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PARTEA | — STADIUL ACTUAL AL CUNOA STERII

In partea generah sunt sintetizate datele actuale din literataferitoare la testarea
functionali respiratorie la copil, cu referire in special asupehnicii intreruperii fluxlui
pentru nisurarea rezisteai respiratorii.

Partea generaleste structuratin 5 subcapitole. Primele 2 ofeo imagine asupra
epidemiologiei astmului la copil, cu accentuaraaliatei de crgtere a prevalgei astmului
in ultimii ani, Tn Tntreaga lume. Este evidiath importana tesirii functionale la copilul cu
simptome respiratorigi rolul acesteia atat in diagnosticul, gain tratamentul afgtnilor
respiratorii la copil.

Al 3-lea subcapitol descrie principalele tehniei eixplorare funonalk respiratorie
aplicabile Tn pediatrie: spirometria, aria de suiba flux-volum, peak-flow-metria, tehnica
oscilaiilor fortatesi pletismografia.

Al 4-lea subcapitol definge si descrie ngunile legate de rezistem in sistemul
respirator, iar in ultima parte este descrie larg tehnica intreruperii fluxului, pentru
determinarea rezistex respiratorii. Este explicat principiul tehnicaplicarea acesteisi
modul de interpretare a rezultatelor. In acestrufuibcapitol sunt analizate principalele studii
din literatu&i ce au ca subiect acgs$ehnic. La finalul girtii generale este prezentat un tabel
sugestiv, ce came o sintez a principalelor tehnici de #surare a fungei respiratorii la

copil, cu avantajelgi dezavantajele fieceia.

PARTEA A II-A — CERCET ARI PERSONALE

Obiectivele urrarite in aceadtparte a tezei au fost: 1) analiza unor aspectenae
standardizarea tehnicii: efectul de reducere aptiantei cailor respiratorii superioare prin
sustinerea obrajilor in timpul efeatii tehnicii si stabilirea metodei optime de exprimare a
rezultatului Rocc, medie sau mediara ultimelor 5 misuftori relativ constante; 2)
evaluarea variabilitii pe termen scurt a a rezistentei respiratoriedeatnata prin metoda
intreruperii fluxlui; 3) corelai ale tehnicii intreruperii fluxului cu o metédstandardizat
spirometria: analiza corglai intre valorile bazale ale Roat cele inregistrate cu metoda
spirometrica standardsi evaluarea @spunsului bronhodilatator masurat prin metoda

intreruperii fluxuluiTIF si prin spirometria standa 4) evaluarea fezabiiii metodei in



situgiile Tn care din motive de colaborare limitata,repietria nu este posihilin condiii
optime.

Au fost incluse in studii grupe diferite de pagién funaie de obiectivele propuse.
Astfel, au existat loturi de pacigmstmatici in afara exaceiti, pacieni astmatici ce se aflau
in timpul unei exace#ni la momentul studiuluisi loturi de copii gnatosi. Studiile ce au
presupussi efectuarea spirometriei au inclus doar copii éuste de peste 5 ani, capabili s
efectueze manevre expiratorii fate.

Masudtorile spirometricesi tehnica intreruperii fluxlui au fost aplicate dsind
spirometrul FlowscreenPro, iar peak-flow-metria iealizat cu ajutorul peak-flow-metrelor
Vitalograph. In situgile in care s-a urdit si raspunsul bronhodilatator, s-au respectat
recomandrile din ghidurile interngonale, respectiv s-au administrat 4 puffuri ddossmol
inhalator, determiirile repetandu-se la 20 de minute interval.

Obiectivele propuse fiind structurate pe temerdée partea specialeste prezentat
n 4 capitole.

Dupa un prim capitol cu nguni introductive capitolul 2 cuprinde studiile in care s-au
incercat abordarea unor aspecte de standardizegkngii intreruperii fluxlui. S-a atat,
astfel, @ inregistrarea Rocc in comide suginerii obrajilor indica valori mai mari fg de
cele obinute Tn abse@a susinerii obrajilor. Aceasta se datorédmitarii compliartei ciilor
respiratorii superioare, ce ar putea oferi valalsfsédzute ale rezistgai respiratorii.
Evaluareadspunsului bronhodilatator prin metoda intrerupiuiului pare de asemenea mai
fidela in condiiile inregistérii cu obrajii suginuti. In ceea ce privge stabilirea variantei
optime de expirmare a rezultatelogidexisti difererte minime Tintre medigi mediana celor
5 masuftori consecutive ale Rocc, aceste difeeenu sunt semnificative statistic. S-atat
totusi ca diferertele dintre mediai mediana celor 5 Bsufitori ale Rocc se accentudala
varste mai mici (sub 6 ani)arh a avea ins semnificaie statistid. Exprimarea rezisteei
respiratorii ca media@gna celor 5 determini consecutive ar fi preferahil dar aparatele
complet automate (cum este Flowscreen Pro) nu peetectarea valorilor care sunt tehnic
acceptabile. Intr-un al 3-lea studiu s-a @rin variabilitatea metodei pe termen scurt,
respectiv 2 determiimi la 20 de minute intervalafa nici o interventie intre cele exanim U
fost inclus atat copii astmatici, céit copii sinatosi s-a aétat & Rocc, determinét prin
tehnica Tntreruperii fluxlui este oasuiatoare relativ stahil pe termen scurt. Limitele acestui
ultim studiu sunt loturile mici de pacighuati in studiu (fiind necesari subigsanatosi), fapt

ce trebuie avut in vedere n interpretarea realttat



Al 3-lea capitol din cercelrile personale este dedicat ewalu corelaiilor dintre
tehnica ntreruperii fluxulusi o metod standardizat de néisurare a fungei respiratorii,
autoarea alegand spirometria. Studiul a demonstiala copiii astmatici, in stadiul
asimptomatic, exi§t o coreldae semnificatid Tntre valorile rezisteei respiratorii,
determinate prin tehnica intreruperii fluxukiivalorile FVC, FEV, PEF, MEK, okinute
prin spirometrie[(r = - 0,81, p<0.001),(r = - 0,20.001), (r = - 0,76 p<0.00%)respectiv (r
= - 0,76 p<0.001)]. In cazulispunsului bronhodilatator determinat prin metodeetaperii
fluxului, acesta se coreleagemnificativ cCUAFEV; si AMEFso, determinate prin spirometrie.
Valoarea prag, stabilitde pe curba ROC, la care se poate afikmpatitivitatea unui test de
reversibilitate brogica, aplicAnd tehnica intreruperii fluxlui, este d&% sédere a Rocc
dupa administrarea de bronhodilatatorafde valorile bazale.

Ultimul capitol, capitolul 1V, trateaZ teme cegin de fezabilitatea tehnicii atunci cand
spirometria nu este posibildemonstrand utilitatea acestgiain alte situ#éi, nu doar cele
legate de limita de vagstAstfel, la copii de 7-8 ani, nefamiliariganterior cu spirometrigi
in absera unor softuri de aningi@, fezabilitatea spirometriei este de doar 50,8%.
Fezabilitatea spirometriei a fost evalu@trin capacitatea subiglor de a efectua un expir
suficient de lung pentru inregistrarea FEV1. Metddaeruperii fluxului ofek deci o
alternati pentru apreciereaaspunsului bronhodilatator, atunci cand REMU se poate
obtine prin spirometrie. Un studiu original prezentabceast parte vizeaz aplicarea acestei
tehnici in stadiul de exacerbare a bolii astmasdegie in care indiferent de vaistestarea
functionali respiratorie este dificil din cauza obstraiei brorsice prezente in momentul
examirarii. Am aratat @ tehnica intreruperii fluxlui are o fezabilitatepgmioas spirometriei
sau peak-flow-metriei atunci cand se aplia copiii cu astm bramc, in timpul unei
exaceriri astmatice. In afara de aprecierea fezaipilits-a incercati evaluarea coreteei
dintre valorile parametrilor respiratori inregistra un scor clinic validat. Valorile bazale ale
rezistenei respiratorii determinate prin tehnica intrerupiuxului, se coreleax foarte bine
cu parametri clinici de evaluare a sewvaiitcrizei. In ceea ce priwte corelgia Rocc cu
parametri clinici, s-a nregistrat o kurcorelaie intre Rocc bazati frecverta (r=0,73,
p<0,0001), intre Rocsi alura ventriculat (r=0,5, p=0,0076}i intre Roccsi scorul clinic
utilizat. (r=0,78, p<0,0001).

Teza fiind structuratpe subcapitole, cu studii diferite, diside se regsesc la nivelul
fiecarei studiu prezentat, comparandu-se rezultatele datele existente in literatyr

subliniindu-se raritatea studiilor referitoare laumite teme abordate, legate de tehnica



intreruperii fluxului. Dug cum am mefionat, in ceea ce privee aplicarea Rocc in
acutizirile astmatice, studiul prezentat in aceast este primul care abordeaacest aspect.

Teza cofine si un capitol dediscuii generalein care sunt sintetizate rezultatele
studiilor prezentate in tézsi se accentue#éznecesitatea contifiti eforturilor pentru
standardizarea acestei tehnici.

Contribuiile originale se regsesc in demonstrarea utilitatea acestei tegniai alte
situgii Tn care spirometria nu este fezabiln afara limitelor legate de vaisstfel am aitat
ca la varsta de 7-8 ani, doar aproximativ 50% dirdomt capabili & efectueze corect o
spirometrie, cu ofinerea FEY, Tn condiiile in care acgia sunt neantremiasi nu se utilizeaz
softuri de animge. In aceste sitya, cand Tn ciuda eforturilor repetate, spirometriapoate
fi efectuati, TIF se dovedge o alternati¥ foarte buéi pentru aprecierea fufiei pulmonare.

Aplicarea TIF la copilul cu astm brgio in timpul exacerdrii, nu a fost regsita n
literatura de specialitate, deehnici similare (tehnica osciidor fortate) au fost utilizate cu
succes in timpul unei exacérbastmatice. Indiferent de vaistin timpul unei exacedbi
astmatice este foarte dificil de efectuat o maiede expir fotat, din cauza obstrtiei
brorsice existente. Cungterea gradului de afectare a fyec pulmonare in timpul unei
exacerfri este foarte important. Am demonstratfezabilitatea TIF Tn timpul exaceintilor
astmatice este net superidapirometriesi peakflowmetriei.

In concluzieteza aduce contrilgiuimportante intr-un domeniu de mare actualitate,
respectiv testarea fumenal respiratorie la copil, dezvoltdand o tehhialternativa
spirometriei, respectiv tehnica intreruperii fluxul S-a demonstrat o béincorelaie cu
spirometri, fiind fezb# n toate situgile in care spirometria clagsionu e posibd datoria
lipsei de cooperare. Rezultatele studiului au iogili practice oferind posibilitatea tesi
functiei respiratorii la copilul mic, crescand acutate diagnosticului de astm bgin si

Tmburatatind monitorizarea tratamentului.
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PART | - CURRENT KNOWLEDGE

The current data from literature in theld of respiratory function testing in children
are summarized, with particular reference to therrapter technique for measuring the
respiratory resistance.

The general part is divided into five chapters. Tin& two offers an insight into the
epidemiology of asthma in children, focusing thentt of increasing prevalence of asthma in
recent years throughout the world. It is highlightbe importance of functional testing in
children with respiratory symptoms and its rolehbiot diagnosis and treatment of respiratory
diseases in children.

The 3rd section describes the main techniquesmtlyrapplied in pediatric functional
respiratory exploration: spirometry, the area unither flow-volume curve, peakflowmetry,
forced oscillation technique and plethysmography.

The 4th chapter defines and describes the concelatted to the respiratory system
resistance and the latter one describes in detail fiow interrupter technique (IT) for
determining the respiratory resistance (Roccs lexplained the principle of the technique,
its application and how to interpret the resultsthis last chapter the main studies in the
literature on the subject of this technique ardyaea. At the end of the general part there is
suggestive table that contains a summary of then iehniques for measuring respiratory

function in children with advantages and disadvgeseaof each.

PART Il - PERSONAL RESEARCH

The objectives in this part were: 1algsis of issues related to standardization of the
technique: the effect of reducing the compliancéhefupper airway during performance by
cheeks support and finding the best way to expghessesults of Rocc, as a mean or median
of the relatively constant last 5 measurementgh@)short-term variability assessment of
respiratory resistance determined by the interrupthnique, 3) establishing the correlations
between the flow interrupter technique and a statizied method-spirometry: analysis of the
correlation between basal values or those recoafted bronchodilator administration with

the standard spirometry results 4) assessing twmbibty of the method in situations where



for reasons of limited cooperation, spirometry & possible under optimum conditions.

Different groups of patients were incldden the studies in according to the
objectives. Thus, there were lots of patients detthe exacerbation of asthma, asthmatic
patients who were at the time of an exacerbationnguthe study, and lots of healthy
children. In conducting the studies that have assuspirometry only children aged over five
years were included, capable to perform forcedraimy maneuvers.

Spirometry and the interrupter technique were peréa using the FlowscreenPro
spirometer and peakflowmetry was performed using Yhtalograph peakflowmeter. In
situations in which the bronchodilator response wa#ended the recommendations of
international guidelines were followed, by repegtmeasurements at 20 minutes interval
after receving 4 puffs of inhaled salbutamol.

The proposed objectives are structured aroundrdiffehemes and presented in four
chapters.

After a first chapter with introductive term€hapter 2 includes studies that have
attempted to address issues of the standardizafidihe technique. Higher values of Rocc
were obtained when cheeks are supported duringxamination than those obtained in the
absence of cheek support. This limitation is dueigper airway compliance, which could
give false low values of respiratory resistancesessment of bronchodilator response by the
interrupter technique also seems fair in terms efjistration with the cheeks
supported. Regarding the establishment of an optwaaant of expressing the results
differences between the average and median oftbwsecutive measurements Rocc, are not
statistically significant. It is noted, howeverathdifferences between mean and median of
five measurements of Rocc is increasing at youraggs (under 6 years), but without
statistical significance. Expression of the redpma resistance as median would be
preferable, but fully automated devices (such asvEtreen Pro) do not allow the selection of
values that are not technically acceptable. In ch qudy the short-term variability of the
interrupter technique is assessed by performingt@rdhinations within 20 minutes, without
any interference between the examinations. Botlhnzetic and healthy children were
included and it is showed that Rocc determinedheyibterrupter technique is a relatively
stable measure in the short term. The limits o$ thriting are small groups of patients
included in the study (healthy subjects are reagl)jrevhich should be considered in
interpreting the results.

The 3rd chapter of personal research is focused on the evaluaifororrelations

between the interrupter technique and a standafdimethod for measuring respiratory



function, spirometry respectively. The study showbét in children with asthma, in
asymptomatic stage, there is a significant congabetween the values of respiratory
resistance, determined by the interrupter technaneevalues of FVC, FEV1, PEF, obtained
by spirometry MEF50 [(r = - 0.81, p <0.001) (r .79 p <0.001), (r =- 0.76 p <0.001) and
(r = - 0.76 p <0.001)]. Also, the bronchodilatorspense determined by the interrupter
technique, it is significantly related toAFEV1 and AMEF50, determined by
spirometry. Threshold value established by ROC euwhich may be asserted as a positive
bronchial reversibility test, applying the interteptechnique, is 25% decrease of Rocc from
basal values after administration of bronchodilator

In the last chapteiChapter IV, dealing with issues related to feasibility of tteehnique
when spirometry is not possible, it is demonstratedisefulness in other situations, not just those
related to age limit. Thus, in children of 7-8 y&apreviously unfamiliar with spirometry, in the
absence of animation software, the feasibility mfametry is only 50.8%. Feasibility of spirometry
was assessed by the subjects' capacity to carnarmwxhale long enough to record FEV1. The
interrupter technique gives an alternative for ssisg bronchodilator response when FEV1 can not
be obtained by spirometry. An original study preésdnn this part concerns the application of this
technique in children with acute asthma, in whiegardless of age, respiratory function testing is
difficult because of bronchial obstruction presantthe time of examination. It is shown that the
interrupter technique has a definitely higher fleilisy than spirometry or peakflowmetry when
applied to children with asthma during an asthmacexbation. Apart from assessing the feasibility,
the objective was also to test and assess thelation between the registered values of Rocc and a
validated clinical score for assessing the sewa@itasthma. Basal values of respiratory resistance
measured by the IT correlated well with clinicalrgraeters to assess the severity of the
crisis. Regarding the correlation with clinical areters, there was a good correlation between basal
Rocc and respiratory rate (r = 0.73, p <0.000lij)wben Rocc and heart rate (r = 0.5, p = 0, 0078) an
between Rocc and clinical score used. (R = 0.%%).p001).

The thesis is divided into subsections, with déferstudies, so discussions are found in each
study presented, comparing the results with exjstiata in the literature, emphasizing the rarity of
studies on specific themes related to the flowrinfer technique. As mentioned before regarding
the the application of the technique in exacerbatiof asthma, the study presented in this thesieis
first to address this issue.

The thesis containsgeneral discussiorchapter summarizing the results of studies present
in the paper and emphasizes the need for contiefieds to standardize this technique.

Original contributions are found to demonstrate the usefulness of tluilsnique in other
situations where spirometry is not feasible, o@dite boundaries of age. Thus it was shown that in

children 7-8 years of age, only about 50% are &tleorrectly perform spirometry and obtaining



FEVL1 to obtain the conditions under which they amérained and do not use animation software. In
these situations, when despite repeated efforitmnsptry can not be done, IT is proving a very good
alternative for assessing lung function.

IT application in children with asthma during esdsation was not found in the literature,
although similar techniques (forced oscillationhteique) were successfully used during an asthma
exacerbation. Regardless of age, during an astiaredbation is very difficult to perform a forced
expiratory maneuver, because the existing bronatigtruction. Knowing the degree of impaired
lung function during an exacerbation is very impatt It was demonstrated that the feasibility of IT
during asthma exacerbations is superior to peakfletny and spirometry.

In conclusion the results of these studies make important itutions in an area of great
interest, in the field of respiratory functiontieg in children by developing a technical alteivato
spirometry, flow interrupter technique respectivéda good correlation with spirometry was shown,
IT being feasible in all situations where convendib spirometry is not possible due to lack of
cooperation. The findings have practical implicasidor allowing young children respiratory function

testing, increasing accuracy of diagnosis of astanthimproving treatment monitoring.
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