ROMANA DE,

v

REVIEWS

SOCIETATEA.

J190T0IqYD

Romanian Journal of Cardiology | Vol. 24, No. 1, 2014 MEDIA MED PUBLICIS

Stress testing in patients with valvular heart disease —
a part of clinical decision-making
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Carmen Ginghina*’

Abstract: The role of stress testing in patients with atherosclerotic heart disease is well known and new applications have
emerged in recent years. Among these, the assessment of hemodynamic changes during stress testing in patients with valvular
heart disease aroused a special interest.

Valvular heart disease represents a major public health issue, with an increasing prevalence as the population ages. Conside-
ring that curative treatment usually involves surgical replacement of the valve, choosing the optimal timing is often a diffi-
cult decision. According to current guidelines, the presence of symptoms in patients with severe lesions is a clear indication
for correction?. Typically, symptoms appear during exercise of progressively decreasing intensity, but there are patients who
unconsciously limit their activity, leading to a false delaying in the appearance of clinical manifestations and loss of optimal
timing of intervention. Moreover, there are patients who remain asymptomatic despite severe lesions and on the other hand
there are patients who are symptomatic and investigations reveal only mild to moderate lesions. These categories of patients
benefit the most from cardiac stress testing and there are several methods available: electrocardiographic, echocardiographic
or nuclear (scintigraphic) stress testing.

To summarize, although not used on a large scale, stress testing can provide important data regarding functional capacity and
clinical status (symptomatic or asymptomatic) in patients with valvular heart disease. Imaging stress testing can also assess
hemodynamic changes during exercise (transvalvular gradient, regurgitation severity, LV function, and pulmonary pressure).
These data can be used for optimal timing of surgical correction or for their predictive value in risk stratification and, in certain
subsets of patients, for diagnosis. However, we must also take into account that research in this area is still evolving, that most
recommendations are based on expert consensus and not on large clinical trials and thus validation is still needed.
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Rezumat: Rolul testdrii la efort in boala cardiacd aterosclerotica este binecunoscut, iar in ultimii ani au inceput sé se contureze
noi utilizari. Dintre acestea, evaluarea modificarii parametrilor hemodinamici in timpul efortului, la pacientii cu valvulopatii
pare s ofere informatii prognostice importante.

Valvulopatiile reprezinta o problema majora de sandtate publica, cu o prevalentd in crestere, pe masura imbatranirii populatiei.
Avand in vedere ca tratamentul adecvat este fie chirurgical, fie interventional, stabilirea momentului optim reprezinta, adesea,
o decizie dificila. Conform ghidurilor actuale in vigoare, prezenta simptomelor la pacientii cu leziuni severe, constituie indica-
tie de corectie. In mod tipic, simptomatologia apare la efort, de intensitate progresiv scizutd, dar existd pacienti, care, in mod
inconstient isi limiteaza activitatea, ceea ce duce la intarzierea aparitiei simptomelor. De asemenea, exista pacienti care sunt
asimptomatici in ciuda leziunilor severe, iar pe de altd parte sunt pacienti simptomatici la care sunt descrise leziuni moderate
sau chiar usoare. Aceste doud categorii, sunt cei care beneficiazd cel mai mult de pe urma testrii la efort, fie de natura electro-
cardiograficd, ecocardiograficd, sau scintigrafica.

In concluzie, desi nu este utilizatd pe scara larga, la pacientii cu valvulopatii, testarea de efort poate aduce importante date
privind capacitatea functionala si obiectiva statusul clinic (simptomatic sau asimptomatic), iar in combinatie cu metode ima-
gistice permite evaluarea modificarilor hemodinamice care survin in timpul efortului (gradientul transvalvular, gradul regur-
gitdrii, functia ventriculard, presiunile vasculare). Datele obtinute pot fi utilizate in stabilirea momentului optim pentru inter-
ventia chirurgicald, dar si cu rol prognostic, in stratificarea riscului, iar in anumite situatii, chiar in scop diagnostic. Trebuie
tinut insa cont de faptul ca, datele sunt limitate, majoritatea bazdndu-se pe consensul expertilor si nu pe studii clinice mari si
necestita validare.

Cuvinte cheie: valvulopatii, testarea la efort, ecocardiografia de efort
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INTRODUCTION

The role of stress testing in patients with atherosclerotic
heart disease is well known and new applications have
emerged in recent years. Among these, the assessment
of hemodynamic changes during stress testing in pati-
ents with valvular heart disease aroused a special inte-
rest.

Valvular heart disease represents a major public
health issue, with an increasing prevalence as the popu-
lation ages'. Considering that curative treatment usu-
ally involves surgical replacement of the valve, choosing
the optimal timing is often a difficult decision. Accor-
ding to current guidelines, the presence of symptoms
in patients with severe lesions is a clear indication for
correction®. Typically, symptoms appear during exer-
cise of progressively decreasing intensity, but there are
patients who unconsciously limit their activity, leading
to a false delaying in the appearance of clinical mani-
festations and loss of optimal timing of intervention.
Moreover, there are patients who remain asymptoma-
tic despite severe lesions and on the other hand there
are patients who are symptomatic and investigations
reveal only mild to moderate lesions. These categories
of patients benefit the most from cardiac stress testing’
and there are several methods available: electrocardio-
graphic, echocardiographic or nuclear (scintigraphic)
stress testing.

MITRAL STENOSIS

Mitral valve stenosis is currently mostly due to rhe-
umatic disease’. The narrowing of the mitral orifice le-
ads to an increased pressure gradient between the left
atrium and left ventricle during diastole, with passive
backward transmission of the pressure elevation to the
pulmonary vascular system. The first consequence is
post-capillary pulmonary congestion and later an ar-
terial component is added to pulmonary hypertension.
The transvalvular pressure gradient is dependent on
the transvalvular flow rate and the duration of diastole.
An increase in flow or shortening of diastole, during
exercise or in presence of arrhythmias, lead to increa-
sed transvalvular gradient, higher pulmonary pressure
and clinical symptoms*°. Gorlin was the first to evalua-
te hemodynamic changes during stress in patients with
mitral stenosis. He used a bicycle in semi-supine positi-
on during heart catheterization®. Other invasive studies
followed’, confirming the pressure increase in the left
atrium and the simultaneous increase in pulmonary
artery pressure or an inadequate increase in cardiac
output during exercise. Stress echocardiography was

24

Romanian Journal of Cardiology
Vol. 24, No. 1, 2014

introduced much later and showed good correlation
with invasive methods®’.

Current recommendations for stress echocardi-
ography in mitral stenosis can only be found in the
American guidelines for the management of patients
with valvular heart disease, where it is recommended
if there is a discrepancy between clinical and echocar-
diographic data. Stress echocardiography is useful for
assessing hemodynamic changes during exercise, such
as an increase in mean transmitral gradient and in pul-
monary artery systolic pressure (PASP) (class I recom-
mendation, level of evidence C). The threshold for re-
commending percutaneous valvotomy is an increase in
mean transmitral gradient to more than 15 mmHg or
in PASP to more than 60 mmHg'". Although the latest
European guidelines mention stress echocardiography
as an assessment tool for asymptomatic patients or for
those with equivocal symptoms, it is not stated as a
recommendation, considering that further studies are
necessary’.

Besides its role in establishing the optimal timing for
surgical correction, there are some data suggesting the
prognostic value of stress echocardiography, although
this is not completely validated yet. Thus, exercise capa-
city is inversely related to PASP measured at peak exer-
cise'’. Moreover, duration of exercise is related to PASP
at rest in patients with low mitral valve compliance,
whereas in patients with normal mitral compliance it is
related to post-exercise stroke-volume'2. Furthermore,
it has been shown that patients with a quick increase
in mean transmitral gradient and in PASP (during the
first stages of exercise testing) have a worse prognosis
than patients with the same hemodynamic changes at
peak exercise'. Mitral stenosis severity is also related to
an inadequate increase in stroke-volume during exer-
cise'".

It has been shown that dyspnoea during stress tes-
ting is related to decreased exercise capacity and higher
increase in PASP at peak exercise compared to fatigue
or no symptoms during exercise", although these con-
clusions have not been consistent throughout studies.
These results need further validation.

On the other hand, the role of non-imaging stress
testing is generally limited, being useful for asympto-
matic patients or patients with equivocal symptoms
to provide objective evidence of exercise performance
and symptoms. An excessive increase in heart rate at
low stage exercise, a decrease in cardiac output during
exercise as shown by a decrease in blood pressure and
the onset of chest pain (due to low cardiac output or
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Figure 1. Transthoracic echocardiography - apical 4 chamber view, transmitral continuous wave (CW) Doppler recording: A. At rest: by tracing the velocity
flow curve the mean transmitral gradient is derived: 8.5 mmHg; the pressure half-time (PHT) method is used to derive effective mitral valve area: 1,5 cm?
B. During exercise a significant increase in mean transmitral gradient is recorded (from 8.5 to 21 mmHg)

pulmonary hypertension (PH) could favour early in-
tervention, although there are no clear recommenda-
tions in this area*™°.

MITRAL REGURGITATION

The incidence of mitral regurgitation is rising, being
currently the second most frequent valvular heart di-
sease after aortic stenosis. The causes of mitral regurgi-
tation are very diverse'.

The role of stress echocardiography in organic mitral
regurgitation is to assess: mitral regurgitation severity,
PASP, the change in left ventricle (LV) volumes and in
ejection fraction (EF). According to current guidelines
for the management of patients with valvular heart di-
sease, exercise echocardiography is not recommended
for patients with clear indication for surgical correcti-
on, such as symptomatic patients with severe regurgi-
tation or asymptomatic patients with LV dysfunction?.
On the other hand, asymptomatic patients with severe
regurgitation and preserved LV EF could benefit from
stress testing, which might reveal a latent LV dysfunc-
tion’, considering that a normal or near-normal EF at
rest could be the consequence of decreased afterload
in this setting'® and could lead to the delay of surgical
intervention.

LV subclinical dysfunction is defined as the incapa-
city to increase LV EF by >4% during exercise. The in-
crease in LV end-systolic volume during exercise also
represents a decreased contractile reserve. Moreover,
the assessment of contractile reserve does not only
allow the assessment of LV subclinical dysfunction
preoperatively, but also accurately predicts LV functi-
on early postoperatively. From this point of view, stress
echocardiographic parameters (indexed LV end-systo-

lic volume during exercise, LV EF at peak exercise, the
increase in LV EF post-exercise) are superior to resting
parameters'’. Exercise time-velocity integral at the level
of LV outflow tract has been proposed as a surrogate
marker of contractile reserve, since it is easier to mea-
sure than LV EF, but validation is still lacking®.

Furthermore, another study has shown that subcli-
nical contractile dysfunction is also related to clinical
cardiac events (congestive heart failure and recent on-
set of atrial fibrillation)'® occurring both in operated
patients and in patients treated conservatively's. The-
se data suggest that exercise echocardiographic para-
meters can contribute in certain situations to the in-
dication for surgical correction, even if the patient is
asymptomatic and without overt echocardiographic LV
dysfunction at rest, in order to decrease the risk of late
clinical and hemodynamic complications.

Stress echocardiography can also be used to assess
mitral regurgitation severity during exercise, as shown
in several studies that included patients with varying
degrees and several etiologies of mitral regurgitation.

Thus, it has been shown that in degenerative mitral
regurgitation a significant proportion of patients with
moderate or severe regurgitation has a dynamic com-
ponent, similar to functional mitral regurgitation, with
a significant increase in mitral regurgitation severity
during exercise. This dynamic component is due to an
increase in the degree of prolapse and in the dilation
of mitral annulus and these changes are related to an
increase in PASP at peak exercise and to a shorter time
interval until the onset of symptoms". Furthermore,
up to one third of patients with mitral valve prolapse
and without mitral regurgitation at rest can develop di-
fferent degrees of mitral regurgitation during exercise,
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most likely also due to the dilation of mitral annulus
during end-systole, which impairs valve coaptation and
increases the degree of prolapse. These patients are at
a higher risk for heart failure, syncope or for develo-
ping progressive mitral regurgitation with indication
for surgical correction®. This study adds a possible di-
agnostic role of stress echocardiography in mitral re-
gurgitation to the predictive role discussed previously.

Data regarding rheumatic mitral regurgitation are
limited, considering that its incidence is decreasing in
developed countries and most studies of this pathology
have been conducted before stress echocardiography
became available on a larger scale. However, one study
that included patients with mild rheumatic mitral val-
ve disease (both regurgitation and stenosis) has shown
a dramatic increase in mitral regurgitation severity
during exercise, with no obvious explanation®'. It is un-
clear whether these data can be extrapolated to patients
with isolated mitral regurgitation.

At the moment, the only hemodynamic parameter
derived from stress testing that has direct impact on in-
dicating surgical correction is the value of PASP. PASP
increase above 60 mmHg during stress testing is a class
ITa indication for intervention, in the American guide-
lines and a class IIb indication in the European guide-
lines, both with a C level of evidence®'’. There are a few
studies regarding the relationship between exercise-in-
duced PH and the onset of symptoms, mitral regurgi-
tation severity, LV and right ventricle (RV) function,
as well as the potential predictive value of PH in pati-
ents with degenerative mitral regurgitation. It has been
shown that PH during exercise defined as PASP higher
than 60 mmHg has a stronger predictive value than PH
at rest in asymptomatic patients with mitral regurgita-
tion and is related to a significant shorter asymptomatic
time interval. Patients with exercise-induced PH also
show a significant increase in mitral regurgitation se-
verity during exercise and significant changes in regur-
gitant orifice area and regurgitant volume as compared
to patients without exercise-induced PH*.

Functional (secondary) mitral regurgitation is pre-
valent and denotes abnormal function of a structurally
normal mitral valve in the setting of ischemic heart di-
sease, non-ischemic dilated cardiomyopathy or other
diseases which may evolve towards LV dysfunction and
heart failure. While for ischemic mitral regurgitation,
rest and exercise parameters and their prognostic signi-
ficance and relation to symptoms have been extensively
studied, data for non-ischemic etiologies are scarce and
it is unclear whether conclusions reached for patients
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with coronary heart disease can be extrapolated to tho-
se without. The mechanism of functional mitral regur-
gitation is based on mitral annulus dilation, tethering
of the leaflets and reduced LV contractility”. Conside-
ring that functional mitral regurgitation has an impor-
tant dynamic component, stress testing plays a key role
in its evaluation. It has been shown that even mild mi-
tral regurgitation alters prognosis*, finding that could
be explained by significant worsening of regurgitation
severity during exercise which was strongly related to
impaired exercise capacity”. There is also evidence that
in patients with functional mitral regurgitation PASP
increases significantly during exercise and this is rela-
ted to an increase in regurgitant volume?, but the cli-
nical and prognostic value of this finding is not clearly
defined.

Objective evidence of exercise performance provi-
ded by stress testing brings significant functional and
prognostic data in many cardiac diseases. Although
there are not many studies regarding non-ischemic mi-
tral regurgitation, it seems that in severe types of re-
gurgitation without indication for surgical correction
exercise duration is the only parameter with predictive
value regarding clinical cardiac events (sudden cardiac
death, heart failure, atrial fibrillation and LV dysfunc-
tion). The annual risk for cardiac events is five times
lower in patients with exercise duration >15 minutes as
compared to patients with impaired exercise tolerance
and exercise duration <15 minutes®.
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Figure 2. Cardiopulmonary exercise testing in a patient with severe organ-
ic mitral regurgitation: peak VO, = 2.093 I/min or 24 ml/min/kg (57% of
predicted value). First ventilatory threshold at 1.125 1/min (53% of actual
peak VO,, 30% of predicted peak VO,) reached at heart rate = 103 bpm and
55W load. Circulatory power = 4272 mmHg*ml/min. VE/VCO?2 slope = 23.
Half-time (time interval during which VO, declines to half its peak value
during recovery) = 76 sec. VO, curve with continual rise.
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Besides stress echocardiography, the role of cardio-
pulmonary exercise testing has been recently assessed
in patients with mitral regurgitation. This test provides
information regarding functional capacity, peak oxygen
consumption (VO,) and exercise duration being stron-
gly related. Independent predictors of decreased peak
VO, are E/€’ ratio, decreased aortic stroke-volume and
atrial fibrillation, whereas mitral regurgitation severity
is weakly related to peak VO,. Patients with impaired
functional capacity have a higher rate of surgical cor-
rection and clinical events as compared to patients with
normal functional capacity. Although the severely im-
paired functional capacity is related with an increased
incidence of clinical events in patients treated conser-
vatively®, the potential role of cardiopulmonary exer-
cise testing in the timing of surgical correction is still
under debate.

At the moment there are no data regarding the re-
lation of blood pressure response to increased mitral
regurgitation severity during exercise and decreased
functional capacity’.

AORTIC STENOSIS

According to the European Heart Survey, aortic ste-
nosis has become the most prevalent valvular heart
disease. Its etiology is mostly degenerative and less
frequently congenital or rheumatic'. Considering the
dramatic natural history of this disease, the optimal
timing of surgical correction is very important. If for
symptomatic patients with severe aortic stenosis or for
patients with LV dysfunction (LV EF <50%) surgical
correction is firmly indicated, for asymptomatic pati-
ents with severe aortic stenosis and preserved LV EF,
the evidence is less clear®.

The role of stress testing is best defined for aortic ste-
nosis as compared to other valvular heart diseases, be-
ing firmly contraindicated in symptomatic patients>'°.
On the other hand, for asymptomatic patients stress
testing is recommended in several settings: for severe
degenerative aortic stenosis, to reveal symptoms that
may be unreported due to significant auto-limitation of
exercise level, for young patients with moderate-seve-
re congenital aortic stenosis to recommend the level of
activity that is safe for the patient and for patients with
discordant clinical and echocardiographic data®.

Stress testing (including ECG stress testing) can pro-
vide data regarding exercise capacity, blood pressure
response or onset of exercise-induced symptoms'® and
it is used not only for optimal timing of surgical cor-
rection, but also for its predictive value in risk stratifi-
cation®. According to the European guidelines on the
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management of valvular heart disease, valve replace-
ment is recommended for asymptomatic patients with
exercise-induced symptoms which are clearly related to
aortic stenosis as a class I recommendation with Clevel
of evidence?. For patients with comorbidities that could
be partially or totally responsible for exercise-induced
dyspnea, cardiopulmonary exercise testing could pro-
vide significant additional data regarding the cardiac,
pulmonary or peripheric cause of breathlessness®,
but evidence is still scarce and further studies are ne-
cessary. The second indication for valve replacement
in severe aortic stenosis based on stress testing is an
abnormal blood pressure response with blood pressure
decreasing during exercise below the value at rest” as a
class ITa recommendation with C level of evidence in
the European guidelines. The American guidelines fea-
ture both indications, exercise-induced symptoms and
abnormal blood pressure response during exercise, as
class IIb recommendations with C level of evidence'.
Regarding the prognostic value of exercise testing it has
been shown that a normal clinical response to stress
testing is significantly related to absent cardiac events
(sudden cardiac death, acute heart failure or symptoms
which lead to surgical correction) during the first year
after stress testing®'. Another study has shown that only
19% of patients with exercise-induced symptoms or
an increase in systolic blood pressure <20 mmHg have
remained asymptomatic during a 2-year follow-up as
compared to 85% of patients with normal response to
stress testing™.

Besides data provided by ECG stress testing, echo-
cardiographic stress testing can provide information on
hemodynamic changes and their impact on LV functi-
on. The parameters assessed during exercise are related
to the aortic valve (aortic valve area, mean transvalvu-
lar gradient), the LV function (systolic and diastolic
function), as well as the onset or worsening of mitral
regurgitation and the increase in PASP*>*.

It has been shown that an increase in mean trans-
valvular gradient with more than 18 mmHg during
exercise has a stronger negative predictive value than
echocardiographic parameters at rest or other parame-
ters during stress testing®. Thus it has been shown that
patients with an increase in mean transvalvular gradi-
ent >20 mmHg during exercise have a 3.8-fold higher
risk of clinical cardiac events®. No relation was found
between the value of mean gradient at rest and during
exercise®®. The increase in mean transvalvular gradient
during exercise could be determined by a markedly re-
duced and rigid valve area, with reduced valve compli-
ance that leads to a minimal or absent increase in aortic
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valve area as the flow rate increases. These patients have
decreased exercise capacity and worse prognosis than
patients with preserved valve compliance, with reduced
valve area at rest that increases during exercise”. The
increase in mean transvalvular gradient >20 mmHg
during exercise is a class IIb recommendation with C
level of evidence for valve replacement?.

LV EF is another echocardiographic parameter with
prognostic value that should be assessed during stress
testing. Normally LV EF should increase during exerci-
se. However there are patients with aortic stenosis and
normal LV EF at rest that does not increase or even de-
creases during exercise. This has been shown first by
radionuclide angiography® and then by echocardio-
graphy**. The physiopathological explanation implies
that the pressure overload determined by aortic steno-
sis exceeds the compensatory mechanisms of the LV,
leading to an inadequate increase of EF during exerci-
se*. These patients have a worse prognosis, with shor-
ter asymptomatic period compared to those with LV
contractile reserve shown by an increase in EF during
exercise*. It has been shown recently that there are
patients with severe aortic stenosis, asymptomatic at
rest, with a biphasic response to exercise: during the
first stages of stress testing there is an increase in mean
transvalvular gradient and longitudinal myocardial de-
formation, whereas at peak exercise the values of these
parameters decrease. This finding can be explained by a
mismatch between after-load and contractility, as a re-
sult of decreased coronary flow reserve even in patients
with normal epicardial coronary arteries, especially if
LV hypertrophy is present*'.

Impaired prognosis is predicted not only by an in-
adequate increase in LV EF during exercise, but also
by more subtle signs of myocardial dysfunction, which
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can be assessed only by special echocardiographic tech-
niques like speckle-tracking echocardiography (STE).
It has been shown that there is a relation between an
impaired response to stress testing (exercise testing li-
mited by the onset of symptoms or inadequate increase
in blood pressure) and longitudinal myocardial dys-
function, as proven by decreased LV global longitu-
dinal strain and decreased basal longitudinal strain*.
At the moment these findings have been reported in a
small number of studies and further research is needed.

Diastolic dysfunction occurs early in the evolution
of aortic stenosis and leads to increased LV filling pre-
ssures, which could explain the onset of exercise dysp-
noea in patients with severe aortic stenosis*>. While the
E/e ratio allows an accurate estimation of LV filling
pressures at rest and is related to the pulmonary ca-
pillary wedge pressure (PCWP) assessed invasively*,
a recent study has shown that during exercise both E
and € increase and the E/¢’ ratio remains unchanged®.
The authors concluded that a better estimate of PCWP
increase during exercise is provided by the ratio betwe-
en the value of E-wave at rest and the value of € wave
during exercise®.

Regarding the increase of PASP during stress testing
in patients with aortic stenosis and its predictive value,
data are scarce and further studies are required.

In aortic stenosis with LV systolic dysfunction (LV
EF <40%) with aortic valve area <1 cm?, but with mean
transvalvular gradient <40 mmHg, dobutamine stress
echocardiography is recommended to assess LV con-
tractile reserve and aortic stenosis severity®.

AORTIC REGURGITATION

The incidence and severity of aortic regurgitation in-
crease with age* and its causes are very diverse, ran-

Figure 3. Transthoracic echocardiography - apical 5 chamber view, CW Doppler recording at the level of the aortic valve: A. At rest: mean transvalvular gradi-
ent = 52 mmHg; B. During exercise, the mean transvalvular gradient is derived by tracing the velocity flow curve: 96 mmHg.
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ging from congenital to acquired valve disease or di-
seases of the aortic root'. In the vast majority of cases,
aortic regurgitation has a slow evolution with a long
asymptomatic period, during which the LV adapts to
volume overload through a series of compensatory
mechanisms involving the increase in end-diastolic vo-
lume and hypertrophy'**.

According to current guidelines the main indicati-
ons for surgical correction are the onset of symptoms,
LV dysfunction or significant LV dilation in patients
with severe aortic regurgitation'°.

Current European guidelines do not recommend
stress testing for the optimal timing of surgical correc-
tion?, whereas in the American guidelines stress testing
has a class ITa recommendation with B level of evidence
for assessing functional capacity and symptomatic res-
ponse in patients with equivocal symptoms and with
C level of evidence before participation in athletic ac-
tivities.

The additional role of imaging stress testing in pa-
tients with aortic regurgitation has not been clearly
defined. There are several studies regarding the role of
radionuclide ventriculography*** or stress echocardio-
graphy® in this setting. Exercise stress testing with ra-
dionuclide angiography is recommended in the Ame-
rican guidelines for the assessment of LV function in
asymptomatic or symptomatic patients with chronic
aortic regurgitation as a class IIb recommendation with
C level of evidence'.

Aside from assessing symptomatic status, stress tes-
ting can also provide data regarding subclinical myo-
cardial dysfunction with possible prognostic value.
Thus, it has been shown that the lack of contractile
reserve (defined as the absence of increase in LV EF
immediately after exercise as compared to the value
at rest) in patients with asymptomatic aortic regurgi-
tation and preserved LV EF at rest predicts progressi-
ve LV dysfunction in conservatively treated patients™.
On the other hand, the same study showed that normal
contractile reserve is related to an improvement in LV
function after valve replacement™.

Exercise testing with radionuclide angiography can
identify patients at risk for abnormal LV function res-
ponse to postoperative stress testing. Moreover, preo-
perative stress testing predicts the type of response of
LV EF (increase, decrease or no change) to postopera-
tive stress testing’®. Radionuclide angiography stress
testing can also provide data regarding right ventricle
function and the quantification of ventricular volumes
and regurgitant fraction®’.
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Besides LV contractile reserve, other determinants
of LV EF and stroke-volume changes during exercise
must be considered, such as volume overload, changes
in preload and in peripheral resistance™.

Unlike mitral regurgitation, for aortic regurgitation
there are no data to support the role of echocardiogra-
phic assessment of aortic regurgitant orifice area, re-
gurgitant volume or PASP during exercise.

To summarize, although not used on a large scale,
stress testing can provide important data regarding
functional capacity and clinical status® (symptomatic
or asymptomatic) in patients with valvular heart disea-
se. Imaging stress testing can also assess hemodynamic
changes during exercise (transvalvular gradient, re-
gurgitation severity, LV function, and pulmonary pre-
ssure). These data can be used for optimal timing of
surgical correction or for their predictive value in risk
stratification and, in certain subsets of patients, for di-
agnosis. However, we must also take into account that
research in this area is still evolving, that most recom-
mendations are based on expert consensus and not on
large clinical trials and thus validation is still needed.
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