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STADIUL ACTUAL AL CUNOASTERII

Cardiostimularea electrica artificiala permanenta reprezinta un mijloc terapeutic
din ce In ce mai des intalnit In cardiologie ca urmare a imbatranirii populatiei generale,
fapt ce atrage dupa sine cresterea prevalentei afectiunilor degenerative cardiace si,
implicit, a bolii de nod sinusal si a blocurilor atrioventriculare.

In prezent, pacemakerele sunt dispozitive complexe, capabile de a stimula una,
doua sau trei cavitati cardiace, de a detecta activitatea electrica cardiaca intrinseca si de
a o analiza si de a functiona In relatie cu aceasta, de a realiza functii suplimentare sau
aditionale pacingului precum terapiile antitahicardice, cardioversia, defibrilarea sau
resincronizarea cardiaca, de a detecta nivelul de activitate fizica pe care pacientul 1l
efectueaza in fiecare moment si de a isi autoprograma parametrii in functie de aceasta.

Drept consecintd, programarea unui astfel de dispozitiv in vederea optimizarii
functionarii sale devine din ce in ce mai complexa, dar si mai dificila.

Stimulatoarele cardiace sunt dispozitive implantabile utilizate pentru tratamentul
bradicardiilor simptomatice secundare bolii de nod sinusal sau blocurilor
atrioventriculare. Cele mai simple astfel de dispozitive sunt stimulatoarele cardiace
unicamerale, formate dintr-o sursa de energie si un electrod al carui varf este amplasat la
nivelul cavitatilor cardiace drepte, fie ventricul drept sau atriu drept.

Utilizarea stimulatoarelor cardiace bicamerale (atriu drept - ventricul drept)
prezinta o serie de avantaje comparativ cu cele unicamerale. Avand algoritmul de
stimulare de tip DDD (D = dual), ele sunt capabile sa stimuleze si sa detecteze activitatea
electrica intrinseca de la nivelul ambelor cavitati cardiace si sa raspunda in mod dual, atat
prin stimulare, cat si prin inhibare in functie de tipul de tulburare de generare sau de
conducere a impulsului electric pe care o detecteazi. In cazul acestui tip de dispozitiv,
sincronismul atrioventricular este prezervat, cu evitarea aparitiei sindromului de
pacemaker, scaderea riscului de fibrilatie atriala si a simptomelor de insuficienta
cardiaca, astfel incat capacitatea functionald a pacientului sa nu fie alterata ca urmare a
pierderii aportului contractiei atriale la debitul cardiac.

Stimulatoarele cardiace moderne sunt caracterizate de un numar mare de
parametri si functii ajustabile menite sa reduca la minim riscul de malfunctie a aparatului,
sa preintampine schimbarile in statusul clinic al pacientului, dar si sa le determine sa

functioneze cat mai fiziologic, cat mai aproape de activitatea cardiaca electrica intrinseca.



Fiecare algoritm de cardiostimulare influenteaza debitul cardiac fie prin intermediul
frecventei cardiace, fie a volumului bataie si, implicit, capacitatea de efort a pacientului.

Stimularea cardiaca cu rata fixa, de obicei 60/minut, limiteaza debitul cardiac si
capacitatea de efort in cazul pacientilor cu disfunctie cronotropa intrucat anuleaza
raspunsul fiziologic cronotrop si dromotrop pozitiv pe care il induce stimularea
sistemului nervos vegetativ simpatic din timpul efortului fizic.

Din acest motiv, stimulatoarele cardiace au fost perfectionate prin implementarea
unor functii care sa permitd sau sa asigure cresterea frecventei cardiace in timpul
efortului fizic.

Stimulatoarele cardiace moderne dispun de functia rate responsive pacing, fiind
capabile sa creasca frecventa de cardiostimulare atunci cand detecteaza, prin intermediul
unor senzori amplasati de obicei in carcasa dispozitivului, miscarile corpului pacientului
din timpul activitatii fizice.

Depolarizarea ventriculard indusa de stimulatorul cardiac produce o contractie
ventriculara nefiziologica, atat prin depolarizarea decalata a celor doi ventriculi (initial a
ventriculului drept, ulterior a celui stang), cat si prin directia anormala a depolarizarii (de
la varful inimii unde se afla varful electrodului ventricular catre inelele valvelor mitrala,
respectiv tricuspida). Acest lucru poate fi corectat prin modificarea unor parametri ai
stimulatorului cardiac care sa favorizeze conducerea atrioventriculara intrinseca.

Cardiostimularea ventriculului drept nu are efecte detrimentale asupra capacitatii
functionale a pacientilor doar pe termen scurt, ci si de lunga durata. Dis-sincronismul
interventricular rezultat va reduce pe termen lung performanta cardiaca a pacientilor,
putand induce sau agrava simptome de insuficienta cardiaca. Pe langa aceasta, pacingul
exclusiv de ventricul drept, conduce prin mecanismele descrise anterior la cresterea
presiunii intra-atriale, remodelare si fibroza, ceea ce favorizeaza aparitia fibrilatiei
atriale.

Testarea de efort reprezinta o metoda diagnostica frecvent utilizata in cardiologie, oferind
informatii in legatura cu capacitatea efectiva de efort a pacientilor si permitand diagnosticarea
unor conditii patologice ce pot surveni in timpul efortului precum ischemia miocardics,
tulburarile de ritm cardiac, tulburarile de conducere atrioventriculara, intraatriala sau
intraventriculara.

Aceasta presupune obiectivarea printr-o metodda imagistica (electrocardiografie,
ecografie cardiaca, scintigrafie cardiacd, rezonanta magnetica) a modificarilor fiziopatologice

care survin in activitatea electrica si mecanica a inimii ca urmare a adaptarii la conditiile din



timpul efortului fizic. Solicitarile energetice 1nalte din partea musculaturii scheletice impun
cresterea debitului cardiac mediata de activarea sistemului nervos autonom simpatic, fapt care
se realizeaza prin cresterea contractilitatii miocardice si a frecventei cardiace si care conduce la
cresterea consumului miocardic de oxigen.

Adaptarea deficitara la efort a functiei cardiace secundara unor conditii patologice poate
fi astfel decelatd prin identificarea unor elemente specifice fiecirei metode imagistice in parte. in
cele ce urmeaza vom descrie testarea de efort electrocardiografica si cardiopulmonara.

Testul de efort cardiopulmonar, dintre metodele diagnostice folosite in mod uzual in
practica, detine cea mai buna acuratete in determinarea capacitatii de efort a unei persoane si in
stabilirea statusului functional al acesteia.

Prin testarea de efort de tip cardiopulmonar, pe langa determinarea parametrilor descrisi
anterior in cazul testului de efort EKG standardizat, mai pot fi obtinute o serie de date provenite
din analizarea gazelor respiratorii.

Fatigabilitatea si dispneea de efort sunt simptome frecvent descrise de pacientii care se
adreseaza unui serviciu de cardiologie, dar sunt caracterizate de un grad mare de subiectivitate.
Estimarea capacitatii de efort a acestor pacienti prin masurarea consumului maxim de 02 (V02
max) reduce semnificativ gradul de subiectivitate si permite Incadrarea lor intr-o clasa
functionald, cu adoptarea unor masuri terapeutice specifice.

In afard de evaluarea capacititii functionale a purtitorilor de dispozitive implantabile,
testarea de efort electrocardiografica standard si cea cardiopulmonara contribuie la
diagnosticarea unor complicatii legate de prezenta acestor dispozitive ce devin manifeste in

timpul efortului fizic.

CONTRIBUTIA PERSONALA

In cadrul lucrarii de fati ne-am propus si evaluim rolul unor astfel de metode diagnostice
in evaluarea purtatorilor de stimulatoare cardiace si sa verificam daca prin reprogramarea
dispozitivelor putem obtine impunatatirea capacitatii de efort si scaderea riscului de aparitie a

insuficientei cardiace.

STUDIUL 1

Studiu 1 s-a intitulat “ Influenta tipului de stimulator cardiac asupra capacitatii de effort”.
Am utilizat testul de efort ECG standardizat pentru a compara capacitatea de efort a purtatorilor
de dispozitive unicamerale cu a celor cu dispozitive bicamerale, ludnd 1n calcul si daca functia de
adaptare a frecventei de stimulare la gradul de efort fizic efectuat (functia rate responsive) a fost

activata sau nu.



Am ajuns la urmatoarele concluzii:

. Modul de programare reprezinta un factor predictiv independent pentru
capacitatea de efort a purtatorilor de stimulatoare cardiace.

. Pacientii cu stimulatoare cardiace bicamerale care 1si adapteaza frecventa de
stimulare la gradul de efort fizic efectuat(DDDR) au avut cea mai buna capacitate de efort, In timp
ce purtatorii de stimulatoare unicamerale, fara frecventa adaptabila la efort(VVI) au avut cea mai
redusa capacitate de efort.

. Nu au existat diferente semnificative intre pacientii cu stimulatoare cardiace
bicamerale fara frecventa adaptativa(DDD) si cei cu stimulatoare unicamerale ventriculare cu
frecventa adaptativa(VVIR), ambele grupuri demonstrand o capacitate de efort superioara celor
din grupul VVI, dar inferioara celor din grupul DDDR.

. Adaptarea frecventei de cardiostimulare in timpul efortului (functia de rate
response) a exercitat un efect asupra capacitatii functionale cu o pondere similara cu cea adusa
de prezervarea sincronismului atrioventricular prin stimulare bicamerala.

. Durata efortului, pragul maxim de efort atins si capacitatea de efort estimata in
echivalenti metabolici (METSs) au fost semnificativ mai mari la pacientii cu functia rate response
activata.

. Simptomele si semnele clinice de insuficienta cardiaca au fost mai frecvent
intalnite la purtatorii de stimulatoare unicamerale comparativ cu cei cu stimulatoare bicamerale,
precum si la pacientii la care functia rate response era dezactivata.

o La analiza separata a celor doua sexe, modul de stimulare a influentat in mod
decisiv capacitatea de efort la barbati, dar nu si la femei.

. Barbatii au avut mai frecvent stimulator de tip bicameral comparativ cu femeile

STUDIUL 2

In Studiul 2 “ Evaluarea efectelor imediate ale reprogramarii stimulatoarelor cardiace
asupra capacitatii functionale prin test de efort cardiopulmonar” am urmarit efectele imediate ale
reprogramarii algoritmului de cardiostimulare asupra capacitatii de efort, evaluand prin test de
efort cardiopulmonar pacientii inainte si imediat dupa ajustare.

Concluziile acestei cercetari au fost:

o Modificarea tipului de stimulare din VVI (stimulare unicamerala ventriculara, cu
rata fixa) in DDDR (stimulare bicamerala, atrio-ventricularg, cu frecventa de stimulare adaptabila
la efort) a determinat imbunatatirea semnificativa si imediata a capacitatii de efort, obiectivata

prin test de efort cardiopulmonar.



. Consumul maxim de oxigen, consumul de oxigen la momentul pragului anaerob,
durata efortului si pragul maxim de efort atins au fost cu 12-15% mai mari in modul DDDR
comparativ cu modul de stimulare unicamerala ventriculara.

. Nu au fost Inregistrate diferente semnificative statistic intre cele doua moduri de
programare a stimulatoarelor In ceea ce priveste panta VE/VCOZ, raportul VO2/HR sau saturatia
maxima a oxigenului la pragul maxim de efort atins.

o La pacientii cu incompetenta cronotropa, prin activarea functiei de rate response,
s-a obtinut o crestere a rezervei de frecventa cardiaca, acest grup de pacienti atingand o frecventa
cardiaca maxima in timpul efortului mai mare decat pacientii fara incompetenta cronotropa.

. Analiza comparativa a grupurilor cu si fara incompetenta cronotropa a aratat o
evolutie direct proportionala intre consumul maxim de oxigen si frecventa cardiaca, ceea ce
demonstreaza ca imbunatatirea capacitatii functionale a fost determinata de cresterea
semnificativa a frecventei cardiace maxime atinse in timpul efortului ca urmare a activarii functiei
de rate response.

. Diferenta dintre parametrii masurati prin test de efort cardiopulmonar in cele
doua moduri de programare a fost semnificativa statistic la barbati, dar nu si la femei, posibil in

contextul numarului redus de pacienti.

STUDIUL 3

In studiul 3 denumit “ Efectul stimularii cardiace permanente asupra performantei
cardiace. Riscul de a dezvolta insuficienta cardiaca la purtatorii de pacemaker” ne-am propus
validarea ipotezei conform careia pierderea sincronismului atrioventricular la purtatorii de
stimulatoare cardiace unicamerale ventriculare (VVI) aflati in ritm sinusal poate induce
insuficienta cardiaca. Pentru aceasta am dozat valorile NT-proBNP (N-terminal brain natriuretic
peptide), marker biologic validat pentru diagnosticul insuficientei cardiace si le-am compararat
cu pacientii cu stimulator cardiac la care sincronismul atrioventricular a fost pastrat, fie prin
stimulare unicamerala atriala si conducere atrioventriculara intrinseca (AAl), fie prin stimulare
bicameralad atrio-ventriculara (DDD). Am urmarit de asemenea daca stimularea prelungita a
ventriculului drept creste riscul de aparitie sau agravare ale insuficientei cardiace.

Din rezultatele obtinute in cel de-al treilea studiu, am concluzionat ca:

. Existd diferente semnificative din punct de vedere al hemodinamicii cardiace
intre stimularea fiziologica (cea care respecta sincronismul atrioventricular) si cea nefiziologica.

. Cardiostimularea permanenta nefiziologica poate constitui un factor declansator
sau agravant pentru insuficienta cardiaca prin efectele hemodinamice negative pe care le produce

pierderea sincronismului atrio-ventricular.



. Pe termen scurt, stimularea unicamerala ventriculara la pacientii in ritm sinusal
cauzeaza pierderea sincronismului atrio-ventricular si anuleaza aportul contractiei atriale la
debitul cardiac, ceea ce duce la cresterea peptidelor natriuretice si aparitia simptomelor si
semnelor de insuficienta cardiaca.

. La pacientii in ritm sinusal carora li s-a implantat un stimulator de tip VVI (pacing
nefiziologic), s-a inregistrat o crestere semnificativa a NT-proBNP la 5 zile post-procedural.

. La pacientii In ritm sinusal stimulati In modurile AAI sau DDD (pacing fiziologic),
media valorilor NT-proBNP determinate la 5 zile post-procedural a fost cu 20% mai mica in
comparatie cu media valorilor determinate pre-procedural.

. La pacientii aflati in fibrilatie atriala s-a implantat stimulator cardiac de tip VVI,
neinregistrandu-se diferente semnificative intre valorile NT-proBNP recoltat pre- sila 5 zile post-
procedural.

. Pe termen lung, stimularea prelungita a ventriculului drept determina aparitia
dis-sincronismului interventricular, cu reducerea volumului bataie, a fractiei de ejectie
ventriculare, cresterea presiunilor telediastolice

. In studiul nostru, am observat o crestere a nivelelor plasmatice ale NT-proBNP in
relatie direct proportionala cu procentul de pacing ventricular.

. Pacientii cu procent de pacing VD peste 50% au prezentat simptome de
insuficienta cardiaca mai severe si au primit mai frecvent tratament cu diuretice de ansa si

antialdosteronice comparativ cu cei la care a predominat ritmul cardiac intrinsec.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Subiectul reprezinta un interes major pentru clinicieni, avand in vedere stricta relatie,
demonstrata in numeroase trialuri clinice, dintre capacitatea de efort, calitatea vietii si
mortalitate.

Consideram ca actuala cercetare doctorala aduce o contributie semnificativa, in conditiile
in care cele mai multe studii clinice publicate pe aceasta tema au inclus serii mici de pacienti sau
au fost de tip case report. Analizarea impactului pe care modul de programare a stimulatoarelor
cardiace influenteaza capacitatea de efort a purtatorilor de astfel de dispozitive este cu atat mai
dificila cu cat cea mai mare parte acestora sunt varstnici, cu comorbiditati si nu pot fi supusi unei
testiri de efort. in consecintd, alcatuirea unor cohorte de mari dimensiuni in scop de cercetare nu
poate fi facil realizata.

Originalitatea tezei consta in aceea ca asociaza doua metode diagnostice frecvent utilizate
in practica actuald pentru evaluarea debitului cardiac, a statusului hemodinamic si a capacitatii

functionale cu scopul de a identifica factorii predictivi pentru evolutia purtatorilor de pacemaker,



si anume testarea de efort standardizata sau de tip cardiopulmonar si dozarea peptidelor
natriuretice.

Un alt punct forte al prezentei cercetari este acela ca a evaluat influenta modului de
cardiostimulare asupra capacitatii de efort si riscului de aparitie sau agravare ale insuficientei
cardiace atat pe termen scurt, cat si pe termen lung.

Scopul prezentei lucrari nu a fost acela de a identifica modul ideal de a programa un
stimulator cardiac, ci de a sublinia faptul ca implantarea unui astfel de dispozitiv nu reprezinta
doar o simpla metoda de a trata bradicardia simptomatica, ci poate avea un impact semnificativ
asupra statusului functional, calitatii vietii si, de ce nu, asupra sperantei de viata a pacientului.

Dorim sa atragem atentia asupra faptului ca orice procedura de cardiostimulare
permanenta trebuie sa fie urmata de individualizarea modului de programare a stimulatorului,
iar pentru acest lucru avem la dispozitie metode de evaluare sigure si cost-eficiente precum
testarea de efort, indeosebi cea de tip cardiopulmonar, si dozarea peptidelor natriuretice.

Ajustarea algoritmului de cardiostimulare se dovedeste a fi cu atdt mai importanta cu cat
anumite functii ale stimulatorului precum functia de rate responsive pacing, viteza de raspuns al
frecventei de stimulare la efort si functiile de reducere a procentului de pacing ventricular drept
pot fi uneori dezactivate In modul standard de programare a dispozitivului.

Prezenta lucrare de doctorat se Inscrie in randul cercetarilor originale care isi propun nu
atat sa valideze ipoteze de lucru, cat sa atraga atentia asupra unor metode diagnostice si
terapeutice cu ajutorul carora calitatea vietii si evolutia pacientilor nostri pot fi semnificativ

imbunatatite.
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CURRENT STATE OF KNOWLEDGE

Permanent artificial electrical pacing is an increasingly common therapeutic
means in cardiology due to the aging of the general population, which leads to increased
prevalence of degenerative heart disease and, implicitly, sinus node disease and
atrioventricular blocks.

Currently, pacemakers are complex devices capable of stimulating one, two or
three cardiac cavities, detecting and analyzing intrinsic cardiac electrical activity and
functioning in relation to it, performing additional functions to pacing such as therapies.
antitachycardia, cardioversion, defibrillation or cardiac resynchronization, to detect the
level of physical activity that the patient is performing at any given time and to self-
program his parameters accordingly.

As a consequence, programming such a device in order to optimize its operation
is becoming increasingly complex, but also more difficult.

Pacemakers are implantable devices used to treat symptomatic bradycardia
secondary to sinus node disease or atrioventricular block. The simplest such devices are
unicameral pacemakers, consisting of an energy source and an electrode whose tip is
located in the right heart chambers, either the right ventricle or the right atrium.

The use of bicameral pacemakers (right atrium - right ventricle) has a number of
advantages over unicameral pacemakers. With the DDD type stimulation algorithm (D =
dual), they are able to stimulate and detect intrinsic electrical activity in both cardiac
cavities and respond in a dual way, both by stimulation and by inhibition depending on
the type of disorder of generation or conduction of the electrical impulse that it detects. In
this type of device, atrioventricular synchronism is preserved, with the avoidance of
pacemaker syndrome, decreased risk of atrial fibrillation and symptoms of heart failure,
so that the patient's functional capacity is not impaired due to loss of atrial contraction to
flow cardiac.

Modern pacemakers are characterized by a large number of adjustable
parameters and functions designed to minimize the risk of device malfunction, prevent
changes in the patient's clinical status, but also to make them work as physiologically as
possible, close to activity intrinsic electrical cardiac. Each pacing algorithm influences the
cardiac output either through the heart rate or the stroke volume and, implicitly, the
patient's effort capacity.

Fixed-rate pacing, usually 60 / minute, limits cardiac output and exercise capacity
in patients with chronotropic dysfunction as it cancels out the positive chronotropic and
dromotropic physiological response induced by stimulation of the sympathetic

vegetative nervous system during exercise.



For this reason, pacemakers have been improved by implementing functions that
allow or ensure an increase in heart rate during exercise.

Modern pacemakers have the function of responsive pacing rates, being able to
increase the frequency of pacing when they detect, through sensors usually located in the
housing of the device, the movements of the patient's body during physical activity.

The ventricular depolarization induced by the pacemaker produces a non-
physiological ventricular contraction, both by the staggered depolarization of the two
ventricles (initially of the right ventricle, later of the left one), and by the abnormal
direction of depolarization (from the tip of the heart where the ventricular electrode tip
to the mitral and tricuspid valve rings, respectively). This can be corrected by changing
some pacemaker parameters to promote intrinsic atrioventricular conduction.

Pacing of the right ventricle does not have detrimental effects on the functional
capacity of patients only in the short term, but also in the long term. The resulting
interventricular dyssynchrony will reduce the long-term heart performance of patients,
which may induce or aggravate symptoms of heart failure. In addition, the pacing
exclusively of the right ventricle, leads through the mechanisms described above to
increase intra-atrial pressure, remodelling and fibrosis, which promotes the appearance
of atrial fibrillation.

Exercise testing is a commonly used diagnostic method in cardiology, providing
information about patients' actual exercise capacity and allowing the diagnosis of pathological
conditions that may occur during exercise such as myocardial ischemia, heart rhythm disorders,
and atrioventricular, intraatrial conduction disorders or intraventricular.

This involves objectifying by an imaging method (electrocardiography, cardiac
ultrasound, cardiac scintigraphy, magnetic resonance) of pathophysiological changes that occur
in the electrical and mechanical activity of the heart as a result of adaptation to conditions during
physical exertion. High energy demands from the skeletal muscles require an increase in cardiac
output mediated by the activation of the sympathetic autonomic nervous system, which is
achieved by increasing myocardial contractility and heart rate and leading to increased
myocardial oxygen consumption.

The deficient adaptation to effort of the cardiac function secondary to some pathological
conditions can thus be detected by identifying some elements specific to each imaging
method. In what follows we describe ECG and cardiopulmonary exercise testing.

The cardiopulmonary exercise test, one of the diagnostic methods commonly used in
practice, has the best accuracy in determining a person's exercise capacity and in establishing
their functional status.

By cardiopulmonary exercise testing, in addition to determining the parameters
described above in the case of the standardized EKG exercise test, a number of data can be
obtained from the analysis of respiratory gases.

Fatigue and exertional dyspnea are symptoms commonly described by patients who go

to a cardiology service, but are characterized by a high degree of subjectivity. Estimation exercise



capacity of these patients by measuring the maximum 02 consumption (VO2 max) significantly
reduce the degree of subjectivity and allow their integration into a functional class, with specific
therapeutic measures.

In addition to assessing the functional capacity of implantable device carriers, standard
electrocardiographic and cardiopulmonary exercise testing contributes to the diagnosis of
complications related to the presence of these devices that become manifest during physical

exertion.

PERSONAL CONTRIBUTION

In this paper we aimed to evaluate the role of such diagnostic methods in the evaluation
of pacemaker wearers and to verify whether by reprogramming the devices we can achieve

impunity capacity and decrease the risk of heart failure.

STUDY 1

Study 1was entitled "The influence of thetype of cardiacstimulator on exercise
capacity".

We used the standardized ECG exercise test to compare the exercise capacity of
unicameral device carriers with those of bicameral devices, taking into account whether the
function of adapting the stimulation frequency to the degree of physical effort performed
(responsive rate function) has been activated or not and came to the following conclusions:

¢ Programming mode is an independent predictive factor for the exercise capacity of
pacemaker wearers.

 Patients with bicameral pacemakers who adjusted their frequency of pacing to the
degree of physical exertion performed (DDDR) had the best exercise capacity, while carriers of
unicameral pacemakers without adaptive frequency (VVI) had the best reduced effort
capacity.

* There were no significant differences between patients with non- adaptive frequency
bicameral pacemakers (DDD) and those with adaptive frequency unicameral ventricular
pacemakers (VVIR), both groups demonstrating a higher effort capacity than those in the VVI
group but lower than those in the DDDR group.

e The adaptation of the pacing frequency during the effort (rate response function)
exerted an effect on the functional capacity with a weight similar to that brought by the
preservation of atrioventricular synchronism by bicameral stimulation.

¢ The duration of effort, the maximum effort threshold reached and the estimated exercise
capacity in metabolic equivalents (METs) were significantly higher in patients with the activated
rate response function.

e Symptoms and clinical signs of heart failure were more common in unicameral
pacemakers than in bicameral pacemakers, as well as in patients whose rate response function
was disabled.

* When analyzing separately the two sexes, the pacing mode decisively influences

exercise capacity in men, but not in women.



¢ Men had a more frequent bicameral stimulator compared to women

STUDY 2

In Study 2 “Evaluation of the immediate effects of reprogramming pacemakers on
functional capacity by cardiopulmonary exercise test” we followed the immediate effects of
reprogramming the pacing algorithm on exercise capacity, evaluating by cardiopulmonary
exercise test patients before and immediately after adjustment.

The conclusions of this research were:

o The change of the type of pacing from VVI (unicameral ventricular, fixed rate
stimulation) to DDDR (bicameral, atrio-ventricular stimulation, with frequency of stimulation
adaptable to effort) determined the significant and immediate improvement of the exercise
capacity, objectified by cardiopulmonary exercise test.

¢ Maximum oxygen consumption, oxygen consumption at the time of the anaerobic
threshold, exercise duration and maximum effort threshold reached were 12-15% higher in
DDDR mode compared to unicameral ventricular stimulation mode.

e There were no statistically significant differences between the two modes of
programming pacemakers in which the slope VE / VCO2 ratio VO2 / HR or maximum oxygen
saturation threshold reached maximum effort.

« In patients with chronotropic incompetence, by activating the rate response function, an
increase in the heart rate reserve was obtained, this group of patients reaching a maximum heart
rate during exertion higher than patients without chronotropic incompetence.

« Comparative analysis of groups with and without chronotropic incompetence showed a
directly proportional evolution between maximum oxygen consumption and heart rate, which
shows that the improvement in functional capacity was determined by the significant increase in
maximum heart rate reached during exertion due to activation rate response function.

 The difference between the parameters measured by cardiopulmonary exercise test in
the two programming modes was statistically significant in men, but not in women, possibly in
the context of the small number of patients.

STUDY 3

In study 3 called “The effect of permanent pacing on cardiac performance. The risk of
developing heart failure in pacemaker-wearing patients” we've proposed to validate the
hypothesis that loss of atrioventricular synchrony caused by single chamber ventricular
pacemakers (VVI) implanted in patients which are in sinus rhythm can induce heart failure. For
this we measured the values of NT-proBNP (N-terminal brain natriuretic peptide), a validated
biological marker for the diagnosis of heart failure and compared them with patients with
pacemakers in whom atrioventricular synchronism was maintained, either by unicameral atrial
pacing and preserved atrioventricular conduction (AAI) or by bicameral atrioventricular
stimulation (DDD). We also looked at whether prolonged stimulation of the right ventricle
increases the risk of heart failure.

The results obtained in the Study 3 conclude that:



e There are significant differences in terms of cardiac hemodynamics between
physiological stimulation (that which respects atrioventricular synchrony) and non-
physiological.

* Permanent non-physiological pacing may be a trigger or aggravating factor for heart
failure due to the negative hemodynamic effects caused by the loss of atrio-ventricular
synchronism.

¢ In the short term, unicameral ventricular stimulation in patients in sinus rhythm causes
loss of atrio-ventricular synchrony and cancels the contribution of atrial contraction to cardiac
output, which leads to increased natriuretic peptides and the appearance of symptoms and signs
of heart failure.

e [n patients with sinus rhythm who have been implanted with a pacemaker type VVI
(non-physiologically pacing), there was a significant increase in NT-proBNP at 5 days post-
procedure.

¢ [n patients with sinus rhythm stimulated in AAI or DDD modes (physiological pacing),
the mean NT-proBNP values determined at 5 days post-procedural was 20% lower compared to
the average of pre-procedural determined values.

e In patients with atrial fibrillation, a VVI-type pacemaker was implanted, with no
significant differences between pre- and 5-day post-procedural NT-proBNP values.

¢ In the long term, prolonged stimulation of the right ventricle causes the occurrence of
interventricular dyssynchronism, with a reduction in the beating volume, the ventricular ejection
fraction, and increased telediastolic pressures

¢ In our study, we observed an increase in plasma NT-proBNP levels in direct proportion
to the percentage of ventricular pacing.

« Patients with a percentage of RV pacing greater than 50% had more severe symptoms
of heart failure and received more frequent treatment with loop diuretics and antialdosterone

compared to those with an intrinsic heart rhythm.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF THE THESIS

The topic is a major concern for clinicians, given the strict relationship demonstrated in
numerous clinical trials, including exercise capacity, quality of life and mortality.

We consider that the current doctoral research makes a significant contribution, given
that most clinical studies published on this topic included small series of patients or were case
report type. Analyzing the impact that the programming of pacemakers influences the exercise
capacity of the wearers of such devices is all the more difficult as most of them are elderly, with
comorbidities and cannot be subjected to exercise testing. Consequently, the creation
of large research cohorts cannot be easily accomplished.

The originality of the thesis is that it combines two diagnostic methods commonly used
in current practice to assess cardiac output, hemodynamic status and functional capacity in
order to identify predictive factors for the evolution of pacemaker wearers: standardized or
cardiopulmonary exercise testing and dosing of natriuretic peptides.

A strong point of this research is that the evaluated influence the pacing on exercise

capacity and the risk of developing or worsening heart failure in both the short and long term.



The purpose of this paper was not to identify the ideal way to program a pacemaker, but
to emphasize that the implantation of such a device is not just a simple method of treating
symptomatic bradycardia, but can have a significant impact on the status functional quality of life
and, why not, on the patient's life expectancy.

We would like to draw your attention to the fact that any permanent pacing procedure
must be followed by the individualization of the pacemaker programming mode, and for this we
have safe and cost-effective evaluation methods such as exercise testing, especially
cardiopulmonary, and dosing of natriuretic peptides.

Adjustment of the pacing algorithm proves to be all the more important as certain
stimulator functions such as responsive pacing rate function, effort stimulation frequency
response speed and right ventricular pacing reduction functions can sometimes be disabled in
device programming standard.

This doctoral dissertation is part of the original research that aims not only to validate
working hypotheses, but also to draw attention to diagnostic and therapeutic methods with which
the quality of life and evolution of our patients can be significantly improved.



