ATAKPATIKO METAIITYXIAKO ITPOT'PAMMA XITOYAQN:
ENAAITEIAKEX TEXNIKEX

EONIKO KAI KAITIOAIXTPIAKO MHANEHNIXTHMIO AOHNQN
JATPIKH XXOAH XE XYEPI'AXIA ME TO ITANEIIIXTHMIO TOY
MIAANOY BICOCCA

AIMMAQMATIKH EPT'AXIA

DOES TEVAR MODIFY THE CARDIAC FUNCTION
AND THE AORTIC STIFFNESS?

METAIIT. ®OITHTHX: EYAITEAOX MIIOYATAAAKHX

AOHNA
2017



EONIKO KAI KAMOAIZTPIAKO

NANENISTHMIO AGHNSN
AIAKPATIKO METANTYXIAKO NMPOrPAMMA ZMNOYAQN
«EvOayyelakEG TEXVIKEG>

MPAKTIKO KPIZEQZ
THZ ZYNEAPIAZHZ THZ TPIMEAOYZ EZEETAZTIKHZ ENITPONMHZ NIA
THN ASIOAOINHzZH THZ AINAQMATIKHZ EPrAzIAz
Tou MeTantuyxiakoU ®oiTnT MnouAtradakn EuayyeAou.

Elcraoctikn Emztponn

Kabnynthg Fewpylog MrepouAdkog EniBAEnwv
Kabnyntng AxiIAAEag XaTgniwavvou
Av. KabnynTng Iwavvng Kakiong

H TpiyeAnc EE&staoTikry Emirponn n onoia opiobnke ano Tnv MZEX TN
IaTpikAg ZxoANg Tou Mav. ABnvwv Zuvedpiacn Tng 13" Iavouapiou 2017
yia Tnv a&oAdynon kair €EETacn Tou unown@iou kou MnouATtaddkn,
ouvedpiaoe onuepa 19/05/2017

H EmiTponn dianioTwoe 0TI N AiInAwpaTikn Epyacia Tou Kou MnouAtaddkn
EuayyeAou pe TiTAo «DOES TEVAR MODIFY THE CARDIAC FUNCTION
AND THE AORTIC STIFFNESS?», cival npwTOTUNN, EMIOTNHUOVIKA KAl
TEXVIKA dapTia kai n BiBAloypa@ikn nAnpogopia OAOKANPpWHEVN Kal
EUNEPIOTATWHEVN.

H e€eTaoTikn enirponn a@ou €AaBe un’ OWiv To NePIEXOPEVO TNG €pyaaciag
KAl Tn OUMBOAR TNG OTNV €NICTAMN, ME WHPOUG .ouvvvvrnensn. npoTeivel TNV
anovopn oTov napandavw Merantuxiakd @oITnTH TNV Anovoun Tou
MeTanTuxiakoU AinAwpaTtog Eidikeuong (Master's).

>Tnv yneogopia yia Tnv Babuoloyia o unownglog €AaBe yia Tov Babuod

«APIZTA» WHAPOUG  covvrvrriirrnernennns , Yia Tov Babuo <«AIAN KAAQZ»
WAPOUG v.vvereivinennnnnen , Kal yia Tov Babpo «KAAQZ» WNOOUG ...cvvvvvvnennnn.
KaTa ouveneia, anovePeTal 0 BABHOG Kuvvvivivneirininnnnns ».

Ta MeAn Tng E€eTaoTikng Enirponng

e Kabnyntng Mewpyiog MNepouAdkog EniBAenwv (Ynoypaon)

e Kabnyntng AxiIAAéag XaTlniwavvou (Ynoypapn)

e Av. Kabnyntng Iwavvng Kakiong (Ynoypapn)




Xtov kdopo tov udyov,

HE TNV eATIS A VO PTAOEL O KULPOG TTOU
1) HEAETT) Kot 1) TPGOSOG TG EMICTIUIG
O €xel w¢ apueco amoTéAeouA

tnv Peitiwon tng {wij¢ toug !!



2toucg lNoveic pou,

otn NikoAéta !!



IHEPIEXOMENA

Yeh.

MEPOX 1° 6
INTRODUCTION 6
METHODS 7
MEPOX 2° 7
RESULTS 7
A Arterial stiffness and Cardiac impact 8
l. Ventricular/VVascular Coupling 8

. Mechanism and Pathophysiology 11

B. Arterial Stiffness after TEVAR and their effect to the LV 14
DISCUSSION 20
CONCLUSION 22
NEPIAHYH 23
ABSTRACT 25

BIBAIOI'PA®IA 27



DOES TEVAR MODIFY THE CARDIAC FUNCTION AND THE
AORTIC STIFFNESS?

Introduction

Endovascular aortic repair is widely performed in patients with thoracic (TAA),
thoracoabdominal (TAAA) or abdominal aortic aneurysm (AAA) because it is less
invasive than conventional open repair and improves postoperative quality of life.
This technique was described first Volodos and his colleagues and is performed by
inserting a fabric tube supported by a metal framework through a catheter into a

weakened artery (aneurysm) [1, 2].

Later, in early 1990, Parodi and his coworkers conducted the first endovascular
abdominal aortic aneurysm repair (EVAR) and since then this process is widely
accepted as a safe, effective and less invasive treatment compared to open AAA
surgical repair [2]. Thoracic endovascular aortic repair (TEVAR) for descending
thoracic aortic aneurysms was first reported by Dake in 1994[3]. Although, EVAR
and TEVAR have been widely used into daily clinical practice, recent trials have
reported that despite their early survival advantage over conventional open repair[4],
the rate of overall survival is similar for both procedures over longer follow-up
periods[5, 6]. Yet, cardiovascular mortality remains the main cause of death among
AAA patients, even after a successful vascular surgery[7, 8]. The poor outcome of
these patients is mainly due to their general bad health condition. For example, in the
trial comparing 2-year outcomes of patients receiving treatment for AAAs, a number
of deaths from congestive heart failure were documented only in the EVAR group[5].
However, a deleterious effect of the biomechanical changes induced by

graftprostheses or stentgrafts is a subject of studying.

Furthermore, the insertion of endovascular prosthesis, such as Dacron, in the
descending aorta during the repair of traumatic disruption has been shown to increase
characteristic impedance (stiffness) of the ascending aorta[9]. This increase in
stiffness can potentially have a negative impact on cardiac and may predispose to the

development of left ventricular (LV) hypertrophy[10-12]. The effects of the



endovascular aortic repair on vascular stiffness and LV performance need to be

clarified.

The purpose of this article is to review the scientific literature in order to elucidate the
relationship of TEVAR with the arterial stiffening and to investigate the effect to the

cardiac function and especially to the LV.

Methods

The search strategy and data collection in this study are based on the search
strategy and data collection guidelines of the Meta-analysis Of Observational Studies
in Epidemiology (MOOSE). Medline was searched for relevant articles. This search
on the MEDLINE revealed approximately 500 articles. Titles and abstracts of these
articles were independently read and examined. Inclusion criteria were: (1)
examination of stiffness of the descending thoracic aorta before or after endovascular
aortic aneurysm repair, (2) examination of the cardiac function to the patients with
TEVAR, (3) examination of the effect of aortic stiffeness to the left ventricle and in
general the cardiac function in patients who had TEVAR. Fifty-two full-text versions

of studies that matched the inclusion criteria were obtained.

Approximately, half of them were excluded because were irrelevant with our subject.
After inclusion and exclusion, 26 relevant articles reporting on aortic stiffening and its
effect to cardiovascular system remained, and the effect of TEVAR to this situation,

allowing for further study.

Results

The study of the literature was organized in two subdivided areas:

1. First was studied the effect of aortic stiffness to the cardiac function, and

secondly,

2. The role of endograft in arterial stiffness, and as a consequence the aortic

stiffness to the heart.



Thus, the analysis of the results was divided into two sections.
A. Arterial stiffness and Cardiac impact

The cardiovascular system is designed to supply with the appropriate blood
pressure and flow the human body. Because blood flow does not follow a straight
line, changes in the cardiac output bring alterations in the arterial pulse wave and
pressure. Widening of the arterial pulse is common in the older people and is an index
of arterial stiffness. Age together with other degenerative processes are responsible
for progressive large arterial stiffening, a process known as arteriosclerosis [13, 14],
and this aged — related vascular stiffness is usually followed by end systolic chamber
stiffness of the left ventricle[15]. Arterial stiffness has been recognized as a measure
of target organ damage [16, 17], and its clinical implications should be considered
together with the cardiac function, as it is known that the interaction between the
ventricular — arterial coupling is the key determinant of the cardiovascular
function[18-20].

I. Ventricular/Vascular Coupling

The function of the heart is to send enough blood supplies (cardiac output)
through the arteries to the organs and tissues, in order to meet their metabolic
requirements[21]. If the heart is ideally matched to its afterload, then
ventricular/vascular coupling and cardiac efficiency are optimal and myocardial
oxygen consumption is minimal[22]. Moreover, the amount of oxygen that left
ventricle is using in order to produce the cardiac output is dependent from both
myocardium and arterial system. The flow inside the arteries consists from the static
(nonpulsatile) and dynamic (pulsatile) components. These two parameters generally
referred to elastance, pulse wave reflectance (dynamic) and peripheral vascular
resistance (static) and can be obtained in the frequency domain from the aortic input

impedance spectrum (Fig. 1.)[22-24].
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Fig. 1. (Top) Schematic diagram illustrating the different components of the ascending aortic
input impedance moduli spectrum. (1) Input impedance alt zero frequency or peripheral
resistance (R). (2) Mean value of impedance moduli > 2 Hz or characteristic impedance (Zo).
Z, is an index of aortic elastance. (3) Fundamental impedance moduli (Z,) is an index of wave
reflection amplitude (Ps-P;); reflectance. Impedance minimum is related to pulse wave
velocity and distance to the major reflection site. (Lower left) High-fidelity pressure and flow
velocity waveforms measured in the ascending aorta of a middle-aged patient. P is peak
systolic pressure. P; is an inflection point that indicates the beginning upstroke of the reflected
pressure wave, and Py is minimum diastolic pressure. At, is the roundtrip travel time of the
forward (or initial) wave from the ascending aorta to the major reflecting site and back
(backward traveling or reflected wave). The reflected pressure wave adds to the forward
traveling wave while the reflected flow wave subtracts from the forward wave. The stippled
areas (pressure and flow) represent that part of the respective wave that is reflected. SV, is
that part of stroke volume that is associated with the reflected flow wave, that is, the part of
stroke volume that would be ejected in a reflection less system. (Lower right) Venn diagram
illustrating the three components of afterload. 1. The nonpulsatile or static component is
resistance, and the pulsatile or dynamic components; 2. elastance; and 3. reflectance. Changes
in any (or all) of this afterload components can alter ventricular function (From Wilmer W.
Nichols et al)



An increase in the pulsatile components (elastance and reflectance) of
afterload causes an undesirable mismatch between the ventricle and the arterial
system which increases myocardial oxygen consumption and decreases cardiac
efficiency [10]. These changes in ventricular/vascular coupling promote the
development of left ventricular hypertrophy and coronary artery disease, which often

lead to myocardial infarction, heart failure, and cardiac arrest.

Furthermore, the influence of ventricular and vascular stiffness on
cardiovascular function most easily appreciated by the pressure-volume plane[25].
Ventricular systolic stiffness (contractility) is expressed as end systolic elastance (Ees;
Fig. 2), the slope of the end-systolic pressure volume relationship[26]. However, the
gold standard method for the calculation of cardiac afterload is through the aortic
impedance, in addition, with Fourier analysis of aortic pressure and waves[23, 27].
Sunagawa and his colleagues suggest an alternative index of arterial stiffness and they
call it effective arterial elastance (Ea), which although is measured in the same units
as Ees, it is easier to calculate it[28]. It also combines both mean and pulsatile loading
and in the graph is presented as the negative slope of the line through the end systolic
and end diastolic volume (P=0)[25].

A B C
Normal HFpEF

Ees=5.6
® Ees=2.2::. Ea=2.1 \ ; Ea=2.8
> \/
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Figure 2. [A] Left ventricular end systolic elastance (Ees) is described by the slope and
intercept of the end-systolic pressure-volume relationship, while arterial elastance (Ea) is
defined by the negative slope between the end-systolic pressure volume point and end
diastolic volume. [B] A normal adult has relatively low Ees and Ea, with a coupling ratio
around unity, while older aged, hypertensive and HFpEF subjects [C] display marked
increases in ventricular and arterial elastance. (From Borlaug BA', Kass DA. Ventricular-
vascular interaction in heart failure Heart Fail Clin. 2008 Jan.)
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Experimental and clinical studies tend to suggest that the effective cardiac and
artery coupling has to combine the external work or efficiency. Good prediction of
these two parameters can easily be found form the ratio Ea/Ees between 0.6 —
1.2[28]. This range can be disrupted and this situation, known as afterload mismatch,
is presented in pathological circumstances [29] and with aging and exercise,

explaining its age — dependency [30].

I1. Mechanism and Pathophysiology

As it is mentioned, Ees is responsible for the arterial and ventricular stiffness.
It is determined by either contracting or passive activity of the muscle. In general, it is
related to properties of myocyte size, chamber geometry, intra-sarcomeric protein
composition, cytosolic and membrane distensibility, and extracellular matrix
composition, fibrillar crosslinking, and biophysical properties. Systolic ventricular
elastance is related to the same determinants, as well as activated myofilament
properties, changes in structural protein behavior shortened to smaller lengths, and
interactions of the activated myocytes with the matrix. Smooth muscle tone plays an
important role, as does the geometry of the vessel (e.g. dilation), elastin and collagen

content, cross-linking of matrix components, and other factors[25, 31].

Several researchers have cited similar theories. Menon et al studied the
hemodynamic, endothelial and protein expression changes that occur in patients with
aortic coartacion before and after repair[32]. They described the vascular remodeling
which is the response to physiological or pathological stimuli wherein blood vessels
undergo compensatory changes in lumen diameter and wall thickness to maintain wall
tensile stress or wall share stress (WSS)[32-34]. The vascular endothelium is dynamic
and impaired vasorelaxation through endothelial nitric oxide (NO) release, known as
“endothelial dysfunction”, is a characteristic effect of hypertension in human and
animal models including prior CoA models [35]. Similar findings happen also during
the arterial constriction during the response of them to hypertension. Smooth muscles,
who mediated to this action, as alterations in the resting and active contractile force
of elastic conduit arteries, such as the thoracic aorta and carotid arteries, may indicate

atherogenic changes in stiffness[36]. Other evidences suggest that these vascular
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behavior between vasoconstriction and vasorelaxation may be the major factor in

coronary artery disease (CAD)[37].

In general, as central arterial elastance and wave reflection amplitude increase,
systolic pressure rises, arterial pulse pressure widens, and ventricular wall stress and
myocardial oxygen demand increase while aortic diastolic pressure decreases[21].
Since the main coronary flow occurs during diastole, it is obvious that such unbalance
in their blood supplies affects negative the heart and promote myocardial ischemia
and contractile dysfunction[22]. In addition, in the studies s by Watanabe and
associates [38] and Ohtsuka and co-workers [39], when the heart ejected into a stiff or
noncompliant aorta, systolic pressure and myocardial oxygen demand increased and
diastolic pressure decreased but coronary blood flow also increased in response to the
increased demand. It is obvious that myocardial contractile function was maintained

at rest. Table 1 summarizes the effects of ventricular/arterial stiffening.

Framingham publication that investigated the various blood pressure
components as predictors of risk for coronary heart disease showed that in middle-
aged and elderly individuals, coronary heart disease risk was significantly increased
with lower diastolic pressure [40]. Others have also shown an inverse (or negative)
relationship between diastolic blood pressure and both myocardial infarction [41, 42]

and cardiovascular mortality [43, 44].

Moreover, as large artery stiffness is related with cardiovascular mortality
Bronwyn et al tried to find a threshold point in patients with CAD[45]. Factors as
Systemic Arterial Compliance (SAC), Distensibility Index (DI), PWV, and
Augmentation Index (Al) were used to assess different aspects of large artery stiffness
at rest in relation to ischemic threshold. All of them correlated in various ways with
time to ischemia. Therefore, the new finding of this study is that large artery stiffness
is an important independent determinant of myocardial ischemic threshold during
exercise in patients with CAD. It also can be used the factors that the researchers
studied as alternative indexes of the large artery stiffness.
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Clinical Relevance

Underlying

Hemodynamic
Consequences
1. Exaggerated change in | 1. Hypotension and

Abnormality
Increased Ventricular

Systolic Stiffness

blood pressure for a
given change in
preload or afterload
Lower contractile
reserve

Lower stroke volume
reserve

Greater energetic cost
to eject a given stroke
volume

oliguria  with slight
over-diuresis or the
addition of a new
vasodilator agent

Modest volume
infusion leads to
hypertension  and/or

acute pulmonary
edema

Impaired exercise
tolerance and

functional disability
Increased myocardial
oxygen demand and
ischemia

Increased Arterial
Stiffness

Exaggerated change in
blood pressure for a
given change in
preload or contractility
Increased total
afterload, wave
reflections and late
systolic load

Greater  dependence
upon systolic pressure
for coronary flow

. Abnormal endothelial

mechanotransduction

Same as #1 and #2
above

Impaired relaxation
and decreased LV
diastolic  compliance,
prolonged systole,
abbreviated diastole
Increased ischemia and
infarct size for a given
drop in systolic blood
pressure

Endothelial
dysfunction, abnormal
vasodilation response
to stress

Table 1. Pathophysiology of Ventricular-Vascular Stiffening.
(From Borlaug BA et al,

Heart Fail Clin. 2008)

Ventricular-vascular interaction in heart failure
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As further investigations and clinically-based pathophysiologic research
continues to identify mechanisms whereby ventricular-arterial stiffening impairs
cardiovascular function, and basic research defines the key cellular players involved
in promoting ventriculoarterial stiffness, remodeling, and hypertrophy, we will
increasingly be able to better treat patients with ventricular/arterial stiffness risk by

targeting these pathophysiologic pathways.

B. Arterial Stiffness after TEVAR and their effect to the LV

Open surgical aneurysm repair remains the preferred treatment. However,
endovascular aortic repair is a widely performed method nowadays. Although, they
considered as an effective alternative treatment to the conventional open repair, few
data are available about the connection of endovascular grafts and the mechanical
aortic and cardiac changes. Experimental studies show that aortic endografts
increased arterial stiffness in animal models [46]. In addition, it can be assumed that
the alterations of aortic mechanical properties can have a direct impact on heart

output.

Increased central aortic stiffness has potentially important prognostic
implications and it has been associated with increased cardiovascular morbidity and
mortality in follow-up studies [47, 48]. Several indexes have been studied as
prognostic factors of cardiac function. Most of them have been correlated with the
aortic stiffness. However, there is indicated a link between the levels of PWV and the
risk of late cardiovascular events[49, 50]. Thus, PWV is accepted as the most simple,
robust, and reproducible method to determine the regional arterial stiffness. There is a
linear correlation between the speed of travel of pulse along an arterial segment and
arterial stiffness[46, 51].

Supporting this theory, Takeda and his colleagues studied the early and the
long-term outcomes of consecutive patients who had endovascular aortic repair and
their effect to the cardiac function, cardiac geometry and exercise tolerance[52]. They
enrolled 40 patients who underwent endovascular aortic repair (8 TAA cases, 2
TAAA cases, 30 AAA cases). Echocardiography and brachial-ankle pulse wave
velocity (baPWV) data were collected before, 1 week, and 1 year after the procedure.
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The results of this study demonstrate for first time that endovascular procedure
increases vascular stiffness and induces LV hypertrophy and Left Atrium (LA)
enlargement without elevating blood pressure (BP) in the short-term postoperative
period. As result of this phenomenon, these patients have limited performance and

generated clinical symptoms.

o p<0.05, R=0.32
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Figure 3. Relationship between changes in left ventricular (LV) mass index from pre-op to
post-op and those in brachial-ankle pulse wave velocity (baPWV). As shown by the trendline,
the changes in LV mass index positively correlated with those in baPWV (From Takeda Y et
al, Circ J. 2014)

The same author few years earlier in collaboration with Yamashina and his
partners, had suggested the baPWV as a simple, noninvasive method, suitable for
screening vascular damages in a large population[53]. How important is this index for
the evaluation of vascular disease was confirmed by the results of this study. More
specific, baPWV were higher in non-Coronary Artery Disease (CAD) patients with
risk factors than in healthy subjects without risk factors. Therefore, this factor could

help in the outcome of these patients.
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However, these patients are characterized by high comorbidity because of
their various health problems and especially cardiovascular diseases. In the meantime,
several studies correlate the levels of the blood pressure with the age and the role of
PWV as a prognostic factor for cardiovascular problems. Meaume S. and his partners
showed that aortic PWV was a major independent predictor of Cardiovascular (CV)
mortality and that this marker was extremely powerful over the cut-off point of 17.7
m/sec[54]. Thus, the validity and reproducibility of baPWV measurements are
considerably high, and this method seems to be an acceptable marker reflecting

vascular damages.

In addition, Tzilalis et al made a clinical study with 11 patients who underwent
TEVAR because of thoracic aortic transection. They observed that nine of these
patients presented arterial hypertension postoperatively and four had hypertension
during the follow — up. The authors supported that endografts produce a
discontinuation of pulsaltile waves, which increases the aortic PWV. Tzilalis and co-
authors concluded that this is a significant risk factor to develop cardiovascular
disease these type of patients[55].

The results of the arterial stiffening especially after intervention to the aorta
can also be observed in patients with aortic coarctation (CoA) repair. There have been
raised many concerns about the outcome of these patients whose aorta have been
corrected. Several studies have dealt with their life expectancy, because of the
complications that they present late. A high proportion of asymptomatic young adults
who survived the aortic repair, develop significant hypertension either at rest[56] or
during exercise[57]. Nowadays, stent implantation to these patients, has become the
treatment of choice for adolescents and adults[58]. Despite its wide preference, there
are only few articles, which studied the long-term effects of stents to these patients.
Maschietto and colleagues performed an experimental protocol to growing animal
models[59]. Their results showed that stent does not alter the overall hemodynamics
of the aorta, results which agree with Pihkala et al[60]. Nonetheless, alterations of the
normal laminar blood flow at the level of the interface between the stent and the
native artery induced oxidative stress (OS), endothelial dysfunction (ED) and
increased protein turn over in the ascending aorta (ASAO) above the stent. The
researchers try to correlate the endothelial aortic damage with gene expression, such
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as NOS3, SOD1 and MMP9 in ASAOQ. Although, the present results cannot predict
any clinical relevance of the grafts with the aorta, they concluded that having
implanted a stent in it of otherwise normal animals, it can induce OS, ED, and

increased stiffness in ASAO but not hypertension[59].

However, endovascular repair of the aorta does not always bring negative
impact to the cardiac function and especially LV. Toshihiro Yamaguchi and his
coauthors suggest that Aortic structure or pathology may affect afterload to various
extents[61]. They presented one of their patients, a 78-year-old man with severe heart
failure who made a dramatic recovery from cardiac decompensation following
endovascular thoracic aortic aneurysm surgery. His severe depressed cardiac function
and heart failure dramatically improved following stent grafting. Furthermore, the left
ventricular ejection fraction improved from 13% pre-surgery to 55% post-surgery and
the serum brain natriuretic peptide (BNP) level had significantly decreased to 70— 240
pg/mL. This case suggests that other hemodynamic modulating factors derived from
an aortic aneurismal lesion can affect cardiac function and modify the conditions of
heart failure.

Several hypotheses and theories have been introduced. Sughimoto et al
suggested a new model of blood flow dynamic and its energy loss and how grafting of
the dilated aorta may ameliorate these hemodynamic disturbances, contributing to the
alleviation of the energy efficiency of blood flow delivery[62]. Similar protocols have

been proposed in the past, although, needs more studies to be determined[63].

Moreover, the exact association between heart failure and aortic disease is not
completely clear. Until this point, we presented various theories who suggest that
TEVAR probably affect negatively the LV. However, Cuypers, et al reported that
hemodynamic parameters, including cardiac index and stroke volume, were improved
after aortic aneurysm repair with both open and endovascular surgery[64]. To verify
this hypothesis, Sughimoto and colleagues investigated changes in cardiac function in
patients who underwent aortic aneurysm repair by comparing cardiac function before
and after the intervention[62]. The results showed Left Ventricle Ejection Fraction
(LVEF) improvement on echocardiography after aortic aneurysm repair and the mean
value of LVEF significantly increased from 64.9 = 5.8% to 723 = 5.6%
perioperatively (P < 0.05). In conclusion, the presence of an aortic aneurysm may
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magnify the favorable effects of aortic aneurysm repair on patients with aortic
aneurysm and exacerbating heart failure. However, most of these cases refer to

abdominal aortic aneurysm and so further investigation is needed.

Finally, reviewing the literature, a very interesting article analyzes the dynamics of
the aorta before and after endovascular aneurysm repair[65]. This review article
presents, among others, three studies that were concerned of the dynamic changes on
the thoracic aorta. However, only one of these observed the changes of the thoracic
aorta before and after TEVAR procedure[66].

Furthermore, Van Prehn and his colleagues studied the changes in patients with TAA
who were evaluated for TEVAR to their institute, were scanned pre- and
postoperatively using dynamic cine-Computed Tomographic Angiography (CTA).
There were selected five positions along the thoracic aorta t measure aortic distention
during cardiac cycle. The results showed significant distention of the thoracic aortic
arch and descending thoracic aorta during the cardiac cycle before and after TEVAR.
Distention ranged 3-12% in diameter and 2-20% in area. In addition, this distention
was preserved after TEVAR [66]. The mean differences between the minimum and
maximum aortic area per heartbeat in this study group, reported from proximal to
distal, were 6.3%, 6.2% and 6.3%. Postoperatively, there was significant distension at

several levels

The next two studies measured the aortic distension at different levels of the thoracic
aorta. Van Prehn et al. and Mubhs et al. observed the distension of the thoracic aorta in
patients with AAA. The researchers use the same method as in the previous article.
Maximum diameter and area change per cardiac cycle was measured at surgically
relevant anatomic thoracic landmarks. There is impressive change in both maximum
diameter and area in the thoracic aorta during the cardiac cycle. Mean area changes of
the ascending aorta, reported from proximal to distal, were 12.7%, 7.5% and
5.6%[67]. However, only the mean distension most proximal to the heart was
significant. Respectively, in the second study, mean area changes of the aortic arch
and descending thoracic aorta, reported from proximal to distal, were 4.8%, 5.0%,

5.5% and 7.0%[68]. Again, none of those values was significant.
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Regarding the results of TAA dynamics, it is shown that the thoracic aorta expands
significantly at relevant levels per heartbeat too. Since the diameter of the thoracic
aorta is larger than the diameter of the abdominal aorta, equal relative changes will
result in larger absolute changes[65]. In addition, aortic distention varies among those
patients and it might be possible those people who have more pronounced distention

to be the one with more probably compromised graft durability.

These results suggest that the native thoracic aorta in patients with TAA exhibits
various importance distention throughout the cardiac cycle, and this phenomenon is
reported that is preserved even after endograft implantation [66]. This statement

seems to be in contrast with the arterial stiffness and needs further study.
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Discussion

In this systematic review, an overview of the current knowledge of aortic stiffness
before and after TEVAR and its effect to the cardiac function is given. As it was
presented the arterial stiffness is related with age and other degenerative processes
which together are known as arteriosclerosis [13, 14]. This aged — related vascular
stiffness is usually followed by end systolic chamber stiffness of the left ventricle
[15]. In addition, it is repeated that arterial stiffness has been recognized as a measure
of target organ damage [16, 17], and its clinical implications should be considered
together with the cardiac function, as it is known that the interaction between the
ventricular — arterial coupling is the key determinant of the cardiovascular
function[18-20].

This is the reason why researchers as Bronwyn et [45] suggested factors as Systemic
Acrterial Compliance (SAC), Distensibility Index (DI), PWV, and Augmentation Index
(Al) to assess different aspects of large artery stiffness at rest in relation to ischemic
threshold. However, the new finding of this study is that large artery stiffness is an
important independent determinant of myocardial ischemic threshold during exercise
in patients with CAD.

However, the innovation to this subject came from Takeda and his colleagues who
demonstrated for the first time that endovascular techniques increase vascular
stiffness and induces LV hypertrophy and LA enlargement without elevating BP in
the short-term postoperative period [52] situation that leaded to limited clinical
symptoms. And for the best screening of vascular damages in a large population the
same author few years earlier in collaboration with Yamashina and his partners, had
suggested the baPWV as a simple, noninvasive method, suitable for [53].

Although, Takeda suggested that hypertension is not always connected to patients
with TEVAR and arterial stiffness, this is a topic with a lot of controversies. Tzilalis
et al found that nine of their patients had postoperative arterial hypertension after
TEVAR, and four had durable hypertension during the follow-up period [55]. In
addition, they suggested that aortic endografts could produce a discontinuation of the

pulsatile waves with a subsequent increase of aortic PWV. Thus, Increased PWV is an
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important risk factor for future cardiovascular events and should be evaluated in all
patients after TEVAR.

However, the most interesting findings were presented by Toshihiro Yamaguchi et al
who presented the positive effect that TEVAR offered to an 78 year old patient with
severe cardiac failure. They suggested a possible beneficial effect of aortic aneurysm
repair for improving cardiac function and heart failure and a new concept of another
extrinsic factor that can affect cardiac function through modulation of afterload [62].
Despite all the observations presented in this article, the clinical relevance of TEVAR
with aortic stiffeness and cardiac function has not yet been proven. All the presented
studies are observational studies, and none of them confirms a relationship between
them. Future studies and clinical trials are necessary to study the influence of TEVAR
on clinical outcome to either aortic stiffness or heart function. The value of dynamic
preoperative or postoperative number of PWV for the evaluation of patient’s outcome

need to be studied.
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Conclusion

To conclude, cardiovascular mortality remains the main cause of death among
patients with aortic aneurysm, even after a successful vascular surgery. This brief
review was made to present the significant effect of arterial stiffness to the heart
function. In addition, it wants to present the most recent studies who studied the
correlation of aortic endografts, especially TEVAR, to the arterial stiffness and to the
LV function. The results of this study show that endovascular techniques have
controversial effect to cardiac function. However, it can be concluded that blood
pressure is a matter of study because in either elevated (hypertension) or small levels
(small diastolic pressure) can affect the coronary arteries. In addition, PWV is an
important index for the evaluation of patients with TEVAR. Also, a cut off point of
17.7 m/sec can be used as a major independent predictor of Cardiovascular (CV)
mortality. It is obvious that small research has been done to this particular subject.
However, as endovascular surgery is becoming the gold standard for the vascular
disease and especially aneurysm repairs, these patients require more and deeper

investigation.
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Iepiinyn

Ewayoyn: Avoeépetor ot Piproypagio 6Tt 1 €vOOyYEOKT OTOKOTAGTAOY
OVEVPLOUAT®V TNG KOTIOVGOS BMPOKIKNG 0opTHG eMMPedlel TV EAOCTIKOTNTO TNG
0OPTNG HETPEMOVTAG TNV o€ dkaumto ayyeio. ['eyovoc mov cvoyetiletan pe avénuévn
Kapolayyelokn Bvnopdtna.

YKomoG TG Tapovoog peAETNG elvar va pekethiost T PiPAoypaeio Kot vo epeuVNGEL
TNV EMIOPOCT) TOL £XOVV TO. EVOOUOGYEVLOTA TNG KATIOVGAS BmPOKIKIG 0OPTIG TNV

EAOCTIKOTNTO TNG AOPTNG AL KOl GTNV KOPILOKT) AELOVPYidL.

Mé0odog: Qg Paon  dedouévov  ypnowomombnke 1o  Medline  6mov
ypnopomomOnkay TapepPepeic ekEPAGELS Yo Tov EAeyyxo ™S PipMoypapiag. Apov
oprofetnkav to kpumplo pe to omoiae Bo emAéyovtav to Gdpbpa yioo PEAETN
npoypatoromOnke 1 peAén g PpAoypagios. Apapédnkav 6ca Bempndnkav Twg
dgv mAnpovoav TO Kputnplo kot TEAKE kotaAnSope oe 26 apbpa to omoia

peAethOnkov de&odukd.

Amoteréopata: AOYy® TOL TEPLEYOUEVOL TNG UEAETNG OOmMIOTOONKE TG dev
vdpyovv mOAAG GpBpa kol peydAeg PEAETEG TAVED GTO GUYKEKPIUEVO OVTIKEIUEVO.
Qo1660, 1 aKapyio TOV ayyeimv Kot on Tov aptplov anoterel PAARN Tov opydvav
oTOY®OV Kol 0l OTOlEcONTOTE PAAPES avtdv cuoyetilovtal GUECH He TNV KOPILOKN
Aertovpyio. AvENUEVN aopTIKN akopyio 1] LEWOUEVT] EAACTIKOTNTO TNG 0OPTNG £XEL
Kok mpoyveootikn aéia kabadg cvoyetiCetanr pe avénuévn kapolayysiokn voco. O
delkng tayvTog petddoong tov moiutkod kvpotog (Pulse Wave Velocity, PWV)
Bewpeitar ®g o TAEoV amAOg, aveEAPTNTOG, AEIOMIGTOG KOl AVAKVKADGLLOG OEIKTNG Yo
™G eKkTiumon g meploykng elaotikoétnTrog piog aptmpiog. Emiong, amotedel
TPOYVOOTIKO TOPAYOVTa TNG KOpOlyyEWKNG OvnooTTag HE 1oYVupY| TPOYVMOGTIKN
wKoavotnTo, ad ™ T Tov 17.7 m/sec kot mive. AvALoyo OmoTEAEGLOTO LTOPOHV VO,
napatnpnbovv otovg acbeveic e cuyyevr otévmon aoptig (Aortic coartation, CoA).
Meléteg vootnpilovy mwg o€ avTovg Tovg acbeveic 1 evdompdBeon dev TpoKaAet
OLUOOVVAIKES HeTAPoAEg oto ayyeio. Qotdc0,00ENoN TG PONG TOL ayYeEiov GTO
onueio ¢ LETAmTOoNG Tov oty evdonpdbeon endyet to o&edwtikd otpeg (Oxidative
Stress, OS) ko v evéoOniakr dvciertovpyio (Endothelial Dysfunction, ED) kabmg
Kot TNV avénuévn evandbeon mpmteivdv oty aviovso Bwpakikn aopth (Ascending

23



Aorta, ASAO) kevtpotepo g evoompdbeons. 2o1000, 01 TOPOUTAVED HETAPOAES
QOIVETAL VO TPOKOAODV GYETIKY] OVEANCTIKOTNTO TNG COPTNG, YOPIC OUmG va
TPOKOAOVV avénomn g optnplokng mieons. H vméptaon amotelét S1popovuevo
Mua, kobng otn Piproypagio €vag peydrog aplBudc peretdv mopovotalovv
avénuéva TOGOGTA LVIEPTACTG GTOVLS TPOAVIPEPOUEVOLS acbevels. TéAog, UIKPOC
aplOUOG HEAETOV avaPEPOLY PEATI®OON TOPAUETPOV OTTMOC KOPIOKOG OEIKTNG Kot
OYKoG TOAUOD HETA omd O10pBmON avVELPVLGUOTOC AOPTNG €iTe HE avoIKT &ite pe
evoayyelokn amokatdotoor. Xapaktplotikd, To kidopa eEmOnong (ejection
fraction,EF) Beltiobnke amd 13% mpoeyyeipntikd oe 55% peTeyyelpnTiKd, Vo Kot ot
TIEG Tov vatplovpnrtikod memtidiov (Brain Natriuretic Peptide, BNP) ueim6nxay

YOPOKTNPLOTIKA 6710, emtineda tov 70 — 240 pg/mL.

Yopumépacpo: H mopodoo PeEAETN KATOANYEL TOG Ol EMITTMOGELS TNG EVOLYYELOKNG
OOKOTAGTAONG GTNV KOPOOKY AETOVPYElR €XOVV OVTIKPOVOUEVO OTOTEAEGLLOTOL.
Qot0G0, 1 GUOTNUOTIKY] OPTNPLOKN TECT UMOPeEl Kol TPEMEL VO OMOTEAECEL
avTiKeipnevo PeEAETNC KaBdG €xel dueon emidpacn oV Kopdlakn AETovpyeio Kot
ovyetileton Ko Queca pe TNV kopolayyewkn voco (emnpedletar M OL0GTOAIKN
Aertovpyeia g Kopodhg). Emiong, mpoteiver 1o deiktn ToydTNTOG HETAOOGNG TOV
TOAUKOD KOUOTOG HEGO OO TO APTNPLOKO OIKTLO MG JEIKTN eKTiUNONG TV 0G0EVAOY
HE €VOUYYEWNKT OMOKATAGTOOT TNG KATOLGOS OmapKikng aoptne kobwe Kot tng
KOPOLYYEWKNG VOGOU anTtdv TV acbevov. Téhog, Tpoteivel v tiun 17.7 m/sec mg

70 Op10 Yo TOVG acBeveic L TOVS Vo EpPavicovy atePaviaio vOGo.
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Abstract

Introduction: It has been reported that TEVAR affects aortic stiffness which is a
factor associated with increased cardiovascular morbidity. The purpose of this report
is to review the literature and investigate the effect on TEVAR on the aortic stiffness
and the cardiac function.

Methods: Medline was searched for relevant articles. After inclusion and exclusion,
26 relevant articles reporting on aortic stiffening and its effect to cardiovascular
system remained, and the effect of TEVAR to this situation, allowing for further
study.

Results: The sample size of studies upon this subject is limited and translational
studies are missing. However, arterial stiffness has been recognized as a measure of
target organ damage and its clinical implications should be considered together with
the cardiac function. Increased central aortic stiffness has potentially important
prognostic implications and it has been associated with increased cardiovascular
morbidity and mortality. Pulse Wave Velocity (PWYV) is accepted as the most simple,
robust, and reproducible method to determine the regional arterial stiffness. In
addition, PWV was a major independent predictor of Cardiovascular (CV) mortality
and was extremely powerful over the cut-off point of 17.7 m/sec. The results of the
arterial stiffening especially after intervention to the aorta can also be observed in
patients with aortic coarctation. In these kind of patients, several studies supported
that stent does not alter the overall hemodynamics of the aorta. However, alterations
of the normal laminar blood flow at the level of the interface between the stent and the
native artery induced oxidative stress (OS), endothelial dysfunction (ED) and
increased protein turn over in the ascending aorta (ASAQ) above the stent. The
conclusion is that having implanted a stent in it of otherwise normal animals, it can
induce OS, ED, and increased stiffness in ASAO but not hypertension. The issue of
hypertension is controversial because different studies suggest that is a usual result
after TEVAR procedures. Finally, it is reported that hemodynamic parameters,
including cardiac index and stroke volume, were improved after aortic aneurysm
repair with both open and endovascular surgery. The left ventricular ejection fraction
improved from 13% pre-surgery to 55% post-surgery and the serum brain natriuretic

peptide (BNP) level had significantly decreased to 70 — 240 pg/mL.
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Conclusions: The results of this study show that endovascular techniques have
controversial effect to cardiac function. However, it can be concluded that blood
pressure is a matter of study because in either elevated (hypertension) or small levels
(small diastolic pressure) can affect the coronary arteries. Inn addition, PWV is an
important index for the evaluation of patients with TEVAR. Also, a cut off point of of
17.7 m/sec can be used as a major independent predictor of Cardiovascular (CV)

mortality. It is obvious that small research has been done to this particular subject
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