,45 weeks. Aeptethe worldwide recommendation to
minimize the neurocognitive disfunctions is to stie diet treatment in the first month of
life, or, according to recommendations from USAthe first 10 days of life. The age when
the diet treatment began in our study was negatoairelated with the QI/QD values and the
development of perception, expressive languagepta® language, social skills and fine
motor skills, the results being statistically sigrant only for QI/QD (p=0,049, r=-0,810) and
perception (p=0,006, r=-0,938).

The average diet control done during the treatrnfmnthe patients in this group was
between the interval 2-6 mg/dl (IDC=5,78+2,94 my/tking considered a good diet control.
On the contrary, the average value of blood Pheldevegistered in the last evaluation,
indicated higher levels, corresponding to an aa®etdiet control (current Phe =7,31+5,51
mg/dl), which, similarly to other studies in théehature, could have the significance of a
decrease of the treatment compliance. The studlyeoheurocognitive development and diet
control relationship (IDC and current Phe) highteghthe existence of a negative correlation
between the development of fine motor skills, laggi and social skills and IDC without
statistically significant results (p>0,05). SimilarQI/QD values, development of perception,
language and socializing were negatively correlatéth the average value of blood Phe
levels to which patients were exposed before starthe treatment, without reaching
significant results (p>0,05).



[1.1.3. The late diagnosed group (latediet-off group and late diet-on group) - results,
discussions, conclusions

This group was formed of 16 patients late diagnosé#d PKU between 8 and 57
months with an average of 22,56+13,76 months.

Before deciding on the treatment, the clinical atspevere dominated by severe
psychomotor retardation (QI/QD=27,38+12,82), epitepseizures, autistic behavior,
associated with polymorphic neurological signs whilaving an insignificant personal
history, elements which determined the PKU diagnosh some cases, microcrania, the
blond phenotype and eczematous eruptions occurred.

Starting the treatment led to a partial recoverp@irocognitive impairments. Hence,
after a 6-month treatment a significant increasebath QI/QD values (p=0,004) and all
development items (p=0,001-0,002). In this intertaé average value QI/QD increased with
11,93 points, reaching the medium mental retarddgweel (QI/QD=39,31+20). At the end of
the study, after 48 months of treatment, (late-dretgroup) QI/QD values registered an
average increase of 24,16 points, from severe rmestardation to a medium mental
retardation (QI/QD=48,33+29,38), the increase baitadistically significant (p=0,028). The
values registered a significant increase for deweknt items, too (p=0,015-0,03). The
increasing rhythm of development items in the féstnonths of treatment was close to the
normal one, with a better development rhythm fasgrmotor skills, followed by socializing,
perception and expressive language items. In tiheejncreasing rhythm reduced itself in an
unequal way, so that after 48 months of treatmtamicdsng and fine motor skills registered the
lower development level, while gross motor skilledareceptive language had the highest
degree of recovery. The factors that we considdrawe contributed to the alert increasing
rhythm in the first 6 months were the disappearasfcepileptic seizures (West Syndrome)
and an improvement of the autistic behavior.

At the neurologic exam carried out before startimgtreatment muscle tone disorders
were predominant, hypotonia being much less noti(@d5%) compared to spasticity
(12,5%). Brisk reflexes, hypersalivationtmasticatiaisorders (62,5%), strabismus and
nystagmus (38%), extra pyramidal and cerebellarss{@9%) also occurred. After 48 months
of treatment, the number of neurological symptoetgstered a decrease in all items, except
for fine motor skills (100%) and cerebellar sigh§%). The percentage of neurocognitive
disorders increased in time, becoming obvious alith the development of the nervous
system, except for the autistic behavior, whichisteged a decrease from 100% at the first
evaluation to 42% after 48 months of treatment.

The average diet control (ICD and current Phe) sitamted in the interval 2-6 mg/dl,
representing a good diet control, except for theesaf current Phe obtained after 48 months
of treatment (current Phe=8,64+8,49 mg/dl), whisimilarly to the early diagnosed group,
indicates the decrease of the treatment compliafite correlations made between
neurocognitive development and diet control indidatihe existence of a negative correlation
between the QI/QD values after 6 months of treatraed the dietary control index, without
being statistically significant (p>0,05).

The study of the linear relationship between neogadive development and the age
when the treatment started indicated a negativeledion between the QI/QD values and the
age when the treatment started, without registesiatistically significant results (p>0,05).

[1.1.4. Comparing the group - results, discussiong;onclusions
Comparisons between the early and the late diagngseups were carried out
concerning the neurocognitive development, the \agen starting the treatment and diet



control. Both groups had 7 patients, aged betwéehi/%6,72 months for the early diagnosed
group and 53+18,44 months for the late diagnosed on

For the early diagnosed group, the diet treatmiamntexsl between 3 and 12 weeks, with
an average of 6,29+3,45 weeks, and for the latgndised one, between 8 and 43 months,
with an average of 17,63+12,21 months.

The results obtained revealed a significantly Ibetteurocognitive development
(p=0,021) from the early diagnosed group (QI/QD¥8%]19,71) compared to the patients in
the late diagnosed group (QI/QD=48%28,14). The Iteswere also similar as far as
development items are concerned (p<0,02). In baibgs, fine motor development registered
the lowest development level in contrast with thesg motor development which registered
the highest level of development.

The neurological and psychological exam revealechomineurological signs
associated with cognitive disorders for early dasgd group, whereas late diagnosed group
registered polymorphic neurological signs assodiateith microcrania, hyperactivity,
attention deficit and autistic behavior.

The diet control undergone during treatment andkioed Phe levels from before
starting the treatment did not show significanfeténces between the two groups (p=0,19;
p=0,35). Both groups registered during treatmegbad diet control, with average values
situated in the interval 2-6 mg/dl, and they wexpased before starting the treatment to the
average blood Phe levels higher than 20 mg/dl.

Blood Phe levels from the day of the neurocogniBvaluation indicated a good diet
control in the late diagnosed group and an acckptaie in the early diagnosed group, the
differences being significantly higher for the patis in the early diagnosed group (p=0,04).
These results could indicate a decrease of the lcamsp to treatment in the early diagnosed
group.

The neurocognitive development of patients fromlggoups, who followed a similar
diet control during treatment and who were expdsesimilar values of previously treatment
registered blood Phe, but registered importanedifices concerning the age when treatment
started, sustain the importance of early stareatrment.

Il.2. EVALUATION OF NEUROCOGNITIVE DEVELOPMENT FOR  PATIENTS

AGED OVER 7

[I.2.1 Research methodology

» Research objectives and hypothesis

Our thesis aims at evaluating the development ofraugnitive disorder in PKU
diagnosed patients, aged over 7, and at analysangetationship between the neurocognitive
development and the age the diet treatment startédhe diet control.

The diet control was represented by:

* Theindex of dietary control (IDC), definite by all one-year medians of blood Pheslev
IDC was calculated separately, according to th&cati periods of the neurocognitive
development: 0-6 years, 6-14 years and > 14 years.

» The current Phe level, representing the blood Phe level from the dayrwtie clinic
evaluation was done.

The hypothesis on which we based our study werdssito those in chapter 11.1.1, to
which it was added the hypotheses according to lwbidldhood treatment abandon can be
associated with a decrease of intelligence an@ase of neurocognitive disorders.

» Participants

The study was a prospective longitudinal and olzerwal, analytical retrospective
type carried out during 2003-2011 in the PediaMieurology Hospital in Cluj-Napoca..



Patients were monitored during variable time peyiadd in different periods of time, with a
previously written agreement for participating e tstudy.

30 PKU diagnosed patients, aged 8-42, were includdede group. The initial group
was divided into four groups, according to the afestarting treatment and to treatment
compliance.

1. Early diagnosed group -includes 9 patients, aged 8-26, with a diet treatme
started in the first 3 months of life (12,73+3,14eks), with treatment compliance and
periodical blood Phe determinations.

2. Late diagnosed group includes 7 late diagnosed patients, aged 11-20, avdiet
treatment started after the age of 3 months (1,8%tQears), with treatment compliance and
periodical blood Phe determinations.

3. Early diagnosed diet-off group- includes 7 patients, aged 9-25, with a diet
treatment started in the first 3 months of life2@;2,43 weeks), with treatment compliance
until the age of 5 when treatment was abandonedpdatients had periodical blood Phe
determinations, at least once in 6 months untihdbaing treatment.

4. Untreatment group - includes 7 patients, aged 10-42, who did not follwliet
treatment.

» The methodused waglinical evaluation anddosing blood Phe levels.

The clinical assessment included: anamnesis, somatic examination, neuichbg
examination, psychological examination and IQ tegtiFor IQ testing Ravém Progressive
Matrices and Binet-Simon tests were used.

Blood Phe levels determination carried out was similar to the one described iafEér

1.1.1.
» Study designandstatistic analysis—were similar to the one described in Chapter Il.A.1
total of 60 clinical evaluations and 98 blood Pbsidg were carried out.

11.2.2-2.4.Rezults, discussions, conclusions

The results of the study indicated for early diaggtbpatients who continued the diet
IQ values corresponding to subaverage intelledwattioning (Q1=81,33+17,62) associated
with minor neurological dysfunctions (brisk reflexe 77,77% and fine motor disorders -
44,44%) and cognitive (66,66%), emotional (77,778ay behavioral disorders (22,22%)
dominated by executive dysfunctions. The grouptepss started the diet treatment between
8 -16 weeks (12,73£3,14 weeks), realizing a goed cntrol (IDC and current Phe) during
the treatment. These patients’ 1Q values were neggtcorrelated with the age when the
treatment started and the diet control (IDC andenurPhe) done between 6 and 14 years, the
results being statistically significant only for@Q(r=-0,797, p=0,018).

Early diagnosed patients who went off the diehatdage of 5 had an IQ corresponding
to a mild mental retard (QI1=65,29+18,44), assodiatéth minor neurological dysfunctions
(brisk reflexes - 100%, fine motor disorders - 834§, cognitive (100%), behavioral
(51,14%) and emotional disorders (85,71%), a higlmcentage compared to the patients
who continued treatment. The results were obtaimedhe situation of insufficiently
controlled treatment (IDC=8,27+2,01 mg/dl) and oérpature diet abandon. These statements
are sustained by the fact that the age when tlantent was abandoned, was positively
correlated in our study with patients’ 1Q, still thwut generalizing the results (r=0,724,
p=0,066). Also, these patients’ IQ values were heegly correlated with diet control (IDC
and current Phe) with no statistically significaesgults (p<0,05).

Late diagnosed patients obtained 1Q values correipg to a mild mental retardation
(Q1=55,71+32,82), associated with multiple neuradagdysfunctions: brisk reflexes (100%),
fine motor disorders (85,71%), spasticity (28,57e&xebellar signs (14,28%), extrapyramidal



signs (14,28%), hypersalivationtmastication disosd@4,28%), microcrania (28,52%) and
blond phenotype (42,85%).

These were associated with cognitive and behavdsairders, such as: hyperactivity
with attention deficit (28,57%), cognitive (85,71%hd emotional dysfunction (85,71%),
autistic behavior (14,28%) and psychomotor agita{ib4,28%). 1Q values of late diagnosed
patients IQ were negatively correlated with dietitcol (IDC) and the age when the treatment
started, the values being statistically significaust in the last case (r=-0,817, p=0,025). Diet
control (IDC and current Phe) at these patientsgeasl during the whole treatment.

Patients without treatment registeré@ values corresponding to severe mental
retardation (QI=32,86+14,59) multiple neurologiahisfunctions: brisk reflexes (71,42%),
pyramidal signs (100%), cerebellar signs (28,578a) extrapyramidal signs (42,85%), fine
motor disorders (100%), hypersalivationtmasticatidisorders (28,57%), microcrania
(42,85%) and blond phenotype (100%), all in a highercentage than in the late diagnosed
group. These were associated with psychomotor tegita(85.71%), autistic behavior
(51,14%) and cognitive disorders (71,42%). 1Q valwé patients without treatment were
negatively, statistically significant, correlatedtiwplasmatic Phe values (r=-0,895, p=0,016).

Ill. GENERAL CONCLUSIONS

1. Early diagnosed patients, in both age groups, IQuega corresponding to
subaverage intellectual functioning, associatech witinor neurological dysfunctions and
some cognitive and behavioral disorders.

2. In early diagnosed patients aged under 7, fineomsitills was the most affected
domain, but deficits in language, perception ancadiaing skills were also present. Gross
motor development was between normal limits.

3. Patients who abandoned diet at the age of 5 madl KQ values corresponding to
mild mental retardation, associated with minor oégical dysfunctions and cognitive and
behavioral disorders.

4. The clinic manifestations, which suggested PKUgdase, for late diagnosed
patients, was severe psychomotor retardation adedciwith epileptic seizures, autistic
behavior, polymorphic neurological signs, given thsignificant personal history. In some
cases, microcrania, the blond phenotype and ecpesiatuptions occurred.

5. Starting treatment for late diagnosed patientsdea partial recovery of the mental
retardation. 1Q values evolved significantly froevere to medium mental retardation, with a
more accelerated rhythm in the first 6 months dfteatment began. Developmental factors
with the highest degree of recovery were by grossomskill and receptive language one,
while the lowest was the fine motor skill.

6. Early diagnosed patients under 7, registered mifgigntly better neurocognitive
development compared to late diagnosed patienssceded with a lower percentage of
neurocognitive dysfunctions.

7.1Q values registered by late diagnosed patieges] above 7, corresponding to mild
mental retardation.

8. No treatment patients, in both age groups, regdtéQ values corresponding to
severe psychic retardation.

9. Neurological signs noticed at no treatment anel théagnosed patients, in both age
groups, were: brisk reflexes, fine motor disordessasticity +pyramidal signs, cerebellar
signs, extrapyramidal signs, hypersalivationtmasiber disorders, in a higher percentage at
patients with no treatment. In some cases, micnigrdhe blond phenotype and eczematous
eruptions occurred, in a higher percentage atmatigith no treatment.



10. The age when the treatment started was negateeiglated to IQ values for all
patients, the results being statistically significanly for early-diagnosed patients aged under
7 and late diagnosed patients aged above 7.

11. For early diagnosed patients, development of jptiere fine motor skills,
receptive language and socializing were negaticelyelated with the age when treatment
started, with results statistically significant pfdr the perception item.

12. The age when the treatment was abandoned wasvphsitout not statistically
significantly correlated, with 1Q values.

13. 1Q value of early diagnosed patients, registerteth@ age of 14, was negatively
and significantly correlated with the diet contfl®C) done between 6 and 14 years.

14. Diet control (IDC) during treatment by patients avlabandoned diet, was
negatively, but not statistically significantly celated with 1Q values at the age of 15.

15. Diet control (IDC) undergone by late diagnosedquas, in the first 6 months of
treatment, was negatively, but not statisticallgngficantly correlated with IQ values of
patients aged under 7.

16. For patients without treatment, IQ values were atiggly and statistically
significantly correlated with blood Phe levels.

17. Blood Phe levels from the day of the neurocogeitiesting (current Phe) were
negatively and not statistically significantly celated with 1Q values of early diagnosed
patients aged above 7 and of off treatment patients

18. Blood Phe levels, anterior to starting the treatinevere negatively, but not
statistically significantly correlated with 1Q vas and language, perception and socializing
development for early, aged under 7, diagnose@matand patients with late-abandon.

V. LIMITATION OF THE STUDY; THEORETICAL AND PRACTI CE
IMPLICATIONS

The limitations of the study were inherent to atipical studies based on patients
with rare diseases:

- relatively reduced number of patients includedceacth group (7-9 patients/group),
which made it impossible for some of the study ltssto be generalized at the population
level.

- PKU low general occurrence and its sub-diagrgphave as result the existence of a
reduced number of patients diagnosed with thisagdiseso that, in some situation, we had to
include in a group some limit-cases. When inteipgetesults, this aspect was taken into
consideration.

- the reduced number and irregular frequency obdlPhe levels determinations in
some patients could turn into a source of erroffassas the diet control is concerned,
especially for children aged over 7.

- all PKU diagnosed patients were included, withbeing possible, in all cases, to
differentiate between the classical form and soigig/medium forms or possible deficits of
the cofactor BH

- cognitive and behavioral deficits were ideetifiat the psychological examination
during testing the neurocognitive development, eouthusing tests for certain specific
disfunctions, so that their number and variety ddad much more higher.

Due to all these limitations, which were taken intmsideration when interpreting the
results, the present study is the largest clingtady in our country done on both PKU
pediatric and adult population, offering an anabtiperspective of the evolution of different
PKU patients groups.



Theoretical and practical implications:

neo-natal screening must be a priority in premgnimental retard and associated
neurocognitive disorders

taking into consideration the large number o#ddiagnosed children, it is a necessity
to have any child tested for PKU if he/she presgsgcho-motor delay associated
with autistic behavior, epileptic seizures and wtblymorphic neurological signs
while having an insignificant personal history

confirming the diagnostic asks for starting adattment, irrespective of the patient’s
age

a neurological and psychological examination nigstncluded in the management of
PKU diagnosed patients, including the early diagdpsin order to observe the
disorders in due time, especially the subtle oimesyder to implement the treatment
strategies

making both parents and patients aware of the@itapce of respecting life-time diet.
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Medicine



* Since 2007: internships in Pediatric Neurology witlvsing andmidwifery of the
Faculty of Medicine

» Coordination of 2 graduation theses
» Courses in the fields of Neurology Pediatric feefdr nursing

Post-graduate Studies

* 31.05-1.06.2010: EPNS Training Course Epilepsy;il€l&radistei, Romania

e 27-28.05.2009: EPNS Training Course Neurogenelibgjle Gadistei, Romania

e 25.26.05.2009: EPNS Training Course Neuroimagin®gilé Gadistei, Romania

* 30-31.01.2009: EFNS/EFAS/YNT Teaching Course ofofiomic Nervous System
Disorders Brgov, Romania

e 11.06.2009: Disability and Society; Cluj-Napoca

* 2006 — 2007: Psychopedagogy; Medical PedagogyhitegcMethodology of the
Medical and Pharmaceutical Disciplines; DepartmehtMedical Education and
Pedagocical Training for the Teaching PersonalthefUniversity of Medicine and
Pharmacy “luliu Haeganu” Cluj-Napoca

* 10.2006: Educational Program for Epilepsies Manageripi-Expert 3 Cluj-Napoca
,Diagnostic boarding in a perspective quality lifiethe epileptic patients”

* 26-28.10.2005: “Diagnostic and treatment algorithaisthe children anemic and
hemorragic syndromes”, Cluj-Napoca

e 30.09- 02.10.2005: ,Temporal and Extratemporal égsles - clinical and EEG
aspects”, Brsov

» 2-6.05.2005: ,MRI implications in Neurological Pathgy”, Cluj-Napoca

e 11.15.10.2004: ,Electromyography and Evoked Pa@énin Neurological Pathology
with practical demonstrations”, Cluj-Napoca

e 7-16.10.2002: Standard Techniques in Neurophysyo(study of nerve conductions
with practical demonstrations)”, Cluj-Napoca

e 30-31.10.2002: ,Teaching Course in Neurology”, Egelungary, Organizat de:
European Federation of Neurological Societies

» 13-17.05.2002: ,Diagnostic and early interventidns neuropchysical preventions
diseases in children development disorders”, Clapdta

e 26-28.05.2000: “Introductions in psychiatric neurimgia ”, Cluj-Napoca

Research activity
* Multicentric Multinational Drug-studies: 4 studiessubinvestigator

Congress and Conferences Attendend

* over 15 communications and 10 posters presentedeanational and international
congress and conferences

Scientific papers published nationally and abroadn summary reviews
12 papers

Scientific papers published in nationally journals
» Berecki M Benga |, Palade S, Vulturar R. Neurocognitive &epment in
Phenylketonuria - Clinical Study. The "Clujul MeditJournal 2010;4(83): 669-74.
 Berecki M Palade S, Vulturar R, Benga I. Intelligence Qemiti Variation in
Phenylketonuria According to the Age of Starting etary Treatment and its
Quiality. The "Clujul Medical" Journal 2011;2(84)234.



* Monica Berecki lleana Benga. Phenylketonuria. "MaramuteMedical” Journal
2007;.29:18-19.

e Lacrimioara Perju Dumbrdy Yveta Azamfirei, Florina Todoca, Monica Berecki
Early diagnostic in Parkinson's Dementia. "Acta idéagica Transilvaniae" Journal
2000;2:2-5.

* Monica Berecki lleana Benga. Congenital Hemiplegia — etiologiadinical and
morphological corelattionsJournal of Romanian Society of Child and Adolescent
Neurology and Psychiatry 1999;3:57-63.

Membership of Society

* SNPCAR (Romanian Society of Child and Adolescenirdi®gy and Psychiatry)
 EPNS (European Pediatric Neurology Society

Languages:English



