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Disclaimer

The recommendations in this guideline represent the view of NICE, arrived at after careful
consideration of the evidence available. When exercising their judgement, professionals are
expected to take this guideline fully into account, alongside the individual needs, preferences
and values of their patients or service users. The recommendations in this guideline are not
mandatory and the guideline does not override the responsibility of healthcare professionals
to make decisions appropriate to the circumstances of the individual patient, in consultation
with the patient and, where appropriate, their carer or guardian.

Local commissioners and providers have a responsibility to enable the guideline to be
applied when individual health professionals and their patients or service users wish to use it.
They should do so in the context of local and national priorities for funding and developing
services, and in light of their duties to have due regard to the need to eliminate unlawful
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing
in this guideline should be interpreted in a way that would be inconsistent with compliance
with those duties.

NICE guidelines cover health and care in England. Decisions on how they apply in other UK
countries are made by ministers in the Welsh Government, Scottish Government, and
Northern Ireland Executive. All NICE guidance is subject to regular review and may be
updated or withdrawn.
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Monitoring

Review question: Where there is no current indication for
intervention, what is the most clinically and cost-effective
type and frequency of test for monitoring in adults with
heart valve disease?

Introduction

Heart valve disease progresses gradually at a slow pace, with only rare unpredictable
worsening, abruptly or at a faster pace. Clinical and haemodynamic consequences of heart
valve disease usually develop at later stages of the disease. To avoid unnecessary tests but
also the late detection of indications for intervention, it is important to determine the most
clinically and cost-effective type and frequency of test for monitoring of heart valve disease.

PICO table

For full details see the review protocol in Appendix A:.

Table 1: PICO characteristics of review question
Inclusion:

Adults aged 18 years and over with diagnosed heart valve disease and no
current indication for intervention, stratified by the severity of valve disease as
follows:

e Mild
e Moderate
e Severe

Severity assessed by echo and rated as per The British Society of
Echocardiography. Other definitions will be accepted and downgrade for
indirectness if appropriate.

Exclusion:

Children aged less than 18 years.

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

People who have had prior heart valve repair or replacement (transcatheter or
surgical).

Any of the following assessment strategies used for monitoring purposes,
followed by appropriate valve intervention, in the specified population:

Biomarkers (alone or in combination with echo):
o BNP (B-type natriuretic peptide)
e NT-proBNP (N-terminal prohormone brain natriuretic peptide)

Imaging:
o Echocardiography
e CT (alone or in combination with echo)

¢ CMR (cardiovascular magnetic resonance; alone or in combination with
echo)

© NICE 2021. All rights reserved. Subject to Notice of rights.
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Patient reported outcome measures (PROMS; alone or in combination with
echo), including:

e EuroQol
e Minnesota Living With Heart Failure Questionnaire (MLHFQ)
o Veterans Specific Activity Questionnaire

Other methods:
e Electrocardiogram (ECG) (alone or in combination with echo)

e Clinical review only (no specific tests performed, as defined by the study
authors)

e Exercise testing (for example Bruce protocol; alone or in combination
with echo)

Different frequencies of the tests used for monitoring will be considered as
separate interventions. Therefore, we will include studies comparing different
frequencies of the same or different interventions.

Frequency will be categorised into the following groups:
e More frequently than once a year (e.g. every 3 or 6 months)
e Once ayear
e Less frequently than once a year (e.g. every 2, 3 or 5 years)

Each monitoring test is a different strata and each frequency is a sub-analysis
for each test.

Other active comparator listed above

No monitoring (for example, tests only performed if new symptoms
emerge/symptoms worsen)

Primary outcomes:
e All-cause mortality
e Cardiac mortality
e Health-related quality of life (any validated measure)

e Hospitalisation for heart failure or other cardiac reason (e.g., for syncope
in severe AS)

Secondary outcomes:

e New-onset atrial fibrillation

If data are available, follow-up will be reported as a first preference at :
e 12 months for mild and moderate valve disease
e 6 months for severe valve disease.

Where multiple time-points are reported within a single study, only the time-point
closest to that stated above will be extracted.

Randomised controlled trials (RCTs) and systematic reviews of RCTs. Published
NMAs and IPDs will be considered for inclusion.

If insufficient evidence is found from RCTs, non-randomised studies will be
considered for inclusion.

Important confounders NRS must be adjusted for:

© NICE 2021. All rights reserved. Subject to Notice of rights.
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e Coronary artery disease
o Aortopathy in aortic valve disease

Clinical evidence

Included studies

One study was included in the review;" this is summarised in Table 2 below. Evidence from
this study is summarised in the clinical evidence summary below (Table 3).

A search was conducted for randomised trials comparing the effectiveness of various
different types and frequencies of monitoring compared to each other or no routine
monitoring in patients with heart valve disease and no current indication for intervention. No
randomised trials matching the protocol were identified, so observational studies were
considered for inclusion as pre-specified in the protocol.

One observational study was subsequently included in the review; this study compared a
guideline adherent group with a guideline non-adherent group by retrospective review of
medical records in those with severe asymptomatic aortic stenosis. However, this study was
considered to be indirect compared with the protocol as the frequency of monitoring varied in
the guideline adherent group [defined as clinical review with echocardiography and
cardiopulmonary physical examination every 12 (+6) months] and there was no description of
the monitoring that occurred in the guideline non-adherent group, meaning it could have
included those undergoing follow-up more often, less often or using different methods than
recommended in the guidelines. However, this study was included due to a lack of other
available evidence from comparative studies.

The protocol specified that any non-randomised studies included should have adjusted
outcomes for two key confounders for aortic stenosis: coronary artery disease and
aortopathy. Although the proportion in each group with coronary artery disease was reported
to be similar in both groups, aortopathy was not mentioned and it is unclear whether this may
have differed between the groups, which is a further limitation of this study. The study
reported two outcomes and for one of these (all-cause mortality) an adjusted value including
coronary artery disease as a covariate was provided. For the other outcome (heart failure
hospitalisation), an adjusted value was not provided, but this was included in the review as
the proportion with coronary artery disease at baseline was similar between the groups. As
mentioned above, both of these outcomes were not adjusted for aortopathy and it is unclear
whether this factor may have differed between the groups. Due to a lack of other available
evidence these outcomes were included in the review despite this, but this contributed to the
decision to downgrade the outcomes for indirectness.

One factor that was substantially different between the groups during the follow-up was the
number of patients in each group that received surgical or catheter-based aortic valve
replacement — this was higher in the guideline adherent group compared with the guideline
non-adherent group (54 vs. 19.4%) and may have contributed to differences in outcomes.

In terms of the time-points outcomes were reported at, though an absolute effect for the 6
month time-point (as pre-specified for severe valve disease in the protocol) was obtained
from the study for the heart failure hospitalisation outcome using the reported hazard ratio
and control group risk at 6 months from the survival curve, the same could not be done for
the mortality outcome due to there being zero events for this outcome in the control group at
6 months. Therefore, for the all-cause mortality outcome a time-point of 1 year was used.
The study reported the control group risk at the 4 year time-point for mortality and this could
also be obtained from the survival curve for the heart failure hospitalisation outcome, but
these were not used as this was a much longer follow-up than the 6 month time-point
specified in the protocol for severe valve disease.

© NICE 2021. All rights reserved. Subject to Notice of rights.
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See also the study selection flow chart in Appendix C:, study evidence tables in Appendix D:,
2  forest plots in Appendix E:and GRADE tables in Appendix F.

142 Excluded studies

4  See the excluded studies list in Appendix ..

© NICE 2021. All rights reserved. Subject to Notice of rights.
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1.4.83 Summary of clinical studies included in the evidence review

2

Table 2: Summary of studies included in the evidence review

Study
Ahmed 2017"

Retrospective
review of medical
records

Medical records
reviewed from 25th
July 2007 to 6th
December 2012

N=300
USA

Intervention and comparison

Guideline adherent group
[clinical review +
echocardiography every 12
(¥6) months] (n=202): serial
evaluation occurring every 12
(£6) months until aortic valve
replacement or death during
the follow-up.

Appropriate serial evaluations
required the following to be
performed: comprehensive
clinical evaluation that included
description of presence or
absence of cardiac symptoms,
cardiopulmonary physical
examination, and 2D and
Doppler echocardiogram
including assessment of left
ventricular function and the
haemodynamic severity of
aortic stenosis, with
documentation of the aortic
valve area and either the peak
aortic velocity or mean aortic
valve gradient

Guideline non-adherent
group (n=98): No definition for
guideline non-adherence
provided - could include those
receiving follow-up with all

Population

Severe asymptomatic aortic

stenosis

Mean age: 78 (11.6) vs. 79.8

(11.3) years

Coronary artery disease,
47.5 vs. 48%

Outcomes
All-cause mortality (median
4.5 years)

Heart failure hospitalisation
(median 4.5 years)

Comments

Indirectness of
interventions compared to
the protocol

All-cause mortality
adjusted for: age, sex,
coronary artery disease,
atrial fibrillation, diabetes,
peak aortic velocity,
mean aortic valve
gradient, aortic valve
area, prior percutaneous
coronary intervention, left
ventricular ejection
fraction and guideline
adherence

Heart failure
hospitalisation was not
adjusted, but similar at
baseline for one of the
key confounders listed:
coronary artery disease

Aortopathy was not
mentioned in the study so
unclear if groups were
similar at baseline for this
factor

Note that the hazard
ratios reported in the
study were inverted as
the paper reported the
hazard ratios with the

Bulionuop
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1443
10
11

Study Intervention and comparison  Population
required components more
often than every 12 (£6)
months, those receiving follow-
up with all required
components less often than
every 12 (x6) months and also
those receiving follow-up within
12 (x6) months but without all
of the required components
(comprehensive clinical review,
cardiopulmonary physical
examination and 2D and
Doppler echocardiogram, as
defined for the other group).

See Appendix D: for full evidence tables.
Quality assessment of clinical studies included in the evidence review

Mild heart valve disease

No evidence was identified for this stratum.

Moderate heart valve disease

No evidence was identified for this stratum.

Severe heart valve disease

Outcomes Comments
guideline adherent group
as the control group,
whereas we have
extracted the guideline
non-adherent group as
the control group.

Bulionuop
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1 Table 3: Clinical evidence summary: Guideline adherent [clinical review + echocardiography every 12 (+6) months] vs. guideline

2 non-adherent group

Outcomes
All-cause mortality - HR (adjusted) 1 year

Cardiac mortality

Health-related quality of life (any validated
measure)

Heart failure hospitalisation - HR (not
adjusted) 6 months

New-onset atrial fibrillation

No of
Participants
(studies)
Follow up

300
(1 study)
4.5 years

300
(1 study)
4.5 years

Quality of the evidence
(GRADE)

SISISIS)

VERY LOWsa.be

due to risk of bias,
indirectness, imprecision

(CISISIS)

VERY LOWapb
due to risk of bias,
indirectness

Anticipated absolute effects

Relative Risk with
effect guideline non-
(95% CI) adherent group

HR0.65 20 per 1000
(0.44 to
0.96)¢

HR 0.6 153 per 1000
(0.46 to
0.79)f

Risk difference with
Guideline adherent
group (95% Cl)

7 fewer per 1000
(from 1 fewer to 11
fewer)e

58 fewer per 1000
(from 30 fewer to 79
fewer)e

aDowngraded 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

bDowngraded by 1 increment as the interventions and comparisons in this study were indirect compared with the protocol - monitoring in the guideline
adherent group may not have been 12 months in all patients and monitoring in the guideline non-adherent group was not defined and could have included
various different strategies. There was also no information about aortopathy in the study, one of the confounders listed in the protocol.

‘Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs

Bulionuop
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No of Anticipated absolute effects

Participants Relative Risk with Risk difference with

(studies) Quality of the evidence effect guideline non- Guideline adherent
Outcomes Follow up (GRADE) (95% CI)  adherent group group (95% CI)

9The values reported in the paper (HR 1.54, 95% CI 1.04 to 2.29) were inverted in order to obtain the HR for the guideline adherent group vs. the non-
adherent group to achieve the comparison of interest in the protocol

eControl group risk at 1 year from survival curve used. A larger benefit (100 fewer per 1000) was observed when the control group risk at 4 years was
used; however, this was not included in the report as the 1-year time-point was closest to the time-point of 6 months specified in the protocol

fThe values reported in the paper (HR 1.66, 95% CI 1.27 to 2.18) were inverted in order to obtain the HR for the guideline adherent group vs. the non-
adherent group to achieve the comparison of interest in the protocol

9Control group risk at 6 months from survival curve used. A larger benefit (185 fewer per 1000) was observed when the control group risk at 4 years was
used; however, this was not included in the report as the time-point specified in the protocol was 6 months

See Appendix F for full GRADE tables.

Burioluoly
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Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in Appendix G:.

© NICE 2021. All rights reserved. Subject to Notice of rights.
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No economic studies were found

1.5.8 Summary of studies included in the economic evidence review
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Health economic modelling

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

Unit costs

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

Table 4: UK costs of monitoring tests for heart valve disease

Resource Unit cost Source
CHF guideline
BNP £22 (NG106)®
CHF guideline
NT-proBNP £26 (NG106)¢®
. . NHS reference Costs
Simple Echocardiogram (a) £108 2017/185"
. NHS reference Costs
Complex Echocardiogram (b) £196 2017/185"
: . NHS reference Costs
Electrocardiogram or stress testing (¢c) £58 2017/185"
Complex computerised Tomography £162 NHS reference Costs
(CT) (d) 2017/18°5
Cardiac Magnetic Resonance (CMR) £399 NHS reference Costs
(e) 2017/185

Source: Costs obtained from the CHF guideline*® and NHS reference cost 2017/18%", cost codes were agreed by
the committee.
Abbreviations: BNP: B-type natriuretic peptide.

(a) Cost code RD51Aoutpatient

(b) Cost code EY50Y outpatient

(c) Cost obtained from the direct access to diagnostic service, cost code EC22Z

(d) Cost code RD28Z

(e) Cost weighted according to units of activity for the outpatient post-contrast only and pre- and post-

contrast. Cost code RD09Z + RD10Z

Evidence statements

Clinical evidence statements

See the summary of evidence in Table 3.

Health economic evidence statements
No relevant economic evaluations were identified.

The committee’s discussion of the evidence

Interpreting the evidence

The outcomes that matter most

Outcomes considered to be critical as listed in the protocol were all-cause mortality, cardiac
mortality, health-related quality of life (any validated measure) and hospitalisation for heart
failure or any other cardiac reason.

© NICE 2021. All rights reserved. Subject to Notice of rights.
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One additional outcome of new-onset atrial fibrillation was included as an important outcome.

It was agreed that the preferred time-points for reporting outcomes would depend on the
severity of the valve disease, with 12 months preferable for mild or moderate valve disease
and 6-month data preferable for severe valve disease. This reflects how often the respective
severities are usually followed up in current practice.

Evidence included in this review was very limited, with only two outcomes from a single study
being identified. Outcomes with no evidence were as follows: cardiac mortality, health-related
quality of life and new-onset atrial fibrillation.

The quality of the evidence

A single, retrospective study, which consisted of a review of medical records, was included in
this review and covered the severe valve disease group, consisting of people with severe
asymptomatic aortic stenosis. Two outcomes were extracted from the study and both were
rated as very low quality evidence, being downgraded for risk of bias, indirectness and
imprecision. Indirectness was due to the limitations highlighted below in terms of the
definition of monitoring in the non-adherent group.

No relevant studies were identified for the following populations: mild valve disease and
moderate valve disease.

This study compared outcomes between a group that adhered to existing guidelines and a
group that did not. This study was limited as there was no definition of the level of the
monitoring that the non-adherent group actually received and it was unclear whether they
were followed up less often, more often or were followed up at the same frequency as the
adherent group but the methods used for monitoring did not meet the criteria specified in the
guidelines. In addition, in the adherent group the frequency of monitoring varied between
participants with 1246 months being reported for the group.

Further limitations associated with this study concern adjustment for confounders. The
protocol specified that any non-randomised studies included should have adjusted outcomes
for two key confounders for aortic stenosis: coronary artery disease and aortopathy. Although
the proportion in each group with coronary artery disease was reported to be similar in both
groups, aortopathy was not mentioned and it is unclear whether this may have differed
between the groups. For the all-cause mortality outcome, an adjusted value including
coronary artery disease as a covariate was provided. For the heart failure hospitalisation
outcome, an adjusted value was not provided, but this outcome was still included in the
review as the proportion with coronary artery disease at baseline was similar between the
groups and there was no other evidence available. As mentioned, both of these outcomes
were not adjusted for aortopathy and it is unclear whether this factor may have differed
between the groups. Due to a lack of other available evidence these outcomes were included
in the review despite this, but this contributed to the decision to downgrade the outcomes for
indirectness.

Additionally, though an absolute effect for the 6 month time-point (as pre-specified for severe
valve disease in the protocol) was obtained from the study for the heart failure hospitalisation
outcome using the reported hazard ratio and control group risk at 6 months from the survival
curve, the same could not be done for the mortality outcome due to there being zero events
for this outcome in the control group at 6 months. Therefore, for the all-cause mortality
outcome a time-point of 1 year was used. The study reported the control group risk at the 4
year time-point for mortality and this could also be obtained from the survival curve for the
heart failure hospitalisation outcome; however, these were not used as this was a much
longer follow-up than the 6 month time-point specified in the protocol for severe valve
disease.

© NICE 2021. All rights reserved. Subject to Notice of rights.
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One factor that was substantially different between the groups during the follow-up was the
number of patients in each group that received surgical or catheter-based aortic valve
replacement — this was higher in the guideline adherent group compared with the guideline
non-adherent group (54 vs. 19.4%) and may have contributed to differences in outcomes.
The committee agreed that this may have been the case, as with an enhanced monitoring
strategy those requiring intervention could be picked up sooner and intervention performed to
improve patient outcomes and prevent deterioration. This was taken into account in the risk
of bias assessment for both outcomes and contributed to the overall grading of high or very
high risk of bias.

The quality of the evidence identified and the other limitations described in the benefits and
harms section below meant that although the included study was taken into account when
making the recommendation, the recommendation made was largely based on the clinical
experience of the committee and was considered to be in line with current practice. This
meant that an offer recommendation was agreed to be appropriate. Although the only
evidence identified was in the asymptomatic severe aortic stenosis population, the committee
agreed it was appropriate to extrapolate the recommendation to cover any type of
asymptomatic severe valve disease.

Benefits and harms

The study included in this review compared the outcomes of a guideline adherent group with
a guideline non-adherent group in people with asymptomatic severe aortic stenosis by
retrospective review of medical records. Of the two outcomes that were reported (all-cause
mortality and heart failure hospitalisation), both demonstrated fewer events in in the guideline
adherent group compared with the guideline non-adherent group based on absolute
differences calculated at 6 (heart failure hospitalisation) or 12 months (all-cause mortality),
with a clinically important benefit identified for all-cause mortality. Although there was
uncertainty in terms of the size of the effect based on the confidence intervals, confidence
intervals were quite narrow and were also consistent with reduced events in the guideline
adherent group compared with the non-adherent group. No data were available for the
following outcomes for the severe asymptomatic aortic stenosis population: cardiac mortality,
health-related quality of life and new-onset atrial fibrillation.

The committee agreed that the evidence available was very limited to be able to inform
recommendations. They noted the limitations associated with the single study identified,
including the lack of definition of the guideline non-adherent group and the fact that
monitoring frequency varied between patients in the guideline adherent group. In addition,
the committee also highlighted that this study was performed in the USA, where medical
insurance is required to cover costs of medical care. They agreed that the requirement for
medical insurance means each follow-up appointment represents a further cost to those that
are not insured and may affect the premiums of those that claim for these tests on insurance
policies, which may deter people from going if they feel well. The committee highlighted that
this makes the study less applicable to the system in the UK.

The committee agreed that despite the limitations, the results of the study made sense, as
enhanced monitoring may allow those requiring intervention to be picked up sooner and have
intervention to prevent negative outcomes, such as mortality and hospitalisation for heart
failure, occurring. However, they noted that there could be an association between being
sicker, including having more severe disease or in terms of general health, and being in the
guideline non-adherent group, due to the study being non-randomised and not adjusting for
such confounders.

In terms of current practice, this was considered to be variable for the asymptomatic severe
aortic stenosis population. Currently, frequency of follow-up was considered to be between 6
and 12 months for this group, with this depending on how well the patient was considered to

© NICE 2021. All rights reserved. Subject to Notice of rights.
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be and also patient preferences. The committee agreed that those that were thought to be
particularly unwell may be followed-up more often, every 6 months, whereas most would be
followed up every 12 months. The committee explained that the rationale for the current
frequency of follow-up in this population was that the rate of progression of the
consequences of severe aortic stenosis or the rate at which symptoms develop usually
involves a decline over a period of months rather than years, and longer periods between
follow-ups would mean negative outcomes occur before the next follow-up in many cases.

Therefore, although the included study did inform the recommendation to a certain extent, it
was mostly based on current practice for this population and the committee’s experience due
to the limitations with the included study. The committee noted that echocardiography had
been a required component in the guideline adherent group of the included study and in
order to assess possible need for intervention at each follow-up should be performed.

In addition, the committee highlighted that the proposed monitoring strategy for the
asymptomatic severe heart valve disease population is relevant to those in whom an
intervention may be considered in the future. In those that are too frail for intervention to be
considered at all in the future, the committee noted that follow-up may differ for this group.

The committee therefore made a consensus recommendation that people with severe
asymptomatic heart valve disease, who may be suitable for future intervention, be followed
up every 6-12 months by clinical review and echocardiography in discussion with the patient.
Although the only evidence identified was in the asymptomatic severe aortic stenosis
population, the committee agreed it was appropriate to extrapolate the recommendation to
cover any type of asymptomatic severe valve disease.

No evidence was identified for any mild or moderate valve disease. Consensus
recommendations could not be made for mild or moderate valve disease as there was
considered to be more variation in practice for these populations and the recommendation for
asymptomatic severe heart valve disease could not be extrapolated to cover these
populations as the difference in severity means they are different in terms of the extent of
follow-up required. It was therefore agreed that research recommendations would be made
to cover these areas, which included asymptomatic mild or moderate valve disease (see
Appendix J.1.1 for details) and symptomatic moderate valve disease (see Appendix J.1.5 for
details) , as well as further research recommendations for severe asymptomatic valve
disease due to the limitations discussed with the single included study for this population
(see Appendix J.1.9 for details).

Evidence from expert testimony to cover the population of pregnant women or women of
childbearing age indicated that monitoring of pregnant women may be different in terms of
the frequency and type of monitoring required, which is covered by a recommendation
discussed in evidence review A about referring to a cardiologist with expertise in the care of
pregnant women if they have moderate or severe valve disease, bicuspid aortic valve
disease of any severity and associated aortopathy, or a mechanical prosthetic valve.

Cost effectiveness and resource use
No health economic evidence was identified for this question.

The committee made a strong consensus recommendation for an enhanced monitoring
strategy for the asymptomatic severe heart valve disease group who may be suitable for
future intervention. Although the cost effectiveness is uncertain, monitoring of this group is
crucial to treatment because it enables identification of those patients for whom surgery is
most timely, leading to improved survival and quality of life.

The committee noted that this recommendation was in line with current practice where
follow-up was considered every 12 months, where the patient’s health is considered stable,
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or 6 months, where there is concern about the patient’s health deteriorating. This means
there should not be a resource impact.

Recommendations supported by this evidence review

This evidence review supports recommendations 1.4.1 and research recommendations on
monitoring where there is no current need for intervention.

© NICE 2021. All rights reserved. Subject to Notice of rights.
20



0 OVWoO NO OaprwODN -

—_— - —_— - —
NOoO O AWIN

N =
o O

NN
N =

NNNDNDDN NN
O©ooO~NOOOT A~ W

w
o

WWW wWw
aAbhbw N~

W W
~N O

B WWw
O © o

A DDA
WN =

A b D
oo b

Heart valve disease: DRAFT FOR CONSULTATION
Monitoring

References

1.

10.

11.

12.

13.

Ahmed A, Sorajja P, Garberich RF, Farivar RS, Harris KM, Gossl M. Association of
guideline adherence for serial evaluations with survival and adverse clinical events in
patients with asymptomatic severe aortic stenosis. JAMA Cardiology. 2017;
2(10):1141-1146

Alharthi MS, Mookadam F, Tajik AJ. Echocardiographic quantitation of mitral
regurgitation. Expert Review of Cardiovascular Therapy. 2008; 6(8):1151-1160

Attizzani GF, Ohno Y, Latib A, Petronio AS, De Carlo M, Giannini C et al.
Transcatheter aortic valve implantation under angiographic guidance with and without
adjunctive transesophageal echocardiography. American Journal of Cardiology.
2015; 116(4):604-611

Avierinos JF, Gersh BJ, Melton LJ, 3rd, Bailey KR, Shub C, Nishimura RA et al.
Natural history of asymptomatic mitral valve prolapse in the community. Circulation.
2002; 106(11):1355-1361

Badoz M, Arrigo M, lung B, Amioglu G, Yilmaz MB, Meneveau N et al. Role of
cardiovascular biomarkers for the assessment of mitral stenosis and its
complications. European Journal of Internal Medicine. 2016; 34:58-62

Bergler-Klein J, Gyongyosi M, Maurer G. The role of biomarkers in valvular heart
disease: focus on natriuretic peptides. Canadian Journal of Cardiology. 2014;
30(9):1027-1034

Bhavnani SP, Sola S, Adams D, Venkateshvaran A, Dash PK, Sengupta PP et al. A
randomized trial of pocket-echocardiography integrated mobile health device
assessments in modern structural heart disease clinics. JACC: Cardiovascular
Imaging. 2018; 11(4):546-557

Binder RK, Webb JG, Willson AB, Urena M, Hansson NC, Norgaard BL et al. The
impact of integration of a multidetector computed tomography annulus area sizing
algorithm on outcomes of transcatheter aortic valve replacement: A prospective,
multicenter, controlled trial. Journal of the American College of Cardiology. 2013;
62(5):431-438

Bing R, Cavalcante JL, Everett RJ, Clavel MA, Newby DE, Dweck MR. Imaging and
impact of myocardial fibrosis in aortic stenosis. JACC: Cardiovascular Imaging. 2019;
12(2):283-296

Carreras F, Pons-Llado G, Borras X, Padro JM, Caralps JM, Aris A et al. Non-
invasive preoperative assessment of chronic valvular heart disease by Doppler
ultrasound. European Heart Journal. 1988; 9(8):874-878

Casas-Rojo E, Fernandez-Golfin C, Moya-Mur JL, Gonzalez-Gomez A, Garcia-Martin
A, Moran-Fernandez L et al. Area strain from 3D speckle-tracking echocardiography
as an independent predictor of early symptoms or ventricular dysfunction in
asymptomatic severe mitral regurgitation with preserved ejection fraction.
International Journal of Cardiovascular Imaging. 2016; 32(8):1189-1198

Cawley PJ, Otto CM. Valvular regurgitation: does cardiovascular magnetic resonance
provide additional information compared to echocardiography? Minerva
Cardioangiologica. 2009; 57(4):521-535

Chan RH, Shaw JL, Hauser TH, Markson LJ, Manning WJ. Guideline adherence for
echocardiographic follow-up in outpatients with at least moderate valvular disease.
Journal of the American Society of Echocardiography. 2015; 28(7):795-801

© NICE 2021. All rights reserved. Subject to Notice of rights.

21



O©oONOO OO OWON-

—_
N —-O

_ A A
(20N I~ N V)

NN A
- O ©O© 0o~

NN N
A OWN

N NN N
O NO O

WWN
- O

W W
W N

W W
[N

WwWwww
©O© o0o~NO®

A DD
N —-~O

A DD
o b w

B
~N O

Heart valve disease: DRAFT FOR CONSULTATION
Monitoring

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chieffo A, Giustino G, Spagnolo P, Panoulas VF, Montorfano M, Latib A et al.
Routine screening of coronary artery disease with computed tomographic coronary
angiography in place of invasive coronary angiography in patients undergoing
transcatheter aortic valve replacement. Circulation: Cardiovascular Interventions.
2015; 8(7):e002025

Chodor P, Wilczek K, Przybylski R, Glowacki J, Kukulski T, Streb W et al. Impact of
CoreValve size selection based on multi-slice computed tomography on paravalvular
leak after transcatheter aortic valve implantation. Cardiology Journal. 2017;
24(5):467-476

Cieslikowski D, Baron T, Grodzicki T. Exercise echocardiography in the evaluation of
functional mitral regurgitation: a systematic review of the literature. Cardiology
Journal. 2007; 14(5):436-446

Condado JF, Lerakis S, Stewart J, Jensen H, Henry TS, Ko SM et al. Balloon versus
computed tomography sizing of the aortic annulus for transcatheter aortic valve
replacement and the impact of left ventricular outflow tract calcification and
morphology on sizing. Journal of Invasive Cardiology. 2016; 28(7):295-304

Cornily JC, Gilard M, Bezon E, Jan V, Pennec PY, Etienne Y et al. Cardiac multislice
spiral computed tomography as an alternative to coronary angiography in the
preoperative assessment of coronary artery disease before aortic valve surgery: a
management outcome study. Archives of Cardiovascular Diseases. 2010;
103(3):170-175

Cujec B, Welsh R, Aboguddah A, Reeder B. Comparison of doppler
echocardiography and cardiac catheterization in patients requiring valve surgery:
Search for a 'gold standard'. Canadian Journal of Cardiology. 1992; 8(8):829-838

Cupps BP, Moustakidis P, Pomerantz BJ, Vedala G, Scheri RP, Kouchoukos NT et
al. Severe aortic insufficiency and normal systolic function: Determining regional left
ventricular wall stress by finite-element analysis. Annals of Thoracic Surgery. 2003;
76(3):668-675

Das P, Prendergast B. Imaging in mitral stenosis: assessment before, during and
after percutaneous balloon mitral valvuloplasty. Expert Review of Cardiovascular
Therapy. 2003; 1(4):549-557

Devereux RB. Mitral valve prolapse. Journal of the American Medical Womens
Association. 1994; 49(6):192-197

Devereux RB, Kramer-Fox R, Kligfield P. Mitral valve prolapse: causes, clinical
manifestations, and management. Annals of Internal Medicine. 1989; 111(4):305-317

Emerson DA, Amdur RL, Morrissette JR, Mordini FE, Nagy CD, Greenberg MD et al.
Using cardiac magnetic resonance imaging to evaluate cardiac function and predict
outcomes in patients with valvular heart disease. Innovations: Technology &
Techniques in Cardiothoracic & Vascular Surgery. 2015; 10(1):63-67

Eroglu AG, Babaoglu K, Saltik L, Oztunc F, Demir T, Ahunbay G et al.
Echocardiographic follow-up of congenital aortic valvular stenosis. Pediatric
Cardiology. 2006; 27(6):713-719

Ersboll M, Schulte PJ, Al Enezi F, Shaw L, Kober L, Kisslo J et al. Predictors and
progression of aortic stenosis in patients with preserved left ventricular ejection
fraction. American Journal of Cardiology. 2015; 115(1):86-92

Faletra F, De Chiara F, Crivellaro W, Mantero A, Corno R, Brusoni B.
Echocardiographic follow-up in patients with mild to moderate mitral stenosis: is a

© NICE 2021. All rights reserved. Subject to Notice of rights.

22



—
QOWooN OO wW N-

—_
N —

_
abrw

_ A A
©O© o NO®

NN N
N —-O

NN
AW

N NN N
O NO O

WWN
- O

W ww
A OWON

W wWww
0 NO O

A DhW
- OO

DA S
~AON

A D
[0

Heart valve disease: DRAFT FOR CONSULTATION
Monitoring

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

yearly examination justified? American Journal of Cardiology. 1996; 78(12):1450-
1452

Felmly LM, De Cecco CN, Schoepf UJ, Varga-Szemes A, Mangold S, McQuiston AD
et al. Low contrast medium-volume third-generation dual-source computed
tomography angiography for transcatheter aortic valve replacement planning.
European Radiology. 2017; 27(5):1944-1953

Finegold JA, Manisty CH, Cecaro F, Sutaria N, Mayet J, Francis DP. Choosing
between velocity-time-integral ratio and peak velocity ratio for calculation of the
dimensionless index (or aortic valve area) in serial follow-up of aortic stenosis.

International Journal of Cardiology. 2013; 167(4):1524-1531

Frankis MB. Echocardiography in the diagnosis and follow-up of valvular heart
disease. Journal - South Carolina Medical Association. 1999; 95(12):456-460

Gallo G, Forte M, Stanzione R, Cotugno M, Bianchi F, Marchitti S et al. Functional
role of natriuretic peptides in risk assessment and prognosis of patients with mitral
regurgitation. Journal of Clinical Medicine. 2020; 9(5):1348

Genereux P, Stone GW, O'Gara PT, Marquis-Gravel G, Redfors B, Giustino G et al.
Natural history, diagnostic approaches, and therapeutic strategies for patients with
asymptomatic severe aortic stenosis. Journal of the American College of Cardiology.
2016; 67(19):2263-2288

Goodman A, Kusunose K, Popovic ZB, Parikh R, Barr T, Sabik JF et al. Synergistic
utility of brain natriuretic peptide and left ventricular strain in patients with significant
aortic stenosis. Journal of the American Heart Association. 2016; 5(1):e002561

Greve AM. Risk stratifying asymptomatic aortic stenosis: role of the resting 12-lead
ECG. Danish Medical Journal. 2014; 61(2):B4793

Harris AW, Krieger EV, Kim M, Cawley PJ, Owens DS, Hamilton-Craig C et al.
Cardiac magnetic resonance imaging versus transthoracic echocardiography for
prediction of outcomes in chronic aortic or mitral regurgitation. American Journal of
Cardiology. 2017; 119(7):1074-1081

Henri C, Dulgheru R, Magne J, Caballero L, Laaraibi S, Davin L et al. Impact of serial
B-type natriuretic peptide changes for predicting outcome in asymptomatic patients
with aortic stenosis. Canadian Journal of Cardiology. 2016; 32(2):183-189

Henri C, Pierard LA, Lancellotti P, Mongeon FP, Pibarot P, Basmadjian AJ. Exercise
testing and stress imaging in valvular heart disease. Canadian Journal of Cardiology.
2014; 30(9):1012-1026

Henry WL, Bonow RO, Borer JS, Ware JH, Kent KM, Redwood DR et al.
Observations on the optimum time for operative intervention for aortic regurgitation. I.
Evaluation of the results of aortic valve replacement in symptomatic patients.
Circulation. 1980; 61(3):471-483

Jansen R, Kracht PAM, Cramer MJ, Tietge WJ, Van Herwerden LA, Klautz RJM et al.
The role of exercise echocardiography in the management of mitral valve disease.
Netherlands Heart Journal. 2013; 21(11):487-496

Johl MM, Malhotra P, Kehl DW, Rader F, Siegel RJ. Natriuretic peptides in the
evaluation and management of degenerative mitral regurgitation: a systematic review.
Heart. 2017; 103(10):738-744

Kochanowski J, Piatkowski R, Grabowski M, Roik M, Scislo P, Majstrak F et al. Utility
of stress echocardiography in selecting the optimal mitral valve procedure in patients

© NICE 2021. All rights reserved. Subject to Notice of rights.

23



_ A —_
AP WON ~O00© 0ONOO OOPW N-

—_
~N O

N =
O © 0

NDNN
WN -~

N
S

N NN N
O NO O

WN
o ©

w
-

W W
W N

W wWww
N OO~

w
oo

A bW
- O

A D
A OWN

Heart valve disease: DRAFT FOR CONSULTATION
Monitoring

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

with severe ischemic mitral regurgitation undergoing coronary artery bypass grafting.
Polskie Archiwum Medycyny Wewnetrznej. 2012; 122(5):217-225

Krieger EV, Lee J, Branch KR, Hamilton-Craig C. Quantitation of mitral regurgitation
with cardiac magnetic resonance imaging: a systematic review. Heart. 2016;
102(23):1864-1870

Lee JC, Branch KR, Hamilton-Craig C, Krieger EV. Evaluation of aortic regurgitation
with cardiac magnetic resonance imaging: a systematic review. Heart. 2018;
104(2):103-110

Lee R, Marwick TH. Assessment of subclinical left ventricular dysfunction in
asymptomatic mitral regurgitation. European Journal of Echocardiography. 2007;
8(3):175-184

Lee W, Kim JB, Yang DH, Kim C, Kim J, Ju MH et al. Comparative effectiveness of
coronary screening in heart valve surgery: Computed tomography versus
conventional coronary angiography. Journal of Thoracic and Cardiovascular Surgery.
2018; 155(4):1423-1431.e1423

Magne J, Lancellotti P, Pierard LA. Exercise testing in asymptomatic severe aortic
stenosis. JACC: Cardiovascular Imaging. 2014; 7(2):188-199

Mutnuru PC, Singh S, J DS, Perubhotla LM. Cardiac MR imaging in the evaluation of
rheumatic valvular heart diseases. Journal of Clinical and Diagnostic Research. 2016;
10(3):AC06-AC09

National Institute for Health and Care Excellence. Chronic heart failure in adults:
diagnosis and management. NICE guideline 106. London. National Institute for
Health and Care Excellence, 2018. Available from:
https://www.nice.org.uk/guidance/ng106

National Institute for Health and Care Excellence. Developing NICE guidelines: the
manual [updated 2020]. London. National Institute for Health and Care Excellence,
2014. Available from:
http://www.nice.org.uk/article/PMG20/chapter/1%20Introduction%20and%20overview

Nchimi A, Dibato JE, Davin L, Schoysman L, Oury C, Lancellotti P. Predicting disease
progression and mortality in aortic stenosis: A systematic review of imaging
biomarkers and meta-analysis. Frontiers in Cardiovascular Medicine. 2018; 5:112

NHS Improvement. 2017/18 Reference costs and guidance. 2018. Available from:
https://improvement.nhs.uk/resources/reference-costs/ Last accessed: 01/12/2020.

Oury C, Nchimi A, Lancellotti P, Bergler-Klein J. Can blood biomarkers help
predicting outcome in transcatheter aortic valve implantation? Frontiers in
Cardiovascular Medicine. 2018; 5:31

Owen A, Henein MY. Challenges in the management of severe asymptomatic aortic
stenosis. European Journal of Cardio-Thoracic Surgery. 2011; 40(4):848-850

Oxorn D, Edelist G, Stafford Smith M. An introduction to transoesophageal
echocardiography: Il. Clinical applications. Canadian Journal of Anaesthesia. 1996;
43(3):278-294

Picano E, Pibarot P, Lancellotti P, Monin JL, Bonow RO. The emerging role of
exercise testing and stress echocardiography in valvular heart disease. Journal of the
American College of Cardiology. 2009; 54(24):2251-2260

© NICE 2021. All rights reserved. Subject to Notice of rights.

24


https://www.nice.org.uk/guidance/ng106
http://www.nice.org.uk/article/PMG20/chapter/1%20Introduction%20and%20overview
https://improvement.nhs.uk/resources/reference-costs/

—
QW NO OabrwWw N-

—_
N —

_ A A
(20N IF NN V)

—_ A
© 00 N

NN
- O

NN DN N
A wWN

N NN
0 N O

WWWN
N -0

W W w
abr,w

W ww
oo N O®

A bW
- O

A D DD
AaAbhwWN

Heart valve disease: DRAFT FOR CONSULTATION
Monitoring

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Prabhu MR. Trans-esophageal echocardiography for tricuspid and pulmonary valves.
Annals of Cardiac Anaesthesia. 2009; 12(2):167

Prior DL, Jaber WA, Homa DA, Thomas JD, Mayer Sabik E. Impact of tissue
harmonic imaging on the assessment of rheumatic mitral stenosis. American Journal
of Cardiology. 2000; 86(5):573-576

Quinones MA. Management of mitral regurgitation. Optimal timing for surgery.
Cardiology Clinics. 1998; 16(3):421-435, viii

Redfors B, Furer A, Lindman BR, Burkhoff D, Marquis-Gravel G, Francese DP et al.
Biomarkers in aortic stenosis: A systematic review. Structural Heart. 2017; 1(1-2):18-
30

Shavelle DM. Calcific aortic valve disease: imaging studies and therapeutic
interventions. Journal of Investigative Medicine. 2007; 55(6):292-298

Sherifi I, Omar AMS, Varghese M, Weiner M, Anyanwu A, Kovacic JC et al.
Comparison of transesophageal and transthoracic echocardiography under moderate
sedation for guiding transcatheter aortic valve replacement. Echo Research &
Practice. 2018; 5(2):79-87

Shub C, Tajik AJ, Holmes DR, Jr., Reeder GS, Freeman WK, lIstrup DM et al.
Doppler echocardiography in aortic stenosis: feasibility and clinical impact.
International Journal of Cardiology. 1990; 28(1):57-66

Stewart RL, Chan KL. Management of asymptomatic severe aortic stenosis. Current
Cardiology Reviews. 2009; 5(1):29-35

Suri RM, Aviernos JF, Dearani JA, Mahoney DW, Michelena HI, Schaff HV et al.
Management of less-than-severe mitral regurgitation: should guidelines recommend
earlier surgical intervention? European Journal of Cardio-Thoracic Surgery. 2011;
40(2):496-502

Taggu W, Topham A, Hart L, Carr-White G, Sulke N, Patel NR et al. A cardiac
sonographer led follow up clinic for heart valve disease. International Journal of
Cardiology. 2009; 132(2):240-243

Tang Y, Green P, Maurer M, Lazarte R, Kuzniecky JR, Hung MY et al. Relationship
between accelerometer-measured activity and self-reported or performance-based
function in older adults with severe aortic stenosis. Current Geriatrics Reports. 2015;
4(4):377-384

Tanguturi VK, Hidrue MK, Picard MH, Atlas SJ, Weilburg JB, Ferris TG et al.
Variation in the echocardiographic surveillance of primary mitral regurgitation.
Circulation: Cardiovascular Imaging. 2017; 10(8):e006495

Tani LY, Minich LL, Pagotto LT, Shaddy RE. Usefulness of doppler echocardiography
to determine the timing of surgery for supravalvar aortic stenosis. American Journal of
Cardiology. 2000; 86(1):114-116

Tastet L, Simard L, Clavel MA. Severe and asymptomatic aortic stenosis
management challenge: Knowing that we do not really know. Current Treatment
Options in Cardiovascular Medicine. 2017; 19(5):33

Trinh B, Dubin I, Rahman O, Ferreira Botelho MP, Naro N, Carr JC et al. Aortic
volumetry at contrast-enhanced magnetic resonance angiography: Feasibility as a
sensitive method for monitoring bicuspid aortic valve aortopathy. Investigative
Radiology. 2017; 52(4):216-222

© NICE 2021. All rights reserved. Subject to Notice of rights.

25



0O OVWoON OO WN-

—_ —_
A OWON

_ A
N O O

N =
o ©O©

N N DN
w N -

Heart valve disease: DRAFT FOR CONSULTATION
Monitoring

71.

72.

73.

74.

75.

76.

Trochu JN, Dillon R, Gustafsson F, Mitchell SA, Mitrovic V, Alfieri O. Mitral
regurgitation - Unmet need for improved management strategies. IJC Heart and
Vasculature. 2014; 5:26-41

Velu JF, Baan J, Jr., de Bruin-Bon H, van Mourik MS, Nassif M, Koch KT et al. Can
stress echocardiography identify patients who will benefit from percutaneous mitral
valve repair? International Journal of Cardiovascular Imaging. 2019; 35(4):645-651

Wystub N, Baz L, Mobius-Winkler S, Porner TC, Goebel B, Hamadanchi A et al.
Aortic annulus measurement with computed tomography angiography reduces aortic
regurgitation after transfemoral aortic valve replacement compared to 3-D
echocardiography: a single-centre experience. Clinical Research in Cardiology. 2019;
108(11):1266-1275

Zaidi A, lonescu A, Sharma R, Heatley M. Echocardiographic surveillance of aortic
valve stenosis: towards a standardized approach. Journal of Heart Valve Disease.
2012; 21(6):707-713

Zilberszac R, Heinze G, Binder T, Laufer G, Gabriel H, Rosenhek R. Long-term
outcome of active surveillance in severe but asymptomatic primary mitral
regurgitation. JACC: Cardiovascular Imaging. 2018; 11(9):1213-1221

Zilberszac R, Lancellotti P, Gilon D, Gabriel H, Schemper M, Maurer G et al. Role of
a heart valve clinic programme in the management of patients with aortic stenosis.
European Heart Journal Cardiovascular Imaging. 2017; 18(2):138-144

© NICE 2021. All rights reserved. Subject to Notice of rights.

26



Heart valve disease: DRAFT FOR CONSULTATION
Monitoring

Appendices

Appendix A: Review protocols

Table 5: Review protocol: Monitoring of people with heart valve disease and no
current indication for intervention

ID Field Content
0. PROSPERQO registration number | CRD42020162805
1. Review title

Clinical protocol for monitoring of people with
heart valve disease and no current indication
for intervention.

2. Review question Where there is no current indication for

intervention, what is the most clinically and
cost-effective type and frequency of test for
monitoring in adults with heart valve disease?

3. Objective To establish how often and with what test

people with heart valve disease and no current
indication for intervention should be assessed
to determine the right timing for intervention
before they have any major events. Current
practice is to use echocardiography for follow-
up but the frequency varies. The aim is to
determine the optimal frequency of echo and
whether any additional tests provide benefit in
specific groups.

4. Searches The following databases (from inception) will be

searched:

e Cochrane Central Register of Controlled
Trials (CENTRAL)

e Cochrane Database of Systematic Reviews
(CDSR)

e Embase

e MEDLINE

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

e Letters and comments are excluded

Other searches:

e 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.
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The full search strategies for MEDLINE
database will be published in the final review.
5. Condition or domain being Diagnosed heart valve disease in adults aged
studied 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 and no current indication
for intervention, stratified by the severity of
valve disease as follows:

e Mild
e Moderate

e Severe

Severity assessed by echo and rated as per

The British Society of Echocardiography. Other
definitions will be accepted and downgrade for
indirectness if appropriate.

Exclusion:
Children aged less than 18 years.

Adults with congenital heart disease (excluding
bicuspid aortic valves).

Tricuspid stenosis and pulmonary valve
disease.

People who have had prior heart valve repair or
replacement (transcatheter or surgical).

7. Intervention/ Test

Any of the following assessment strategies
used for monitoring purposes, followed by
appropriate valve intervention, in the specified
population:

Biomarkers (alone or in combination with echo):
e BNP (B-type natriuretic peptide)

e NT-proBNP (N-terminal prohormone
brain natriuretic peptide)

Imaging:
e Echocardiography
e CT (alone or in combination with echo)

e CMR (cardiovascular magnetic
resonance; alone or in combination
with echo)

Patient reported outcome measures (PROMS;
alone or in combination with echo), including:

e EuroQol
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e Minnesota Living With Heart Failure
Questionnaire (MLHFQ)

e Veterans Specific Activity
Questionnaire

Other methods:

e Electrocardiogram (ECG) (alone or in
combination with echo)

e Clinical review only (no specific tests
performed, as defined by the study
authors)

e Exercise testing (for example Bruce
protocol; alone or in combination with
echo)

Different frequencies of the tests used for
monitoring will be considered as separate
interventions. Therefore, we will include studies
comparing different frequencies of the same or
different interventions.

Frequency will be categorised into the following
groups:

e More frequently than once a year (e.g.
every 3 or 6 months)

e Once ayear

e Less frequently than once a year (e.g.
every 2, 3 or 5 years)

Each monitoring test is a different strata and
each frequency is a sub-analysis for each test.

8. Comparator/Reference Other active comparator listed above
standard/Confounding factors
No monitoring (for example, tests only

performed if new symptoms emerge/symptoms
worsen)
9. Types of study to be included Randomised controlled trials (RCTs) and

systematic reviews of RCTs. Published NMAs
and IPDs will be considered for inclusion.

If insufficient? evidence is found from RCTs,
non-randomised studies will be considered for
inclusion.

Important confounders NRS must be adjusted
for:

e Coronary artery disease
e Aortopathy in aortic valve disease

2 This will be assessed for each intervention separately. There is no strict definition, but in discussion with the GC
we will consider whether we have enough to form the basis for a recommendation (e.g., one large well-
conducted RCT, or more than one small RCTs).
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10.

Other exclusion criteria

Exclusion criteria:
¢ Non-English language studies

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.

11.

Context

Current practice is to follow people up using
echocardiography to monitor whether
intervention has become necessary. However,
the frequency of follow up is inconsistent across
the country and other modalities of follow up
are also being variably used.

12.

Primary outcomes (critical
outcomes)

¢ All-cause mortality
e Cardiac mortality

¢ Health-related quality of life (any validated
measure)
¢ Hospitalisation for heart failure or other

cardiac reason (e.g., for syncope in severe
AS)

If data are available, follow-up will be reported

as a first preference at :

¢ 12 months for mild and moderate valve
disease

¢ 6 months for severe valve disease.

Where multiple time-points are reported within

a single study, only the time-point closest to

that stated above will be extracted.

13.

Secondary outcomes (important
outcomes)

e New-onset atrial fibrillation

If data are available, follow-up will be reported
as a first preference at :

¢ 12 months for mild and moderate valve
disease

¢ 6 months for severe valve disease.
Where multiple time-points are reported within

a single study, only the time-point closest to
that stated above will be extracted.

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.
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An in-house developed database, EViBASE, will
be used for data extraction and quality
assessment of clinical studies. A standardised
form is followed to extract data from studies
(see Developing NICE guidelines: the manual
section 6.4) and for undertaking assessment of
study quality. Summary evidence tables will be
produced including information on: study
setting; study population and participant
demographics and baseline characteristics;
details of the intervention and control
interventions; study methodology’ recruitment
and missing data rates; outcomes and times of
measurement; critical appraisal ratings.

15.

Risk of bias (quality) assessment

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

Checklists used in this intervention review are
as follows for different types of study design:

e Systematic reviews: Risk of Bias in
Systematic Reviews (ROBIS)

¢ Randomised Controlled Trial: Cochrane RoB
(2.0)

¢ Non-randomised study, including cohort
studies: Cochrane ROBINS-|

10% of all evidence reviews are quality assured
by a senior research fellow. This includes
checking:

e 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

e Where possible, data will be meta-analysed.
Pairwise meta-analyses will be performed
using Cochrane Review Manager (RevMan5)
to combine the data given in all studies for
each of the outcomes stated above. A fixed
effect meta-analysis, with weighted mean
differences for continuous outcomes and risk
ratios for binary outcomes will be used, and
95% confidence intervals will be calculated
for each outcome.

¢ Heterogeneity between the studies in effect
measures will be assessed using the |2
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statistic and visually inspected. An I? value
greater than 50% will be considered indicative
of substantial heterogeneity. Sensitivity
analyses will be conducted 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
pooled using random-effects.

GRADEpro will be used to assess the quality
of evidence for each outcome, 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
outcome. Publication bias is tested for when
there are more than 5 studies for an outcome.
The risk of bias across all available evidence
was evaluated for each outcome using an
adaptation of the ‘Grading of
Recommendations Assessment,
Development and Evaluation (GRADE)
toolbox’ developed by the international
GRADE working group
http://www.gradeworkinggroup.org/

Where meta-analysis is not possible, data will
be presented and quality assessed
individually per outcome.

If sufficient data is available to make a
network of treatments, WinBUGS will be used
for network meta-analysis. 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

Subgroups that will be investigated if

heterogeneity is present:

e Type of valve disease: aortic stenosis
(bicuspid), aortic stenosis (non-
bicuspid/calcific), aortic regurgitation
(including bicuspid and non-bicuspid),
mitral stenosis, mitral regurgitation,
tricuspid regurgitation

e Coronary artery disease

e Aortopathy in aortic valve disease

Studies will be assigned to different subgroups
using a threshold of 75%.

18.

Type and method of review

Intervention

Diagnostic

Prognostic

Qualitative

Epidemiologic

U
U
O
O
O

Service Delivery
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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 Review Stage Started Completed

submission

Preliminary v v
searches
Piloting of the study | [+ v
selection process
Formal screening 2 2
of search results
against eligibility
criteria
Data extraction v v
Risk of bias v v
(quality)
assessment
Data analysis v v

24. | Named contact 5a. Named contact
National Guideline Centre
5b Named contact e-mail
HVD@nice.org.uk
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.
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27.
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20.
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None

30.
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31.

Dissemination plans
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raise awareness of the guideline. These include
standard approaches such as:
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publication

¢ publicising the guideline through NICE's
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and publicising the guideline within NICE.

32.
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2 Table 6: Health economic review protocol

Review
question

Objectives

Search
criteria

Search
strategy

Review
strategy

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.)

e 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).4°

Inclusion and exclusion criteria

e 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
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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).

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.

o 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 11 - monitoring of people with heart valve disease and
no current indication for intervention AND monitoring in people with repaired or replaced
heart valves

This literature search strategy was used for the following reviews:

o Where there is no current indication for intervention, what is the most clinically and
cost-effective type and frequency of test for monitoring in adults with heart valve
disease?

o What is the most clinically and cost-effective frequency of echocardiography or
clinical review for monitoring in adults with repaired or replaced heart valves?

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 7: Database date parameters and filters used

Database

Dates searched Search filter used

Medline (OVID) 1946 - 14 October 2020 Exclusions

Randomised controlled trials
Systematic review studies
Observational studies

Embase (OVID) 1974 - 14 October 2020 Exclusions

Randomised controlled trials
Systematic review studies
Observational studies

The Cochrane Library (Wiley) Cochrane Reviews to 2020 None

Issue 10 of 12

CENTRAL to 2020 Issue 10 of
12

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.
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 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.
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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. exp Natriuretic Peptide, Brain/

37. Biomarker*.ti,ab.

38. ((brain or b-type) adj2 natriuretic peptide*).ti,ab.

39. (bnp or nt-probnp or nt-pro bnp or nt-bnp).ti,ab.

40. exp Echocardiography/

41. (Echo* or transoesophageal or transesophageal or transthoracic or TOE or TEE or
TTE).ti,ab.

42, exp Electrocardiography/

43, (electrocardio* or ECG or EKG).ti,ab.

44, exp Tomography, X-Ray computed/

45, (comput* adj2 tomograp*).ti,ab.

46. (CT adj3 (cine or CAT or scan* or x ray* or xray* or imag*)).ti,ab.

47. exp Magnetic Resonance Imaging/

48. ((magnetic or nuclear) adj2 resonance adj3 imag*).ti,ab.

49, ((cardiac or cardiovascular) adj mr).ti,ab.

50. (mri* or nmr* or cmr*).ti,ab.

51. patient reported outcome measures/

52. ("patient reported outcome measures" or PROM*).ti,ab.

53. (euroqol* or eq5d* or eq 5%).ti,ab.

54, ("minnesota living with heart failure questionnaire" or MLHFQ or MLWHF).ti,ab.

55. ("Veterans Specific Activity Questionnaire" or VSAQ).ti,ab.

56. (clinic* adj2 (assess™ or general or special* or valve* or monitor* or examin®)).ti,ab.

57. Exercise tolerance/ or Exercise Test/

58. ((physical* or exercise* or fitness) adj5 (fit* or train* or therap* or activ* or strength or
endur* or exert* or capacit® or tolera* or test*)).ti,ab.

59. (stress test adj2 (cardiac or ECG)).ti,ab.

60. bruce protocol.ti,ab.

61. or/36-60

62. Meta-Analysis/

63. exp Meta-Analysis as Topic/

64. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.
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65. ((systematic* or evidence™) adj3 (review* or overview*)).ti,ab.

66. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

67. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

68. (search* adj4 literature).ab.

69. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

70. cochrane.jw.

71. ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

72. or/62-71

73. randomized controlled trial.pt.

74. controlled clinical trial.pt.

75. randomi#ed.ti,ab.

76. placebo.ab.

77. randomly.ti,ab.

78. Clinical Trials as topic.sh.

79. trial.ti.

80. or/73-79

81. Epidemiologic studies/

82. Observational study/

83. exp Cohort studies/

84. (cohort adj (study or studies or analys* or data)).ti,ab.

85. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

86. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys™ or cohort* or data)).ti,ab.

87. Controlled Before-After Studies/

88. Historically Controlled Study/

89. Interrupted Time Series Analysis/

90. (before adj2 after adj2 (study or studies or data)).ti,ab.

91. or/81-90

92. 35 and 61 and (72 or 80 or 91)

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 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 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, exp brain natriuretic peptide/
35. Biomarker™.ti,ab.
36. ((brain or b-type) adj2 natriuretic peptide*).ti,ab.
37. (bnp or nt-probnp or nt-pro bnp or nt-bnp).ti,ab.
38. exp Echocardiography/
39. (Echo* or transoesophageal or transesophageal or transthoracic or TOE or TEE or
TTE).ti,ab.
40. exp electrocardiography/
41, (electrocardio* or ECG or EKG).ti,ab.
42, exp x-ray computed tomography/
43. (comput* adj2 tomograp*).ti,ab.
44, (CT adj3 (cine or CAT or scan* or x ray* or xray* or imag*)).ti,ab.
45. exp nuclear magnetic resonance imaging/
46. ((magnetic or nuclear) adj2 resonance adj3 imag*).ti,ab.
47. ((cardiac or cardiovascular) adj mr).ti,ab.
48. (mri* or nmr* or cmr*).ti,ab.
49, exp patient-reported outcome/
50. ("patient reported outcome measure*" or PROM*).ti,ab.
51. (euroqol* or eq5d* or eq 5*).ti,ab.
52. ("minnesota living with heart failure questionnaire" or MLHFQ or MLWHF).ti,ab.
53. ("Veterans Specific Activity Questionnaire" or VSAQ).ti,ab.
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54, (clinic* adj2 (assess™ or general or special* or valve* or monitor* or examin™)).ti,ab.

55. Exercise tolerance/ or Exercise Test/

56. ((physical* or exercise* or fitness) adj5 (fit* or train* or therap* or activ* or strength or
endur* or exert* or capacit® or tolera* or test*)).ti,ab.

57. (stress test adj2 (cardiac or ECG)).ti,ab.

58. bruce protocol.ti,ab.

59. or/34-58

60. systematic review/

61. meta-analysis/

62. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

63. ((systematic or evidence) adj3 (review* or overview™*)).ti,ab.

64. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

65. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

66. (search* adj4 literature).ab.

67. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

68. cochrane.jw.

69. ((multiple treatment™ or indirect or mixed) adj2 comparison*).ti,ab.

70. or/60-69

71. random®.ti,ab.

72. factorial®.ti,ab.

73. (crossover* or cross over*).ti,ab.

74. ((doubl* or singl*) adj blind*).ti,ab.

75. (assign* or allocat* or volunteer™ or placebo*).ti,ab.

76. crossover procedure/

77. single blind procedure/

78. randomized controlled trial/

79. double blind procedure/

80. or/71-79

81. Clinical study/

82. Observational study/

83. family study/

84, longitudinal study/

85. retrospective study/

86. prospective study/

87. cohort analysis/

88. follow-up/

89. cohort* ti,ab.

90. 88 and 89

91. (cohort adj (study or studies or analys* or data)).ti,ab.

92. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

93. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys* or cohort* or data)).ti,ab.

94. (before adj2 after adj2 (study or studies or data)).ti,ab.
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95. or/81-87,90-94
96. 33 and 59 and (70 or 80 or 95)
Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Heart Valve Diseases] explode all trees

#2. MeSH descriptor: [Heart Valves] explode all trees

#3. ((primary or secondary) NEXT valv* disease*):ti,ab

#4. ((valv* or flap* or leaflet*) near/1 (heart or cardiac) NEXT (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*) NEXT (valv* or flap* or leaflet*) NEXT
(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*) NEAR/3 (prolapse or regurgitation or stenos?s
or atresia or insufficienc*)):ti,ab

#7. MeSH descriptor: [Heart Valve Prosthesis] explode all trees

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

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

#10. (transcatheter NEAR/2 (valve or valves)):ti,ab

#11. MeSH descriptor: [Heart Murmurs] explode all trees

#12. ((heart or cardiac) NEXT murmur*):ti,ab

#13. (or #1-#12)

#14. MeSH descriptor: [Natriuretic Peptide, Brain] explode all trees

#15. Biomarker*:ti,ab

#16. ((brain or b-type) near/2 natriuretic peptide*):ti,ab

#17. (bnp or nt-probnp or nt-pro bnp or nt-bnp):ti,ab

#18. MeSH descriptor: [Echocardiography] explode all trees

#19. (electrocardio* or ECG or EKG):ti,ab

#20. MeSH descriptor: [Tomography, X-Ray Computed] explode all trees

#21. (comput* near/2 tomograp*):ti,ab

#22. (CT near/3 (cine or CAT or scan* or x ray* or xray* or imag*)):ti,ab

#23. MeSH descriptor: [Magnetic Resonance Imaging] explode all trees

#H24. ((magnetic or nuclear) near/2 resonance near/3 imag*):ti,ab

#25. ((cardiac or cardiovascular) near/1 mr):ti,ab

#26. (mri* or nmr* or cmr*):ti,ab

#27. MeSH descriptor: [Patient Reported Outcome Measures] explode all trees

#28. ("patient reported outcome measures" or PROM).ti,ab

#29. (euroqol* or eq5d* or eq 5*):ti,ab

#30. ("minnesota living with heart failure questionnaire" or MLHFQ or MLWHF):ti,ab

#31. ("Veterans Specific Activity Questionnaire" or VSAQ).ti,ab

#32. (clinic* near/2 (assess™ or general or special* or valve or monitor* or examin®)):ti,ab

#33. MeSH descriptor: [Exercise Tolerance] explode all trees

#34. MeSH descriptor: [Exercise Test] explode all trees

#35. ((physical* or exercise* or fitness) near/5 (fit* or train* or therap* or activ* or strength or
endur* or exert* or capacit® or tolera* or test*)):ti,ab

#36. ("stress test" near/2 (cardiac or ECG)):ti,ab

#37. bruce protocol:ti,ab
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#38. (OR #14-#37)
#39. #13 and #38
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 8: 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.

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/
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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.

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.
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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/

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.
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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*))

#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: Clinical evidence selection

Figure 1: Flow chart of clinical study selection for the review of monitoring of people with
heart valve disease and no current indication for intervention

Records identified through Additional records identified through
database searching, n=22,504 other sources, n=0

L 4

Records screened, n=22,504

»1 Records excluded,
n=22,430
\ 4
Full-text papers assessed for
eligibility, n=73
\ 4 v
Papers included in review, n=1 Papers excluded from review, n=72 )

Reasons for exclusion: see Appendix
I

\. J
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1 Appendix D:

2

Study
Study type

Number of studies (number of
participants)

Countries and setting
Line of therapy
Duration of study

Method of assessment of guideline
condition

Stratum
Subgroup analysis within study

Inclusion criteria

Exclusion criteria

Recruitment/selection of patients

Clinical evidence tables

Ahmed 2017
Retrospective cohort study

1 (n=300)

Conducted in USA; Setting: Mixed - retrospective review of medical records
Not applicable
Other: Medical records reviewed from 25th July 2007 to 6th December 2012

Adequate method of assessment/diagnosis: Diagnosed according to current practice guidelines

Severe: All have severe asymptomatic aortic stenosis

Not applicable

Age >18 years; severe aortic stenosis according to current practice guidelines; asymptomatic status, defined as absence of
dyspnoea, angina, presyncope and syncope; no prior catheter or surgical aortic valve intervention; no indication for cardiac
surgery; and clinical evaluation before 31st December 2012 to enable adequate follow-up duration.

Not reported.

Retrospective review of medical records between 25th July 2007 and 6th December 2012
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Age, gender and ethnicity

Further population details

Extra comments

Indirectness of population

Interventions

Age - Mean (SD): Guidelines adherent, 78 (11.6) years; guidelines non-adherent, 79.8 (11.3) years. Gender (M:F): Guidelines
adherent, 100/102; guidelines non-adherent, 43/55. Ethnicity: White, 98%; African American, 1.3%; Unknown, 0.7%

1. Aortopathy in aortic valve disease: Not stated / Unclear (Not reported). 2. Coronary artery disease: Not stated / Unclear (Mixed
- 47.7% with coronary artery disease in the population). 3. Type of valve disease: aortic stenosis (non-bicuspid/calcific) (Note no
mention of any with bicuspid/congenital disease but does not state they were excluded either. Based on mean age have classified
as non-bicuspid as calcific more commonly affects older people).

Note following factors are written as guideline adherent vs. non-adherent group. Hypertension, 87.6 vs. 84.7%; hyperlipidaemia,
59.4 vs. 48%; diabetes, 27.7 vs. 21.4%; chronic obstructive pulmonary disease, 15.4 vs. 15.3%; malignant neoplasm, 9.9 vs. 8.2%;
coronary artery disease, 47.5 vs. 48%; peripheral vascular disease, 14.4 vs. 15.3%; sleep apnoea, 14.9 vs. 15.3%; previous
stroke/TIA, 10.4 vs. 8.2%; previous percutaneous coronary intervention, 23.8 vs. 23.5%; previous myocardial infarction, 6.4 vs.
9.2%; previous coronary artery bypass grafting, 22.3 vs. 13.3%,; previous sternotomy, 7.4 vs. 10.2%; implantable cardioverter
defibrillator, 5.5 vs. 4.1%; permanent pacemaker, 9.4 vs. 13.3%; moderate aortic regurgitation, 16.5 vs. 11%; severe aortic
regurgitation, 0.5 vs. 0%; moderate mitral regurgitation, 21.8 vs. 17.7%; severe mitral regurgitation, 2.5% vs. 5.2%%; moderate
tricuspid regurgitation, 10.3 vs. 18.8%; severe tricuspid regurgitation, 6.7 vs. 9.4%; median (IQR) creatinine level, 1.06 (0.45) vs.
1.02 (0.41) mg/dL; mean (SD) LVEF, 60 (10) vs. 60 (15)%; mean (SD) STS Mortality Risk score, 3.2 (3.3) vs. 3.3 (2.8); mean (SD) STS
Mortality or Morbidity Risk score, 18.8 (10.5) vs. 18.3 (8.4); mean (SD) end-diastolic dimension, 4.5 (1) vs. 4.3 (1) cm; mean (SD)
end-systolic dimension, 3 (1.1) vs. 2.9 (1.2) cm; mean (SD) septal wall thickness, 1.3 (0.3) vs. 1.3 (0.5) cm; mean (SD) posterior wall
thickness, 1.2 (0.3) vs. 1.2 (0.3) cm; mean (SD) peak aortic velocity, 4 (0.9) vs. 3.9 (1) m/s; mean (SD) integral-derived aortic valve
area, 0.78 (0.2) vs. 0.80 (0.29) cm?; mean (SD) dimensionless index, 0.23 (0.06) vs. 0.22 (0.1); mean (SD) aortic gradient, 37.5 (15.3)
vs. 36.1 (16.4) mmHg; mean (SD) cardiac output, 4.9 (17) vs. 4.5 (2) L/min; mean (SD) left atrial volume, 43 (23.5) vs. 43 (27.2) ml;
mean (SD) left atrial dimension, 43 (9) vs. 41 (10) mm.

No indirectness

(n=202) Intervention 1: Imaging - Echocardiography every 12 months. Guideline adherence - defined as serial evaluation occurring
every 12 (+6) months until aortic valve replacement or death during the follow-up. Appropriate serial evaluations required the
following to be performed: comprehensive clinical evaluation that included description of presence or absence of cardiac
symptoms; cardiopulmonary physical examination; and 2D and Doppler echocardiogram including assessment of left ventricular
function and the haemodynamic severity of aortic stenosis, with documentation of the aortic valve area and either the peak aortic
velocity or mean aortic valve gradient. Duration NA. Concurrent medication/care: Not reported. Indirectness: Serious indirectness;
Indirectness comment: Monitoring every 12 (+/- 6) months - may not be every 12 months in all cases

(n=98) Intervention 2: Imaging - Echocardiography less often than every 12 months. No definition for guideline non-adherence
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provided - could include those receiving follow-up with all required components more often than every 12 (+6) months, those
receiving follow-up with all required components less often than every 12 (+6) months and also those receiving follow-up within
12 (£6) months but without all of the required components (comprehensive clinical review, cardiopulmonary physical examination
and 2D and Doppler echocardiogram, as defined for the other group). Duration NA. Concurrent medication/care: Not reported.
Indirectness: Serious indirectness; Indirectness comment: No definition of this group in terms of how/when monitoring was
performed. Could include follow-up performed more/less often than required by guidelines and also those where follow-up
methods (clinical review, echocardiography and cardiopulmonary physical examination) inadequate but within guideline time
frame

Funding Funding not stated

RESULTS (NUMBERS ANALYSED) AND RISK OF BIAS FOR COMPARISON: GUIDELINE ADHERENT GROUP - CLINICAL REVIEW + ECHOCARDIOGRAPHY EVERY 12 (+/- 6)
MONTHS] versus GUIDELINE NON-ADHERENT GROUP - NO DETAILS OF MONITORING IN THIS GROUP

Protocol outcome 1: All-cause mortality at 12 months

- Actual outcome for Severe: All-cause mortality at Median (IQR) follow-up duration: 4.5 (2.8-6.5) years; Group 1: n=202 ; Group 2: n=98; HR 0.65; Lower Cl 0.44 to Upper
Cl 0.96. The values reported in the paper (HR 1.54, 95% CI 1.04 to 2.29) were inverted in order to obtain the HR for the guideline adherent group vs. the non-adherent
group; Test statistic: 0.03; Follow up details: Median (IQR) follow-up duration: 4.5 (2.8-6.5) years

Risk of bias: All domain - High, Selection - High, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Subgroups - Low, Other 1 - Low, Comments - Blinding/performance: care received during follow-up period not specified and could have differed between the groups -
valve interventions differed substantially between the groups - 54 vs. 19.4%. ; Indirectness of outcome: Serious indirectness, Comments: Adjusted for various factors -
including coronary artery disease but not including aortopathy. Unclear whether aortopathy was present within the population as no details provided; Baseline details:
Comparable for most of listed factors, but larger differences for some (hyperlipidaemia, AF, previous CABG, moderate tricuspid regurgitation). One of pre-specified
confounders adjusted for (coronary artery disease), but other (aortopathy) not mentioned in the study; Key confounders: Coronary artery disease, aortopathy; Group 1
Number missing: no dropouts/missing data reported; Group 2 Number missing: no dropouts/missing data reported.

Protocol outcome 2: Hospitalisation for heart failure or other cardiac reason at 12 months

- Actual outcome for Severe: Hospitalisation for heart failure at Median (IQR) follow-up duration: 4.5 (2.8-6.5) years; Group 1: n=202 ; Group 2: n=98; HR 0.6; Lower ClI
0.46 to Upper CI 0.79. The values reported in the paper (HR 1.66, 95% ClI 1.27 to 2.18) were inverted in order to obtain the HR for the guideline adherent group vs. the
non-adherent group; Test statistic: <0.001; Follow up details: Median (IQR) follow-up duration: 4.5 (2.8-6.5) years

Risk of bias: All domain - Very high, Selection - High, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - High, Crossover - Low,
Subgroups - Low, Other 1 - Low, Comments - Blinding/performance: care received during follow-up period not specified and could have differed between the groups.
Valve interventions differed substantially between the groups - 54 vs. 19.4%. Measurement: retrospective review of medical records and no definition of outcome -
could have been recorded differently for different patients in the database.; Indirectness of outcome: Serious indirectness, Comments: Outcome not adjusted for any
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baseline variables, though proportion with coronary artery disease at baseline was similar between groups. Aortopathy presence in the population not mentioned.;
Baseline details: Comparable for most of listed factors, but larger differences for some (hyperlipidaemia, AF, previous CABG, moderate tricuspid regurgitation). One of
pre-specified confounders (coronary artery disease) similar at baseline, but other (aortopathy) not mentioned in the study; Key confounders: Coronary artery disease,
aortopathy; Group 1 Number missing: no dropouts/missing data reported; Group 2 Number missing: no dropouts/missing data reported.

Protocol outcomes not reported by  All-cause mortality at 6 months; Cardiac mortality at 12 months; Cardiac mortality at 6 months; Quality of life at 6 months; Quality
the study of life at 12 months; New-onset atrial fibrillation at 12 months; New-onset atrial fibrillation at 6 months
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Forest plots

1 Appendix E: Forest plots

E.A Mild heart valve disease

No evidence was identified for this stratum.

E.2 Moderate heart valve disease

6 No evidence was identified for this stratum.

E.8 Severe heart valve disease

E.39 Guideline adherent [clinical review + echocardiography every 12 (£6) months]
10  vs. guideline non-adherent group

Figure 2: All-cause mortality — HR (adjusted)
Guideline adherent Guideline non-adherent  Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 HR - adjusted
Ahmed 2017 -0.4308 0.1991 202 98  0.65[0.44, 0.96] —
0.01 0.1 10 100
Favours GL adherent Favours GL non-adherent
Figure 3: Hospitalisation for heart failure — HR (not adjusted)
Guideline adherent Guideline non-adherent  Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total 1V, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 HR - not adjusted
Ahmed 2017 -0.5108 0.1404 202 98 0.60[0.46, 0.79] -+
I t t {
0.01 0.1 1 10 100
Favours GL adherent Favours GL non-adherent
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i Appendix F: GRADE tables

FA
3
4

Mild heart valve disease

No evidence was identified for this stratum.

F.2 Moderate heart valve disease

6
7

No evidence was identified for this stratum.

F.8 Severe heart valve disease

9
10

Table 9: Clinical evidence profile: Guideline adherent [clinical review + echocardiography every 12 (¥6) months] vs. guideline non-
adherent group

Quality assessment No of patients Effect
Quality | Importance
: Guideline |guideline non- .
No of . Risk of . . " Other Relative
studies Design bias Inconsistency |Indirectness| Imprecision e T ot S adherent adherent (95% Cl) Absolute
group group
All-cause mortality - HR (adjusted) 1 year (follow-up median 4.5 years)
1 observational [serious’ |no serious serious? serious® none 2/202 2/98 HR 0.65 7 fewer per 1000 | @000 | CRITICAL
studies inconsistency (0.99%) (2%) (0.44to | (from 1 fewerto 11 [ VERY
0.96)* fewer)® LOW

Cardiac mortality
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0 No evidence CRITICAL
available

Health-related quality of life (any validated measure)

0 No evidence CRITICAL
available

Heart failure hospitalisation - HR (not adjusted) 6 months (follow-up median 4.5 years)

1 observational |very no serious serious? no serious none 9/202 15/98 HR 0.6 (0.46| 58 fewer per 1000 | @000 | CRITICAL
studies serious’ [inconsistency imprecision (4.5%) (15.3%) t0 0.79)® |(from 30 fewer to 79| VERY
fewer)” LOW

New-onset atrial fibrillation

0 No evidence IMPORTANT]
available

" 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

2 Downgraded by 1 increment as the interventions and comparisons in this study were indirect compared with the protocol - monitoring in the guideline adherent group may not have been 12
months in all patients and monitoring in the guideline nonadherent group was not defined and could have included various different strategies. There was also no information about aortopathy in
the study, one of the confounders listed in the protocol.

3 Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs

4 The values reported in the paper (HR 1.54, 95% CI 1.04 to 2.29) were inverted in order to obtain the HR for the guideline adherent group vs. the non-adherent group to achieve the comparison
of interest in the protocol

5 Control group risk at 1 year from survival curve used. A larger benefit (100 fewer per 1000) was observed when the control group risk at 4 years was used; however, this was not included in the
report as the 1-year time-point was closest to the time-point of 6 months specified in the protocol

6 The values reported in the paper (HR 1.66, 95% Cl 1.27 to 2.18) were inverted in order to obtain the HR for the guideline adherent group vs. the non-adherent group to achieve the comparison
of interest in the protocol

7 Control group risk at 6 months from survival curve used, A larger benefit (185 fewer per 1000) was observed when the control group risk at 4 years was used; however, this was not included in
the report as the 1-year time-point was closest to the time-point of 6 months specified in the protocol
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Appendix G: Health economic evidence
selection
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~\
Records identified through database Additional records identified through other sources:
searching, n=1258 n=2
y
< |
\ 4
Records screened in 1%t sift, n=1260
R Records excluded* in 15t sift, n~=1065
\ 4
Full-text papers assessed for eligibility
in 2" sift, n=195
Papers excluded* in 2" sift, n=154
\ 4 g
N
Full-text papers assessed for
applicability and quality of
methodology, n=41
\, J

(0 studies)
Studies included by review:

e 1.1 and 1.2, Signs and
symptoms: n=0

¢ 1.3, Indications for
specialist referral: n=0

e 1.4 Stress testing and
stress ECG: n=0

n=0
e 2.1, Pharmacological
management: n=0

e 2.2, Pharmacological
management no HF: n=0

e 3.1, Indications for
intervention: n=0

e 4.1, Interventions: n=14

e 4.2, Repeat intervention:
n=0

e 5.1, Antithrombotic: n=0

e 6.1, Monitoring before an
intervention: n=0

e 6.2, Monitoring after an
intervention: n=0

ﬂapers included n=14 \

e 1.5, Cardiac MRI and CT:

J

l

:

ﬁapers selectively excluded,\

n=27 (0 studies)

Studies selectively excluded

by review:

e 1.1 and 1.2, Signs and
symptoms: n=0

¢ 1.3, Indications for
specialist referral: n=0

¢ 1.4 Stress testing and
stress ECG: n=0

e 1.5, Cardiac MRl and CT:
n=0

e 2.1, Pharmacological
management: n=0

e 2.2, Pharmacological
management no HF: n=0

e 3.1, Indications for
intervention: n=0

e 4.1, Interventions: n=27

e 4.2, Repeat intervention:
n=0

e 5.1, Antithrombotic: n=0

¢ 6.1, Monitoring before an
intervention: n=0

e 6.2, Monitoring after an
intervention: n=0

J

ﬁapers excluded, n=0

(0 studies) Studies
excluded by review:

¢ 1.1 and 1.2, Signs and
symptoms: n=0

¢ 1.3, Indications for
specialist referral: n=0

e 1.4 Stress testing and
stress ECG: n=0

e 1.5, Cardiac MRl and CT
n=0

e 2.1, Pharmacological
management: n=0

e 2.2, Pharmacological
management no HF: n=0

e 3.1, Indications for
intervention: n=0

e 4.1, Interventions: n=0

e 4.2, Repeat intervention:
n=0

¢ 5.1, Antithrombotic: n=0

¢ 6.1, Monitoring before an
intervention: n=0

e 6.2, Monitoring after an
intervention: n=0

DN

J

* Non-relevant population, intervention, comparison, design or setting; non-English language
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1 Appendix H: Health economic evidence tables
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Appendix |: Excluded studies

Excluded clinical studies

Table 10: Studies excluded from the clinical review

Study

Alharthi 20082
Attizzani 20153
Avierinos 20024
Badoz 2016°

Bergler-Klein 20146
Bhavnani 20187
Binder 20138

Bing 2019°
Carreras 198810

Casas-Rojo 2016"!
Cawley 200912
Chan 20153
Chieffo 20151

Chodor 201715
Cieslikowski 200716
Condado 20167
Cornily 201018
Cujec 199219

Cupps 20032°
Das 20032!
Devereux 198923
Devereux 199422
Emerson 20152
Eroglu 20062°

Ersboll 201526
Faletra 199627
Felmly 201728
Finegold 20132°
Frankis 199930
Gallo 202031
Genereux 201622
Goodman 201633
Greve 201434

Exclusion reason

Incorrect study design: narrative review

Not review population

Inappropriate comparison. Incorrect interventions

Inappropriate comparison. Incorrect interventions. No suitable
outcomes

Incorrect study design: narrative review
Not guideline condition. Not review population
Not review population. Incorrect interventions
Incorrect study design : narrative review

Not review population. Inappropriate comparison. Incorrect
interventions

Inappropriate comparison. Incorrect interventions
Incorrect study design: narrative review
No suitable outcomes

Not review population. Inappropriate comparison. Incorrect
interventions

Not review population. Incorrect interventions
Incorrect interventions. Inappropriate comparison
Not review population. Incorrect interventions
Not review population. Incorrect interventions

Not review population. Incorrect interventions. Inappropriate
comparison

Inappropriate comparison. Incorrect interventions
Incorrect study design: narrative review

Incorrect study design: narrative review

Incorrect study design: narrative review

Not review population. Incorrect interventions

Not review population. Inappropriate comparison. Incorrect
interventions

Inappropriate comparison. Incorrect interventions
Inappropriate comparison. Incorrect interventions
Not review population. Incorrect interventions
Inappropriate comparison. Incorrect interventions
Incorrect study design: narrative review

Incorrect study design: narrative review
Inappropriate comparison. Incorrect interventions
Inappropriate comparison. Incorrect interventions
Inappropriate comparison. Incorrect interventions
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Study

Harris 201735
Henri 201437
Henri 201636
Henry 198038

Jansen 20133°
Johl 201740

Kochanowski 201241

Krieger 201642
Lee 20074

Lee 201843

Lee 20184
Magne 201446
Mutnuru 201647
Nchimi 201850
Oury 201852
Owen 201153
Oxorn 19965
Picano 20095%5
Prabhu 200956
Prior 200057
Quinones 199858
Redfors 201759

Shavelle 2007¢°
Sherifi 201881

Shub 199062
Stewart 200963
Suri 201164
Taggu 2009%°
Tang 201566
Tanguturi 201767
Tani 2000%8

Tastet 201769
Trinh 201770
Trochu 20147
Velu 201972

Wystub 201973
Zaidi 201274
Zilberszac 201776

Zilberszac 201875

Exclusion reason

Inappropriate comparison. No suitable outcomes
Incorrect study design: narrative review
Inappropriate comparison. Incorrect interventions

Not review population. Inappropriate comparison. Incorrect
interventions

Inappropriate comparison. Incorrect interventions
Inappropriate comparison. Incorrect interventions
Inappropriate comparison. Incorrect interventions
No suitable outcomes

Incorrect study design: narrative review

No suitable outcomes

Not review population. Incorrect interventions
Incorrect study design: narrative review

Incorrect interventions. Inappropriate comparison
Inappropriate comparison. Incorrect interventions
Incorrect study design: narrative review

Incorrect study design: narrative review

Incorrect study design: narrative review

Incorrect study design: narrative review

Incorrect study design: narrative review

No suitable outcomes

Incorrect study design: narrative review

Systematic review is not relevant to review question or unclear
PICO

Incorrect study design: narrative review

Not review population. Inappropriate comparison. Incorrect
interventions

Inappropriate comparison. Incorrect interventions
Incorrect study design: narrative review

Inappropriate comparison. Incorrect interventions
Inappropriate comparison. Incorrect interventions
Incorrect interventions. Inappropriate comparison
Inappropriate comparison. Incorrect interventions

Not review population. Incorrect interventions. Inappropriate
comparison

Incorrect study design: narrative review
Inappropriate comparison. Incorrect interventions
Incorrect study design: narrative review

Not review population. Incorrect interventions. Inappropriate
comparison

Not review population. Inappropriate comparison. Incorrect
interventions

Inappropriate comparison. No suitable outcomes. Incorrect
interventions

Not review population. Incorrect interventions. Inappropriate
comparison

Incorrect interventions. Inappropriate comparison
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Excluded health economic studies

Published health economic studies that met the inclusion criteria (relevant population,
comparators, economic study design, published 2004 or later and not from non-OECD
country or USA) but that were excluded following appraisal of applicability and
methodological quality are listed below. See the health economic protocol for more details.

None.
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Appendix J: Research recommendations

Research recommendation

What is the most clinically and cost-effective monitoring (type and frequency of test) for
adults with asymptomatic mild or moderate heart valve disease (aortic stenosis, aortic
regurgitation, mitral stenosis, mitral regurgitation and tricuspid regurgitation) and no current
need for intervention?

Why this is important

We do not have good data on how people with mild or moderate valve disease progress over
time. Because we are unable to identify who is likely to progress, and over what time frame,
many patients are followed up routinely every 12 months, in order to ‘capture’ those that
progress more quickly and need closer monitoring. For some this may be too frequent
(especially those with mild disease, for whom some may not need follow-u at all). For others,
this may not be frequent enough. If we had good data on optimal monitoring periods for
patients with mild and moderate valve disease, we could be much more efficient with follow-
up approaches, targeting patients who need this most, while avoiding frequent follow-up in
those who do not need it or need it less often.

Rationale for research recommendation

Importance to ‘patients’ or the population If we could determine how frequently patients
need to be followed up, we could reduce the
frequency of follow up for some patients, while
maintaining an appropriate frequency of follow
up to avoid missing important changes in others.

In addition, if we could understand the best type
of follow-up required - clinical review,
echocardiography, blood tests or a combination
- that would greatly facilitate optimal follow-up.

Relevance to NICE guidance No evidence was found on people with mild to
moderate heart valve disease. Research would
support recommendations to be made on the
type and frequency of monitoring.

Relevance to the NHS Research in this area would inform NICE
recommendations on the frequency and type of
follow-up required for patients.

If reduced follow-up frequency for some patients
was shown to be as effective as more frequent
follow-up, this would provide major advantages
in resource use for the NHS (for example 2
yearly instead of annual follow up would halve
the number of follow-up appointments needed).
This would also free up resources for those who
needed urgent assessment or more frequent

follow-up.
National priorities None known
Current evidence base No relevant studies were identified mild valve

disease and moderate valve disease.
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Equality considerations

J.124 Modified PICO table

3

Population

Intervention

Monitoring of this group is crucial to treatment
because it enables identification of those
patients for whom surgery is most timely,
leading to improved survival and quality of life.

The frequency of follow-up impacts particularly
on those who are working (generally younger
ages, <65 years), and those with reduced
mobility or poor access to transport, in whom
less frequent follow-up is especially
advantageous.

In addition, for older patients if regular follow-up
was shown to make no difference to outcomes
(as they were unlikely to progress within their
lifetime), this could result in no follow-up
(discharge from clinic) for selected patients.

Inclusion

Adults aged 18 years and over with mild to
moderate diagnosed heart valve disease and
no current indication for intervention

Severity assessed by echo and rated as per The
British Society of Echocardiography

Exclusion
e Children aged less than 18 years.
¢ Adults with congenital heart disease (apart

from bicuspid aortic valves, which are
included).

o Tricuspid stenosis and pulmonary valve
disease.

e People who have had prior heart valve
repair or replacement (transcatheter or
surgical).

Any of the following assessment strategies used
for monitoring purposes, followed by appropriate
valve intervention, in the specified population:

Biomarkers (alone or in combination with echo):
* BNP (B-type natriuretic peptide)

* NT-proBNP (N-terminal prohormone brain
natriuretic peptide)

Imaging:
» Echocardiography
* CT (alone or in combination with echo)

* CMR (cardiovascular magnetic resonance;
alone or in combination with echo)

Patient reported outcome measures (PROMS;
alone or in combination with echo), including:

* EuroQol
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* Minnesota Living With Heart Failure
Questionnaire (MLHFQ)

* Veterans Specific Activity Questionnaire

Other methods:

* Electrocardiogram (ECG) (alone or in
combination with echo)

* Clinical review only (no specific tests
performed, as defined by the study authors)

* Exercise testing (for example Bruce protocol;
alone or in combination with echo)

Comparator Other active comparator listed above

No monitoring (for example, tests only
performed if new symptoms emerge/symptoms
worsen)

Outcome Primary outcomes

All-cause mortality; Cardiac mortality; Health-
related quality of life (any validated measure)
and Hospitalisation for heart failure or other
cardiac reason (e.g., for syncope in severe AS)

Secondary outcomes
New-onset atrial fibrillation

Study design Randomised controlled trial (ideally)
Timeframe Long term
Additional information None

J. 13 Research recommendation

What is the most clinically and cost-effective monitoring strategy (type and frequency of test)
for adults with symptomatic moderate heart valve disease (aortic stenosis, aortic
regurgitation, mitral stenosis, mitral regurgitation and tricuspid regurgitation) and no current
indication for intervention?

0 NO O A

J. 1% Why this is important

10 Currently, it is not widely considered that moderate heart valve disease is able to cause

11 symptoms, as the heart usually copes adequately with moderate valve disease. It is usually
12  only severe heart valve disease that can cause symptoms such as breathlessness, when the
13  heartis no longer able to compensate for the degree of valve disease. However, some

14  patients with moderate valve disease have symptoms such as breathlessness, and it is not
15  known whether this is due to the valve disease or other conditions. It is also not known

16  whether this group of patients progresses to severe disease more quickly than patients with
17  moderate valve disease but without symptoms. Understanding more about this group of

18 patients, and in particular what frequency and form of assessment and follow-up results in
19  better outcomes, would be important for aiding clinical management decisions.
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J.117 Rationale for research recommendation

2

Importance to ‘patients’ or the population If we could determine the optimal frequency and
type of follow-up, and whether this should differ
from asymptomatic patients with moderate heart
valve disease, these patients could avoid
unnecessary investigations or treatments, or
may require more frequent follow-up to identify
any decompensation early and avoid irreversible
cardiac damage.

Relevance to NICE guidance No evidence was found on people with mild or
moderate heart valve disease. Research would
support recommendations to be made on the
type and frequency of monitoring, and whether
this should differ from asymptomatic patients
with moderate heart valve disease.

Relevance to the NHS Research in this area would inform NICE
recommendations on the frequency and type of
follow-up required for patients.

If more frequent or a different type of follow-up
was shown to reduce the number of people
presenting with late decompensated heart
failure, this could improve the long term outcome
for patients, by avoid irreversible cardiac
damage.

If patients with moderate heart valve disease
and symptoms were shown to be no different
from patients with asymptomatic moderate heart
valve disease, the two groups of patients could
be managed similarly.

National priorities None known

Current evidence base No relevant studies were identified on people
who are symptomatic and have moderate heart
valve disease with no current need for
intervention, including aortic stenosis, aortic
regurgitation, mitral stenosis, mitral regurgitation
and tricuspid regurgitation? Monitoring of this
group is crucial to treatment because it enables
identification of those patients for whom surgery
is most timely, leading to improved survival and
quality of life.

Equality considerations None known
3

J.18 Modified PICO table

5
Population Inclusion

Adults aged 18 years and over who are
symptomatic with moderate diagnosed heart
valve disease and no current indication for
intervention

Severity assessed by echo and rated as per The
British Society of Echocardiography

Exclusion
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Intervention

Comparator

Outcome

Study design
Timeframe
Additional information

* Children aged less than 18 years.

+ Adults with congenital heart disease (excluding
bicuspid aortic valves).

* Tricuspid stenosis and pulmonary valve
disease.

* People who have had prior heart valve repair
or replacement (transcatheter or surgical).

Any of the following assessment strategies used
for monitoring purposes, followed by appropriate
valve intervention, in the specified population:

Biomarkers (alone or in combination with echo):
* BNP (B-type natriuretic peptide)

* NT-proBNP (N-terminal prohormone brain
natriuretic peptide)

Imaging:
» Echocardiography
* CT (alone or in combination with echo)

* CMR (cardiovascular magnetic resonance;
alone or in combination with echo)

Patient reported outcome measures (PROMS;
alone or in combination with echo), including:

* EuroQol

* Minnesota Living With Heart Failure
Questionnaire (MLHFQ)

* Veterans Specific Activity Questionnaire

Other methods:

* Electrocardiogram (ECG) (alone or in
combination with echo)

* Clinical review only (no specific tests
performed, as defined by the study authors)

* Exercise testing (for example Bruce protocol;
alone or in combination with echo)

Other active comparator listed above

No monitoring (for example, tests only
performed if new symptoms emerge/symptoms
worsen)

Primary outcomes

All-cause mortality; Cardiac mortality; Health-
related quality of life (any validated measure)
and Hospitalisation for heart failure or other
cardiac reason (e.g., for syncope in severe AS)

Secondary outcomes
New-onset atrial fibrillation

Randomised controlled trial (ideally)
Long term
None
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Research recommendation

What is the most clinically and cost-effective monitoring strategy (type and frequency of test)
for adults with asymptomatic severe heart valve disease (aortic stenosis, aortic regurgitation,
mitral stenosis, mitral regurgitation or tricuspid regurgitation) and no current indication for
intervention?

Why this is important

Asymptomatic severe disease can progress to become symptomatic, or for reduced cardiac
function to develop, indicating decompensation from the previously stable situation. This is
associated with reduced prognosis, and these would be indications for surgery. There is
divided opinion on how frequently and what type of monitoring would best capture patients
soon after decompensation occurs, in order to avoid patients presenting late after
decompensation (which can result in irreversible cardiac damage), while also avoiding
inappropriately frequent follow-up.

Rationale for research recommendation

Importance to ‘patients’ or the population If the optimal frequency and type of follow-up
could be determined, this could result in timely
surgery/intervention and would potentially avoid
some patients developing irreversible cardiac
dysfunction, while also avoiding unnecessarily
frequent follow-up.

Relevance to NICE guidance The evidence available was very limited to be
able to inform recommendations. The committee
noted the limitations associated with the single
study identified, including the lack of definition of
the guideline non-adherent group and the fact
that monitoring frequency varied between
patients in the guideline adherent group. In
addition, the committee also highlighted that this
study was performed in the USA, where medical
insurance is required to cover costs of medical
care. Evidence is needed on people with
asymptomatic severe aortic regurgitation, mitral
stenosis, mitral regurgitation or tricuspid
regurgitation, as well as further evidence for the
asymptomatic severe aortic stenosis population,
and no current indication for intervention in order
that stronger recommendations can be made.

Relevance to the NHS Research in this area would inform NICE
recommendations on the frequency and type of
follow-up required for patients.

If more frequent or a different type of follow-up
was shown to reduce the number of people
presenting with late decompensated heart
failure, this could improve the long term outcome
for patients, by avoid irreversible cardiac
damage.
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National priorities
Current evidence base

Equality considerations

J.1.12 Modified PICO table

3

Population

Intervention

If reduced follow-up frequency for some patients
was shown to be as effective as more frequent
follow-up, this would provide major advantages
in resource use for the NHS. This would also
free up resources for those who needed urgent
assessment or more frequent follow-up.

None known

A single, retrospective study, which consisted of
a review of medical records, was included in this
review and covered the severe valve disease
group, consisting of people with severe
asymptomatic aortic stenosis. This study
compared outcomes between a group that
adhered to existing guidelines and a group that
did not. This study was limited as there was no
definition of the level of the monitoring that the
non-adherent group actually received and it was
unclear whether they were followed up less
often, more often or were followed up at the
same frequency as the adherent group but the
methods used for monitoring did not meet the
criteria specified in the guidelines. Further
research is needed to determine the most
clinically and cost effective type and frequency
of monitoring.

None known

Inclusion

Adults aged 18 years and over with diagnosed
heart valve disease and no current indication for
intervention with asymptomatic severe aortic
stenosis, aortic regurgitation, mitral stenosis,
mitral regurgitation or tricuspid regurgitation

Severity assessed by echo and rated as per The
British Society of Echocardiography

Exclusion
+ Children aged less than 18 years.

» Adults with congenital heart disease (excluding
bicuspid aortic valves).

* Tricuspid stenosis and pulmonary valve
disease.

» People who have had prior heart valve repair
or replacement (transcatheter or surgical).

Any of the following assessment strategies used
for monitoring purposes, followed by appropriate
valve intervention, in the specified population:

Biomarkers (alone or in combination with echo):
* BNP (B-type natriuretic peptide)

* NT-proBNP (N-terminal prohormone brain
natriuretic peptide)
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Comparator

Outcome

Study design

Timeframe
Additional information

Imaging:
» Echocardiography
* CT (alone or in combination with echo)

* CMR (cardiovascular magnetic resonance;
alone or in combination with echo)

Patient reported outcome measures (PROMS;
alone or in combination with echo), including:

* EuroQol

* Minnesota Living With Heart Failure
Questionnaire (MLHFQ)

* Veterans Specific Activity Questionnaire

Other methods:

* Electrocardiogram (ECG) (alone or in
combination with echo)

* Clinical review only (no specific tests
performed, as defined by the study authors)

* Exercise testing (for example Bruce protocol;
alone or in combination with echo)

Other active comparator listed above

No monitoring (for example, tests only
performed if new symptoms emerge/symptoms
worsen)

Primary outcomes

All-cause mortality; Cardiac mortality; Health-
related quality of life (any validated measure)
and Hospitalisation for heart failure or other
cardiac reason (e.g., for syncope in severe AS)

Secondary outcomes
New-onset atrial fibrillation

Randomised controlled trial (ideally)
Long term
None
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