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Aortic Stenosis

O Etiology

® Congenital
> Bicuspid

® Acquired
> Degenerative
= Calcium deposition
= AR : rare
= DM, hypercholesterolemia
= Smoking, HT, low HDL

> Rheumatic
= Commissure fusion
= Cusp retraction & stiffening
= MV involvement
= AR : common
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Measurement of AVA

Stroke volume
at the level of
the aortic valve

SYNOT| Stroke volume
at the level of
the left
ventricle
outflow tract

S AV level

-~ LVOT level

Continuity equation

SVivor = SVay
CSAwvor x VTlvor = CSAay X VTlay
CSAay = CSAyor x VTliyor
VTlay
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FR 38Hz M3 FR 18Hz + AV VTI
8.7cm Vmax 466 cm/s

- « 4 LVOT Diam 1.89¢ Vmean 353 cmis
53% LVOT Area 3.11¢
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Asymptomatic Severe AS

Event-free 1.0 = 1

survival 1—|

L

| | I | |

12 24 36 48 60

Time from enrolment (months)

Vo <3.0mfs =V, =3.0-4.0m/s —— V. >4.0m/s

Otto et al. Circulation 1997;95:2262-70
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Stages of AS

Table 8. Stages of Valvular AS

son 1 systolic

Moderate AS
Aortic ny's of
mean AP 9 mm Hg

Stage Definition Valve Anatomy Valve Hemodynamics Hemodynamic Symptoms
Consequences
A At risk of AS Bicuspid aortic valve (or Aortic Ve <2 m/s None * None
other congenital valve
anomaly)
Aortic valve sclerosis
B Progressive AS Mild-to-moderate leaflet Mild AS: Early LV diastolic | ¢ None
calcification of a bicuspid Aortic Viex 2.0-2.9 m/s or dysfunction may
or trileaflet valve with mean AP <20 mm Hg be present

Normal LVEF

C: Asymptomatic severe AS

dysfunction

or congenital stenosis with
severely reduced leaflet
.tnpc“i_".g

mean AP 240 mm Hg
AVA typically <1 0cm” (or AVA1 506
cm /o)

C1 Asymptomatic severe AS Aortic Vo 24 m « None: Exercise
or congenital ste mean AP >40 mr resting 1s
AVA typically 1s <1.0 cm” (or AVAT<0.6 reasonable to
-m/m°) rirophy confirm symptom
Very severe AS 1s an aorhic' V. =5 m/s or 1LY status
mean AP 260 mm Hg
c2 Asymptomatic severe AS with LV Severe leaflet calctfication Aortic V.. >4m/fs or LVEF <50% + None

D: Symptomatic severe AS

D1 Symptomatic severe high-gradient Severe leaflet calcification Aortic V., >4 m/s or LV diastolic « Exertional dyspnea
AS or congemtal stenosis with mean AP =40 mm Hg dysfunction or decreased
severely reduced leaflet AVA typically €1.0 cm’” (or AVAI €0.6 LV hypertrophy exercise tolerance
opening cm?/ m:) but may be larger with mixed Pulmonary ¢ Exertional angina
AS/AR hypertension may | e Exertional syncope
be present or presyncope
D2 Symptomatic severe low-flow/low- Severe leaflet calcification AVA <1.0 cm® with LV diastolic e HF
gradient AS with reduced LVEF with severely reduced resting aortic Viax <4 m/s or dysfunction e Angina
leaflet motion mean AP <40 mm Hg LV hypertrophy e Syncope or
Dobutamine stress echocardiography shows LVEF <50% presyncope
AVA <1.0 em® with V. >4 m/s at any
flow rate
D3 Symptomatic severe low-gradient Severe leaflet calcification AVA <1.0 cm’ with aortic Vi <4 m/s of Increased LV e HF
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Very Severe AS

Q 116 consecutive asymptomatic patients with very severe
isolated AS (AV-Vel > 5.0 m/s)

100 - 100 - o - 0.000
—~ < 0. 1
S 90- 90 AVR < 90+
o . oY, I
~ 80 - 6 cardiac death = %0 AV-Vel
o fg 70 - 4.0 to 5.0 m/s
m -—
= 707 C 60 -
3
g 60 - 2 50 A ;.‘g‘t’:IS.S m/s
U 50 - Y 40 -
v ‘T 30 4
O 40+ =
ul_ g) 20 +
_E, 30 - D 10 -
q>) 20 7 o 1 | 1
L] - 0 1 2 3
19 Years
0
! ' ! ' ! ! Patients with AV-Vel from 4.0 to 5.0 m/s
0 1 2 3 4 5 6 Pts. at risk: 82 69 59 38
Y ears Patients witthv-VeI from 53.0 to 5.5 m/;9 &
Pts. at risk: 7 S 1
w.atnsc1s 73 40 23 9 6 2 DMeNsweavesssms :

Circulation. 2010;121:151-156
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Asymptomatic Very Severe AS

All-Cause Death

A ‘100-—“'-;-_:-"‘"L i AVA S 0.75 sz &

z . P (Vmax = 4.5 m/s or

f w T mean PG = 50 mm Hg)

5 P<0.001

@ sl OP  6-year survival rate 98:1%

T CONV 6-year survival rate 68+6%
% . : . :

No at Risk

oP 102 96 a8 29

CONV 95 82 54 2
B = Cardiac Death o

§ e

g - - T

2w Lgowv_

&

2 60-

8 P<0.001

E 4l |OP 6-year sunival rate 100%

§ ,.T CONV 6-year survival rate 7615%

§ o r . i
No at Risk

i o s e % Kang DH, Circulation. 2010 ;121:1502-9.
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Asymptomatic Very Severe AS

&
s 1013 Female
.g ..- - --. * ;
g -,
7] 80+ | I
s -..L..-. CONV group
— . Y
; ......... :. o m (n=95)
& e0{ P=0.0003 faaisnnns
g Female 6-year survival rate 9115%
8 401 Male 6-year survival rate 5819% 39 develop 36 remain
, symptoms asymptomatic
E ol "
8 T T Y T Y T p

0 4 e Yyears

: !
Female 51 47 34 22 Surgery No Surgery
Male 4 35 20 9 (n=46) (n=13)
£ 100
g 1 Endocarditis 2 Sudden deaths 7 Sudden deaths
4 Non-cardiac deaths 7 CHF deaths 6 Nor-cardiac deaths

a 80 isranse .Q. 1 Endocarditis
g ..... o.-‘..m v-. &ms
2 0| P=0.025 Yenescsanscns
g <5.0m/s 6-year survival rate 85:6%
g 40~ | 25.0m/s 6-year survival rate 62110%
°
] 0 I v T v T v T .
o ] 2 4 € years
No at Risk
<5.0m/s 63 53 7 23 . .
25.0m/s 32 29 17 s Kang DH, Circulation. 2010 ;121:1502-9.
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Timing of Intervention for . AS

Table 9. Summary of Recommendations for AS: Timing of Intervention

Recommendations COR LOE References
AVR 1s recommended with severe high-gradient AS who have symptoms by (9.91. 134,
: ETE cier I B s
history or on exercise testing (stage D1 135)

'R 15 recommended for asymptomatic patients with severe AS (stage C2 :
A\'R_'m:c e ed for asympto 1C patien ith severe : ) i B (136. 137)
and LVEF <50%

AVR 15 ndicated for patients with severe AS (stage C or D) when undergoing i o

! £ . ) B 4 I B {108. 138)
other cardiac surgen
AVR i1s reasonable for'asymptomatic patients with very severe AS (stage C1. Ta B 139. 140)

: = v . ' I (139. 1
aortic velocity =5 .0 my/s) and low surgical risk
AVR 1s reasonable 1n asymptomatic patients (stage C1) with severe AS and L

. g T S N I1a B (25.47)
decreased exercise tolerance or an exercise fall in BP
AVR is reasonable in symptomatic patients with low-flow/low-gradient severe
AS with reduced LVEF (stage D2) with a low-dose dobutamine stress study I B (43141,
: )

that shows an aortic velocity 24 0 m/s (or mean pressure gradient 240 mm Hg) 142)
with a valve area 1.0 cm’ at any dobutamine dose

AVR i1s reasonable 1n symptomatic patients who have low-flow/low-gradient
severe AS (stage D3) who are normotensive and have an LVEF =50% 1f

clinical. hemodynamic. and anatomic data support valve obstruction as the a 2 A
most likely cause of symptoms

AVR is reasonable for patients_ with modera.te AS (stage B) (aortic velocity a C N/A
3.0-3.9 m/s) who are undergoing other cardiac surgery

AVR may be considered for asymptomatic patients with severe AS (stage C1) b c N/A

and rapid disease progression and low surgical risk
AS mdicates aortic stenosis;: AVR. aortic valve replacement by either surgical or transcatheter approach: BP. blood
pressure; COR. Class of Recommendation: LOE. Level of Evidence; LVEF. left ventricular ejection fraction; and N/A, not
applicable.

2014 AHA/ACC Guideline
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Tight AS with Severe LV. dysfunction

peak PG > 50 mmHg
mean PG > 30-40 mmHg

yes

no
dobutamine stress echocardiography

confractile reserve

WMSI increase > 20% Yes ale;
SV increase > 20%
AVA = AVA NI > 0.3 cm?
PG 1 PG =
pseudostenosis

medical management
heart transplantation
deFilippi et al. Am J Cardiol 1995;75:191-195
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Tight AS with Severe LV. dysfunction

Low output AS
34 pt

Medical Rx
11 pt

AVR
21 pt
{(peak AVA <1.2 cm?)

Contractile reserve 4/\5 No contractile reserve

15 pt 6 pt
1 periop death 2 periop deaths
(7%) (33%)
2 late deaths 2 late deaths
(noncardiac) (CHF)
Class |-l Class -l
12 pt 2 pt

Nishimura et al. Circulation 2002;106:809-813
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Asymptomatic Severe AS

100 -
go =) NO .O‘f ml'd
calcification
80 | |
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R calcification
=
) 304
>
(T
204 P<0.001 +
10 -+
0 1 | 1] 1 1
0 1 2 3 4 5
Years
No. oF PATIENTS AT RisK
No or mild calcification 25 23 20 17 9
Moderate or severe calcification 101 48 38 21 7

N Engl J Med 2000;343:611-7
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Asymptomatic Severe AS
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Asymptomatic Severe AS

100
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Moderate to severe calcification &

80
Velocity increase > 0.3 m/s/year
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Aortic Valve Annulus

Wall of the aorta

Anatomic ventriculo- Endothelial
arterial junction Jining Anatomic ventriculo-

arterial junction

Sinus of
Valsalva

Basal attachment of
aortic valvar leaflet
| to ventricular

- | myocardium (valvar
| hinge)

Circ Cardiovasc Intervent. 2008;1:74-81
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Measurement of Aortic Annulus Size

e e Mean + 25D
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The mean difference (TTE-TEE) is -1.36 mm (2 5D -4.48 to +1.75 mm).

Moss, JACC Img 2008;1:15-24
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Lofl atrium

JACC 2010,55:186-94




TTE, TEE & CT

LB Comparison Between Echocardiographic and MSCT Measurements

Mean Annulus

Diameter (mm) Medlan Range p Value vs. TTE Rvs. TTE p Value vs. TEE R vs. TEE
Echocardiographic measurements
TIE 239 +241 24 19-30 — — 013 0.89
TEE 241 +21 245 20-30 0.13 0.89 B -
MSCT measurements
Virtual basal ring
Long-axis 275 +31 27 22-34 <0.0001 0.69 <0.0001 0.67
Short-axis 217 +23 22 17.5-28 <0.0001 0.73 <0.0001 0.69
Mean 246 + 24 24 19.8-29.5 0.004 0.80 0.07 0.77
3-chamber view 238 - 26 24 18-29 0.73 0.71 0.26 0.70

Data presented are mean + SD. R is coefficient of correlation.
MSCT = multislice computed tomography; TEE = transesophageal echocardiography; TTE = transthoracic echocardiography.

JACC 2010,55:186-94
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TTE, TEE & CT
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Measurement of Aortic Valve Annulus

Sinutubular junction

Aortic sinus

Circ Cardiovasc Intervent. 2008;1:74-81
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Annulus Measurement by 3D TEE '

JASE 2011;24:937-65
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Annulus Measurement by 3D TEE '
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CT & 2D-/3D-TEE

For predicting significant paravalvular AR

Cross-sectional CT 2D TEE
- L T
™y ’J AUC 0 B2 1% | 80nme=-33 |____ _~ Aucosz|
S~ 95% C10.73-0.90 1 N 55% CI 0.40-0.63
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84% » 087 \
Specificity g \
71% ] \
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1 - Speciticity ¥ Soockichy
3D TEE (Qlab) 3D TEE (X-plane)
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’ B0,y 1= -1.90
Sensltivity
- 85%
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% | 55% = \\ % AD e xpimne™ =1 18
g — 2
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In general, a distance of >10 mm is desirable for the 23 mm
balloon-expandable valve and a distance of >11 mm is desirable

for the 26 mm valve. JASE 2013;26:359-69
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TIS:@.8& Te21d Holland SPH Echo #4
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AR index.& Prognosis

E none/mild perlAR 120 ==
>
5 0.6
-
2 804
=
-
S 0.4
5 36.4%
(&) moderate/severe periAR 40 -+
0.24
p (log rank-test) < 0.001 ol
HR (95% CI) = 3.89 (2.02-7.49)
0.0
6 150 zxo :u'w B mmHg
Follow-up (days) 160 ==
No. atrisk
none/miid 124 120 77 49
moderate/severe 22 17 ] 7
Total 146 137 86 56 120 -4~
B 1.0
80 ==
0.8 83.3%
AR index 225 40
=
=
2 o6
"
2 54.0% G
._'; AR Index <25
E 0.4
3 ZFT 3B Calculation of the AR Index
0.24 Simultaneous determination of left ventricular end-diastolic pressure (LVEDP)
p (log rank-test) < 0.001 (blue line) and diastolic blood pressure (DBP) in the aorta (red line) in a
HR (95% CI) = 2.97 (1.57-5.63) patient without peri-prosthetic aortic regurgitation (periAR) (A) and in a patient
0.0 with moderate periAR (B) for the calculation of the aortic regurgitation (AR)
T T T T index: ([DBP — LVEDP]/SBP) x 100. (A) AR index = ([65 — 10]/160) X
¢ 120 240 380 100 = 34.4. (B) AR index = ([40 — 20]/130) X 100 = 15.4.
Follow-up (days)
No. at risk
AR index2256 96 62 62 35
AR index <25 50 45 24 21 M "
Total 146 137 86 g6 / - -
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Severity of AR

L CR (Ul Prosthetic Valve Dysfunction

Prosthetic Aortic Valve Stenosis®

Normal Mild Stenosis Moderate/Severe Stenosis

Quantitative parameters (flow-dependent)’

Peak velocity (m/s) <3m/s 3-4m/s =4 m/s

Mean gradient (mmHg) <20 mm Hg 20-40 mm Hg =40 mm Hg
Quantitative parameters (flow-independent)

Doppler velocity index? =0.35 0.35-0.25 <0.25

Effective orifice aread$ >1.1 cm? 1.1-0.8 cm? <0.8 cm?

Effective orifice area’ >0.9 cm? 0.9-0.6 cm? <0.6 cm?

Prosthesis-Patient Mismatch (PPM)
Insignificant Moderate Severe

Indexed effective orifice area™ (cm?/m?) >0.85 cm?/m? 0.85-0.65 cm?/m? <0.65 cm?/m?
Indexed effective orifice area® (cm?/m?) >0.70 cm?/m? 0.90-0.60 cm?/m? <0.60 cm?/m?

Prosthetic Aortic Valve Regurgitation

Mild Moderate Severe

Semi-quantitative parameters

Diastolic flow reversal in the Absent or brief early diastolic Intermediate Prominent, holodiastolic

descending aorta—PW

Circumferential extent of prosthetic <10% 10-29% =30%

valve paravalvular regurgitation (%)**
Quantitative parameters®

Regurgitant volume (mL/beat) <30 mi 30-59 mi =60 mi

Regurgitant fraction (%) <30% 30-49% =50%

EROA (cm?) 0.10 cm? 0.10-0.29 cm? =0.30 cm?

*In conditions of normal or near normal stroke volume (50-70 ml). tThese parameters are more affected by flow, including concomitant aortic
regurgitation. $For LVOT >2.5 cm, significant stenosis criteria is <0.20. §Use in setting of BSA =1.6 cm? (note: dependent on the size of the valve

and the size of the native annulus). |Use in setting of BSA <1.6 cm?. JUse in setting of BMI <30 kg/cm?2. #Use in setting of BMI =30 kg/cm?. **Not . .
well-validated and may overestimate the severity compared with the quantitative Doppler. JAC C 2 O 1 2 / 6 O . 1 4 3 8 - 5 4

EROA = effective regurgitant orifice area; PW = pulsed wave.
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