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EACVI/ASE CLINICAL RECOMMENDATIONS

Recommendations on the Echocardiographic
Assessment of Aortic Valve Stenosis: A Focused
Update from the European Association of
Cardiovascular Imaging and the American Society
of Echocardiography
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John B. Chambers, MB BChir, FESC, Thor Edvardsen, MD), PhD, FESC, Steven Goldstein, MDD, FASE,
Patrizio Lancellotti, MD, PhD, FESC, Mclissa LeFevre, RDCS, Fletcher Miller Jr., MD, FASE,
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* AS = MOST COMMON PRIMARY HEART VALVE DISEASE
* ECHO IS THE PRIMARY MODALITY FOR ASSESSMENT & STAGING

Baumgartner H, et al. J Am Soc Echocardiogr (2017) 30:372-392

ECHO ESSENTIALS FOR EVALUATION OF AS

* VALVE ANATOMY FOR ETIOLOGY

e SEVERITY OF STENOSIS

* ASSISTING WITH MANAGEMENT DECISION-MAKING

* RECOGNIZE LOW OUTPUT / LOW GRADIENT STATES




BASIC ROOT STRUCTURE
PARASTERNAL LONG AXIS VIEW
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NORMAL AV M-MODE
COAPTATION IN CENTER OF AORTIC ROOT

45dB  +/+1/ +/2
M Gain= 0dB

Ao Diam, d = 240 cm
Cal=20mm
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AORTIC STENOSIS - ETIOLOGY

» SENILE / DEGENERATIVE CALCIFIC
» RESEMBLES ECTOPIC BONE
* RISK FACTORS ~ ATHEROSCLEROSIS
* RENAL DYSFUNCTION MAY ACCELERATE

* PREMATURE CALCIFIC BICUSPID STENOSIS

e RHEUMATIC
e |ESS COMMON IN THE US
e MORE FUSION / LESS CALCIFICATION

e LESS COMMON
* TYPE 2 HYPERLIPIDEMIA, SLE, IRRADIATION, PAGET'S DISEASE

CALCIFIC AORTIC STENOSIS:
PROGRESSIVE REDUCTION IN LEAFLET MOTION
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BICUSPID AORTIC VALVE
* MOST COMMON CONGENITAL ANOMALY (1.3%)

o« COMMISSURE MAY BE HORIZONTAL OR VERTICAL
* HORIZONTAL:  ANTERIOR AND POSTERIOR LEAFLETS
* VERTICAL: RIGHT AND LEFT (CORONARY) LEAFLETS

* ACCELERATED CALCIFICATION === PREMATURE STENOSIS

* PROXIMAL AORTOPATHY (EVEN IN NORMALS)

* ASSOCIATED ABNORMALITIES
* COARCTATION — 6% PREVALENCE (VICE VERSA — 50% BAV PREV. W/COARCT
* INTRACRANIAL ANEURYSMS — 10% PREVALENCE, SCREEN W/COARCT

BICUSPID AORTIC VALVE
PLAX VIEW — DOMING

Diastole Systole
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BICUSPID AORTIC VALVE
PSAX VIEW MORPHOLOGY

Diastole Systole
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SYSTOLIC ELLIPSOID ORIFICE IDENTIFIES AS BICUSPID.

BICUSPID AV PHENOTYPES

» GENETIC HETEROGENEITY

* SIGNIFICANCE CONTROVERSIAL
* RAPHE = 1'ED AS, AR, ULTIMATE AVR
e () REPRODUCIBLE ASSOC — ANEURYSM / DISS

Masri A, et al. Heart (2017) 103:1323-1330
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BICUSPID AORTOPATHY

e ROOT & PROXIMAL ASCENDING AORTA DILATED
« NORMALS AND ABNLS — OUT OF PROPORTION TO VALVE Dz
* RISK: ANEURYSM (0.9%) & DISSECTION (0.03%)

* WHAT IS “ABNORMAL"' ¢ ECHO DIAGNOSIS,

e DILATION: ROOT 240 MM, ASCENDING 237 MM | BUT CONFIRM WITH
« GROWTH RATE ~0.4-0.6 MM/YR CT OrR MR

* WHEN TO INTERVENE?S

* DISSECTION RATE (0.5%) WHEN AORTA 245 MM
* |SOLATED AORTA — REPLACE 255 MM, OR 250 MM + “HIGH RISK"
* SURGICAL BAV DZ — REPLACE IF 245 MM

Michelina HI, et al. Int J Cardiol (2015) 201:400-407
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TTE for offspring " Valvular dysfunction
and siblings to rule Confirmed BAV and
out BAV and/or = diagnosis management as per
aorta dilatation 9 current valvular guidelines
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0 mm 40-49 mm 0-54 mm 255 mm =45 mm <45 mm
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S = 23 mm/year dilatation tissue appropriate
* Uncontrolied HTN = Consider center
« Root phenotype of excellence A 4
* Personal history of
coarctation Reimage unrepaired
thoracic aorta
segments yearly post
surgery
*|f first-time patient, may reimage at 6 months and if no progression then yearly

Michelina HI, et al. Int J Cardiol (2015) 201:400-407
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RHEUMATIC AORTIC STENOSIS:
LESS CALCIFICATION, MORE COMMISSURAL FUSION

AORTIC VALVE:
OTHER ANOMALIES ASSOCIATED WITH AS

UNICUSPID AOV QUADRACUSPID AoV
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LVOT OBSTRUCTION RULE-OUTS

DYNAMIC SUB-VALVULAR FIXED SUB-VALVULAR SUPRA-VALVULAR

=
-
o

-y ﬁ"

- _P \
,-" i .y

: ’j 2
7

ECHO ESSENTIALS FOR EVALUATION OF AS

» SEVERITY OF STENOSIS

* ASSISTING WITH MANAGEMENT DECISION-MAKING

* RECOGNIZE LOW OUTPUT / LOW GRADIENT STATES




MULTIFACTORIAL ASSESSMENT OF SEVERITY

Level 1 Recommendation — Appropriate in all patients

PEAK AV JET VELOCITY (m/sec)

MEAN AV GRADIENT (mmHG)

VALVE AREA BY CONTINUITY EQUATION (cm2) — VT

“SIMPLIFIED" CONTINUITY EQUATION = V4 ax

VELOCITY RATIO (DIMENSIONLESS)

PLANIMETRY

Table 2 Measures of AS severity obtained by Doppler-echocardiography

Units

Formula/method

Cut-off for
severs

Concept

Advantages

Limitations

AS jet velocity' "

Mean gradient’™ "

Continuity equation
valve area'"""

Simplified continuity
equation'™""

Velocity ratio’™ "

Planimetry of anatomic

mfs

Direct measurament

AVA — (CSAwor
VTlvor ) VTl

AVA = (CSAyer =
Muvor )V

VR - Y

4.0

Velocity increases as
stenosis seventy
Increases

Pressure gradient
calculated from
velocity using the
Bernouli equation

Volume flow proximal to
and in the stenotic
orifice is equal

The ratio of LVOT to
aortic velocity s
similar to the ratio of
VTis with native aortic
valve stenosis

Effective AVA
expressed as a
proportion of the
LVOT area

Anatomic (geometric)
CSA of the aortic
valve orifice as
measured by 2D or
3D echo

Direct measurement of
velocity. Strongest
predictor of clinical
outcoma

« Mean gradient is
obtained by tracing
the velocity curve

« Units comparable to
invasive
measurements

= Measures effective
orifice area

= Feasible in nearly all
patients

= Relatively flow
independent

Uses more easily
measured velocities
instead of VTIs

Doppler-only method.
No need to measure
LVOT size, less
variability than
continuity equation

Usetul if Doppler
measurements are
unavailable

» Correct
measurement
requires parallel
alignment of
ultrasound beam
Flow dependent.
Accurate pressure
gradients depend on
accurate velocity
data

= Flow dependent

Requires LVOT
diameter and flow
velocity data, along
with aortic velocity.
Measurement emor
mare likety

Less accurate if shape
of velocity curves is
atypical

Limited longitudinal
data. Ignores LVOT
size variability
beyond patient size
dapendence

Contraction coefficient
{anatomic/efective
valve area) may be
varable. Difficult with
severe valve
calcification

Baumgartner H, et al. J Am Soc Echocardiogr (2017) 30:372-392
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PEAK JET VELOCITY — CONTINUOUS WAVE DOPPLER
* MULTIPLE ACOUSTIC WINDOWS

* HIGHEST VELOCITY — R PARASTERNAL, SUPRASTERNAL

* PARALLEL TO EJECTION JET
* PROBE POSITIONING
* NO ANGLE CORRECTION

* PEDOF PREFERRED

* SIGNAL-TO-NOISE RATIO

* OPTIMIZE SPECTRAL OUTLINE
* 50-100 MM/S SWEEP

* AVOID FEATHERY SIGNALS

.miill
L

i-[lh_ {1
LML

REGULAR RHYTHM — 3 BEAT AVG

IRREGULAR RHYTHM — 5 BEAT AVG

AORTIC STENOSIS BY PEAK VELOCITY

* MILD STENOSIS: 2.0-2.9 M/s
* MODERATE STENOSIS: S E D M/S
* SEVERE STENOSIS: > 4.0 M/S

* “VERY SEVERE" OR

“CRITICAL" STENOSIS: > 5.0 M/S

4/23/2018




BEWARE THE DYNAMIC GRADIENT!!

Baumgartner H, et al. J Am Soc Echocardiogr (2017) 30:372-392

PEAK AoV GRADIENT =
“MAXIMUM INSTANTANEOUS GRADIENT”

CAN BE CALCULATED FROM THE PEAK JET
VELOCITY, USING MODIFIED BERNOULLI

4 X (Vmax)?
4% (5.25 M/s)2 ﬁ

AoV YTI =119 m
Wmax = 5.25 m/

-_ Pk Grod
] ] O MM H G # m%*.f. Mn |1r ad

Mn Valoclly = 3.52 m/ LR
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INSTANTANEOUS VS. PEAK-TO-PEAK

» DOPPLER PEAK GRADIENT ALWAYS
HIGHER THAN CATH

e ECHO A MORE “PHYSIOLOGIC"
MEASUREMENT

* MEAN GRADIENT AND AV A SHOULD
CORRELATE

» GRADIENTS ARE FLOW DEPENDENT

MEAN GRADIENT - CONTINUOUS WAVE DOPPLER

* AVERAGE GRADIENT DURING ENTIRE EJECTION PERIOD
» INTEGRATION OF VELOCITY OVER TIME
* APPROXIMATELY 70% OF PEAK INSTANTANEOUS GRADIENT

STENOSIS SEVERITY BY MEAN GRADIENT
* MILD STENOSIS: < 20 MMHG
* MOD STENOSIS: 20 - 39 MMHG

» SEVERE STENOSIS: > 40 MMHG
i_h*li. 'I

Mn Valocily = 3.52

4/23/2018
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PITFALLS OF MEASUREMENT

* MISALIGNMENT WITH AORTIC FLOW
* UNDER-ESTIMATION OF PEAK VELOCITY
* MAJOR UNDER-ESTIMATION OF MEAN GRADIENT

* RECORDING ECCENTRIC MR JET
* MAJOR OVER-ESTIMATION OF VELOCITY & GRADIENT
e CW SPECTRAL MORPHOLOGY DIFFERENCES

 PRESSURE RECOVERY ISSUES
« MAGNITUDE ~ EQA / Aortic-A
e OVER-ESTIMATION OF PV & MG WITH SMALL AORTAS (<30 MM)

PITFALLS OF “FLOW STATES”

e HIGHER SV = HIGHER GRADIENTS
 AORTIC REGURGITATION
e HYPERDYNAMIC FUNCTION

 LOWER SV = LOWER GRADIENTS
* REDUCED EJECTION FRACTION
* SMALL VENTRICULAR CAVITY (LVH)
* HIGH SYSTEMIT VASCULAR RESISTANCE / IMPEDENCE
* SIGNIFICANT MITRAL REGURGITATION
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AORTIC STENOSIS
VALVE AREA ASSESSMENT

* NORMAL VALVE AREA =3 -4 cm?

e MILD STENOSIS: > 1.5 cm?

* MODERATE STENOSIS: 1.0-1.5 CMm?
 SEVERE STENOSIS: < 1.0 cMm?

e “CRITICAL" STENOSIS: < 0.7 cMm?

CONTINUITY EQUATION

BASED ON CONSERVATION OF MASS

FLOW WITHIN LVOT = FLOW ACROSS AV =

LVOT AREA * VTlyor = AVA * VTl

[M* (LVOTeapis)?l * VTlyor = AVA * VT,

[N * (LVOTgapius)?l * VTlyor
VTl

= AVA

16



LVOT
diameter

PITFALLS - THE LVOT IS NEVER EASY

GO SLIGHTLY OFF-AXIS

»

4+ LVOT Dian 2.0 cm
LVOT Area 314 cm
-h -
N
4 \
4

LVOTd=2.0 cm

BAUMGARTNER H, ET AL. J AM SOC ECHOCARDIOGR (2017) 30:372-392
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FLOW THROUGH LVOT
PULSE WAVE DOPPLER

 PW SPECTRAL ENVELOPE
* SAMPLE VOLUME IN LVOT
* LAMINAR ENVELOPE !l
s APICAL VIEWS

* VELOCITY TIME INTEGRAL (VTI)
* FLOW THROUGH A SINGLE POINT

VIi=19cm

FLOW ACROSS THE AORTIC VALVE:
CONTINUOUS WAVE DOPPLER

.
4

VTI'=85cm

18
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CALCULATING AORTIC VALVE AREA

(DIAMETER yor / 2)% X 1 X VTl yor
VTl 4y

ZEEMPZIEES A X 12 CM
85 CM

0.7 cm?

PITFALLS FOR THE CONTINUITY EQUATION

o LVOT MEASUREMENT
e RADIUS? - PROPAGATE LARGER ERROR
o LVOT ELLIPTICAL — CSA FROM 3D TEE or CT

* LVOT VELOCITY

e TOO CLOSE TO THE AV  — OVER-ESTIMATE AVA
* TOO FAR INTO THE LV — UNDER-ESTIMATE AV A

* AV VELOCITY

* MISSING TRUE PEAK:
» USE MULTIPLE SITES / PEDOF / HIGHEST VELOCITY

 BEWARE MR!
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DOPPLER VELOCITY RATIO

* DERIVED FROM CONTINUITY EQUATION
* ELIMINATES SOME ERRORS — NO LVOT FACTOR
e RELATIVELY “FLOW INDEPENDENT"

DVR = VTl,yor / VTlay

* CAN USE VELOCITY INSTEAD OF VTI

« CRITERIA FOR SEVERE AS — DVR < 0.25

PLANIMETRY OF THE AORTIC VALVE

» CORRELATES WITH INVASIVELY "}"

OBTAINED AREAS
AVA = 1.1 cm?

» FLOW DEPENDENT

* DIFFICULT TO DISTINGUISH DECREASED
OPENING DUE TO LV FAILURE

« TEE SUPERIOR
* USE COLOR FLOW AREA

* DENSE CALCIFICATION REDUCES
ACCURACY
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e

Table 3 Recommendations for grading of AS severity

Aortic
sclerosis Mild Moderate Severe

Peak velocity (m/s) =2.5m/s 2629 3.040 =40
Mean gradient (mmHg) - <20 20-40 =40
AVA (cm?) - >1.5 1.0-1.5 <1.0
Indexed AVA (cm?/m?) - >0.85 0.60-0.85 <0.6
Velocity ratio > 0.50 0.25-0.50 <0.25

BAUMGARTNER H, ET AL. J AM SOC ECHOCARDIOGR (2017) 30:372-392

ECHO ESSENTIALS FOR EVALUATION OF AS

* ASSISTING WITH MANAGEMENT DECISION-MAKING

* RECOGNIZE LOW OUTPUT / LOW GRADIENT STATES

21



4/23/2018

AORTIC STENOSIS = PHYSIOLOGIC SEQUELAE

» CHRONIC LV PRESSURE OVERLOAD
* MYOCARDIAL HYPERTROPHY — PROGRESSIVE, CONCENTRIC
* LA DILATATION

* PROGRESSIVE DYSFUNCTION
» DIASTOLIC, THEN SYSTOLIC
 END STAGE — LIMITED CARDIAC QUTPUT

* AFTER LONG LATENCY... SYMPTOMS

* EARLY — DYSPNEA AND FATIGUE (OFTEN SUBTLE)
o LATE — “CARDINAL SX" — ANGINA, SYNCOPE, CHF

THE OLD DAYS:
THE “SYMPTOMATIC CLIFF”

Latent period
(increasing obstruction

myocardial overload)

BRAUNWALD E, ET AL. CIRCULATION (1968) 38:61-67

22
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THE NEW ERA (2014)
“STAGES” OF DISEASE

STAGE A:
o AT RISK FOR DISEASE

STAGE B:
* PROGRESSIVE DISEASE (ASYMPTOMATIC)

STAGE C:
* SEVERE DISEASE (ASYMPTOMATIC)

STAGE D:
* SEVERE DISEASE (SYMPTOMATIC)

NISHIMURA RA, ET AL. J AM CoLL CARDIOL (2014) 63:2438-2488

“STAGE C” CAN BE SUBDIVIDED:

STAGE C1:
* SEVERE (ASYMPTOMATIC) — COMPENSATED LV

STAGE C2:
e SEVERE (ASYMPTOMATIC) — DECOMPENSATED LV

NISHIMURA RA, ET AL. J AM ColLL CARDIOL (2014) 63:2438-2488




ASSIST DECISION-MAKING IN ASYMPTOMATIC PATIENT

CALCIFIED/THICKENED LEAFLETS
REDUCED SYsSTOLIC OPENING

“ASYMPTOMATIC”
\ 4

24 m/s; MG 240mmH
+ low AVR risk max / 9

EF <50% J EF 250% 1
Undergoing ETT Rapid
other CV Surgery VBP progression
+ low AVR risk

¢ WVex capacity

2 v

ECHO ESSENTIALS FOR EVALUATION OF AS

* RECOGNIZE LOW OUTPUT / LOW GRADIENT STATES

4/23/2018
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“LOW GRADIENT” AORTIC STENOSIS

W2e-5 34Hz
[EEORGE  180mm
Cardiac

NTHI General
Pwr= 0dB MI=10

. 70dB 51/ 0/1/4
- Gainz 14dB  a=3

Store in progress|
HR=116bpm

LOW GRADIENT AS
LOW OUTPUT - LOW EJECTION FRACTION

Peak Velocity
2.74 m/sec

Mean Gradient
15 mmHg

Ho
Caloulated AV NS
0.5 cm?

* LOW SV (LOW FLOW) LEADS TO LOW GRADIENTS

e "REAL AS”
e 1° PROBLEM:
» 2° PROBLEM:

» “PSEUDO AS”
* 1° PROBLEM:
» 2° PROBLEM:

Improves

SEVERE OBSTRUCTION TO FLOW with AVR

DEPRESSED EF

DEPRESSED EF

Does not
improve

MODERATE OBSTRUCTION TO FLOW with AVR
MADE TO LOOK SEVERE BY SV

4/23/2018
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LOW GRADIENT AS
DOBUTAMINE STRESS ECHO

» LOW DOSE DOBUTAMINE (<10 MCG/KG/MIN)
e 1 LV CONTRACTILITY 1 STROKE VOLUME

e INCREASE SV BY = 20%

* REAL AS PEAK VEL / MEAN GRADIENT 1-11
AVA UNCHANGED OR | (21 cm?)

* PSEUDO AS PEAK VEL / MEAN GRADIENT MINIMAL 1
AVA TYPICALLY T (>1 cm2)

* WHAT IF SV DOESN'T INCREASE?S
e LACK OF CONTRACTILE RESERVE — BAD SITUATION

LOW GRADIENT AS
LOW OUTPUT - NORMAL EJECTION FRACTION

e EF >50%, AVA <1CM? -+ BUT MG <40 MMHG?

o STILL AT STROKE VOLUME PROBLEM
* SV upex S35 ML/M?2 DESPITE NL EF

* “TYPICAL" PATIENT:
e OLDER, H/O HYPERTENSION, WOMEN
o CONCENTRIC LVH, SMALL CAVITY, IMPAIRED FILLING
e MARKEDLY INCREASED VASCULAR IMPEDENCE

» Low DOSE DSE MAY OR MAY NOT HELP

PIBAROT P, DUMESNIL JG. HEART (2010) 96:1431-33
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LOW FLOW / LOW GRADIENT AS
(AVA <1 cm2 AVAI<0.6 cm/m2 MG <40mmHg

r——— DOBUTAMINE STRESS ECHO ——‘
1SV >20% 1SV 220%
FLOW RESERVE NO FLOW RESERVE
A *
MG 240 mmHg MG <40 mmHg ADDITIONAL TESTING — MDCT

AVA <lcm?2 AVA >1 cm?2 AVC: 22000 AU (M) 21200 AU (W)
AVC4: 2500 AU/cm? (M) =300AU/cm? (W)

l l NO YES
P v
TRUE SEVERE AS PSEUDO - AS TRUE SEVERE AS

AVR / Transcatheter AVR Medical Management AVR / Transcatheter AVR

adapted from Clavel M, Burwash IG, Pibarot P. JACC Img (2017) 10:185-202

SUMMARY - ACE THE EXAM!!
ECHO ESSENTIALS FOR EVALUATION OF AS

* VALVE ANATOMY FOR ETIOLOGY
* TRILEAFLET CALCIFIC, BAV, RHEUMATIC

» SEVERITY OF STENOSIS
* KNOW "THE BIG 3" — MEMORIZE TABLE 3 FROM EACVI/ASE

* ASSISTING WITH MANAGEMENT DECISION-MAKING
* PHYSIOLOGIC SEQUELAE (LVH/DYSFXN); CONCURRENT DZ
e HOW ECHO HELPS IN ASYMPTOMATIC AND SYMPTOMATIC AS

* RECOGNIZE LOW OUTPUT / LOW GRADIENT STATES
* DISCERN TRUE FrROM PSEUDOQO SEVERE AS
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