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Clin. Cardiol. 10, 189-200 (1987)
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Current Review of Exercise Testing: Application and Interpretation

T. FULLER, M.A. Ed., PA-C, A. MOVAHED, M.D., F.A.C.C.

Medical Service, Cardiology Section, Veterans Administration Medical Center, Hampton; Department of Medicine, Eastern
Virginia Medical School, Norfolk, Virginia, USA

Sheffield Froelicher Ellestad Jones/Campbell
{1984) (1982,1983) (1980) (1982)

Acute MI or recent ECG change

Unstable angina

Acute myocarditis, pericarditis,
andfor endocarditis

Known ominous CAD pattern

Severe aortic stenosis

Congt!ill\ft heart Tailure

Severe hypertension

Significant candiac arthythmias®

Heant block > 1*

Acute systemic illness or serious
noncardiac disorder

Unwillingness to sign consent

Severe LV dysfunction

Acute PE, pulmonary infarct or
edema

Severe physical handicap

Known left main disease or

equivalent

Severe hyperension

Moderate aonic, valvular, or
myocardial heart diseases

Cardiomyopathy, hypertrophic
obstructive

Ventricular conducting defects

Tachy/bradyarthythmias < serious

Moncardiac disease < serious
(i.e., diabetes, epilepsy, ec.)

Drug effect or electrolyte
abnormality

Fixed rate antificial pacemaker

Psychiatric disorder/inability
o cooperate

Recent MI < 4 weeks

Resting ECG abnormaility
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Arguments for an assessment of
exercise SE adaptation in VHD

1. between resting valve dysfunction and

patient symptoms is not uncommon
2. Difficulty in
3. Often clinically
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Valvular aortic stenosis: which measure
of severity is best?

Am Heart J. 1998

In my opinion, rather than Catherine M.Otto pursuing an elusive
anatomic or hemodynamic standard, we should use clinical outcome as
the reference standard for aortic stenosis severity

Catherine M.Otto

Eco da sforzo - F.A.Benedetto



ESC/EACTS Guidelines for the
Management of
Valvular Heart Disease

Echocardiographic criteria for the definition of

severe valve stenosis:|an integrative approach

ECHO

Multiparametrico Clinica
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Table 1. Impact of Exercise Testing on Dutcome and Clinical Decision Making in Patients With Asymptomatic AS

Parameters

Impact on Outcome

Impact on Clinical Decision [(AVR)

ESC Guidelines

ACC/AHA Guidelines

Electrocardiographic

Syrmptoms [dizzimess,
dyspnea at low
workload, angina,
symcope)

Abnormal blood
pressure response (fall
in bhood pressure)

Ventricular arfhyihmias
LT-sagrment
depression
(=2 mm)

Increase in mean aortic
pressure gradient:
=18 or 20 mm Hg

Decreassfsmall increase
in LV ejection fraction

Exencise PHT

Onset of symptoms,
cardiac-related death,
AVR dictated by
SYMpPIomS

Onset of sympioms,
cardiac-related death,
AVR dictated by
SRS

Spontaneous sym pioms,
cardiac-related death,
AVR dictated by
SYINPATIS,
hospitalization for
heart failure

Spontaneous Syrmploms,
cardiac-related death,
abnormal exercise
test

Reduced cardiac avent-
free survival, high rate
of cardiac death

Clazs | {leval
of evidence: C)

1921,45)

Class la (level
of evidence: C)

15.21.45)

Class lb (lewel
af evidence: O]

Class b {level
of evidence: C)

Class b (level
of evidence: C)

Class b (level
of evidenca: )

MOCHAHA = American College of Cardiclogy/Amencan Heart Association; A5 = aortic stenasis; A¥H = aortic vabee replacement; E5C = European Society of Cardialogy;
LY = left wentricular; PHT = pulmorary artenal hypertension

Magne, Lancellotti P et al. JACC cardiovascular imaging vol.7,2.2014 ;126:851-859
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2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease:
Executive Summary: A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines
Rick A. Nishimura, Catherine M. Otto, Robert O. Bonow, Blase A. Carabello, John P. Erwin III,
Robert A. Guyton, Patrick T. O'Gara, Carlos E. Ruiz, Nikolaos J. Skubas, Paul Sorajja, Thoralf M.
Sundt IIT and James D. Thomas

Table 3. Stages of Progression of VHD

Patients with risk factors for development of VHD
Patients with progressive VHD (mild-to-moderate severity and asymptomatic)

B | Progressive
Asymptomatic patients who have the criteria for severe VHD:

Asymptomatic severe
C1: Asymptomatic patients with severe VHD in whom the left or right

ventricle remains compensated
C2: Asymptomatic patients with severe VHD, with decompensation of the
left or right ventricle

Symptomatic severe Patients who have developed symptoms as a result of VHD

VHD indicates valvular heart disease.

Eco da sforzo - F.A.Benedetto



Definition

Valve Anatomy

Valve Hemodynamics

At risk of AS

Bicuspid aortic valve (or
other congenital valve

anomaly)

Aortic valve sclerosis

Aortic Vi <2 m/s

Progressive AS

Mild-to-moderate leaflet
calcification of a bicuspid
or trileaflet valve with
some reduction in systolic
motion or

Rheumatic valve changes
with commissural fusion

Mild AS:

Aortic V. 2.0-2.9 m/s or
mean AP <20 mm Hg
Moderate AS:

Aortic Vi 3.0-3.9 m/s or
mean AP 20-39 mm Hg

C: Asymptomatic severe AS

C1

Asymptomatic severe AS

Severe leaflet calcification
or congenital stenosis with
severely reduced leaflet

opening

Aortic V. =4 m/s or

mean AP =40 mm Hg

AVA typically is <1.0 cm? (or AVAiL <0.6
em’/m’)

Very severe AS is an aortic Ve =5 m/s or
mean AP =60 mm Hg

Asymptomatic severe AS with LV
dysfunction

Severe leaflet calcification
or congenital stenosis with
severely reduced leaflet

opening

Aortic Vi =4 m/s or

mean AP >40 mm Hg

AVA typically <1.0 em® (or AVAi <0.6
em’/m )

D: Symptomatic severe AS

D1

Symptomatic severe high-gradient
AS

Severe leaflet calcification
or congenital stenosis with
severely reduced leaflet

opening

Aortic Vo =4 m/s or
mean AP =40 mm Hg
AVA typically <1.0 em” (or AVAi <0.6
em’/m") but may be larger with mixed

AS/AR

Syvmptomatic severe low-flow/low-
gradient AS with reduced LVEF

Severe leaflet calcification
with severely reduced
leaflet motion

AVA <1.0 em® with

resting aortic Vi, <4 m/s or

mean AP <40 mm Hg

Dobutamine stress echocardiography shows
AVA <1.0 cm® with Viax =4 m/s at any
flow rate

Symptomatic severe low-gradient

Severe leaflet calcification

AVA <1.0 em’ with aortic Vg <4 m/s or

Eco da sforzo -

F.A. Benedetto




UK National Health Service survey

Units which perform stress echo for assessment of
valvular heart disease

Low-flow, low-gradient aortic stenosis 81 (95.3)
Asymptomatic severe aortic stenosis 34 (40)

Asymptomatic severe mitral regurgitation 26 (30.6)
Asymptomatic severe mitral stenosis 21 (24.7)
Symptomatic mild/moderate mitral regurgitation 32 (37.6)
Symptomatic mild/moderate mitral stenosis 24 (28.2)
Asymptomatic severe aortic regurgitation 15 (17.6)

Eur Heart J Cardiovasc Imaging 2014;15:158-163
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Paradoxical low flow and/or low gradient severe
aortic stenosis despite preserved left ventricular

ejection fraction: implications for diagnosis
and treatment

Jean G. Dumesnil '*, Philippe Pibarot'*, and Blase Carabello?

PW Doppler CW Doppler

"Il paradosso”

C Two-D Echocardiogram D cCardiac Catheterization

Europea
Heart Journ

....... g

Eco da sforzo - F.A.Benedetto



Paradoxical Lc

Low-Gradient £
Adding New Piece

Philippe Pibarot, DVM,
Jean G. Dumesnil, MD
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JACC

JACC Vol. 58, No. 4, 2011
July 19, 2011:413-5
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Zy, Index

PA sistolic + Mean gradient
Stroke volume index ml/m?2

>4 5 mm
<45 mm

g/m
g/m

/m2: Severe AS
/m2: Non severe AS
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Paradoxical Low-Flow,
Low-Gradient Aortic Stenosis
Adding New Pieces to the Puzzle*

Philippe Pibarot, DVM, PHD, JACC Vol. 58, No. 4, 2011
Jean G. Dumesnil, MD July 19, 2011:413-5
I 3Bl Typical Characteristics of the 3 Main Entities of Severe Aortic Stenosis

Severe AS

Normal-Flow, Preserved LVEF (Paradoxical), Reduced LVEF, Low-Flow,
High-Gradlent Low-Flow, Low-Gradlent Low-Gradlent

Aortic valve area, cm? =1.0 =1.0 =1.0

Indexed aortic valve area, '::m2/m2 <0.6 <0.6 <0.6

Mean gradient, mm Hg =40 <40 <40
Z,., mm Hg-ml~1m? >4.5 >4.5 >4.5
LV end-diastolic diameter, mm 45-55 <47 =50
Relative wall thickness >0.43 =0.50 0.35-0.55
LVEF, % >50 =50 <50
Mitral ring displacement, mm 5-15 <8 <8
Global longitudinal strain, % 14-20

Stroke volume index, ml/m? =35

Mean flow rate, ml/s =200

Myocardial fibrosis +

CT valve calcium score, AU >1,650

Plasma NT-proBNP, pg/ml <1,500

Eco da sforzo - F.A.Benedetto




Aortic Stenosis: Look Globally, Think Globally*

Philippe Pibarot, DVM, PHD, Jean G. Dumesnil, MD

Québec, Canada

Paradoxical

Normal flow AS low flow AS

End-diastole

® JACC

Imaging

End-systole

JACC: CARDIOVASCULAR IMAGING, VOL. 2, NO. 4, 2009

APRIL 2009:400-3
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Calcolo dell'area valvolare
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Calcolo dell'area valvolare

Equazione di continuita
AreaTeE X VTI TE= Areaso x VTT A0

VII 40 Area valvolare
aortica

Areate X VTITE
VTI

Stenosiaortica - F.A.Benedetto



Table 2 Measures of AS severity obtained by Doppler echocardiography

Units

Formula / Method

Cutoff
for
Severe

Concept

Advantages

Limitations

AS jet velocity
81012

Direct measurement

40

Velootty increases as
stenosis severity increase

Direct measurement of velacily.
Strongest predictor of clinical
outcome

Correct measurament requires
parallel alignment of ultrasound
beam.

Flow dependent,

Mean gradient
610

AP=Y4y* N

Pressure gradient calculated
from velocity using the
Bemouli equation

Mean gradient s averaged from
the velocity curve,

Units comparable to invasive
measurements

Accurale pressure gradients
depend on accurate velocty
data

Flow dependent

Continuty
equation valve
8170

'

aea

AVA = (CSAwor X VThyor)
VTl

Volume flow proximal to and

in the stenotic orifice is equal.

Measures effective orifice area
Feasible in nearly all patients.
Relatively flow indapendent.

Requires LVOT diameter and
flow velocity data, along with
aortic velocity. Measurement
ermor more lkely.

Simplified
continuity
e%uation
102

AVA = (CSA ot X V.vm}l Viy

The ratio of LVOT fo aoric
velocity is similar to the ratio
of VTIs with native aortic
valve slenosis.

Uses more easily measured
velocities instead of VTls,

Less accurate if shape of
velocty curves is atypical

yﬁlaoclty Ratio

VR= Vior
Viy

Effective aortic valve area
expressed as a proportion of
fhe LVOT area,

Doppler-only method. No need o
measure LVOT size, less
vaniabilty than continuity equation.

Limited longitudinal data
Ignores LVOT size vaniability
beyond patient size
dependence

Planimetry of
Anatomic Valve
Area

b, 34

TTE, TEE, 3D-echo

Eco da sforzo -

Anatomic (geometric) cross-
sectional area of the aortic
valve orifice as measured by
20 or 3D echo.

Useful If Doppler measurements
are unavailable,

F.A. Benedetto

Contraction coefficient
(anatomic / effectve valve area)
may be variable. Difficult with
sevare valve calefication.




Table 1 Recommendations for data recording and measurement for AS quantitation

Data element

Recording

Measurement

LYOT diameter

LVOT velocity

AS jet velocity

Valve anatomy

2D parasternal long-axis view
Zoom mode
Adjust gain to optimize the blood tissue interface

Pulsed-wave Doppler

Apical long axis or five-chamber view

Sample volume positioned just on LV side of valve
and moved carefully into the LVOT if required to
obtain laminar flow curve

Velocity baseline and scale adjusted to maximize size
of velocity curve

Time axis (sweep speed) 100 mm/s

Low wall filter setting

Smooth velocity curve with a well-defined peak and a
narrow velocity range at peak velocity

CW Doppler (dedicated transducer)

Multiple acoustic windows (e.g. apical, suprasternal,
right parasternal, etc)

Decrease gains, increase wall filter, adjust baseline,
and scale to optimize signal

Gray scale spectral display with expanded time scale
Velocity range and baseline adjusted so velocity signal
fits but fills the vertical scale

Parasternal long- and short-axis views
Zoom mode

Stenosi aortica -

Inner edge to inner edge

Mid-systole

Parallel and adjacent to the aortic valve or at the site of
velocity measurement (see text)

Diameter is used to calculate a circular CSA

Maximum velocity from peak of dense velocity curve
¥TI traced from modal velocity

Maximum velocity at peak of dense velocity curve
Avoid noise and fine linear signals

YTI traced from outer edge of dense signal curve

Mean gradient calculated from traced velocity curve
Report window where maximum velocity obtained

Identify number of cusps in systole, raphe if present
Assess cusp mobility and commisural fusion
Assess valve calcification

Journal of the American Society of Echocardiography
January 2009

. Benedetto




EAE/ASE stenosis recommendations

LVOT Measurement

JPEG

-
A hn i
211 of 390

Figure 5 Left ventricular outflow tract diameter is measured in the parasternal long-axis view in mid-systole from the white-black interface
of the septal endocardium to the anterior mitral leaflet, parallel to the aortic valve plane and within 0.5-1.0 cm of the valve orifice.

Eco da sforzo - F.A.Benedetto



ESC/EACTS Guidelines for the
Management of
Valvular Heart Disease

Aortic Mitral Tricuspid
stenosis stenosis stenosis

Valve area (cm?)

Indexed valve area (cm?/m? BSA)

Mean gradient (mmHg)

Maximum jet velocity (m/s)

Velocity ratio

- e . \ EUROPEAN
www.escardio.org/guidelines : :

SOCIETY OF
CARDIOLOGY *

Eco da sforzo - F.A.Benedetto




@ Furopean Heart Journal (2008) 29, 1043=1048 CLINICAL RESEARCH

EURCFEAN dai: 10.10% Hewrhesrtplalhm543 Valvular heart disease
LOCRETY OF
CARTRLCY

Inconsistencies of echocardiographic griteria
for the grading of aortic valve sterlg

Jan Minners*, Martin Allgeier, Christa Gohfjce B 3 eter Kienzle,
Franz-Josef Neumann, and Nikolaus )z

ANA =10 em®

ANASBSA =06 cm®
Vo, 4.0 mis

AR 30 mmiHg

AVA, aormic vabve anea; BSA, body surface area; Vag,, peak flow velodioy; AP, mean
proseune fradent

Eco da sforzo - F.A.Benedetto




Other Techniques

Exercise testing
— Objective assessment if equivocal or no symptoms.
— Prognosis in asymptomatic AS.

Stress echocardiography

— |Low dose dobutamine echocardiography in AS with low gradient and
LV dysfunction.

— |Exercise echocardiography may provide additional information in AS, MR, MS.

Magnetic resonance imaging
— To assess regurgitation/LV function if echocardiography is inadequate.
— As a reference method for evaluation of RV.

Multislice CT

— For imaging of thoracic aorta.
— For work-up before TAVI.

Cardiac catheterisation (to evaluate valve function)
— Only if non-invasive findings inconsistent or discordant with clinical assessment.

{2 - doi:10.1093/eurheartjiehs109 & ¢ \ * @
Cardio-Thoracic Surgery 2012 - oL

- — 9 1093/ ei EUROPEAN
www.escardio.org/guidelines feiEis/ezs455). - Sociery oF

CARDIOLOGY *
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The Emerging Role of Exercise Testing and
Stress Echocardiography in Valvular Heart Disease

Eugenio Picano, MD, PHD,* Philippe Pibarot, MD, PHD,t Patrizio Lancellotti, MD, PHD,*
Jean Luc Monin, MD, PHD,§ Robert O. Bonow, MD||

LVEF <40%
AP <30 mmHg
AVA <1.0 cm2

Dobutamine Stress Echo

]

AVA<1.2 em? AVA 1.2 cm?
AVAp; <1.0 cm? AVAp; >1.0 cm?
AP >30 mmHg AP <30 mmHg

True severe AS Pseudo Severe AS Indeterminate

' ' ,

AVR + CABG Medical treatment AVR? Medical?

Am Coll Cardiol 2009;54:2251-60,

Eco da sforzo - F.A.Benedetto
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“'SSEFF 39.8% ;

£
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Y 10 s

DOBU 20 pg/kg/min
| AVA 0.67 cm?

-
10-_ g

-

AVA 0.66 cm*

ey P —

4 “v V\! . =
LVQI'12.1 em - MPG 23.5 mmH

" “PPG 45.3 mmHg

el [RERIINA )

".w? T
i

—— oy

LVOT 17.4 cm
MPG 44 mmHg

PPG 103 mmHg

perative mortality

mean gradient < 25 -30mm Hg 5% ( 3 of 64 pts) if CR T
calculated AVA < 1.0 cm?®

dobutamine-responsiveness :

contractile reserve > T SV > 20%
Eco da sforzo - F.A.Benedetto [
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Circulation (”’ Smarioan

Associations

SOUMRICAL OF THE AMECAN HEANT ASTOCIATION

Prognostic Importance of Quantitative Exercise Doppler Echocardiography in
Asymptomatic Valvular Aortic Stenosis
Patrizio Lancellotti, Florence Lebois, Marc Simon, Christophe Tombeux, Christophe Chauvel
and Luc A. Pierard

Circulation. 2005:112:1-377-1-382

TABLE 3. Multivariate Predictors of Events

Categorical Variables

Mean aortic pressure gradient diff 10
=18 mm Hg

Abnormal exercise test 8.1

Rest Febo Best Febe  Rest Echo + Ex Anrtic valve area <<0.75 o a7
+ Ex FLL: Edi: + ki Bl

Incremeantal prognostic value of sxsrcise Dopple Dift indicates difference between exgrcise and rest.

Exercise Doppler echocardiographic findings provided incremental prognostic value over resting
echocardiographic and exercise electrocardiographic parameters.

Eco da sforzo - F.A.Benedetto
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2.Who to test?

. When symptoms do not match the VHD
severity (Stage C vs D)

. Truly asymptomatic severe VHD who are on the
cusp of clinical deterioration (Stage C1 vs C2)

. Special cases

Eco da sforzo - F.A.Benedetto



Contraindications that should be
strictly respected

* Truly symptomatic severe VHD
* Clear indication for surgery

* Physical or mental disability to adequately
perform an exercise stress test

» High BP (systolic arterial pressure >200 mm Hg
or diastolic arterial pressure >110 mm Hg)

* Uncontrolled or symptomatic arrhythmias
+ Systemic illness

J Am Coll Cardiol Img 2014,;7:188-99, modified
Eco da sforzo - F.A.Benedetto
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3.Which parameters?

+ Development of symptoms during exercise
+ Altered exercise capacity (METs)

» Aggravation of VHD severity

* Impaired LV systolic and diastolic reserve

- Exercise-induced PHT

* (Pulmonary congestion)
* (Inducible ischemia, dynamic LV dyssynchrony)

Eco da sforzo - F.A.Benedetto



Exercise-induced increase in
transvalvular gradient

Exer. AMG<20

Exer. AMG>20

™
=
=
o
o
=
B
)
=
I}

MPG diff =18 mmHg

6 12 18
Follow-up (months)

Number of patients at risk

20

106 90 75 61
Months

29 20 15 11

Lancellotti P et al. Maréchaux S et al.
Circulation 2005;112(9 Suppl):1377—-1382 Eur Heart J 2010;31:1390-1397
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Ventricular pressures, filling, volumes and lung water

Rest

LV filling

E=80cm/s

TDI, e wave e’ =7 cmls

PASP PASP =62 mmHg

Ventricular volumes

Lung ultrasound

Eco da sforzo

Stress

EDV = 126 mL EDV = 132 mL
ESV = 58 mL M ESV =69mL

SV =67mL , SRR SV = 62 mL

EF = 54% EF = 47%

- F.A. Benedetto




Cardiac event-free survival, %

Exercise-induced PH

MNo Exercise PHT

Cardiac event-free survival, %

"
30 p=0.014 L
| Exercise FHT
»d —————-
10- _
47 ¢ 15 22 15 10 5 ee— Py remai
5B 47 8 27 24 11 I === at risk
0 T T T T T T T 1
1] ] 12 18 4 30 3 42 48

Follow-up, months

¥ g e

i--i lq___.
m_ i l-iii-i-ls
= 1 Rest Ao velocity<d4 & No ex. PHT
i< - | T
3 - 'I.I.I-'I.I' """"" H
! o El m
6l = L — —i, Rest Ao velocity=4 & No ex. PHT
“Iu— _ LR IHI!:
= - Rest Ao velpcity<d & Ex. PHT
s,
40 4 -
I--Lﬂﬂt Ao velociiy=4 & Ex. PHT
- p=0.008
2 =
4 24 23 22 14 14 1] g
ad® 73 i) 7 14 12 i 0 rnnn
J2s 25 24 1 149 15 13 e —
L g i 17 I i2 [ —
i I | I | | 1 [ 1
il 3 i 4 12 15 E 21 24

Follow-up, months

Lancellotti P et al. Circulation 2012:126:851-859
F.A. Benedetto o
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Resting MPG =30 mm Hg Exercise MPG = 41 mm Hg

AVVTI 7894 ¢ AV VTI 82.03 ¢
AV Env.Ti 299.88 m: AV Env.Ti 265.28 m
HR 86.13 HR 128.76 BPI

| "

l“‘“m-'n W l

W W w [ r"
el e S eg—nlie  EXErClse E/Ea 21 3 e
Restlng Ea 11 7 i Do Bk sed \‘ng 5

IV P ey

1+ TR Vmax 3.97 m/t
TR maxPG 63.15

Exercise TTPG =63 mm Hg




Ex-induced changes in LV systolic function

4 L |
} ALVEF20% ‘
]
[ ]
1 Restecho cardiography
I T T mme el LV EF 64%
Aortic valve Effective
orifice area 0.8 cm?
: Y. ' 3,8m/s
ALVEF<0%
bl N
¥ ' 'a
‘ Exercise echo
cardiography : 90 watts
LV EF 66%
Log rank = 465, p= 0.03 Aortic valve Effective
orifice area 0.8 cm?
4,5m/s
Donal E et al.

Maréchaux et al
Echocardiography 2007;24:955-9 Eur J of Echocardiogr 2011;12:235-241
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ERO ps,=36mm?

— RV ps,=54ml
- e

GLS=-26% L P GLS=-17%

06/10/2009-10:54:51

POST
= 0610/2008-10:23:35

f‘;\

. Al

B\
Cir&ardiovasc Imaging 2013;6:840-849

el .

Eco da sforzo - F.A.Benedetto [



Asymptomatic Aortic Stenosis

b

Severe Moderate

Sl

Exercise Stress Echocardiography Exercise Stress Echo

L
‘ J * A mean AV gradient
/ >20mmHG

Symptoms Hypotension Ventricular A mean AV
(ESCClass |, (ESC Class Il a, arrhythmia gradient
AHA/ACCIIb)  AHA/ACC (ESC Class Il b)
AVR Class llb) AVR AVR
‘f "-r". -\r_.

= 20mmHg <20mmHG Close
ESC Class Ilb AVR Follow-up Follow-up

Circ Cardiovasc Imaging 2013;6:583-589
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Asymptomatic moderate to severe AS
Preserved LV ejection fraction

Exercise stress test
l (including ECG)

Positive _l

ST segment depression,
Ex=nduced 2 In SBP < 20 mm Hg, Age > 6570 yrs, Normal exerclse
moderate dyspnea, Comorbidities adaptation

Overt dyspnes (severe), excessive fatigue l
Dizziness, Angina,
Drop in SBP, Exercise siress
Arrhythmias echocardiography
l + Maximal 6xercise

capacity assessment
(peak VO:)

» Exeinduced A MPG > 20 mm Hg
* Ex, PHY
*No 2 in LV ejection fraction
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Figure 5. Decisional Algorithm for the Management of Asymptomatic Patients With Preserved LV Ejection Fraction (>50%)

AS = aortic stenosis; ECG = electrocardiogram; FU = follow-up; LV = left ventricular; MPG = mean aortic pressure gradient; PHT = pulmonary
hypertension; SBP = systolic blood pressure; VO, = maximal oxygen uptake.

J Am Coll Cardiol Img 2014,;7:188-99
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Take Home messages

La velocita >4 m/sec, la progressione >0.3 m/sec/anno e la presenza di
calcificazioni valvolari stratificano un significativo rischio di eventi.

La velocita >5.5 m/sec e da considerarsi indicativa di SA estrema e codifica
un elevato rischio di eventi a breve termine indipendentemente dai valori di
area valvolare.

La normalizzazione del gradiente per le condizioni di flusso e di impedenza
vascolare puo definire in maniera pit accurata l'entita della stenosi aortica e
caratterizzare un profilo prognostico differenziato.

L'ECO sforzo, a parita di ostruzione in condizioni basali, puo stratificare il
rischio di eventi.

La riserva valvolare aortica, valutata mediante TEE con stimolo inotropo o

con vasodilatatore puo, rappresentare un meccanismo dell'adattamento
emodinamico allo sforzo.
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