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Abstract

Background: Thoracic Endovascular Aortic Repair (TEVAR) is widely recognized
as an alternative treatment to open surgery when considering thoracic aortic diseases.
Evidence suggests that there is an increase in arterial stiffness post-TEVAR, as
documented by an augmentation in Pulse Wave Velocity and certain biochemical
markers, such as NT-proBNP, which signifies potential cardiac chamber stretching.
However, the effect of the documented stiffness post-TEVAR on cardiac function has

not been extensively studied.

Objective: To unveil potential alterations in cardiac function post-TEVAR based on
certain Ultrasonographic markers [Left Ventricle Mass (LVM), Left Ventricle Mass
Index (LVMI), Left Ventricle Ejection Fraction (LVEF), Left Ventricle End-Diastolic
Diameter (LVEDD), Left Ventricle End-Systolic Diameter (LVESD), Interventricular
Septal Thickness (IVST), Left Ventricle Posterior Wall Thickness (LVPWT)].

Data sources: A thorough literature search was applied using MEDLINE and
CENTRAL bibliographic databases in March 2021. Free text terms, along with
controlled vocabulary thesaurus (“MeSH” database) were used and reference lists of
certain articles were evaluated for relevant information. No language or date

restrictions were applied.

Study Selection: Non-Randomised Studies of Interventions of TEVAR in specified
diseases [Thoracic Aortic Aneurysm, Thoracic Aortic Dissection (Type A, Type B,
Non — A Non -B), Blunt Thoracic Aortic Injury], which examine cardiac function
with ultrasonography encompassing the pre-specified parameters. Case reports, case
studies and experimental studies were excluded. Patients with abdominal, or

juxtarenal aortic aneurysms were also excluded.

Data extraction: Independent extraction of articles by two authors using pre-

specified criteria.

Data synthesis: Four studies met the inclusion criteria and were included in the meta-
analysis. Random- effects model was applied due to heterogeneity between the
studies. Data were analyzed on mean values of LVM, LVMI, LVEF, LVEDD,
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LVESD, IVST, LVPWT and standard deviation (SD) pre- and post-TEVAR from
each individual study and the pooled standardized difference in means and 95%
confidence interval (CI) were calculated. The between-study heterogeneity was
examined with the combination of the Cochran’s Q (y2) test and the 12 statistic. The
meta-analysis results were non-significant for all parameters examined. However, LV
mass showed borderline significance. In particular, for LVEF, non-significant
differences were found pre- and post-TEVAR (SMD=-0.53, 95% Cl=-1.8 to 0.728,
P=0.406, 1= 96%, P<0.0001). IVST results also were non-significant (SMD= -0.79,
95%CI=-3.25to 1.66, P= 0.52, 1?=98%, P<0.0001). Concerning LVEDD, no
significant alteration was documented (SMD= -0.10, 95%CI=-0.48 to 0.28, P=0.60,
12= 72%, P=0.0013). Regarding LVESD, no significant difference was found (SMD=
-0.66, 95%Cl=-2.35 to 1.02, P= 0.44, 1>=97%, P<0.0001). LVPWT did not differ
significantly post-TEVAR (SMD= -2.20, 95%CI=-5.89 to 1.47, P= 0.24, 12=99%,
P<0.0001). Concerning LVM, a trend towards an increase was documented post-
implantation (SMD= 0.28, 95%CIl= -0.03 to 0.60, P= 0.08, 1>=0%, P=0.335), but not
for LVMI (SMD = 0, 95%CI=-0.195 to 0.195, P=1, 1>=0%, P=1).

Conclusion: The present study’s results did not show a trend towards cardiac function
alteration after treatment with TEVAR, based on the echocardiographic parameters
examined. A borderline significant increase in LV mass was documented, without
other markers of LV geometry being affected. Despite the increase in arterial
stiffness, LVEF and cardiac dimensions were not affected. Overall, the impact of

TEVAR on heart physiology seems to be negligible.
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HEPIAHYH

YnopaOpo: H evoayyeioxn anokatdotacn g Ompakikng aoptg avoyvopileTo
eVPEMC MG Lo EVOALOKTIKY Ogpameios TOL avoryTov XEPovpyeiov g 6,TL APopa TIg
nafnoelc g 0wpaxikng aoptc. Ymapyovv d£50UEVE TOV DTOOEIKVOOLV HLdL
avénon otV aptnPlokn SvoKapyio LETE TNV EREVTEVGT] TOV LOGYEVUATOC.
[pdypartt, avtd vroompiletarl amd po mopotnpoduevn avénon g TayvnTog
[MoApov Kdparog, kabmg kot vrépPacn Twv QUGIOAOYIK®VY 0piwV GE 0PIGUEVOVS
Brodeikteg, 0mwg 0 NT-proBNP, 1o omoio onpatodotel pio duvntiky d1dtocn tov
KapolaK®V Kototntav. [oap’oda avtd, n enidpacn g 0E00UEVNG APTNPLUKNG
dvokapyiog LETA TNV EVOOUVAIKT OTOKATAGTOGCT OTNV KOPOOKY| Agttovpyio dev
€xel emapkmg peretnOet.

Ykomog: No avaKoADYou e SOUVNTIKES AAAOYEC OTNV KapOlaKn Asttovpyio LeTd
TNV EVOOOLMKT OmTOKATAGTOOT TG Bmpakikng aoptig Paciloevol o
OLYKEKPILEVO VITEPNXOYPUPIKA KptTipta ( Mala apiotepnc kotMag, Aeiktng
Malag apiotepn|g kokiag, Khdopa EEmOnong apiotepnc kothiag, TehodiooToMk
AlgpeTpog aprotepng kokiag, TehoovoToMkn ALGUETPOS OPIOTEPTG KOTALOG,
[Tayoc Torywdparog Mecokotmakod Atagpdyunatog, ITayog Toyyopatog Omicbiov
Toydpoatog aptotepng KotMag).

Inyég Minpo@oépnong: IpayuatomomOnke pia evoereyns PrprAoypoagikn
avalnmon ot Pproypaeikég Bacelg dedopévov PUBMED kot CENTRAL tov
Méprtio tov 2021. Xpnoipomombnkay mokididot 6pot g d1dpopovg GLVIVAGLOVG,
n Baon “MeSH”, kabdg kot o1 tapamounéc and cuykekpuéva dpbpa. Agv
VINPYOAV YAOGGIKOL 1] XpOVOAOYIKOT TEPLOPIGHOL.

Emloyq Meret@v: Mn tuyaiomomuéveg peréteg aclevav mov voAnonkay ce
EVOOOLAIKY] OMOKATACTAGT TN GE®V NG Bwpakikig aoptis [Bwpakikd aopTikd
aveDPLGLLO, OOYMPIGHOG aopTNS (TOmoV A, Tomov B, Non — A Non -B), Aupio
Tpavpa Owpokikng Aoptig) Kot mov eEETAGTNKAY LE VIEPTYO KOPOLG
(cvumeprhopBovouévav TV TPoovaeEPHEVTOV TAPAUETPOV). AVOPOPES
TEPIOTUTIKOV/TEPIGTATIKMV, TEPOUATIKEG LEAETES, KOOMG Kot 0oOeVElS pe

KOWAL0KO 1 TOPAVEPPIKO 0OPTIKO OVEVPVGLLO OTOKAEIGON KOV OTO TN GLGTUATIKY
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OVOGKOTNGON KOl LETO-OVAAVGT LLOG.

E&aymyn dedopévav: Avelaptn eEaymyn 6edopuévav amd dvo GUYYPUPELS
YPNOYOTOUDVTOG CLYKEKPIUEVO KPLTHPLOL.

YovOeon oedopévav: 4 neréTec TANPOLGAY TO KPLTHPLOL GULLLETOYNG Ol
ocoumepMeONKay ot peta-avaivon. To povtédo tuyoiov Tapayoviwv
ypnoponoindnke Aoy etepoyévelog petald tov peretav. Ta dedopéva
avVOADONKAY YPNCILOTOIDOVTOS TNV HECT] TIUT TOV TPOAvVAPEPHEVTOV TAPAUETPOV
(MéCa apiotepng kothiag, Asiktng Maloc apiotepnc kohiog, Khdopo EEmOnonc
aplotepng Koiag, TeloduotoAkn Alapuetpog apiotepng kotliog, TeEAocvoToMK
Awpetpog aprotepng kotdiag, [ayoc Torywdpatog Mesokothokoh Atppdypotog,
[Téyoc Omcebiov Toyduatog apiotepng KOIAING) Kot VTOAOYIGTNKE 1) TUTIKY|
amdKMon TPy Ko HET TNV enépPaocm yio kabe por LEAETN Kol 1] GLVOLAGUEVN
TUTIKY] 01Popd oTig péaeg TWES (XTAM), kabmdg kot o 95% Awaoctiuota
Epmotoctvne (AE). H etepoyévela petalh tov HEAETOV EEETAGTNKE
ypNoomoldvTac o teot Tov Cochran Q () kot 1o teot 12.Ta amoteléopoto TG
HETO-OVAAVON G NTAV U] GTOTICTIKE GTULOVTIKE Y10 OAES TIG TOPAUETPOVS TOV
eEetdotnrayv. Q6T000, TOPATNPHONKE L0 OPLOKE CTATIOTIKA CTIUOVTIKT O101p0pa
v ) Malo apiotepng Koiag. [To cvykekpyiéva, dev mapotnpnonkov
OTOTIOTIKA ONUOVTIKEG dtopopéc Yo To Khdopa EEmOnong apiotepng kothiog
(XTAM=-0,53, 95% AE=-1,8 éw¢ 0,728, P=0,406, 1°= 96%, P<0.000), to I1é;oc
Toydpatog Mesokoilakov Awepaypotog (ETAM=-0,79, 95% AE=-3,25 ém¢
1,66, P=0,52, 1>= 98%, P<0.0001), Tv TeAod106TOAKT AIGUETPO THC OPIGTEPHC
xotMag (ETAM=-0,10, 95% AE=-0,48 {ac¢ 0,28, P=0,60, 1= 72%, P=0.0013), v
Teloovotohkn AGuetpo g aptotepns kokiag (XTAM= -0,66, 95%AE= -2,35
ém¢ 1,02, P= 0,44, 1>=97%, P<0.0001) ko1 to [Téyog Omcdiov Torydportog
aplotepnc kowkiag (XTAM= -2,20, 95%AE=-5,89 to 1,47, P= 0,24, 12=99%,
P<0.0001). Ocov agopd v Mdla g aptotepng kKothiag, mapatnpriOnke o
1001 Yo avénomn owtg petenepuPoticd (ETAM= 0,28, 95%AE= -0,03 é¢wc 0,60,
P= 0,08, 1>=0%, P=0.335), yopic 61660 va. 16yveL To 1810 yio Tov Agictn Mélag
apiotepric kotag (ETAM = 0, 95%AE= -0,195 éwg 0,195, P=1, 1>=0%, P=1).
Yopnepaocpato: Ta anoteléopata TG TapoVoHg LEAETNG dgV €050V KAmOLL
Tdon Yo petaforn ™G KapdlaKng Aettovpylog HeTd amd EVOOUVAIKT

amoKatdotaong Tafnoewv g BwPaKIKNG AopTNS, PAGEL TOV VIEPTXOYPUPIKDV
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TOPOUETPOV TOL EEETACTNKOV. ZNUEMONKE L0 OPLOKA GTATIGTIKG GNUOVTIKY
avénon g Mdlog apiotepng kotkiag, xwpig Opmg va emmpedlovtol dAlot deikTeg
g yeopeTpiog ™ aplotepns kotdioc. [lapd v tpomomoinom g apTnploKng
dvokapyiag, To KAAoHo eEDONONG Kot 01 S106TAGELS TNG OPLoTEPNG KOIAMOG Oev
EMNPEACTNKAY. ZUVOAKAE, 1) EMIOPAOT] TNG EVOOUVAIKNG OTOKATAGTAONG TG

0OPTNG OTN PLGLOAOYI TNG KOPIIAG aiveTot vo etvor apeAntéa.
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Rationale

Thoracic Endovascular Aortic Repair (TEVAR) tends to become the mainstay of
treatment for patients with Thoracic Aortic Diseases. The number of procedures, since
the first reported implantation of thoracic stent grafts(1), shows an ever-growing
trend(2). Though useful, however, Endovascular Repair has been associated with
adverse effects in terms of hemodynamics.

Evidence shows that Endovascular Aortic Repair may induce aortic stiffness. This has
been shown in various studies through Pulse Wave Velocity (PWV) augmentation(3-
7). PWV serves as a reliable reference point to arterial stiffness and an independent
risk factor for cardiovascular morbidity and mortality(3, 8, 9). The reason for the
observed phenomenon may be the attenuation of the Windkessel effect(10). Indeed,
the stent graft and the aorta do not possess the same mechanical properties. As a
result, the stented segment does not exhibit the same volume storage capacity during

diastole as the native counterpart.

Concerning the heart, there seems to be a relation between Left Ventricle Hypertrophy
and increased Arterial Stiffness (11). Endovascular Aortic Repair has also been
associated with elevation of biochemical markers indicative of cardiac function, such
as (NT-pro-BNP)(7). Those two parameters, taken together, reflect the increased

hydraulic load to the heart after the intervention.

However, the exact impact of TEVAR on cardiac function (mainly the left ventricle)
postoperatively and subsequent outcomes have not been thoroughly examined. In
addition, risk factors for cardiac events in TEVAR patients have not been studied
extensively(12, 13). So, in the context of guiding future health policies, one way to
quantify the TEVAR-heart relationship characteristics is through Echocardiography,
an easily reproducible technique with documented probability of adverse events based

on its marker findings(14-16).
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Anatomy

The aorta is the first and largest artery in the body. It starts from the aortic valve of the
left ventricle of the heart (Aortic Root) and ends in the proximal iliac bifurcation at
the level of the L4 vertebra. Based on location, it is divided in 2 subsets: Thoracic
aorta and Abdominal aorta. The thoracic aorta is further subdivided in the following

segments: The ascending aorta, the aortic arch and the descending aorta(17).

The ascending aorta refers to the portion extending from the aortic valve and up to T4
vertebral level. Its length approximates 5¢cm and normal diameter is 22-35mm. Its

branches are the coronary arteries, the very first branches of the aorta.

The aortic arch is the part right after the ascending aorta as it traverses posteriorly and
to the left in the thoracic cavity. As its name implies, it forms a curve, such that its
proximal and distal portions are at the same level, T4 vertebra. It has 3 major
branches: the brachiocephalic trunk (divided to the right subclavian artery and right
common carotid artery supplying blood to the right arm and head respectively), the
left common carotid artery (supplying blood to the head) and the left subclavian artery
(supplying blood the left arm). Its normal diameter is 22-35mm. The final section of
the aortic arch is just distal to the origin of the left subclavian artery and is known as
the aortic isthmus. There is a mild narrowing of the aorta that occurs at the site of the

ligamentum arteriosum, which is a remnant of the ductus arteriosus(18).

The descending aorta begins at the end of the curve of the aortic arch, at T4 vertebral
level. It continues inferiorly in the posterior mediastinal cavity, lying left to the
vertebral column. Then, it courses medially and, up to the level of the T12 vertebra, it

transitions to the abdominal aorta through the aortic hiatus in the diaphragm.

The descending thoracic aorta gives rise to certain branches, including pericardial,

bronchial, esophageal and mediastinal branches.

The main function of the aorta is to transmit oxygenated blood to the systemic
circulation following ejection from the left ventricle of the heart. The heart acts as a

pump based on pressure gradients between its chambers and the vessels attached to it.

http://school.med.uoa.gr/
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During systole, when pressure in the left ventricle rises above the pressure in the
aorta, the aortic valve opens and blood is ejected from the left ventricle to the
ascending aorta. After the pressure in the left ventricle reaches a peak, it gradually
starts dropping. When it becomes lower than the pressure in the aorta (diastolic
phase), then the aortic valve closes, thus preventing blood from returning in the left
ventricle(19).

Histologically, the aorta consists of three distinct layers: tunica intima, tunica media
and tunica adventitia(20).

Tunica intima is the inner layer which is composed by epithelium (called
endothelium), a basement membrane and subendothelial connective tissue (mainly
fibroblasts, collagen and elastic fibers). This is the site where atherosclerosis develops

gradually through multiple mechanisms, leading to arterial stiffening.

Tunica media is the middle layer of the aortic wall, mainly consisting of elastin,
collagen fibers, and smooth muscle cells. These are arranged in such a way that the
aorta may expand and distend, relative to the pressure enforced by the left ventricle of
the heart.

Tunica adventitia is the outer layer of the aorta and comprises loose connective tissue,
nervi vasorum (the innervation of the aorta), vasa vasorum (the vessels supplying the

aortic wall) and lymphatics.

Windkessel effect

The normal heart pump acts by exerting contractions of the myocardium at a regular
pace, thus ejecting a certain amount of blood (called stroke volume) with every beat.
This kind of periodic movement creates a pulsatile flow transmitted to the systemic
circulation during systole. The pressure applied to the aortic wall by the left ventricle
during systole causes the aorta to extend to a certain limit, based on its elastic
properties. This extension stores approximately 50% of the stroke volume generated
with each beat during systole. During diastole, the elastic recoil of the extended aorta
pushes the stored volume to the peripheral circulation, such that the pulsatile flow

mentioned before tends to become an almost continuous flow. The clinical
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significance of this process, called Windkessel effect, is that it augments the volume
of blood transmitted to the systemic circulation, as well as coronary perfusion, and it
reduces afterload (the load against which the heart must contract in order to eject the
blood volume). Specifically, the aortic arch is vigorously involved in this

phenomenon, as it contributes almost 50% of total arterial compliance(10).

Definitions

Aneurysm (or true aneurysm)(21): a permanent localized dilatation of an artery,
having at least a 50% increase in diameter compared with the expected normal
diameter of the artery in question. Although all 3 layers (intima, media, and
adventitia) may be present, the intima and media in large aneurysms may be so

attenuated that they are undetectable in some sections of the wall.

Pseudoaneurysm (or false aneurysm)(21): contains blood resulting from disruption
of the arterial wall with extravasation of blood contained by periarterial connective
tissue and not by the arterial wall layers. Such an extravascular hematoma that freely

communicates with the intravascular space is also known as a pulsating hematoma.

Aortic dissection (AoD)(21): disruption of the media layer of the aorta with bleeding
within and along the wall of the aorta. Dissection may, and often does, occur without
an aneurysm being present. An aneurysm may, and often does, occur without

dissection. The term “dissecting aortic aneurysm” is often used incorrectly and should

be reserved only for those cases where a dissection occurs in an aneurysmal aorta.

Blunt Thoracic Aortic Injury (BTAI)(22): BTAI is defined as a tear in the aorta that
is a result of a combination of shear and stretch forces, rapid deceleration, increased
intravascular pressure and compression of the aorta between the anterior chest wall
and vertebrae. Injury can occur along the entire length of the aorta, essentially from
the ascending aorta to the iliac bifurcation, although the injury typically occurs in

areas of aortic tethering, notably the aortic isthmus.

Pulse wave Velocity (PWV)(23): Contraction of the left ventricle generates a pulse

wave which is propagated throughout the arterial tree. The PWV is the time taken for
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the arterial pulse to propagate from the common carotid artery (CCA) to either the
radial or the femoral artery. To calculate PWV, the distance between the two sites at
which the pulse wave is being recorded is divided by the time of travel of the wave
from the first to the second site. Conventionally, carotid-femoral PWV is used for
assessment of the central arterial stiffness. Another way is to measure Branchial-
Ankle PWV. In the measurement of the carotid-femoral PWV, the pulse wave is
detected by tonometry, Doppler, or oscillometry, and the path length is measured
superficially. In the case of the brachial-ankle PWV, the pressure wave is detected by
oscillometry after tying pressure cuffs around the four extremities, as shown in Figure
1. The calculation methods for PWV are depicted in Figure 2(24).

Pressure cuff

Carotid-femoral PWV Brachial-ankle PWV

Figure 1: Carotid — Femoral and Brachial — ankle PWV measurement technique
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Figure 2: Distances for calculation of carotid—femoral pulse wave velocity (PWVcf)
from the pulse transit time registered between carotid artery (C) and femoral artery (f)
recording sites. PWVcf can be calculated using the subtraction method (Equation 1)
or direct distance method (Equation 2). In the subtraction method, the distance
between the carotid artery and suprasternal notch (S) (ds) is subtracted from the
distance between the suprasternal notch and femoral artery (dsf). This is also described
as the 3-point method. A variation of this is the 4-point method where the distance ds¢
is the sum of the distance between the suprasternal notch and umbilicus and distance
between umbillicus and femoral site. In the direct distance method, the path length is

80% of the direct distance between carotid and femoral sites.

Echocardiographic parameters

Left Ventricle Internal End-Diastolic and End-Systolic Diameter (LVEDD,
LVESD): Linear measurements of the Left Ventricle are carried out in the parasternal
long-axis view, measured immediately below the mitral valve leaflet tips. The
measurement angle should be perpendicular to the Left Ventricle long axis and the
cursor must be positioned on the interface between the myocardial wall and cavity and
the interface between the wall and the pericardium (orange arrows), as seen in Figure

3. Normal values are depicted in Table 1(25).
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Figure 3: Right side: Linear measurements in the parasternal long axis view. Left side:

The same view using M-Mode modality.

Normal values for 2D echocardiographic parameters of LV size and function according to gender

Male

Female

Parameter Mean = SD 2-SD range Mean = SD 2-SD range

LV internal dimension
Diastolic dimension (mm) 50.2 + 4.1 42.0-58.4 450 + 3.6 37.8-52.2
Systolic dimension (mm) 32.4 = 3.7 25.0-39.8 282 = 3.3 21.6-34.8

Table 1: Normal values of LVEDD and LVESD.

Left Ventricle Ejection Fraction (LVEF) (26): It is calculated based on the blood

volume that exits the left ventricle (stroke volume) divided by the left ventricle end-

diastolic volume (EDV, the volume of blood in the left ventricle measured at end-

diastole). It is a pure number and the result is expressed as a percentage. To quantify

stroke volume, we extract the volume of blood in the left ventricle at end-systole

(ESV, left ventricle end-systolic volume) from the EDV.

SV=EDV -ESV

LVEF: [SV/EDV] x 100
Normal values of LVEF for men include:

e 52% to 72%: normal range
e 41%to 51%: mildly abnormal
o 30% to 40%: moderately abnormal

e Lessthan 30%: severely abnormal
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Normal values of LVEF for women include:

54% to 74%: normal range

41% to 53%: mildly abnormal

30% to 40%: moderately abnormal

Less than 30%: severely abnormal

The most used clinical classification derived from the American College of

Cardiology depicts the following categories:
e Hyperdynamic = LVEF greater than 70%
e Normal = LVEF 50% to 70% (midpoint 60%)
e Mild dysfunction = LVEF 40% to 49% (midpoint 45%)
e Moderate dysfunction = LVEF 30% to 39% (midpoint 35%)

o Severe dysfunction = LVEF less than 30%

Measurement Technique: The methods applied to obtain the LVEF are based
both on the type of the echocardiographic image viewed (M-mode, two-
dimensional, three dimensional) and on the mathematical models used to derive
end-diastolic volumes. For the former, two-dimensional echocardiography is
mostly used and for the latter, the biplane method of disks (modified Simpson’s

rule) is the currently recommended two-dimensional method.

Specifically, the 2D tomographic images used to derive the EDV and ESV are the
apical four- and two-chamber views. Volumetric measurements are usually based
on measurements of the interface between the compacted myocardium and the LV
cavity by tracing the endocardial border in both the apical four-chamber and two
chamber views in end-systole and end-diastole, as shown in Figure 5. At the mitral
valve level, the contour is closed by connecting the two opposite sections of the

mitral ring with a straight line.
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Prerequisites include(27):

« Non oblique standard image planes or image planes of known orientation
relative to the long and short axis of the LV

e Inclusion of the apex of the LV

o Adequate endocardial definition

o Accurate identification of the endocardial borders

Concerning the mathematical models used, the calculation of ESV and EDV are
based on geometrical assumptions of the left ventricle, such as an ellipsoid,
complex hemicylindrical of hemiellipsoid shapes. In this context, the Teichholz
method (based on short axis measurements of the left ventricular inner diameter
using M-mode) and Quinones method (single measurements of the LV cavity in
the mid-ventricle in both end-diastole and end-systole either with M-mode or two-
dimensional imaging), which calculate LV volumes based on LV linear
dimensions are no longer recommended for clinical use, since they rely on the
assumption of a fixed geometric LV shape such as a prolate ellipsoid, which is
incorrect when cardiac anatomy is deformed.

The Simpson’s rule, or method of discs, which is currently used, calculates
ventricular volume as the sum of a series of parallel “slices” from apex to
base(28). In particular, after tracing the endocardial borders as mentioned above,
the LV cavity is divided in a pre-specified number of parallel ellipsoid discs
(usually 20), as shown in Figure 5. Each disk is characterized by a specific
volume, based on the tracings measured. Inbuilt software in all the
echocardiography machines would automatically divide this LV area into twenty
equal divisions once the LV LAX has been marked from the apex to the middle of
the line joining the mitral annulus. The Simpson’s rule is also termed “apical
biplane method”, as it is obtained in four-chamber and two-chamber views in end-
diastole and end-systole. The method is universally recommended because it is

accurate even when cardiac geometry is distorted.
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TIS0.5 MI1.3

Figure 5: Typical measurements of End-diastolic Volume (EDV) and End-systolic

volume (ESV) using the Simpson’s method

Left Ventricle Mass (LVM): Left Ventricle Mass is the total weight of the
myocardium, calculated by multiplying the volume of myocardium by the specific
density of cardiac muscle (approximately 1,05g/ml). There are several methods
that effectively calculate LV mass from M-mode echocardiography, 2DE, and
3DE. LVM calculation from 3D may be measured directly. For M-mode and 2D,
the approaches include the linear method, and 2D- based formulas (truncated

ellipsoid and area-length).
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Most studies and reports with a significant prognostic value for LV mass have
been performed using the linear method, which uses M-mode dimensions of
Interventricular Septal Thickness (IVST), Left Ventricle Posterior Wall Thickness
(LVPWT) and LVEDD. In particular, the linear measurements are obtained from
the parasternal LV long axis view, perpendicular to the long axis of the ventricle
and measured at the level of the mitral valve leaflet tips. The M-mode

measurements should be acquired from a LV Short-axis view and from a

parasternal long axis view.

Figure 7 : LV parasternal long axis view measurements. LVID = LVEDD

It is a fast, widely used method, which is fairly accurate for normally shaped
ventricles, such as in aortic stenosis or in systematic hypertension. The mathematical

formula (also termed cubed formula or Devereux formula (29) ) is depicted below:

Left Ventricular Mass= 0.8 x [1.04 (LVEDD + LVPWT + IVST?®) — (LVEDD?)] +
0.69
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It is understood that even slight measurement inaccuracies may lead to significant
errors, since they are cubed. In addition, the method does not yield accurate results
when there is asymmetrical hypertrophy or dilated ventricles. However, it is subject to
less measurement variability and is applicable to screening large populations

compared to the other techniques.

Unlike the linear dimension or M-mode method, the 2D echocardiographic methods
can accommodate for the shape of the ventricle and account for changes in LV size
that might occur along the long axis of the chamber. These methods include the
truncated ellipsoid method and the area-length method.

The truncated ellipsoid uses specific measurements of the left ventricle in an apical

two chamber view and is based on the current formula:

Figure 8: Truncated ellipsoid measurements in two chamber view

In the Area-length method, LV mass can theoretically be determined by tracing
epicardial borders to calculate the total ventricular volume (wall plus chamber), then
subtract the volumes determined from endocardial border tracing and then multiply
the specific density of the myocardium. However, since epicardial definition seldom
is adequate for this approach, the method demands mean wall thickness calculations
from epicardial (Al) and endocardial (A2) cross-sectional areas in a short-axis view at

the papillary muscle level (Figure 6), based on the current formula:

LVM = 1.05 (LV epicardial volume — LV endocardial volume) = LV myocardial

volume e 1.05
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Figure 9: LV short axis views (papillary muscle level) measurements (area-length

method). Al = LV epicardial volume , A2 = LV endocardial volume

Left Ventricle Mass Index (LVMI): The values for LV mass vary according to
gender, age, body size, obesity, and region of the world. As a result, there does not
exist a uniform definition of cutoff values. Also, LV mass is higher in men and
increases with body size. Thus, indexing for Body Surface Area (BSA) is a
prerequisite to study subjects with different body sizes. Reference upper limits of
normal LV mass by linear measurements are 95 g/m2 in women and 115 g/m2 in
men. Reference upper limits of normal LV mass by 2D measurements are 88 g/m2 in
women and 102 g/m2 in men with 2D methods. The reference limits are summarized
in Table 2.

Interventricular Septal Wall Thickness (IVST) and Left Ventricle Posterior Wall
Thickness (LVPWT): The diameter of the interventricular septum and of the
posterior wall of the left ventricle, respectively. They are measured using the same
views, as for LV mass. Normal values for IVST include 6-9mm for women and 6-
10mm for men when linear methods are used. The reference limits are summarized in
Table 2.

Left Ventricle Stroke Work (LVSW): It is a measure of the work produced by the

left ventricle in order to generate forward blood flow and pressure. It is derived from
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Ventricular Pressure-Volume loops. In particular, stroke work is the area enclosed by

the loop, as seen in figure 10 and 11 (30).
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Figure 10: A pressure—volume loop (BP = blood pressure; EDPVR = end-diastolic

pressure—volume relationship; LVEDP = left ventricular end-diastolic pressure).
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Figure 11: External work (or stroke work) is the Kinetic energy expended when blood
is ejected under pressure from the ventricle. The area enclosed by the ventricular
pressure—volume loop (i.e. pressure volume) represents the external work done during

a single cardiac cycle.

LV Hypertrophy (LVH) (25): The increase in left ventricle mass, secondary to an
increase in wall thickness, an increase in cavity size, or both. Pathogenesis relates to a

significant increase in the number and/or size of sarcomeres within each myocardial
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cell. The cutoff values to define LVH depend on the method used to quantify LV
mass, as shown in Table 2. LVH is diagnosed when the upper normal limits are

exceeded.

Normal ranges for LV mass indices

Women Men

Linear method

LV mass (g) 67162 88-224

LV mass/BSA (g/m°) 43-95 49-115

Relative wall thickness (cm) 0.22-0.42 0.24-0.42

Septal thickness (cm) 0.6-0.9 0.6-1.0

Posterior wall thickness {cm) 0.6-0.9 0.6-1.0
2D method

LV mass (g) B6-150 96-200

LV mass/BSA (g/n) 44-88 50-102

Bold italic values: recommended and best validated.

Table 2: Reference values for LVM, LVMI, LVPWT, IVST based on the imaging

method

Relative wall thickness (RWT)(29): a measure of ventricular geometry in LVH
patients that correlates left ventricle wall thickness compared to the chamber size.
Relative wall thickness (RWT) is measured in clinical studies both as: 2 * posterior
wall thickness divided by LV diastolic diameter or, septal wall thickness + posterior
wall thickness divided by LV diastolic diameter. Normal cutoff values are <0,42 (as
seen in table 2), irrespective of which formula is used to calculate the parameters.
Based on LV mass the following geometric models may be assumed for the left

ventricle:

e Normal geometry: Normal LVM and normal RWT
e Concentric Hypertrophy: Increased LVM and increased RWT
e Eccentric Hypertrophy: Increased LVM and normal RWT

e Concentric Remodeling: Normal LV mass and increased RWT
Some examples include:

Concentric Hypertrophy: typical in patients with aortic stenosis, where the
increased afterload leads to significant pressure overload in the left ventricle and thus,
to thick walls with a small chamber. This happens to the parallel replication of

Sarcomeres.
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Eccentric Hypertrophy: typical in patients with chronic volume overload, such as in
aortic or mitral regurgitation, where there is a dilated chamber with increased total
weight of the ventricle, but with normal LVM. This is due to the series replication of

sarcomeres.

Concentric Remodeling: typical in patients with arterial hypertension, where walls

become thicker, but there is normal total weight and mass of the left ventricle.

Clinical Significance of the Echocardiographic

Parameters examined

Concerning LVEDD and LVESD, it has been acknowledged for almost thirty (30)
years that these diameters are associated with adverse cardiovascular outcomes in
both sexes(31). These include coronary disease, stroke, transient ischemic attack,
claudication, heart failure and deaths from cardiovascular disease. When used in
conjunction with LVEF, dilated left ventricles along with low LVEF appeared to have
greater odds of sudden cardiac death(16). The pathophysiologic mechanism of sudden
cardiac death in a dilated left ventricle relates to the incurring arrhythmogenic

substrate, where re-entrant ventricular arrythmias may occur.

On the other hand, LVEF alone is a widely known indicator of adverse cardiovascular
events in patients with and without history of cardiovascular disease. Indeed, this
parameter served as potent predictor of risk of multiple outcomes, such as total
mortality, cardiovascular death, cardiovascular hospitalizations and heart failure
hospitalizations. This also applies to acute hospitalizations for noncardiac causes and

in ambulatory surgery patients(32).

Left Ventricular Hypertrophy has been acknowledged as a significant marker of
cardiovascular morbidity and mortality(14, 29). Although it may be beneficial at first,
reflecting a compensatory mechanism to chronic pressure or volume overload, it
portends a remarkably high prevalence of morbid cardiovascular events, including
myocardial ischemia and myocardial infarction(33)(29). Indeed, it decreases coronary
flow reserve (the ability of the coronary arteries to augment blood flow when

subjected to stress), as the coronary vascular bed is not increased proportionately to
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the LV mass. It has also been documented that increased LVM and LVH are
independent risk factors for a subsequent decrease in LVEF(15). In addition, as the
disease progresses, myocardial fibrosis is developed, which induces diastolic as well
as systolic dysfunction. Also, premature and complex ventricular arrythmias may
occur, increasing the risk of sudden cardiac death. In addition, atrial fibrillation is

more frequent in patients with LVH(15).

It is known that LVVH correlates to blood pressure, since one of the most common
pathophysiologic mechanisms of the disease is essential hypertension. The heart
becomes hypertrophied to compensate for the increased afterload. Other parameters
associated with LVH is sex (women present a greater hypertrophic response and are
more prone to death 5-fold compared to men when indexed to body size), obesity (the
increase in LV mass maybe is more than a mere physiologic adaptation), age (the
mass increases with aging, both in normotensive and in hypertensive patients), as well

as diabetes mellitus and metabolic syndrome(29).

Concerning IVST and LVPWT, higher values of these two parameters may be caused
by increased blood pressure values, even if the latter are within the upper normal
limits. This may indicate patients at greater risk for LVH development. Vice versa,
IVS thickening, even in the presence of normal LVM, is associated with systolic
hypertension(34). In addition, using these parameters in conjunction with LVM
specifies LV geometry, which seems to carry a separate cardiovascular risk burden
compared to that of LVMI(14, 29).

Treatment options

There are three main options to treat thoracic aortic diseases: Medical therapy
(conservative treatment), Open Surgery and Thoracic Endovascular Aortic Repair
(TEVAR). In this Thesis, we will focus on TEVAR.

The procedure is generally performed under general anesthesia, though it may be
accomplished with conscious sedation and/or using local anesthetics. TEVAR

technique includes the following(35):
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The first step is to gain femoral access for placement of the sheath required for
TEVAR. This may be done either through an “open” technique, in which the artery is
surgically exposed through an incision in the groin (or retroperitoneally), or
percutaneously, with the use of special closure devices. If there is the need for
additional access, this may be accomplished from either the arm or the contralateral
groin to allow for control angiography. The next step entails using various wires to be
able to deliver and implant the device in the inside of the vessel. To track the wire and
properly position the stent graft, a device called C-arm is positioned in the right
posterior oblique position to maximally splay out the arch. Once the device is
positioned, angiography is performed and respiratory arrest to allow for precise graft
positioning. Additional techniques to minimize graft movement during deployment
include induced hypotension, rapid pacing, and adenosine-induced cardiac

arrest. Once the graft is deployed, ballooning may be needed at the seal zones and at
any overlap zones to ensure full cooptation to the aortic wall. In dissection cases, it is
a contraindication to perform ballooning of the endograft, as there is a significant risk
of creating fenestrations or causing aortic rupture. Completion angiography is then
performed to assess for endoleak, the sheath and device are removed, and the

arteriotomy is closed.

Zones of attachment

The original zone attachment proposal by Ishimaru divided the thoracic aorta to the
ascending aorta, arch, and proximal descending aorta (zones 0-4), as seen in figure 12
(36). It refers to the attachment of the proximal end of the endograft. In particular:
Zone 0: the proximal edge of the endograft is proximal to the innominate artery origin
Zone 1 : distal to the innominate but proximal to the left common carotid artery
(LCCA) origin

Zone 2 : distal to the LCCA but proximal to the subclavian artery

Zone 3 : distal to the left subclavian artery up to the level of Thoracic Vertebra 4
(proximal descending thoracic aorta)

Zone 4: distal to Thoracic Vertebra 4 (mid-descending thoracic aorta) up to end of the

descending thoracic aorta (diaphragm)
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Figure 12: Ishimaru zones of attachment

Objective

The aim of this meta-analysis is to delineate the possible negative effects of Thoracic
Stent grafting in the long-term period after Thoracic Endovascular Aortic Repair
(TEVAR) in patients with thoracic aortic diseases (Thoracic Aortic Aneurysm, Aortic

Dissection, Blunt Thoracic Aortic Injury), based on certain ultrasonographic markers.

Methods

Review Design: The review was conducted and reported in accordance with the
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines(37).

Eligibility Criteria

Types of Studies: Non-Randomised Studies of Interventions examining Cardiac
Function with Echocardiography pre- and post-TEVAR in patients with Thoracic

Aortic Diseases. Case reports, case series and experimental studies were excluded.
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Types of Participants: Patients with Thoracic Aortic Diseases [Thoracic Aortic
Aneurysm, Thoracic Aortic Dissection (Type A, Type B, Non — A Non -B), Blunt
Thoracic Aortic Injury]. Patients with abdominal, or juxtarenal aortic aneurysms were

also excluded. No rules in terms of age or gender were applied.

Type of Intervention: Thoracic Endovascular Aortic Repair for Thoracic Aortic
Aneurysm, Thoracic Aortic Dissection and Blunt Thoracic Aortic Injury, with no
restrictions regarding endovascular repair in an acute or elective setting, deployment

zones, types of endografts used, or treatment length.

Types of Outcome Measures: Outcome Measures include findings in the Following
Ultrasonographic Criteria: Left Ventricle Mass (LVM), Left Ventricle Mass Index
(LVMI), Left Ventricle Ejection Fraction (LVEF), Left Ventricle End-Diastolic
Diameter (LVEDD), Left Ventricle End-Systolic Diameter (LVESD), Interventricular
Septal Thickness (IVST), Left Ventricle Posterior Wall Thickness (LVPWT).

Information Sources and Search Strategy

An electronic search of the literature was carried out by two authors
(Papakonstantinou K., Antoniou G.) in March 2021. The search strategy was applied
to MEDLINE and CENTRAL databases. “MeSH” terms were used in groups, along
with free text terms, to encompass all relevant information. There were no constraints
concerning language, publication date or publication status. The reference lists of
certain research articles were also assessed for other potential studies relevant to the

topic. The literature search strategy for PUBMED is depicted below.

Search strategy

((aorta, thoracic[MeSH Terms]) AND (ventricular remodeling[MeSH

Terms])) AND (endovascular proceduresfMeSH Terms])

e ((thoracic aorta) AND (ventricular remodeling)) AND (endovascular
procedure)

e (("thoracic aorta™) AND (“endovascular repair)) AND ("Cardiac function™)

e ((thoracic-aorta*) AND (endovascular procedure)) AND (echocardiography*)

¢ ((endovascular procedure[MeSH Terms]) AND (aorta, thoracic[MeSH

Terms])) AND (cardiac function tests|MeSH Terms])
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((aorta, thoracic[MeSH Terms]) AND (ventricular remodeling[MeSH
Terms])) AND (endovascular proceduresfMeSH Terms])

((blood vessel prosthesis implantation[MeSH Terms]) AND (aorta,
thoracic[MeSH Terms])) AND (cardiac function tests]MeSH Terms])
(((heart ventriclesMeSH Terms]) AND (endovascular procedures[MeSH
Terms])) ) AND (aorta, thoracic[MeSH Terms])

((ventricular remodeling[MeSH Terms]) AND (aorta, thoracic[MeSH
Terms])) AND (blood vessel prosthesis implantation[MeSH Terms])
((echocardiography[MeSH Terms]) AND (aorta, thoracic[MeSH Terms]))
AND (endovascular procedure[MeSH Terms])

((left ventricular hypertrophy[MeSH Terms]) AND (aorta, thoracic[MeSH
Terms])) AND (endovascular proceduresfMeSH Terms])

(((aneurysm, dissecting[MeSH Terms]) AND (aorta, thoracic[MeSH Terms]))
AND (endovascular proceduresfMeSH Terms])) AND (cardiac function
tests[MeSH Terms])

(((aortic aneurysm[MeSH Terms]) AND (aorta, thoracic[MeSH Terms]))
AND (endovascular proceduresfMeSH Terms])) AND
(echocardiography[MeSH Terms])

(((aorta, thoracic[MeSH Terms]) AND (aneurysm[MeSH Terms])) AND
(endovascular proceduresfMeSH Terms])) AND (cardiac function tests[MeSH
Terms])

((aorta, thoracic[MeSH Terms]) AND (heart ventriclesfMeSH Terms])) AND
(endovascular procedures[MeSH Terms])

(((echocardiography*) AND (aorta, thoracic[MeSH Terms])) AND
(endovascular proceduresfMeSH Terms])) AND (heart ventricles[MeSH

Terms])

Study Selection and Data Extraction

Eligibility assessment was performed by two authors (Papakonstantinou K. Antoniou

G.), based on the pre-specified criteria.

The following types of data were extracted from the selected studies:
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e Study related data: First author, Year of Publication, Country of Origin,
Journal of Publication, Study type, Recruitment Period, Mean duration of
Follow-up, Timing of Transthoracic Echocardiography (TTE)

e Baseline Demographics: Sex, age, Diabetes Mellitus, Hypertension, Coronary
Artery Disease, Hyperlipidemia, History of Smoking, Currently Smoking,
COPD, Cerebral Vascular Disease, Chronic Kidney Disease, Peripheral
Arterial Disease

e Type of Intervention: TEVAR landing zones, Types of Endografts used,
Treatment Length

e Outcome data

e Data related to Risk of Bias Assessment

Assessment of risk of bias in included studies

The NIH Quality Assessment Tool for Before-After (Pre-Post) Studies with No
Control Group was used to assess the risk of bias in the selected studies(38). The
evaluation was performed by two review authors (Papakonstantinou K. Antoniou G.).

The GRADE approach was also used to evaluate the quality of the evidence(39).

Data synthesis

A meta-analysis was performed to assess the impact of TEVAR on cardiac function as
indicated by changes in Left Ventricle Mass (LVM), Left Ventricle Mass Index
(LVMI), Ejection Fraction (EF), Left Ventricle End-Diastolic Diameter (LVEDD),
Left Ventricle End-Systolic Diameter (LVESD), Interventricular Septal Thickness
(IVST), Left Ventricle Posterior Wall Thickness (LVPWT). Data were collated on
mean values of LVM, LVMI, LVEF, LVEDD, LVESD, IVST, LVPWT and standard
deviation (SD) pre- and post-TEVAR from each individual study and the pooled
standardized difference in means and 95% confidence interval (CI) were
calculated(40). Because the studies do not report pre/post correlation, a range of
pre/post correlations for the scores was tested and the most conservative approach was
selected. The between-study heterogeneity was examined with the combination of the

Cochran’s Q (y2) test and the 12 statistic. Because of conceptual heterogeneity (the
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etiology of the treatment was different among study populations), random-effects
models of meta-analysis were employed. The Comprehensive Meta-Analysis (CMA)
software (Biostat, Englewood, NJ, USA) was used for the statistical analyses.

Results

Search results

The literature search initially resulted in n= 810 items. After removing duplicates and
extraneous data, the full-text articles included for qualitative synthesis were n=5. One
cohort study remains to be completed(41). The study selection process and the reasons

for exclusion of certain studies are summarized below.

u PRISMA 2009 Flow Diagram
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*Reasons for exclusion
Three Studies were excluded because of inadequate echocardiographic data on full-text review
One study was excluded as it is not completed yet
One study was excluded because of : a) irregural timing of echocardiography post-TEVAR and b) stress echocardiography
rather than resting echocardiography
One study was excluded because of non-existence of preoperative echocardiography
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Description of Studies

There were 4, single — center, retrospective studies identified. All were published
from 2018 and after, while the study recruitment period spanned from 2004 to 2020.
Three of them were uncontrolled before-after studies(42-44) and one study(45)
matched healthy controls with the TEVAR patients post-intervention, due to missing
pre-TEVAR echocardiographic data. The studies reported a sum of 216 patients. The
inclusion and exclusion criteria were dependent on the available data of each center.
The timing of TTE varied between the studies, as well as the duration of follow-up.
Each study measured specific echocardiographic markers and did not include the total
of the outcome measures examined in this review. Baseline characteristics were
similar for three of the four studies. Concerning intervention parameters, there were
cases for each one of the Ishimaru zones, depending on the condition treated.
Treatment length varied accordingly, as well as types of endografts used. The study
characteristics, baseline demographics, Intervention data, Inclusion-Exclusion criteria

and outcomes data are summarized in the tables below.

Author S;:;! Country, Journal Study type Recruitment period
Germany,
- Interactive Uncontrolled
Kreibichetal. | 2019 CardioVascular and Before-After Jan 2005- Dec 2018
Thoracic Surgery
Youssef et al. 2020 Germany, Vasa Retrospective Nov 2009 - Nov 2019

Study

China, Uncontrolled
Du et al. 2018 | International Journal of May 2004 - Jan 2016
: Before-After
Cardiology
USA,

Van Bakel etal. | 2019 European Journal of Uncontrolled 2013-2016

Cardiothoracic Surgery Before-After

Table 3: Characteristics of the included studies
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Follow — up (months)

Timing of TTE (months)

Author
Mean SD Mean SD
Kreibich et al. 29 28 24 29
Youssef et al. 63,6 21,6 63,6 21,6
Du et al. 48 (31,84)* 48 (31,84)%

Van Bakel et al.

15,2 (12,4 , 18,7)*

15,2 (12,4, 18,7)*

Table 4: Intervention data of the included studies, *median (IQR)

Number of Number of
Total . Number of . )
patients . . patients with Blunt
Author number of . patients with - .
atients with dissection Thorac_lc Aortic
P aneurysm Injury
Kreibich et al. 31 19 12
Youssef et al. 14 14
Du et al. 163 163
Van Bakel et al. 8 8

Table 5: Baseline demographics of the included studies

Author Age (years) Male Diabetus Mellitus | Hypertension
mean SD
Kreibich et al. 69 9 22 (71%) 7 (23%) 26 (74%)
Youssef et al. 35,1 8,7 12 (86%) 0 0
Du et al. 51,06 | 10,79 | 136 (83.4%) 7 (4.3%) 122 (74.8%)
Van Bakel et al. 68 (25,73)* 2 (25%) NR 6 (75%)

Table 6: Baseline demographics of the included studies (continued), *median (IQR),

NR = not reported
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Author Coronary Artery Disease | Hyperlipidemia | Previous smoker | Cerebral Vascular Disease
reibich et 11 (35%) 15 (48%) 14 (45%) 2 (6%)
You:lsef et 0 0 0 0
Du et al. 24 (14.7%) 33 (20.2%) NR 26 (16.0%)
Van Bakel NR NR NR NR
et al.

Table 7: Baseline demographics of the included studies (continued), NR = not

reported
Author COPD CKD PAD Currently Smoking
Kreibich et al. 2 (6%) 5 (16%) NR NR
Youssef et al. 0 NR 0 0
Du et al. NR 12 (7.4%) NR 52 (31,9%)
Van Bakel et al. | 1 (12,5%) 1 (12,5%) NR NR

Table 8: Baseline demographics of the included studies (continued), NR = not

reported
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Author Patient Sample Deployment Zone
n Zone 0 Zone 1l Zone 2 Zone3 | Zone4
Kreibich et al. 31 0 2 7 12 10
Youssef et al. 14 0 0 14 0 0
Du et al. 163 0 0 46 117
Van Bakel et al. 8 NR NR NR NR NR
Table 9: Intervention data (continued), NR = not reported
Author Treatment Length(mm)
mean SD
Kreibich et al. 163 66
Youssef et al. variation: 100-250
Du et al. 150.95 120.41
Van Bakel et al. NR
Table 10: Intervention data (continued), NR = not reported
Author Types of endografts
Gore . Endurant
CTAG Valiant | Relay | Talent | TX2 I Ankura
Kreibich et al. NR NR NR NR NR NR NR
Youssef et al. 10 3 1
Du et al. 108 55
Van Bakel et al. NR NR NR NR NR NR NR

Table 11: Intervention data (continued), NR = not reported
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Author Inclusion Criteria Exclusion criteria
TEVAR procedures, available Previous replacement of thoracic
Kreibich et al. Pre- and Post-TEVAR P

echocardiographic data

aorta (ascending, arch, descending)

Youssef et al.

Patients aged > 18 years and up
to a maximum age of 50 years
with polytrauma as a cause of
admission and diagnosed aortic

rupture as a blunt thoracic
injury in the descending
thoracic aorta, treated by
TEVAR with the stent graft
located in Ishimaru zone 2

Patients with relevant
cardiovascular risk factors (past or
current smoking status, diabetes
mellitus, arterial hypertension
before treatment with TEVAR, and
hypercholesterolemia), those with
comorbidities (atherosclerotic or
inflammatory cardiovascular
disease and known connective
tissue disease) with a potential
impact on arterial stiffness, and
those with prior aortic surgical or
endovascular interventions

Du et al.

Patients with Acute Type B
Aortic Dissection who
underwent TEVAR

Patients who had congenital heart
disease, severe valvular heart
disease, thoracic aortic
pseudoaneurysm, or traumatic
aortic injury, or who had undergone
a previous aortic surgical procedure
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Van Bakel et al.

Descending aortic aneurysms,
available pre-TEVAR and post-
TEVAR echocardiography and

CTA data

Aortic dissection, prior surgical or
endovascular aortic repair, prior
open-heart surgery, atrial
fibrillation and echocardiographic
ejection fraction of <50%.

Table 12: Inclusion — Exclusion Criteria of the included studies

Left Ventricle Mass (Q)

Left Ventricle Mass Index (g/m?)

Author before TEVAR after TEVAR before TEVAR after TEVAR
mean SD n mean SD n mean SD n mean SD n
Kreibich etal. | 217,00 | 84,00 | 31 | 237,00 | 102,00 | 31 NR NR NR NR NR NR
Youssef et al. NR NR | NR NR NR NR NR NR NR NR NR NR
Duetal. § NR NR | NR NR NR NR | 129.60 | 3.55 93 115.79 | 3.62 93
Van Bakel et al. | 109,38 | 30,09 | 8 | 128,38 | 30,78 8 54,00 | 50,03 8 68,00 | 54,50 8

Table 13: Outcome data. NR = not reported, 8= Mid-term results only
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Author

Ejection Fraction (%)

Left Ventricle End- Diastolic Diameter (mm)

before TEVAR after TEVAR before TEVAR after TEVAR
mean SD n mean SD n mean SD n mean SD n
Kreibich et al. 55,00 | 0,00 | 31 53,33 3,88 | 31 49,00 11,00 31 51,00 9,00 31
Youssef et al. 62,86 | 2,57 | 14 57,14 257 | 14 46,86 4,00 14 46,43 4,69 14
Duetal. § 58.01 | 0.55 | 93 58.57 0.83 | 93 49.47 0.56 93 49.19 0.67 93
Van Bakel et al. NR NR | NR NR NR | NR | 31,10 | 29,93 8 33,80 26,53 8

Table 14: Outcome data (continued). NR = not reported, 8= Mid-term results only

Left Ventricle End - Systolic Diameter (mm)

Interventricular Septal Thickness (mm)

Author before TEVAR after TEVAR before TEVAR after TEVAR
mean | SD n mean SD n mean | SD n mean | SD n
Kreibich et al. NR NR NR NR NR NR 11,00 | 3,00 31 12,00 | 2,00 31
Youssef et al. 31,64 | 4,40 14 31,71 | 3,12 14 943 | 1,22 14 10,93 | 1,00 14
Duetal. § 27.41 | 0.58 93 26.03 | 0.67 93 11.59 | 0,14 93 10.82 | 0.15 93
Van Bakel et al. 20,36 | 9,56 8 24,23 | 19,38 8 7,06 | 6,52 8 9,43 | 6,34 8
Table 15: Outcome data (continued). NR = not reported, 8= Mid-term results only
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Left Ventricle Posterior Wall Thickness (mm)
Author before TEVAR after TEVAR
mean SD n mean SD n
Kreibich et al. 11,00 2,00 31 11,00 2,00 31
Youssef et al. 8,64 0,74 14 10,14 1,51 14
Duetal. § 10.89 0.11 93 10.02 0.11 93
Van Bakel et al. NR NR NR NR NR NR

Table 16: Outcome data (continued). NR = not reported, 8= Mid-term results only

Risk of bias in included studies

The NIH Quality Assessment Tool for Before-After (Pre-Post) Studies with No
Control Group assesses the risk of bias through a 12-item questionnaire and judges the
overall quality of evidence as “good”, “fair”, or “poor”, based on study design
(Supplementary data, Appendix 3). Three of the studies were determined to provide
good quality of evidence(43-45) and the rest (42, 46) were labeled as “fair”. The
reason for the former(42) study was that it did not mention the TEVAR landing zones,
which may act as a confounder. For the latter(46), loss to follow — up and
echocardiographic data missing accounted for over 20%. The GRADE evidence
approach indicated the certainty of evidence for each of the parameters examined as

very low. The NIH tool summary is depicted below.
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Van
Bakel et

al

Kreibich

et al

Du et al

Youssef
et al§

1. Was the study
question or objective

clearly stated?

Yes

Yes

Yes

Yes

2. Were
eligibility/selection
criteria for the study
population prespecified

and clearly described?

Yes

Yes

Yes

Yes

3. Were the participants
in the study
representative of those
who would be eligible
for the
test/service/intervention
in the general or clinical

population of interest?

Yes

Yes

Yes

Yes

4. Were all eligible
participants that met the
prespecified entry

criteria enrolled?

Yes

Yes

Yes

Yes

5. Was the sample size
sufficiently large to
provide confidence in

the findings?

No

No

Yes

No
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6. Was the
test/service/intervention
clearly described and
delivered consistently
across the study

population?

No”

Yes

Yes

Yes

7. Were the outcome
measures prespecified,
clearly defined, valid,
reliable, and assessed
consistently across all

study participants?

Yes

Yes

Yes

Yes

8. Were the people
assessing the outcomes
blinded to the
participants'

exposures/interventions?

No

No

No

No

9. Was the loss to
follow-up after baseline
20% or less? Were those
lost to follow-up
accounted for in the

analysis?

Yes

Yes

Yes

Yes

10. Did the statistical
methods examine
changes in outcome
measures from before to
after the intervention?
Were statistical tests

done that provided p

Yes

Yes

Yes

Yes

42
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values for the pre-to-

post changes?

11. Were outcome
measures of interest
taken multiple times
before the intervention
and multiple times after
the intervention (i.e., did
they use an interrupted

time-series design)?

No

No

Yes

No

12. If the intervention
was conducted at a
group level (e.g., a
whole hospital, a
community, etc.) did the
statistical analysis take
into account the use of
individual-level data to
determine effects at the

group level?

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Quality Rating

Fair

Good

Good

Good

oThe TEVAR landing zones are not mentioned in the supplementary material,
which may act as a confounder

§The matched individuals are considered the pre-intervention group

43

Table 17: The NIH Quality Assessment Tool for Before-After (Pre-Post) Studies with

No Control Group summary

Effects of Intervention

Outcomes
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Three studies(43-45) reported data concerning Ejection Fraction (208 patients).
Non-significant differences were found pre- and post-TEVAR (SMD=-0.53, 95%
Cl=-1.8 t0 0.728, P=0.406). There was considerable heterogeneity between the
studies (1= 96%, P<0.0001). (GRADE: very low quality of evidence)

Data concerning Interventricular Septal Thickness were derived from four
studies(42-45) (216 patients). The measurements before and after the intervention
did not differ significantly (SMD= -0.79, 95%CI=-3.25 to 1.66, P= 0.52). Again,
there was considerable inner- study heterogeneity (1=98%, P<0.0001). (GRADE:
very low quality of evidence)

Four studies(42-45) yielded results on Left ventricle end-diastolic diameter (216
patients). There was no significant difference in measurements before and after
TEVAR (SMD= -0.10, 95%CI=-0.48 to 0.28, P=0.60). Heterogeneity was lower,
although substantial (1= 72%, P=0.0013). (GRADE: very low quality of
evidence)

Left Ventricle End systolic diameter measurements were extracted from three
studies(42, 43, 45) (185 patients). No significant differences were found pre- and
post- TEVAR (SMD= -0.66, 95%CI=-2.35to 1.02, P= 0.44). Heterogeneity was
deemed considerable (1°=97%, P<0.0001). (GRADE: very low quality of
evidence)

Left ventricle mass measurements were extracted from two studies(42, 44) (39
patients). Although not statistically significant, a borderline trend towards left
ventricle mass increase was documented (SMD= 0.28, 95%CIl=-0.03 to 0.60, P=
0.08). Heterogeneity was negligible (12=0%, P=0.335). (GRADE: very low quality
of evidence)

Left ventricle Mass index data were derived from two studies (42, 43)(171
patients.) The measurements before and after the implantation did not differ
significantly (SMD = 0, 95%CI= -0.195 to 0.195, P=1). Heterogeneity was
negligible (1>=0%, P=1) (GRADE: very low quality of evidence)

Left ventricle posterior wall thickness data were derived from three studies(43-45)
(208 patients). The measurements before and after the intervention did not differ
significantly (SMD= -2.20, 95%CI=-5.89 to 1.47, P= 0.24). Heterogeneity was
deemed considerable (12=99%, P<0.0001). (GRADE: very low quality of

evidence)
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Meta-analysis tables

Study name

St aift  Standard
INmeanE  STOr

Krebich et al. 0430 0.153
Yousselel al. 2.228 0.4598
D et &l 0768 0.118

0.537 0656

Stafisics for sach sudy

Variance
0.035
0.248
0.014

0.417

Lowsr  Uppsr

nmit  omit  Z-valus
Q.79 -0.0&2 2293
20 -1.24 4 4686
0535 08497 6493

1.803 07248 0832

pValus

0022

0.009

4000

0.408

Sid diff in means and 95% CI

100 .50 000 a5

Favours &4 Favours B

Ejection fraction, A: decrease, B: increase
Heterogeneity: P<0.0001, 1>=96%

Study narme

staart  Sndard
Inmeanes  armor

Kredich o al. 0.378 0.188
Youssel o al. 1332 0.367
Duetal 5.301 0402
Van Bakel ol al 0.368 0.365

0.796 1255

Starisiics for sach siudy

Variancs
0035
0135
0162
0.133
14574

Lowsr Uppsr

imit It ZaElus p-vaius

04014 0742 2033
0612 2051 38248
6.089 4512 13177
0.38 1085 1008
1255 1663 -0835

0042
0,000
0.000
0313
0.528

Sid diff in mesans and 95% CI

-1.00

.50 0o 0.5 100

Favours A Favours B

Interventricular septal thickness, A: decrease, B: increase
Heterogeneity: P<0.0001, 1>=98%
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Study name

w

Stddift  SEndard
Inmeans  amor  Varance

Krebich o al. a1a7 a.1a 0033
Youssel et o 0098 0268 0472
D e &l 0.450 01m 0o12
Wan Bakel ol Al 0095 0.354 0.128

Q.100 0134 0038

Lowar
Bmit

0158
0623
0683
0.539
0.£31

Stafstics for each sudy

Upper
Tt

0552
0427
0237
0.790
az2a

Sid diff in mesans and 95% C1

Zvalus pValus

1.087
0368
4.135
0268
0518

0277

0714

0000 ——

0788

0608

1.9 .50 L] LE-] 100

Fawvours & Favours B

Left ventricle end-diastolic diameter, A: decrease, B: increase
Heterogeneity: P=0.013, 1>=72%

Imit  Zvalus p-Valus

Study nama Stafistics (o each sudy
Ftaarr  SEndarg Lowsr Uppsr
Inmezne  eror  Waranc: it
Youssel o aa1a 0287 0071 -0.508 0542
Du et &l 2131 a9 0037 -2.586 -14818
Wan Bakel of 4. a92H 0.358 0128 -0.472 0833
0.883 0881 0741 -2350 1024

0067

11.459

04947

4000

0.520

0441

S oiff in mears and 95% CI

1.9

.50 L] LE-] 100

Fawvours & Favours B

Left ventricle end-systolic diameter, A: decrease, B: increase

Heterogeneity: P<0.0001, 1>=97%
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Study name Stafisiics for sach sudy Sid ol in masars and 95% C1
Std@ift  Stndard Lowsr Uppsr
Inmezne  emor  Varancs  Bmit Imit Zaslus p-valus
Dot . 0.000 0104 0011 -0.203 0203 0.009 1.000
Van Bakel o al. 0.000 033 0.125 -0.893 0693 0.009 1.000
0.000 0100 @010 -0.185 01495 4000 1.00a

1.9 0.5 e LK) 100

Favours & Fawours B

Left ventricle mass index, A: decrease, B: increase

Heterogeneity: P=1, 1>=0%

Study narme: Stafstics for each sudy Sid ofiff in messres and 95% C1
stddift  Stndard Lowsr Uppsr
In meane amor varancs  Bmit mit Zvaslus p-valus
Krasibrich et al 0212 a1a2 0033 0144 0.568 1.188 0243 |
Wan Bakel ot Al 0824 0388 0.149 0133 13482 1815 0108
Q287 0184 0027 0038 0603 1.744 a.0ai |

-1 050 L] (R 100

Favours A Fawours B

Left ventricle mass, A: decrease, B: increase

Heterogeneity: P=0.335, 12=0%
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Study name Siaisics for sach sudy Sid difll n means and 95% C1

Stddiff  Standard Lower Uppsr
In meang amor  Varancs  mit Imit  Z-Valus p-vales

Yousseletal. 1.147 0344 0118 0473 1481 133 0,001

Krakich elal. 0.000 0.180 0032 -0.352 0352 0.000 1.000 ——
Du etal § 7409 0.589 0347 9064 -B754 -13.425 0.000

2208 1880 3538 -5893 1478 1.174 0240

-1.00 450 000 [ 1] 100

Favours A Favours B

Left ventricle posterior wall thickness, A: decrease, B: increase

Heterogeneity: P<0.0001, 1>=99%

Discussion

The goal of this systematic review and meta-analysis was to elucidate whether
TEVAR alters cardiac systolic function post-implantation and whether it induces
certain morphological changes in the left ventricle. It has been acknowledged that
TEVAR augments PWV, which is a potent indicator of cardiovascular mortality and
morbidity, and that NT-proBNP levels, are also increased 6 months post-TEVAR (7).
One speculation is that the heart strain implicated by those two parameters could have
a negative effect on cardiac systolic function, as well as induce cardiac remodeling
(probably concentric remodeling), to counterbalance the arterial stiffness mismatch

because of the endogratft.

However, our findings suggest otherwise. The meta-analysis did not yield a
statistically significant change in the echocardiographic parameters examined.
Concerning LVVM, there was borderline significance, which should be interpreted with

caution.

Regarding LVEF, LVEDD and LVESD, the hydraulic load imposed to the heart post-
TEVAR would be an indicator for change in the long-term. Indeed, although there

was a documented increase in NT-proBNP levels in two of the fourteen patients in the
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study of Youssef et al.(45), as well as an increase in LVSW(42) post-TEVAR, this
was not translated to systolic function impairment. It would be implied that, for
younger patients(45), who are healthy, do not present any co-morbidities and have a
greater cardiac function reserve, we would not expect these factors to change
compared to older individuals. Indeed, in this latter cohort of patients, one study(44)
showed a significant difference in LVEF and TAPSE, suggesting global heart
remodeling. Nevertheless, the clinical significance of this alteration is debatable since
the mean values of LVEF remained above 50% and mean values of TAPSE remained

within normal limits. Overall, the meta-analysis results were non-significant.

Concerning LVH, our meta-analysis yielded non-significant results for IVST and
LVPWT. However, they showed borderline significance towards an increase in LV
mass, but not LVMI. Indeed, there has been an increase in LVSW and LVMI and a
positive correlation between them in one study (42), while there was a documented
significant decrease in LV geometry parameters (IVST,LVPWT,LVMI) post-TEVAR
in another study(43), indicating LVH regression. These results are contradictory. In
particular, the population studied where LVH regression took place were exclusively
acute Type B Aortic Dissection (TBAD) patients. The author states that the high
prevalence of LVH in patients with TBAD is due to multiple hemodynamic changes
incurring post-dissection, such as increased pressure gradient between ascending and
descending aorta and false lumen pressure exceeding true lumen pressure in distal
dissection. Thus, with TEVAR, the author suggests that he obliterates all causes of
LVH by occluding the primary tear and overcoming the pressure load from within the
false lumen. As a result, LV unloading occurs, reflected on echocardiographic
parameters. This may be true; however, it would be mostly applicable in patients with
chronic dissection since there is a compulsory interval for left ventricle adaptation to
chronic stressors. Consequently, we cannot deduce that TBAD patients present LVH

regression post-TEVAR, as the meta-analysis yielded different results.

There are some issues that should be considered. First, the timing of TTE is important,
as alterations in the parameters examined need a significant amount of time to
accommodate cardiac remodeling. However, this was not an issue in our study, as the
follow-up period was quite extensive in all studies included. Secondly, the study

samples (except for one(45)) are representative of the general TEVAR population,
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where co-morbidities, such as Diabetes Mellitus, Hypertension, Coronary Artery

Disease, Dyslipidemia, are most frequent. Thus, external validity is ensured.

Concerning hypertension, this disease acts as a confounder, since it relates to both the
exposure (TEVAR for aneurysm, dissection) and to the outcomes (all of the
echocardiographic parameters examined). Indeed, most of the TEVAR patients in our
studies were hypertensive and there was an incremental increase in the anti-
hypertensive regimen post-TEVAR in almost all studies included. Arterial
hypertension’s effect on cardiac function is known and well documented, as it induces
LVH. However, the increase in blood pressure in the TEVAR population seems not
to have an influence on the echocardiographic markers examined, as documented
from the meta-analysis results. Even in the study where LVVH regression occurred, the
author states that the results were not affected by the strict blood pressure control(43).
However, except for this study, we do not know blood pressure goals and patient
compliance to treatment, neither do we know any lifestyle modifications (such as salt
intake reduction, exercise, smoking cessation), which would have an impact on
overall cardiac function. Nevertheless, the echocardiographic parameters remained

unchanged.

Pulse Wave Velocity was augmented in two studies(45, 46), which reflect the already
known increased arterial stiffness imposed by the endografts. Despite this fact,
however, it did not seem to alter cardiac function post-TEVAR, as implied by the

attenuation of the Windkessel effect.

Limitations

This meta-analysis has certain limitations. First, the study sample is small, as all
studies had specific inclusion and exclusion criteria. Secondly, there is a great degree
of heterogeneity between study measurements. Third, the studies included are
uncontrolled before-after studies and the overall certainty of evidence is very low, as

documented by GRADE. Therefore, our results should be interpreted carefully.

Conclusion

TEVAR does not seem to alter cardiac function post-implantation, except for a

borderline increase in LV mass. Even though there is a documented compliance
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mismatch (through PWV) as well as arterial hypertension development, the heart does
not seem to be greatly affected. Further studies with greater sample size are needed to

elucidate potential effects of TEVAR on cardiac physiology.
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