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INTRODUCERE

Diabetul zaharat reprezinta una dintre cele mai frecvente boli cronice netransmisibile, devenind o
problema de sanatate publica si ludnd proportiile unei epidemii la nivel global. Datorita caracterului sau cronic
si progresiv, severitatii complicatiilor pe care le induce, precum si a mijloacelor necesare pentru un
management corespunzator, diabetul zaharat reprezinta o boala costisitoare nu numai pentru persoanele
afectate si familiile acestora cat si pentru sistemele de sanitate. In acest context, povara financiara si sociald
impuse de aceasta afectiune precum si prevalenta acesteia In continua crestere reprezinta argumente mai mult
decat convingatoare pentru o abordare care sa se axeze in primul rand pe preventie.

Neuropatia diabetica reprezinta una dintre cele mai frecvente complicatii cronice ale diabetului
zaharat si una dintre cele mai frecvente forme de neuropatie, in special in tarile dezvoltate, asociindu-se cu o
larga varietate de manifestdri clinice. Forma cea mai frecvent intalnita la persoanele cu diabet zaharat este
polineuropatia diabetica periferica simetrica senzitivo-motorie, asupra cdreia ne-am si concentrat in aceasta
lucrare. Afecteaza peste jumatate dintre pacientii cu diabet pe parcursul vietii, fiind considerata un factor de
risc major in aparitia ulceratiilor picioarelor. Ulceratiile preced In majoritatea cazurilor amputatiile de membre
inferioare, iar diabetul zaharat reprezinta principala cauza de amputatii la nivel global. Neuropatia diabetica
induce o rata ridicata de morbiditate si mortalitate printre pacientii cu diabet zaharat, astfel incat depistarea
cat mai precoce a acestei afectiuni care sa permita aplicarea masurilor preventive si de educatie specifica, este
esentiala.

Scopul acestei lucrari a fost de a realiza o evaluarea complexa a neuropatiei diabetice periferice prin
folosirea unor metode moderne de explorare a statusului fibrelor nervoase.

Lucrarea este structuratda in doua capitole principale, stadiul actual al cunoasterii care cuprinde o
sintezd a evidentelor din literatura pe aceastd temd si contributia personald, organizata in trei studii
observationale, transversale.

In primul studiu evaluarea neuropatiei diabetice periferice la pacientii cu diabet zaharat tip 2 s-a
realizat prin masurarea pragului de perceptie a curentului electric cu ajutorul dispozitivului numit Neurometru,
care permite depistarea disfunctionalitatii a trei categorii de fibre nervoase (mari mielinizate, mari
nemielinizate si mici nemielinizate).

in al doilea studiu s-a folosit microscopia corneani confocald pentru depistarea anomaliilor fibrelor
nervoase corneene de la nivelul plexului cornean subbazal, metoda neinvaziva, cu o buna reproductibilitate si
acuratete In depistarea precoce a neuropatiei fibrelor mici nemielinizate, considerate a fi primele afectate, inca
din stadiile asimptomatice, in neuropatia diabetica. in al treilea studiu s-a folosit scorul Toronto, un instrument
validatin screeningul neuropatiei diabetice periferice, prin comparatie cu testele electrofiziologice si metodele
de evaluare a morfologiei nervilor, pentru aprecierea sensibilitatii si specificitatii celor douda metode moderne
folosite in primele doua studii.

Rezultatele obtinute au demonstrat utilitatea neurometriei si microscopiei confocale in evaluarea
neuropatiei diabetice periferice, superioritatea acestora in raport cu metodele clasice utilizate in screeningul
si diagnosticul neuropatiei diabetice, fiind, din cunostintele noastre, prima lucrare publicata la noi in tara
referitoare la aceste metode moderne.

Observatiile desprinse din aceasta lucrare de doctorat deschid noi perspective pentru pacientul cu
neuropatie diabetic3, prin aplicarea acestor metode neinvazive, reproductibile, sensibile si specifice existand
sansa unui diagnostic precoce al neuropatiei diabetice care permite mai departe aplicarea unui management



corespunzator si a masurilor de educatie specifica, toate cu scopul de a imbunatatii calitatea vietii persoanei cu
diabet zaharat.

In realizarea acestei teze am beneficiat de sprijinul firmei Heildelberg care ne-a permis utilizarea unui
microscop confocal pentru o perioada scurta de timp dar suficienta pentru a ne aduna datele. La interpretarea
imaginilor si Intocmirea protocolului privind stadializarea severitdtii neuropatiei diabetice am avut sprijinul
domnului doctor oftalmolog Horea Demea. De asemenea, ni s-a facilitat utilizarea Neurometrului la pacientii
inclusi In studiu de catre Reteaua Privata de Sanatate Regina Maria din Cluj-Napoca (masuratorile le-am
efectuat personal).

CONTRIBUTIA PERSONALA

Studiul 1. Cuantificarea pragului de perceptie a curentului electric cu ajutorul
Neurometrului la pacientii cu diabet zaharat tip 2

Obiective. Semnele si simptomele neuropatiei diabetice periferice difera in functie de tipul de fibre
nervoase afectate, aceste subpopulatii de fibre nervoase fiind responsabile de transmiterea diverselor tipuri de
sensibilitati. Cu ajutorul Neurometrului putem identifica statusul functional al celor trei tipuri de fibre nervoase
(AB, Ab si C), metoda dovedindu-si acuratetea in depistarea, inca din stadiile asimptomatice, a neuropatiei
diabetice periferice. Ne-am propus, in acest studiu, evaluarea neuropatiei diabetice periferice prin masurarea
pragului de perceptie a curentului electric cu ajutorul Neurometrului, estimarea prevalentei neuropatiei
diabetice periferice prin aplicarea acestei metode si asocierea pragului de perceptie astfel masurat cu
parametri clinici, biochimici si metabolici.

Material si metodi. In acest studiu transversal, observational au fost incluse 150 de persoane cu
diabet zaharat tip 2, conform criteriilor de includere/excludere. Folosind dispozitivul Neurometru, pacientilor
le-a fost masurat pragul de perceptie a curentului electric, valorile cuprinse intre 6 si 13 fiind considerate
normale, valorile cuprinse intre 1 si 5 indicand prezenta hiperesteziei, iar valorile intre 14 si 25 indicand
prezenta hipoesteziei. Atat hipo- cat si hiperestezia definesc prezenta neuropatiei senzoriale periferice.

Rezultate. In studiul nostru, 52,6% dintre pacienti au prezentat valori anormale ale CPT la cel putin
una dintre cele trei frecvente aplicate. In evolutia neuropatiei diabetice, se considera ci hiperestezia este prima
manifestare care apare, urmati de hipoestezie. In studiul nostru, hipoestezia a fost prezenti intr-un procent
mult mai mare (15,3%) la aplicarea frecventei de 5 Hz comparativ cu frecventele de 250 Hz (6%) sau 2000 Hz
(4%), sugerand ca frecventa de 5 Hz are o sensibilitate mai mare in a depista valorile anormale comparativ cu
celelalte doua frecvente. Aceastd constatare poate sugera faptul ca afectarea fibrelor nervoase mici
nemielinizate precede afectarea fibrelor nervoase mari mielinizate, fiind astfel in concordanta cu dovezile
existente in literatura. Pacientii cu valori anormale ale CPT au prezentat, intr-un procent mai mare,
hipertensiune arteriala, dislipidemie, retinopatie diabetic3, arteriopatie cronica obliterantd, dar semnificatia
statistica a fost atinsa doar pentru ultimele doua afectiuni. Referitor la indicii antropometrici s-au inregistrat
diferente semnificative statistic intre valorile IMC-ului si ale circumferintei abdominale la cele doua loturi de
subiecti. O alta constatare a studiului nostru a fost diferenta semnificativa statistic intre cele doua loturi in ceea
ce priveste controlul glicemic, reflectat prin valoarea hemoglobinei glicate, pacientii cu valori anormale ale CPT
avand un control glicemic nesatisfacitor. In cadrul lotului de pacienti considerati cu neuropatie diabetici (cu
valori anormale ale CPT) am constatat corelatii pozitive si semnificative statistic intre varstd si durata
diabetului, intre circumferinta abdominala si IMC. Am observat, in acelasi timp, o corelatie invers
proportionala intre HDL colesterol si IMC si intre HDL colesterol si circumferinta abdominala. La aplicarea
stimulului electric cu frecventa de 2000 Hz, am obtinut o valoare medie a CPT semnificativ mai mare la pacientii
cu durata diabetului de peste 10 ani, comparativ cu pacientii cu o vechime mai mica a diabetului zaharat, iar la



aplicarea frecventei de 5 Hz, valorile CPT au fost semnificativ statistic mai mici la pacientii cu o durata a
diabetului mai mica de 5 ani.

Concluzii. Rezultatele acestui studiu aduc informatii valoroase privind tipurile de fibre nervoase
afectate in cazul neuropatiei diabetice periferice. Studiul a evidentiat o serie de factori de risc asociati pozitiv
cu prezenta neuropatiei diabetice si a demonstrat existenta unor corelatii intre durata diabetului zaharat si
subpopulatia de fibre nervoase afectate.

Studiul 2. Microscopia corneana confocala in screeningul neuropatiei diabetice
la pacientii cu diabet zaharat tip 2.

Obiective. Este unanim acceptat faptul ca diabetul zaharat are un efect major asupra fibrelor nervoase
mici nemielinizate C si asupra fibrelor subtiri mielinizate A delta care deservesc functia vegetativa si perceptia
termica si dureroasag, fibrele mici nemielinizate fiind primele afectate in neuropatia diabetica. Am urmarit in
acest studiu cuantificarea fibrelor nervoase mici, nemielinizate la pacientii cu diabet zaharat tip 2 prin
microscopie corneand confocald (o metoda neinvaziva de evaluare a plexului nervos cornean subbazal),
stratificarea pacientilor pe clase de severitate a neuropatiei diabetice in functie de modificarile observate la
nivelul fibrelor nervoase corneene, compararea metodei cu alte teste folosite in depistarea neuropatiei
diabetice, precum si corelarea rezultatelor obtinute cu parametri clinici, metabolici si biochimici.

Material si metoda. Studiul de fata a inclus 90 de pacienti cu diabet zaharat tip 2, selectati conform
criteriilor de includere/excludere. Am folosit un Heildelberg Retina Tomograf cu un modul Rostok incorporat
pentru a analiza plexul cornean subbazal si implicit fibrele nervoase mici nemielinizate de la acest nivel.
Interpretarea imaginilor obtinute s-a realizat manual prin colaborare cu un medic oftalmolog (Dr. Horea
Demea), pe baza parametrilor obtinuti (numarul total de fibre nervoase/imagine, numarul de fibre nervoase
lungi, numarul de fibre nervoase scurte, numarul de puncte de conexiune detectate in imagini si raportul dintre
numarul de ramuri si numarul de conexiuni) reusind conceperea unui protocol original de stadializare a
neuropatiei diabetice pe clase de severitate.

Rezultate. Am identificat 88,89% dintre pacientii lotului studiat de noi ca avand NDP (37,7% forma
usoard, 38,8% forma moderata si 12,2% forma severa). Durata diabetului a Tnregistrat un trend ascendent in
cadrul claselor de severitate a NDP. In cadrul subgrupului de pacienti cu o durati a diabetului mai mici de 5
ani, prin MCC s-a reusit identificarea unui procent mai mare de pacienti cu NDP, comparativ cu testarea
sensibilitatii protective si cu masurarea CPT cu frecventa de 5 Hz. S-a observat o asociere pozitiva intre
controlul glicemic (reflectat prin valoarea HbA1c) si clasele de severitate a NDP, HbA1lc inregistrand o tendinta
crescatoare in cadrul claselor de severitate a neuropatiei diabetice. S-au inregistrat diferente semnificative
statistic ale indicilor antropometrici intre pacientii cu aspect normal versus anormal al plexului cornean
subbazal. Pacientii insulinotratati au avut durata diabetului zaharat, varsta medie, scorul Toronto si NSS mai
mari comparativ cu pacientii aflati sub terapia non insulinicd. Un procent important de pacienti cu
sensibilitatile vibratorie si protectiva pastrate si in limite normale, prezentau de fapt modificari morfologice
ale plexului cornean subbazal, depistate doar prin MCC.

Concluzii. MCC a dovedit o acuratete superioara in depistarea neuropatiei diabetice comparativ cu
neurometria si testarea sensibilitatii protective, prevalenta NDP inregistrand variatii importante (desi nu
semnificative statistic) in functie de metoda aplicata. Prin MCC s-au depistat disfunctionalititile fibrelor
nervoase mici nemielinizate inca din stadiile incipiente ale neuropatiei diabetice.

Studiul 3. Evaluarea sensibilitatii si specificitatii neurometriei si microscopiei

corneene confocale comparativ cu scorul Toronto la pacientii cu diabet zaharat tip 2.

Obiective. Polineuropatia diabetica periferica senzitivo-motorie reprezinta o complicatie frecventa atat
in tipul 1 cat si in tipul 2 de diabet zaharat. Au fost elaborate diverse scoruri clinice pentru a fi utilizate ca



instrumente cantitative in depistarea si stratificare severitatii NDP. Un astfel de scor este Scorul Toronto, care
are avantajul de a fi validat prin comparatie cu metodele de evaluare a morfologiei nervilor periferici, fiind
considerat un instrument simplu de evaluare a neuropatiei diabetice. Ne-am propus, astfel, in studiul de fata sa
analizam sensibilitatea si specificitatea neurometriei si MCC comparativ cu scorul Toronto, instrument validat
pentru screeningul si diagnosticul NDP.

Material si metodi. In acest studiu transversal, observational, am inclus 90 de pacienti cu diabet
zaharat tip 2, selectati conform criteriilor de includere/excludere descrise in capitolul 2, care au fost evaluati
din punct de vedere antropometric si metabolic si carora li s-au aplicat mai multe teste de evaluarea a prezentei
NDP (NSS, testarea sensibilitatii protective cu monofilamentul, testarea sensibilitatii vibratorii, scorul Toronto,
madsurarea CPT cu ajutorul Neurometrului, evaluarea fibrelor nervoase corneene prin MCC).

Rezultate. In functie de punctajul obtinut in urma calculirii scorului Toronto, pacientii studiati au fost
impartiti in doua subgrupuri, dupa cum urmeaza: pacienti fara NDP daca scorul Toronto a fost intre 0-5 puncte
(74,44%, n=67 pacienti) si pacienti cu NDP daca scorul Toronto a fost mai mare de 6 puncte (25,56%, n=23
pacienti). Dintre pacientii cu un scor Toronto = 6 puncte, 23,33% au avut NDP usoara (scor Toronto 6-8 puncte)
si 2,22% NDP moderat (scor Toronto 9-11 puncte). In urma analizelor comparative intre cele doud subgrupuri
de pacienti, cu si fara neuropatie diabetica conform scorului Toronto, am constatat cd, in cadrului subgrupului
de pacienti cu un scor Toronto peste 6 puncte comparativ cu pacientii care au inregistrat un scor Toronto mai
mic de 5 puncte, varsta a fost mai mare, durata diabetului zaharat a fost semnificativ statistic mai mare , IMC-
ul a fost mai mare, circumferinta abdominala fost semnificativ statistic mai mare. Referitor la parametri
biochimici, am constatat diferente ale valorilor fractiunilor lipidice intre pacientii cu si fira NDP, dar care nu
au atins semnificatia statistica. Echilibrul glicemic a fost, de asemenea, diferit In cele doua loturi, pacientii cu
NDP avand o valoare semnificativ mai mare a HbA1lc comparativ cu pacientii fara NDP. O constatare importanta
a fost ca pacientii cu un scor Toronto mai mare de 6 puncte au prezentat valori ale CPT peste 14, pentru toate
cele trei frecvente ale curentului electric alternativ aplicate (incadrandu-se astfel la categoria de hipoestezie),
desi semnificatia statistica a fost obtinuta doar pentru frecventa de 5 Hz. Rezultatele noastre au aratat, pentru
neurometrie, o sensibilitate de 65%, specificitate de 54% si o acuratete de 56%, comparativ cu scorul Toronto.
In schimb, calculand indicatorii statistici separat pentru fiecare frecventd a curentului electric, am constatat
semnificativ statistic pentru frecventa de 5 Hz, la un punct de inflexiune de 14,5, ceea ce sugereaza faptul ca
prin masurarea CPT sunt corect identificati in special cei care nu prezinta NDP. Comparativ cu scorul Toronto,
MCC a obtinut o sensibilitate de 65%, specificitate de 54% cu o acuratete de 56%. Sensibilitatea fiind mai mare
decat specificitatea, MCC se recomanda a fi folosita pentru detectarea prezentei NDP.

Concluzii. Masurarea pragului de perceptie a curentului electric cu ajutorul Neurometrului este o
metoda cu o specificitate ridicatd (comparativ cu scorul Toronto), indicatorii statistici obtinuti sugerand
utilitatea metodei in screeningul NDP, metoda avand o acuratete buna in identificarea celor care nu prezinta
boala. MCC s-a dovedit a fi o metoda mai mult sensibila decat specifica, ceea ce reflecta o buna acuratete a

metodei 1n identificarea celor care au boala (NDP), aducand astfel un aport important in depistarea prezentei
NDP.

Originalitatea si contributiile inovative ale tezei

Lucrarea de fatd este prima de la noi din tara care a abordat aceasta tema iar studiile efectuate in cadrul
cercetdrii personale sunt, de asemenea, primele din tara care evalueaza neuropatia diabetica periferica folosind
aceste douda metode (masurarea pragului de perceptie a curentului electric cu ajutorul Neurometrului si
microscopia corneana confocald). Desi sunt introduse pe piata de multi ani, la noi in tara criteriul financiar este
principalul factor care le limiteaza aplicabilitatea pe scara larga.

Screeningul si diagnosticul neuropatiei diabetice periferice reprezinta in continuare o provocare pentru
clinician, deoarece nu exista un consens asupra modalitatii de efectuare a acestuia. Pe de alta parte, importanta
depistarii precoce si a gestiondrii adecvate a neuropatiei diabetice reiese din faptul ca, pana la 50% dintre
pacienti sunt asimptomatici existind astfel un risc mare de leziuni nedureroase, simptomele si deficitele
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neuropate afecteaza calitatea si durata vietii pacientilor cu diabet, neuropatia diabetica inducand o rata
semnificativa de morbiditate si mortalitate. Desi se cunosc metodele considerate a fi standardul de aur pentru
diagnosticul neuropatiei diabetice (testele de conducere nervoasa pentru fibrele nervoase mari mielinizate si
explorarea morfopatologica pentru fibrele mici nemielinizate), aceste tehnici sunt laborioase, invazive
(biopsia), necesita o dotare adecvata si un personal instruit. Pe de altd parte, informatiile oferite de examenul
clinic (istoric si examen obiectiv) depind de gradul de colaborare, implicare si alerta al pacientului, avand o
mare variabilitate Tn functie de toti acesti factori.

Rezultatele obtinute in urma evaluadrii neuropatiei diabetice periferice prin masurarea pragului de
perceptie a curentului electric cu ajutorul Neurometrului au dovedit valoarea clinica importanta a acestei
metode In detectarea disfunctiei fibrelor nervoase periferice. Neurometrul are capacitatea de a evalua statusul
functional a trei categorii de fibre nervoase (mari mielinizate, mici mielinizate si mici nemielinizate), prin
madsurarea pragului de perceptie a curentului electric la frecventele de 5Hz, 250Hz si respectiv 2000Hz,
dispozitivul cuantificind, intr-o mod rapid si neinvaziv, conducerea si integritatea functionald a celor trei sub-
tipuri de fibre nervoase. Aceasta tehnica a dovedit, in studiul nostru, o specificitate superioara in raport cu
scorul Toronto (o metoda validata pentru screeningul neuropatiei diabetice periferice), constatare care indica
utilitatea metodei 1n screeningul NDP, demonstrand o acuratete buna in identificarea celor care nu prezinta
boala.

Rezultatele obtinute de noi au demonstrat acuratetea microscopiei corneene confocale in diagnosticul
neuropatiei diabetice periferice comparativ cu metodele clasice care pot depista neuropatia diabetica doar in
stadiile avansate si care evalueaza doar statusul fibrelor mari mielinizate. Am demonstrat, aplicind aceasta
metodd, cd primele afectate in neuropatia diabetica sunt fibrele mici nemielinizate, microscopia corneeana
confocald avand potentialul de a identifica pacientii cu semne minime de neuropatie. In studiul nostru, prin
analizarea morfologiei plexului cornean subbazal am reusit depistarea neuropatiei diabetice la un procent
important de pacienti cu o durati a diabetului mai micd de 5 ani. In plus, aceastd metodi a confirmat prezenta
neuropatiei diabetice la pacientii cu rezultate normale in urma aplicarii altor metode de evaluare a neuropatiei
diabetice.

Datele prezentate confirma potentialul acestei metode de a realiza analiza morfologica detaliata a
fibrelor nervoase corneene, actionand astfel ca o metoda surogat de evaluare a neuropatiei diabetice. Utilizand
parametri inregistrati prin analizarea morfologiei plexului cornean subbazal, a fost posibila cuantificarea
severitatii neuropatiei diabetice, clasificAind astfel pacientii din lotul studiat pe grupe de severitate a
neuropatiei diabetice, demonstrand clar asocieri pozitive intre severitatea neuropatiei diabetice, pe de o parte
si varsta pacientilor, durata diabetului zaharat, controlul glicemic, indicii antropometrici, tratamentul
antihiperglicemiant, pe de alta parte. O altd constatare importanta care reiese din studiile efectuate de noi, este
sensibilitatea superioara a MCC in raport cu scorul Toronto, ceea ce reflecta o buna acuratete a metodei in
identificarea celor care au boala (neuropatie diabetica periferica).

Elementul inovator al tezei il reprezinta conceperea unui protocol original de analizare si interpretare a
parametrilor obtinuti prin MCC (numarul total de fibre nervoase/imagine, numarul de fibre nervoase lungi,
numarul de fibre nervoase scurte, numarul de puncte de conexiune detectate in imagini, raportul dintre
numarul de ramuri si numarul de conexiuni, tortuozitatea fibrelor nervoase), care poate fi aplicat in practica
clinica.

In aceastd lucrare de doctorat am realizat o evaluarea complexd a neuropatiei diabetice periferice,
deschizand astfel noi perspective si noi oportunitati pentru un management corespunzator al pacientului cu
diabet zaharat, toate cu scopul de a preveni consecintele devastatoare asociate neuropatiei diabetice. Pentru
validarea si consolidarea observatiilor desprinse din aceastd lucrare, ne propunem extinderea cercetarii in
studii ulterioare.
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INTRODUCTION

Diabetes is one of the most common non-communicable chronic diseases, becoming a public health
problem and taking epidemic proportions globally. Due to its chronic and progressive nature, the severity of
complications it induces and the means for proper management, diabetes is a costly disease not only for those
affected and their families but also for the healthcare systems. In this context, financial and social burden
imposed by this disease and its growing prevalence are more than convincing arguments for an approach which
focuses primarily on prevention.

Diabetic neuropathy is one of the most frequent chronic complications of diabetes and one of the most
common forms of neuropathy, especially in developed countries, being associated with a wide variety of clinical
manifestations. The most commonly encountered form in people with diabetes is diabetic peripheral
symmetrical sensorimotor neuropathy, the one we are focusing in this paper. It affects more than half of
patients with diabetes in their lifetime and is considered a major risk factor in the development of foot ulcers.
Ulcers precede most cases of lower limb amputations, and diabetes is recognized as the leading cause of
amputations globally. Giving the fact that diabetic neuropathy induces a high rate of morbidity and mortality
among patients with diabetes, early detection of the disease as enabling preventive measures and specific
education, is essential.

The aim of this study was to conduct a comprehensive evaluation of diabetic peripheral neuropathy
by using modern methods of nerve fibers status exploration.

The paper is divided into two main sections, the current state of the art containing a summary of the
evidence from the literature on the subject and personal contribution, organized in three observational studies.

In the first study, the assessment of diabetic peripheral neuropathy in patients with type 2 diabetes
was achieved by measuring the current perception threshold using the Neurometru device, capable of detecting
dysfunction of the three nerve fibers types (large myelinated, large unmyelinated and small unmyelinated
nerve fibers).

In the second study we used the corneal confocal microscopy for the detection of abnormalities of
nerve fibers of the corneal sub-basal nerve plexus, a non-invasive, good reproducibility method, with high
accuracy in the early detection of small fiber neuropathy. The small unmyelinated nerve fibers are considered
to be the first affected since the early asymptomatic stage in diabetic neuropathy. In the third study we used
the Toronto score, a validated screening instrument for diabetic peripheral neuropathy, which was compared
with electrophysiological testing and morphology nerve assessment methods, to evaluate the sensitivity and
specificity of the two modern methods used in the first two studies.

The results showed usefulness of current perception threshold measurement and corneal confocal
microscopy to evaluate diabetic peripheral neuropathy, their superiority compared to traditional methods
used for the screening and diagnosis of diabetic neuropathy, being by our knowledge, the first published work
in our country related to this topic.

The observations drawn from this PhD thesis opens up new perspectives for diabetic patients with
neuropathic pain, by applying these noninvasive, reproducible, sensitive and specific methods, there is a chance
of an early diagnosis of diabetic neuropathy which allows further application of appropriate management and
measures of specific education, all in order to improve the quality of life of the person with diabetes.

In achieving this thesis, we have been supported by Heildelberg company that allowed us to use a
confocal microscope for a short period of time but enough to gather the data. For the analysis of images and
writing the protocol on staging the severity of diabetic neuropathy we had the support of Demea Horea, MD,
ophthalmologist. Also, the use of Neurometer was facilitated by “Regina Maria” private healthcare network,
Cluj-Napoca (all the measurements were personally performed by the author).
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Personal contribution

Study 1. Quantifying current perception threshold using the Neurometer in
patients with type 2 diabetes.

Objectives. Signs and symptoms of diabetic peripheral neuropathy differs depending on the type of
nerve fibers affected, those subpopulations of nerve fibers being responsible for the transmission of various
types of sensitivity. Using the Neurometrului we can identify the functional status of these three types of nerve
fibers (Af3, Ad and C) and the method has been proved its accuracy in early detection, even from asymptomatic
stages, of diabetic peripheral neuropathy. We aimed in this study, to assess diabetic peripheral neuropathy by
measuring the current perception threshold using Neurometer, to estimate the prevalence of diabetic
peripheral neuropathy by this method and to analyze the possible correlation between current perception
threshold and clinical, biochemical and metabolic parameters.

Material and method. In this observational cross-sectional study, were included 150 people with type
2 diabetes, according to the inclusion / exclusion criteria. By using the Neurometer device, the patients have
been measured the current perception threshold and the values between 6-13 were considered normal, the
values between 1 and 5 indicated the presence of hyperaesthesia and values between 14 and 25 indicated the
presence of hypoesthesia. Both hypo- and hyperaesthesia are defining the presence of sensory neuropathy.

Results. In our study, 52.6% of patients had abnormal CPT atleast at one of the three frequencies used.
In the evolution of diabetic neuropathy, hyperaesthesia is considered the first manifestation that appears,
followed by hypoesthesia. In our study, hypoesthesia was present in a much higher percentage (15.3%) when
frequency of 5Hz was applied compared with frequency of 250 Hz (6%) or 2000 Hz (4%), suggesting that the
frequency of 5 Hz has a higher sensitivity in detecting abnormalities compared to the other two frequencies.
This finding may suggest that impairment of small unmyelinated nerve fibers precedes the large myelinated
nerve fibers damage, making it consistent with the existing evidence in the literature. Patients with abnormal
CPT presented in a higher percentage hypertension, dyslipidemia, diabetic retinopathy, peripheral artery
disease but the statistical significance was reached only for the last two conditions. Regarding the
anthropometric indexes, we found statistically significant differences between the values of BMI and waist
circumference in the two groups of subjects. Another finding of our study was statistically significant difference
between the two groups in terms of glycemic control, reflected by glycated hemoglobin, patients with abnormal
CPT having unsatisfactory glycemic control. In the group of patients with diabetic neuropathic (with abnormal
CPT) we found positive and statistically significant correlations between age and duration of diabetes and
between BMI and abdominal circumference. We noticed, a negative correlation between HDL cholesterol and
BMI and between HDL cholesterol and abdominal circumference When applying 2000 Hz electrical stimulus,
we obtained a mean CPT significantly higher in patients with diabetes duration more than 10 years, compared
with patients with a lower diabetes duration and the CPT values after application of 5 Hz frequency stimulus,
were statistically significantly lower in patients with a duration of diabetes less than 5 years.

Conclusions. The results of this study provide valuable information on the types of nerve fibers
affected in diabetic peripheral neuropathy. The study highlighted a number of positive risk factors associated
with the presence of diabetic neuropathy and demonstrated correlations between duration of diabetes and the
subpopulation of nerve fibers affected.

Study 2. Corneal confocal microscopy in diabetic neuropathy screening in
patients with type 2 diabetes.

Objectives. It is widely accepted that diabetes has a major effect on small unmyelinated C nerve fibers
and on thin myelinated A delta fibers that serve autonomic perception and painful thermal, small unmyelinated
fibers being the first affected in diabetic neuropathy. We aimed in this study to quantify small unmyelinated
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nerve fibers status in patients with type 2 diabetes using corneal confocal microscopy (a non-invasive method
for assessing corneal sub-basal nervous plexus), to stratify patients into severity classes of diabetic neuropathy
based on changes observed in corneal nerve fibers, to compare the method with other tests used to detect
diabetic neuropathy and to correlate the results with clinical, metabolic and biochemical parameters.

Material and method. This study included 90 patients with type 2 diabetes, selected according to the
inclusion / exclusion criteria. We used a Heildelberg Retina Tomograph with a Rostok embedded module to
analyze sub-basal corneal nervous plexus and hence small unmyelinated nerve fibers from this level.
Interpretation of the images obtained was done manually through collaboration with an ophthalmologist (Dr.
Horea DEMEA), and based on parameters we obtained (total number of nerve fibers / image, the number of
long nerve fibers, the number of shorter nerve fibers, the number of connection points detected in the images
and the ratio of branches and number of connections) we managed to design an original protocol to stage
diabetic neuropathy in classes of severity.

Results. In our study, we identified 88.89% of patients group as having diabetic peripheral neuropathy
(37.7% mild form, 38.8% moderate form and 12.2% severe form). Duration of diabetes has recorded an
upward trend across the classes of diabetic peripheral neuropathy severity. In the subgroup of patients with
diabetes duration of less than five years, corneal confocal microscopy was able to identify a larger percentage
of patients with diabetic neuropathy compared with conventional methods of testing sensibilities and
measurement of current perception threshold when applying 5 Hz frequency. It was observed a positive
association between glycemic control (reflected by HbAlc) and grades of severity of diabetic peripheral
neuropathy, with an increasing trend of HbAlc across the classes of severity of diabetic neuropathy. There
were statistically significant differences of anthropometric indices between patients with a normal versus
abnormal sub-basal corneal nervous plexus. Insulin treated patients had diabetes duration, the average age,
Toronto score and Neuropatic System Score higher compared to patients on non-insulin medication. A
significant percentage of patients with vibration perception threshold and protective sensation on normal
range, actually showed morphologic changes in sub-basal corneal nervous plexus, identified only by corneal
confocal microscopy.

Conclusions. Corneal confocal microscopy has proven superior accuracy in detecting diabetic
neuropathy compared with current perception threshold measurement (with the Neurometer) and with loss
of protective sensation testing. We found important (though not statistically significant) variations in
prevalence of diabetic peripheral neuropathy, depending on the method applied. Using Corneal confocal
microscopy, we were able to detect small unmyelinated nerve fibers damage, from the early stages of diabetic
neuropathy.

Study 3. Assessing the sensitivity and specificity of corneal confocal microscopy
and current perception threshold measurement against Toronto score in patients
with type 2 diabetes.

Objectives. Peripheral sensorimotor diabetic polyneuropathy is a common complication in both type
1 and type 2 diabetes mellitus. Various clinical scores were developed as quantitative tools in detecting DPN
and for stratification by severity classes of diabetic neuropathy. Such a score is the Toronto score, which has
the advantage of being validated by comparison with methods of peripheral nerves morphology evaluation,
and it is considered a simple tool for assessing diabetic neuropathy. We aim in this study to analyze the
sensitivity and specificity of corneal confocal microscopy and current perception threshold measurement
compared with the Toronto score, a validated tool for the screening and diagnosis of diabetic peripheral
neuropathy.

Material and method. In this cross-sectional observational study, we included 90 patients with type
2 diabetes, according to the for inclusion / exclusion criteria, which were evaluated in terms of anthropometric
and metabolic measurement and on which were applied more tests for assessing the presence of diabetic
peripheral neuropathy (NSS, testing for loss of protective sensation using Semmes-Weinstein monofilament,
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testing for vibration perception threshold using a tuning fork, Toronto score, CPT measurement using the
Neurometer, assessment of corneal nerve fibers through corneal confocal microscopy).

Results. Depending on the values we obtained after applying the Toronto score, the patients were
divided into two subgroups as follows: patients without DPN if the Toronto score was 0-5 points (74.44%, n =
67 patients) and patients with DPN if Toronto score was more than 6 points (25.56%, n = 23 patients). Among
patients with a Toronto score = 6 points, 23.33% had mild DPN (Toronto score between 6-8 points) and 2.22%
had a moderate DPN (Toronto score between 9-11 points). After comparative tests between the two subgroups
of patients with and without diabetic neuropathy according to the Toronto score, we found that in the subgroup
of patients with a Toronto score over 6 points compared with patients who recorded Toronto score of less than
5 points, age was higher, duration of diabetes was significantly higher, BMI was higher, waist circumference
was significantly higher. Regarding the biochemical parameters, we found differences in lipid fractions values
between patients with and without DPN, but without statistical significance. Glycemic control was also different
in the two groups, patients with DPN having a HbA1lc value significantly greater compared with patients
without DPN. An important finding was that patients with a Toronto score more than 6 points showed values
of CPT over 14 for all three frequencies of alternating current stimulus applied (hypoesthesia), although
statistical significance was obtained only for the frequency of 5 Hz. Our results have shown a 65% sensitivity,
549% specificity and 56% accuracy for current perception threshold measurement compared with the Toronto
score. Instead, after calculating statistical indicators separately for each frequency of electrical stimulus
applied, we found high specificity for all frequencies (91% for 2000 Hz, 93% for 250 Hz and 88% for 5 Hz) and
statistical significant p value for the 5 Hz frequency, at an inflection point of 14.5, which suggests that by
measuring CPT are correctly identified especially those which do not show the DPN. Compared to Toronto
score, corneal confocal microscopy has achieved a 65% sensitivity, 54% specificity and 56% accuracy. The
sensitivity is higher than specificity, so CCM is recommended to be used for determining NDP.

Conclusions. Measuring the current perception threshold using the Neurometer is a method with high
specificity (compared to Toronto score), the statistical indicators we obtained suggesting the utility as a
screening method for DPN, with good accuracy in identifying the patients without the disease. CCM, on the
other hand, has proved to be a more sensitive method, which reflects the accuracy of the method in identifying
the patients who have the disease (DPN), thus bringing an important contribution in detecting diabetic
peripheral neuropathy.

Originality and innovative contributions of the thesis

This paper is the first in our country that has addressed this issue and the studies included in the
personal research are also the first in the country to evaluate diabetic peripheral neuropathy using these two
methods (measuring the current threshold using the Neurometer and corneal confocal microscopy). Although
marketed for many years, in our country financial criterion is the main factor limiting their widespread
applicability.

Screening and diagnosis of diabetic peripheral neuropathy remains a challenge for the clinician,
because there is no consensus on how to conduct it. On the other hand, the importance of early detection and
proper management of diabetic neuropathy stems from the fact that up to 50% of patients are asymptomatic
leading to a high risk of painless lesions, symptoms and neuropathic deficits affects the quality and duration of
life of patients with diabetes, diabetic neuropathy inducing a significant rate of morbidity and mortality.
Although known and conventional methods considered to be the gold standard for the diagnosis of diabetic
neuropathy (nerve conduction studies for large myelinated nerve fibers and morphopathological exploration
for small unmyelinated nerve fibers), these techniques are laborious, invasive (biopsy), requires appropriate
endowment and trained staff. On the other hand, the information provided by clinical examination (history and
physical exam) depend on the degree of cooperation, involvement and alert status of the patient, having a great
variability depending on all these factors.

The results obtained from the evaluation of diabetic peripheral neuropathy by measuring the current
perception threshold using the Neurometer proved significant clinical value of this method in detecting
dysfunction of peripheral nerve fibers. Neurometer has the ability to assess the functional status of the three
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types of nerve fibers (large myelinated, small myelinated and small unmyelinated) by measuring the current
perception threshold at 5 Hz, 250Hz, respectively 2000Hz frequencies, and the device is quantifying in a quickly
and non-invasively way the management and functional integrity of the three sub-types of nerve fibers. This
technique has been shown, in our study, a higher specificity compared to Toronto score (a validated method
for diabetic peripheral neuropathy screening), a finding which indicates the usefulness of the method in
screening for DPN, showing good accuracy in identifying the patients without the disease.

Our results demonstrated the corneal confocal microscopy accuracy in the diagnosis of diabetic
peripheral neuropathy compared with conventional methods that can detect diabetic neuropathy only in
advanced stages and which are able to assess only large myelinated nerve fibers status. We demonstrated,
applying this method, that the first affected in diabetic neuropathy are small unmyelinated nerve fibers, corneal
confocal microscopy having the potential to identify patients with minimal signs of neuropathy. In our study,
by analyzing the morphology of sub-basal corneal nervous plexus, we could detect diabetic neuropathy in a
significant percentage of patients with diabetes duration of less than five years. In addition, this method
confirmed the presence of diabetic neuropathy in patients with normal results after the application of other
conventional methods for assessing diabetic neuropathy.

Data presented in this PhD paper confirms the potential of this method to carry out detailed
morphological analysis of corneal nerve fibers, thus acting as a surrogate method for assessing diabetic
neuropathy. Using parameters recorded by analyzing the sub-basal corneal nervous plexus morphology, it was
possible to quantify the severity of diabetic neuropathy, classifying the patients into classes of severity of
diabetic neuropathy, clearly demonstrating the positive association between severity of diabetic neuropathy,
on the one hand and patient age, diabetes duration, glycemic control, anthropometric indices, diabetes
treatment, on the other hand. Another important finding emerging from the studies we performed is the high
sensitivity of corneal confocal microscopy compared with Toronto score, which reflects the accuracy of the
method in identifying those who have the disease (diabetic peripheral neuropathy).

The innovative element of the thesis is the development of an original protocol of analysis and
interpretation of parameters obtained by CCM (the total number of nerve fibers / image, the number of long
nerve fibers, the number of short nerve fibers, the number of connection points detected in images, the ratio of
the number of branches and number of connections, the nerve fibers tortuosity) that can be applied in clinical
practice.

In this PhD thesis we conducted a comprehensive evaluation of diabetic peripheral neuropathy, thus
opening up new perspectives and opportunities for the proper management of the diabetic patient, all in order
to prevent the devastating consequences associated with diabetic neuropathy. To validate and strengthen
observations drawn from this paper, we propose expanding the research in future studies.
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