MCDT evaluation of aortic root and
aortic valve prior to TAVI. What is
optimal imaging point in the cardiac

cycle?
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Introducao

* TAVI/TAVR= colocacdo da valvula adrtica por cateterismo

* Doentes sem indicacao para cirurgia (30%): comorbilidades,
disfuncao ventricular esquerda; idade avancada

* Procedimento:

Acesso: percutaneo transfemoral ou transubclavio; transadrtico;
transapical




Introducao

Protocolo

Aquisicao engloba: camaras cardiacas, raiz aorta, aorta, eixo
iliofemoral

12 raiz aorta com sincronizacao ECG

22 angioTC toracica, abdominal e pélvica até femurais superficiais




Introducao

* Planeamento por TC:
Via de acesso

Transfemoral:

* lumen minimo permeavel das artérias pélvicas(AFC, AlE, AIC)

* tortuosidade dos vasos
* calcificacao(circunferencial: Cl)

Transapical:

* orientacdo do eixo do VE relativamente a camara de saida

* posicao do apex do ventriculo esquerdo relativamente a parede toracica
* trombos no ventriculo esquerdo

Transaodrtica/transubclavia:

* calcificacdao da aorta ascendente (AVC)

* posicao da aorta relativamente a parede toracica
 alteragdes da anatomia retroesternal




Introducao il

Mid-sinusal level

* Planeamento por TC: Anatomie

ventriculo-arterial —

Anel aortico junction

Virtual basal ring

Anel virtual que liga os pontos
mais baixos das cuspides
qguando se fixam a parede da
camara de saida do VE

Local onde se fixam as proteses

Durante a sistole é quando a
abertura da valvula é maior
Medicoes: area; circunferéncia;
> e < diametro

Distancia do anel aos ostia
coronarios (>10mm)




Introducao

* Planeamento por TC:
Valvula adrtica

Numero cuspides
Calcificacoes

Raiz da aorta
Diametro juncao sinotubular
Diametro seios Valsalva
Diametro aorta ascendente (4cm acima do anel)




Objetivo

* Determinar a fase ideal do ciclo cardiaco para a avaliacao da
raiz da aorta por TC no planeamento da TAVI




Material e Métodos

Estudo retrospectivo

64 doentes referenciados para TAVI
27 homens; 37 mulheres

Idade: 81.3 + 5anos




Material e Métodos —parametros de
aquisicio

* TC com sincronizacao ECG, retrospectiva, regiao da valvula
aortica
* Protocolo:
100Kv; 320mAs
Colimacao 64x0.6mm

Contraste — 120ml Ultravist 300:
¢ 20ml CIV + 15ml soro
* 75ml CIV
* 50ml 50% solugao CIV
* 50ml soro

Bolus 7,2ml/sg

* Reconstrucao: 0.75mm espessura; 0.7 incremento; B26f
Kernel;

* 11 reconstrucdes: 20ms depois onda R e a cada 10% intervalo
R-R




Material e Métodos - cilculos

* Medicoes da valvula aodrtica:

>Didmetro
<Diametro
Perimetro
Area

Distancia
do anel
ao centro
do ostium
da
coronaria

Distancia
do anel
ao centro
do ostium

da
coronaria

direita

Compri-
mento
folhetos

esquerda




Material e Métodos - cilculos

* Medicoes da raiz da aorta:
Diametro da juncao sinotubular
Diametro da aorta ao nivel dos ostia direito e esquerdo
Diametro do segmento mais largo dos seios Valsalva

* Calculos:
Diametro (médio): média do > e < didmetro no anel adrtico
Diametro (circunferéncia): circunferéncia/m
Diametro efetivo

ED = 2 x +/(cross-sectional area,/ ).

Calculo da forma do anel adrtico
AASR (ratio de esfericidade)= > diametro/<diametro (se 1 forma circular)




Material e Métodos — estatistica

SPSS versao 20.0

1.

Determinacao das dimensdes de cada estrutura anatomica
em cada fase do ciclo cardiaco — avaliacao com estatistica
descritiva (médiat desvio padrao)

Determinacao da fase do ciclo cardiaco em que se
encontrou a dimensao< e >

Comparacao com outras fases do ciclo cardiaco (teste t de
student) — p <0,05?




Resultados

* Foram excluidos:
Aneurisma; valvula bicuspide; doencas genéticas
* Ritmo cardiaco -médio: 69bpm
* 2 radiologistas - Correlacao inter-observador
Kappa analise — 0.87




Resultados

Table2 Overview of examined anatornical structures: maximurm and minimum, dimensions with comesponding time points, and the number of time
points at which dimensions were significantly different from the maximum or minimum

Structure Mimmal diameter  Mean
(time point %) diameter

Maximal diameter  Number of time points at which

(time point %) measurements differed
significantly from max. or min.
values (p<0.05)

1. Armmulus short diameter (mm)

2. Annulus long diameter (mm)

3. Area (mm”°)

4. Circumference (mm)

5. Right coronary artery ostium distance (mm)
6. Lefl coronary artery ostium distance (mm)

7. Ascending aorta at the level of smotubular junction
(mm)
8. Aortic root at right coronary artery level {mm) 29.843.0 (20 ms) 302433

9. Aortic root at left coronary artery level (mm) 32,1434 (50 %)
10. Aortic root at the widest portion of aortic smuses (mm) 34.1£3.5 (90 %)
11. Left leaflet length (mm)
12. Right leaflet length (mm)
13. Mean diameter (mm)

20.9+2.0 (80 %) 216420  22.6+20(10 %) 10 (max)
27.2£2.7 (100 %4) 274424  27.7+£24 (60 % 0 (max)
417.6+462.8 (50 %) 47334645 4673+267.8(20%) 10 {max)
75.8+£5.8 (50 %) 772462 79.0£6.0 (20 %) 10 (max)
17.642.8 (10 %) 178428 18.0£2.9 (20 ms) 10 (min)
16.242.4 (20 ms) 168424 17.4£22 (100 %) 2 (min)
27.14£2.2 (90 %) 2744+24 27.6:£3.1 (40 %) 0 (max)

30.8£33 (40 %) 1 (max)
324436  33.0£3.5(20 %) 7 (max)
344436 34943620 %) 6 (max)
15.842.0 (10 %) 16.0420 16.3+ 1.8 (60 %) 0 (max)
15441.7 (80 %) 157418 16.1+£2.0 (20 %) 6 (max)
23.9£2.9 (70 %) 244423 25.0£2.0(10 %) 9 (max)

14. Effective diameter (mm)

15. Circumference-derived diameter (mm)

16. AASR

17. Ellipse eccentricity

18. Difference between Dmax and Dmin (mm)

23.041.8 (50 %)
24.1£1.9 (50 %)
1.21540.082
(10 %)
0.554+0.082
(10 %)
48+1.6(10 %)

235418
246419
1.27740.111

0.604+:0.092

59422

24.341.8 (20 %)
25.241.9 (20 %)
1.31740.107
(90 %)
0.6380.072
(90 %)
6.742.1 (60 %)

10 {max)
10 (max)
S (max)

S (max)

S (max)

Except for distance RCA and LM to the annulus where minimal distance is most relevant, for the other parameters maximal measure is most relevant
AASR aortic annulus sphericity ratio




Resultados

Table2 Overview of examined anatornical structures: maximurm and minimum, dimensions with comesponding time points, and the number of time
points at which dimensions were significantly different from the maximum or minimum

Structure

Mimmal diameter
(time point %)

Mean
diameter

Maximal diameter
(time point %)

Number of time points at which
measuremnents differed
significantly from max. or min.
values (p<0.05)

1. Amnulus short diameter (mm)

2. Annulus long diameter (mm)
3. Area (mm’)
4. Circumference (mm)

5. Right coronary artery ostium distance (mm)

20.942.0 (80 %)
27.242.7 (100 %)

21.642.0
274424

41762628 (50 %) 47334645

75.8+£5.8 (50 %)
17.642.8 (10 %)

772462
17.8428

22.6+2.0 (10 %)
27.7£2.4 (60 %)

ol o

79.04£6.0 (20 %)
18.0£2.9 (20 ms)

10 (max)
0 (max)

10 {max)
10 {max)
10 (min)

6. Lefl coronary artery ostium distance (mm)

7. Ascending aorta at the level of smotubular junction
(mm)

8. Aortic root at right coronary artery level {mm) 29.843.0 (20 ms) 302433

9. Aortic root at left coronary artery level (mm) 32,1434 (50 %) 324436

10_Aortic root at the widest portion of aortic sinuses (mm) 34.1 £3.5 (90 %) 344436

16.242.4 (20 ms) 168424
27.14£2.2 (90 %) 274424

17.4£22 (100 %) 2 (min)
27.6:£3.1 (40 %) 0 (max)

30.8£33 (40 %) 1 (max)
33.0+£3.5 (20 %) 7 (max)
349436 (20 %) 6 (max)

11, Left leaflet length (mm)

12. Right leaflet length (mm)
13. Mean diameter (mm)
14. Effective diameter (mm)

15. Circumference-derived diameter (mm)

16. AASR

17. Ellipse eccentricity

18. Difference between Dmax and Dmin (mm)

15.842.0 (10 %)
15441.7 (80 %)
23.9£2.9 (70 %)
23.0£1.8 (30 %)
24.1£1.9 (50 %)

1.21540.082
(10 %)

0.554+0.082
(10 %)

48+1.6(10 %)

16.04£20
157418
244423
235418
246419
1.27740.111

0.604+:0.092

59422

16.3+ 1.8 (60 %)

16.1+2.0 (20 %)
25.0£2.0 (10 %)
24.3+1.8 (20 %)
25.2+19 (20 %)
1.317£0.107
(90 %)
0.638£0.072
(90 %)
6.742.1 (60 %)

0 (max)
6 (max)
9 (max)
10 (max}
10 (max)
S (max)

S (max)

S (max)

Except for distance RCA and LM to the annulus where minimal distance is most relevant, for the other parameters maximal measure is most relevant
AASR aortic annulus sphericity ratio




Resultados

Table2 Overview of examined anatornical structures: maximurm and minimum, dimensions with comesponding time points, and the number of time
points at which dimensions were significantly different from the maximum or minimum

Structure Mimmal diameter  Mean Maximal diameter  Number of time points at which
(time point %) diameter (time point %) measurements differed
significantly from max. or min.
values (p<0.05)

1. Armulus short diameter (mm) 20942.0(80 %)  21.6420  22.6+2.0 (10 %)
2. Annulus long diameter (mm) 272427 (100 %) 274424  27.7424 (60 %) O (max)
3. Area (mm’) 417.6462.8 (50 %) 47334645 467.3£67.8 (20 %) [10(max)
4. Circumference (mm) 758458 (50 %)  77.2462  79.0460(20 %) |10 (max)
5. Right coronary artery ostium distance (mm) 17.642.8 (10 %)  17.8428  18.0429 (20 ms) |10 (min)
6. Left coronary artery ostium distance (mm) 162424 (20 ms) 168424  17.4422(100 %) 2 (min)

7. Ascending aorta at the level of sinotubular junction 27.14£2.2 (90 %) 274424 27.6£3.1 (40 %) 0 (max)
(mm)
8. Aortic root at right coronary artery level (mm) 29.8+3.0 (20 ms) 302433 30.8£3.3 (40 %) 1 (max)

9. Aortic root at left coronary artery level (mm) 32.143.4 (50 %) 124436 33.0£3.5 (20 %) 7 (max)
10. Aortic reot at the widest portion of aortic smuses (mm) 34.1£3.5 (90 %) 344436 34.9+£3.6 (20 %) 6 (max)
11. Left leaflet length (mm) 15.842.0 (10 %) 16.0420 16.3+ 1.8 (60 %) 0 (max)
12. Right leaflet length (mnm) 15441.7 (80 %) 157418 16.1+£2.0 (20 %) 6 (max)
13. Mean diameter (mm) 23.9£2.9 (70 %) 244423 25.0£2.0(10 %) 9 (max)
14. Effective diameter (mm) 23.0£1.8 (30 %) 235418 24.3+1.8 (20 %) 10 (max)
15. Circumference-derived diameter (mm) 24.1£1.9 (50 %) 246419  252£19(20 %) 10 (max)

16. AASR 1.215+0.082 127740111 1.317+0.107 5 (max)
(10 %) (90 %)

17. Ellipse eccentricity 0.554+0.082 0.604+0.092 0.638£0.072 5 (max)
(10 %) (90 %)

18. Difference between Dmax and Drmin (mm) 4.8+1.6(10 %) 59422 6.7+2.1 (60 %) 5 (max)

Except for distance RCA and LM to the annulus where minimal distance is most relevant, for the other parameters maximal measure is most relevant
AASR aortic annulus sphericity ratio




Resultados

Table 2 Overview of examined anatomnical structures: maximurmn and minimum, dimensions with comresponding time points, and the number of time
points at which dimensions were significantly different from the maximum or minimum

Structure Mimimal diameter  Mean Maximal diameter  Number of time points at which
(time point %) diameter (time point %) measurements differed
significantly from max. or min.
values (p<0.05)

1. Amnulus shont diameter (mm) 20.9:2.0 (80 %) 21.6420 22.6+£20 (10 %) 10 (max)
2. Annulus long diameter (mm) 27.24£2.7 (100 %a) 274424 27.7+£2.4 (60 % 0 (max) <@
3. Area (mm°) 41762628 (50 %) 47334645 4673:67.8(20%) 10 {max)
4. Circumference (mm) 75.845.8 (50 %) 772462 79.04£6.0 (20 %) 10 (max)
5. Right coronary artery ostium distance (mm) 17.64£2.8 (10 %) 17.8428 18.0£2.9 (20 ms) 10 (min)
6. Lefl coronary artery ostium distance (mm) 16.24£2.4 (20 ms) 16.8+24 17.4£22 (100 %) 2 (min)
7. Ascending aorta at the level of sinotubular junction 27.14£2.2 (90 %) 274424 27.6£3.1 (40 %) 0 (max)
mim

8. E\om)u root at right coronary artery level {mm) 29.843.0 (20 ms) 302433 30.8£33 (40 %) 1 (max)
9. Aortic root at left coronary artery level (mm) 32.1£3.4 (50 %) 324436 33.0£3.5(20 % 7 (max)
10. Aortic root at the widest portion of aortic sinuses (mm) 34.1 £3.5 (90 %) 344436 34.9+£36 (20 %) 6 (max)
11_Left leaflet length (mm) 15.8£2.0 (10 %) 16.04£20 16.3£ 1.8 (60 %) 0 (max)
12. Right leaflet length (mm) 15441.7 (80 %) 157418 16.1£2.0 (20 %) 6 (max)
13. Mean diameter (mm) 239429 (70 %) 244423 25.0:£2.0(10 %) 9 (max)
14. Effective diameter (mm) 23.0£1.8 (30 %) 235418 243+ 1.8 (20 %) 10 (max})
15. Circumference~derived diameter (mm) 24.1£1.9 (50 %) 246419 25.2+1.9 (20 %) 10 (max)

16. AASR 1.21520.082 127740.111 1.31720.107 5 (max)
(10 %) (90 %)

17. Ellipse eccentricity 0.554+0.082 0.604+0.092 0.638+0.072 S (max)
(10 %) (90 %)

18. Difference between Drmax and Drmin (mem) 4841.6(10 %) 59422  6.7+2.1(60 %) 5 (max)

Except for distance RCA and LM to the annulus where minimal distance is most relevant, for the other parameters maximal measure is most relevant
AASR aortic annulus sphericity ratio




Resultados

Table2 Overview of examined anatornical structures: maximurm and minimum, dimensions with comesponding time points, and the number of time
points at which dimensions were significantly different from the maximum or minimum

Structure Mimmal diameter  Mean
(time point %) diameter

Maximal diameter  Number of time points at which

(time point %) measurements differed
significantly from max. or min.
values (p<0.05)

1. Arnulus shont diameter (mm)
2. Annulus long diameter (mm)

20.9+2.0 (80 %) 216420  22.6+20(10 %) 10 (max)
27.2£2.7 (100 %4) 274424  27.7+£24 (60 % 0 (max)
3. Area (mm”°) 417.6+462.8 (50 %) 47334645 4673+267.8(20%) 10 {max)
4. Circumference (mm) 75.8£5.8 (50 %) 772462 79.0£6.0 (20 %) 10 (max)
5. Right coronary artery ostium distance (mm) 176428 (IO %) 178428 18.0+2.9 (20 ms) 10 (min)
6. Lefl coronary artery ostiumn distance (mm) 16.2:42.4/(20 ms) [68+24 17.4£22 (100 %) 2 (min)
2744+24 27.6:£3.1 (40 %) 0 (max)

27.142.2 (90 %)

7. Ascending aorta at the level of smotubular junction
(mm)
8. Aortic root at right coronary artery level {mm) 29.843.0 (20 ms) 302433

9. Aortic root at left coronary artery level (mm) 32,1434 (50 %)
10. Aortic root at the widest portion of aortic smuses (mm) 34.1£3.5 (90 %)
11. Left leaflet length (mm)
12. Right leaflet length (mm)
13. Mean diameter (mm)

30.8£33 (40 %) 1 (max)
324436  33.0£3.5(20 %) 7 (max)
344436 34943620 %) 6 (max)
15.842.0 (10 %) 16.0420 16.3+ 1.8 (60 %) 0 (max)
15441.7 (80 %) 157418 16.1+£2.0 (20 %) 6 (max)
23.9£2.9 (70 %) 244423 25.0£2.0(10 %) 9 (max)

14. Effective diameter (mm)

15. Circumference-derived diameter (mm)

16. AASR

17. Ellipse eccentricity

18. Difference between Dmax and Dmin (mm)

23.041.8 (50 %)
24.1£1.9 (50 %)
1.21540.082
(10 %)
0.554+0.082
(10 %)
48+1.6(10 %)

235418
246419
1.27740.111

0.604+:0.092

59422

24.341.8 (20 %)
25.241.9 (20 %)
1.31740.107
(90 %)
0.6380.072
(90 %)
6.742.1 (60 %)

10 {max)
10 (max)
S (max)

S (max)

S (max)

Except for distance RCA and LM to the annulus where minimal distance is most relevant, for the other parameters maximal measure is most relevant

AASR aortic annulus sphericity ratio




Discussao

* Na literatura, tem sido referenciado em varios estudos que a
motilidade adrtica causa variabilidade estatisticamente
significativa das dimensdes do anel adrtico entre a sistole
(max) e a didstole (min), em doentes com e sem patologia
aortica>> comprovado nos candidatos do estudo

* Em estudos prévios so a variabilidade das dimensodes do anel
aortico tém sido estudadas>>igualmente importante avaliacao
de toda a raiz da aorta, da valvula e o posicionamento dos
folhetos até aos ostia coronarios




Discussao

* De acordo com os dados obtidos no estudo:

4 parametros da valvula — dimensdes maximas aos 20%:
* Diametro efetivo
* Diametro derivado da circunferéncia
* Diametro ao nivel da coronaria esquerda
* Diametro mais largo ao nivel dos seios Valsalva

Distancia do anel a coronaria direita foi menor aos 10%

Distancia do anel a coronaria esquerda foi menor aos 20ms mas
nao foi estatisticamente significativa com a encontrada aos 20%

Todas as medidas do curto eixo do anel foram significativamente
maiores aos 10%>>anel apresenta morfologia mais arredondada
na sistole inicial




Discussao

* QOutros parametros (AASR; excentricidade elipse, diferenca
diametro min e max.) >>forma oval do anel, sendo maxima
aos 90%>>novas formas de protese...

* O maior diametro nao altera ao longo do ciclo mas o diametro
efetivo e o diametro-circunferéncia, variam com a fase do ciclo
cardiaco>>logo o maior diametro nao € a medida ideal e
nomeadamente nao representa a esfericidade do anel

* A combinacao de varios parametros € importante para a
selecao da protese adequada




Discussao

* Escolha da protese — valores do anel:

Perimetro/circunferéncia
Diametro efetivo e médio
Area

* QOutros parametros:
> diametro seios Valsalva
< distancia do anel aos ostia

comprimento da cuspide direita |

> diametro do anel
> diametro sinotubular

comprimento da cuspide esquerda

Valores maximos na sistole
20%

Valores maximos na sistole
10-20%

Sem diferencas estatisticamente
- significativas ao longo do ciclo
cardiaco




Discussao

Incongruéncia prétese/anel
Mal posicionamento protese | regurgitacao
Calcificacao acentuada aorta
Valvula aodrtica bicuspide

Proteses oversized
< regurgitacao
Risco de rotura do anel
Bloqueio de ramo esquerdo>>colocacao pacemaker




Limitacoes

Amostra pequena

Estudo retrospetivo

Nao inclui comparacao da TC com outros métodos
Nao relaciona com o resultado do procedimento




Conclusao

* Na TC, as imagens adquiridas na fase 20% do ciclo cardiaco
permitem obter as dimensdes maximas das estruturas da raiz
e da valvula adrtica importantes para o planeamento da TAVI e
para a escolha da protese




