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1 Stress testing and stress
echocardiography in determining the need
for intervention

1.1 Review question

In adults with heart valve disease, what is the prognostic value and cost effectiveness of
stress testing and stress echocardiography to determine the need for intervention?

1.1.1 Introduction

In the absence of symptoms, severe heart valve disease may not need an intervention.
However, symptoms begin to occur on exertion, so sedentary patients may only experience
symptoms late in the course of the disease. Stress testing may reveal reduced exercise
tolerance and symptoms and stress echocardiography may reveal a higher haemodynamic
impact of the severe heart valve disease compared with echocardiography at rest.
Furthermore, in symptomatic patients with non-severe heart valve disease diagnosed on
echocardiography at rest, stress echocardiography may reveal a dynamic component or
reclassify the heart valve disease as severe. Consequently, it is important to define the
prognostic value and cost effectiveness of stress testing and stress echocardiography to
determine the need for intervention, when the symptomatic status and the severity of the
heart valve disease on echocardiography at rest are discordant.

1.1.2 Summary of the protocol

For full details see the review protocol in Appendix A.

Table 1: PICO characteristics of review question

Population Adults 18 years or over with diagnosed heart valve disease requiring further
tests after echocardiography to determine if intervention is required, either
because they are symptomatic but do not have severe HVD or are asymptomatic
with severe HVD. Stratified as follows:

e Asymptomatic severe aortic (including bicuspid) stenosis

e Symptomatic non-severe aortic (including bicuspid) stenosis
o Asymptomatic severe aortic regurgitation

e Asymptomatic severe mitral stenosis

e Symptomatic non-severe mitral stenosis

o Asymptomatic severe mitral regurgitation

¢ Symptomatic non-severe mitral regurgitation

Inclusion of indirect evidence:

Studies including mixed populations will be included (and downgraded for
indirectness) if >75% of the included patients meet the protocol criteria.

If limited evidence is available, studies with a mixed severe/non-severe
population (including mixed moderate/severe) or mixed symptomatic status will
be considered for inclusion with downgrading for indirectness

Exclusion:
Children (aged less than 18 years).
Adults with congenital heart disease (excluding bicuspid aortic valves).
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Tricuspid stenosis and pulmonary valve disease.
Adults with previous intervention for HVD (surgical or transcatheter)

For asymptomatic heart valve disease, secondary heart valve disease because it
does not occur in the asymptomatic group

Adults with acute heart failure
The following parameters will be assessed according to the type of HVD.

Functional and anatomical parameters refer to measurements from
pharmacological stress or exercise echocardiography:

1. Mitral regurgitation

Asymptomatic severe MR
Exercise stress testing:
e Exercise capacity <60% predicted workload for gender, age and weight
¢ Symptoms unmasked in response to exercise
e Increase in BNP levels on exercise compared with baseline
o Development of significant arrhythmia on exercise

Exercise stress echocardiography:
e Decrease in LVEF on exercise compared with baseline

e Reduced left ventricular systolic function based on global longitudinal
strain on exercise compared with baseline

e Increase in peak systolic pulmonary artery pressure during low workload
exercise to >60 mmHg (SPAP >60 mmHg)

e Lack of demonstrated contractile reserve at low workload exercise

Symptomatic non-severe MR

Exercise or pharmacological stress testing:
e Exercise capacity <60% predicted workload for gender, age and weight
e Increase in BNP levels on exercise compared with baseline

Exercise stress echocardiography:
e Severe status unmasked in response to pharmacological stress or

exercise

2. Aortic stenosis

Asymptomatic severe AS

Exercise stress testing:

e Exercise capacity <60% predicted workload for gender, age and weight
e Symptoms unmasked in response to exercise
o Increase in BNP levels on exercise compared with baseline

e Reduction of blood pressure by >20 mmHg or no rise in blood pressure
during exercise

e ST depression on ECG by >2 mm during exercise in the absence of
coronary disease
o Development of significant arrhythmia on exercise

Exercise stress echocardiography:
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e Decrease in LVEF on pharmacological stress or exercise compared with
baseline

¢ Reduced left ventricular systolic function based on global longitudinal
strain on pharmacological stress or exercise compared with baseline

e Worsening in parameters of diastolic function / indicators of left atrial
filling pressure (E/e’) on exercise compared with baseline — E/e’ >15 on
exercise

e Mean gradient increase >20mmHg during exercise

e Induced ischaemia (regional wall motion abnormalities) during exercise
in the absence of coronary disease
o Development of moderate or severe mitral regurgitation on exercise

Symptomatic non-severe or low-flow AS
Exercise stress testing:

e Exercise capacity <60% predicted workload for gender, age and weight

Pharmacological or exercise stress echocardiography:

e Severe status unmasked in response to pharmacological stress or
exercise, e.g., Increase in peak and mean gradient on pharmacological
stress or exercise to within the severe range

o No increase in aortic valve area on pharmacological stress or exercise

e Mean gradient increase >20mmHg during pharmacological stress or
exercise

3. Aortic regurgitation

Asymptomatic severe AR

Exercise stress testing:

e Exercise capacity <60% predicted workload for gender, age and weight
e Symptoms unmasked in response to exercise

e Increase in BNP levels on exercise compared with baseline

Exercise stress echocardiography:

e Lack of demonstrated contractile reserve at low workload exercise

e Decrease in LVEF on exercise compared with baseline

e Reduced left ventricular systolic function based on global longitudinal
strain on exercise compared with baseline

4. Mitral stenosis
Asymptomatic severe MS

Exercise stress testing:

e Exercise capacity <60% predicted workload for gender, age and weight
e Symptoms unmasked in response to exercise

Symptomatic non-severe MS
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Exercise stress testing:

o Exercise capacity <60% predicted workload for gender, age and weight

Pharmacological or exercise stress echocardiography:

e Severe status unmasked in response to pharmacological stress or
exercise, e.g. Increase in mitral valve mean gradient on stress/exercise
to severe range — pharmacological stress and exercise

e Increase in peak systolic pulmonary artery pressure during low workload
exercise to >60 mmHg (SPAP >60 mmHg) — only during exercise
e Coronary disease
e Comorbid lung disease or respiratory insufficiency
o Peripheral vascular disease
o Arthritis

Indication for intervention based on prognosis for the following without
intervention:

o Mortality (1 and 5 years)

¢ Hospital attendance/admission for heart failure or unplanned intervention (1
and 5 years)

¢ Reduced cardiac function (echo or CMR parameters — for example LVEF
<50% for AS and AR or LVEF <60% for MR) (1 and 5 years)

o Symptom onset (for those that were asymptomatic at enrolment in the study)
(1 and 5 years)

Indication for intervention based on predictors of the following post-operative
outcomes and time-points:

o Mortality (6 and 12 months)
o Hospital attendance for heart failure (6 and 12 months)
¢ Cardiac event-free survival

e Reduced cardiac function (echo or CMR parameters — for example LVEF
<50%) (6 and 12 months)

This may be reported as an adjusted HR, RR or OR.
Sensitivity, specificity and AUC will not be included as these do not allow for
multivariable adjustment.

Use the time point closest to each of the listed endpoints and combine data as
follows:

6 months: include 0-6 months
12 months: include >6 months up to 12 months

1 year: include 0-12 months
5 years: include all >1 year.

No minimum follow-up.

e Prospective and retrospective cohort studies that control for confounders in the
study design or analysis

o Systematic reviews of the above

e If no cohort studies are identified case control studies that control for
confounders in the study design or analysis will be included but downgraded
for risk of bias. This will be assessed separately for each test and population.
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1.1.3 Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

of interest were recorded according to NICE’s conflicts of interest policy.
1.1.4 Prognostic evidence

1.1.4.1 Included studies

A search was conducted for prospective and retrospective cohort studies investigating the
association of various prognostic factors measured on exercise stress or pharmacological
stress testing or echocardiography and outcomes in those that received conservative
management of valve disease and those that received surgical treatment of valve disease.
The prognostic factors were different depending on the type (e.g. aortic regurgitation or aortic
stenosis) and presentation (e.g. asymptomatic severe or symptomatic non-severe valve
disease) of valve disease and full details are provided in the protocol.

Nineteen studies (from twenty papers) were included in the review;® o 21 32, 36,51, 72,122,124, 132,
152,185, 157, 160, 166, 171, 195, 204, 230, 231 these are summarised in Table 2 below. Evidence from these
studies is summarised in the clinical evidence summaries below (Table 3 to Table 15).

This evidence covered the following populations:

e asymptomatic severe aortic stenosis: 9 studies, reported in 10 papers® 32 36 51,122,132,
160, 195, 230, 231

e symptomatic low-flow aortic stenosis: 3 studies® 72204

e asymptomatic severe mitral regurgitation: 5 studies'? 155 157 166,171

e symptomatic non-severe mitral regurgitation: 1 study'*

e heart valve disease in general (rather than a specific type and severity): 1 study?'

No relevant clinical studies investigating the effects of any of the relevant pre-specified
prognostic factors were identified for the following populations: asymptomatic severe aortic
regurgitation, asymptomatic severe mitral stenosis and symptomatic non-severe mitral
stenosis. Note that to be included, studies had to have performed at least some form of
multivariate analysis. Studies that had not included the pre-specified confounders in this
multivariate analysis were still considered in the absence of any other evidence that had
included these, but they were downgraded for indirectness.

With regards to confounders that were included in the multivariate analysis of studies,
studies were not excluded if any of the important confounders pre-specified in the protocol
had not been included in the analysis as long as some multivariate analysis had been
performed. This was because there was limited available evidence that had accounted for
even one of the listed confounders and during protocol development before the review was
started it was agreed that the committee did not want studies to be excluded solely on the
basis that the multivariate analysis had not included one or all of these confounders. Studies
that had not adjusted for the pre-specified confounders were instead downgraded for risk of
bias. Studies that only reported univariate results were excluded.

Due to limited available evidence directly matching the protocol, studies that had slightly
indirect populations or prognostic factors were included but downgraded for indirectness. For
example, some studies that consisted of a mixture of moderate or severe asymptomatic
aortic stenosis were included under the ‘asymptomatic severe aortic stenosis’ group covered
in the protocol. Similarly, an example of prognostic factor indirectness that was included in
the review was the thresholds used for prognostic factors differing from those pre-specified in
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the protocol (e.g. threshold of 21 mm for ST segment depression rather than 22 mm as
specified in the protocol for asymptomatic severe aortic stenosis).

See also the study selection flow chart in Appendix A, study evidence tables in Appendix D,

forest plots in Appendix E and GRADE tables in Appendix F.

1.1.4.2 Excluded studies

See the excluded studies list in Appendix J.

1.1.5 Summary of studies included in the prognostic evidence

Table 2: Summary of studies included in the evidence review

Prognostic

Study Population Analysis variables

Asymptomatic severe aortic stenosis

Amato Asymptom  Cox
20016 atic severe proportion
AS al

Positive
exercise
test (ST
hazards segment
regressio  depression,
n precordial
chest pain
or near
syncope,
complex
ventricular
arrhythmia
on ECG,
failure of
systolic BP
to rise 220
mmHg on
exercise)

N=66
Mean age

Brazil 49.7 years

Cox Increase of

proportion BNP on

al exercise

hazards compared

analysis to rest (as
continuous
variable —
assesses
effect of
higher/lowe
r increases
on
outcome) -
per 100
pg/mL
increase
from rest

Capoula  Severe

de asymptom
201432 atic AS
N=157 in Mean age
severe 68 years
subgroup

Canada,
Belgium

11

Confounders Outcomes

Age, aortic
valve area
and exercise
testing
appear to
have been
included in
the MV
analysis.

Age, gender,
resting mean
gradient,
resting
valvulo-
arterial
impedance,
resting index
LA area,
resting BNP
level and
exercise-
induced
increase in
heart rate,
mean
gradient and

Appearanc
e of
symptoms
in daily life
or sudden
death —
mean
follow-up
14.77
months

Proportiona
| hazards
mentioned
as analysis
but
describes
results as
risk ratio,
so has
been
extracted
as a hazard
ratio

Death or
aortic valve
replacemen
t indicated
by
developme
nt of
symptoms
or LV
dysfunction
— mean
follow-up
1.5 years

Limitations

Risk of bias:
very high

Indirectness:

e prognostic
factor —
various
factors
combined
rather
than
individuall
yasin
protocol

Risk of bias:
very high

Indirectness:

Prognostic
factor —
difference
between
exercise and
rest BNP
levels as a
continuous
variable,
rather than a
dichotomous
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Study

Chamber
s 201936

EXTAS
study

N=305
(moderat
e or
severe
AS -
N=102 in
severe
subgroup

)

UK

Das
200551

Population

Asymptom
atic
moderate
or severe
AS

Mean age
65 years
(moderate
or severe
AS - 69
years in
severe
subgroup)

Asymptom
atic AS
(mild-

Analysis

Cox
proportion
al
hazards
analysis

Multivaria
te logistic
regressio
n model

Prognostic
variables

Abnormal
blood
pressure
response to
exercise -
sustained
fall in
systolic BP
220 mmHg
below the
previous
stage or
baseline
level

Limiting
symptoms
on exercise

12

Confounders Outcomes

valvulo-
arterial
impedance

Age, sex,

hypertension,

coronary
artery
disease,
abnormal BP
response,
Doppler
stroke
volume,
mean
pressure
gradient and
rapid early
rise in heart
rate

Variables
included in
the
multivariate

Time-to-
event data
as reported
as HR

Revealed
symptoms
developing
spontaneou
sly or
during
follow-up
(subgroup
of 219
moderate
or severe
AS that
remained
asymptoma
tic on
baseline
exercise)

Aortic valve
replacemen
t (subgroup
of 102
patients
with severe
AS) -

Mean
follow-up
for the
whole
cohort was
34.9
months and
was not
reported
separately
for the
individual
severities.

Proportiona
| hazards
mentioned
but
reported as
an OR,
therefore
has been
extracted
as HR

Developme
nt of
spontaneou

Limitations
increase in
BNP levels vs.
no increase in
BNP levels on
exercise

Risk of bias:
very high for
both
outcomes

Indirectness:

For the
revealed
symptoms
outcome:
population —
includes
moderate or
severe AS
cases so not
limited to
asymptomatic
severe AS

Risk of bias:
very high for
all three
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Study

N=125

UK

Lancellot
ti 2010-

1122
N=163

Belgium

Lancellot

ti 2010-
2132

Population Analysis

severe),
majority
(92%) with
moderate
or severe
disease

Mean age
65 years

Asymptom
atic
moderate
or severe
AS

Mean age
70 years

Asymptom
atic
moderate
or severe
AS

Cox
proportion
al
hazards
analysis

Cox
proportion
al
hazards
analysis

Prognostic
variables

Abnormal
blood
pressure
response —
decrease
(=20
mmHg) or
no increase
in resting
BP on
exercise

ST
depression
>2 mm
(unclear if
coronary
disease
present)

Abnormal
exercise
test
(angina;
evidence of
dyspnoea,
dizziness,
syncope or
near
Syncope;
22 mm ST
segment
depression
relative to
baseline;
rise in
systolic
blood
pressure
during
exercise
<20 mmHg
or afallin
blood
pressure;
or complex
ventricular
arrhythmias

)

Abnormal
exercise
test
(angina;
evidence of

13

Confounders

model: total
exercise
time,
exercise-
limiting
symptoms,
peak
transaortic
velocity,
effective
orifice area,
abnormal
blood
pressure
response
and ST
segment
depression

Variables
included in
the
multivariate
model:
gender;
systemic
arterial
compliance;
peak aortic
velocity;
valvulo-
arterial
impedance;
LV
longitudinal
strain; LA
area index;
mitral E
wave; mitral
E/A ratio;
and
abnormal
exercise test
result.

Variables
included in
the
multivariate
model:

Outcomes
s exertional
symptoms
or CV
death —
mean
follow-up
12 months

Not time-to-
event as
reported as
an OR

Developme
nt of
significant
symptoms,
need for
aortic valve
replacemen
t or cardiac-
related
death —
mean
follow-up
20 months

Time-to-
event as
reported as
HR

Developme
nt of
symptoms,
need for
aortic valve

Limitations
prognostic
factors

Indirectness:

Population —
includes
asymptomatic
mild to severe
AS, but
majority are
either
moderate or
severe (92%).
Only 42% of
the population
represented
asymptomatic
severe AS as
specified in
the protocol.
Risk of bias:

very high

Indirectness:

Populatio
n —
includes
asymptom
atic
moderate
or severe
AS
patients
Prognostic
factors -
combinati
on of
various
prognostic
factors
listed in
the
protocol,
rather
than
providing
prognostic
informatio
n for each
one
separately

Risk of bias:
very high

Heart valve disease: evidence reviews for stress testing and stress echocardiography to
determine the need for intervention DRAFT [March 2021]



Heart valve disease: DRAFT FOR CONSULTATION
Stress testing and stress echocardiography to determine the need for intervention

Study

N=126

Belgium

Marecha
ux
2010160

N=135

France,
Canada,
Belgium

Peidro
200719

N=102

Argentin
a

Population Analysis

Mean age
67.5 years

Asymptom
atic
moderate
or severe
AS —
proportion
with
severe AS
unclear

Mean age
64 years

Asymptom
atic
moderate
or severe
AS - 87%
severe

Cox
proportion
al
hazards
model

Cox
regressio

Prognostic
variables
dyspnoea,
dizziness,
syncope or
near
SyNcope;
rise in
systolic
blood
pressure
during
exercise
<20 mmHg
or afallin
blood
pressure;
or
ventricular
tachycardia
or >4
premature
ventricular
complexes
in a row)

Increase in
mean
gradient
>20 mmHg
during
exercise
echocardio

graphy

Symptoms
on exercise
testing

Drop in
systolic
blood
pressure

14

Confounders

gender; B-
type
natriuretic
peptide;
abnormal
response to
exercise;
aortic valve
area; peak
aortic
velocity;
aortic mean
pressure
gradient; left
atrial area
index; peak
systolic
velocity;
peak early
diastolic
annular
velocity;
peak late
diastolic
annular
velocity; and
early
diastolic

filling/annular

velocity.

Age =265
years,

diabetes, rest
systolic blood

pressure
>135 mmHg,
LV
hypertrophy,
rest mean
gradient >35
mmHg,
increase in
mean
gradient on
exercise >20
mmHg and
exercise LV
ejection
fraction
<70%.

Confounders
included in
the
multivariate
analysis is
very unclear,
but possibly
at least the
following:

Outcomes
replacemen
t or cardiac-
related
death —
median
follow-up
20.3
months

Time-to-
event as
reported as
HR

Cardiovasc
ular death
or need for
aortic valve
replacemen
tdue to
symptoms
orLV
systolic
dysfunction
— mean
follow-up
20 months

Time-to-
event as
reported as
a HR

Cardiovasc
ular death
or aortic
valve
replacemen
t — median
follow-up

Limitations
Indirectness:

e Populatio
n —
includes
asymptom
atic
moderate
or severe
AS
patients

e Prognostic
factors -
combinati
on of
various
prognostic
factors
listed in
the
protocol,
rather
than
providing
prognostic
informatio
n for each
one
separately

Risk of bias:
very high

Indirectness:

Not limited to
asymptomatic
severe AS as
includes some
with
asymptomatic
moderate AS,
with the
proportion
being unclear.

Risk of bias:
very high for
all three
prognostic
factors

Indirectness:

Heart valve disease: evidence reviews for stress testing and stress echocardiography to
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Study

Singh
2017231
and
Singh
201323%

N=123 in
the
severe
subgroup
(n=174in
total
cohort of
moderate
or severe
asympto
matic
AS)

UK

Population Analysis

Mean age
64.35
years

Severe
asymptom
atic AS

Mean age
not given
for the
severe
subgroup,
but is 66.2
years for
the whole
cohort
(moderate
or severe
asymptom
atic AS)

Cox
proportion
al
hazards
regressio
n

Prognostic
variables
210 mmHg
on exercise
Downslopin
g ST
segment
depression
>1 mm on
exercise
(coronary
disease not
absent in
all patients)

Positive
exercise
test
(symptom
developme
nt as
defined in
study)

15

Confounders
symptoms on

exercise
testing, drop
in systolic
blood
pressure and
downsloping
ST segment
depression
>1 mm.

Sex, NT-
proBNP,
aortic valve
area index,
cardiac
magnetic
resonance
LV
mass/volume
ratio,
myocardial
perfusion
reserve and
positive
exercise
tolerance test
(strict
definition).

Outcomes

10.7
months

Not time-to-
event as
reported as
ORs

Cardiovasc
ular death,
typical AS
symptoms
indicating
aortic valve
replacemen
t referral or
major
adverse
cardiac
events
(hospitalisa
tion for
heart
failure,
chest pain,
syncope or
arrhythmia)
— median
follow-up
374 days

Time-to-
event as
reported as
a HR

Limitations

Populatio
n — not
limited to
asymptom
atic
severe AS
as
includes
some with
asymptom
atic
moderate
AS — 87%
of the
population

have
severe
AS.

Drop in
systolic BP
and ST
segment
depression:
prognostic
factor —
thresholds
used do not
match
protocol

Risk of bias:
very high

Indirectness:

None
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Study

Population Analysis

Prognostic

variables

Symptomatic low-flow aortic stenosis

Annabi
2018°

TOPAS
study

N=88

Canada,
Austria,
Germany
, USA

Fougeres
201272

N=107

France,
Belgium

Low-flow
low-
gradient
AS: mean
transvalvul
ar
pressure
gradient
<40 mmHg
AVA <0.6
cm?2/m?2
and LVEF
<40%

At least
40%
symptomat
ic as
NYHA
class Ill or
1V, but
unclear
whether
remaining
proportion
symptomat
ic.

Mean age
73 years

Symptoma
tic low-flow
low-
gradient
(<40
mmHg)
AS. LVEF
<40%.

Median
age 76
years

Cox
proportion
al
hazards
analysis

Cox
proportion
al
hazards
regressio
n models

Dobutamin
e stress
echocardio
graphy -
increase in
mean
gradient to
>40 mmHg

Pseudo
severe AS -
AVA
increased
to 21.2 cm?2
with
contractile
reserve on
dobutamine
stress
testing
echocardio

graphy

(compares
with those
with
contractile
reserve that
didn’t
increase to
21.2 cm?
and those

16

Confounders Outcomes

Age, sex,
functional
capacity,
kidney
failure, LVEF
at peak
dobutamine

Logistic
EuroSCORE
(per 1%
increment),
baseline
mean
pressure
gradient (per
1 mmHg
increment),
male gender
and pseudo-
severe AS

Mortality —
mean
follow-up 4
years

Time-to-
event data
as reported
as hazard
ratio

Mortality —
median
follow-up
25 months

Time-to-
event as
reported as
aHR

Limitations

Risk of bias:
very high

Indirectness:

e Populatio
n a—
unclear if
60% not
in NYHA
class Il or
IV also
had
symptoms
, SO may
not
represent
a
symptoma
tic low-
flow AS
population

Risk of bias:
high

Indirectness:

For the
multivariate
analysis, the
no contractile
reserve
subgroup is
combined with
true-severe
AS and it is
unclear
whether this
group
experienced
an increase in
valve area or
not
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Study

Plonska-
Goscinia
k 2013204

N=39

Poland,
Belgium

Population

Symptoma
tic low-flow
AS (peak
gradient
<45 mmHg
and mean
gradient
<35
mmHg).
LVEF
<45%.

Small
proportion
appear to
be
asymptom
atic low-
flow AS
(12.8% in
NYHA
class I)

Mean age
59 years

Analysis

Cox
proportion
al
hazards
regressio
n

Prognostic
variables
without
contractile
reserve)

No
increase in
aortic valve
area on
dobutamine
stress
testing
echocardio

graphy

Asymptomatic severe mitral regurgitation

Magne
2010155

N=78

Belgium

Asymptom
atic
moderate
or severe
degenerati
ve MR -
60%
severe MR

Mean age
61 years

Cox
proportion
al
hazards
model

Exercise
pulmonary
hypertensio
n (systolic
pulmonary
artery
pressure
>60 mmHg)
on
echocardio

graphy

17

Confounders Outcomes

Confounders
included in
the
multivariate
analysis is
unclear, but
possibly at
least the
following:
aortic valve
area at peak
stress,
absence of
aortic valve
area
increase
during stress,
absence of
contractile
reserve and
presence of
significant
coronary
artery
disease

Age, sex,
resting E-
wave
velocity,
exercise left
ventricular
end-diastolic
volume and
exercise
pulmonary
hypertension
(SPAP >60
mmHg)

Death,
myocardial
infarction or
significant
worsening
of heart
failure
symptoms
(pulmonary
oedema) —
mean
follow-up
353 days

Proportiona
| hazards
mentioned
but
reported as
an OR,
therefore
has been
extracted
as HR

Developme
nt of
symptoms
— mean
follow-up
19 months

Time-to-
event as
reported as
a HR

Limitations

Risk of bias:
very high

Indirectness:

e Populatio
n — not
limited to
symptoma
tic low-
flow AS as
appears
to include
some that
are
asymptom
atic
(NYHA
class I) —
87% are
symptoma
tic low-
flow AS

Outcomes —
combines
medically and
surgically
treated
patients in the
same analysis
and has not
included this
as a
confounding
factor

Risk of bias:
very high

Indirectness:

Population —
not limited to
asymptomatic
severe MR as
includes some
with
asymptomatic
moderate MR.
60% reported
to be
asymptomatic
severe MR.
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Prognostic
Study Population Analysis variables Confounders Outcomes Limitations
Magne Asymptom  Cox Absence of Two Cardiac Risk of bias:
2014157 atic proportion contractile  separate events very high
moderate al reserve models (one  (cardiovasc
N=115 orsevere  hazards  (exercise-  with most ular death,  Indirectness:
primary regressio  induced variables and mitral valve Population
MR - 63% n model improveme  another that  surgery tplg a.tlod t_
Belgium, with ntin global contained indicated 2: r;ml;ma?ic
Canada severe MR longitudinal completely by sezerz MR as
strain <2%) different symptoms .
Mean age on variables) or LV mpludes some
61 years echocardio  were dysfunction ey .
graphy extracted: , or ST O
hospitalisati mooderate LA
® age, seX, on for acute 63% reported
exercise  pulmonary to be _
regurgita  oedema or asymptomatic
nt congestive severe MR.
volume, heart
exercise  failure) —
SyStOliC mean
pulmonar  follow-up
y arterial 24 months
pressure,
exercise  Time-to-
E/e’ event as
ratio, reported as
resting a HR
BNP
level and
LV
contractil
e reserve
based on
global
longitudi
nal strain
o LV
ejection
fraction,
LV end-
systolic
diameter,
indexed
left atrial
volume,
pulmonar
y
hyperten
sion and
LV
contractil
e reserve
based on
global
longitudi
nal strain
18
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Study

Magne
201512

N=102

Belgium,
France,
Canada

Messika-
Zeitoun
2006166

N=134

USA

Moss
201417

Population

Asymptom
atic or
mildly
symptomat
ic
moderate
or severe
degenerati
ve MR —
81%
severe and
proportion
with
symptoms
unclear

Mean age
64 years

Asymptom
atic
moderate
or severe
organic
mitral
regurgitati
on—57%
with
severe MR

Mean age
63 years

Asymptom
atic/mildly

Analysis

Cox
proportion
al
hazards
regressio
n

Cox
proportion
al
hazards
model

Cox
proportion

Prognostic
variables

Exercise
pulmonary
hypertensio
n (systolic
pulmonary
artery
pressure
>60 mmHg)
on
echocardio

graphy

Functional
capacity
(peak VO2)
on exercise
<84% of
predicted
for age,
weight and
gender

Absence of
contractile

19

Confounders Outcomes

Age, sex,
LVEF,
baseline
NYHA class
and exercise
pulmonary
hypertension
(SPAP >60
mmHg)

Age,
effective
regurgitant
orifice,
gender, LV
ejection
fraction and
reduced
functional
capacity on
exercise
(peak VO2
<84%).

Age,
baseline LV

Postoperati
ve
cardiovasc
ular events
(events
(postoperati
ve CV
death, CV
hospitalisati
on, stroke
or atrial
fibrillation)
— mean
follow-up
50 months

Time-to-
event as
reported as
a HR

Clinical
events
(death,
heart failure
or new
severe
symptoms,
or new
atrial
arrhythmia)
or
indication
for surgery
— mean
follow-up
2.2 years

Proportiona
| hazards
mentioned
but
reported as
aRR,
therefore
has been
extracted
as HR

All-cause
mortality or

Limitations

Risk of bias:
very high

Indirectness:

Population —
not limited to
asymptomatic
severe MR as
includes some
with
asymptomatic
moderate MR.
81% reported
to be
asymptomatic
severe MR.
Also unclear
proportion has
mild
symptoms.

Risk of bias:
very high

Indirectness:

e Populatio
n — not
limited to
asymptom
atic
severe
MR as
includes
some with
asymptom
atic
moderate
MR. 57%
reported
to be
asymptom
atic
severe
MR.

Prognostic
factor —
threshold of
<60% in
protocol for
exercise
capacity but
threshold of
84% used in
this study

Risk of bias:
very high
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Study

N=125

Thailand

Population
symptomat
ic
moderate-
severe or
severe
functional
MR — 81%
severe

MR.

Also
includes
~18% that
were
symptomat
ic, in
NYHA
class lll or
\Y/

Mean age
60 years

Analysis
al
hazards
model

Prognostic
variables
reserve
(improveme
nt in global
left
ventricular
function of
<10%
compared
to baseline)
value on
dobutamine
stress
echocardio
graphy
testing

Symptomatic non-severe mitral regurgitation

Lancellot
ti 2005124

N=161

Belgium

Symptoma
tic non-
severe MR
(functional
MR
secondary
to heart
failure) —
includes
mild-
severe

Cox

proportion

al
hazards

regressio

n

Increase in
effective

regurgitant
orifice area

by 213 mm?2

(severe
status
unmasked
in response
to exercise)
on

20

Confounders
ejection
fraction,
NYHA class,
moderate/se
vere tricuspid
regurgitation
and
presence/abs
ence of
contractile
reserve.

ERO
increase 213
mm?2 on
exercise,
ERO 220
mm? at rest
and trans-
tricuspid
pressure
gradient
difference

Outcomes
requiremen
t for heart
transplant —
median
follow-up
62 months

Time-to-
event as
reported as
aHR

Cardiac
death —
mean
follow-up
35 months

Hospital
admission
for heart
failure —
mean

Limitations
Indirectness:

e Populatio
n — not
limited to
asymptom
atic
severe
MR as
includes
some with
moderate-
severe
disease,
and also
some with
mild
symptoms
(proportio
n unclear).
In
addition,
~18% are
reported
to be
symptoma
ticand in
NYHA
classes Il
or IV.

Outcomes —
have not
provided
results
separately for
those
receiving
medical
management
only and those
that received
surgery and
no adjustment
in MV analysis

Risk of bias:
very high

Indirectness:

e Populatio
n—~32%
had
symptoma
tic severe
MR rather
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Study

Population Analysis

MR, with
~32%
having
severe MR
at rest.

Mean age
65 years

Prognostic
variables

echocardio
graphy

Various types of valve disease combined

Bhattach

aryya
20132

N=100

UK

Various
types of
valve
disease,
reported
together
as one
single
group:

Asymptom
atic severe
and
symptomat
ic non-
severe MR
and MS,
asymptom
atic severe
AS
(including
low-flow
AS) and
asymptom
atic severe
AR

Mean age
67.26
years

Positive
stress test
(defined
differently
for each
different
population
included)

21

Confounders
(cardiac
death
outcomes)

ERO
increase 213
mm2 on
exercise,
trans-
tricuspid
pressure
gradient
difference
and LV end-
systolic
volume at
rest (hospital
admission for
heart failure
outcome)

MV analysis
appears to
have been
performed as
‘independent
predictors’
mentioned,
but
confounders
adjusted for
unclear

Outcomes

follow-up
35 months

Time-to-
event as
reported as
aHR

Admission
for
worsening
HF or death
— median
follow-up
12.6
months

Time-to-
event as
reported as
a HR

Limitations
than
symptoma
tic non-
severe
MR at
rest.

Prognostic
factor — ERO
increase of
213 mm?2 may
not represent
increase to
severe range
in all patients,
particularly in
very mild
cases of MR
at rest.

Risk of bias:
very high

Indirectness:

e Populatio
n_
different
types of
HVD
combined

e Prognostic
factor —
multiple
different
factors in
our
protocol
combined
together
rather
than
reported
separately

e Outcomes
medically
and
surgically
managed
patients
combined
rather
than
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presenting
results
separately

See Appendix D for full evidence tables.

1.1.6 Summary of the prognostic evidence
Asymptomatic severe AS

Table 3: Clinical evidence summary: positive exercise test (various definitions

qualify)
Positive exercise test? vs. Adjusted HR: Very None Seriou VERY
negative exercise test for (n =6 7.60 (2.34 to seriou sd LOW
predicting symptoms in daily life 6) 24.63)P s¢

or sudden death
Follow-up: mean 14.77 months

(asymptomatic severe AS; mean
age 49.7 years; medically

managed)

Abnormal exercise teste vs. 1 Adjusted HR: Very Very Seriou VERY
normal exercise test for predicting (n=1 1.10 (0.60 to 2.0)f seriou seriou sh LOW
development of significant 63) st s9

symptoms, need for aortic valve
replacement or cardiac-related
death

Follow-up: mean 20 months

(asymptomatic moderate or
severe AS; mean age 70 years;
medically managed and censored
at cardiac surgery)

Abnormal exercise test' vs. 1 Adjusted HR: Very Very Seriou VERY
normal exercise test for predicting (n=1  0.95 (0.49 to seriou seriou sh LOW
development of symptoms, need  26) 1.80) s s9

for aortic valve replacement or
cardiac-related death

Follow-up: median 20.3 months

(asymptomatic moderate or
severe AS; mean age 67.5 years;

22
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(a)

(b)
(c)
(d)

(e)

(f)

(9)
(h)

(i)

(1)

medically managed and censored
at cardiac surgery)

Positive exercise test defined as: horizontal or downsloping ST segment depression of 21 mm in men or 22 mm in
women, or an upsloping ST segment depression of 23 mm in men, measured 0.08 seconds after the J point (upsloping ST
segment depression in women was considered negative); symptoms of aortic stenosis (precordial chest pain or near
syncope); complex ventricular arrhythmia on ECG; or no rise in systolic blood pressure by 220 mmHg compared with
baseline.

Methods: multivariable analysis, not including key confounders in protocol but adjusted for the following: age, aortic
valve area and exercise testing.

Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

Prognostic factor indirectness — combination of various prognostic factors listed in the protocol, rather than providing
prognostic information for each one separately (symptoms on exercise, reduction in BP >20 mmHg, ST depression and
complex ventricular arrhythmia)

The test was considered abnormal if patients presented with any of the following: angina; evidence of dyspnoea,
dizziness, syncope or near syncope; >2 mm ST segment depression relative to baseline; rise in systolic blood pressure
during exercise <20 mmHg or a fall in blood pressure; or complex ventricular arrhythmias.

Methods: multivariable analysis, not including key confounders in protocol but adjusted for the following: gender;
systemic arterial compliance; peak aortic velocity; valvulo-arterial impedance; LV longitudinal strain; LA area index;
mitral E wave; mitral E/A ratio; and abnormal exercise test result.

95% Cis cross null line and are very wide

Population indirectness — not limited to asymptomatic severe AS as includes some with asymptomatic moderate AS;
prognostic factor indirectness — combination of various prognostic factors listed in the protocol, rather than providing
prognostic information for each one separately

The test was considered abnormal if patients presented with any of the following: angina; evidence of dyspnoea,
dizziness, syncope or near syncope; rise in systolic blood pressure during exercise <20 mmHg or a fall in blood pressure;
or ventricular tachycardia or >4 premature ventricular complexes in a row.

Methods: multivariable analysis, not including key confounders in protocol but adjusted for the following: gender; B-type
natriuretic peptide; abnormal response to exercise; aortic valve area; peak aortic velocity,; aortic mean pressure
gradient; left atrial area index; peak systolic velocity; peak early diastolic annular velocity; peak late diastolic annular
velocity; and early diastolic filling/annular velocity.

Table 4: Clinical evidence summary: symptoms unmasked in response to exercise

Symptom-positive? vs. symptom- Adjusted HR: Very None None
negative on exercise for (n—1 2.94 (1.29 to seriou
predicting cardiovascular death, 23) 6.70)° st

typical AS symptoms indicating
AVR referral or major adverse
cardiac events (hospitalisation for
heart failure, chest pain, syncope
or arrhythmia)

Follow-up: median 374 days

(asymptomatic severe AS; mean
age for severe subgroup unclear,
but is 66.2 years for whole cohort
including moderate or severe
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cases; medically managed as
indication for AVR captured as
part of the outcome)

Limiting symptoms¢ vs. no limiting 1 Adjusted OR:
symptoms on exercise for (n=1 7.73(2.79to
predicting development of 25) 21.39)°

spontaneous exertional
symptoms or cardiovascular
death

Follow-up: mean 12 months

(asymptomatic mild-severe AS,
with majority being moderate or
severe disease; mean age 65.0
years; medically managed — not
explicitly stated but no mention of
any aortic valve operations being

performed)

Symptoms? vs. no symptoms on 1 Adjusted OR:
exercise for predicting (n=1 2.48(1.32to
cardiovascular death or aortic 02) 4.66)"

valve replacement
Follow-up: median 10.7 months.

(asymptomatic moderate or
severe AS; mean age 64.35
years; medically managed as
aortic valve replacement captured
as part of the outcome)

Very None
seriou
sC

Very None
seriou
SC

Seriou

Seriou
Si

VERY
LOW

VERY
LOW

(a) Symptom-positive on exercise testing was defined in the study as the following: if the patient stopped prematurely due
to limiting breathlessness or dizziness at <80% of their predicted workload or chest pain at any stage

(b) Methods: multivariable analysis, not including key confounders in protocol but adjusted for the following: sex, NT-
proBNP, aortic valve area index, cardiac magnetic resonance LV mass/volume ratio, myocardial perfusion reserve and

positive exercise tolerance test

(c) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if

the majority of the evidence was at very high risk of bias

(d) Limiting symptoms defined as follows: limiting breathlessness/chest discomfort or dizziness

(e) Methods: multivariable analysis, not including any of the key confounders in the protocol. However, one of the pre-
specified confounders (lung disease) was an exclusion criterion for the study. The following variables were adjusted for:
total exercise time, exercise-limiting symptoms, peak transaortic velocity, effective orifice area, abnormal blood pressure

response and ST segment depression.

(f) Population indirectness — includes asymptomatic mild to severe AS, but majority are either moderate or severe (92%).
Only 42% of the population represented asymptomatic severe AS as specified in the protocol.

(g) Symptoms defined as follows: angor, syncope or presyncope, or dyspnoea

(h) Methods: multivariable analysis, but unclear which variables included in the analysis. One of the confounders listed in
the protocol was an exclusion criterion (lung disease) and the remaining were not mentioned. The following variables
may have been adjusted for in the multivariate model, but this is very unclear: symptoms on exercise testing, drop in

systolic blood pressure and downsloping ST segment depression >1 mm.

(i) Population indirectness — not limited to asymptomatic severe AS as includes some with asymptomatic moderate AS —

87% of the population have severe AS.
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Table 5: Clinical evidence summary: absolute difference of BNP levels from rest to
exercise (per 100 pg/ml increase from rest)

Absolute difference of BNP levels Adjusted HR: Very None Seriou VERY
from rest to exercise (per 100 (n—1 3.40 (2.20 to seriou s LOW
pg/ml increase from rest) as a 57) 5.23)? sb

continuous measure for
predicting death or aortic valve
replacement indicated by
symptom development or LV
dysfunction

Follow-up mean 1.5 years.

(asymptomatic severe AS; mean
age 68.0 years; medically
managed as AVR captured as
part of the outcome)

(a) Methods: multivariable analysis, not including key confounders in protocol but adjusted for the following: age, gender,
resting mean gradient, resting valvulo-arterial impedance, resting indexed left atrial area, resting BNP level and
exercise-induced increases in heart rate, mean gradient and valvulo-arterial impedance

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(c) Prognostic factor indirectness — difference between exercise and rest BNP levels as a continuous variable, rather than a
dichotomous increase in BNP levels vs. no increase in BNP levels on exercise compared with rest

Table 6: Clinical evidence summary: abnormal response of blood pressure to

exercise
Abnormal (reduction or no Adjusted OR: Very Seriou Seriou VERY
increase in BP compared with (n—1 1.02 (0.99 to seriou  s° sd LOW
rest) vs. normal blood pressure 25) 1.06)2 sb

response to exercise for
predicting cardiovascular death or
development of spontaneous
exertional symptoms

Follow-up: mean 12 months

(asymptomatic mild-severe AS,
with majority being moderate or
severe disease; mean age 65.0
years; medically managed — not
explicitly stated but no mention of
any aortic valve operations being
performed)
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Drop in systolic blood pressure Adjusted OR: Very Seriou Seriou VERY
210 mmHg vs. <10 mmHg on (n 1 1.95(1.00to seriou  s° sf LOW
exercise compared to rest for 02) 3.81)¢ sP
predicting cardiovascular death or
aortic valve replacement
Follow-up: mean 10.7 months
(asymptomatic moderate or
severe AS; mean age 64.35
years; medically managed as
aortic valve replacement captured
as part of the outcome)
Abnormal (sustained reduction of 1 Adjusted HR: Very Seriou Seriou VERY
systolic BP 220 mmHg below (n=2 1.87 (0.92 to seriou  s° sh LOW
previous stage or baseline level) 19in  3.79)9 sP
vs. normal blood pressure subgr
response to exercise for oup
predicting revealed symptoms analy
developing spontaneously or sed)
during follow-up
Follow-up for the whole cohort:
mean 34.9 (34.6) months.
(asymptomatic moderate or
severe AS patients that remained
asymptomatic on the baseline
exercise test; mean age of the
subgroup unclear but 65.0 years
for whole cohort; medically
managed as no indication for
AVR unless symptoms
developed)
Abnormal (sustained reduction of 1 Adjusted HR: Very None None LOW
systolic BP 220 mmHg below (n=1 1.86 (1.01 to seriou
previous stage or baseline level) 02in  3.44) sb
vs. normal blood pressure sever
response to exercise for e
predicting aortic valve subgr
replacement during follow-up oup
analy
sed)

Follow-up for the whole cohort:
mean 34.9 (34.6) months.

(asymptomatic severe AS
patients; mean age 69.0 years;
medically managed up until
indication for developed)

(a) Methods: multivariable analysis, not including any of the key confounders in the protocol. However, one of the pre-

specified confounders (lung disease) was an exclusion criterion for the study. The following variables were adjusted for:
total exercise time, exercise-limiting symptoms, peak transaortic velocity, effective orifice area, abnormal blood pressure

response and ST segment depression.
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1 (b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if

2 the majority of the evidence was at very high risk of bias

3 (c) C95% Cls cross the null line

4 (d) Population indirectness — includes asymptomatic mild to severe AS, but majority are either moderate or severe (92%).

5 Only 42% of the population represented asymptomatic severe AS as specified in the protocol.

6 (e) Methods: multivariable analysis, but unclear which variables included in the analysis. One of the confounders listed in

7 the protocol was an exclusion criterion (lung disease) and the remaining were not mentioned. The following variables

8 may have been adjusted for in the multivariate model, but this is very unclear: symptoms on exercise testing, drop in

9 systolic blood pressure and downsloping ST segment depression >1 mm.
10 (f) Population indirectness — not limited to asymptomatic severe AS as includes some with asymptomatic moderate AS —
11 87% of the population have severe AS. Prognostic factor indirectness — threshold used in study differs to that specified in
12 protocol, as 210 mmHg drop in systolic blood pressure on exercise is used rather than 220 mmHg drop on exercise.
13 (g) Methods: multivariable analysis, including one of the key confounders in the protocol (coronary artery disease). Two
14 other confounders listed in the protocol were exclusion criteria and the remaining one was not mentioned. The following
15 variables were adjusted for: rapid early rise in heart rate, age, sex, hypertension, Doppler stroke volume, mean pressure
16 gradient, abnormal blood pressure response and coronary artery disease
17 (h) Population indirectness — includes moderate or severe AS patients that were asymptomatic at baseline and remained
18 asymptomatic on baseline exercise testing, not limited to asymptomatic severe AS
19

20 Table 7: Clinical evidence summary: ST segment depression on exercise

ST depression 22 mm vs. <2 mm Adjusted OR: Very Seriou Seriou VERY
on exercise for predicting (n—1 0.97 (0.94 to seriou s s¢ LOW
development of spontaneous 25) 1.01)2 sb

exertional symptoms or
cardiovascular death

Follow-up: mean 12 months.

(asymptomatic mild-severe AS,
with majority being moderate or
severe disease; mean age 65.0
years; medically managed — not
explicitly stated but no mention of
any aortic valve operations being

performed)

Downsloping ST segment 1 Adjusted OR: Very None Seriou VERY
depression >1 mmvs. <1 mmon (n=1 1.89 (1.03 to seriou se LOW
exercise for predicting 02) 3.47)d sP

cardiovascular death or aortic
valve replacement

Follow-up median 10.7 months

(asymptomatic moderate or
severe AS; mean age 64.35
years; medically managed as
aortic valve replacement captured
as part of the outcome)

21 (a) Methods: multivariable analysis, not including any of the key confounders in the protocol. However, one of the pre-
22 specified confounders (lung disease) was an exclusion criterion for the study. The following variables were adjusted for:
23 total exercise time, exercise-limiting symptoms, peak transaortic velocity, effective orifice area, abnormal blood pressure
24 response and ST segment depression.
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(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(c) Population indirectness — includes asymptomatic mild to severe AS, but majority are either moderate or severe (92%).
Only 42% of the population represented asymptomatic severe AS as specified in the protocol. Prognostic factor
indirectness — unclear if coronary disease is absent, which was specified in the protocol as important when this
prognostic factor was used.

(d) Methods: multivariable analysis, but unclear which variables included in the analysis. One of the confounders listed in
the protocol was an exclusion criterion (lung disease) and the remaining were not mentioned. The following variables
may have been adjusted for in the multivariate model, but this is very unclear: symptoms on exercise testing, drop in
systolic blood pressure and downsloping ST segment depression >1 mm.

(e) Population indirectness - not limited to asymptomatic severe AS as includes some with asymptomatic moderate AS —
87% of the population have severe AS. Prognostic factor indirectness — threshold used in study differs to that specified in
protocol, as >1 mmHg ST segment depression on exercise is used rather than >2 mm ST segment depression on exercise.
Coronary disease is also not absent in all patients, which was specified in the protocol as important when interpreting
this prognostic factor. The study states that ST segment depression >1 mm did not identify those patients with
associated coronary disease.

Table 8: Clinical evidence summary: mean gradient increase >20 mmHg on
echocardiography during exercise

Increase in mean gradient >20 Adjusted HR: Very None Seriou VERY
mmHg vs. <20 mmHg for (n—1 3.83 (2.18 to seriou s LOW
predicting cardiovascular death or  35) 6.73)2 sb

need for aortic valve replacement
due to symptoms or LV systolic
dysfunction

Follow-up mean 20 months.

(asymptomatic/minimally
symptomatic moderate or severe
AS; mean age 64.0 years;
medically managed as AVR
captured as part of the outcome)

(a) Methods: multivariable analysis, not including any of the key confounders in the protocol. However, two of the
confounders listed in the protocol were exclusion criteria for the study (coronary artery disease and lung disease). The
variables including in the analysis were unclear, but the HR appears to have been adjusted for the following: age 265
years, diabetes, rest systolic blood pressure >135 mmHg, LV hypertrophy, rest mean gradient >35 mmHg, increase in
mean gradient on exercise >20 mmHg and exercise LV ejection fraction <70%.

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(c) Population indirectness — not limited to asymptomatic severe AS but includes some with asymptomatic moderate AS, the
proportion of which is unclear
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Symptomatic low-flow AS

Table 9: Clinical evidence summary: no increase in valve area on dobutamine stress
echocardiography testing

No increase in valve area to >1.2 Adjusted HR: Seriou None  Seriou
cm? (true-severe AS or those with (n—1 1.89 (1.33 to sP s
no contractile reserve) vs. 07) 2.69)?

increase in valve area to >1.2
cm? (pseudo-severe AS) on
dobutamine stress testing for
predicting overall mortality

Follow-up: median 25 months

(symptomatic low-flow aortic
stenosis; median age 76.0 years;
patients managed conservatively
for >6 months)

No increase in valve area vs. 1 Adjusted HR: Very None Seriou VERY
increase in valve area on (n=3 5.70(2.02 to seriou se LOW
dobutamine stress testing for 9) 16.12)d sb

predicting death, myocardial
infarction or significant worsening
of heart failure symptoms
(pulmonary oedema)

Follow-up: mean 353 days

(symptomatic low-flow aortic
stenosis, ~12.8% appear to be
asymptomatic as are in NYHA
class I; mean age 59.0 years;
includes patients that were
managed medically or surgically
and does not include this as a
confounder to adjust for in the MV
analysis)

(a) Methods: multivariable analysis, not including any of the key confounders in the protocol. The variables included in the
analysis were: pseudo-severe AS, logistic EuroSCORE, baseline mean pressure gradient and male sex.

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(c) Prognostic factor indirectness — in the subgroup with no contractile reserve it was not possible to determine whether it
was true-severe AS or pseudo-severe AS based on increase/no increase in valve area and the study reports them as a
separate, third group. However, for the multivariate analysis the no contractile reserve subgroup is combined with true-
severe AS and it is unclear whether this group experienced an increase in valve area or not. Based on study
characteristics table, only small increases in valve area reported in the no contractile reserve group so may all have
shown no increase as well as in the true-severe AS group, though this is unclear.

(d) Methods: multivariable analysis, though confounders included in the reported multivariate analysis are unclear. May
have included the following: aortic valve area at peak stress, absence of aortic valve area increase during stress, absence
of contractile reserve and presence of significant coronary artery disease. If these were the included confounders, only
one of those specified in the protocol has been included.

(e) Population indirectness — not limited to symptomatic low-flow AS as appears to include some that are asymptomatic
(NYHA class 1) — 87% are symptomatic low-flow AS. Outcome indirectness — combines medically and surgically treated
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patients in the same analysis and has not included this as a confounding factor, whereas in the protocol ideally separate
results for those medically and surgically treated could be extracted

Table 10: Clinical evidence summary: increase of mean gradient to within severe range

on dobutamine stress echocardiography testing

Increase in mean gradient to Adjusted HR: Very Very Seriou VERY
within severe range (=40 mmHg) (n—8 0.93 (0.21 to seriou seriou s¢ LOW
VS. no increase to severe range 8) 4.07)2 sb s¢

(<40 mmHg) for predicting

mortality

Follow-up: mean 4 years

(Low-flow low-gradient aortic
stenosis, at least 40%
symptomatic as NYHA class Il or
IV but unclear if remaining
patients were symptomatic; mean
age 73.0 years; medically
managed subgroup)

(a) Methods: multivariable analysis, not including any of the key confounders in the protocol. The variables included in the

analysis were: age, sex, functional capacity (Duke activity status index), kidney failure and LVEF at peak dobutamine
stress.

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if

the majority of the evidence was at very high risk of bias

(c) 95% Cls cross the null line and intervals are very wide
(d) Population indirectness — unclear if 60% not in NYHA class Ill or IV also had symptoms, so may not represent a

symptomatic low-flow AS population specified in the protocol as may include some asymptomatic low-flow patients.

Asymptomatic severe MR

Table 11: Clinical evidence summary: exercise capacity (VO2 max) <84% predicted for

weight, age and gender

Exercise capacity (VO2 max) Adjusted HR: Very None Seriou VERY
<84% vs. >84% predicted for (n—1 1.53 (1.11 to seriou s LOW
weight, age and gender for 34) 2.11)2 sb

predicting clinical events (death,
heart failure or new severe
symptoms, or new atrial
arrhythmia) or indication for

surgery

Follow-up: mean 2.2 years.
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(Asymptomatic moderate or
severe organic mitral
regurgitation, 57% with severe
MR; mean age 63.0 years;
medically managed as surgery
indication captured as part of the
outcome)

(a) Methods: multivariable analysis, not including any of the key confounders in the protocol. Moderate or severe lung
disease was an exclusion criterion for the study, but the other three confounders listed in the protocol were not
mentioned. The variables included in the analysis were: age, effective regurgitant orifice, gender, LV ejection fraction
and reduced functional capacity on exercise (peak VO2 <84%).

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(c) Population indirectness — not limited to asymptomatic severe MR but includes some with asymptomatic moderate MR.
57% reported to be asymptomatic severe MR. Prognostic factor indirectness — threshold of <60% in protocol for exercise
capacity but threshold of 84% used in this study.

Table 12: Clinical evidence summary: increase of systolic pulmonary artery pressure
to >60 mmHg on exercise echocardiography testing

Systolic pulmonary artery Adjusted HR: Very None Seriou VERY
pressure >60 mmHg (exercise (n—7 2.10 (1.41 to seriou sd LOW
pulmonary hypertension) vs. <60  8) 3.12)° s°

mmHg for predicting development
of symptoms during follow-up?

Follow-up: mean 19 months.

(Asymptomatic moderate or
severe mitral regurgitation — 60%
with severe disease; mean age
61.0 years; medically managed
as symptom development was
indication for operation)

Systolic pulmonary artery 1 Adjusted HR: Very None Seriou VERY
pressure >60 mmHg (exercise (n=1 2.00 (1.06 to seriou sf LOW
pulmonary hypertension) vs. <60  02) 3.79)° s°

mmHg for predicting
postoperative cardiovascular
events (postoperative
cardiovascular death,
cardiovascular hospitalisation,
stroke or atrial fibrillation

Follow-up: mean 50 months
(Asymptomatic or mildly

symptomatic moderate or severe
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mitral regurgitation — 81% severe,
proportion mildly symptomatic
unclear; mean age 64.0 years;
surgically managed)

(a) Symptoms during follow-up were defined as any of the following: shortness of breath, angina, dizziness or syncope with
exertion.

(b) Methods: multivariable analysis, not including any of the key confounders in the protocol. The variables included in the
analysis were: age, sex, resting E-wave velocity, exercise left ventricular end-diastolic volume and exercise pulmonary
hypertension (SPAP >60 mmHg).

(c) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(d) Population indirectness — not limited to asymptomatic severe MR but includes some with asymptomatic moderate MR.
60% reported to be asymptomatic severe MR.

(e) Methods: multivariable analysis, not including any of the key confounders in the protocol. Though suspected coronary
artery disease was an exclusion criterion, some did have concomitant coronary artery bypass grafting performed with
valve intervention. The variables included in the analysis were: age, sex, LVEF, baseline NYHA class and exercise
pulmonary hypertension (SPAP >60 mmHg)

(f) Population indirectness — not limited to asymptomatic severe MR but includes some with asymptomatic moderate MR.
81% reported to be asymptomatic severe MR. Also includes asymptomatic or minimally symptomatic patients, and
unclear proportion within each of these groups.

Table 13: Clinical evidence summary: lack of contractile reserve on stress
echocardiography testing

Absence (<2% improvement in Adjusted HR: 2.27 Very None Serious VERY
GLS) vs. presence (=2% (n—1 (1.07 to 4.83)? seriousP ® LOW
improvement in GLS) of 15)

contractile reserve on exercise

for predicting cardiac events

(cardiovascular death, mitral

valve surgery indicated by

symptoms of LV dysfunction or

hospitalisation for acute

pulmonary oedema or Adjusted HR: 1.60 Very None Serious VERY
congestive heart failure) (1.11 to 2.31)¢ seriousP c LOwW

Follow-up: mean 24 months

(Asymptomatic moderate or
severe primary mitral
regurgitation, 63% severe;
mean age 61.0 years;
medically managed as valve
surgery captured as part of the

outcome)

Absence (<10% improvement 1 Adjusted HR: 2.94 Very None Serious VERY
in global left ventricular (n=1 (1.311t06.61)° seriousP i LOW
function on dobutamine 25)

testing) vs. presence (210%
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improvement in global left
ventricular function on
dobutamine testing) of
contractile reserve on
dobutamine testing for all-
cause mortality or requirement
for heart transplant

Follow-up: median 62 months

(Asymptomatic/mildly
symptomatic moderate-severe
or severe functional mitral
regurgitation, 81% with severe
disease and ~18% that were
symptomatic in NYHA class Il
or IV; mean age 60.0 years;
medically or surgically
managed combined and not
included in MV analysis)

(a) Methods: multivariable analysis, not including any of the key confounders in the protocol. Coronary artery disease was
an exclusion criterion but the other prespecified confounders in the protocol were not adjusted for. The variables
included in the analysis were: age, sex, exercise regurgitant volume, exercise systolic pulmonary arterial pressure,
exercise E/e’ ratio, resting BNP level and LV contractile reserve based on global longitudinal strain (exercise-induced
improvement in global longitudinal strain 22%).

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(c) Population indirectness — not limited to asymptomatic severe MR as includes some with asymptomatic moderate MR.
63% reported to be asymptomatic severe MR.

(d) Methods: multivariable analysis, not including any of the key confounders in the protocol. Coronary artery disease was
an exclusion criterion but the other prespecified confounders in the protocol were not adjusted for. The variables
included in the analysis were: LV ejection fraction, LV end-systolic diameter, indexed left atrial volume, pulmonary
hypertension and LV contractile reserve based on global longitudinal strain (exercise-induced improvement in global
longitudinal strain 22%).

(e) Methods: multivariable analysis, not including any of the key confounders in the protocol. The variables included in the
analysis were: age, baseline LV ejection fraction, NYHA class, moderate/severe tricuspid regurgitation and
presence/absence of contractile reserve.

(f) Population indirectness — not limited to asymptomatic severe MR as includes some with moderate-severe disease, and
also some with mild symptoms (proportion unclear). In addition, ~18% are reported to be symptomatic and in NYHA
classes Ill or IV. Outcome indirectness — have not provided results separately for those receiving medical management
only and those that received surgery during follow-up as set out in the protocol. In addition, adjustment for surgery has
not been included in the multivariate analysis.
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Symptomatic non-severe MR

Table 14: Clinical evidence summary: severe status unmasked on exercise
echocardiography (increase of effective regurgitant orifice area by 213 mm?)
in response to exercise

Increase of effective regurgitant Adjusted HR: Very None Seriou VERY
orifice area by 213 mm?2vs. <13 (n—1 5.00 (1.91 to seriou s LOW
mm? for predicting cardiac death ~ 61) 13.8)2 sP

Follow-up: mean 35 months.

(Symptomatic non-severe
functional mitral regurgitation,
includes mild-severe MR with
~32% having severe MR at rest;
mean age 65.0 years; medically
managed as patients censored
from analysis if surgery

performed)

Increase of effective regurgitant 1 Adjusted HR: Very None Seriou VERY
orifice area by 213 mm?2vs. <13 (n=1 3.60(1.40 to seriou s LOW
mm?Z for predicting hospital 61) 9.20)d sb

admission for heart failure
Follow-up: mean 35 months.

(Symptomatic non-severe
functional mitral regurgitation,
includes mild-severe MR with
~32% having severe MR at rest;
mean age 65.0 years; medically
managed as patients censored
from analysis if surgery
performed)
(a) Methods: multivariable analysis, not including any of the key confounders in the protocol. The variables included in the
analysis were: ERO increase 213 mm? on exercise, ERO 220 mm?Z at rest and transtricuspid pressure gradient difference
(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias
(c) Population indirectness —~32% had symptomatic severe MR rather than symptomatic non-severe (mild or moderate)
MR at rest. Therefore, some with increase of ERO 213 may have already been within the severe range. Mean ERO at rest
is consistent with non-severe MR as <20 mm?Z. Prognostic factor indirectness — ERO increase of 213 mm? may not
represent increase to severe range in all patients, particularly in very mild cases of MR at rest.
(d) Methods: multivariable analysis, not including any of the key confounders in the protocol. The variables included in the
analysis were: ERO increase 213 mm? on exercise, transtricuspid pressure gradient difference and LV end-systolic volume
at rest

34
Heart valve disease: evidence reviews for stress testing and stress echocardiography to
determine the need for intervention DRAFT [March 2021]



20

21
22

23

24
25

Heart valve disease: DRAFT FOR CONSULTATION
Stress testing and stress echocardiography to determine the need for intervention

Any valve disease combined

Table 15: Clinical evidence summary: positive exercise echocardiogram (different
definitions for each presentation of valve disease)

Positive vs. negative exercise Adjusted HR: Very None Seriou VERY
echocardiogram@ for predicting (n—1 15.49 (4.18 to seriou sd LOW
admission for worsening heart 00) 57.40)° s¢

failure or death
Follow-up median 12.6 months.

(Various valve disease
presentations — symptomatic non-
severe mitral regurgitation,
asymptomatic severe mitral
regurgitation, symptomatic non-
severe mitral stenosis,
asymptomatic severe mitral
stenosis, asymptomatic severe
aortic stenosis and asymptomatic
severe aortic regurgitation; mean
age 67.26 years; medically or
surgically managed patients
included, does not appear to
have adjusted for surgery)

(a) A positive echocardiogram was defined as follows for the different valve disease presentations: Symptomatic non-severe
MR, increase in severity to severe — effective orifice area 20.4 cm? (organic) or 20.2 cm? (functional); asymptomatic
severe MR, increase in pulmonary artery systolic pressure >60 mmHg,; symptomatic non-severe MS, increase in mean
transmitral gradient 215 mmHg or estimated pulmonary artery systolic pressure 260 mmHg,; asymptomatic severe MS,
increase in mean transmitral gradient 215 mmHg or estimated pulmonary artery systolic pressure 260 mmHg or
symptom development; asymptomatic severe AS, increase in mean transaortic gradient 220 mmHg; and asymptomatic
severe AR, lack of increase in LVEF >5% or exercise-induced reduction in LVEF.

(b) Methods: multivariable analysis appears to have been performed as the study mentions independent predictors,
however the variables included in the analysis are unclear.

(c) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(d) Population indirectness — different valve disease presentation types combined as a single group rather than presenting
separately as in protocol. Prognostic factor indirectness — various factors listed in protocol combined under positive
exercise echocardiogram rather than being reported separately.

See Appendix F for full GRADE tables.
1.1.7 Economic evidence

1.1.7.1 Included studies

No health economic studies were included.

1.1.7.2 Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.
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1 See also the health economic study selection flow chart in Appendix G.
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1.1.9 Economic model

This area was not prioritised for new cost-effectiveness analysis.
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1.1.10 Unit costs

Relevant unit costs are provided below to aid consideration of cost effectiveness.

Resource Unit costs Source

Electrocardiogram Monitoring or Stress  £479 (@) NHS reference costs

Testing 2018/1917

Complex Echocardiogram £375 () NHS reference costs
2018/19179

Source: Costs obtained from the NHS reference cost 2018/19
(a) Cost obtained for outpatients
(b) Complex echocardiogram (stress echocardiogram)

1.1.11 Evidence statements
Effectiveness

See the summary of evidence in Table 3, Table 5, Table 6, Table 4, Table 7, Table 8,
Table 9:  Clinical evidence summary: no increase in valve area on
dobutamine stress echocardiography testing

No increase in valve area to >1.2 Adjusted HR: Seriou None  Seriou
cm? (true-severe AS or those with (n 1 1.89(1.33t0 sP s¢
no contractile reserve) vs. 07) 2.69)2

increase in valve area to >1.2
cm? (pseudo-severe AS) on
dobutamine stress testing for
predicting overall mortality

Follow-up: median 25 months

(symptomatic low-flow aortic
stenosis; median age 76.0 years;
patients managed conservatively
for >6 months)

No increase in valve area vs. 1 Adjusted HR: Very None Seriou VERY
increase in valve area on (n=3 5.70(2.02 to seriou se LOW
dobutamine stress testing for 9) 16.12)d sb

predicting death, myocardial
infarction or significant worsening
of heart failure symptoms
(pulmonary oedema)

Follow-up: mean 353 days

(symptomatic low-flow aortic
stenosis, ~12.8% appear to be
asymptomatic as are in NYHA
class I; mean age 59.0 years;
includes patients that were
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managed medically or surgically
and does not include this as a
confounder to adjust for in the MV
analysis)

(f) Methods: multivariable analysis, not including any of the key confounders in the protocol. The variables included in the
analysis were: pseudo-severe AS, logistic EuroSCORE, baseline mean pressure gradient and male sex.

(g) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if
the majority of the evidence was at very high risk of bias

(h) Prognostic factor indirectness — in the subgroup with no contractile reserve it was not possible to determine whether it
was true-severe AS or pseudo-severe AS based on increase/no increase in valve area and the study reports them as a
separate, third group. However, for the multivariate analysis the no contractile reserve subgroup is combined with true-
severe AS and it is unclear whether this group experienced an increase in valve area or not. Based on study
characteristics table, only small increases in valve area reported in the no contractile reserve group so may all have
shown no increase as well as in the true-severe AS group, though this is unclear.

(i) Methods: multivariable analysis, though confounders included in the reported multivariate analysis are unclear. May
have included the following: aortic valve area at peak stress, absence of aortic valve area increase during stress, absence
of contractile reserve and presence of significant coronary artery disease. If these were the included confounders, only
one of those specified in the protocol has been included.

(j) Population indirectness — not limited to symptomatic low-flow AS as appears to include some that are asymptomatic
(NYHA class 1) — 87% are symptomatic low-flow AS. Outcome indirectness — combines medically and surgically treated
patients in the same analysis and has not included this as a confounding factor, whereas in the protocol ideally separate
results for those medically and surgically treated could be extracted

Table 10Table 9, Table 12, Table 13, Table 11, Table 14, Table 15.

Economic
e No relevant economic evaluations were identified.

1.1.12 The committee’s discussion and interpretation of the evidence

1.1212.1. The outcomes that matter most

25
26
27

28

29
30
31
32
33
34

35
36

37
38
39
40

All outcomes listed in the protocol were deemed critical and where possible they were
assessed separately for groups that did not receive intervention (i.e. medically managed) and
those that received an intervention (i.e. transcatheter or surgical intervention).

The following outcomes were pre-specified for each of these two treatment strategies:

e Outcomes following no intervention (medical/conservative treatment):
o Mortality
o Hospital attendance/admission for heart failure or unplanned intervention
o Reduced cardiac function (echo or CMR parameters — for example LVEF
<50% for AS and AR or LVEF <60% for MR)
o Symptom onset (for those that were asymptomatic at enrolment in the study)

Time-points selected for reporting of these outcomes were 1 and 5 years, where
possible.

e Outcomes following intervention (transcatheter or surgical treatment):
o Mortality
o Hospital attendance for heart failure
o Cardiac event-free survival
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o Reduced cardiac function (echo or CMR parameters — for example LVEF
<50%)

Time-points selected for reporting of these outcomes were 6 and 12 months,
where possible.

The included evidence covered various types and presentations of valve disease, which
were analysed as separate populations from the outset of the review. The evidence also
covers a wide range of different risk factors pre-specified in the protocol. The number of
outcomes reported therefore differs according to the type and presentation of valve disease
and also the risk factor. However, in general, most reported outcomes were a composite of
two or more different outcomes listed in the protocol.

Overall, most of the evidence was from populations that had been medically managed and
censored at the time of surgery or need for surgery forming part of the outcome, though there
were a number of studies that included medically and surgically treated patients in the same
analysis and one study that looked solely at those that had received an intervention.

1.1112.2 The quality of the evidence
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Strata and risk factors covered

No evidence was identified for the following population strata: asymptomatic severe AR,
asymptomatic severe MS and symptomatic non-severe MS.

Some evidence was identified for all other strata specified in the protocol, though the number
of risk factors covered for each varied. The number of risk factors covered by at least one
study and outcome for each stratum was as follows (note that for many, some indirectness
relative to the protocol was observed):

Asymptomatic severe AS: 5/12 pre-specified risk factors
Symptomatic non-severe or low-flow AS: 2/4 pre-specified risk factors
Asymptomatic severe MR: 3/8 pre-specified risk factors

Symptomatic non-severe MR: 1/3 pre-specified risk factors

Note that some additional risk factors were partially covered as there were some included
studies that used ‘positive exercise test’ or ‘positive stress echocardiogram’ as risk factors.
Definitions of positive tests in these studies incorporated more than one of the risk factors
listed in the protocol and therefore does not provide evidence individually

Quality and limitations

The quality of the evidence ranged from low to very low, with the majority being very low. The
main reason for downgrading in all studies was risk of bias, though indirectness relative to
the protocol was also an issue for many studies. Within the risk of bias rating, the most
common reasons for downgrading were: limited reporting of patient characteristics,
particularly those pre-specified as confounders in the protocol; a lack of or no mention of
blinding to risk factor group when outcomes were assessed, which was the case in most
studies and was an issue because most studies reported subjective or partially subjective
outcomes (for example, decision to perform aortic valve replacement may be partially due to
knowledge of that risk factor); confounding adjustment — though all studies had to have
performed some multivariate analysis to be included, in most cases none of the four pre-
specified confounders in the protocol were included in this analysis, though in some studies
some of these pre-specified confounders were exclusion criteria for the study (for example,
coronary artery disease and pulmonary disease were excluded from a number of studies);
and in some studies, there were fewer than 10 events per covariate in the analysis, making
the estimates less reliable.
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For many of the studies, indirectness relative to the protocol was also a reason for
downgrading. One reason for downgrading due to indirectness was population indirectness.
For example, some studies reported on moderate or severe or mild-severe asymptomatic
AS, rather than all participants having severe asymptomatic AS, as specified as one of the
strata in the protocol. Similar population indirectness was also observed for many studies in
the other strata.

Another common reason for indirectness was the definition of the risk factor that had been
used. The two main reasons for risk factor indirectness were the following: studies combined
more than one factor listed in the protocol as the risk factor, rather than reporting data
separately for each of the different factors; and differences between the format of the risk
factor reported in the study compared to as specified in the protocol, for example using a
different threshold to that specified (e.g. one study used a threshold >1 mm for ST segment
depression, while in the protocol a threshold of >2 mm was specified).

In a few studies, outcome indirectness was considered to be present. This was because they
had included medically and surgically treated patients in the analysis and had not adjusted
for this or censored at the time of surgery, meaning separate outcomes were not available for
those that did not receive intervention and those that received intervention.

Although some studies reported similar risk factors in similar populations, no pooling was
performed as there were differences between the studies, primarily in terms of the definitions
used for the risk factor and the components of the composite outcome reported (e.g. aortic
valve replacement or death reported in one study and symptoms in daily life or sudden death
reported in another study).

Another limitation of the evidence is the size of the studies — all but one study included fewer
than 200 participants, meaning results are based on small populations. Imprecision was not
observed for many outcomes as confidence intervals did not cross the null line in many
cases, which also means they were considered to be statistically significant predictors.
However, for some outcomes confidence intervals were wide despite being considered a
significant predictor of outcome, coming close to the null line in some cases, meaning there
is uncertainty in the size of the effect.

It is important to note that although this review aims to assess which risk factors measured
on stress testing or echocardiography indicate that intervention should be performed in
various valve disease presentations, this is based on interpretation of outcomes with and
without intervention. For example, if a particular risk factor appears to be associated with a
worse outcome (e.g. higher mortality) on medical treatment compared to those without the
risk factor, this may mean that intervention should be considered for those with this risk
factor. However, unless sufficient separate information is available for the same risk factor in
populations that received medical treatment and populations that received surgical treatment,
it is difficult to be sure that surgery would improve the prognosis of those with the risk factor,
as the risk factor could worsen the prognosis of all patients, regardless of whether medical
treatment or intervention is selected. To make strong conclusions about whether intervention
would improve the prognosis of people with particular risk factors, evidence comparing
medical treatment and intervention within these subgroups in the form of an intervention
review would be required, which is not addressed by this review. However, the committee
agreed that groups that experience poor outcomes following surgery are likely to experience
even poorer outcomes if only medical management is provided, as these prognostic groups
are associated with poorer outcome compared to those without the prognostic factor,
regardless of which treatment is performed, though it was agreed that surgery would be a
better option in these patients if suitable. Evidence of a prognostic factor being associated
with a negative outcome following medical or surgical treatment was therefore used to
support it as an indicator for intervention, as the committee agreed that surgery would
improve outcomes compared to medical management for patients within these groups
associated with poorer prognosis.
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Based on a combination of the limitations reported above, all recommendations for
intervention were consider recommendations as there was insufficient evidence to support
making offer recommendations. In addition, for some prognostic factors, though there was
some evidence suggesting a role as a prognostic factor for worse outcome, the evidence
was considered to be insufficient to make even a consider recommendation. The reasons the
evidence was considered insufficient is described in detail in the benefits and harms section
below for each specific factor.

1.1.12.3 Benefits and harms
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Asymptomatic severe AS

Symptoms unmasked on exercise

There was evidence from three studies that symptoms unmasked on exercise is a significant
predictor of poor outcome in those with asymptomatic severe AS that were medically
managed. The outcomes reported varied between the studies (cardiovascular death, typical
AS symptoms indicating aortic valve replacement or major adverse cardiac events in one
study, development of spontaneous exertional symptoms or cardiovascular death in one
study and cardiovascular death or aortic valve replacement in one study). The definition of
symptoms on exercise also varied slightly between the studies (stopping prematurely due to
limiting breathlessness or dizziness at <80% of their predicted workload or chest pain at any
stage in one study, limiting breathlessness/chest discomfort or dizziness in one study and
angor, syncope, pre-syncope or dyspnoea in one study). Although two of the three studies
had issues with population indirectness as they included a proportion with moderate or
moderate and mild asymptomatic AS, the evidence was still deemed sufficient to list
symptoms unmasked on exercise as an indication for intervention in the asymptomatic
severe AS population, as the point estimates and confidence intervals for all three studies
were consistent with this being a risk factor for worse outcome. It was agreed that symptoms
unmasked on exercise is a factor that is commonly used in current practice as an indication
for intervention, so would not lead to a change in current practice. The committee noted that
in asymptomatic severe AS, some patients may not report any symptoms at rest as they
have adapted to the development of symptoms, for example by reducing their activity as they
experience breathlessness on more strenuous activity. Exercise may reveal symptoms that
were being masked at rest and is therefore an indication for intervention as it suggests
symptomatic severe AS is actually present.

Mean gradient increase >20 mmHg during exercise

Although there was evidence from a single study that a mean gradient increase >20 mmHg
measured on exercise compared to rest was a significant predictor of worse outcome in
asymptomatic or minimally symptomatic patients with moderate or severe AS that were
managed medically, the committee agreed that the evidence was not strong enough to be
able to include this as a factor that should lead to intervention being considered in
asymptomatic severe AS. Despite the results for the composite outcome of cardiovascular
death or need for aortic valve replacement due to symptoms or left ventricular dysfunction
suggesting a large increase of events in those with this increase in gradient, with no
imprecision identified, it was agreed that this is not an observation that would usually lead to
intervention being considered in asymptomatic severe AS and would therefore represent a
change in practice, possibly leading to an increased number of stress echocardiography
tests being requested. The included evidence was not considered to be strong enough to
support such as change in practice, as the evidence for this factor was from a single study
with population indirectness, as it included moderate as well as severe cases and some that
were minimally symptomatic rather than asymptomatic. A research recommendation was not
made as it was not an observation that is used in practice to make treatment decisions and it
was therefore not an area that was prioritised for research recommendations. The committee
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were confident that the recommendations that were made would identify the majority of
people with an indication for intervention.

Absolute difference of BNP levels from rest to exercise (per 100 pg/ml increase from rest)

One study investigated the effect of increased BNP levels from rest to exercise, as a
continuous variable using increments of 100 pg/ml, in a population with asymptomatic severe
AS that were initially medically managed. The composite outcome reported was death or
aortic valve replacement indicated by development of symptoms or left ventricular
dysfunction. Although the point estimate and confidence intervals were consistent with this
factor being a significant risk factor for worse outcome, it was agreed that it was difficult to
incorporate this in a recommendation as it is unclear at which threshold this factor is likely to
become prognostic and there is no included evidence that compares outcomes between
those with an increase vs. no increase in BNP from rest to exercise. This was not prioritised
by the committee for a research recommendation due to the practicalities of measuring BNP
during exercise.

Abnormal blood pressure response to exercise

Three studies investigated whether an abnormal blood pressure response to exercise was
associated with outcome in asymptomatic severe, asymptomatic moderate or severe, or
asymptomatic mild-severe AS that received medical management. There was population
indirectness for two of the three included studies as populations included moderate or
moderate and mild cases as well as severe.

The definition of the risk factor varied slightly across all three studies and were as follows:
sustained reduction of systolic blood pressure 220 mmHg below previous stage or baseline
level; reduction or no increase in blood pressure compared to rest; and drop in systolic blood
pressure 210 mmHg compared to rest.

There was some evidence from two studies to suggest that an abnormal blood pressure
response to exercise is a significant risk factor for worse outcome in asymptomatic severe or
asymptomatic moderate or severe AS (symptoms developing spontaneously during follow-up
reported by one study, aortic valve replacement reported by one study and cardiovascular
death or aortic valve replacement reported by one study). However, this was based only on
the point estimate, as the confidence intervals demonstrated considerable uncertainty in the
result, with all three outcomes reported across these two studies coming close to or crossing
the line of no effect.

In addition, further uncertainty was added for this prognostic factor as the results for the third
study suggest that an abnormal blood pressure response to exercise is not a risk factor for
increased development of spontaneous exertional symptoms or cardiovascular death in
asymptomatic mild-severe AS, where 8% of the population had mild AS. The confidence
intervals for this outcome were quite narrow and consistent with it not being a risk factor for
worse outcome.

Based on the uncertainty observed for this prognostic factor, it was agreed that there was
insufficient evidence included to include abnormal blood pressure response to exercise as
one of the factors that should lead to intervention being considered in asymptomatic severe
AS. The committee did not prioritise this as an area for a research recommendation as they
were confident that the recommendations made would identify the majority of people with an
indication for intervention.
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ST segment depression on exercise

Two studies investigated whether ST segment depression on exercise was associated with
outcome in asymptomatic moderate or severe, or asymptomatic mild-severe AS that
received medical management. There was population indirectness for both of the included
studies as populations included moderate or moderate and mild cases as well as severe.

The definition of the risk factor varied slightly between the two studies as one used a
threshold of 22 mm for ST segment depression and the other used a threshold of >1 mm for
downsloping ST segment depression.

Based on the point estimates, different results were observed in the two studies. One
suggested downsloping ST segment depression (>1 mm) was a significant risk factor for
cardiovascular death or aortic valve replacement. However, there is uncertainty in this
estimate as the confidence intervals are fairly wide and come close to the line of no effect.
The other suggested that ST depression (=2 mm) was not a significant risk factor for the
development of spontaneous exertional symptoms or cardiovascular death, with confidence
intervals being very narrow and just crossing the null line.

Overall, there was not considered to be sufficient evidence to include this factor as one of the
factors that should lead to intervention being considered in asymptomatic severe AS. The
committee did not prioritise this as an area for a research recommendation as they were
confident that the recommendations made would identify the majority of people with an
indication for intervention.

Positive or abnormal exercise test — various definitions included

Three studies investigated whether the risk factor of a positive or abnormal exercise test was
associated with outcome in a population with asymptomatic severe (one study) or
asymptomatic moderate or severe (two studies) AS under medical treatment. The definition
of a positive or abnormal exercise test incorporated multiple risk factors listed in the protocol
and differed slightly between the three studies. Though differing slightly between the studies,
the definitions included most of the following on exercise in each study: ST segment
depression; symptoms, such as angina, dizziness, presyncope and syncope; complex
ventricular arrythmia, a rise in or failure of blood pressure to rise 220 mmHg.

Mixed results were observed, as one study suggested that the group with a positive exercise
test had higher events in terms of appearance of symptoms in daily life or sudden death in
asymptomatic severe AS, which was demonstrated to be significant as the confidence
intervals did not cross the null line, while the other two studies suggested no or only a small
effect in opposing directions for the development of significant symptoms, need for aortic
valve replacement or cardiac-related death. It is important to note that there may be some
overlap between the latter two studies as they have very similar inclusion criteria, though the
definition of the prognostic factor differs slightly.

It was agreed that these studies are less useful than those that provided results for individual
prognostic factors on exercise testing separately rather than combining multiple under
‘abnormal exercise test’, as it does not provide any further information as to which specific
observations on exercise testing should lead to intervention being considered.

The committee did not prioritise this as an area for a research recommendation as they were
confident that the recommendations made would identify the majority of people with an
indication for intervention.

Symptomatic low-flow low-gradient AS

No increase in valve area on dobutamine stress testing
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Evidence from two studies demonstrated that no increase in valve area on dobutamine
stress testing was associated with worse outcome (overall mortality in one study and death,
myocardial infarction or significant worsening of heart failure symptoms in one study) in
symptomatic low-flow low-gradient AS, though in one study ~13% were asymptomatic rather
than symptomatic, meaning the population was indirect. In one study, all patients were
managed conservatively for >6 months but in the other the population was a mixture of those
that received conservative management and those that received surgery, with no adjustment
for surgery being performed in the analysis.

The definition of the risk factor and the comparator used varied slightly between the two
studies. One used no increase in valve area to >1.2 cm? or no contractile reserve as the risk
factor and compared it to those that did have an increase in valve area to >1.2 cm? on
dobutamine testing, while the other used no increase in valve area as the risk factor and
compared it to those that did have an increase in valve area on dobutamine testing. For
those with low-flow low-gradient AS but where the valve area is <1.0 cm? and suggests
severe AS at rest, a lack of an increase in valve area on dobutamine testing to within the
moderate range suggests that the AS may actually be severe, despite low flow and low
gradient at rest suggesting the AS is not severe.

Based on the fact that point estimates and confidence intervals from both studies were
consistent with no increase in valve area on dobutamine testing being associated with worse
outcome, as the confidence intervals did not cross the null line meaning this was a significant
predictor of outcome, the committee agreed that there was sufficient evidence to include this
as a factor that should lead to intervention being considered in those with symptomatic low-
flow AS. It was agreed that in this population with symptoms, a lack of an increase in valve
area to within the moderate range on dobutamine testing was currently used as an indication
for intervention and would not represent a change in practice.

Increase of mean gradient to within severe range on dobutamine stress testing

One study investigated whether increase of mean gradient to within the severe range (= 40
mmHg) on dobutamine stress testing was associated with outcome in low-flow low-gradient
AS, where at least 40% where symptomatic as they were reported to be in NYHA class Il or
IV. However, it was unclear whether the remaining 60% were symptomatic and the
population was therefore indirect. All patients were medically managed for analysis.

Based on a single study where there was substantial uncertainty in the result based on the
confidence intervals and point estimate for the outcome of mortality, it was agreed that there
was insufficient evidence to include this factor as one of the factors that should lead to
intervention being considered in symptomatic low-flow low-gradient AS as it was not
demonstrated to be a significant predictor of outcome. This area was not prioritised for a
research recommendation as the committee were able to make a recommendation covering
this population as referral for intervention for those with no increase in valve area on
dobutamine stress testing was recommended, while populations included in the research
recommendations were those where no recommendations could currently be made.

Asymptomatic severe MR

Increase of SPAP to >60 mmHg on exercise testing

There was evidence from two studies that an increase of systolic pulmonary artery pressure
SPAP to >60 mmHg on exercise (exercise pulmonary hypertension) was associated with
worse outcome (development of symptoms, including shortness of breath, angina, dizziness
or syncope with exertion, during follow-up in one study and cardiovascular death,
cardiovascular hospitalisation, stroke or atrial fibrillation in one study) in asymptomatic or
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asymptomatic/mildly symptomatic moderate or severe MR, with it demonstrated to be a
significant predictor of outcome. Both studies included some that had moderate
asymptomatic or mildly symptomatic MR rather than severe and the population was therefore
indirect. One study reported the outcome in a medically managed population and the other
covered only those that were surgically managed.

It was agreed that the outcomes reported in the two studies were limited, as one only
reported on the development of symptoms, with no information for mortality or other serious
outcomes, and for the other study atrial fibrillation events made up a large proportion of the
observed events for the composite outcome, which is a weaker outcome compared to other
events such as cardiovascular mortality and cardiovascular hospitalisation. However,
although it was noted that evidence confirming improved outcomes if intervention if
performed prior to rather than following the development of symptoms in severe MR is
limited, the committee agreed that intervening prior to symptom development may be
preferable and evidence from one study included in the review reported an association
between SPAP >60 mmHg on exercise and the development of symptoms during follow-up.

Despite the confidence intervals of one of the studies coming close to the line of no effect,
based on the fact that the point estimates from both studies were consistent with an increase
of SPAP to >60 mmHg on exercise being associated with worse outcome, the committee
agreed that, despite the limitations, there was sufficient evidence to include this as a factor
that should lead to intervention being considered in those with asymptomatic severe MR.
This decision was also partly based on the clinical experience of the committee, as it was
noted that SPAP >60 mmHg may be associated with worse prognosis if intervention is not
performed. It was also agreed that this observation on exercise testing is increasingly being
used in this population as a possible indicator for intervention and would therefore be
consistent with current practice. A recommendation was made for this indicator.

Lack of contractile reserve on stress testing

Two studies investigated whether a lack of contractile reserve on stress testing was
associated with outcome in asymptomatic moderate or severe primary MR (one study using
exercise testing) or asymptomatic/mildly symptomatic moderate-severe or severe functional
MR (one study using dobutamine testing). Both studies included some that had moderate
asymptomatic or mildly symptomatic MR rather than severe asymptomatic MR and the
population was therefore indirect. One study reported the outcome in a medically managed
population but in the other the population was a mixture of those that received conservative
management and those that received surgery, with no adjustment for surgery being
performed in the analysis.

Slightly different definitions were used to indicate a lack of contractile reserve. The study that
covered medically managed primary MR patients defined a lack of contractile reserve as
<2% improvement in global longitudinal strain on exercise testing, while the study covering
medically and surgically managed functional MR patients defined it as <10% improvement in
global left ventricular function on dobutamine testing.

For both studies, the point estimate indicates that a lack of contractile reserve is a significant
risk factor for worse outcome within their respective populations. A <2% improvement in
global longitudinal strain was a risk factor for cardiac events (cardiovascular death, indication
for mitral valve surgery due to symptoms or left ventricular dysfunction, or hospitalisation for
acute pulmonary oedema or congestive heart failure) in medically managed primary MR
patients. For both adjusted estimates from this study, the lower confidence interval comes
quite close to the line of no effect, suggesting there is uncertainty in whether this is a risk
factor for worse outcome. In addition, <10% improvement in global left ventricular function
was demonstrated to be a risk factor for all-cause mortality or need for heart transplant in
medically or surgically managed functional MR patients.
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Despite both studies suggesting increased events in those without contractile reserve on
stress testing, it was agreed that the evidence included was not strong enough to be able to
make recommendations for this factor as only a single study was identified for primary and
secondary MR, respectively, and it was agreed they should be considered separately as they
are very different types of MR. A single, small study with evidence that was graded very low
quality for each was not considered to be enough for this factor as it is not currently used as
an indicator for intervention in asymptomatic severe MR and would represent a change in
practice. This area was not prioritised for a research recommendation as it is not an
observation that is usually used when making treatment decisions and the committee were
able to make a recommendation covering this population as referral for intervention for those
with an increase of SPAP >60 mmHg was recommended, while populations included in the
research recommendations were those where no recommendations could currently be made.

Exercise capacity (VO, max) £84% predicted for weight, age and gender

One study investigated whether an exercise capacity (measured by VO, max) <84%
predicted for weight, age and gender was associated with outcome in those with
asymptomatic moderate or severe organic MR that were medically managed, with the
population being indirect due to the inclusion of some with asymptomatic moderate organic
MR. The threshold used for the prognostic factor was also a source of indirectness, as <60%
had been pre-specified in the protocol.

Although the point estimate suggested that this was a risk factor for clinical events (death,
heart failure or new severe symptoms, or new atrial arrythmia) and it was considered to be a
significant risk factor as the null line was not crossed, uncertainty was present as the lower
confidence interval comes close to the line of no effect. It was therefore agreed that based on
the uncertainty in the result and the fact only a single, small study was included for this factor
with evidence graded very low quality, there was insufficient evidence to include this as a
factor that should lead to intervention being considered in those with asymptomatic severe
primary MR.

This area was not prioritised for a research recommendation as the committee were able to
make a recommendation covering this population as referral for intervention for those with an
increase of SPAP >60 mmHg was recommended, while populations included in the research
recommendations were those where no recommendations could currently be made.

Symptomatic non-severe MR

Severe status unmasked on exercise

One study investigated whether an increase in effective regurgitant orifice area by 213 mm?
was associated with two different outcomes in symptomatic non-severe functional MR,
though there was population indirectness as 32% of the included participants had severe
symptomatic MR rather than non-severe symptomatic MR. There was also indirectness
regarding the prognostic factor, as it was not clear whether an increase of 213 mm? would
represent the unmasking of severe disease on exercise in all participants, particularly for
those with very mild MR at rest. All patients were medically managed for the analysis and
censored from the analysis if surgery was performed.

The results indicated that an increase in effective regurgitant orifice area by 213 mm? is a
significant risk factor for cardiac death and hospital admission for heart failure in this study,
which consisted of those with functional MR. However, due to the limitations of the study in
terms of population indirectness and it being unclear whether an increase of 213 mm? for
regurgitant orifice area represents the unmasking of severe disease in all cases, the
committee agreed that the evidence was not strong enough to include this as a factor that

47
Heart valve disease: evidence reviews for stress testing and stress echocardiography to
determine the need for intervention DRAFT [March 2021]



0 N O OabhOON-

11
12
13
14
15
16

17
18
19
20
21
22
23
24
25

26
27
28

29
30
31
32
33
34
35
36
37
38
39

40
41

42

43
44
45
46
47

48

Heart valve disease: DRAFT FOR CONSULTATION
Stress testing and stress echocardiography to determine the need for intervention

should lead to intervention being considered in those with symptomatic non-severe functional
MR. Therefore, no recommendations covering symptomatic non-severe MR were made but a
research recommendation investigating the association between the unmasking of severe
disease on exercise echocardiography and outcomes in symptomatic non-severe MR was
made (see Appendix K.1.5 for details).

Any valve disease

Positive exercise echocardiogram

One study investigated whether a positive exercise echocardiogram, which had various
definitions depending on the type and presentation of valve disease, was associated with
outcome. The study did not focus on a specific type of valve disease (e.g. asymptomatic
severe AS or symptomatic non-severe MR) and instead included various different types:
asymptomatic severe AS, asymptomatic severe AR, asymptomatic severe MS, symptomatic
non-severe MS, asymptomatic severe MR and symptomatic non-severe MR. In addition, the
analysis includes those that were medically managed and those that were surgically
managed, with no adjustment for this in the analysis.

The definition of a positive exercise echocardiogram differed depending on the valve
disease, as follows: symptomatic non-severe MR, increase in severity to severe — effective
orifice area 20.4 cm? (organic) or 20.2 cm? (functional); asymptomatic severe MR, increase in
SPAP to >60 mmHg; symptomatic non-severe MS, increase in mean transmitral gradient 215
mmHg or estimated SPAP to 260 mmHg; asymptomatic severe MS, increase in mean
transmitral gradient 215 mmHg or estimated SPAP to 260 mmHg or symptom development;
asymptomatic severe AS, increase in mean transaortic gradient 220 mmHg; and
asymptomatic severe AR, lack of increase in left ventricular ejection fraction 25% or
exercise-induced reduction in left ventricular ejection fraction.

The results indicate that a positive exercise echocardiogram is a significant risk factor for
admission for worsening heart failure or death in heart valve disease in general, based on
the point estimate and confidence intervals.

Despite the results demonstrating a large increase in events in those with a positive exercise
echocardiogram compared to those with a negative exercise echocardiogram, with a point
estimate >15.0 and suggesting a positive exercise echocardiogram is a risk factor for worse
outcome in valve disease overall, it was agreed that this result is difficult to interpret as
multiple heart valve disease presentations and risk factors on exercise testing have been
combined. For example, it might be that a positive exercise echocardiogram is a risk factor in
some of the included populations but less of a risk factor in others, and it would therefore not
be appropriate to use a positive exercise echocardiogram to suggest poorer prognosis in all
types of valve disease. Similarly, for some of the included heart valve disease populations,
multiple different observations on exercise testing have been used to indicate a positive
echocardiogram, some of which may be more of a risk factor for poor outcome than others.

A research recommendation was not prioritised for this area due to the heterogeneity of the
population which would make research difficult to conduct.

Asymptomatic severe AR

No evidence was included in the review to cover this population. Due to variation in current
practice a consensus recommendation could not be made. This was considered to be an
area where further research would be useful as there are questions about when to intervene
in this population. Therefore, a research recommendation was made to identify prognostic
factors in this population on stress testing (see Appendix K.1.1 for details).
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Asymptomatic severe MS and symptomatic non-severe MS

No evidence was identified covering either of these populations for this review. Due to
variation in current practice a consensus recommendation could not be made. Research
recommendations in these populations were discussed, however, the committee agreed that
this population of patients is very small and in their experience stress testing was not
commonly performed in practice. For these reasons, this population was not considered to
be a priority for further research on prognostic factors on stress testing.

1.1.12.4 Cost effectiveness and resource use
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No health economic evidence was identified. The committee made separate
recommendations for factor that should lead to intervention being considered in some
populations where clinical evidence was found. These factors are Vmax more than 5 m/s,
LVEF less than 60%, BNP level more than twice the upper limit of normal, symptoms
unmasked on exercise, low gradient across the aortic valve, a valve area less than 1.0 cm2,
ESDI more than 2.2 cm/m2 on echocardiography, an increase of systolic pulmonary artery
pressure to more than 60 mgHg on exercise testing. The factors included in the
recommendations are commonly used in current practice as an indication for intervention, so
would not lead to a change in current practice.

In addition, the committee noted that the presence of these specific factors in the different
populations means the patient could truly have an underlying condition that would need
intervention and if not treated or investigated early can lead to downstream complications
and increase in NHS costs.

The committee did not make recommendations where there was insufficient clinical evidence
and uncertainty in clinical practice as some factors could lead to a possible increase in
intervention being considered and tests being requested and therefore likely to have
additional costs to the NHS.

1.1.13 Recommendations supported by this evidence review

This evidence review supports recommendations 1.3.2, 1.3.3 and 1.3.8 and the research
recommendation on stress testing and stress echocardiography to determine the need for
intervention.
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Appendices

Appendix A - Review protocols

Review protocol for stress testing and stress echocardiography in determining need for intervention

ID Field Content
0. PROSPERO registration number CRD42020181671
1. Review title In adults with heart valve disease, what is the prognostic value and cost

effectiveness of stress testing and stress echocardiography to determine the need
for intervention?

2. Review question In adults with heart valve disease, what is the prognostic value and cost
effectiveness of stress testing and stress echocardiography to determine the need
for intervention?

3. Objective To assess the prognostic value of stress testing and stress echocardiography to
determine the need for intervention in adults with diagnosed heart valve disease.
4. Searches The following databases (from inception) will be searched:
e Embase
e MEDLINE

Searches will be restricted by:
¢ English language
e Human studies

e Letters and comments are excluded
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Other searches:
¢ Inclusion lists of relevant systematic reviews will be checked by the reviewer.

The searches may be re-run 6 weeks before the final committee meeting and
further studies retrieved for inclusion if relevant.

The full search strategies will be published in the final review.

5. Condition or domain being studied Diagnosed heart valve disease in adults aged 18 years and over: Aortic (including
bicuspid) stenosis, aortic regurgitation, mitral stenosis, mitral regurgitation and
tricuspid regurgitation.

6. Population Inclusion:

Adults aged 18 years and over with diagnosed heart valve disease requiring
further tests after echocardiography to determine if intervention is needed. This
may be because they are symptomatic but do not have severe HVD or are
asymptomatic with severe HVD, stratified by the type of heart valve disease as
well as symptomatic status as follows:

¢ Asymptomatic severe aortic [including bicuspid] stenosis

e Symptomatic non-severe aortic [including bicuspid] stenosis
¢ Asymptomatic severe aortic regurgitation

o Asymptomatic severe mitral stenosis

e Symptomatic non-severe mitral stenosis

o Asymptomatic severe mitral regurgitation

e Symptomatic non-severe mitral regurgitation

Inclusion of indirect evidence:

Studies including mixed populations will be included (and downgraded for
indirectness) if >75% of the included patients meet the protocol criteria.
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If limited evidence is available, studies with a mixed severe/non-severe population
(including mixed moderate/severe) or mixed symptomatic status will be
considered for inclusion with downgrading for indirectness

Exclusion:

Children (aged less than 18 years).

Adults with congenital heart disease (excluding bicuspid aortic valves).
Tricuspid stenosis and pulmonary valve disease.

Adults with previous intervention for HVD (surgical or transcatheter)

For asymptomatic heart valve disease, secondary heart valve disease because it
does not occur in the asymptomatic group

Adults with acute heart failure

Note: Populations with multiple valve disease will not be excluded from the
protocol. For populations with multiple valve disease, studies will be classified into
strata based on the heart valve disease that drives the need for intervention (e.g.
most severe valve disease).

7. Predictors/prognostic factors for intervention

The following parameters will be assessed according to the type of HVD.

Functional and anatomical parameters refer to measurements from
pharmacological stress or exercise echocardiography:

1. Mitral requrgitation

Asymptomatic severe MR
Exercise stress testing:
e Exercise capacity <60% predicted workload for gender, age and weight
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Symptoms unmasked in response to exercise
Increase in BNP levels on exercise compared with baseline
Development of significant arrhythmia on exercise

Exercise stress echocardiography:

Decrease in LVEF on exercise compared with baseline

Reduced left ventricular systolic function based on global longitudinal
strain on exercise compared with baseline

Increase in peak systolic pulmonary artery pressure during low workload
exercise to >60 mmHg (SPAP >60 mmHg)

Lack of demonstrated contractile reserve at low workload exercise

Symptomatic non-severe MR
Exercise or pharmacological stress testing:

Exercise capacity <60% predicted workload for gender, age and weight
Increase in BNP levels on exercise compared with baseline

Exercise echocardiography: Severe status unmasked in response to
pharmacological stress or exercise

2. Aortic stenosis

Asymptomatic severe AS

Exercise stress testing:

Exercise capacity <60% predicted workload for gender, age and weight
Symptoms unmasked in response to exercise
Increase in BNP levels on exercise compared with baseline
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e Reduction of blood pressure by >20 mmHg or no rise in blood pressure
during exercise

e ST depression on ECG by >2 mm during exercise in the absence of
coronary disease
e Development of significant arrhythmia on exercise

Exercise stress echocardiography:
e Decrease in LVEF on pharmacological stress or exercise compared with
baseline

e Reduced left ventricular systolic function based on global longitudinal
strain on pharmacological stress or exercise compared with baseline

e Worsening in parameters of diastolic function / indicators of left atrial
filling pressure (E/e’) on exercise compared with baseline — E/e’ >15 on
exercise

e Mean gradient increase >20mmHg during exercise

¢ Induced ischaemia (regional wall motion abnormalities) during exercise in
the absence of coronary disease
¢ Development of moderate or severe mitral regurgitation on exercise

Symptomatic non-severe or low-flow AS
Exercise stress testing:

e Exercise capacity <60% predicted workload for gender, age and weight

Pharmacological or exercise stress echocardiography:
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Severe status unmasked in response to pharmacological stress or
exercise, e.g., Increase in peak and mean gradient on pharmacological
stress or exercise to within the severe range

No increase in aortic valve area on pharmacological stress or exercise

Mean gradient increase >20mmHg during pharmacological stress or
exercise

3. Aortic regurgitation

4. Mitral

Asymptomatic severe AR

Exercise stress testing:

Exercise capacity <60% predicted workload for gender, age and weight
Symptoms unmasked in response to exercise

Increase in BNP levels on exercise compared with baseline

Exercise stress echocardiography:

Lack of demonstrated contractile reserve at low workload exercise
Decrease in LVEF on exercise compared with baseline

Reduced left ventricular systolic function based on global longitudinal
strain on exercise compared with baseline

stenosis

Asymptomatic severe MS

Exercise stress testing:

Exercise capacity <60% predicted workload for gender, age and weight
Symptoms unmasked in response to exercise
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Symptomatic non-severe MS

Exercise stress testing:

e Exercise capacity <60% predicted workload for gender, age and weight

Pharmacological or exercise stress echocardiography:

e Severe status unmasked in response to pharmacological stress or
exercise, eg Increase in mitral valve mean gradient on stress/exercise to
severe range — pharmacological stress and exercise

e Increase in peak systolic pulmonary artery pressure during low workload
exercise to >60 mmHg (SPAP >60 mmHg) — only during exercise

8. Confounding factors e Coronary disease

e Comorbid lung disease or respiratory insufficiency
¢ Peripheral vascular disease

o Arthritis

9. Types of study to be included ¢ Prospective and retrospective cohort studies that control for confounders in the
study design or analysis

¢ Systematic reviews of the above

¢ If no cohort studies are identified case control studies that control for
confounders in the study design or analysis will be included but downgraded for
risk of bias. This will be assessed separately for each test and population.

10. Other exclusion criteria Exclusion criteria:

e Conference abstracts will be excluded because they are unlikely to contain
enough information to assess whether the population matches the review
question in terms of previous medication use, or enough detail on outcome
definitions, or on the methodology to assess the risk of bias of the study.

¢ Studies that have not accounted for confounders in the design or analysis

Heart valve disease: evidence reviews for stress testing and stress echocardiography to
determine the need for intervention DRAFT [March 2021]
75



Heart valve disease: DRAFT FOR CONSULTATION

Stress testing and stress echocardiography to determine the need for intervention

¢ Non-English language studies

¢ Studies where the reason for intervention is a separate cardiac problem (e.g.
coronary artery disease) and the heart valve is operated on at the same time

11. Context

Among adults with diagnosed heart valve disease who have had an initial
echocardiography assessment, some require further tests to determine if
intervention is needed because there is a mismatch between symptoms and
severity. This may be because they are symptomatic but do not have severe HVD
or are asymptomatic with severe HVD. Stress testing and stress echo are
common techniques used in this population to provide additional information on
the severity of the disease and/or to unmask symptoms that may not have been
apparent.

12. Primary outcomes (critical outcomes)

Indication for intervention based on prognosis for the following without
intervention:

¢ Mortality (1 and 5 years)

¢ Hospital attendance/admission for heart failure or unplanned intervention (1 and
5 years)

¢ Reduced cardiac function (echo or CMR parameters — for example LVEF <50%
for AS and AR or LVEF <60% for MR) (1 and 5 years)

e Symptom onset (for those that were asymptomatic at enrolment in the study) (1
and 5 years)

Indication for intervention based on predictors of the following post-operative
outcomes and time-points:

¢ Mortality (6 and 12 months)
¢ Hospital attendance for heart failure (6 and 12 months)
¢ Cardiac event-free survival

¢ Reduced cardiac function (echo or CMR parameters — for example LVEF <50%)
(6 and 12 months)

This may be reported as an adjusted HR, RR or OR.
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Sensitivity, specificity and AUC will not be included as these do not allow for
multivariable adjustment.

Use the time point closest to each of the listed endpoints and combine data as
follows:

6 months: include 0-6 months
12 months: include >6 months up to 12 months

1 year: include 0-12 months
5 years: include all >1 year.

No minimum follow-up.

13.

Secondary outcomes (important outcomes)

N/A

14.

Data extraction (selection and coding)

EndNote will be used for reference management, sifting, citations and
bibliographies. All references identified by the searches and from other sources
will be screened for inclusion. 10% of the abstracts will be reviewed by two
reviewers, with any disagreements resolved by discussion or, if necessary, a third
independent reviewer.

The full text of potentially eligible studies will be retrieved and will be assessed in
line with the criteria outlined above.

A standardised form will be used to extract data from studies (see Developing
NICE quidelines: the manual section 6.4). This will include study design, analysis
method, population source, baseline population characteristics, confounding
factors accounted for, numbers in each prognostic group, numbers of events, and
calculated effect estimate when reported.

15.

Risk of bias (quality) assessment

Risk of bias will be assessed using the appropriate checklist as described in
Developing NICE guidelines: the manual.

e The QUIPS checklist will be used to assess risk of bias of each individual study.

10% of all evidence reviews are quality assured by a senior research fellow. This
includes checking:
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papers were included /excluded appropriately

a sample of the data extractions

correct methods are used to synthesise data
¢ a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular
studies will be resolved by discussion, with involvement of a third review author
where necessary.

16. Strategy for data synthesis

¢ Pooling will be considered if the population, prognostic factor, outcomes,
confounders and analysis are sufficiently similar. It is not necessary for the
exact same confounders to be adjusted for because only the key confounders,
with higher coefficients of determination, will noticeably affect the effect size.
Many of the other confounders will have a relatively small effect on the point
estimate so it may be appropriate to pool studies with slightly different arrays of
confounding variables. This is judged on a case-by-case basis.

e Where data allows, pairwise meta-analysis will be performed using Cochrane
Review manager (RevMan5) software. A fixed-effect meta-analysis, with hazard
ratios, odds ratios or risk ratios (as appropriate), and 95% confidence intervals
will be calculated for each outcome.

¢ Data from the meta-analysis will be presented and quality assessed in adapted
GRADE tables taking into account individual study quality and the meta-analysis
results. The 4 main quality elements (risk of bias, indirectness, inconsistency
and imprecision) will be appraised for each risk factor. Publication or other bias
will only be taken into consideration in the quality assessment if it is apparent.

o Heterogeneity between the studies in effect measures will be assessed using
the |2 statistic. We will consider an I value greater than 50% indicative of
substantial heterogeneity. We will conduct sensitivity analyses based on pre-
specified subgroups using stratified meta-analysis to explore the heterogeneity
in effect estimates. If this does not explain the heterogeneity, the results will be
presented using random-effects.
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¢ If meta-analysis is not possible or appropriate, results will be reported
individually per outcome in adapted GRADE tables.

A second reviewer will quality assure 10% of the data analyses. Discrepancies
will be identified and resolved through discussion (with a third party where
necessary).

17. Analysis of sub-groups Groups that will be analysed separately (strata):

Population:

Stratified by the type of heart valve disease as well as symptomatic status as
follows:

Asymptomatic severe aortic [including bicuspid] stenosis
Symptomatic non-severe aortic [including bicuspid] stenosis
Asymptomatic severe aortic regurgitation

Asymptomatic severe mitral stenosis

Symptomatic non-severe mitral stenosis

Asymptomatic severe mitral regurgitation

Symptomatic non-severe mitral regurgitation

Subgroups that will be investigated if heterogeneity is present:
None identified

18. Type and method of review 0 Intervention
O Diagnostic
Prognostic
O Qualitative
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O Epidemiologic
O Service Delivery
O Other (please specify)
19. Language English
20. Country England
21. Anticipated or actual start date 09/05/2019
22. Anticipated completion date 17/06/2021
23. Stage of review at time of this submission Review stage Started Completed
Preliminary searches v v
Piloting of the study selection v v
process
Formal screening of search results | [v v
against eligibility criteria
Data extraction v v
Risk of bias (quality) assessment v v
Data analysis v 2
24. Named contact 5a. Named contact
National Guideline Centre
5b Named contact e-mail
HVD@nice.org.uk
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5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE) and the National
Guideline Centre

25.

Review team members

From the National Guideline Centre:

Sharon Swain [Guideline lead]

Eleanor Samarasekera [Senior systematic reviewer]
Nicole Downes [Systematic reviewer]

George Wood [Systematic reviewer]

Robert King [Health economist]

Jill Cobb [Information specialist]

Katie Broomfield [Project manager]

26.

Funding sources/sponsor

This systematic review is being completed by the National Guideline Centre which
receives funding from NICE.

27.
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28. Collaborators Development of this systematic review will be overseen by an advisory committee
who will use the review to inform the development of evidence-based
recommendations in line with section 3 of Developing NICE guidelines: the
manual. Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/guidance/indevelopment/gid-ng10122

29. Other registration details None

30. Reference/URL for published protocol

31. Dissemination plans NICE may use a range of different methods to raise awareness of the guideline.
These include standard approaches such as:
¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts
e issuing a press release or briefing as appropriate, posting news articles on the

NICE website, using social media channels, and publicising the guideline within
NICE.

32. Keywords Aortic regurgitation; aortic stenosis; echocardiography; heart valve disease; mitral
regurgitation; mitral stenosis; prognosis; stress testing; stress echocardiography;
tricuspid regurgitation

33. Details of existing review of same topic by same authors N/A

34. Current review status 0 Ongoing
Completed but not published
O Completed and published
] Completed, published and being updated
O Discontinued
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35. Additional information N/A

36. Details of final publication www.nice.org.uk
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Table 16:

Review
question

Objectives

Search
criteria

Search
strategy

Review
strategy

Health economic review protocol
All questions — health economic evidence

To identify health economic studies relevant to any of the review questions.

e Populations, interventions and comparators must be as specified in the clinical
review protocol above.

¢ Studies must be of a relevant health economic study design (cost—utility analysis,
cost-effectiveness analysis, cost—benefit analysis, cost—-consequences analysis,
comparative cost analysis).

e Studies must not be a letter, editorial or commentary, or a review of health
economic evaluations. (Recent reviews will be ordered although not reviewed. The
bibliographies will be checked for relevant studies, which will then be ordered.)

¢ Unpublished reports will not be considered unless submitted as part of a call for
evidence.

e Studies must be in English.

A health economic study search will be undertaken using population-specific terms
and a health economic study filter — see appendix B below.

Studies not meeting any of the search criteria above will be excluded. Studies
published before 2004, abstract-only studies and studies from non-OECD countries
or the USA will also be excluded.

Each remaining study will be assessed for applicability and methodological limitations
using the NICE economic evaluation checklist which can be found in appendix H of
Developing NICE guidelines: the manual (2014).178

Inclusion and exclusion criteria

o |If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’ then it will
be included in the guideline. A health economic evidence table will be completed
and it will be included in the health economic evidence profile.

e If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’ then it
will usually be excluded from the guideline. If it is excluded then a health economic
evidence table will not be completed and it will not be included in the health
economic evidence profile.

e If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both then there is discretion over whether it should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question, in discussion with the guideline
committee if required. The ultimate aim is to include health economic studies that are
helpful for decision-making in the context of the guideline and the current NHS
setting. If several studies are considered of sufficiently high applicability and
methodological quality that they could all be included, then the health economist, in
discussion with the committee if required, may decide to include only the most
applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with
explanation in the excluded health economic studies appendix below.

The health economist will be guided by the following hierarchies.
Setting:
e UK NHS (most applicable).

e OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).
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e OECD countries with predominantly private health insurance systems (for example,
Switzerland).

¢ Studies set in non-OECD countries or in the USA will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:
e Cost-utility analysis (most applicable).

e Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness
analysis, cost—consequences analysis).

e Comparative cost analysis.

e Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.

Year of analysis:

e The more recent the study, the more applicable it will be.

e Studies published in 2004 or later that depend on unit costs and resource data
entirely or predominantly from before 2004 will be rated as ‘Not applicable’.

¢ Studies published before 2004 will be excluded before being assessed for
applicability and methodological limitations.

Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review the
more useful the analysis will be for decision-making in the guideline.

Appendix B Literature search strategies

Heart valve disease — search strategy 3 - stress testing and echocardiography

This literature search strategy was used for the following review:

¢ In adults with heart valve disease, what is the prognostic value and cost effectiveness
of stress testing and stress echocardiography to determine the need for intervention?

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual.'”®

For more information, please see the Methodology review published as part of the
accompanying documents for this guideline.
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Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies for interventions as these concepts may not be well
described in title, abstract or indexes and therefore difficult to retrieve. Search filters were
applied to the search where appropriate.

Table 17: Database date parameters and filters used

Database Dates searched Search filter used

Medline (OVID) 1946 — 14 October 2020 Exclusions

Embase (OVID) 1974 — 14 October 2020 Exclusions

Medline (Ovid) search terms

1. exp Heart Valve Diseases/

2 exp heart valves/

3. ((primary or secondary) adj valv* disease*).ti,ab.

4 ((valv* or flap* or leaflet*) adj1 (heart or cardiac) adj (disease* or disorder* or failure or
failed or dysfunction* or insufficien* or repair* or replace* or damage* or leak*)).ti,ab.

5. ((mitral or aortic or tricuspid or pulmon*) adj (valv* or flap* or leaflet*) adj (disease* or
disorder* or failure or failed or dysfunction* or insufficien* or repair* or replace* or
damage* or leak®)).ti,ab.

6. ((mitral or aortic or tricuspid or pulmon*) adj3 (prolapse or regurgitation or stenos?s or
atresia or insufficienc*)).ti,ab.
exp Heart Murmurs/
((heart or cardiac) adj murmur*).ti,ab.
or/1-8

10. letter/

11. editorial/

12. news/

13. exp historical article/

14, Anecdotes as Topic/

15. comment/

16. case report/

17. (letter or comment*).ti.

18. or/10-17

19. randomized controlled trial/ or random®.ti,ab.

20. 18 not 19

21. animals/ not humans/

22. exp Animals, Laboratory/

23. exp Animal Experimentation/

24. exp Models, Animal/

25. exp Rodentia/

26. (rat or rats or mouse or mice).ti.

27. or/21-26

28. 9 not 27

29. limit 28 to English language

<Click this field on the first page and insert footer text if required>
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30. (exp child/ or exp pediatrics/ or exp infant/) not (exp adolescent/ or exp adult/ or exp
middle age/ or exp aged/)

31 29 not 30

32. Predictive Value of Tests/

33. Echocardiography, Stress/

34. Dobutamine/ or dobutamine.ti,ab.

35. (stress adj2 (pharma* or drug* or chemical)).ti,ab.

36. (stress adj (cardiac or heart or cardiograph* or echo* or ECG or ultrasonic or
ultrasound)).ti,ab.

37. exp Exercise Test/

38. ((physical* or exercise* or fitness) adj4 (endur* or exert* or capacit” or tolera* or test*
or stress*)).ti,ab.

39. or/32-38

40. 31 and 39

Embase (Ovid) search terms

1. exp valvular heart disease/

2 exp heart valve/

3. ((primary or secondary) adj valv* disease*).ti,ab.

4 ((valv* or flap* or leaflet*) adj1 (heart or cardiac) adj (disease™ or disorder* or failure or
failed or dysfunction* or insufficien* or repair* or replace* or damage* or leak*)).ti,ab.

5. ((mitral or aortic or tricuspid or pulmon*) adj (valv* or flap* or leaflet*) adj (disease* or
disorder* or failure or failed or dysfunction® or insufficien* or repair* or replace* or
damage* or leak™)).ti,ab.

6. ((mitral or aortic or tricuspid or pulmon*) adj3 (prolapse or regurgitation or stenos?s or
atresia or insufficienc*)).ti,ab.
exp heart murmur/
((heart or cardiac) adj murmur*).ti,ab.
or/1-8

10. letter.pt. or letter/

11. note.pt.

12. editorial.pt.

13. Case report/ or Case study/

14. (letter or comment*).ti.

15. or/10-14

16. randomized controlled trial/ or random®.ti,ab.

17. 15 not 16

18. animal/ not human/

19. Nonhuman/

20. exp Animal Experiment/

21 exp Experimental animal/

22. Animal model/

23. exp Rodent/

24. (rat or rats or mouse or mice).ti.

25. or/18-24

26. 9 not 25

27. limit 26 to English language
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28. (exp child/ or exp pediatrics/) not (exp adult/ or exp adolescent/)
29. 27 not 28
30. predictive value/
31. Echocardiography, Stress/
32. Dobutamine/ or dobutamine.ti,ab.
33. (stress adj2 (pharma* or drug* or chemical)).ti,ab.
34. (stress adj (cardiac or heart or cardiograph* or echo* or ECG or ultrasonic or
ultrasound)).ti,ab.
35. exercise test/
36. ((physical* or exercise* or fitness) adj4 (endur* or exert* or capacit® or tolera* or test*
or stress*)).ti,ab.
37. or/30-36
38. 29 and 37
B.2 Health Economics literature search strategy
2  Health economic evidence was identified by conducting a broad search relating to heart
3  valve disease population in NHS Economic Evaluation Database (NHS EED) — (this ceased
4  to be updated after March 2015) and the Health Technology Assessment database (HTA) —
5 (this ceased to be updated after March 2018) with no date restrictions. NHS EED and HTA
6 databases are hosted by the Centre for Research and Dissemination (CRD). Additional
7  searches were run on Medline and Embase for health economics.
8 Table 18: Database date parameters and filters used
Database Dates searched Search filter used
Medline 01 January 2014 — 15 October  Exclusions
2020 Health economics studies
Embase 01 January 2014 — 15 October  Exclusions
2020 Health economics studies
Centre for Research and HTA - Inception — 31 March None
Dissemination (CRD) 2018
NHSEED - Inception to 31
March 2015

9  Medline (Ovid) search terms

1. exp Heart Valve Diseases/

2 exp heart valves/

3. ((primary or secondary) adj valv* disease™).ti,ab.

4 ((valv* or flap* or leaflet*) adj1 (heart or cardiac) adj (disease* or disorder* or failure or

failed or dysfunction* or insufficien* or repair* or replace* or damage* or leak™®)).ti,ab.

5. ((mitral or aortic or tricuspid or pulmon*) adj (valv* or flap* or leaflet*) adj (disease* or
disorder* or failure or failed or dysfunction* or insufficien* or repair* or replace* or
damage* or leak™)).ti,ab.

6. ((mitral or aortic or tricuspid or pulmon*) adj3 (prolapse or regurgitation or stenos?s or
atresia or insufficienc*)).ti,ab.
7. Heart Valve Prosthesis/
8. ((mechanical or artificial or prosthe™ or bioprosthe* or biological or tissue) adj (valv* or
flap* or leaflet*)).ti,ab.
9. valve-in-valve.ti,ab.
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10. (transcatheter adj2 (valve or valves)).ti,ab.

11. exp Heart Murmurs/

12. ((heart or cardiac) adj murmur*).ti,ab.

13. or/1-12

14. letter/

15. editorial/

16. news/

17. exp historical article/

18. Anecdotes as Topic/

19. comment/

20. case report/

21 (letter or comment*).ti.

22. or/14-21

23. randomized controlled trial/ or random®.ti,ab.

24, 22 not 23

25. animals/ not humans/

26. exp Animals, Laboratory/

27. exp Animal Experimentation/

28. exp Models, Animal/

29. exp Rodentia/

30. (rat or rats or mouse or mice).ti.

31. or/24-30

32. 13 not 31

33. limit 32 to english language

34. (exp child/ or exp pediatrics/ or exp infant/) not (exp adolescent/ or exp adult/ or exp
middle age/ or exp aged/)

35. 33 not 34

36. Economics/

37. Value of life/

38. exp "Costs and Cost Analysis"/

39. exp Economics, Hospital/

40. exp Economics, Medical/

41. Economics, Nursing/

42, Economics, Pharmaceutical/

43. exp "Fees and Charges"/

44, exp Budgets/

45, budget*.ti,ab.

46. cost* ti.

47. (economic* or pharmaco?economic*).ti.

48. (price™ or pricing®).ti,ab.

49. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.
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50. (financ* or fee or fees).ti,ab.

51. (value adj2 (money or monetary)).ti,ab.

52. or/36-51

53. 35 and 52

Embase (Ovid) search terms

1. exp valvular heart disease/

2 exp heart valve/

3. ((primary or secondary) adj valv* disease*).ti,ab.

4 ((valv* or flap* or leaflet*) adj1 (heart or cardiac) adj (disease™ or disorder* or failure or
failed or dysfunction* or insufficien* or repair* or replace* or damage* or leak*)).ti,ab.

5. ((mitral or aortic or tricuspid or pulmon*) adj (valv* or flap* or leaflet*) adj (disease* or
disorder* or failure or failed or dysfunction* or insufficien* or repair* or replace* or
damage* or leak™)).ti,ab.

6. ((mitral or aortic or tricuspid or pulmon*) adj3 (prolapse or regurgitation or stenos?s or
atresia or insufficienc*)).ti,ab.

7. exp heart valve prosthesis/

8. ((mechanical or artificial or prosthe* or bioprosthe* or biological or tissue) adj (valv* or
flap* or leaflet*)).ti,ab.

9. valve-in-valve.ti,ab.

10. (transcatheter adj2 (valve or valves)).ti,ab.

11. exp heart murmur/

12. ((heart or cardiac) adj murmur*).ti,ab.

13. or/1-12

14. letter.pt. or letter/

15. note.pt.

16. editorial.pt.

17. Case report/ or Case study/

18. (letter or comment*).ti.

19. or/14-18

20. randomized controlled trial/ or random®.ti,ab.

21. 19 not 20

22. animal/ not human/

23. Nonhuman/

24. exp Animal Experiment/

25. exp Experimental animal/

26. Animal model/

27. exp Rodent/

28. (rat or rats or mouse or mice).ti.

29. or/21-28

30. 13 not 29

31. limit 30 to English language

32. (exp child/ or exp pediatrics/) not (exp adult/ or exp adolescent/)

33. 31 not 32

34. health economics/
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35. exp economic evaluation/

36. exp health care cost/

37. exp fee/

38. budget/

39. funding/

40. budget*.ti,ab.

41. cost™.ti.

42, (economic* or pharmaco?economic*).ti.

43. (price™ or pricing*).ti,ab.

44, (cost* adj2 (effective® or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

45, (financ* or fee or fees).ti,ab.

46. (value adj2 (money or monetary)).ti,ab.

47. or/34-46

48. 33 and 47

NHS EED and HTA (CRD) search terms

#1. MeSH DESCRIPTOR Heart Valve Diseases EXPLODE ALL TREES

#2. MeSH DESCRIPTOR Heart Valves EXPLODE ALL TREES

#3. (((primary or secondary) adj Valv* adj disease*))

H#4. (((valv* or flap* or leaflet*) adj (heart or cardiac) adj (disease* or disorder* or failure or
failed or dysfunction® or insufficien* or repair* or replace* or damage* or leak™)))

#5. ((heart or cardiac) adj (valv* or flap* or leaflet*) adj (disease* or disorder* or failure or
failed or dysfunction* or insufficien* or repair* or replace* or damage* or leak*))

#6. (((mitral or aortic or tricuspid or pulmon*) adj (valv* or flap* or leaflet*) adj (disease* or
disorder* or failure or failed or dysfunction* or insufficien* or repair* or replace* or
damage® or leak™)))

#7. (((mitral or aortic or tricuspid or pulmon*) adj3 (prolapse or regurgitation or stenos?s or
atresia or insufficienc®)))

#8. MeSH DESCRIPTOR Heart Valve Prosthesis EXPLODE ALL TREES

#9. (((mechanical or artificial or prosthe* or bioprosthe* or biological or tissue) adj (valv* or
flap* or leaflet*)))

#10. (valve-in-valve)

#11. ((transcatheter adj2 (valve or valves)))

#12. #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11
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Appendix C —Prognostic evidence study selection

Figure 1: Flow chart of clinical study selection for the review of stress testing and
stress echocardiography in determining need for intervention

Records identified through Additional records identified through
database searching, n=10,970 other sources, n=28

v

Records screened, n=10,998

Records excluded in sift,
n=10,741

v

\ 4

Full-text papers assessed for
eligibility, n=257

\ 4

VL Papers excluded from review, n=237

Papers included in review, n=20

Reasons for exclusion: see Appendix J.
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1 Appendix D —-Prognostic evidence

DA Asymptomatic severe aortic stenosis

Reference Amato 2001
Study type and Prospective cohort study between February 1987 and February 1992.
analysis

Cox proportional hazards regression analysis

Brazil
Number of N=66
participants Positive exercise test, n=44
and Negative exercise test, n=22

characteristics

Asymptomatic severe aortic stenosis

Inclusion criteria:
Severe aortic stenosis with aortic valve area <1cm? without coexisting valve disease

Exclusion criteria:
Symptoms characteristic of aortic valve disease (dyspnoea, angina pectoris, syncope, arrhythmias, and a range of

minor symptoms, including dizziness, weakness, fatigue and exercise intolerance) and symptoms of other chronic conditions, to ensure
that patients were in the latent period of aortic stenosis; arrhythmia, left bundle branch block or ST-T segment depression determined
by ECG; coronary artery disease or other heart disease determined by cardiac catheterisation no longer than 6 months before study
enrolment; comorbid disease associated with symptoms that could affect clinical evaluation and prevent exercise testing

Values listed below are presented as mean (SD) or number (%)

Patient characteristics:
e Age: 49.7 (14.9) years (range, 18-80 years)
e Male/female: 44/22 (66.7%/33.3%)
e Aortic valve area: 0.61 (0.17) cm?
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Reference

Prognostic
variable

Amato 20018
e Transaortic pressure gradient: 83.3 (33.0) mmHg
e ST segment depression 0.08 seconds after J point: 1.42 (1.63) mm
e Rise of systolic blood pressure from baseline (unclear if on exercise or at end of study): 26.40 (18.23) mmHg

Exercise testing:
e Negative: 22 (33.3%)
e Positive: 44 (66.7%)
o Symptoms (3 arrhythmias): 7 (15.91%)
Y point (0.08 seconds after J point in the ST segment depression): 8 (18.18%)
Change in systolic blood pressure from baseline: 4 (9.09%)
Symptoms + change in systolic blood pressure from baseline: 10 (22.73%)
Symptoms + Y point (0.08 seconds after J point in the ST segment depression): 3 (6.82%)
Y point (0.08 seconds after J point in the ST segment depression) + change in systolic blood pressure from baseline: 9
(20.45%)
o Symptoms + Y point (0.08 seconds after J point in the ST segment depression) + change in systolic blood pressure
from baseline: 3 (6.82%)

O O O O O

Population source: patients from single outpatient valve disease service between February 1987 and February 1992 prospectively
identified and included in the study. Patients on their first visit to the service included. Consecutive patients matching criteria.

Positive exercise test
Negative exercise test (referent)

A positive exercise test was defined as any of the following observed on exercise testing: horizontal or downsloping ST segment
depression of 21 mm in men or 22 mm in women, or an upsloping ST segment depression of 23 mm in men, measured 0.08 seconds
after the J point (upsloping ST segment depression in women was considered negative); symptoms of aortic stenosis (precordial chest
pain or near syncope); complex ventricular arrhythmia on ECG; or no rise in systolic blood pressure by 220 mmHg compared with
baseline.

Exercise testing was performed using a treadmill. The Ellestad protocol was used. 12-lead ECG, heart rate and systolic and diastolic
blood pressure were recorded with the patients in standing position at rest and after 2 min of each stage of exercise protocol, and at
peak exercise. Three-lead ECG was monitored continuously. Variables were recorded every 2 min after exercise for at least 6 min or
until ST segment returned to baseline, blood pressure recovered, and symptoms disappeared. Exercise was interrupted when the rest
was positive or when patient reached age-related maximum heart rate.
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Reference

Confounders

Outcomes and
effect sizes

Comments, risk
of bias and
indirectness

Amato 2001°¢

Variables that demonstrated significance were included in the multivariate analysis: age, aortic valve area and exercise testing.

Key confounders in protocol: coronary disease accounted for as was an exclusion criterion of the study, however remaining
confounders not considered in the MV analysis or reported in study characteristics. Arthritis, lung disease/respiratory insufficiency and
peripheral vascular disease may have been excluded based on the other comorbid conditions that were excluded, but this is unclear as
a list of these is not provided.

Appearance of symptoms in daily life or sudden death — medically managed
HR 7.60 (95% CI 2.34 to 24.63) for positive vs. negative exercise test result

Note: study reports that it is a ‘risk ratio’, but Cox proportional hazards regression used suggests it should be a hazard ratio and so has
been reported as a hazard ratio.

No mention of surgery during the follow-up so assumed to be medically managed.

Of those reaching an end-point in the study, 92.1% had a positive exercise test and 7.9% had a negative exercise test. After 24
months, the probability of someone with a positive test surviving without symptoms was 0.19 compared with 0.85 in those with a
negative exercise test.

Range of follow-up: 2.62-57.6 months. Mean (SD) follow-up: 14.77 (11.93) months. Physical examination and interview to detect
symptoms typical of aortic stenosis (precordial chest pain, signs of heart failure, dizziness or syncope) were performed in patients
every 3 months during the study.

Risk of bias:

1. Study participation HIGH

2. Study attrition LOW

3. Prognostic factor measurement LOW

4. Outcome Measurement HIGH

5. Study confounding HIGH

6. Statistical analysis LOW

7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

Indirectness:
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analysis

Number of
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and
characteristics

Amato 2001°¢

e Prognostic factor — combination of various prognostic factors listed in the protocol, rather than providing prognostic information
for each one separately (symptoms on exercise, reduction in BP >20 mmHg, ST depression and complex ventricular
arrhythmia)

e Confounding factors — coronary disease excluded from study but unclear whether other key confounders listed were also
excluded or may have differed between groups (downgraded for this in risk of bias so not downgraded further for indirectness)

Capoulade 201432
Prospective cohort study

Cox proportional hazards multivariate analysis

Canada, Belgium
N= 157 (results reported for the severe AS subgroup, total study n=211)

Absolute difference of BNP levels (per 100 pg/ml increase from rest), n=157 included in analysis as a continuous variable

The study reports on moderate or severe asymptomatic AS but gives results separately for the severe AS subgroup, therefore results
for this subgroup have been extracted in line with the protocol.

Inclusion criteria:
Asymptomatic; moderate to severe aortic stenosis (peak aortic jet velocity >2.5 m/s and aortic valve area <1.5 cm?); and preserved left
ventricular ejection fraction.

Exclusion criteria:
Moderate to severe aortic regurgitation or mitral valve disease; pregnant or lactating women; abnormal exercise test as previously
defined; and estimated glomerular filtration rate <60 ml/min (MDRD formula).

Values listed below are presented as mean (SD) or number (%).
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Reference Capoulade 20142
Note that patient characteristics are for the whole cohort (moderate or severe asymptomatic AS) as they were not given separately for
the severe subgroup.
e Patient characteristics:
e Age: 68 (11) years
e Male gender: 64%
e Body surface area: 1.82 (0.18) m2
e Body mass index: 26.6 (3.7) kg/m?2
e Heartrate: 70 (12) beats/min

e History of hypertension, 53%

e Systolic blood pressure: 141 (21) mmHg

¢ Diastolic blood pressure: 77 (11) mmHg

e Hypercholesterolaemia, 46%

e Diabetes, 14%

e History of smoking, 27%

e Resting BNP level, median (IQR): 43 (24-81) pg/ml
e Stroke volume: 84 (19) ml

e Stroke volume index: 46 (11) ml/m?

e Peak aortic jet velocity: 4.0 (0.7) m/s

e Peak transvalvular gradient: 66 (24) mmHg

e Mean transvalvular gradient: 41 (15) mmHg
e Aortic valve area: 0.93 (0.21) cm?

e Indexed aortic valve area: 0.51 (0.12) cm?2/m?
e Indexed left atrial area: 11.6 (3.3) cm?

e Etoe:10.8(4.2)

e Pulmonary hypertension, 3%

e Relative wall thickness: 0.51 (0.12)

e LV mass index: 124 (45) g/m?

e LVEF:66 (7)%

e Valvulo-arterial impedance: 4.1 (1.1) mmHg/ml/m?
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Reference Capoulade 20142

Exercise testing: values at peak exercise
e Duration: 9.1 (3.1) min
o Peak exercise workload: 99 (35) watts
o Peak exercise heart rate: 120 (19) beats/min
e Percentage of predicted maximal heart rate: 91 (12)%
e Peak exercise systolic blood pressure: 179 (23) mmHg
e Peak exercise diastolic blood pressure: 87 (14) mmHg
o Peak exercise BNP level, median (IQR): 58 (29-115) pg/ml
e Stroke volume: 94 (29) ml
e Stroke volume index: 49 (16) ml/m?
e Peak aortic jet velocity: 4.6 (0.8) m/s
e Peak transvalvular gradient: 86 (28) mmHg
e Mean transvalvular gradient: 53 (19) mmHg
e Aortic valve area: 1.01 (0.29) cm?
e Indexed aortic valve area: 0.56 (0.16) cm?2/m?
e Pulmonary hypertension, 32%
e LVEF: 68 (9)%
e Valvulo-arterial impedance: 5.1 (1.9) mmHg/ml/m?

Population source: Patients recruited from two centres in Quebec and Liége. Unclear if consecutive. Time period recruited across
unclear.

Prognostic Absolute difference of BNP levels (per 100 pg/ml increase from rest) as a continuous measure.
variable

Exercise testing: Symptom-limited graded bicycle test was performed in semi-supine position on a dedicated tilting exercise table.
Doppler echocardiographic data were obtained at rest and at peak exercise. Plasma BNP levels were taken before echocardiography
after 20 min of supine rest and at peak exercise, within 3 min after the end of exercise.

Confounders Traditional risk factors of the composite of death or aortic valve replacement and all variables with P<0.10 in univariate analyses (age,

gender, resting mean gradient, resting valvulo-arterial impedance, resting indexed left atrial area, resting BNP level and exercise-
induced increases in heart rate, mean gradient and valvulo-arterial impedance) were included in the multivariate analysis.
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Outcomes and
effect sizes

Comments, risk
of bias and
indirectness

Reference

Study type and
analysis

Capoulade 20142

Key confounders in protocol: none of those listed in protocol included as confounders in the MV analysis or excluded from the study.
None mentioned in study characteristics tables either.

Death or aortic valve replacement indicated by development of symptoms or LV dysfunction — medically managed as AVR
included as part of the composite outcome

HR 3.4 (95% CI 2.2 to 5.3) for absolute difference of BNP levels (per 100 pg/ml increase from rest) as a continuous measure.
Note: to ensure blinding, resting and peak exercise BNP levels were not revealed to treating physician or surgeon

A total of 87 events occurred in the severe subgroup (n=7 deaths and n=78 aortic valve replacements), leading to a cardiac event-free
survival of 72+4%, 48+5% and 391+5% at 1, 2 and 3 years, respectively.

Mean (SD) follow-up for severe subgroup: 1.5 (1.2) years.

Risk of bias:

1. Study participation HIGH

2. Study attrition LOW

3. Prognostic factor measurement LOW

4. Outcome Measurement LOW

5. Study confounding HIGH

6. Statistical analysis HIGH

7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

Indirectness:

e Prognostic factor — difference between exercise and rest BNP levels as a continuous variable, rather than a dichotomous
increase in BNP levels vs. no increase in BNP levels on exercise compared with rest

e Confounders — have not adjusted for any of the pre-specified confounders listed in the protocol or mentioned them as exclusion
criteria so these factors may be contributing to the results (downgraded for this in risk of bias so not downgraded further for
indirectness)

Chambers 20193

Retrospective cohort study
EXTAS study
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Reference Chambers 201936

Cox proportional hazards model

UK
Number of N=102 (severe subgroup only ) or N=306 (moderate or severe groups making up total cohort)
participants
and Whole cohort: moderate or severe AS
characteristics

Abnormal BP response (sustained reduction of systolic BP =220 mmHg below previous stage or baseline level), n=113
Normal BP response, n=193

Note: for revealed symptoms outcome this is limited to population that were asymptomatic on baseline exercise test and
numbers with/without abnormal BP response are not given for this subgroup.

Severe AS:
Abnormal BP response (sustained reduction of systolic BP 220 mmHg below previous stage or baseline level), n=42
Normal BP response, n=60

The study reports on asymptomatic moderate or severe aortic stenosis but results have been given separately for the severe subgroup
for certain outcomes, therefore, results for this subgroup have been extracted in line with the protocol. The whole cohort data has been
used for other outcomes matching the protocol where separate data for the severe subgroup have not been provided.

Inclusion criteria:

Age >18 years; moderate (effective orifice area 1.0-1.6 cm?2) or severe (effective orifice area <1.0 cm?2) aortic stenosis; apparently
asymptomatic on their history and eligible for exercise treadmill testing.

Exclusion criteria:

Presence of spontaneous symptoms justifying surgery; more than moderate disease of other valves; chronic obstructive pulmonary
disease; peripheral vascular disease; skeletal disorders; anaemia; peak heart rate not recorded on exercise testing.

Values listed below are presented as mean (SD) or number (%)

Patient characteristics:
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Reference Chambers 201936

Whole cohort: moderate or severe AS — used for revealed symptoms outcome in the subgroup that remained asymptomatic on
baseline exercise testing. Note that details are not given separately for this subgroup of 219 participants.

e Age: 65 (12) years
e % male: 67%
e Severity of valve disease:
o Moderate, 66.7%
o Severe, 33.%
e Obesity, 26%
e Smoker, 48%
e Coronary artery disease, 50%
o Diabetes mellitus, 14%
e Previous stroke or transient ischaemic attack, 12%
e Atrial fibrillation, 14%
e Hypercholesterolaemia, 66%
e Clinic systolic BP: 142 (19) mmHg
e Clinic diastolic BP: 82 (13) mmHG
e Hypertension, 73%
e Antihypertensive treatment, 65%
o Beta-blockers, 33%
Diuretics, 30%
Calcium blockers, 26%
ACE inhibitors, 20%
ARB inhibitors, 12%
o Alpha-blockers, 8%
e LV end-diastolic diameter: 4.6 (0.7) cm
e Interventricular septal thickness: 1.29 (0.26) cm
e Posterior wall thickness: 1.12 (0.22) cm
e LV mass index: 52 (17) g/m27
e LV hypertrophy, 54%
e LV ejection fraction: 60 (7)%
e Peak aortic jet velocity: 3.7 (0.6) m/s

O O O O
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Reference Chambers 20193%
e Mean aortic gradient: 34 (13) mmHg
o Effective orifice area: 0.94 (0.22) cm?
e Doppler stroke volume index: 43 (13) ml/m?
e Pulse pressure/stroke volume index: 1.46 (0.57) mmHg/ml/m?
e Valvulo-arterial impedance: 4.37 (1.25) mmHg/ml/m?2
e LV stroke work: 159.9 (52.7) g-m/bpm

Severe AS: used for AVR outcome

e Age: 69 (11) years

e Male: 61%

e Obesity, 25%

e Smoker, 50%

e Coronary artery disease, 35%

e Diabetes mellitus, 12%

e Previous stroke or transient ischaemic attack, 9%

o Atrial fibrillation, 21%

e Hypercholesterolaemia, 57%

e Clinic systolic BP: 145 (21) mmHg

e Clinic diastolic BP: 86 (11) mmHG

e Hypertension, 65%

e Antihypertensive treatment, 65%

o Beta-blockers, 35%
Diuretics, 28%
Calcium blockers, 29%
ACE inhibitors, 11%
ARB inhibitors, 10%
o Alpha-blockers, 6%

e LV end-diastolic diameter: 4.5 (0.7) cm
e Interventricular septal thickness: 1.35 (0.28) cm
e Posterior wall thickness: 1.15 (0.26) cm

O O O O
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Reference Chambers 20193¢
e LV mass index: 55 (20) g/m27
e LV hypertrophy, 59%
e LV ejection fraction: 60 (6)%
e Peak aortic jet velocity: 4.4 (0.5) m/s
e Mean aortic gradient: 47 (12) mmHg
o Effective orifice area: 0.74 (0.14) cm?
e Doppler stroke volume index: 41 (10) ml/m?
e Pulse pressure/stroke volume index: 1.50 (0.60) mmHg/ml/m?
e Valvulo-arterial impedance: 4.85 (1.19) mmHg/ml/m?2
e LV stroke work: 157.9 (44.7) g-m/bpm

Exercise testing:

Whole cohort — moderate or severe AS — used for revealed symptoms outcome in the subgroup that remained asymptomatic on
baseline exercise testing. Note that details are not given separately for this subgroup of 219 participants.

e Pre-exercise heart rate: 77 (15) bpm

e Pre-exercise systolic BP: 141 (19) mmHg
e Pre-exercise diastolic BP: 85 (11) mmHg
e Peak heart rate: 134 (25) bpm

e Peak systolic BP: 166 (26) mmHg

e Peak diastolic BP: 90 (16) mmHg

e Abnormal BP response, 37% (n=113)

e Target heart rate achieved: 86 (15)%

e Rapid early rise in heart rate, 25%

e Exercise duration: 9.7 (4.4) min

e Metabolic equivalents: 8.5 (4.5)

e Revealed symptoms, 28.4%

e Double product: 1.90 (0.46) mmHg/bpm

Severe AS: used for AVR outcome
e Pre-exercise heart rate: 78 (16) bpm
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Confounders

Heart valve disease: evidence reviews for stress testing and stress echocardiography to

Chambers 201936

Pre-exercise systolic BP: 143 (19) mmHg
Pre-exercise diastolic BP: 86 (11) mmHg
Peak heart rate: 134 (23) bpm

Peak systolic BP: 165 (25) mmHg

Peak diastolic BP: 91 (16) mmHg
Abnormal BP response, 41% (n=42)
Target heart rate achieved: 89 (14)%
Rapid early rise in heart rate, 28%
Exercise duration: 9.6 (3.6) min
Metabolic equivalents: 8.0 (3.9)
Revealed symptoms, 36.3%

Double product: 1.90 (0.43) mmHg/bpm

determine the need for intervention DRAFT [March 2021]

Population source: Retrospective cohort study of data collected prospectively between January 2000 and May 2017 at a single
specialist heart valve clinic at Guy’s and St Thomas’ Hospital in the UK. Likely to be consecutive matching criteria but unclear.

Abnormal BP response to exercise (sustained reduction of systolic BP 220 mmHg below previous stage or baseline level)
Normal BP response to exercise (referent)

Exercise testing: Exercise treadmill testing performed using Bruce protocol that was modified by two warm-up stages so that most
patients of any age can exercise for 9 min, equivalent to 3 min of a standard Bruce protocol. Test was stopped early for symptoms
(significant breathlessness or any chest constriction or dizziness), progressive ventricular ectopy >3 beats, new atrial fibrillation, a
sustained fall in systolic blood pressure >20 mmHg from previous stage or >5 mm ST segment depression). Significant symptoms
(breathlessness, chest tightness, dizziness, presence of distress, inability to speak and facial pallor) were differentiated clinically from
physiological breathlessness at high workload.

The following variables were included in the multivariate analysis: rapid early rise in heart rate, age, sex, hypertension, Doppler stroke
volume, mean pressure gradient, abnormal blood pressure response and coronary artery disease.

Key confounders in protocol: of those listed in the protocol, one was excluded from the study (peripheral vascular disease), another
was partially excluded from the study (lung disease/respiratory insufficiency — COPD reported to be excluded but unclear whether other
lung comorbidities were) and one was included in the MV analysis (coronary artery disease). Arthritis, the remaining confounder listed
in the protocol, was not mentioned.
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Outcomes and Revealed symptoms developing spontaneously or during follow-up — subgroup of 219 patients with moderate or severe AS

effect sizes that remained asymptomatic on baseline exercise testing — medically managed as no indication for surgery unless symptoms
revealed

HR 1.87 (95% CI 0.93 to 3.79) for abnormal vs. normal BP response to exercise

Note: though results were reported for this subgroup, patient characteristics were not reported separately for this group and the number
with/without abnormal BP response in this subgroup is not reported.

Aortic valve replacement — subqgroup of 102 patients with severe asymptomatic AS at baseline (prior to exercise testing) —
medically managed up until indication for aortic valve replacement developed

HR 1.86 (95% CI 1.00 to 3.44) for abnormal vs. normal BP response to exercise

During follow-up in whole cohort, 254 (84%) patients experienced an event, including 226 aortic valve replacements and 28 deaths.
These details not reported separately for the severe subgroup or the subgroup with moderate or severe AS that did not develop
symptoms on baseline exercise testing.

Mean (SD) follow-up for the whole cohort: 34.9 (34.6) months. Not reported separately for the different severities.
Comments, risk Risk of bias:

of bias and Revealed symptoms outcome:
indirectness 1. Study participation LOW
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement HIGH
5. Study confounding HIGH
6. Statistical analysis HIGH
7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

Aortic valve replacement outcome:

1. Study participation LOW
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement HIGH
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analysis

Number of
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and
characteristics

Chambers 201936

5. Study confounding HIGH
6. Statistical analysis HIGH
7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

Indirectness:
Revealed symptoms outcome:

e Population — includes moderate or severe AS patients that were asymptomatic at baseline and remained asymptomatic on
baseline exercise testing, not limited to asymptomatic severe AS

e Confounders — though three of the four pre-specified confounders have been accounted for in some way, arthritis, the final
confounder was not mentioned (downgraded for this in risk of bias so not downgraded further for indirectness)

Aortic valve replacement outcome:

e Confounders — though three of the four pre-specified confounders have been accounted for in some way, arthritis, the final
confounder was not mentioned (downgraded for this in risk of bias so not downgraded further for indirectness)

Das 20055
Prospective cohort study

Multivariate logistic regression model

UK
N=125

Limiting symptoms on exercise, n=46
No limiting symptoms on exercise, n=79

Abnormal blood pressure response (decrease or no increase in resting BP on exercise), n=29
Normal blood pressure response, n=96

ST depression 22 mm on exercise, n=33
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ST depression <2 mm on exercise, n=92

Note: unclear if coronary disease absent — it was prespecified in the protocol that for this prognostic factor, absence of coronary
disease is important

Asymptomatic aortic stenosis (mild to severe, but majority, 92%, were moderate or severe).
Aortic stenosis was graded by continuity effective orifice area at rest: mild (area >1.2 cm?2); moderate (area 0.8-1.2 cm?2); and severe
(0.8 cm?).

Inclusion criteria:
Aortic valve thickening; effective orifice area <1.4 cm?; normal left ventricular systolic function (fractional shortening >28% and no
regional wall abnormality).

Exclusion criteria:
More than mild aortic regurgitation; other significant valve disease; known pulmonary disease.

Values listed below are presented as) mean (SD) or number (%)

Patient characteristics:
e Mean (range) age: 65 (56-74) years
e Male/female, 85/40 (68%/32%)
e Specific Activity Scale questionnaire class /11, 72%/28%
e Peak velocity: 3.8 (0.8) m/s
e Mean pressure drop: 36.0 (16.1) mmHg
e Effective orifice area: 0.9 (0.2) cm?

Exercise testing:
e Exercise time: 10.9 (3.7) min
e Limiting symptoms, 36.8%
e Systolic BP increase: 19.4 (19.7) mmHg
e Abnormal blood pressure response, 23.2%
e ST depression 22 mm, 26.4%

Heart valve disease: evidence reviews for stress testing and stress echocardiography to
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Confounders

Outcomes and
effect sizes

Das 200551

Population source: Recruited from echocardiography department at single centre in the UK between August 1996 and December
2001. Likely to be consecutive matching inclusion criteria but not explicitly stated.

Limiting symptoms on exercise
No limiting symptoms on exercise (referent)

Abnormal blood pressure response (decrease or no increase in resting BP on exercise)
Normal blood pressure response (referent)

ST depression 22 mm on exercise
ST depression <2 mm on exercise (referent)

Exercise testing: Performed using a Bruce protocol modified by two warm-up stages and a treadmill. Subjects were questioned for
symptoms every 2 min at the heart rate, blood pressure and 12-lead ECG were recorded at baseline, at the end of each stage and at
peak exercise. An exercise test was positive if stopped early due to limiting breathlessness/chest discomfort or dizziness. Each patient
was questioned and observed carefully to distinguish between significant breathlessness or chest restriction associated with distress
from rapidly reversible minor breathlessness. Other criteria for early stopping of exercise testing were ST segment depression >5 mm
measured 80 ms after the J point, >3 consecutive ventricular premature beats and hypotension (fall in systolic blood pressure >20
mmHg compared with baseline). Otherwise, the test continued until the patient was fatigued. ST depression 22 mm in a single lead
was considered significant. An abnormal blood pressure response was a systolic blood pressure at peak exercise that was the same or
below the baseline level.

Variables that demonstrated significance in univariate analyses were included in the multivariate analysis: total exercise time, exercise-
limiting symptoms, peak transaortic velocity, effective orifice area, abnormal blood pressure response and ST segment depression.

Key confounders in protocol: none of those prespecified in protocol were included in the multivariate analysis, however pulmonary
disease (lung disease/respiratory insufficiency) was an exclusion criterion for this study. The remaining three confounders not adjusted
for and may differ between the prognostic groups.

Development of spontaneous exertional symptoms or cardiovascular death within 12 months of initial study — medically
managed, not explicitly stated but no mention of aortic valve surgery being performed

OR 7.73 (95% CI 2.79 to 21.39) for limiting symptoms vs. no limiting symptoms on exercise

OR 1.02 (95% CI1 0.98 to 1.05) for abnormal blood pressure response vs. normal blood pressure response to exercise
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OR 0.97 (95% CI1 0.95 to 1.02) for ST depression 22 mm vs. ST depression <2 mm on exercise

Note: in 4 cases, ECG changes were uninterpretable due to resting bundle branch block or left ventricular hypertrophy. Study appears
to have counted these as showing <2 mm ST depression.

During follow-up, 36 (29%) developed spontaneous symptoms and there were no deaths reported within the 12 months.

Follow-up was 12 months in all patients.
Comments, risk Risk of bias:

of bias and For limiting symptoms prognostic factor
indirectness 1. Study participation HIGH
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement HIGH
5. Study confounding HIGH
6. Statistical analysis HIGH
7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

For abnormal BP response prognostic factor

1. Study participation HIGH
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement HIGH
5. Study confounding HIGH
6. Statistical analysis HIGH
7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

For ST depression 22 mm prognostic factor
1. Study participation HIGH
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Reference Das 20055
2. Study attrition LOW
3. Prognostic factor measurement LOW
4. Outcome Measurement HIGH
5. Study confounding HIGH
6. Statistical analysis HIGH
7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

Indirectness:
For limiting symptoms prognostic factor
e Population — includes asymptomatic mild to severe AS, but majority are either moderate or severe (92%). Only 42% of the
population represented asymptomatic severe AS as specified in the protocol.

e Confounders — though lung disease was an exclusion criterion, have not adjusted for the three remaining pre-specified
confounders listed in the protocol so these factors may be contributing to the results (downgraded for this in risk of bias so not
downgraded further for indirectness)

For abnormal BP response prognostic factor
e Population — includes asymptomatic mild to severe AS, but majority are either moderate or severe (92%). Only 42% of the
population represented asymptomatic severe AS as specified in the protocol.
e Confounders — though lung disease was an exclusion criterion, have not adjusted for the three remaining pre-specified

confounders listed in the protocol so these factors may be contributing to the results (downgraded for this in risk of bias so not
downgraded further for indirectness)

For ST depression 22 mm prognostic factor
e Population — includes asymptomatic mild to severe AS, but majority are either moderate or severe (92%). Only 42% of the
population represented asymptomatic severe AS as specified in the protocol.
e Prognostic factor — unclear if coronary disease is absent, which was specified in the protocol as important when this prognostic
factor was used.
e Confounders — though lung disease was an exclusion criterion, have not adjusted for the three remaining pre-specified

confounders listed in the protocol so these factors may be contributing to the results (downgraded for this in risk of bias so not
downgraded further for indirectness)
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Reference Lancellotti 2010-1122
Study type and Prospective cohort study
analysis

Cox proportional hazards regression
Belgium

Note that there may be overlap between the results of this paper and the other Lancellotti 2010 paper included, as the number
of events reported are very similar. Some of the same patients may be included in both papers but the analysis differs

slightly.
Number of N=163
participants Abnormal exercise test, n=69
and Normal exercise test, n=94

characteristics

Asymptomatic significant AS (moderate or severe — aortic valve area <0.6 cm?/m?2)

Inclusion criteria:

Moderate to severe AS (aortic valve area <0.6 cm?/m?); absence of symptoms; normal left ventricular ejection fraction (255%) based on
2D echocardiography; and in sinus rhythm.

Exclusion criteria:
More than mild concomitant valve disease; and patients with <1-year clinical follow-up.

Values listed below are presented as mean (SD) or number (%)
Patient characteristics:

e Age: 70 (10) years

e Male sex, 65%

e Overweight, 48 (29%)

e Hypertension, 81 (50%)

e Diabetes mellitus, 27 (17%)

e Hypercholesterolaemia, 72 (44%)
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e Current smoking, 45 (28%)
e Serum creatinine: 8.7 (1.9) mg/l

e Systolic arterial pressure: 142 (18) mmHg
e Diastolic arterial pressure: 76 (11) mmHg
e Systemic arterial compliance: 0.7 (0.3) ml/mm Hg/m?

e Indexed aortic valve area: 0.45 (0.09) cm?/m?
e Peak aortic velocity: 4.2 (0.6) m/s
e Mean pressure gradient: 46 (14) mmHg

e Valvulo-arterial impedance: 4.4 (1.3) mmHg ml/m?
e LV mass: 91 (45) g/m?

e LV end-diastolic diameter: 42 (12) mm
e LV end-diastolic volume: 100 (133) ml

e LV end-systolic volume: 35 (19) ml

e LV ejection fraction: 66 (9)%

e Midwall fractional shortening: 21 (10)%
e LV longitudinal strain: 15.7 (3.1)%

e LA areaindex: 12.4 (3.5) cm?/m?

e Mitral E wave: 0.83 (0.27) m/s

e Mitral A wave: 0.91 (0.29) m/s

e Mitral E/A ratio: 0.99 (0.54)

Exercise testing:
e Abnormal response to exercise, 69 (42%)

Population source: Consecutive patients with asymptomatic significant aortic stenosis between January 2000 and December 2007 at
a single hospital site in Belgium.
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Prognostic Abnormal exercise test (defined below)
variable Normal exercise test (referent)

Exercise testing: symptom-limited graded bicycle test performed in all patients. Initial workload of 25W maintained for 2 min, followed
by increases of 25W every 2 min. 12-lead ECG monitored continuously. Test was interrupted when age-related maximum heart rate
was reached or for any of the following: development of symptoms (angina, dyspnoea); fall in blood pressure; or ventricular
arrhythmias. The test was considered abnormal if patients presented with any of the following: angina; evidence of dyspnoea,
dizziness, syncope or near syncope; 22 mm ST segment depression relative to baseline; rise in systolic blood pressure during exercise
<20 mmHg or a fall in blood pressure; or complex ventricular arrhythmias.

Confounders Clinically relevant variables that achieved a P-value <0.1 on univariate analysis were included in the multivariate analyses performed.
The following appear to have been included in the multivariate analysis: gender; systemic arterial compliance; peak aortic velocity;
valvulo-arterial impedance; LV longitudinal strain; LA area index; mitral E wave; mitral E/A ratio; and abnormal exercise test result.

Key confounders in protocol: none of the prespecified confounders in the protocol included in the multivariate analysis or listed as
exclusion criteria for the study.

Outcomes and Development of significant symptoms, need for aortic valve replacement or cardiac-related death

effect sizes HR 1.1 (95% CI 0.6 to 2.0) for abnormal vs. normal exercise test

Note: follow-up was censored at time of cardiac surgery if eventually performed. Significant symptoms are defined as angina,
dyspnoea, syncope or heart failure).

During follow-up, end-points occurred in 74 patients (n=6 cardiac deaths, n=57 need for AVR and n=11 developing symptoms that did
not have AVR). For the cardiac deaths, n=3 were due to congestive heart failure related to AS and n=3 were sudden deaths without
preceding symptoms. The following additional deaths occurred: n=1 postoperatively due to endocarditis and n=1 due to cancer. AVR
was required due to development of symptoms in n=44 patients within 15 (13) months follow inclusion. Predominant symptoms were
severe dyspnoea, angina or syncope in 26, 6 and 3 patients, respectively. 9 patients developed both angina and dyspnoea. Of the
other 13 patients, surgery was performed due to onset of severely symptomatic atrial fibrillation in 1 patient, a newly positive exercise
test during follow-up in 6 patients and equivocal symptoms in 6 patients. In total, 89 patients were free of clinical events after a follow-
up of 26222 months.

Range of follow-up: 4-102 months. Mean (SD) follow-up: 20 (19) months.
Comments, risk Risk of bias:
of bias and 1. Study participation HIGH
indirectness 2. Study attrition HIGH
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Reference

Reference

Study type and
analysis

Number of
participants
and
characteristics

Lancellotti 2010-1"22

3. Prognostic factor measurement LOW
4. Outcome Measurement HIGH
5. Study confounding HIGH
6. Statistical analysis HIGH
7. Other risk of bias LOW
OVERALL RISK OF BIAS VERY HIGH

Indirectness:
e Population — not limited to asymptomatic severe AS as includes some with asymptomatic moderate AS.

e Prognostic factor — combination of various prognostic factors listed in the protocol, rather than providing prognostic information
for each one separately (symptoms on exercise, rise in systolic BP <20 mmHg or fall in BP on exercise, ST depression 22 mm
and complex ventricular arrhythmia)

e Confounders — have not adjusted for any of the pre-specified confounders listed in the protocol or mentioned them as exclusion
criteria so these factors may be contributing to the results (downgraded for this in risk of bias so not downgraded further for
indirectness)

Lancellotti 2010-2"32
Prospective cohort study

Cox proportional hazards regression
Belgium

Note that there may be overlap between the results of this paper and the other Lancellotti 2010 paper included, as the number
of events reported are very similar. Some of the same patients may be included in both papers but the analysis differs
slightly.

N=126

Abnormal exercise test, n=32

Normal exercise test, n=94
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