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Abstract

Symptomatic aortic valve stenosis (AS) and abdominal aortic aneurysm (AAA) are critical clinical conditions, increas-
ingly more prevalent with aging of the population. Calcific aortic stenosis is the most common structural cardiac
disease in the elderly population, and medical management of severe aortic stenosis of the elderly population

is associated with poor outcomes as compared to surgical treatment. Transcatheter aortic valve replacement (TAVR)

is a treatment of choice in inoperable, often elderly, patients with symptomatic severe AS and in intermediate-to-high
surgical risk patients. It is not yet clarified the incidence of AAA and its impact on procedural and clinical outcomes
among patients undergoing TAVR. It is known that after AS resolution with aortic valve replacement or TAVR there

is an increase in blood pressure that increases the risk of dissection or abdominal aortic aneurysm rupture if AAA
repair is delayed. The purpose of this report is to describe the anatomical details and technical and procedural consid-
erations when proposing totally endovascular strategies dedicated to the treatment of patients with AS and AAA.
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Introduction

Symptomatic aortic valve stenosis (AS) in intermediate-
to-high surgical risk patients is currently treated with
transcatheter aortic valve replacement (TAVR) (Class I
indication according to international guidelines) [1, 2].
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The prevalence of AS is approximately 4.6% in patients
aged over 75 years [3], while abdominal aortic aneurysm
(AAA) has a prevalence of 5.9% in men over 80 years of
age [4]. Cases of concomitant severe AS and AAA requir-
ing repair are not rare. Furthermore, the demographics
of the population are changing and it is expected that
octogenarians and nonagenarian patients will quadru-
ple by year 2050 [5]. The first randomized TAVR trials
excluded patients with significant vascular diseases and
aortic aneurysms [1, 6]. The presence of an AAA could
impact the outcome of TAVR increasing any potential
vascular complications (such as aortic aneurysm rupture,
aortic dissection, peripheral embolization of thrombotic
material) as improved systolic pressure could increase
the risk of aneurysm rupture. We present our ‘tailored’
interventional approach, discussed and approved by
the local Heart Team for each patient, that planned the
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endovascular correction of AAA as the first step followed
by ‘staged’ TAVR.

Methods

Starting from July 2015 and up to July 2021, all con-
secutive patients with symptomatic AS treated with a
TAVR procedure at the Cardiothoracic Centre, Isti-
tuto Clinico Sant’Ambrogio, Milan, Italy were included
in the Institutional TAVR database. We analyzed the
demographic, clinical, procedural and in-hospital and
30 days outcomes of the patients suffering from signifi-
cant abdominal aortic aneurysm (AAA) with maximum
diameter >40 mm. A team of cardiologists, interven-
tional cardiologists, cardiac surgeons, and anesthesi-
ologist (‘Heart Team’) participated in the procedural
planning for all patients. Consensus to proceed with
endovascular aortic aneurysm repair (EVAR) followed
by ‘staged’ TAVR was reached after Heart Team discus-
sion. Informed consent was obtained from all patients
before the procedure. Transfemoral EVAR and TAVI
were performed under local anesthesia and mild seda-
tion or general anesthesia according to patient’s toler-
ance and procedural complexity. Length of stay was
calculated from EVAR or TAVR procedure (day 0) to
day of discharge. All procedures were performed by a
‘single’ interventional cardiologist team (M.M., EC,
M.B.) and the treating interventional cardiologist was
contacted for long-term follow-up information. All
events, including device success, were classified accord-
ing to the Valve Academic Research Consortium-2
(VARC-2) criteria [7]. Clinical follow-up included all-
cause mortality, cardiovascular mortality, disabling
and non-disabling stroke (according to the modified
Rankin scale) and cardiovascular (CV)-related hos-
pitalization (heart failure, transient ischemic attack
[TIA], arrhythmia, myocardial infarction). Transtho-
racic echocardiography was performed before and after
TAVR. Postprocedural transthoracic echocardiography
was performed the same day of procedure and repeated
at discharge. Post-procedural paravalvular leak (PVL)
were assessed by experienced echocardiographers
according the Valve Academic Research Consortium-2
(VARC-2) criteria and classified as absent, mild, mod-
erate and severe [7]. Pre-procedural Multislice Com-
puted Tomography (MSCT) was performed using a
64-slice scanner (SOMATOM Definition AS, Siemens
Healthcare s.rl., Germany). We proceeded to recon-
struct the images using either OsiriX DICOM Viewer
(Pixmeo SARL, Switzerland) or 3mensio Structural
Heart software (Pie Medical Imaging, Netherlands),
according to multiple time windows between 0 and
100% of the R—-R period. The evaluation of the aortic
root and of the annulus was performed in the systolic
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phases. Categorical variables are expressed as numbers
with percentages, while continuous variables are pre-
sented as mean * standard deviation.

Case series

During the study period we treated 533 patients with
symptomatic AS with a TAVR procedure. We describe
the experience of n=5 consecutive patients presenting
association of AS and AAA, all males, treated exclusively
with percutaneous procedures (EVAR and subsequently
TAVR). Baseline characteristic are reported in Table 1.
The mean age (+SD) was 76.6 years (+8.01 years),
the mean STS score and Euroscore II were respec-
tively 3058+0.9 and 4.370+0.7. All patients were in
NYHA class II at admission. Baseline pre-TAVR echo-
cardiographic and MDCT findings were summarized
in Tables 2 and 4. We proposed a delay time between
EVAR and TAVR at least 30 days, in order to prevent kid-
ney damage. The average time actually elapsed between
the two procedures was 4.8 months. The reported time
interval reflects more the waiting list for TAVR inter-
vention in our Cardio-Thoracic Center and the patient’s
programming preferences, rather than a clinical choice.
GORE Excluder prosthesis (W. L. Gore & Associates,
Flagstaff, Arizona) were used in n=4 EVAR procedures,
in one patient in association with a GORE EXCLUDER
Iliac Branch Endoprosthesis (IBE) to treat an significant
iliac bifurcation involvement, and n=1 a GORE TAG
Conformable Thoracic Stent Graft was implanted. Two
‘self-expanding’ valves (n=1 Portico, Abbott and n=1
Evolut R, Medtronic) and three ‘balloon-expanding’
valves (n=2 Myval, Meril and n=1 Sapien 3, Edwards)
were used for the TAVR procedures. Transfemoral access
was used in 100% of patients and a single complex EVAR
procedure (Case 1) was performed under general anes-
thesia (Table 2). Unlike the commonly applied technique
in our center, preferring TAVR with sheathless approach
whenever possible, in patients with previous EVAR we
used in all cases an introducer through the less tortu-
ous iliac and femoral arteries under fluoroscopic guid-
ance to avoid stent deformation or displacement of the
EVAR prosthesis using a brachiofemoral through-and-
through wire technique in one case [8]. Pre-dilatation
and post-dilatation were performed respectively in 3
and 2 patients (Table 4). The main vascular access pro-
tection with a crossover 0.018” guidewire placement via
contralateral femoral access was utilized in one case. We
used in n=3 cases a protection through femoro-femoral
ipsilateral access and n=1 case through omeral artery.
All procedures were successful and patients were dis-
charged 6.6 days (+4.72) after the EVAR procedure and
7 days (+3.53) after the TAVR procedure. Procedural
time and hospital length of stay were comparable to those
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of either procedure done separately. A major vascular
complication occurred in one patient and was corrected
percutaneously by implantation of a covered stent (Case
2). A permanent pace-maker (PPM) implantation was
required after the late occurrence of a third-degree atrio-
ventricular block (AV block) (Case 4) (Table 5). No cases
of periprocedural stroke, coronary occlusion or myocar-
dial infarction occurred. There was no 30-day mortality
(Table 5).

Case 1 (Tables 1, 2, 3,4 and 5, Fig. 1, Case 1 panels A-D,
Additional file 1: Movie S1, Additional file 2: Movie S2,
Additional file 3: Movie S3, Additional file 4: Movie S4

and Additional file 5: Movie S5)

A 77-year-old male, symptomatic for exertional dysp-
nea (NYHA Class II) and effort angina, was evaluated
for severe AS. Transthoracic echocardiography (TTE)
showed a calcified tricuspid aortic valve with valve area
of 0.9 cm? peak and mean gradients of 74 mmHg and
43 mmHg, respectively, and mild left ventricular hyper-
trophy with normal ejection fraction. The baseline char-
acteristics and comorbidities are presented in Table 1.
The CTA of the abdominal aorta showed a large fusiform
aneurysm, with the largest diameter of 77 mm, mural
thrombus, and proximal neck of 28.1 mm with signifi-
cant involvement of iliac arteries (Table 2) (Fig. 1, Case
1, panel A). The computed tomography angiography
(CTA) assessment of the tricuspid aortic valve appara-
tus is shown in Fig. 1, Case 1, panel B. The patient pre-
sented a STS PROM of 1.999% (Society of Thoracic
Surgeons—STS—PROM predicted risk of mortality)
and 4.21% according to EuroSCORE II. The EVAR pro-
cedure was performed under general anesthesia with
bilateral percutaneous femoral approach (16F introducer
on the right and 18F introducer on the left; ‘preclosing’
with Perclose Proglidex2). Treatment of the iliac aneu-
rysm was performed using a dedicated GORE prosthesis
(GORE Excluder IBE—“Iliac Branch Endoprosthesis’, W.
L. Gore & Associates, Flagstaff, Arizona) with recon-
struction of the iliac bifurcation (CEB 23-12-10, hypogas-
tric stent 16-12-07). We performed the EVAR placing a
bifurcated GORE Excluder endoprosthesis (RLT 31-14-
13, PLC 23-12-00) and a prosthetic connection between
the two bifurcated prosthesis (bridge PLC 27-12-00),
finally optimizing the sealing dilating the proximal and
distal segments and the overlaps with an elastomeric
balloon. The final angiography revealed a correct posi-
tioning and expansion of the prosthetic elements, the
exclusion of both aortic and iliac aneurysms and the
absence of ‘endoleak’ (Fig. 1, Case 1, panel C). Femoral
bilateral hemostasis with suture-based closure device
(Proglide x 2) was obtained. The overall procedural fluor-
oscopic time was 85.25 min. The total amount of contrast
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administrated was 170 mL (Tables 2 and 3). A significant
underexpansion of metallic frame of the hypogastric side
branch was detected by a computed tomography (with-
out administration of iodinated contrast medium) per-
formed before the discharge. A ‘kissing balloon’ dilatation
of the iliac bifurcation between the internal and exter-
nal iliac arteries was therefore performed with a double
arterial approach (left omeral artery and right femoral
artery). Two months later, the TAVR procedure was per-
formed with a 27 mm size PORTICO aortic valve direct
implantation (Portico valve, Abbott Vascular) (Table 4).
The 19F St. Jude Introducer was advanced via a brachi-
ofemoral through-and-through wire technique (from the
right radial artery through the aortic endoprosthesis and
to the femoral artery). The TAVR procedure was unevent-
ful. Hemostasis of the main vascular access was obtained
with double Proglide devices (preclosing method) and
‘endoclamp’ with an 8 mm peripheral balloon dilatation.
The vascular protection with a 0.018” guidewire was
achieved through the left omeral artery (7F introducer).
The final angiography showed a mild paravalvular leak-
age. The pre-discharge TTE documented a transvalvular
mean gradient of 9 mmHg with preserved LV function.
The procedural fluoroscopic time was 29,47 min. The
total amount of contrast administrated was 180 mL
(Tables 4 and 5) (Fig. 1, Case 1, panel D).

Case 2 (Tables 1, 2, 3, 4 and 5, Fig. 1, Case 2 panels A-D,

Fig. 2, Additional file 6: Movie S6, Additional file 7: Movie
S7, Additional file 8: Movie S8 and Additional file 9: Movie
S9)

We present the case of an 75-year-old man, with a his-
tory of smoking, AH, dyslipidemia, paroxysmal atrial
fibrillation (AF), severe CKD (GFR of 26 mL/min/1.73),
coronary artery disease (CAD) treated with percutane-
ous coronary intervention (PCI) of the left descending
artery (LAD) 10 years ago e severe peripheral artery
disease (PAD) with previous right carotid artery, bilat-
eral superficial femoral arteries and right renal artery
stenting (Table 1). TTE showed a calcified tricuspid
aortic valve with severe stenosis (valve area of 0.8 cm?,
peak and mean gradients of 75 mmHg and 45 mmHg,
respectively), mild left ventricular hypertrophy with
normal ejection fraction (LVEF 55%) (Table 1). A pre-
procedural coronary CTA examination showed sig-
nificant in-stent restenosis of left descending artery
and an AAA (with huge thrombotic ulceration) with
maximum diameters of 40 mm and proximal neck
of 20.9 mm extending to left iliac artery in the pres-
ence of multiple significant stenosis of right external
iliac artery and chronic occlusion of the right internal
artery (Table 2) (Fig. 1, Case 2, panel A). For conven-
tional AVR, the predicted risk of mortality STS PROM
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EVAR procedure
(post-implantation)

TAVR procedure
(post-implantation)

Fig. 1 Cases 1-3 pre-procedural images of computed tomography (CT) angiography with tridimensional reconstruction of abdominal aortic
aneurysm (panel A) and anatomy of the aortic valve (panel B). Post-procedural EVAR (panel C) and TAVR (panel D) results

was 3.62% and logistic EuroSCORE 1II 3.36%. A com-
bined procedure of PCI and EVAR was planned. Under
local anesthesia a bilateral percutaneous femoral access
were obtained (16F introducer on the right and 12F
introducer on the left; ‘preclosing’ with Perclose Pro-
glide x2) and we perform a direct implantation of DES
to treat a significant in-stent restenosis of LAD (Syn-
ergy 3.0-16 mm). The EVAR was performed with the
placement of bifurcated GORE Excluder endoprosthe-
sis (RLT 26-14-16, PLC 12-14-00) with a planned small
right inferior polar artery exclusion (Table 3) (Fig. 1,
Case 2, panel C). The Contralateral Leg Endoprosthe-
sis (PLC 12-14-00) extends up to the left external iliac
artery achieving a ‘paving’ of the left vascular access.
The final angiographic control showed the good appo-
sition of the prosthesis and the excellent proximal and
distal sealing. The overall procedural fluoroscopic time
was 28.4 min. The total amount of contrast admin-
istrated was 140 mL (Table 3). Four months later, the
TAVR procedure was performed with a 23 mm size

SAPIEN 3 aortic valve bioprostheses implantation
(SAPIEN 3 valve, Edwards Lifesciences Corporation,
Irvine, CA, USA) without predilation, under rapid pac-
ing, with planned post-dilatation with the same balloon
in a more ventricular position to prevent an excessive
distension of a circumferentially calcified sinotubular
junction (Table 4). The TAVR was uneventful. Hemo-
stasis of main left femoral vascular access (14F expand-
able eSheath, Edwards Lifesciences Corporation, Irvine,
CA, USA) was obtained with a Prostar XL device (‘pre-
closing method’). Vascular protection with a 0.018”
guidewire was achieved through a femoro-femoral
ipsilateral access. The procedural fluoroscopic time
was 20,35 min. The total amount of contrast adminis-
trated was 90 mL. The pre-discharge TTE documented
a transvalvular mean gradient of 7 mmHg with pre-
served LV function (Tables 4 and 5) (Fig. 1, Case 2,
panel D). The patient presented a sudden onset of
bruising and pain in the left groin region about 15 days
after discharge. A ‘late’ femoral pseudoaneurysm was



Page 7 of 16

(2023) 18:231

Medda et al. Journal of Cardiothoracic Surgery

Buisopaid puisoldaid (0STXS1
Lxapijboid ZL 7xeplbod 0C (pauueyd) saA  S|I0> Z=U) SOA ON ON ON 0¢-LZ-9¢ WL SOA ON S
Buisopaud Buiso|daid
1x9p)|60.d ¢l gxoplboud 8l ON ON ON  (pauuedun) saA 00-Z1-91 D1d y1-¥1-8C 1Y ON SIA 4
Buisoldaid Buisopaidz
7xepl|bold 9l -xop1|601d cl ON ON ON ON 00-%1-0¢ O1d 9l-¥1-€C 'Y ON SOA €
puiso|daid Buisolpaid
7xapyboud ¢l gxoplboud 91 (pauue|d) sap ON ON ON 00-¥1-¢L D1d 91-¥1-9¢ I'Y ON SOA 4
00
-C1-£T D1d 26pug
£0-C1-91
1U31s D1IsebodAH
Buisoppaid Bujsoppaid 01-Z1-€2 9D
7xapyboud gl ¢xopiboid 9l ON ON  (pauueld)sap ON 00-¢1-€¢ J1d €l-pL-LE 1Y ON SIA ﬁ
(4d) 9inso|) (44)
2INso|)  uolsusawip SS90y UOISUSWIP  UOISNPX?  uonezijoqua uonejuejdwi sisayisoidopus
$S9J0y  Jddnposju| Jejndsep  Jddnpoiu| sadue Jes (sisayisosdopuy sisayisosdopua sisayisoidopus 69 jesdreisdl  1jesbopud J9pnpx3
Je[ndsep 1y Yo Wby b1y Jejod >newskinauy ydueiqodel|) 3g| I9puaxa dijoy 63| eidlejRIIUO0D) junil Dyl alon 210 ase)

alnpasolud pue sisayisoid YyAd € ojqel



Page 8 of 16

(K13M119p AHL Bulnp uoisuedx® y1eays JUBISURI] PUe WsiueYd3W uoisuedxa dJweuAp Yum siadnpoiiul) yieays sjqepuedxy ,
SISOUIS SA|RA DI3J0R JUSIPRIB MO| MOl MO| D747 YHM Juswiedwl AT 349A3S
anbiuysay aam

ybnoJyi-pue-ybnoiyy ;M1 ‘OAjeA 1eY J333Y3edsuell AH L ‘Welbolpiedoyda ddeioyisuell 37/ ‘d|ge|ieAe Jou /N ‘Aydesbowol paindwod ;)

:231

(2023) 18

bul
-sojpaid (|eJ1e|RIIUOD
xep |eIoWdy)
ON(Ww 07) saA -1 jboid S9N 19N0SSOID ON #471 UOYIAd L'0C 0SL  WW oz TVAAW JAZA 1334 1474 L9 L9 xCC/LE 80 pidsnou) S
Buisod
-aud %
ON(WW 07) S9A  Je1soid SO\ [elslejoWO ON #41 UOYIAd 718l 0Cl  WW SHTIVAAN Lyl COey yAY4 9vL 88 0¥/0L 60 pidsnou) 14
bul aydes dyid
-soppaid -|eD yim
(Ww +7) 7xep [easkig 411 2dAy
SOA(WW €7) oA -1|Boid SOA  [edslejowO ON  2J09 J0¢ TVAS 0S¢ WW ¢ Y 1NTOAT 6/ L/SY £'9¢ S8 ydeyd 0S/¥8  W/N  pidsndig €
Buisod
(Ww €7) -a1d X #1e2USd
SOA ON  Je1sold SOA  [BI9IR|OWO ON Ei4) SE0C 06 €C°U € N3IdVS 1’9 1'89¢ €ec €¢eL €807 Sv/SL 80 pidsnou| 4
bui
-soppaud
xep Kiave
ON ON  -l|boid SOA  [eIOWO Y] SOA OPN( 1S 461 LY6T 08l /TUODILHOd 859  89/T STIL  6YhY Sv/v. 60 pidsnouL L
(Jedowdy
-|eipey)
anbiuy>a (ww)
alm ssadde (;ww) J1939wWelp (ww) (Fww) (PHWwW) ueaw
ainsop ybnoiyy  aejndsea (ww) ease  paAudp J918wiidd ealejead jualpesb  (,wd)
uonele|ip uonelR|IP SSIDE eIsdyisaue uoldoud -pue ulew  (ujw)awn (qw) PPwuad  JOAT J493vwiad  snjnuue snjnuue JejnAjeAsuel) YAy Awoleue
-1s0d -ald  ulep |ed0 ssaddy  -ybnouyy isdnposu) Adodsoionj4 3sesyuo) AHL 1OA1LD D 1D 21Joe ) dnJoe |H ETR- TN BaAjep 9se)

Medda et al. Journal of Cardiothoracic Surgery

ainpadoid pue bujuueld YAYL b djqeL



Page 9 of 16

(2023) 18:231

Medda et al. Journal of Cardiothoracic Surgery

abieydsip jo Aep 01 (0 Aep) ainpad0id YAYL Woiy paie|ndjed sem Aeis jo yibuaT

WIN[1oSu0d YdJeasas Awapede Je[ndseA DY/ Sjdenie JIWayds| Judlsuell /] Sed] Jejnajeaeied 744 ‘UOIIDLIS UOIIDA(D IDLIUSA Y3| IAT ‘WNIHIOSUOD Ydieasal Awapede buipas|q Dyyg

ON 4 ON ON ON ON ON ON ON ON 6€ ON oL/8l SOA S
ON 9 ON ON ON ON ON SIA ON ON 09 ON L1/0t SOA 14
ON L ON ON ON ON ON ON ON ON Sy PIW /91 SOA €
ON S ON ON ON ON ON ON SOA SOA SS ON LIyl SOA 4
ON €l ON ON ON ON ON ON ON ON S PIN 6/S1 S9A L
(BHwWw)
ueawyyead
jusipesb
1Dd KZ-DYYA Jlejnajeasues}
Ainfuy |eanpa>oud uonejuejdwi  wsKinsueopnasd  uonedidwod 311
Aijeriow «(sKep) 1ybus) (O4vg) Asuppyaindy -eaul W J9xewsaded ewojewsy Jejndsep |eanpadoid $5920Ns
sfkep 0g uonezieydsoq bBuipas)g gi1ogabeys  pauuedun jesnpadoidudd  Y|L/M0NS Juduew.Idd |esowdy ofeW (%) 4IA1  IAd -150d DVINDQ  dse)

ainpadoid YAY] 194 SaU0dIN0 sAep O¢ pue [endsoy-u| g ajqeL



(2023) 18:231

Medda et al. Journal of Cardiothoracic Surgery

Page 10 of 16

Fig. 2 The angiography study showing the presence of a left common femoral artery pseudoaneurysm (yellow arrow, panel A) successfully treated
by endovascular exclusion with GORE Viabhan 8 x50 mm Endovascular graft implantation (dashed white line, panel B)

documented by echo-color-Doppler evaluation. The
patient underwent angiography which confirmed the
presence of a left common femoral artery pseudoaneu-
rysm successfully treated by endovascular exclusion
with GORE Viabahn 8 x50 mm Endovascular graft (W.
L. Gore & Associates, Flagstaff, Arizona) implantation
from the right omeral arterial access (Fig. 2).

Case 3 (Tables 1, 2, 3, 4 and 5, Fig. 1, case 3 panels A-D,

Fig. 3)

This case has been previously published by our group
[9]. We present the case of a 64-year-old patient, BMI 30,
former smoker, suffering from severe chronic obstructive
pulmonary disease (Gold 4 classification), post-myocar-
dial infarction cardiomyopathy who underwent percu-
taneous and surgical revascularization (triple CABG
[coronary artery by-pass graft] by left internal mammary
artery on the left anterior descending artery and venous
jumpgraft on the intermediate branch, obtuse marginal
and right coronary artery) associated with surgical cor-
rection (‘plication’) of the apico-septal left ventricle (LV)
aneurysm. The patient became symptomatic for dyspnea
on exertion (New York Heart Association functional class
II-1II), he was evaluated by our Cardio-Thoracic Center
for severe aortic valve stenosis and significant depression
of the LV systolic function (LV ejection fraction 30—35%)
(“low flow low gradient” AS). The coronary angiography
confirmed a severe triple coronary vessel disease with
patency of the arterial and the venous grafts. The pre-
operative thoraco-abdominal computed tomography

(CT) scan documented an aortic annulus perimeter
of 82.5 mm with a very elliptical shape (minor annulus
diameter 20 mm, major annulus diameter 30.6 mm), a
bicuspid valve with partially calcified raphe (Type 1 L-R
morphology according to the Sievers anatomical clas-
sification) [10] and asymmetric calcifications involving
mostly the non-coronary cusp (Fig. 1, Case 3, panel B).
Furthermore the thoraco-abdominal CT documented
a 7X7 cm AAA below the renal arteries (Fig. 1, Case 3,
panel A). The STS PROM (SAVR) was 2449%. The mul-
tidisciplinary Heart Team decision was to proceed with
a completely percutaneous treatment, first the EVAR
and subsequently the elective TAVR with a self-expand-
able transcatheter aortic heart valve (Evolut R 34 mm,
Medtronic). The AAA was excluded percutaneously
with a Gore Excluder AAA bifurcated Endoprosthe-
sis (Excluder RTL 23-14-16, PLC 20-14-00; W.L. Gore
and associates, Medical Products Division, Flagstaff,
Arizona, USA) (Fig. 1, Case 3, panel C). The procedural
fluoroscopic time was 24.11 min. The total amount of
contrast administrated was 100 mL. Two months later
we performed a percutaneous transfemoral TAVR under
conscious sedation, through a 20F Introducer Sheath
(GORE DrySeal Flex), with two Proglide “pre-closing”
(Abbott Vascular, Irvine, CA) and ipsilateral ‘wire pro-
tection’ (Steel core 0.018” guidewire). After positioning
a dedicated pre-shaped guidewire (Safari 2 Small, Boston
Scientific Marlborough, Massachusetts, USA) in the LV
and performing fluoroscopic control of the valve (Cor-
eValve Evolut R transcatheter valve R 34 mm, Medtronic,
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Fig. 3 Panel A Pre-procedural images of computed tomography (CT) angiography with tridimensional reconstruction of aortic valve showed

a bicuspid aortic valve (Type 1, L-R by Sievert Classification) with partially calcific raphe. The red dotted line reproduces the profile of the aortic valve
orifice with evident protrusion of raphe (yellow arrow). Panel B Intraprocedural photographic image of infolded Evolut R THV with large invagination
of the frame (yellow arrow) that exactly reproduces the aortic valve orifice profile as evidenced by CT (see Panel A)

Minneapolis, Minnesota, USA) we proceeded with pre-
dilation using a 23 mm balloon (VACS II, 23-40 mm,
Osypka, Rheinfelden, Germany). During valve implanta-
tion a partial ‘re-sheathing’ was done due to a too ‘high’
position; the second attempt resulted more acceptable
in terms of depth but was complicated by a rapid severe
hemodynamic deterioration. Rotational fluoroscopy
analysis (right anterior oblique view to left anterior
oblique view projections) identified a distortion along the
metallic valve frame without a clear single ‘vertical line,
but rather an ‘irregular dark line’ was identifiable longi-
tudinally. In the suspicion of the ‘infolding phenomenon’
the valve was retracted uneventfully and the ex-vivo vis-
ual control confirmed the severe invagination of the stent
frame (infolding). Interestingly, the infolded valve with
large distortion of the metallic frame exactly reproduces
the native aortic valve orifice profile suggesting a patho-
genic role of the calcified raphe in the ‘infolding phenom-
enon” (Fig. 3, Panels A, B). A second Evolut R 34 mm was
successfully implanted and optimized by post-dilatation
with a 24 mm balloon (VACS III, 24—40 mm, Osypka,
Rheinfelden, Germany) (Fig. 1, Case 3, panel D). The
procedural fluoroscopic time was 37.26 min. The total
amount of contrast administrated was 250 mL.

Case 4 (Tables 1, 2, 3, 4 and 5, Fig. 4, case 4 panels A-D,
Additional file 10: Movie S10 and Additional file 11: Movie
S11)

The patient is an 84-year-old man who presented with
severe symptomatic AS, AH, bilateral carotid ste-
nosis and an saccular AAA with evidence of focal

vessel dissection (Fig. 4, Case 4, panel A). The com-
puted tomography angiography (CTA) assessment of
the tricuspid aortic valve apparatus showed a severely
calcified tricuspid aortic valve (Fig. 4, Case 4, panel
B). For conventional AVR, his predicted STS PROM
was 4.283% and logistic EuroSCORE II 4.05%. The
treatment scheduled was endovascular repair of the
aneurysm followed by transcatheter aortic valve
replacement. The AAA was excluded percutaneously
with a Gore Excluder AAA bifurcated Endoprosthesis
(Excluder RTL 28-14-14, PLC 16-12-00) and a GORE
Aortic cuff 28-30 was implanted to correct a type 1
Endoleak (Fig. 4, Case 4, panel C). The procedural fluor-
oscopic time was 39.51 min. The total amount of con-
trast administrated was 230 mL. Four months later, the
TAVR procedure was performed with a 24.5 mm size
balloon-expandable MYVAL aortic valve bioprosthe-
ses implantation (Meril Life Sciences, Vapi, India) with
20 mm balloon pre-predilation, under rapid pacing
(Table 4). The introducer advancement (14F expanda-
ble Python introducer, Meril, Vapi, India) was easy and
uneventfully. The correct hemostasis of main femoral
vascular access was obtained with Prostar XL device
(‘preclosing method’). The vascular protection with a
0.018” guidewire was achieved through a femoro-fem-
oral ipsilateral access. The final angiography showed a
correct valve implantation with no significant residual
transvalvular gradient nor paravalvular leak (Fig. 4,
Case 4, panel D). The procedural fluoroscopic time was
18.14 min. The total amount of contrast administrated
was 120 mL. The 3rd postoperative day the patient
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EVAR procedure
(post-implantation)

TAVR procedure
(post-implantation)

Fig. 4 Cases 4-5 pre-procedural images of computed tomography (CT) angiography with tridimensional reconstruction of abdominal aortic
aneurysm (panel A) and anatomy of the aortic valve (panel B). Post-procedural EVAR (panel C) and TAVR (panel D) results

presented third-degree atrioventricular block (AV
block) treated with dual-chamber pacemaker implan-
tation. The pre-discharge TTE documented a transval-
vular mean gradient of 11 mmHg with preserved LV
function (Table 5). The patient was discharged from the
hospital at the 6th postoperative day in a very satisfac-
tory clinical condition.

Case 5 (Tables 1, 2, 3, 4 and 5, Fig. 4, case 5 panels A-D,
Additional file 12: Movie 512 and Additional file 13: Movie
$13)

We present the case of a 83-year-old male patient with
severe symptomatic AS, chronic obstructive pulmonary
disease (COPD), CAD with involvement of the distal
segments, permanent atrial fibrillation (AF) on antico-
agulant therapy and bilateral carotid artery stenosis,
which has been diagnosed an abdominal aortic aneurysm
(AAA), 56 mm in its largest diameter, with huge ‘blister’
(Fig. 4, Case 5, panel A). TTE showed a calcified tricus-
pid aortic valve with low-flow low-gradient aortic valve
stenosis (valve area of 0.8 cm?, peak and mean gradients
of 37 mmHg and 22 mmHg, respectively) and reduced
ejection fraction (LVEF 35%) (Table 1).The patient pre-
sented a STS PROM of 2.937% and EuroSCORE II of
5.32%. The heart team decision was to treat first the AAA
with an endovascular repair followed by transcatheter

aortic valve replacement. The AAA was excluded percu-
taneously with an endoprosthesis conical, 26 X21 mm,
long 10 cm implantation (GORE TGM 26-21-10) previ-
ous aneurysmatic sac embolization by insertion of two
long coils (15 mmx250 mm) (Fig. 4, Case 5, panel C).
The procedural fluoroscopic time was 19.04 min. The
total amount of contrast administrated was 125 mL. One
year later, the TAVR procedure was performed with a
26 mm size balloon-expandable MYVAL aortic valve
bioprostheses implantation (Meril Life Sciences, Vapi,
India) with 20 mm balloon pre-predilation, under rapid
pacing (Table 4). The introducer advancement into the
right iliac-femoral arteries (14F expandable Python intro-
ducer, Meril, Vapi, India) was uneventful. Hemostasis of
the main femoral vascular access was obtained with n=2
Proglide device (‘preclosing method’). The vascular pro-
tection with a 0.018” guidewire was achieved through a
femoral crossover contralateral access. The final angiog-
raphy showed a correct valve implantation with no sig-
nificant residual transvalvular gradient nor paravalvular
leak (Fig. 4, Case 5, panel D). The procedural fluoro-
scopic time was 20.41 min. The total amount of contrast
administrated was 150 mL. The pre-discharge TTE docu-
mented a transvalvular mean gradient of 10 mmHg with
a slight increase in LV function (LVEF 39%) (Table 5).
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Discussion

Symptomatic AS and AAA are critical clinical conditions,
increasingly more prevalent with aging of the population.
TAVR is a treatment of choice in high risk and inoper-
able patients with symptomatic severe AS, who are often
elderly [1, 6]. The symptomatic severe aortic valve steno-
sis (AS) in intermediate-to-high surgical risk patients is
currently treated with transcatheter aortic valve replace-
ment (TAVR) (Class I Indication according to Interna-
tional Guidelines) [1, 2, 11]. A continuous increase in the
number of TAVR procedures-per-year is expected due to
the increasingly robust evidence that TAVR is advanta-
geous in the population with non-increased surgical risk
[12].

The incidence of AAA increases with increasing age
and its rupture is associated with significantly high mor-
bidity and mortality rates. The risk of rupture increases
with increasing diameter. The annual risk of rupture in
patients with AAA between 5.0 and 6.9 cm is 3.0—20.0%;
in patients with a AAA greater than 7.0 cm carry a high
risk of rupture at 20.0% per year [13]. The standard of
care requires repair of AAA prophylactically to prevent
rupture in patients who are deemed appropriate candi-
dates [14]. EVAR has shown to improve short-term mor-
bidity and mortality, as compared to open repair, without
any difference in long-term survival [15-18]. EVAR has
the advantage to avoid the need for exploratory laparot-
omy with associated fluid shifts. It also avoids the need
for aortic cross clamping with associated hemodynamic
changes. Operative blood loss is lower with EVAR. EVAR
can be performed with either femoral cut-downs or per-
cutaneous femoral access under local anesthetic and
is physiologically less stressful to the body. EVAR has
become the mainstay of treatment for the majority of
AAA, in patients with favorable neck anatomy, and has
enabled patients who are unfit for surgery to undergo
repair with acceptable results [19].

Both of these disease entities can be life threatening. It
has been shown that up to 6% of patients with AS may
have association with AAA [20, 21]. Before the advent
of minimally invasive procedures, the only treatment
options for the treatment of AS and AAA were open aor-
tic valve replacement (AVR) and open abdominal aortic
aneurysm repair respectively. Previously open simulta-
neous aneurysm repair and cardiac surgery has been
advocated in highly selected patients [22]. Conventional
treatment, with surgical replacement of the aortic valve
and simultaneous approach of the AAA, especially in
elderly patients, carries an elevated risk. In the same way,
treatment of AAA in the presence of critical AS involves
an unacceptably high risk. The emergence of endovascu-
lar techniques has changed the face of modern surgery
with an increasing numbers of patients being treated
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with TAVR for severe aortic stenosis and EVAR for AAA.
Nevertheless, the presence of both conditions, especially
in patients with multiple comorbidities, represents a
“therapeutic dilemma”

The prior landmark clinical trials excluded patients
with aortic aneurysms of more than 5.0 cm [1, 6] and the
incidence of aortic aneurysms and their clinical signifi-
cance was not addressed [23]. In a relatively recent study
of 232 patients who underwent TAVR the incidence of
concomitant aortic aneurysms was 9.5% (AAA was 6.0%
and thoracic aortic aneurysm—TAA—was 4.7%) and
the presence of aortic aneurysms either in the thoracic
or abdominal aorta did not carry any additional risk to
TAVR procedures in regards to vascular complications or
short- and long-term outcomes but the average diameter
of AAA was relatively small, which may have masked the
true differences in the procedural and clinical outcomes
between those with and without aortic aneurysms (only
one patient with AAA greater than 5 cm) [20]. Certainly,
the surgical or endovascular correction of AAA in the
presence of severe AS could be complicated by serious
hemodynamic instability, arrhythmias and secondary
myocardial ischaemia and untreated severe AS increases
the risk of perioperative myocardial infarction during
AAA repair [24, 25]. It should also be considered that the
early hemodynamic consequence of the successful TAVR
is increased systolic pressure, and therefore, increased
aortic vessel tension and the risk of aneurysm dilation
and sudden rupture [26, 27] (Additional file 14: Movie
S14).

The rationale for simultaneous vs staged approaches

So far, individual case reports or case series of a few
patients have been published for a total of less than 20
patients. Wilmo C. Orejola et al. described a case of an
elderly patient with severe AS and an infrarenal saccular
AAA. The principal comorbidities were coronary artery
bypass grafting and mitral valve replacement (St. Jude
Medical mechanical valve) and multiple percutaneous
coronary interventions with stents, history of myocar-
dial infarction, hypertension, hyperlipidemia, biventricu-
lar AICD implantation, chronic renal insufficiency. The
patient underwent uncomplicated transfemoral TAVR
and then EVAR in one setting [28]. Dimitrios Koudou-
mas et al. described a case of a 74-year-old diabetic male
with chronic kidney disease, chronic obstructive pul-
monary disease, cerebrovascular disease, status post left
superficial temporal to middle cerebral artery bypass,
left carotid endarterectomy and subsequent stent place-
ment, 3-vessel coronary artery disease status post coro-
nary artery bypass graft and non small cell right lung
cancer stage IIIA status post induction chemoradiation
with response and downstage to stage IIA, was referred
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for an expanding infrarenal abdominal aortic aneurysm
measuring 5 cm (increased from 4 c¢cm in 6 months).
Echocardiogram showed severe AS with mean gradient
of 43 mmHg, aortic orifice size of 0.48 cm? mild aortic
and mitral insufficiency, ejection fraction of 30-35% with
hypokinesis of anterior apical region and mild pulmo-
nary hypertension. The all five bypass grafts were patent.
In the presence of his complicated medical and surgical
history he was deemed high risk candidate for surgical
aortic valve replacement with an STS PROM calculated
at 6.2% and decision was made to proceed with simulta-
neous TAVR and EVAR to address both the AS and AAA
[29]. Faisal Aziz et al. described simultaneous successful
TAVR and EVAR procedure in a 94-year-old female with
severe aortic stenosis and a large, infrarenal abdominal
aortic aneurysm [30].

From the analysis of the data reported in the literature,
the patients treated were extremely fragile either due to
very old age or due to cardiovascular, cerebrovascular and
oncological comorbidity profile. Schizas N et al. recently
summarized the experience of simultaneous TAVR with
EVAR [31]. The advantage of performing both operations
at the same time is that they can be performed using the
same access site and without the need for a second anes-
thesia for the second operation. The main disadvantages
of the combined procedure are the increase in operative
time, a higher dose of (combined) contrast and intrave-
nous heparin.

Our ‘tailored’ interventional approach, discussed and
approved by the local Heart Team for each patient, has
planned an endovascular correction of the AAA as the
first step, followed by a ‘staged’ TAVR. The AAA was
treated first because was it considered strategically better
in the presence of severe AS in stable clinical conditions.
Moreover the potential elevation of the systolic arte-
rial pressure after TAVR might provoke enhanced strain
at the AAA wall increasing the risk of rupture [32-34].
During the EVAR procedure all the material needed to
proceed to an ‘urgent’ aortic valvuloplasty or TAVR if
necessary was available and ready.

The proposed treatment was effective in all treated
patients, offering the resolution of both problems
through totally percutaneous treatment in patients with
a significant high risk for both mortality and vascular
complications. TAVR treatment through EVAR has not
been extensively studied and it is not free from poten-
tial severe complications related to the risk of malposi-
tion, embolization and/or displacement of the previously
positioned aortic endoprosthesis. This approach is feasi-
ble and safe; in fact, in our series the mortality was 0%.
From case to case it is necessary to use guidewires with
high support forces, long introducers of adequate caliber
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and more rarely artero-arterial rail. The risk of acute kid-
ney injury is reduced compared to simultaneous proce-
dures because the total amount of contrast agents used
overall is spread among two different procedures after an
adequate time of recovery. The transfemoral approach
was the most viable option. An alternative route, such
as trans-subclavian artery, transapical and transaortic
approaches for TAVR, was not used. Transcaval approach
might be considered but it is not feasible in the presence
of an AAA.

The main clinical, technical and procedural considera-
tions of TAVR procedure in this case series were:

(a) Transfemoral access into the bifurcated endopros-
thesis was feasible in 100% of patients

(b) The use of highly supportive stiffer guides (or buddy
wire technique) to overcome the tortuosity of the
iliac-femoral approaches should be considered;

(c) The introducer advancement under fluoroscopic
guidance and through-and-through wire technique
is strongly recommended in the presence of tortu-
osity;

(d) The strategy to protect the main vascular access
must be personalized choosing between the ipsi-
lateral femoral approach or the radial (or omeral)
approach;

(e) The total amount of contrast medium administered
to patients should be carefully monitored;

(f) The procedures should always be conducted with as
much ‘contrast zero’ methods as possible.

(g) Define a delay time between EVAR and TAVR
according to the clinical status, the age and the co-
morbidities of patients even in the presence of clini-
cal stability, is highly debated.

Conclusions

The combined ’staged” EVAR and TAVR, in patients
with severe AS and a large AAA, is feasible, safe and
with acceptable risks in this consecutive series of cases
performed in our CardioThoracic Center, especially in
regards to the vascular complications and acute kidney
injury. The sequence of procedures proposed, however,
should be applied to a larger population in order to define
the correct approach and to draw any conclusion.

In our experience, the EVAR procedure, always con-
ducted in a totally percutaneous manner, has always
been well tolerated by patients without inducing hemo-
dynamic instability, need for intubation or unplanned
valve procedures (aortic valvuloplasty or TAVR). TAVR
procedures have had 100% procedural success by totally
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percutaneous transfemoral approach with both self-
expandable and balloon-expandable prostheses with 0%
mortality.
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Additional file 1: Movie S1. Basal aortography in the ‘virtual basal plane’
view (‘co-planar’view) (2° right anterior oblique (RAO) 14° caudal projec-
tion) (Case 1).

Additional file 2: Movie S2. Final aortography documented a slightly
deep PORTICO transcatheter valve implantation with mild leak and aboli-
tion of transvalvular pressure gradient (Case 1).

Additional file 3: Movie S3. Control angiography after TAVR demon-
strated stable complete endovascular exclusion of abdominal aortic
aneurysm (AAA) with Gore bifurcated prosthesis without any endoleaks
(Case 1).

Additional file 4: Movie S4. Control angiography after TAVR demon-
strated a correct endovascular exclusion of the iliac aneurysm with Gore
Excluder IBE ("lliac Branch Endoprosthesis") (Case 1).

Additional file 5: Movie S5. Effective access-site haemostasis and intact
perfusion of femoral artery was confirmed by final angiography after
sheath removal (Case 1).

Additional file 6: Movie S6. From the ipsilateral femoral artery a selective
angiography was performed in a posterior-anterior projection to confirm
the femoral artery puncture (Case 2).

Additional file 7: Movie S7. Basal aortography in the 'virtual basal plane’
view (‘co-planar’view) (8° right anterior oblique (RAO) 13° caudal projec-
tion) (Case 2).

Additional file 8: Movie S8. 14F expandable eSheath advancement
under fluoroscopy guidance through the Gore prosthetic elements (Case
2).

Additional file 9: Movie S9. Final aortography documented a correct
SAPIEN 3 valve implantation without paravalvular leak and abolition of
transvalvular pressure gradient (Case 2).

Additional file 10: Movie S10. Advancement of balloon-expandable
crimped MYVAL THV under fluoroscopy guidance through the Gore
prosthetic elements (Case 4).

Additional file 11: Movie S11. Final aortography documented a precise
24.5 mm MYVAL implantation without paravalvular leak (Case 4).

Additional file 12: Movie S12. Embolization of the aneurysmatic sac by
insertion of two long coils (15 mm x 250 mm) after Gore endoprosthesis
implantation (GORE TGM 26-21-10) (Case 5).

Additional file 13: Movie S13. Final aortography documented a correct
26 mm MYVAL implantation without paravalvular leak (Case 5).

Additional file 14: Movie S14. Fluoroscopy showed systolic pressure
distension of Gore endoprosthesis after effective aortic valvuloplasty. The
increased systolic pressure is able to significantly stretch the metal frame
of the aortic prosthesis (personal data of authors; unpublished movies).
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