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1 Indications for intervention in 
asymptomatic severe heart valve disease 

1.1 Review question: What are the indications that 
interventions should be offered to adults with 
asymptomatic, severe heart valve disease? 

1.2 Introduction 

Heart valve disease is a progressive condition, with gradual worsening, developing clinical 
and haemodynamic consequences usually late in the course of the disease. Characterisation 
of heart valve disease as severe based on imaging parameters, corresponds to a degree of 
valve function abnormality that is compatible with significant haemodynamic consequences 
and/or the development of symptoms, and that may require valve intervention. Nevertheless, 
solely reaching the thresholds defining the heart valve disease as severe, does not usually 
suffice to indicate intervention, particularly as many patients cope with their severe valve 
disease well, and the intervention (usually cardiac surgery) carries significant morbidity and a 
small mortality risk. Valve intervention is indicated when the expected benefit surpasses the 
risk of the procedure, and this generally occurs at the onset of cardiac decompensation.      

It is generally agreed that patients with severe heart valve disease and symptoms should be 
offered valve intervention. However, even in the absence of symptoms, severe heart valve 
disease may require intervention when heart valve disease parameters or haemodynamic 
consequences are demonstrated to be associated with a worse prognosis if we wait for 
symptoms to occur. Consequently, it is important to determine the indications for intervention 
in asymptomatic severe heart valve disease.    

1.3 PICO table 

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

Table 1: PICO characteristics of review question 

Population Adults aged 18 years and over with diagnosed severe heart valve disease that is 
asymptomatic, stratified by the type of heart valve disease as follows:  

• aortic [including bicuspid] stenosis 

• aortic regurgitation 

• mitral stenosis 

• mitral regurgitation 

• tricuspid regurgitation 

Prognostic 
variables under 
consideration 

1. Mitral regurgitation 

Primary mitral regurgitation 

• left ventricular systolic function based on ejection fraction <50% or <60% 

• Left ventricular systolic function based on global longitudinal strain (absolute 
value <20%; may be reported as in the range 0 to -20% or >-20%) 

• left ventricular end systolic diameter ≥40mm or ≥45mm 

• peak systolic pulmonary artery pressure  >50mmHg 

• left atrial dimensions (volume / volume index) ≥60 mL/m2 BSA 

• Repairability/valve morphology:  

o posterior leaflet prolapse,  

o anterior leaflet prolapse,  
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o bileaflet prolapse 

o flail valve / ruptured chordae 

• development of atrial fibrillation 

• BNP increase at serial measurements (without other explanation) 

 

2. Aortic stenosis 

• Peak velocity >5m/sec or >5.5m/sec 

• Rate of progression of velocity >0.3m/sec/year  

• Aortic valve area <0.6cm2 

• left ventricular systolic function based on ejection fraction <50% or <60% 

• left ventricular systolic function based on global longitudinal strain absolute 
value <20%; may be reported as 0 to -20% or >-20%) 

• parameters of diastolic function / indicators of left atrial filling pressure 
(E/e’>14) 

• systolic pulmonary artery pressure >60mmHg (without other explanation) 

• BNP increase at serial measurements (without other explanation) 

 

3. Aortic regurgitation  

• left ventricular systolic function based on ejection fraction <50% 

• left ventricular systolic function based on global longitudinal strain absolute 
value <20%; may be reported as 0 to -20% or >-20%) 

• left ventricular dimensions  

o end diastolic diameter, LVEDD >70mm 

o end systolic diameter, LVESD >50mm 

o end diastolic volume, LVEDV >25mm/m2 BSA 

• BNP increase at serial measurements (without other explanation) 

 

 

4. Mitral stenosis 

• mitral valve area  <1cm2 or <1.5cm2  

• systolic pulmonary artery pressure >50mmHg 

• mitral valve gradient mean gradient >5mmHg at rest 

• reduced right ventricular function  (tricuspid annular plane systolic excursion 
[TAPSE] <17)  

• mitral valve morphology – deemed suitable for transcatheter balloon valvotomy 

• BNP increase at serial measurements (without other explanation) 

 

5. Tricuspid regurgitation (isolated) 

• reduced right ventricular systolic function – no thresholds  

• increasing right ventricular dimensions – no thresholds (dilated – mild, 
moderate, severe) 

• BNP increase at serial measurements (without other explanation) 

• Valve morphology – suitable for repair 

 

If studies report combinations of these factors these will be included 

Confounding 
factors 

• Risk scores (e.g. EuroScore I or II, STS score) 

o Age 

o Sex 

o Renal impairment 

o Extra cardiac arteriopathy/ Peripheral arterial disease/ Cerebrovascular 
disease 

o Previous cardiac surgery 
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o Chronic lung disease 

o Diabetes 

o Hypertension 

o Prior MI 

o Active endocarditis 

• Frailty scores (e.g. CSHA, Katz score) 

For full details see 1.4.1 and Appendix A: 

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

• Mortality (≥12 months) 

• Hospital admission for heart failure (≥12 months) 

• Reduced cardiac function (echo parameters – LVEF) 

 

Indication for intervention based on pre-operative predictors of the following 
post-operative outcomes: 

• Mortality (≥12 months) 

• Hospital admission for heart failure (≥12 months) 

Study design • Prospective and retrospective cohort studies 

• Systematic reviews of the above 

1.4 Clinical evidence 

1.4.1 Included studies 

A search was conducted for prospective and retrospective cohort studies investigating the 
association of various prognostic factors measured on echocardiography or clinical 
assessment and outcomes in those that received conservative management of valve disease 
and those that received intervention for valve disease. The prognostic factors were different 
depending on the type (e.g. aortic regurgitation or aortic stenosis) of valve disease and full 
details are provided in the protocol. 

Twenty nine cohort studies were included in the review;6, 26, 30, 39, 51, 56, 59, 64, 107, 121, 125, 131, 135, 140, 

156, 158, 166, 179, 187, 188, 208, 209, 219, 223, 229, 244, 253, 276, 281 these are summarised in Table 2 below. 
Evidence from these studies is summarised in the clinical evidence summaries below (Table 
3 to Table 19). 

Some studies reported more than one prognostic factor and/or threshold, with different 
referents (comparators) used depending on the threshold, and the available evidence 
covered the following populations and prognostic factors: 

• Aortic stenosis 

o Peak aortic jet velocity (Vmax): 9 studies30, 125, 140, 188, 219, 223, 229, 244, 281   

o Aortic valve area (AVA): 4 studies121, 166, 223, 229 

o Left ventricular ejection fraction (LVEF): 5 studies26, 39, 140, 179, 244 

o Left ventricular global longitudinal strain (LV-GLS): 1 individual-patient data (IPD) meta-
analysis of 10 original studies158, and one additional study253 

o B-type natriuretic peptide (BNP): 3 studies56, 107, 187 

o Composite indicators: 1 study131 

• Aortic regurgitation 

o LVEF: 1 study64 

o Left ventricular dimensions: 3 studies64, 156, 209 

o BNP: 1 study209 
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• Mitral regurgitation 

o LVEF: 1 study51 

o Left ventricular end systolic diameter (LVESD): 2 studies135, 208 

o Left atrial volume index (LAVI): 1 study6 

o Repairability/valve morphology: 2 studies59, 135 

o Atrial fibrillation: 2 studies59, 276 

o BNP: 1 study208 

 

Outcomes from the IPD meta-analysis were included as reported in the study. This was 
based on individual participant data gained from the study authors of 10 original studies of 
unique patient cohorts and was adjusted for age, gender, AVAi, and LVEF. One further study 
of LV-GLS in aortic stenosis published after this meta-analysis was included in this review 
but not combined with the IPD meta-analysis findings. 

No relevant clinical studies investigating the effects of any of the relevant pre-specified 
prognostic factors were identified for the following populations:  

• Mitral stenosis 

• Tricuspid regurgitation 

 

Note that to be included, studies had to have performed at least some form of multivariate 
analysis. Studies that had not included the pre-specified confounders in this multivariate 
analysis were still included, but they were downgraded for indirectness. This was because 
there was limited available evidence that had accounted for any of the listed confounders 
and during protocol development before the review was started it was agreed that the 
committee did not want studies to be excluded solely on the basis that the multivariate 
analysis had not included one or all of these confounders. Studies that only reported 
univariate results were excluded. 

Due to limited available evidence directly matching the protocol, studies that had indirect 
populations or prognostic factors were included but downgraded for indirectness. For 
example, some studies that consisted of a mixture of asymptomatic and minimally 
symptomatic aortic stenosis were included under the ‘asymptomatic aortic stenosis’ group 
covered in the protocol. Similarly, an example of prognostic factor indirectness included in 
the review was where thresholds used for prognostic factors differed from those pre-specified 
in the protocol. 

Pooling of data was considered when more than one study reported on the same threshold 
and outcome. The decision was based on whether the population, prognostic factor 
definition, confounding factor adjustment and outcome was sufficiently similar between 
studies. Pooing was possible for 2 analyses within the aortic stenosis population assessing 
the peak aortic jet velocity. In the mitral regurgitation stratum, data from a derivation and 
validation cohort reported within the same study were pooled for analyses on end systolic 
diameter and BNP. No other pooling was possible within this review. 

See also the study selection flow chart in Appendix C:, study evidence tables in Appendix D:, 
forest plots in Appendix E: and GRADE tables in Appendix F:. 

1.4.2 Excluded studies 

See the excluded studies list in Appendix I:. 
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1.4.3 Summary of clinical studies included in the evidence review 

Table 2: Summary of studies included in the evidence review 

Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

Aortic stenosis 

Bohbot 201730 Severe AS and 
preserved LVEF. 
Subgroup for 
those that were 
minimally 
symptomatic or 
asymptomatic 
described.  

N=558 

Retrospective 
cohort study:  

Prospectively 
identified and 
included in an 
electronic 
database from 2 
French university 
hospital echo 
labs 

Multivariable 
Cox proportional 
hazards model. 

Vmax:  

4-4.49 m/s n=229 
(referent)  

4.50-4.99 m/s n=160
  

5-5.49 m/s n=104 

≥5.5 m/s n=65  

 

<5.0m/s n=389 
(referent) 

≥5.0 m/s n=169 

   

 

Age, sex, BSA, 
hypertension, New 
York Heart 
Association class, 
coronary artery 
disease, history of 
atrial fibrillation, 
comorbidity index, 
LVEF, and aortic 
valve surgery 
(treated as a time-
dependent 
covariate). 

All-cause mortality 

 

Median (IQR) 
follow-up was 38.0 
(6–190) months.  

 

NYHA class 1 and 2 (No 
or minimal symptoms: 
atypical chest pain and 
elderly patients with 
minimal dyspnoea not 
clearly related to AS 
were considered to be 
minimally symptomatic). 

>80% of total population 
had AVR during follow-
up 

Bohbot 201926 Severe AS with 
no or minimal 
symptoms, some 
managed 
surgically others 
medically 

N=1678 

Retrospective 
cohort study: 

Multivariable 
Cox proportional 
hazards model. 

LVEF ≥60% (referent) 

LVEF <60% n = 570 

 

LVEF ≥55% (referent) 

LVEF <55% n = 239 

Age, sex, body 
surface area, 
hypertension, 
coronary artery 
disease, history of 
myocardial 
infarction, history of 
atrial fibrillation, 
comorbidity index, 

All-cause mortality 

Median (IQR) 
follow-up was 38.0 
(19–76) months.  

 

Asymptomatic and 
minimal symptoms - 
proportion unclear. No 
or minimal symptoms: 
atypical chest pain and 
elderly patients with 
minimal dyspnoea not 
clearly related to AS 
were considered to be 
minimally symptomatic. 
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Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

Prospectively 
identified from 
electronic 
database of 2 
French and 1 
Belgian tertiary 
centres 

and aortic valve 
area. 

 

Initially 45% were 
medically managed and 
55% surgically managed 

Mortality could have 
been pre- or post-
surgery 

Campo 201939 Asymptomatic 
severe AS who 
had surgery 
recommended 

N=104 

Retrospective 
cohort study: 
Sourced from a 
single tertiary 
centre 

Multivariable 
Cox proportional 
hazards model. 

LVEF >50% 

LVEF ≤50% (referent) 

 

AVR, age, sex, 
mean gradient, EF, 
coronary artery 
disease 

All-cause mortality 

Average follow-up 
unclear. Survival 
curves calculated 
up to 5 years 
follow-up 

Threshold not pre-
specified and differs 
between cohorts 

Mortality could have 
been pre- or post-
surgery (90% had 
surgery by 1 year) 

Clavel 201456 Asymptomatic 
moderate or 
severe AS 

N=565  

(outcome data 
available for 
severe subgroup 
but number 
unknown) 

Prospective 
cohort study of 
consecutive 
patients 

Multivariable 
Cox proportional 
hazards model. 

Activated BNP 

Activated BNP <2 
times normal 

Activated BNP 2 to 3 
times normal 

Activated BNP ≥3 
times normal 

Normal BNP level 
(referent) 

Age, sex, body 
surface area, atrial 
fibrillation, Charlson 
score index, 
symptoms, 
creatinine level, 
haemoglobin level, 
systolic blood 
pressure, indexed 
aortic valve area, 
indexed stroke 
volume, and LV 
ejection fraction. 
Further adjusted for 
aortic valve 
replacement as a 

All-cause mortality 

Mean follow-up of 
4.3 (2.4) years 

 

Survival curves 
available up to 8 
years follow-up 

Number in the severe 
asymptomatic subgroup 
unknown 

265 had AVR during 
follow-up 

Mortality could have 
been pre- or post-
surgery 
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Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

time-dependent 
variable 

Henri 2016107 Asymptomatic 
aortic stenosis of 
at least moderate 
severity and 
preserved LVEF 

N=69 

Prospective 
cohort study: 
Consecutive 
sample from a 
single centre 

Multivariable 
Cox proportional 
hazards model. 

Median annualised 
change in BNP 
>20pg/ml/year 

Median annualised 
change in BNP 
≤20pg/ml/year 
(referent) 

 

BNP level 
measurement was 
performed at baseline 
and repeated after at 
least 6 months of 
follow-up, and then, 
after every 6 or 12 
months. 

Variables with a P 
value <0.10 in 
univariable were 
incorporated into the 
multivariable model. 

Included in the 
model: age, 
dyslipidaemia and 
echocardiographic 
variables (peak 
aortic velocity and 
indexed left atrial 
area) 

Adverse cardiac 
events 
(symptoms, aortic 
valve replacement 
as indicated by 
symptoms or LV 
dysfunction 
according current 
class I indication, 
or cardiovascular 
death) 

Mean follow-up of 
24 (17) months 

 

Indirect outcome and 
population: 

Proportion with severe 
AS unclear (mean 
baseline Vmax 3.8±0.7 
m/s; indexed valve area 
0.53±0.13cm/m2).  

AVR included in end-
point, other outcome 
components would be 
pre-operative 

Kanamori 
2019121 

Asymptomatic 
severe AS with 
normal LVEF 
managed 
conservatively.  

N=1309 

 

Retrospective 
cohort study: 
Consecutive 
patients with 
severe AS 
enrolled in the 
CURRENT AS 
registry of 27 
centres in Japan 

Multivariable 
Cox proportional 
hazards model. 

AVA >0.80 cm2, N=645 
(referent) 

0.8 cm2 ≥AVA>0.6 cm2, 
N=465  

AVA ≤0.6 cm2, N=199 

 

Age, sex, body mass 
index, hypertension, 
current smoking, 
diabetes mellitus on 
insulin, coronary 
artery disease, prior 
myocardial 
infarction, prior 
symptomatic stroke, 
atrial fibrillation or 
flutter, 
aorta/peripheral 
artery disease, 
serum creatinine, 
haemodialysis, 
anaemia, liver 
cirrhosis, malignancy 

• All-cause 
mortality  

• Cardiovascular 
mortality  

• Aortic valve-
related  mortality  

• Heart failure 
hospitalisation 

 

Median (IQR) 
follow-up duration 
of the surviving 
patients was 

1203 (773–1575) 
days 

Indirect threshold 
comparison 

Excluded if AVR was the 
initial strategy; 27% had 
AVR during follow-up 
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Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

between January 
2003 and 
December 2011 

currently under 
treatment, chronic 
lung disease, any 
valvular disease, 
LVEF ≥68% and TR 
pressure gradient 
≥40 mm Hg 

Kang 2010125 Asymptomatic 
very severe AS - 
early surgery or 
conservative 
treatment 

N=95 

Prospective 
cohort study: 
Prospective 
registry from 
1996-2006 
including all 
consecutive 
patients with AS 
undergoing 
echocardiography 
at multiple sites 

All study patients 
regularly visited 
their physicians 
at 3- to 6-month 
intervals 

Multivariable 
Cox proportional 
hazards model. 

AV velocity <5 m/s, 
n=63 

AV velocity ≥5 m/s, 
n=32 

 

EuroSCORE, 
unclear if other 
variables included 

 

Cardiac mortality 

Median (IQR) 
follow-up was 

1769 (1020–2423) 
days 

Analysis limited to the 
conservative 
management group, 
46/95 had surgery 
during follow-up. 
Mortality includes pre- 
and post-operative 

Kitai 2017131 Asymptomatic 
severe AS with 
normal LVEF 
managed 
conservatively.  

Multivariable 
Cox proportional 
hazards model. 

Grouped according to 
the 2014 ACC/AHA 
guidelines for surgery: 

Age, male, BMI <22 
kg/m2, acute heart 
failure, hypertension, 
current smoking, 
diabetes mellitus on 
insulin therapy, 

• All-cause 
mortality  

• Cardiovascular 
mortality  

Initial conservative 
management 

40% had AVR during 
follow-up (decision 
made by individual 
physicians, no pre-
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Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

N=1517 

 

Retrospective 
cohort study: 
Consecutive 
patients with 
severe AS 
enrolled in the 
CURRENT AS 
registry of 27 
centres in Japan 
between January 
2003 and 
December 2011 

Group 1 (N=122) met 
the recommendation 
for surgery: 

• high-gradient (HG)-
AS (Vmax≥4.0m/s or 
mPG≥40mmHg) with 
ejection fraction 
(EF)<50%, n=20 or  

• very HG-AS 
(Vmax≥5.0m/s or 
mPG≥60mmHg) and 
EF≥50%, n=102 

  

Group 2 (N=1390) did 
not meet the 
recommendation for 
surgery, and was 
further subdivided into  

• HG-AS 
(Vmax≥4.0m/s or 
mPG≥40mmHg)  with 
preserved EF ≥50% 
(HGpEF-AS, N=498)  

• low-gradient (LG)-AS 
(Vmax <4.0 m/s and 
mPG <40 mmHg, but 
AVA<1.0cm2) 
(N=892). 

o Preserved EF 
≥50% n=789 

o Reduced EF <50% 
n=103 

coronary artery 
disease, past 
myocardial 
infarction, past 
symptomatic stroke, 
atrial fibrillation or 
flutter, 
aortic/peripheral 
vascular disease, 
haemodialysis, 
anaemia, liver 
cirrhosis, malignancy 
currently under 
treatment, chronic 
lung disease, any 
combined valvular 
disease and 
tricuspid 
regurgitation 
pressure gradient 
≥40 mm Hg. 

• Aortic valve-
related  mortality  

• Heart failure 
hospitalisation 

• Median follow-
up duration 
1360 (IQR: 
1069-16669) 
days 

defined strategy); 
outcomes could have 
been pre- or post-
operative 
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Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

Lancellotti 
2018140 

Asymptomatic 
severe AS  

N=834 

Retrospective 
cohort study: 
HAVEC Registry 
data from multiple 
sites, based on 
consecutive 
patients 

Multivariable 
Cox proportional 
hazards model. 

Peak aortic jet velocity 
>5  

 

LVEF <60%  

Age, sex, 
comorbidities, AS 
severity, and LVEF 

In those 
without/before 
AVR: 

• All-cause 
mortality 

• Cardiovascular 
mortality 

 

In those who had 
AVR: 

• Post-AVR 
mortality 

 

Mean (SD; range) 
follow-up time was 
27 (24; 2-224) 
months for the 
whole cohort 
(moderate and 
severe); not 
available for the 
severe subgroup 
separately 

22% excluded based on 
missing data on LVEF or 
AS severity. 

388/861 with severe AS 
had AVR during follow-
up  

One analysis with 
patient censored at time 
of AVR and a second 
including post-
procedural outcomes for 
those with AVR  

Magne 2019158 Asymptomatic 
moderate/severe 
AS (82% severe) 
N=1067 

Individual 
participant data 
gained from study 
authors of 10 
original studies of 
unique patient 
cohorts 

Multivariable 
Cox proportional 
hazards model. 

LV-GLS >14.7 n=722 

LV-GLS ≤14.7 n=345 

Age, gender, AVAi, 
and LVEF 

Mortality 

Median (IQR) 
follow-up 1.8 (0.9 
to 2.8) years 

Threshold does not 
match protocol 

Unclear if outcomes are 
with or without surgery 
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Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

Marechaux 
2016166 

Severe 
asymptomatic AS 
treated initially 
with medical 
management 
strategy 

 

N=199 

Retrospective 
cohort study: 
Sourced from 2 
sites between 
2000 and 2012 

Multivariable 
Cox proportional 
hazards model. 

AVA ≤0.6 cm2, n=39 

AVA >0.6 cm2, n=160 

Age, sex, 
hypertension, 
coronary artery 
disease, history of 
atrial fibrillation, 
Charlson 
comorbidity index 
and left ventricular 
ejection fraction 

All-cause mortality 

Estimated median 
follow-up was 48 
months (by 
reverse 

Kaplan–Meier 
method) 

Mortality included pre- 
or post-surgery: 112/199 
had aortic valve 
replacement during 
follow-up 

Minamino-Muta 
2020179 

Asymptomatic 
severe AS under 
watchful waiting 

N=1274 

 

Retrospective 
cohort study: 
Consecutive 
patients with 
severe AS 
enrolled in the 
CURRENT AS 
registry of 27 
centres in Japan 
between January 
2003 and 
December 2011 

Multivariable 
logistic 
regression 
model 

LVEF <60%, n=168 

LVEF ≥60%, n=648 
(referent) 

 

Diabetes mellitus, 
haemoglobin ≤11.0 
g/dL, haemodialysis, 
chronic lung disease 
and any concomitant 
valve disease 
(moderate or 
severe). 

  

Note that only those 
variables that 
reached <0.10 
significance level on 
univariate analysis 
were considered for 
entry into the 
multivariate analysis 

AS-related death 
or heart failure 
hospitalisation at 1 
year 

Managed conservatively 
and reached 1 year 
follow-up without 
surgery 

Nakatsuma 
2017188 

Retrospective 
cohort study: 
Severe 
asymptomatic AS 

Multivariable 
Cox proportional 
hazards model. 

4.0 m/s ≤ Vmax <4.5 
m/s, n=364 

4.5 ≤ Vmax <5.0 m/s, 
n=140 

Age, male, BMI <22 
kg/m2, acute heart 
failure, hypertension, 
current smoking, 

• All-cause 
mortality  

• Cardiovascular 
mortality  

Indirect indicator 
definition: threshold not 
above and below a 
certain value 
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not referred for 
AVR  

N=596 

 

Consecutive 
patients with 
severe AS 
enrolled in the 
CURRENT AS 
registry of 27 
centres in Japan 
between January 
2003 and 
December 2011 

Vmax ≥5.0 m/s, n=92 diabetes mellitus on 
insulin therapy, past 
myocardial 
infarction, past 
symptomatic stroke, 
atrial fibrillation or 
flutter, 
aortic/peripheral 
vascular disease, 
haemodialysis, 
anaemia, liver 
cirrhosis, malignancy 
currently under 
treatment, chronic 
lung disease, left 
ventricular mass 
≥181 g, any 
combined valvular 
disease and 
tricuspid 
regurgitation 
pressure gradient 

≥40 mm Hg. 

• Aortic valve-
related  mortality  

• Heart failure 
hospitalisation 

• Median follow-
up duration of 
surviving 
patients in whole 
sample 
population was 
1336 (IQR, 966-
1817) days. Not 
reported 
separately for 
the 
asymptomatic 
subgroup. 

Conservatively 
managed, but >40% had 
AVR during follow-up  

Nakatsuma 
2019187 

Severe 
asymptomatic AS 
not referred for 
AVR  

N=387 

 

Retrospective 
cohort study: 
Consecutive 
patients with 
severe AS 
enrolled in the 

Multivariable 
Cox proportional 
hazards model. 

Group 1: BNP<100 
pg/mL, n=201 
(referent) 

Group 2: 
100≤BNP<200 pg/mL, 
n=94  

Group 3: 
200≤BNP<300 pg/mL, 
n=42  

Group 4: BNP≥300 
pg/mL, n=50 

Age, male sex, body 
mass index and the 
serum creatinine 
level 

Composite of 
aortic valve-
related death or 
hospitalization due 
to HF 

Median follow-up 
duration 1190 
(IQR: 732-1540) 
days 

Conservatively 
managed 
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CURRENT AS 
registry of 27 
centres in Japan 
between January 
2003 and 
December 2011 

Rosenhek 
2000219 

Asymptomatic 
severe AS 

N=128 

Prospective 
cohort study of 
those in single 
outpatient clinic 
for heart valve 
disease between 
January and 
December 1994 

 

Multivariable 
Cox proportional 
hazards model. 

Aortic jet velocity 
(Vmax) ≥4.5 m/sec, 
n=64 

 

Aortic jet velocity 
(Vmax) <4.5 m/sec, 
n=62 (referent) 

Age, sex, coronary 
artery disease, 
hypertension, 
diabetes, 
hypercholesterolaem
ia, degree of aortic 
valve calcification 
and aortic jet velocity 

Death or aortic  
valve replacement 
indication due to 
the development 
of symptoms 

Mean follow-up 
was 22±18 
months (range, 0 
to 54 months) 

22 patients received 
AVR within 3 months of 
initial examination 
despite remaining 
asymptomatic (these 
were censored from the 
analysis). A further 59 
valve replacements 
were performed during 
follow-up due to 
symptom development. 

Pre-operative mortality  

Reported as RR despite 
methods stating Cox 
proportional hazards 
model 

Rosenhek 
2010223 

Asymptomatic 
very severe AS 

N=116 

Prospective 
cohort study of 
those in single 
outpatient clinic 
for heart valve 
disease between 
1995 and 2008 

 

Multivariable 
Cox proportional 
hazards model. 

Vmax 5.0 to 5.5 m/s, 
n=72 (referent) 

Vmax ≥5.5 m/s, n=44 

 

Aortic valve area <0.6 
cm2, n=47 

Aortic valve area ≥0.6 
cm2, n=69 (referent) 

Age >70 years, sex, 
coronary artery 
disease, 
hypertension, 
diabetes mellitus, 
hypercholesterolaem
ia, aortic valve area 
<0.6 cm2, aortic 
valve peak velocity 
≥5.5 m/s were 
included in the 
multivariable 
analysis. 

Cardiac mortality 
or indication for 
aortic valve 
replacement 

Median (IQR) 
follow-up was 41 
(26-63) months 

Treated conservatively 
with watchful waiting: 
AVR in 79/116 patients 
during follow-up.  
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Saito 2012229 Severe 
asymptomatic AS 

N=103 

 

Retrospective 
cohort study: 
Sourced from a 
single site 
between 2001 
and 2007. 

Multivariable 
Cox proportional 
hazards model. 

Aortic valve area index 
(AVAI) <0.6 cm2/m2   

Aortic valve area index 
(AVAI) ≥0.6 cm2/m2  
(referent) 

 

Aortic valve area <0.75 
cm2  

Aortic valve area ≥0.75 
cm2 (referent) 

 

Vmax >4.0 m/s  

Vmax ≤4.0 m/s 
(referent) 

AVAI <0.6 cm2/m2 , 
aortic valve area 
<0.75 cm2 and Vmax 
>4.0 m/s 

 

(Only the three 
variables with P-
values <0.05 on 
univariate analysis 
were incorporated 
into the multivariate 
model.) 

Cardiovascular 
mortality or aortic 
valve replacement 

Mean (SD) follow-
up was 36 (27) 
months 

Thresholds used do not 
match those in our 
protocol 

31/103 underwent aortic 
valve replacement 
during the follow-up 
period. 

Taniguchi 
2018244 

Asymptomatic 
severe AS, 
divided into AVR 
and conservative 
management.  

N=1808 

 

Retrospective 
cohort study: 
Consecutive 
patients with 
severe AS 
enrolled in the 
CURRENT AS 
registry of 27 
centres in Japan 
between January 
2003 and 
December 2011 

Multivariable 
Cox proportional 
hazards model. 

Vmax ≥5 m/s, n=207 

Vmax <5 m/s, n=1601 
(referent) 

 

LVEF <60%, n=355 

LVEF ≥60%, n=1453 
(referent) 

Vmax ≥5 m/s, LVEF 
<60%, age ≥80 
years, male, BMI 
<22 kg/m2, past 
myocardial 
infarction, atrial 
fibrillation or flutter, 
haemodialysis, 
malignancy currently 
under treatment and 
any combined 
valvular disease. 

Centre was 
incorporated as a 
stratification 
variable. 

Sudden death 

Median follow-up 
of surviving 
patients in the 
entire cohort was 
1334 (IQR, 1019-
1701) days. Not 
specified for the 
asymptomatic 
subgroup. 

Indirect outcome 

Number receiving aortic 
valve 
replacement/surgery 
during follow-up not 
reported but censored at 
time of AVR so 
outcomes are pre-
operative 
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Study Population Analysis Prognostic variables Confounders Outcomes Limitations 

 

Thellier 2020253 Severe AS with 
no or mild 
symptoms and 
LVEF ≥50% 

N=332 

Retrospective 
cohort study of 
consecutive 
patients at a 
single hospital 
from 2011 to 
2018. 

Multivariable 
Cox proportional 
hazards model 
and propensity 
matching 

LV-GLS ≤15 

LV-GLS >15 (referent) 

Multivariate model 1:  

age, sex, Charlson 
comorbidity index, 
CAD, hypertension, 
AF, BMI and AVR as 
a time-dependent 
variable. 

 

Multivariate model 2:  

echocardiographic 
AVA, LVH, LAVi 
≥34ml/m2, sPAP >60 
mmHg, E/e’ >14, RV 
dysfunction, LVEF 
<60% and LV SVi 
<30 ml/m2 and AVR 
as a time-dependent 
variable. 

 

Multivariate model 3:  

age, sex, Charlson 
comorbidity index, 
CAD, hypertension, 
AF, BMI, AVA, LV 
SVi <30 ml/m2, LVEF 
<60% and AVR as a 
time-dependent 
variable. 

 

Propensity matching 
for: age, sex, AF, 
comorbidity, AVA, 

All-cause mortality 

Median follow-up 
42 (IQR: 37-46) 
months 

Indirect population: 
includes people with 
mild AS-related 
symptoms  

Threshold used does 
not match our protocol  
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LV SVi, LVEF, RV 
dysfunction. 

Zilberszac 
2017281 

Asymptomatic 
severe AS aged 
>70 years  

n=103 

Prospective 
cohort study of 
those in single 
outpatient clinic 
for heart valve 
disease between 
1999 and 2009 

Multivariable 
Cox proportional 
hazards model 

Vmax ≥5.0 m/s, n=39 

4.0 to 5.0 m/s, n=64 

Vmax ≥5.0 m/s, 
aortic valve area 
(continuous), age 
(continuous), aortic 
valve calcification, 
hypertension, 
hypercholesterolaem
ia, diabetes and 
coronary artery 
disease 

Cardiac mortality 
or indication for 
aortic valve 
replacement 

Median potential 
follow-up was 19.4 
(IQR, 9.8-36.4) 
months 

Includes both those that 
would have had 
intervention and those 
watchful waiting  

Aortic valve surgery was 
performed in 71/103 

Aortic regurgitation 

de Meester 
201964 

Severe AR 
(subanalysis for 
asymptomatic) 

N=356 (number 
asymptomatic 
unclear) 

Retrospective 
cohort study: 
Consecutive 
patients operated 
on between 
January 1995 
and December 
2014 at single 
centre 

Multivariable 
Cox proportional 
hazards model 

LVEF <55% 

LVEF ≥55% (referent) 

 

LVESD >22 mm/m2  

LVESD/BSA ≤22 
mm/m2 (referent) 

Propensity scores 
included the 
following 10 
covariates: age, sex, 
hypertension, 
chronic obstructive 
pulmonary disease, 
glomerular filtration 
rate >60 ml/min/1.73 
m2, bicuspid aortic 
valve, type I and 
type II aortic 
regurgitation, history 
of stroke and history 
of atrial fibrillation. 
These IPWs were 
then used within the 
Cox multivariate 
model to obtain 

Post-operative: 

Cardiovascular 
mortality or heart 
failure 

Median (range) 
follow-up was 8 
(0.1 to 21.8) years 

Threshold used is 
different to that specified 
in protocol 
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unbiased estimates 
of hazards. 

Maeda 2019156 Asymptomatic 
severe AR 

N=162 

Retrospective 
cohort study: 
Consecutive 
patients 
undergoing 
isolated aortic 
valve 
replacement for 
severe chronic 
pure aortic 
regurgitation 
across 5 different 
but associated 
institutions 
between January 
1991 and 
December 2010. 

Multivariable 
Cox proportional 
hazards model 

ESDI ≤25 mm/m2 AND 
EDD ≤65 mm (referent) 
– early stage C  

ESDI >25 mm/m2 OR 
EDD >65 mm – late 
stage C in paper 

Age, gender, 
diabetes mellitus, 
chronic kidney 
disease and late 
stage C (based on 
classification of left 
ventricular 
dimensions, as 
described in the 
prognostic factor 
groups). 

Post-operative: 

All-cause mortality 
(late death) 

Mean (SD) follow-
up was 9.9 (5.3) 
years (range, 0-23 
years) 

Outcome definition 
unclear 

Indirect prognostic factor 
threshold 

Pizarro 2011209 Asymptomatic 
severe AR 

N=294 

Prospective 
cohort study: 
Consecutive 
patients from 
single centre. 

Multivariable 
logistic 
regression 
model 

End-systolic 
diameter/body surface 
area (ESD/BSA) ≥24 
mm/m2 

End-systolic 
diameter/body surface 
area (ESD/BSA) <24 
mm/m2 (referent) 

 

End-diastolic diameter 
(EDD) ≥35 mm/m2 

Multivariate 
regression models 
incorporated clinical 
and 
echocardiographic 
variables that were 
demonstrated to be 
associated with the 
end-point on 
univariate analysis: 
BNP (different 
analyses using it as 
a continuous and 

LV systolic 
dysfunction 
symptoms or 
death 

Mean (SD) follow-
up was 46 (10) 
months in the 
derivation cohort 
and 38 (9) months 
in the validation 
cohort. 

Threshold different to 
that specified in protocol 

AVR performed in 31% 
during follow-up 
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End-diastolic diameter 
(EDD) <35 mm/m2 
(referent) 

 

In subgroup with BNP 
<130 pg/ml at baseline: 

BNP increased to ≥130 
pg/ml at 1 year follow-
up versus 

BNP remained <130 
pg/ml at 1 year follow-
up (referent) 

categorical variable), 
ESD/BSA, 
EDD/BSA, effective 
regurgitant orifice 
area, atrial volume 
indexed by BSA, 
age, pulmonary 
artery systolic 
pressures, left 
ventricular ejection 
fraction and left 
ventricular volumes. 

Mitral regurgitation 

Arias 20136 Asymptomatic 
moderate or 
severe organic 
MR (73% severe) 
without LV 
systolic 
dysfunction 

N=144 

Prospective 
cohort study: 
Unclear 
population source 
and recruitment 
period 

Multivariable 
logistic 
regression 
model 

Left atrial volume index 
(LAVI) ≥55 ml/m2, n=48 

Left atrial volume index 
<55 ml/m2 (referent) , 
n=96 

EROA ≥0.55 cm2 
and deceleration 
time ≤160 msec 

Development of 
symptoms and/or 
LV dysfunction 
during follow-up. 

Median follow-up 
2.76 years 

Indirect population: 
Included a proportion 
with moderate MR 

LAVI threshold does not 
match protocol 

Chenot 200951 Asymptomatic 
severe MR 
undergoing mitral 
valve repair 

N=143 

Multivariable 
Cox proportional 
hazards model 

LVEF <60% 

LVEF ≥60% (referent) 

Age and diabetes 
mellitus potentially 
included in the 
multivariate model 
for cardiac mortality 
alongside LVEF 
<60%, 

Post-operative: 
Cardiac mortality 

Median follow-up 
was 8 years 

Unclear reporting of 
statistical analysis 

Included asymptomatic 
and mildly symptomatic  
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Retrospective 
cohort study: 
Consecutive 
patients from 
single institution 
between January 
1990 and 
December 2001 

Coutinho 
201459 

Asymptomatic or 
mildly 
symptomatic 

patients with 
severe 
degenerative 
mitral 
regurgitation and 

preserved left 
ventricular 
function 
submitted for 
surgery. 

Retrospective 
cohort study: 
Patients admitted 
between January 
1992 and 
December 2012. 

N=382 

Multivariable 
Cox proportional 
hazards model. 

Presence of atrial 
fibrillation OR 
pulmonary 
hypertension, n=106 

 

P2 prolapse present, 
n=268 

 

Myxomatous valves, 
n=272 

Mortality (late 
mortality): age, 
chronic obstructive 
pulmonary disease 
and presence of 
atrial fibrillation or 
pulmonary 
hypertension. Others 
are listed and may 
have been included 
but this is unclear as 
no multivariate 
results given for 
them in the table 
(myxomatous valves, 
tricuspid 
regurgitation ≥2+, left 
atrium dimension 
and P2 prolapse). 

 

Mitral reoperation: 
myxomatous valves, 
presence of atrial 
fibrillation or 
pulmonary 
hypertension, P2 
prolapse and chordal 

Post-operative: 
Mortality (late 
mortality) 

Cumulative 
follow-up for the 
entire cohort was 
3732 patient-
years (mean, 8.6 
± 7.5 years; 
range, 0.6-21.9 
years); mean 9.8 
years per person 

Indirect population: 
NYHA class I or II and 
no further details on 
how mildly 
symptomatic was 
defined 

Late mortality: likely to 
mean after hospital 
discharge or beyond 30 
days 
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shortening. Others 
are listed and may 
have been included 
but this is unclear as 
no multivariate 
results given for 
them in the table 
(diabetes, anterior 
leaflet prolapse, 
posterior leaflet 
prolapse and 
posterior leaflet 
resection). 

Krauss 2006135 Asymptomatic 
severe MR 

N=128 

Prospective 
cohort study: 
Consecutive 
patients from 
single institution, 
prospectively 
enrolled and 
followed up. 

Multivariable 
Cox proportional 
hazards model 

Presence of new flail 
leaflet (NFL), n=30 

Absence of new flail 
leaflet (NFL), n=98 

 

Left ventricular end-
systolic diameter 
(LVESD) >22 mm/m2, 
n=23 

Left ventricular end-
systolic diameter 
(LVESD) ≤22 mm/m2, 
n=105 

New flail leaflet, left 
ventricular end-
systolic diameter 
>22 mm/m2, left 
ventricular end-
diastolic diameter 
>35 mm/m2, end-
systolic diameter 
>45 mm, regurgitant 
volume >65 ml/beat, 
effective regurgitant 
orifice area >55 
mm2, atrial volume 
>120 cm3, E >120 
cm/s and pulmonary 
arterial systolic 
pressure >35 
mmHg. 

 

Factors that were 
significantly 
associated with the 

Pre-operative: 
Occurrence of 
symptoms and/or 
left ventricular 
dysfunction 

Mean follow-up 
was 29 ± 12 
months. 

LVESD threshold does 
not match protocol 
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end-point (P<0.10) 
on univariate 
analysis were 
included in the 
multivariate analysis 

Pizarro 2009208 Severe 
asymptomatic 
MR with LVEF 
>60%  

N=269 

Prospective 
cohort study: 
Consecutive 
patients from 
single institution, 
prospectively 
enrolled and 
followed up. 

Multivariable 
logistic 
regression 
model 

And 
multivariable 
Cox proportional 
hazards model 

Analysis 1 

BNP ≥105 pg/ml  

BNP <105 pg/ml 
(referent) 

  

Analysis 2 

BNP ≥105 pg/ml at 1 
year in those with 
baseline <105 pg/ml 

BNP remaining <105 
pg/ml at 1 year 
(referent) 

 

Analysis 3 

LVESD >22 mm/m2, 

LVESD ≤22 mm/m2 
(referent) 

Unclear which 
variables included in 
each analysis. 
Factors considered: 
age >70 years, 
LVEF <68%, atrial 
fibrillation, new flail 
leaflet, end-diastolic 
diameter/BSA >35 
mm/m2, end-systolic 
diameter/BSA >22 
mm/m2, regurgitant 
volume >65 ml/beat, 
EROA >55 mm2, 
AV/BSA >70 
cm3/m2, pulmonary 
artery systolic 
pressure >35 mm 
Hg 

Development of 
congestive heart 
failure, or LV 
dysfunction or 
death during 
follow-up 

Mean follow-up 36 
(8) and 31 (9) 
months in the of 
the derivation and 
validation sets, 
respectively. 

Indirect outcome: 
composite measure 

 

28% had surgery during 
follow-up 

Yang 2015276 Severe 
asymptomatic 
primary MR  

N=104 

Prospective 
cohort study: 
Consecutive 
patients from 
single institution, 
prospectively 

Multivariable 
Cox proportional 
hazards model 

Presence of atrial 
fibrillation (AF), n=20 

Absence of atrial 
fibrillation (AF), n=84 

Peak positive strain 
of the left atrium 
(LASp, continuous), 
age (continuous), left 
atrial volume index 
(LAVi, continuous), 
left ventricular end-
systolic volume 
index (LVESVi, 
continuous) and AF 

Cardiovascular 
mortality or mitral 
valve surgery 
(repair or 
replacement) 
caused by new-
onset heart failure 

Heart failure 

Mean follow-up 
was 13.2 ± 9.5 

Excluded those with 
surgery planned. 19% 
had surgery during 
follow-up 
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enrolled and 
followed up. 

(IQR: 5.0-19.0) 
months. 

See Appendix D:for full evidence tables. 

 

1.4.4 Quality assessment of clinical studies included in the evidence review 

1.4.4.1 Aortic stenosis 

Table 3: Clinical evidence summary: peak aortic jet velocity (Vmax) 

Risk factor and outcome 

(population)  
Number of studies 
(participants) 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

≥5.0 m/s versus <5.0 m/s for predicting all-cause mortality 

 

Study 1 Median (IQR) follow-up: 38.0 (6–190) months.  

Study 2 Mean (SD; range) follow-up time: 27 (24; 2-224) 

 

(Minimally symptomatic or asymptomatic severe AS, plus preserved LVEF 
in study with 85% weight in analysis) 

2 
(n=1419)  

HR 1.99  
(1.51 to 2.62) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of bias 

Vmax ≥5.5 m/s versus 4-4.49 m/s for predicting all-cause mortality 

 

Median (IQR) follow-up: 38.0 (6–190) months 

 

(Minimally symptomatic or asymptomatic severe AS, plus preserved 
LVEF). 

1  
(n=294) 

HR 1.2  
(1.01 to 1.43) 

⊕⊕⊝⊝ 
LOW1,2 
due to risk of bias, 
indirectness 
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Risk factor and outcome 

(population)  
Number of studies 
(participants) 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

Vmax ≥5.0 m/s versus 4-4.49 m/s for predicting all-cause mortality 

 

Median follow-up : 1336 (IQR, 966-1817) days 

 

(Severe asymptomatic AS not referred for AVR) 

1  
(n=456) 

 

HR 1.23  
(0.83 to 1.82) 

⊕⊝⊝⊝ 

VERY LOW2,3,4 

Vmax 5.0-5.49 m/s versus 4-4.49 m/s for predicting all-cause mortality 

Median (IQR) follow-up: 38.0 (6–190) months.  

 

(Minimally symptomatic or asymptomatic severe AS, plus preserved 
LVEF). 

1  
(n=333)  

HR 1.36  
(1.13 to 1.64) 

⊕⊕⊝⊝ 
LOW1,2 
due to risk of bias, 
indirectness 

Vmax 4.5-4.99 m/s versus 4-4.49 m/s for predicting all-cause mortality 

 

Study 1 Median (IQR) follow-up: 38.0 (6–190) months.  

Study 2 Median follow-up : 1336 (IQR, 966-1817) days 

 

(Minimally symptomatic or asymptomatic severe AS) 

2  
(n=893)  

HR 1.05  
(0.63 to 1.74) 

⊕⊝⊝⊝ 

VERY LOW3,4,5 

≥5.0 m/s versus <5.0 m/s for predicting cardiac or CV mortality 

Median (IQR) follow-up: 1769 (1020–2423) days 

 

(Asymptomatic very severe AS - early surgery or conservative treatment) 

1  
(n=95) 

HR 1.59  
(1.22 to 2.07) 

⊕⊕⊝⊝ 
LOW6,7 
due to risk of bias 

≥5.0 m/s versus <5.0 m/s for predicting cardiac or CV mortality 

 

1  
(n=861)  

HR 6.31  
(2.51 to 15.86) 



 

29 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Indications for intervention in asymptomatic severe heart valve disease 

Risk factor and outcome 

(population)  
Number of studies 
(participants) 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

Mean (SD; range) follow-up time was 27 (24; 2-224) 

 

(Asymptomatic severe AS) 

⊕⊕⊝⊝ 

LOW7,8 
due to risk of bias 

Vmax ≥5.0 m/s versus 4-4.49 m/s for predicting cardiac or CV mortality 

 

Median follow-up in whole sample: 1336 (IQR, 966-1817) days 

 

(Severe asymptomatic AS not referred for AVR) 

1  
(n=456)  

HR 1.43  
(0.88 to 2.32) 

⊕⊝⊝⊝ 
VERY LOW2,3,4 
due to risk of bias, 
indirectness, 
imprecision 

Vmax 4.5-4.9 m/s versus 4-4.49 m/s for predicting cardiac or CV mortality 

 

Median follow-up in whole sample: 1336 (IQR, 966-1817) days. 

 

(Severe asymptomatic AS not referred for AVR) 

1  
(n=504)  

HR 1.27  
(0.79 to 2.04) 

⊕⊝⊝⊝ 

VERY LOW3,4 
due to risk of bias, 
imprecision 

Vmax ≥5.0 m/s versus <5.0 m/s for predicting post-AVR mortality 

 

Mean (SD; range) follow-up time was 27 (24; 2-224) 

 

(Asymptomatic severe AS) 

1  
(n=834)  

HR 2.2  
(1.16 to 4.17) 

⊕⊕⊝⊝ 
LOW8 
due to risk of bias 

Vmax ≥5.0 m/s versus 4-4.49 m/s for predicting aortic valve-related 
mortality 

 

Median follow-up in whole sample: 1336 (IQR, 966-1817) days. 

 

(Severe asymptomatic AS not referred for AVR) 

1  
(n=456)  

HR 1.69  
(0.94 to 3.04) 

⊕⊝⊝⊝ 
VERY LOW2,3,4 
due to risk of bias, 
indirectness, 
imprecision 



 

30 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Indications for intervention in asymptomatic severe heart valve disease 

Risk factor and outcome 

(population)  
Number of studies 
(participants) 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

Vmax 4.5-4.9 m/s versus 4-4.49 m/s for predicting aortic valve-related 
mortality 

 

Median follow-up in whole sample: 1336 (IQR, 966-1817) days. 

 

(Severe asymptomatic AS not referred for AVR) 

1  
(n=504)  

HR 1.46  
(0.81 to 2.63) 

⊕⊝⊝⊝ 

VERY LOW3,5 
due to risk of bias, 
imprecision 

Vmax ≥5.0 m/s versus 4-4.49 m/s for predicting heart failure hospitalisation 

 

Median follow-up in whole sample: 1336 (IQR, 966-1817) days. 

 

(Severe asymptomatic AS not referred for AVR) 

1  
(n=456)  

HR 1.65  
(0.97 to 2.81) 

⊕⊝⊝⊝ 
VERY LOW2,3,4 
due to risk of bias, 
indirectness, 
imprecision 

Vmax 4.5-4.9 m/s versus 4-4.49 m/s for predicting heart failure 
hospitalisation 

 

Median follow-up in whole sample: 1336 (IQR, 966-1817) days. 

 

(Severe asymptomatic AS not referred for AVR) 

1  
(n=504)  

HR 1.19  
(0.73 to 1.94) 

⊕⊝⊝⊝ 
VERY LOW3,4 
due to risk of bias, 
imprecision 

Vmax ≥4.5 m/s versus <4.5 m/s for predicting mortality or AVR  

 

Mean follow-up was 22±18 months 

 

(Asymptomatic severe AS)  

1  
(n=128)  

RR 1.1  
(0.7 to 1.73) 

⊕⊝⊝⊝ 

VERY LOW3,4 
due to risk of bias, 
imprecision 

Vmax ≥5.5 m/s versus 5.0-5.5 m/s for predicting cardiac mortality or AVR 
indication  

 

Median (IQR) follow-up was 41 (26-63) months 

1  
(n=116)  

HR 1.88  
(1.19 to 2.97) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of bias 
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Heart valve disease: FINAL 
Indications for intervention in asymptomatic severe heart valve disease 

Risk factor and outcome 

(population)  
Number of studies 
(participants) 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

 

(Asymptomatic very severe AS) 

Vmax ≥5.0 m/s versus 4.0-4.9 m/s for predicting cardiac mortality or AVR 
indication  

 

Median potential follow-up was 19.4 (IQR, 9.8-36.4) months 

 

(Asymptomatic severe AS aged >70 years) 

1  
(n=103)  

HR 1.93  
(1.16 to 3.21) 

⊕⊕⊝⊝ 
LOW9 
due to risk of bias 

Vmax >4.0 m/s versus ≤4.0 m/s for predicting cardiac mortality or AVR 
indication  

 

Mean (SD) follow-up was 36 (27) months 

 

(Asymptomatic severe AS) 

1  
(n=103) 

  

HR 2.58  
(1.15 to 5.79) 

⊕⊕⊝⊝ 

LOW3 
due to risk of bias 

Vmax ≥5.0 m/s versus <5.0 m/s for predicting sudden death  

 

Median follow-up of surviving patients in the entire cohort was 1334 (IQR, 
1019-1701) days. 

 

(Asymptomatic severe AS) 

1  
(n=1808)  

HR 2.36  
(1.09 to 5.11) 

⊕⊝⊝⊝ 
VERY LOW3,10 
due to risk of bias, 
indirectness 

1 Majority of the evidence as at high risk of outcome measurement bias 
2 Indirect threshold comparison 
3 High risk of outcome reporting bias and <10 events per covariable in the analysis  
4 95% CI crosses the null line  
5 I2 >75% and only two studies so subgroups could not be explored; random effects model used 
6 High risk of outcome measurement bias and insufficient detail of the statistical analysis 
7 Study differences too great to pool data 
8 High risk of bias from insufficient study participation and high risk of outcome reporting bias 
9 High risk of outcome reporting bias and unclear study participation 
10 Indirect outcome measure 
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Indications for intervention in asymptomatic severe heart valve disease 

 

Table 4: Clinical evidence summary: Aortic valve area (AVA) 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

AVA≤0.6 versus >0.6 cm² for predicting all-cause mortality 

 

Estimated median follow-up was 48 months 

 

(Severe asymptomatic AS treated initially with medical management strategy) 

1  
(n=229)  

HR 3.39  
(1.8 to 6.38) 

⊕⊕⊝⊝ 
LOW1 
due to risk of 
bias 

AVA≤0.6 versus >0.8 cm² for predicting all-cause mortality 

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=844)  

HR 2.61  
(1.96 to 3.48) 

⊕⊕⊝⊝ 
LOW2,3 
due to risk of 
bias, 
indirectness 

0.8≥AVA>0.6 versus >0.8 cm² for predicting all-cause mortality 

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1110)  

HR 1.49  
(1.17 to 1.9) 

⊕⊕⊕⊝ 

MODERATE2 
due to risk of 
bias 

AVA≤0.6 versus >0.8 cm² for predicting cardiovascular mortality 

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

1  
(n=844)  

HR 3.36  
(2.34 to 4.82) 

⊕⊝⊝⊝ 
VERY 
LOW3,4 
due to risk of 
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Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

bias, 
indirectness 

0.8≥AVA>0.6 versus >0.8 cm² for predicting cardiovascular mortality 

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1110)  

HR 1.48  
(1.07 to 2.05) 

⊕⊕⊝⊝ 
LOW3 
due to risk of 
bias 

AVA≤0.6 versus >0.8 cm² for predicting aortic valve-related mortality  

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=844)  

HR 4.53  
(2.97 to 6.91) 

⊕⊝⊝⊝ 
VERY 
LOW3,4 
due to risk of 
bias, 
indirectness 

0.8≥AVA>0.6 versus >0.8 cm² for predicting aortic valve-related mortality 

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1110)  

HR 2.01  
(1.31 to 3.08) 

⊕⊕⊝⊝ 
LOW3 
due to risk of 
bias 

AVA≤0.6 versus >0.8 cm² for predicting heart failure hospitalisation 

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=844)  

HR 1.95  
(1.31 to 2.9) 

⊕⊝⊝⊝ 
VERY 
LOW3,4 
due to risk of 
bias, 
indirectness 
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Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

0.8≥AVA>0.6 versus >0.8 cm² for predicting heart failure hospitalisation 

 

Median (IQR) follow-up duration of the surviving patients was 

1203 (773–1575) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1110) 

days 

HR 1.33  
(0.96 to 1.84) 

⊕⊝⊝⊝ 
VERY 
LOW3,5 
due to risk of 
bias, 
imprecision 

AVA <0.6 vs. ≥0.6 cm2 for predicting cardiac mortality or AVR indication 

 

Median (IQR) follow-up was 41 (26-63) months 

 

(Asymptomatic very severe AS) 

1  
(n=116)  

HR 1.25  
(0.77 to 2.03) 

⊕⊕⊝⊝ 

LOW2,5 
due to risk of 
bias, 
imprecision 

AVA <0.75 vs. ≥0.75 cm2 for predicting cardiac mortality or AVR indication 

 

Mean (SD) follow-up was 36 (27) months 

 

(Asymptomatic severe AS) 

1  
(n=103)  

HR 1.48  
(0.79 to 2.77) 

⊕⊝⊝⊝ 
VERY 
LOW4,5 
due to risk of 
bias, 
imprecision 

AVAI (AVA index) <0.6 vs. ≥0.6 cm2 for predicting cardiac mortality or AVR 
indication 

 

Mean (SD) follow-up was 36 (27) months 

 

(Asymptomatic severe AS) 

1  
(n=103)  

HR 2.62  
(1.09 to 6.3) 

⊕⊕⊝⊝ 
LOW6 
due to risk of 
bias 

1 High risk of bias from study participation and outcome measurement and <10 events per covariable in the analysis 
2 High risk of bias from outcome measurement 
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3 Indirect threshold comparison 
4 High risk of bias from outcome measurement and <10 events per covariable in the analysis 
5 95% CI crosses the null line 
6 Inadequate controlling for confounders and high risk of outcome measurement bias 

 

Table 5: Clinical evidence summary: left ventricular ejection fraction (LVEF) 

Risk factor and outcome 

(population) 

No of Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

LVEF ≤50 vs >50% for predicting all-cause mortality 

 

Follow up unclear: survival curves up to 5 years 

 

(Asymptomatic severe AS who had surgery recommended) 

1  
(n=104)  

HR 1.09  
(1.03 to 1.15) 

⊕⊕⊝⊝ 
LOW1 
due to risk of 
bias 

LVEF <55 vs ≥55% for predicting all-cause mortality 

 

Median (IQR) follow-up: 38.0 (6–190) months. 

 

(Severe AS with no or minimal symptoms, some managed surgically others 
medically) 

1  
(n=1678)  

HR 2.18  
(1.6 to 2.97) 

⊕⊕⊕⊝ 
MODERATE2 
due to risk of 
bias 

LVEF 55-59 vs ≥60% for predicting all-cause mortality 

 

Median (IQR) follow-up: 38.0 (6–190) months. 

 

(Severe AS with no or minimal symptoms, some managed surgically others 
medically) 

1  
(n=1439)  

HR 1.25  
(0.89 to 1.76) 

⊕⊕⊝⊝ 

LOW2,3 
due to risk of 
bias, 
indirectness 

LVEF <55 vs ≥60% for predicting all-cause mortality 
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Risk factor and outcome 

(population) 

No of Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

 

Median (IQR) follow-up: 38.0 (6–190) months. 

 

(Severe AS with no or minimal symptoms, some managed surgically others 
medically) 

1  
(n=1347)  

HR 2.29  
(1.68 to 3.12) 

⊕⊕⊕⊝ 
LOW2,3 
due to risk of 
bias, 
indirectness 

LVEF <60 versus ≥60% for predicting all-cause mortality 

 

Mean (SD; range) follow-up: 27 (24; 2-224) months 

 

(Asymptomatic severe AS) 

1  
(n=834)  

HR 5.01  
(2.93 to 8.57) 

⊕⊕⊝⊝ 
LOW4 
due to risk of 
bias 

LVEF <60 versus ≥60% for predicting cardiovascular mortality 

 

Mean (SD; range) follow-up: 27 (24; 2-224) months 

 

(Asymptomatic severe AS) 

1  
(n=834)  

HR 4.47  
(2.06 to 9.7) 

⊕⊕⊝⊝ 

LOW4 
due to risk of 
bias 

LVEF <60 versus ≥60% for predicting post-AVR mortality 

 

Mean (SD; range) follow-up: 27 (24; 2-224) months 

 

(Asymptomatic severe AS) 

1  
(n=834)  

Reported as not significant only ⊕⊕⊝⊝ 
LOW4 
due to risk of 
bias 

AS-related death or heart failure hospitalisation at 1 year - <60 versus ≥60% 

 

Follow up: 1 year 

 

1  
(n=846)  

OR 3.94  
(2 to 7.76) 

⊕⊕⊝⊝ 
LOW5 
due to risk of 
bias 
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Risk factor and outcome 

(population) 

No of Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

(Asymptomatic severe AS under watchful waiting) 

LVEF <60% vs ≥60% for predicting sudden death 

 

Median follow-up: 1334 (IQR, 1019-1701) days. Not specified for the 
asymptomatic subgroup.  

 

(Asymptomatic severe AS) 

1  
(n=1808)  

HR 1.76  
(1.08 to 2.87) 

⊕⊝⊝⊝ 
VERY LOW5,6 
due to risk of 
bias, 
indirectness 

1 Unclear prognostic factor measurement, inadequate controlling for confounders and post-hoc selection of thresholds 
2 Unclear if study participation was adequate 
3 Indirect threshold analysis  
4 High risk of outcome reporting bias and inadequate study participation 
5 High risk of outcome reporting bias and <10 events per covariable in the analysis  
6 Indirect outcome definition 
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Table 6: Clinical evidence summary: Left ventricular global longitudinal strain (LV-GLS) 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

LV-GLS ≤14.7 vs >14.7 for predicting all-cause mortality 

 

Median (IQR) follow-up 1.8 (0.9 to 2.8) years 
 
(Asymptomatic moderate/severe AS (82% severe)) 

1  
(n=1067)  

HR 2.62  
(1.66 to 4.13) 

⊕⊕⊕⊝ 

MODERATE1 
due to risk of bias 

LV-GLS ≤14.7 vs >14.7 for predicting all-cause mortality in those with LVEF ≥60% 

 

Median (IQR) follow-up 1.8 (0.9 to 2.8) years 

 
(Asymptomatic moderate/severe AS (82% severe)) 

1  
(n=734)  

HR 2.69  
(1.53 to 4.73) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of bias 

LV-GLS ≤15 vs >15 for predicting all-cause mortality in those with LVEF ≥50% 

 

Median (IQR) follow-up 42 (37-46) months 

 

(Minimally symptomatic or asymptomatic severe AS and LVEF ≥50%) 

1  
(n=332) 

 

HR  

Model 1:  
2.07 (95% CI 1.23 to 3.49)  

Model 2:  
2.63 (95% CI 1.53 to 4.50 

Model 3:  
1.99 (95% CI 1.17 to 3.38) 

⊕⊕⊕⊝ 
LOW2,3 
due to risk of bias 
and indirectness 

 1 Unclear if all relevant studies in IPD meta-analysis have been identified and biases in primary studies not assessed or accounted for 

2 Inadequate controlling for confounders 
3 Indirect population: includes some with mild AS symptoms 
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Table 7: Clinical evidence summary: B-type natriuretic peptide (BNP) 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

BNP ratio 1 to 2 versus BNP ratio ≤1 for predicting all-cause mortality 

 

Mean follow-up of 4.3 (2.4) years 

 

(Asymptomatic severe AS) 

1  
(n=565)  

HR 3.02  
(1.31 to 6.96) 

⊕⊕⊝⊝ 

LOW1 
due to risk of 
bias 

BNP ratio 2 to 3 versus BNP ratio ≤1 for predicting all-cause mortality 

 

Mean follow-up of 4.3 (2.4) years 

 

(Asymptomatic severe AS) 

1  
(n=565)  

HR 4.64  
(1.99 to 10.82) 

⊕⊕⊝⊝ 
LOW1 
due to risk of 
bias 

BNP ratio ≥3 versus BNP ratio ≤1 for predicting all-cause mortality 

 

Mean follow-up of 4.3 (2.4) years 

 

(Asymptomatic severe AS) 

1  
(n=565)  

HR 3.93  
(2.4 to 6.43) 

⊕⊕⊝⊝ 
LOW1 
due to risk of 
bias 

BNP >20pg/ml/year versus ≤20pg/ml/year for predicting adverse cardiac events 

 

Mean follow-up of 24 (17) months 

 

(Asymptomatic aortic stenosis of at least moderate severity and preserved LVEF) 

1  
(n=69)  

HR 2.73  
(1.27 to 5.87) 

⊕⊝⊝⊝ 

VERY 
LOW2,3 
due to risk of 
bias, 
indirectness 
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Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

BNP 100-199 vs <100 pg/ml for predicting aortic valve-related death or 
hospitalisation due to HF  

 

Median follow-up duration 1190 (IQR: 732-1540) days 

 

(Asymptomatic severe AS not referred for AVR) 

1  
(n=295)  

HR 1.97  
(0.97 to 4) 

⊕⊝⊝⊝ 
VERY 
LOW4,5 
due to risk of 
bias, 
imprecision 

BNP 200-299 vs <100 pg/ml for predicting aortic valve-related death or 
hospitalisation due to HF  

 

Median follow-up duration 1190 (IQR: 732-1540) days 

 

(Asymptomatic severe AS not referred for AVR) 

1  
(n=243)  

HR 3.59  
(1.55 to 8.31) 

⊕⊝⊝⊝ 
VERY 
LOW4,6 
due to risk of 
bias, 
indirectness 

BNP ratio ≥300 versus <100 pg/ml for predicting aortic valve-related death or 
hospitalisation due to HF  

 

Median follow-up duration 1190 (IQR: 732-1540) days 

 

(Asymptomatic severe AS not referred for AVR) 

1  
(n=251)  

HR 7.38  
(3.21 to 16.97) 

⊕⊝⊝⊝ 

VERY 
LOW4,6 
due to risk of 
bias, 
indirectness 

1 Unclear population source and participation, and <10 event per covariable in the analysis 
2 Insufficient controlling for confounders and unclear method of analysis 
3 Population included some with moderate AS 
4 Inadequate study participation due to lack of BNP data, high risk of outcome reporting bias and inadequate controlling for confounders 
5 95% CI crosses the null line 
6 Indirect threshold comparison 
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Table 8: Clinical evidence summary: Composite indicators 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF 
≥50% or LG-AS for predicting all-cause mortality  

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1512)  

HR 1.45  
(1.08 to 1.95) 

⊕⊕⊕⊝ 

MODERATE1 
due to risk of 
bias 

High gradient AS with preserved ejection fraction (HGpEF) vs low gradient (LG) AS 
for predicting all-cause mortality 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1390)  

HR 1.42  
(1.14 to 1.77) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of 
bias 

LG AS with reduced ejection fraction (LGrEF) vs with preserved ejection fraction 
(LGpEF) for predicting all-cause mortality 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=892)  

HR 2.74  
(1.99 to 3.77) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of 
bias 

High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF 
≥50% or LG-AS for predicting cardiovascular mortality 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1512)  

HR 1.84  
(1.28 to 2.65) 

⊕⊕⊕⊝ 

MODERATE1 
due to risk of 
bias 
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Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

HGpEF vs LG-AS for predicting cardiovascular mortality 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1390)  

HR 1.56  
(1.18 to 2.06) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of 
bias 

LGrEF vs LGpEF for predicting cardiovascular mortality 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=892)  

HR 3.23  
(2.13 to 4.9) 

⊕⊕⊝⊝ 

LOW2 
due to risk of 
bias 

High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF 
≥50% or LG-AS for predicting aortic valve-related mortality - 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1512)  

HR 2.34  
(1.52 to 3.6) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of 
bias 

HGpEF vs LG-AS for predicting aortic valve-related mortality 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1390)  

HR 1.77  
(1.23 to 2.55) 

⊕⊕⊝⊝ 
LOW2 
due to risk of 
bias 

LGrEF vs LGpEF for predicting aortic valve-related mortality 
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Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=892)  

HR 4.06  
(2.31 to 7.14) 

⊕⊕⊝⊝ 
LOW2 
due to risk of 
bias 

High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF 
≥50% or LG-AS for predicting heart failure hospitalisation  

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1512)  

HR 1.96  
(1.34 to 2.87) 

⊕⊕⊕⊝ 
MODERATE1 
due to risk of 
bias 

HGpEF vs LG-AS for predicting heart failure hospitalisation 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=1390)  

HR 1.28  
(0.94 to 1.74) 

⊕⊕⊝⊝ 

LOW1,3 
due to risk of 
bias, 
imprecision 

LGrEF vs LGpEF for predicting heart failure hospitalisation 

 

Median follow-up: 1360 (IQR: 1069-16669) days 

 

(Asymptomatic severe AS with normal LVEF managed conservatively) 

1  
(n=892)  

HR 2.37  
(1.46 to 3.85) 

⊕⊕⊝⊝ 
LOW2 
due to risk of 
bias 

1 High risk of outcome reporting bias  
2 High risk of outcome reporting bias and <10 events per covariable in the analysis  
3 95% CI crosses the null line 
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1.4.4.2 Aortic regurgitation 

Table 9: Clinical evidence summary: Left ventricular ejection fraction (LVEF) 

Risk factor and outcome 

(population) 

No of Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

LVEF <55 versus ≥55% for predicting cardiovascular mortality or heart failure 

 

Median (range) follow-up was 8 (0.1 to 21.8) years 

 

(Asymptomatic severe AR) 

1  
(n unclear)  

HR 4.13  
(1.65 to 10.34) 

⊕⊕⊝⊝ 

LOW1 
due to risk of 
bias 

1 High risk of outcome measurement bias and lack of detail on baseline characteristics of asymptomatic group 

Table 10: Clinical evidence summary: Left ventricular dimensions 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the 
evidence 
(GRADE) 

Indexed end systolic diameter (ESDI) >25 mm/m2 OR end diastolic diameter (EDD) >65 
mm vs. ESDI ≤25 mm/m2 AND EDD ≤65 mm for predicting all-cause mortality (late death)  

 

Mean (SD) follow-up was 9.9 (5.3) years (range, 0-23 years) 

 

(Asymptomatic severe AR) 

1  
(n=162)  

HR 1.99  
(0.92 to 4.3) 

⊕⊝⊝⊝ 
VERY 
LOW1,2,3 
due to risk 
of bias, 
indirectne
ss, 
imprecisio
n 
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Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the 
evidence 
(GRADE) 

Left ventricular end systolic diameter (LVESD) >22 mm/m2 vs. LVESD/body surface area 
(BSA) ≤22 mm/m2 for predicting cardiovascular mortality or heart failure  

 

Median (range) follow-up was 8 (0.1 to 21.8) years 

 

(Asymptomatic severe AR) 

1  
(n unclear)  

HR 2.46  
(1.07 to 5.66) 

⊕⊕⊝⊝ 
LOW1 
due to risk 
of bias 

ESD/BSA ≥24 mm/m2 vs. ESD/BSA <24 mm/m2 for predicting LV systolic dysfunction 
symptoms or death  

 

Mean (SD) follow-up was 46 (10) months in the derivation cohort and 38 (9) months in the 
validation cohort. 

 

(Asymptomatic severe AR) 

1 
(n=294) 

(1 study; 
derivation and 
validation 
cohorts) 

OR 3.4  
(2.17 to 5.33) 

⊕⊕⊝⊝ 

LOW4 
due to risk 
of bias 

End diastolic diameter (EDD) ≥35 vs. <35 mm/m2 for predicting LV systolic dysfunction 
symptoms or death  

 

Mean (SD) follow-up was 46 (10) months 

 

(Asymptomatic severe AR) 

1  
(n=160)  

OR 2.1  
(0.88 to 5.01) 

⊕⊝⊝⊝ 
VERY 
LOW3,4 
due to risk 
of bias, 
imprecisio
n 

1 High risk of outcome reporting bias and <10 events per covariable in the analysis  
2 Indirect prognostic factor definition 
3 95% CI crosses null line 
4 Inadequate description of outcome measurement and recruitment, and inadequate controlling for confounders 
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Table 11: Clinical evidence summary: B-type natriuretic peptide (BNP) 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the 
evidence 
(GRADE) 

BNP increase to ≥130 pg/ml vs retained <130 pg/ml at 1 year for predicting LV systolic dysfunction 
symptoms or death  

 

Mean (SD) follow-up was 46 (10) months in the derivation cohort and 38 (9) months in the validation 
cohort. 

 

(Asymptomatic severe AR) 

1 
(n=218) 

(1 study; 
derivation and 
validation 
cohorts) 

HR 7.89  
(4.81 to 12.94) 

⊕⊕⊝⊝ 

LOW 
due to risk 
of bias1 

1Inadequate description of outcome measurement and recruitment, and inadequate controlling for confounders 

 

1.4.4.3 Mitral regurgitation 

Table 12: Clinical evidence summary: Left ventricular ejection fraction (LVEF) 

Outcomes 

No of Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

LVEF <60 versus ≥60% for predicting cardiac mortality - 

 

Median follow-up: 8 years 

 

(Asymptomatic severe MR undergoing mitral valve repair) 

1  
(n=143)  

HR 3.9  
(1.1 to 13.83) 

⊕⊕⊝⊝ 
LOW1 
due to risk of bias 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 
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Table 13: Clinical evidence summary: Left ventricular end systolic diameter (LVESD) 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the evidence 
(GRADE) 

LVESD >22 vs ≤22 mm/m² for predicting onset of symptoms and/or LV dysfunction  

 

Mean follow-up: 29 ± 12 months 

 

(Asymptomatic severe MR) 

1  
(n=128) 

HR 4.5  
(1.8 to 11.25) 

⊕⊕⊝⊝ 
LOW1 
due to risk of bias 

LVESD >22 vs ≤22 mm/m² for predicting onset of congestive heart failure, LV 
dysfunction or death 

 

Mean follow-up 36 (8) and 31 (9) months in the of the derivation and validation sets 

 

(Severe asymptomatic MR with LVEF >60%) 

1  
(n=296 

(1 study; 
derivation and 
validation 
cohorts) 

OR 3.2 (2.06 to 
4.97)2 

⊕⊝⊝⊝ 
VERY LOW2,3 
due to risk of bias, 
indirectness 

 1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 
2 Upper limit of 95% CIs calculated in RevMan do not match those reported in the study, as these were asymmetrical around the point estimate. 
3 High risk of bias from limitations with study participation and high risk of bias from lack of clarity on confounders adjusted for and likely to be <10 events per 
covariable in the analysis. 
4 Indirect outcome definition: composite factors 
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Table 14: Clinical evidence summary: Left atrial volume index (LAVI) 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the evidence 
(GRADE) 

LAVI ≥55ml/m2 vs LAVI <55ml/m2 for predicting onset of symptoms and/or LV 
dysfunction 

 

Median follow-up 2.76 years 

 

(Asymptomatic moderate or severe organic MR (73% severe) without LV systolic 
dysfunction) 

1  
(n=144) 

OR 2.26 (1.04 
to 4.88) 

⊕⊝⊝⊝ 
VERY LOW1,2 
due to risk of bias, 
indirectness 

1 High risk of bias because source population and recruitment are unclear and high risk of bias from inadequate controlling for confounders 
2 Indirect population definition 

Table 15: Clinical evidence summary: Flail leaflet 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the 
evidence 
(GRADE) 

Presence vs absence of new FL for predicting onset of symptoms and/or LV dysfunction 

 

Mean follow-up: 29 ± 12 months 

 

(Asymptomatic severe MR) 

1  
(n=128). 

HR 1.6  
(0.3 to 8.53) 

⊕⊝⊝⊝ 
VERY 
LOW1,2 
due to risk 
of bias, 
imprecision 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 
2 95% CI crosses null line  
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Table 16: Clinical evidence summary: Posterior prolapse 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

Presence versus absence of P2 prolapse for predicting mitral re-operation  

 

Mean follow-up 9.8 years 

 

(Asymptomatic or mildly symptomatic severe MR and preserved left ventricular 
function submitted for surgery) 

1  
(n=382) 

HR 0.06  
(0.01 to 0.36) 

⊕⊝⊝⊝ 
VERY 
LOW1,2 
due to risk of 
bias, 
indirectness 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis  
2 Indirect population (NYHA I and II) and outcome measure 

 

Table 17: Clinical evidence summary: Ruptured chordae 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

Presence versus absence of myxomatous valves for predicting mitral re-operation 

 

Mean follow-up 9.8 years 

 

(Asymptomatic or mildly symptomatic severe MR and preserved left ventricular 
function submitted for surgery) 

1  
(n=382) 

HR 0.07  
(0.01 to 0.49) 

⊕⊝⊝⊝ 
VERY 
LOW1,2 
due to risk of 
bias, 
indirectness 



 

50 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Indications for intervention in asymptomatic severe heart valve disease 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis  
2 Indirect population (NYHA I and II), prognostic factor and outcome definition 

Table 18: Clinical evidence summary: Atrial fibrillation 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

Presence of atrial fibrillation OR pulmonary hypertension, versus absence of atrial 
fibrillation AND pulmonary hypertension for predicting mortality 

 

Mean follow-up 9.8 years 

 

(Asymptomatic or mildly symptomatic severe MR and preserved left ventricular function 
submitted for surgery) 

1  
(n=382) 

HR 2.54  
(1.17 to 5.51) 

⊕⊝⊝⊝ 
VERY LOW1,2 
due to risk of bias, 
indirectness 

Presence vs absence of AF for predicting cardiovascular mortality or mitral valve surgery 
(repair or replacement) caused by new-onset heart failure 

 

Mean follow-up was 13.2 ± 9.5 (IQR: 5.0-19.0) months. 

 

(Severe asymptomatic primary MR) 

1  
(n=104)  

HR 1.16  
(0.33 to 4.08) 

⊕⊝⊝⊝ 
VERY LOW1,3 
due to risk of bias, 
imprecision 

Presence vs absence of AF for predicting heart failure 

 

Mean follow-up was 13.2 ± 9.5 (IQR: 5.0-19.0) months.  

 

(Severe asymptomatic primary MR) 

1  
(n=104)  

HR 1.19  
(0.38 to 3.73) 

⊕⊝⊝⊝ 
VERY LOW1,3 
due to risk of bias, 
imprecision 

Presence of atrial fibrillation OR pulmonary hypertension, versus absence of atrial 
fibrillation AND pulmonary hypertension for predicting mitral re-operation 

 

Mean follow-up 9.8 years 

 

1  
(n=382)  

HR 4.2  
(1.1 to 16.04) 

⊕⊝⊝⊝ 
VERY LOW1,2 
due to risk of bias, 
indirectness 
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Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of the 
evidence 
(GRADE) 

(Asymptomatic or mildly symptomatic severe MR and preserved left ventricular function 
submitted for surgery) 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 
2 Indirect population (includes NYHA I and II) and indirect prognostic factor definition 
3 95% CI crosses the null line 

 

Table 19: Clinical evidence summary: BNP 

Risk factor and outcome 

(population) 

No of 
Participants 
(studies) 
Follow up 

Relative effect 
(95% CI) 

Quality of 
the evidence 
(GRADE) 

BNP ≥105 pg/ml vs BNP <105 pg/ml for predicting onset of CHF, LV dysfunction or 
death  

 

Mean follow-up 36 (8) and 31 (9) months in the of the derivation and validation sets 

 

(Severe asymptomatic MR with LVEF >60%) 

1 study; derivation 
and validation 
cohorts 
(n=296) 

 

OR 4.28 (3.08 to 5.95)3 ⊕⊝⊝⊝ 
VERY 
LOW1,2 
due to risk of 
bias, 
indirectness 

Increase in BNP over 105 pg/ml at 1 year vs BNP remains <105 pg/ml at 1 year in 
subgroup with BNP <105 pg/ml at baseline for predicting onset of CHF, LV 
dysfunction or death 

 

Mean follow-up 36 (8) and 31 (9) months in the of the derivation and validation sets 

 

(Severe asymptomatic MR with LVEF >60%) 

1 study; derivation 
and validation 
cohorts 

n=205  

HR 9.6 (5.6 to 16.46)3 ⊕⊕⊝⊝ 
VERY 
LOW1,4 
due to risk of 
bias, 
indirectness 
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1 High risk of bias from limitations with study participation and high risk of bias from lack of clarity on confounders adjusted for and likely to be <10 events per covariable in the analysis. 
2 Indirect prognostic factor and outcome definition 
3 Upper limit of 95% CIs calculated in RevMan do not match those reported in the study, as these were asymmetrical around the point estimate. 
4 Indirect outcome definition: composite. 

See Appendix F: for full GRADE tables. 
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1.5 Economic evidence 

1.5.1 Included studies 

No health economic studies were included. 

1.5.2 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:. 
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1.5.3 Health economic modelling 

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

1.5.4 Unit costs 

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

 

Resource Unit costs Source 
Electrocardiogram Monitoring or Stress 
Testing 

 

£179 (a) NHS reference costs 
2018/19194 

Complex Echocardiogram 

 
£375 (b) NHS reference costs 

2018/19194 
Source: Costs obtained from the NHS reference cost 2018/19 
(a) Cost obtained for outpatients  
(b) Complex echocardiogram (stress echocardiogram) 

 

1.6 The committee’s discussion of the evidence 

1.6.1 Interpreting the evidence 

1.6.1.1 The outcomes that matter most 

Indication for intervention was assessed based on prognosis for the following outcomes:  

• Mortality 

• Hospital admission for heart failure  

• Reduced cardiac function  

 

1.6.1.2 The quality of the evidence 

No studies meeting the review protocol criteria were identified for mitral stenosis or tricuspid 
regurgitation. These populations were included in a research recommendation (see Appendix 
J.2 for details). 

The quality of the evidence ranged from moderate to very low, with the majority of the 
evidence being of low or very low quality. Evidence was mainly downgraded due to risk of 
bias. Common limitations included the analysis being retrospective, based on registry data, 
so that the measurement of the indicators and outcomes were not the same for all study 
participants, a lack of accounting for confounders and no assessment of inter-rater reliability. 
The retrospective nature of the data often left it unclear whether all potentially eligible 
individuals were included or how many didn’t have relevant data points recorded. Also, much 
of the evidence was from multivariable analysis with too few events per covariate for the 
estimates to be reliable. 

Some studies were also from indirect populations, including some with mild symptoms. The 
committee agreed that in the studies that defined these as symptoms not related to the heart 
valve disease, no downgrading of the evidence was necessary, but if it was unclear how 
minimal symptoms were defined or if they were related to the valve disease, the evidence 
was downgraded for population indirectness. Some of the evidence also used thresholds that 
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did not exactly match those prespecified in the protocol. The committee discussed each of 
these and most were agreed to be reasonable thresholds that should not be downgraded for 
indirectness. It is noteworthy that the evidence is an indirect way of assessing at what point 
interventions are indicated. It informs the prognosis for poor outcomes with or without 
intervention among people that have reached a certain level of abnormality for measured 
parameters (for example, an LVEF <50% or <60% on echocardiography) compared with 
those that have not reached the same level of abnormality for these parameters. However, 
not all studies limited to the prediction of outcomes either pre- or post-intervention and there 
is no comparison of intervention versus no intervention in particular prognostic groups. 
Therefore, it is not clear if intervention would improve outcome in groups with poor prognosis. 

Based on these limitations in the included evidence, recommendations were limited to 
consider recommendations. 

1.6.1.3 Benefits and harms  

Aortic stenosis 

The committee discussed that the hearts of people with aortic stenosis are coping with a 
significant pressure load, and the development of symptoms due to aortic stenosis indicates 
a dramatic worsening of prognosis (without intervention). Identifying signs of early cardiac 
decompensation (prior to symptom onset) that are associated with worse outcomes would be 
beneficial for identifying patients for potential intervention, while still asymptomatic. It is 
already established practice to consider intervention if reduced cardiac function is observed. 
Surgical intervention is specified, as transcatheter interventions are currently only indicated 
for symptomatic patients. 

A peak aortic jet velocity of ≥5.0 m/s was shown to be a risk factor for all-cause and 
cardiovascular mortality, and sudden death in people with asymptomatic severe AS who 
have not had an aortic valve intervention. Other reported thresholds were less indicative of 
increased mortality risk without intervention and also did not predict heart failure 
hospitalisation. Evidence on the composite outcome of mortality or AVR was also discussed 
by the committee. A peak aortic jet velocity of ≥5.5 m/s, ≥5.0 m/s and >4.0 m/s were all found 
to be predictive of this outcome. The committee agreed that this supports the use of the ≥5.0 
m/s threshold, and was insufficient to suggest the use of an alternative threshold. 

One study also reported post-aortic valve replacement mortality to be higher among those 
with a baseline peak aortic jet velocity of ≥5.0 m/s. The committee agreed it is sensible to 
assume that if a factor is associated with poor outcome after surgery, this suggests that 
intervention should have been earlier. Therefore, the committee interpreted this as 
supporting the use of this threshold as an indicator for intervention to prevent any further 
valve deterioration and worsening of prognosis, which would be the biologically plausible 
disease pathway. 

Aortic valve area ≤0.6 versus >0.6 cm2 was also a risk factor for all-cause mortality, before or 
after aortic valve intervention. Additionally, the threshold of ≤0.6 versus >0.8cm2 showed a 
greater risk for cardiovascular or aortic valve-related mortality and heart failure 
hospitalization than the comparison of >0.6-0.8 versus >0.8cm2. This is consistent with the 
data for a peak aortic jet velocity of >5.0m/sec, as these two measures / thresholds are both 
indicators of very severe aortic stenosis and often co-exist. The committee noted that this 
measurement should be double-checked by an expert in echocardiography to ensure the 
reading is not artificially low due to technical error. 

A left ventricular ejection fraction (LVEF) <60% was shown to be a strong indicator of all-
cause mortality in one study, with the relative risk being greater in this group than for <55 
versus ≥55% or ≤50 vs >50%. There was also evidence from individual studies of increased 
risk of cardiovascular mortality, sudden death, and AS-related death or heart failure 
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hospitalisation among those with LVEF <60% versus ≥60%. However, the committee noted 
limitations in the study reporting on the <60% threshold for all-cause mortality, particularly 
regarding the data collection for the registry database used. Specifically, there was a large 
proportion of patients from the registry who could not be included in the analysis due to 
missing data, a large time lag between initial assessment and outcome reporting, during 
which time symptoms could have developed, and a low proportion being offered intervention, 
which may have influenced the findings. The committee also discussed a sub-analysis from 
one study that showed that people with an LVEF <55% had an increased risk of mortality 
compared to patients with LVEF ≥60%, whereas those with an LVEF between 55 and 59% 
had a comparable prognosis to those with LVEF ≥60%. One study also reported post-aortic 
valve replacement mortality not to be significantly different among those with a baseline 
LVEF <60 versus ≥60%.   

The committee noted that the threshold of 50% showed to be a weak predictor of mortality, 
with a very small effect size, which could be because the difference in outcome is diluted by 
the referent group (>50%) containing a high proportion with poor outcome as many people 
with severe AS have a LVEF in the 50-60% range, making this a poor cut-off for 
discriminating need for intervention. Based on all of the evidence, the committee agreed that 
the most appropriate threshold for referral was LVEF<55%. The committee noted that 
established practice is to consider intervention for ‘reduced’ cardiac function (generally 
considered to be LVEF of <50%), so a threshold of <55%% would result in a change in 
practice for some patients. 

One individual patient data (IPD) meta-analysis of 10 original studies derived a threshold of 
global longitudinal strain of ≤14.7% and found this to be a risk factor for all-cause mortality, 
even among the subgroup with preserved LVEF ≥60%. One further study found evidence for 
global longitudinal strain of ≤15% as a risk factor for all-cause mortality, after adjusting for 
aortic valve intervention. The committee discussed global longitudinal strain as a potentially 
useful indicator. However, there are concerns about the reproducibility of the measure in 
individual patients and across manufacturers of echocardiogram systems. Therefore, in the 
absence of validation of the threshold to be used, they agreed that further research is 
required before making a recommendation for practice. A research recommendation was 
made (see Appendix J.2 for details). 

Elevation of BNP above the normal level in those with preserved LVEF (>50%) was a risk 
factor for all-cause mortality before or after intervention. It was unclear if the LVEF changed 
during follow-up, but LVEF was adjusted for as a covariate in the analysis. The largest 
increase in risk was seen for BNP 2-3-times the normal level. The risk associated with BNP 
was supported by indirect evidence from 2 additional studies. One study reported the less 
critical outcome of adverse cardiac events in a very small cohort, using the threshold of 
>20pg/ml increase in BNP level per year. Although the committee were interested in the 
change in BNP over time, this evidence was limited by the small sample size, indirect 
population including moderate as well as severe aortic stenosis and indirect composite 
outcome, and so it was agreed that this study was insufficient to inform the threshold to 
indicate intervention. The other used the composite outcome of AS-related death or heart 
failure hospitalization and compared centiles with the risk among those with <100pg/ml BNP. 
This supported the link between increasing BNP level and increasing risk of poor outcome 
but was not suitable evidence for determining the optimal threshold because of the 
comparisons used, including a low threshold for the referent group that would have poor 
specificity. Based on this evidence and the experience of the committee that BNP is a useful 
early marker of myocardial decompensation, the committee agreed to recommend BNP at 
least 2-times the upper limit of normal as an indicator for intervention. BNP is not currently 
used as an indication for intervention in asymptomatic patients, so this would reflect a 
change in practice for some patients. The committee were aware that high BNP values are 
common in older adults and this should be taken into consideration when decisions about the 
need for referral are made. However, they noted that the evidence informing the 
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recommendation was specific to adults with known asymptomatic severe heart valve disease 
and the analysis was adjusted for age. 

Based on the above evidence the committee made recommendations for referral for surgical 
intervention to be considered in adults with severe asymptomatic aortic stenosis and any of 
the following: peak aortic jet velocity >5.0 m/s, AVA <0.6 cm2, LVEF <60% or BNP /NT-
proBNP level >2-times the upper limit of normal. Surgical intervention was specified because 
this is the only option for aortic valve replacement in people without symptoms. TAVI 
research is limited to symptomatic patients only. Therefore, all evidence for “early” aortic 
valve replacement before symptoms occur is in patients suitable for surgery. This decision is 
only applicable to patients young enough and without significant comorbidities who have a 
good enough baseline prognosis to be significantly affected by the improved prognosis 
afforded by earlier intervention as indicated by the factors recommended. Recommendations 
were limited to consider recommendations based on the limitations of the included evidence, 
including most evidence being low-very low quality, as described in the ‘quality of the 
evidence’ section above. 

 

Aortic regurgitation 

The committee discussed that the hearts of people with aortic regurgitation are coping with a 
significant volume load and it is established practice to consider intervention if reduced 
cardiac function is observed (given that cardiac function should be at the higher end of the 
normal range). It was also noted that people with aortic regurgitation suffer more than other 
types of heart valve disease if intervention is delayed and are generally a younger cohort, so 
have more to gain from timely intervention. Surgical intervention is specified as i) there is no 
current accepted transcatheter intervention for aortic regurgitation, and ii) transcatheter 
interventions are currently only indicated for symptomatic patients. 

Regarding LVEF, the only threshold assessed in the evidence was <55% versus ≥55%, 
which was a risk factor for the composite outcome of post-intervention cardiovascular 
mortality or heart failure. Therefore, the committee agreed that the threshold for considering 
referral should be LVEF<55% due to the magnitude of the increased risk of poor outcome in 
this group. They agreed that, although the classically recommended threshold is <50%, the 
<55% threshold is already widely used in practice, and that a recommendation at this 
threshold would not have a large impact on current practice. The committee discussed the 
lack of evidence for other possible thresholds but agreed that a research recommendation in 
this area would not serve the interests of people with aortic regurgitation given the available 
evidence from one study and their clinical experience of the threshold of LVEF<55% being 
used in practice. 

Regarding left ventricular dimensions, indexed end systolic diameter (ESDI) was agreed to 
be another measure of systolic function, not just of dilatation, and may be useful in addition 
to other measures. The committee considered the evidence that showed an increased risk of 
post-intervention cardiovascular mortality or heart failure with ESDI >22 mm/m2 and an 
increased risk of left ventricular systolic dysfunction or death with ESDI >24 mm/m2. They 
agreed that the threshold of >24 mm/m2 should be recommended as an indicator for 
intervention. This was because on the basis of limited evidence this is the more conservative 
threshold to use, and the group with ESDI >24 mm/m2 are, in the committees’ opinion, likely 
to include most of those who would derive benefit from intervention, with few cases likely to 
be missed between 22 and 24 mm/m2. Further, given the asymptomatic nature of the patient 
group and the morbidity and mortality from cardiac surgery, a slightly conservative approach 
was felt to be appropriate. 

Regarding BNP, despite one study demonstrating a large increased risk in those with BNP 
levels above 130 pg/ml at 1 year, the committee noted that this was from 1 small study, with 
very few people having this increase in BNP (7 in total in the study). Also, the threshold 
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chosen was agreed to represent any increase above normal. Given this limited evidence the 
committee agreed that this is another area for future research and made a research 
recommendation (see Appendix J.1 for details). 

Recommendations were limited to consider recommendations based on the limitations of the 
included evidence, including most evidence being low-very low quality, as described in the 
‘quality of the evidence’ section above. 

Mitral regurgitation 

There was evidence that LVEF <60% was a risk factor for increased post-repair cardiac 
mortality. Although this was based on a single study, this threshold reflects current practice 
and the committee was aware of evidence from longitudinal studies that if the LVEF drops 
below 60% it is important to intervene. Therefore, the committee agreed that LVEF <60% 
should be an indicator for intervention to avoid further deterioration before intervention that 
could limit the benefit of intervention. 

There was also evidence from 2 studies that LVESDI >22 mm/m2 was a risk factor for poor 
outcome (onset of symptoms and/or left ventricular dysfunction in one study and onset of 
congestive heart failure, left ventricular dysfunction or death in another study) without valve 
intervention, and so this was agreed to be a good indicator for intervention. The committee 
noted that measurement of LVESD is common in current practice and is easier to measure 
than LVEF, thus adding certainty to the LVEF measurement. Although the indexed 
measurement is not commonly used the committee agreed that this change is appropriate to 
account for differences in BMI based on the available evidence. However, it was agreed to 
also include the non-indexed ESD threshold of 4.5 cm used in current practice in the 
recommendation. This threshold was discussed as being similar to the indexed value for 
adults with an average BMI. 

The committee discussed the evidence about valve morphology (flail leaflet, and ruptured 
chordae), BNP and left atrial volume index but agreed that it was neither robust nor direct 
enough to dictate indictors for intervention. Specifically, the committee noted the lack of post-
operative outcome data, making it unclear whether people with a high LAVI or BNP score do 
worse after surgery. Regarding BNP, despite one study demonstrating a large increased risk 
in those with BNP levels above 105 pg/ml, the committee noted that this was from 1 small 
study. Also, the threshold chosen was agreed to represent any increase above normal. 
Given this limited evidence the committee agreed that this is another area for future research 
(see Appendix J.1 for details). 

Similarly, the conflicting findings between studies and outcomes for atrial fibrillation, and the 
inability to separate the effect of atrial fibrillation and pulmonary hypertension in one study 
meant it was not possible to recommend these as indicators. However, the evidence did 
suggest that the presence of pulmonary hypertension (systolic pulmonary artery pressure 
>50 mmHg) or atrial fibrillation increases the risk of post-repair mortality and that morphology 
suitable for repair, such as P2 prolapse, reduces the risk of re-operation Therefore, these 
were included in the recommendation as factors that would further support a decision to 
intervene in people who also have markers of early myocardial decompensation. 

The committee confirmed that the indications were for consideration of repair surgery. 

As for aortic stenosis, referring asymptomatic patients for intervention means referring them 
“early” on prognostic grounds. Patients need to be young enough and without significant 
comorbidities to have a good enough baseline prognosis to benefit from the improved 
prognosis afforded by earlier intervention. Therefore, surgical intervention is currently the 
only option considered. 
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Recommendations were limited to consider recommendations based on the limitations of the 
included evidence, including most evidence being low-very low quality, as described in the 
‘quality of the evidence’ section above. 

 

1.6.2 Cost effectiveness and resource use 

There was no evidence of clinical effectiveness or cost effectiveness for intervention at 
different thresholds. The committee made consensus recommendations to refer people at 
different thresholds, which predicted a significant worsening of outcomes, including survival.  

The committee judged that these recommendations largely reflect current best practice, 
though there is local variation and not all clinicians would currently be aware that all of these 
specific thresholds should lead to referral for intervention.  

However, the threshold of LVEF <55% for aortic stenosis intervention does represent a 
change from current practice, which is <50% in some centres. However, when LVEF starts to 
decline, it does so quite quickly, moving from 60% to 50% in under a year in the experience 
of the committee. Therefore, this will mean earlier rather than additional intervention, with 
subsequent improvement in survival and quality of life.  In addition, the inclusion of BNP as 
an indicator for potential early intervention is new. Again, for most patients this will mean 
earlier intervention rather than additional intervention. Although there are some risks with 
intervention as well as health care cost, it is expected that there will be a significant 
improvement in survival and quality of life for patients. It is also possible that the cost of 
earlier intervention could be partially offset by reduced admissions, although there would also 
be increased costs in the added years of life. The cost effectiveness of this earlier 
intervention is difficult to quantify. 

1.6.3 Other factors the committee took into account 

The committee were aware of evidence comparing early surgery in the absence of any 
indications with watchful waiting until symptoms were identified, particularly in mitral 
regurgitation. These studies did not match the protocol for the current review and so were not 
included as they do not inform the choice of indicators for intervention among the 
asymptomatic severe cohort. However, the committee noted that these studies support early 
intervention in the absence of symptoms or any other indicators. 

1.7 Recommendations supported by this evidence review 

This evidence review supports recommendations 1.3.2, 1.3.7 and 1.3.8 and the 2 research 
recommendations on techniques to determine the need for intervention. 
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Appendices 

Appendix A: Review protocols 

Table 20: Review protocol: indications for intervention in asymptomatic, severe HVD 

ID Field Content 

0. PROSPERO 
registration number 

CRD42019158255 

1. Review title What are the indications that interventions  should be offered to 
adults with asymptomatic, severe heart valve disease? 

2. Review question What are the indications that interventions should be offered to 
adults with asymptomatic, severe heart valve disease? 

3. Objective To identify the indications for intervention in people with 
asymptomatic, severe heart valve disease 

4. Searches  The following databases will be searched: 

Cochrane Database of Systematic Reviews (CDSR) 

Embase 

MEDLINE 

 

Searches will be restricted by:  

English language 

Human studies 

Letters and comments are excluded 

 

Other searches: 

Inclusion lists of systematic reviews will be checked by the reviewer 

 

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

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

5. Condition or domain 
being studied 

 

 

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

6. Population  Adults aged 18 years and over with diagnosed severe heart valve 
disease that is asymptomatic, stratified by the type of heart valve 
disease as follows:  

aortic [including bicuspid] stenosis 

aortic regurgitation 

mitral stenosis 

mitral regurgitation 

tricuspid regurgitation 

 

 

Inclusion of indirect evidence: 

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

Exclusion: 

Children (aged <18 years). 
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Adults with congenital heart disease (excluding bicuspid aortic 
valves). 

Tricuspid stenosis and pulmonary valve disease. 

Adults with previous intervention for HVD (surgical or transcatheter). 

Secondary heart valve disease because it does not occur in the 
asymptomatic group 

 

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

7. Indicators for 
intervention  

In those with severe, asymptomatic heart valve disease the following 
parameters will be assessed according to type of HVD. Functional 
and anatomical parameters refer to measurements from 
echocardiography: 

1. Mitral regurgitation 

Primary mitral regurgitation 

left ventricular systolic function based on ejection fraction <50% or 
<60% 

Left ventricular systolic function based on global longitudinal strain 
(absolute value <20%; may be reported as in the range 0 to -20% or 
>-20%) 

left ventricular end systolic diameter ≥40mm or ≥45mm 

peak systolic pulmonary artery pressure  >50mmHg 

left atrial dimensions (volume / volume index) ≥60 mL/m2 BSA 

Repairability/valve morphology:  

posterior leaflet prolapse,  

anterior leaflet prolapse,  

bileaflet prolapse 

flail valve / ruptured chordae 

development of atrial fibrillation 

BNP increase at serial measurements (without other explanation) 

 

2. Aortic stenosis 

Peak velocity >5m/sec or >5.5m/sec 

Rate of progression of velocity >0.3m/sec/year  

Aortic valve area <0.6cm2 

left ventricular systolic function based on ejection fraction <50% or 
<60% 

left ventricular systolic function based on global longitudinal strain 
absolute value <20%; may be reported as 0 to -20% or >-20%) 

parameters of diastolic function / indicators of left atrial filling 
pressure (E/e’>14) 

systolic pulmonary artery pressure >60mmHg (without other 
explanation) 

BNP increase at serial measurements (without other explanation) 

 

3. Aortic regurgitation  

left ventricular systolic function based on ejection fraction <50% 

left ventricular systolic function based on global longitudinal strain 
absolute value <20%; may be reported as 0 to -20% or >-20%) 

left ventricular dimensions  
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end diastolic diameter, LVEDD >70mm 

end systolic diameter, LVESD >50mm 

end diastolic volume, LVESD >25mm/m2 BSA 

BNP increase at serial measurements (without other explanation) 

 

 

4. Mitral stenosis 

mitral valve area  <1cm2 or <1.5cm2  

systolic pulmonary artery pressure >50mmHg 

mitral valve gradient mean gradient >5mmHg at rest 

reduced right ventricular function  (tricuspid annular plane systolic 
excursion [TAPSE] <17)  

mitral valve morphology – deemed suitable for transcatheter balloon 
valvotomy 

BNP increase at serial measurements (without other explanation) 

 

5. Tricuspid regurgitation (isolated) 

reduced right ventricular systolic function – no thresholds  

increasing right ventricular dimensions – no thresholds (dilated – 
mild, moderate, severe) 

BNP increase at serial measurements (without other explanation) 

Valve morphology – suitable for repair 

 

If studies report combinations of these factors together and how 
effective these are – they will be included 

8. Confounding factors Risk scores (e.g. EuroScore I or II, STS score) 

Age 

Sex 

Renal impairment 

Extra cardiac arteriopathy/ Peripheral arterial disease/ 
Cerebrovascular disease 

Previous cardiac surgery 

Chronic lung disease 

Diabetes 

Hypertension 

Prior MI 

Active endocarditis 

Frailty scores (e.g. CSHA, Katz score) 

9. Types of study to be 
included 

Prospective and retrospective cohort studies 

Systematic reviews of the above 

 

If no cohort studies are identified case control studies with 
multivariate analysis will be included.  

Studies with univariate analysis only will be excluded. 

10. Other exclusion 
criteria 

 

Exclusion criteria:  

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

Studies that have not accounted for confounders in the study design 
or analysis 
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Non-English language studies  

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

11. Context 

 

N/A 

12. Primary outcomes 
(critical outcomes) 

 

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

Mortality (≥12 months) 

Hospital admission for heart failure (≥12 months) 

Reduced cardiac function (echo parameters – LVEF) 

Indication for intervention based on pre-operative predictors of the 
following post-operative outcomes: 

Mortality (≥12 months) 

Hospital admission for heart failure (≥12 months) 

 

This may be reported as an adjusted HR, RR or OR. 

Sensitivity, specificity and AUC will not be included as these do not 
allow for multivariable adjustment.   

Use the latest reported time point.  

13. Secondary outcomes 
(important outcomes) 

N/A 

14. Data extraction 
(selection and 
coding) 

 

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

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

A standardised form will be used to extract data from studies (see 
Developing NICE guidelines: the manual section 6.4).   

Summary evidence tables will be produced including information on: 
study setting; study population and participant demographics and 
baseline characteristics; details of the prognostic factors; study 
methodology’ recruitment and missing data rates; outcomes and 
times of measurement; critical appraisal ratings. 

 

MS Excel will be used for data extraction and critical appraisal for 
health economic studies. 

15. Risk of bias (quality) 
assessment 

 

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

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

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

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. 

 

https://www.nice.org.uk/process/pmg20/chapter/introduction-and-overview
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16. Strategy for data 
synthesis  

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

Data from the meta-analysis will be presented and quality assessed 
in adapted GRADE tables taking into account individual study quality 
and the meta-analysis results. The 4 main quality elements (risk of 
bias, indirectness, inconsistency and imprecision) will be appraised 
for each risk factor. Publication bias will be assessed if there are 5 or 
more studies for a given outcome. 

Heterogeneity between the studies in effect measures will be 
assessed using the I² statistic. We will consider an I² value greater 
than 50% indicative of substantial heterogeneity. We will conduct 
sensitivity analyses based on pre-specified subgroups using 
stratified meta-analysis to explore the heterogeneity in effect 
estimates. If this does not explain the heterogeneity, the results will 
be presented using random-effects.  

If meta-analysis is not possible or appropriate, results will be 
reported individually per outcome in adapted GRADE tables.  

 

 

17. Analysis of sub-
groups 

 

Groups that will be analysed separately (strata): 

 

Population: 

Stratified by the presence or absence of symptoms and the type of 
heart valve disease as follows:  

 

aortic [including bicuspid] stenosis 

aortic regurgitation 

mitral stenosis 

mitral regurgitation 

tricuspid regurgitation 

 

Subgroups that will be investigated if heterogeneity is present: 

Age (<75/≥75 years) 

Single vs multiple valve disease 

Co-morbid cardiac abnormalities 

Studies will be assigned to different subgroups using a threshold of 
75% - for example, a study in which 80% of the population have 
single valve disease and 20% have multiple valve disease would be 
assigned to the single valve disease group when subgrouping for 
this factor. 

18. Type and method of 
review  

 

☐ Intervention 

☐ Diagnostic 

☒ Prognostic 

☐ Qualitative 

☐ Epidemiologic 

☐ Service Delivery 

☐ Other (please specify) 

 

19. Language English 
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20. Country England 

21. Anticipated or actual 
start date 

09/05/2019 

22. Anticipated 
completion date 

17/06/2021 

23. Stage of review at 
time of this 
submission 

Review stage Started Completed 

Preliminary searches 
  

Piloting of the study selection 
process   

Formal screening of search 
results against eligibility criteria   

Data extraction 
  

Risk of bias (quality) assessment 
  

Data analysis 
  

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. 

27. Conflicts of interest All guideline committee members and anyone who has direct input 
into NICE guidelines (including the evidence review team and expert 
witnesses) must declare any potential conflicts of interest in line with 
NICE's code of practice for declaring and dealing with conflicts of 
interest. Any relevant interests, or changes to interests, will also be 
declared publicly at the start of each guideline committee meeting. 
Before each meeting, any potential conflicts of interest will be 
considered by the guideline committee Chair and a senior member 
of the development team. Any decisions to exclude a person from all 
or part of a meeting will be documented. Any changes to a member's 
declaration of interests will be recorded in the minutes of the 
meeting. Declarations of interests will be published with the final 
guideline. 

28. Collaborators 

 

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

29. Other registration 
details 

N/A 

30. Reference/URL for 
published protocol 

 

31. Dissemination plans NICE may use a range of different methods to raise awareness of 
the guideline. These include standard approaches such as: 

notifying registered stakeholders of publication 

publicising the guideline through NICE's newsletter and alerts 

issuing a press release or briefing as appropriate, posting news 
articles on the NICE website, using social media channels, and 
publicising the guideline within NICE. 

 

32. Keywords Aortic regurgitation; Aortic stenosis; Biological heart valve; Heart 
valve disease; Heart valve repair; Heart valve replacement; 
Intervention; Mechanical heart valve; Mitral regurgitation; Mitral 
stenosis; Surgical valve replacement; Transcatheter valve 
replacement; Tricuspid regurgitation 

33. Details of existing 
review of same topic 
by same authors 

 

N/A 

34. Current review status ☐ Ongoing 

☒ Completed but not published 

☐ Completed and published 

☐ Completed, published and being updated 

☐ Discontinued 

35. Additional 
information 

N/A 

36. Details of final 
publication 

www.nice.org.uk 

 

Table 21: Health economic review protocol 

Review 
question 

All questions – health economic evidence 

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

Search 
criteria 

• 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). 

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

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

• Studies must be in English. 

https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
http://www.nice.org.uk/
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Search 
strategy 

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

Review 
strategy 

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).190 

 

Inclusion and exclusion criteria 

• 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. 

• 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. 

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

 

Where there is discretion 

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

 

The health economist will be guided by the following hierarchies. 

Setting: 

• UK NHS (most applicable). 

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

• 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: 

• Cost–utility analysis (most applicable). 

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

• Comparative cost analysis. 

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

Year of analysis: 

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

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

• 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 7 - indications for specialist referral following 
echocardiography 

This literature search strategy was used for the following review: 

• What are the indications that interventions should be offered to adults with 
asymptomatic, severe heart valve disease? 

The literature searches for this review are detailed below and complied with the methodology 
outlined in Developing NICE guidelines: the manual.190 

For more information, please see the Methodology review published as part of the 
accompanying documents for this guideline. 
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B.1 Clinical search literature search strategy 

This prognostic search was constructed using one following approaches:  

• Population AND Prognostic/risk factor terms  

Table 22: Database date parameters and filters used 

Database Dates searched Search filter used 

Medline (OVID) 1946 - 14 October 2020   Exclusions 

Embase (OVID) 1974 - 14 October 2020   Exclusions 

The Cochrane Library (Wiley) Cochrane Reviews to 2020 
Issue 10 of 12 

None 

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.  exp Heart Murmurs/  

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

9.  or/1-8  

10.  letter/  

11.  editorial/  

12.  news/  

13.  exp historical article/  

14.  Anecdotes as Topic/  

15.  comment/  

16.  case report/  

17.  (letter or comment*).ti.  

18.  or/10-17  

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

20.  18 not 19  

21.  animals/ not humans/  

22.  exp Animals, Laboratory/  

23.  exp Animal Experimentation/  

24.  exp Models, Animal/  

25.  exp Rodentia/  

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

27.  or/20-26  

28.  9 not 27  

29.  limit 28 to English language  

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

<Click this field on the first page and insert footer text if required> 
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31.  29 not 30  

32.  Asymptomatic Diseases/  

33.  asymptomatic.ti,ab.  

34.  (symptom* adj3 (absent or non or none or no or missed or missing or unseen or "not 
apparent" or clinically silent or subclinical)).ti,ab.  

35.  or/32-34  

36.  31 and 35  

Embase (Ovid) search terms 

1.  exp valvular heart disease/  

2.  exp heart valve/  

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

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

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

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

7.  exp heart murmur/  

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

9.  or/1-8  

10.  letter.pt. or letter/  

11.  note.pt.  

12.  editorial.pt.  

13.  Case report/ or Case study/  

14.  (letter or comment*).ti.  

15.  or/10-14  

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

17.  15 not 16  

18.  animal/ not human/  

19.  Nonhuman/  

20.  exp Animal Experiment/  

21.  exp Experimental animal/  

22.  Animal model/  

23.  exp Rodent/  

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

25.  or/17-24  

26.  9 not 25  

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

28.  26 not 27  

29.  limit 28 to English language 

30.  asymptomatic disease/  

31.  asymptomatic.ti,ab.  

32.  (symptom* adj3 (absent or non or none or no or missed or missing or unseen or "not 
apparent" or clinically silent or subclinical)).ti,ab.  

33.  or/30-32  
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34.  29 and 33  

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 Murmurs] explode all trees 

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

#9.  (or #1-#8) 

#10.  MeSH descriptor: [Asymptomatic Diseases] this term only 

#11.  asymptomatic:ti,ab 

#12.  (symptom* near/3 (absent or non or none or no or missed or missing or unseen or 
subclinical)):ti,ab 

#13.  "not apparent":ti,ab 

#14.  "clinically silent":ti,ab 

#15.  (or #10-#14) 

#16.  #9 and #15 

B.2 Health Economics literature search strategy 

Health economic evidence was identified by conducting a broad search relating to heart 
valve disease population in NHS Economic Evaluation Database (NHS EED) – (this ceased 
to be updated after March 2015) and the Health Technology Assessment database (HTA) – 
(this ceased to be updated after March 2018) with no date restrictions. NHS EED and HTA 
databases are hosted by the Centre for Research and Dissemination (CRD). Additional 
searches were run on Medline and Embase for health economics. 

Table 23: Database date parameters and filters used 

Database Dates searched  Search filter used 

Medline 01 January 2014 – 15 October 
2020 

Exclusions 

Health economics studies 

Embase 01 January 2014 – 15 October 
2020 

Exclusions 

Health economics studies 

Centre for Research and 
Dissemination (CRD) 

HTA - Inception – 31 March 
2018 

NHSEED - Inception to 31 
March 2015 

None 

Medline (Ovid) search terms 

1.  exp Heart Valve Diseases/ 

2.  exp heart valves/ 

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

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/ 
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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. 

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/ 
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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. 

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 indications for intervention in 
asymptomatic, severe HVD 

 

 

 

Records screened, n=5772 

Records excluded, 
n=5491 

Papers included in review, n=29 Papers excluded from review, n=252 

Records identified through 
database searching, n=5727 

Additional records identified through 
other sources, n=45 

Full-text papers assessed for 
eligibility, n=281 
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Appendix D: Clinical evidence tables 

D.1 Aortic stenosis 
Reference Bohbot 201730 

Study type and 
analysis 

Retrospective chart review of patients identified between 2000 and 2015 

Multivariable Cox proportional hazards model. 

Number of 
participants 

and 
characteristics 

N=1140 (subgroup with no or minimal symptoms = 558) 

 

Vmax groups in NYHA 1-2 group:  

4-4.49 m/s n=229  <5.0m/s n=389 

4.50-4.99 m/s n=160  ≥5.0 m/s n=169 

5-5.49 m/s n=104   

≥5.5 m/s n=65   

 

Inclusion criteria: 

Aged ≥18 years, diagnosed with severe AS (defined as AVA ≤1 cm2 or AVA normalized to body surface area [BSA] ≤0.6 cm2/m2, and 
Vmax ≥4 m/s). No or minimal symptoms. Symptoms were ascertained by each patient’s cardiologist. Patients with atypical chest pain 
and elderly patients with minimal dyspnoea not clearly related to AS were considered to be minimally symptomatic. 

 

Exclusion criteria: 

(1) individuals with more than mild aortic and mitral regurgitation; (2) patients with prosthetic valves, congenital heart disease (with the 
exception of bicuspid aortic valves), supravalvular or subvalvular AS, or dynamic left ventricular (LV) outflow tract obstruction, and (3) 
individuals who declined to participate in the study.  

 

Demographic details (for NYHA 1-2 group) 

• Mean (SD) age:  

Vmax 4-4.49 m/s: 74 (11) years 

Vmax 4.50-4.99 m/s: 73 (12) years    

Vmax 5-5.49 m/s: 72 (12) years 
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Reference Bohbot 201730 

Vmax ≥5.5 m/s: 72 (12) years 

• Sex: 51% male 

• Single vs multiple valve disease: NA 

• Co-morbid cardiac abnormalities: 

    Coronary artery disease Prior atrial fibrillation 

Vmax 4-4.49 m/s:   41.9%    26.2% 

Vmax 4.50-4.99 m/s:  46.9%    25.6% 

Vmax 5-5.49 m/s:    47.1%    27.9% 

Vmax ≥5.5 m/s:   44.6%    13.8% 

 

Population source: Prospectively identified and included in an electronic database from 2 French university hospital echo labs 

Prognostic 
variables 

Vmax 4-4.49 m/s (reference group)   Vmax <5.0 m/s (reference group) 

Vmax 4.50-4.99 m/s    Vmax ≥5.0 m/s 

Vmax 5-5.49 m/s 

Vmax ≥5.5 m/s 

Confounders The following covariates considered to have a potential prognostic impact (on the basis of epidemiological data) were included: age, 
sex, BSA, hypertension, New York Heart Association class, coronary artery disease, history of atrial fibrillation, comorbidity index, 
LVEF, and aortic valve surgery (treated as a time-dependent covariate). 

Outcomes and 
effect sizes 

All-cause mortality (analysis 1, multiple thresholds) 

HR (95% CI) 0.80 (0.52–1.22) for Vmax 4.50-4.99 versus 4-4.49 m/s 

HR (95% CI) 1.36 (1.13–1.75) for Vmax 5-5.49 versus 4-4.49 m/s 

HR (95% CI) 1.20 (1.01–1.37) for Vmax ≥5.5 m/s versus 4-4.49 m/s 

 

5-year survival of asymptomatic or minimally symptomatic patients was 85±5% for Vmax 4 to 4.49 m/s, 92±5% for Vmax 4.5 to 4.99 
m/s, 81±7% for Vmax 5 to 5.49 m/s, and 75±7% for Vmax ≥5.5 m/s  

 

All-cause mortality (analysis 2, single threshold) 

 

HR (95% CI) 1.98 (1.47–2.68) for Vmax ≥5.0 m/s versus <5.0 m/s 
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Reference Bohbot 201730 

5-year survival was 86±5% for Vmax <5 m/s and 73±4% for Vmax ≥5 m/s 

Comments and 
risk of bias 

For analysis 1 and analysis 2: 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  HIGH 

  

 

Reference Bohbot 201926 

Study type and 
analysis 

Retrospective chart review of patients identified between 2000 and 2016 

Multivariable Cox proportional hazards model. 

Number of 
participants 

and 
characteristics 

N=1678  

 

LVEF ≥60% n = 1108 

LVEF <60% n = 570 

LVEF <55% n = 239 

 

Inclusion criteria: 

Aged ≥18 years, diagnosed on echocardiography with severe AS (defined as AVA ≤1 cm2 and/or AVA normalized to body surface area 
[BSA] ≤0.6 cm2/m2, and Vmax ≥4 m/s) LVEF ≥50%, and no or minimal symptoms (e.g., atypical chest pain and elderly patients with 
minimal dyspnoea not clearly related to AS) at diagnosis. 

 

Exclusion criteria: 

(1) individuals with more than mild aortic and mitral regurgitation; (2) patients with prosthetic valves, congenital heart disease (with the 
exception of bicuspid aortic valves), supravalvular or subvalvular AS, or dynamic left ventricular (LV) outflow tract obstruction, and (3) 
individuals who declined to participate in the study.  
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Reference Bohbot 201926 

 

Demographic details 

• Mean (SD) age:  

LVEF ≥60%: 75.8 (10.3) years 

LVEF 55-59%: 75.8 (10.7) years    

LVEF <55%: 76.3 (10.3) years 

• Sex (male):  

LVEF ≥60%: 46.7% 

LVEF 55-59%: 54.7%    

LVEF <55%: 57.7% 

 

• Single vs multiple valve disease: NA 

• Co-morbid cardiac abnormalities: 

    Coronary artery disease Prior atrial fibrillation 

LVEF ≥60%:   44%    21.6% 

LVEF 55-59%:   37.8%    22.7% 

LVEF <55%:   44.8%    31% 

 

920 patients were initially managed surgically (patients underwent surgery within 3 months after baseline echocardiography), including 

639 with LVEF ≥60% (69%), 164 with LVEF between 55% and 59% (18%), and 117 with LVEF <55% (13%). 

 

Population source: prospectively identified from electronic database of 2 French and 1 Belgian tertiary centres 

 

Prognostic 
variables 

LVEF ≥60% (referent group) 

LVEF <60% n = 570 

 

LVEF ≥55% (referent group) 

LVEF <55% n = 239 
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Confounders The following covariates considered to have a potential prognostic impact (on the basis of epidemiological data) were included: age, 
sex, body surface area, hypertension, coronary artery disease, history of myocardial infarction, history of atrial fibrillation, comorbidity 
index, and aortic valve area. 

Outcomes and 
effect sizes 

All-cause mortality (analysis 1, multiple thresholds) 

HR (95% CI) 1.25 (0.89–1.75) for LVEF 55-59% versus ≥60% 

HR (95% CI) 2.29 (1.68–3.17) for LVEF <55% versus ≥60% 

After further adjustment for surgery, treated as a time-dependent variable HR (95% CI): 2.77 (2.13 to 3.61) for LVEF <55% versus 
≥60% 

 

All-cause mortality (analysis 2, single threshold) 

HR (95% CI) 2.18 (1.60–2.96) for LVEF <55% versus ≥55% 

After further adjustment for surgery, treated as a time-dependent variable HR (95% CI): 2.18 (1.60 to 2.96) for LVEF <55% versus 
≥55% 

 

All-cause mortality (analysis 3, stratified by operative status) 

Conservative management (n=758) 

249 deaths (33%) were recorded and 329 (43%) underwent surgery during follow-up. Five-year survival rate was 54 ± 3% for patients 
with LVEF ≥60%, 46 ± 6% for patients with LVEF between 55% and 59%, and 38 ± 7% for patients with LVEF <55% 

 

HR (95% CI) 1.16 (0.73–1.86) for LVEF 55-59% versus ≥60% 

HR (95% CI) 2.44 (1.51–3.94) for LVEF <55% versus ≥60% 

 

HR (95% CI) 2.34 (1.49–3.67) for LVEF <55% versus ≥55% 

 

Surgical management (n=920) 

151 deaths (16%) were recorded during follow-up. Five-year survival rate was 83 ± 2% for patients with LVEF ≥60%, 81 ± 4% for 
patients with LVEF between 55% and 59%, and 68 ± 6% for patients with LVEF <55% 

 

HR (95% CI) 1.27 (0.76–2.12) for LVEF 55-59% versus ≥60% 

HR (95% CI) 2.51 (1.58–4.00) for LVEF <55% versus ≥60% 
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HR (95% CI) 2.38 (1.52–3.72) for LVEF <55% versus ≥55% 

 

 

Overall 5-year survival rates (surgically or medically managed) were 72 ± 2% for patients with LVEF ≥60%, 74 ± 2% for patients with 
LVEF between 55% and 59%, and 59 ± 4% for patients with LVEF <55% 

 

Analyses of intra-observer (R = 0.96; ICC = 0.95; CV = 3%), inter-observer (R = 0.90; ICC = 0.87, CV = 4.5%), and 

Inter-centre (R values between 0.88 and 0.90; ICC-values between 0.83 and 0.89, and CV values between 4.2% and 4.6%) for LVEF 
measurement showed good reproducibility. 

 

Pearson correlation coefficient (R)  

Intraclass correlation coefficient (ICC)  

Coefficient of variation (CV) 

Comments 1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  LOW 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  HIGH 

 

Reference Campo 201939 

Study type and 
analysis 

Retrospective chart review of patients identified between January 2005 and December 2013 

Multivariable Cox proportional hazards model. 

Number of 
participants 

and 
characteristics 

N=265 (out of total of 4998 echocardiograms performed), but useable data only for those with surgery recommended at baseline 
(n=104) 

Number in each LVEF group unclear 
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Inclusion criteria: severe aortic stenosis, defined as AVA ≤1 cm2, and/or mean gradient ≥40 mmHg, and/or Vmax ≥4 m/s, and 
asymptomatic (absence of angina, dyspnoea or light-headedness/syncope attributable to AS. 

 

Exclusion criteria: inoperable (n=5), no recommendation for further follow-up or recommendation unknown (n=38) 

 

In surgery group 

• Mean (SD) age: 68.1 (11.7) years 

• Sex: 69% male 

• Single vs multiple valve disease: unclear 

• Co-morbid cardiac abnormalities: 

o Chronic congestive heart failure: 6% 

o Arrhythmia: 18% 

o Coronary artery disease: 37% 

 

Population source: single tertiary care centre, probably from a consecutive sample 

 

Prognostic 
variable 

LVEF >50% 

LVEF ≤50% (referent) 

 

Confounders  AVR, age, sex, mean gradient, EF, coronary artery disease  

Outcomes and 
effect sizes 

All-cause mortality in the group with surgery recommended 

HR 0.92 (95% CI 0.87 to 0.97) for EF>50% versus ≤50% 

[Note: HR inverted to match direction of effect as reported in other studies (where >1 = risk factor), HR 1.09 (1.03-1.15)]] 

3-year mortality 9% (9 events) 

Comments 1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement HIGH 

4. Outcome Measurement  LOW 

5. Study confounding   HIGH 

6. Statistical analysis   VERY HIGH 
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7. Other risk of bias   NA 

OVERALL RISK OF BIAS  VERY HIGH 

 

 

Reference Clavel 201456 

Study type and 
analysis 

Prospective cohort study.  

Multivariable Cox proportional hazards analysis 

Number of 
participants 

and 
characteristics 

N=1953 [565 in asymptomatic subgroup (defined as asymptomatic AS with normal ejection fraction and no previous myocardial 
infarction.] 

In the asymptomatic group: 

Activated BNP <2 times normal (n=130) 

Activated BNP 2 to 3 times normal (n=68) 

Activated BNP ≥3 times normal (n=144) 

Normal BNP level (n=222; referent) 

 

Inclusion criteria: consecutive patients who were diagnosed with moderate or severe AS based on aortic valve area (AVA) of ≤1.5 
cm2 by Doppler echocardiography and who underwent this combined clinical, hormonal, and Doppler echocardiographic assessment. 

 

Exclusion criteria: known rheumatic valve disease (clinically and/or echocardiographically); congenital heart disease (except overt or 
unknown bicuspid valve or patent foramen ovale); previous valvular surgery; acute myocardial infarction within 8 weeks 

preceding AS diagnosis; atrial fibrillation with rapid ventricular response; history or current endocarditis; pericarditis with or 

without tamponade; sepsis; severe liver, kidney, or brain disease except old stroke; hyperparathyroidism; or Cushing disease 

 

Venous blood samples were drawn from an antecubital vein. Plasma separation was immediately performed and plasma samples were 
frozen. Plasma BNP levels were determined by immunoenzymatic assay within 3 days. The ratio between measured serum BNP level 
and maximal normal BNP level for age and sex (BNP ratio) was calculated for each patient. The maximal normal values of BNP 
specific to age and sex were derived from Mayo Clinic laboratory procedures. 

Patients with elevated BNP levels (i.e., BNP ratio >1) were considered as displaying BNP clinical activation 

 

• Mean (SD) age: 74 (13) years 
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• Sex: 55% male 

• Single vs multiple valve disease: not reported 

• Co-morbid cardiac abnormalities: 

o Hypertension, 63% 

o Atrial fibrillation, 11% 

o Prior MI, 0% 

o Prior open-heart surgery, 4% 

• Mean (SD) left ventricular ejection fraction: 57 (15)% 

 

During a mean follow-up of 4.3 (2.4) years, there were 265 AVRs and 227 deaths and overall survival at 2, 5, and 8 years was 80±2%, 
62±2%, and 54±3%. The survival of isolated AS 8 years after diagnosis was 75±4% without versus 38±4% with BNP clinical activation. 

 

Population source: Prospective assessment of consecutive patients 

Outcome data was from electronic records of events from internal computerised databases and from the Social Security Death Index. 

Prognostic 
variable 

Activated BNP (n=342) 

Activated BNP <2 times normal (n=130) 

Activated BNP 2 to 3 times normal (n=68) 

Activated BNP ≥3 times normal (n=144) 

Normal BNP level (n=222; referent) 

Confounders  Age, sex, body surface area, atrial fibrillation, Charlson score index, symptoms, creatinine level, haemoglobin level, systolic blood 
pressure, indexed aortic valve area, indexed stroke volume, and LV ejection fraction. Further adjusted for aortic valve replacement as a 
time-dependent variable 

Outcomes and 
effect sizes 

All-cause mortality 

HR 2.35 (1.57–3.56) for activated versus normal BNP 

HR 2.10 (1.32–3.36) for activated BNP <2-times normal versus normal BNP 

HR 2.25 (1.31–3.87) for activated BNP 2-3-times normal versus normal BNP 

HR 3.93 (2.40–6.43) for activated BNP ≥3-times normal versus normal BNP 

 

All-cause mortality in severe subgroup, number unknown (mean gradient >40 mm Hg, peak aortic jet velocity >4m/s, or AVA <1.0 
cm2) 

HR 3.02 (1.31–6.93) for BNP ratio 1 to 2 versus BNP ratio ≤1 
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HR 4.64 (1.99–10.81) for BNP ratio 2 to 3 versus BNP ratio ≤1 

HR 7.38 (3.27–16.66) for BNP ratio ≥3 versus BNP ratio ≤1 

Comments For majority of outcomes 

1. Study participation   HIGH 

2. Study attrition   HIGH 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

For moderate-to-severe, activated versus normal BNP 

1. Study participation   HIGH 

2. Study attrition   HIGH 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

 

Reference Henri 2016107 

Study type and 
analysis 

Prospective cohort study.  

Multivariable Cox proportional hazards analysis 

Number of 
participants 

and 
characteristics 

N=69 

Median annualised change in BNP >20pg/ml/year n=34 

Median annualised change in BNP ≤20pg/ml/year (referent) n=35 
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Inclusion criteria: asymptomatic patients (confirmed by exercise testing) with at least moderate AS (aortic valve area < 1.5 cm2) and 
preserved LVEF (>50%) referred for clinical evaluation and Doppler echocardiography to a single heart valve clinic 

 

Exclusion criteria: concomitant more than mild mitral valve disease or aortic regurgitation 

 

• Mean (SD) age: 70 (12) years 

• Sex: 42% male 

• Single vs multiple valve disease: multiple excluded 

• Co-morbid cardiac abnormalities: 

o Hypertension, 54% 

o Atrial fibrillation, 9% 

o Coronary artery disease, 20% 

• Baseline BNP, pg/ml (median) 96±135 

 

Population source: consecutive sample from a single centre 

 

Aortic valve replacement was performed in 37 (54%) patients motivated by the occurrence of symptoms in 27 (39%) patients and by an 
abnormal exercise test showing symptoms clearly related to AS in 10 (14%) patients. Among the 6 (9%) remaining events, 4 

(6%) were related to the development of patient symptoms but were treated medically because of prohibitive high surgical risk and 2 
(3%) patients died from a cardiovascular cause.  

 

Follow-up information was obtained after a complete medical chart review and discussions with the patients and/or general physicians. 
The follow-up was complete in 66 patients (96%). 

Duration of follow-up between the baseline and the last measurement was 24±17 months. 

Duration of follow-up between baseline BNP measurement and last follow-up was 30±19 months 

Prognostic 
variable 

Median annualised change in BNP >20pg/ml/year 

Median annualised change in BNP ≤20pg/ml/year (referent) 

 

BNP level measurement was performed at baseline and repeated after at least 6 months of follow-up, and then, after every 6 or 12 
months. Venous blood samples were drawn at rest. 
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Annualised BNP changes were calculated as the BNP changes (difference between the last BNP measurement obtained during 

the follow-up and the baseline BNP measurement at inclusion) divided by the time between baseline measurement and last follow-up 
measurement 

Confounders  Gender and baseline BNP levels were forced into the first multivariable model regardless of the P value as they may influence 
annualized BNP changes. Variables with a P value < 0.10 in univariable were incorporated into the second multivariable model. 

Included in the model: age, dyslipidaemia and echocardiographic variables (peak aortic velocity and indexed left atrial area) 

Outcomes and 
effect sizes 

Adverse cardiac events (symptoms, aortic valve replacement as indicated by symptoms or LV dysfunction according current class I 
indication, or cardiovascular death) 

 

HR (95% CI) 2.73 (1.27 to 5.86) for >20pg/ml/year versus ≤20pg/ml/year 

 

43 patients (62%) presented a cardiac event. 

 

Comments 1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  LOW 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Indirect outcome and population 

 

Reference Kanamori 2019121 

Study type and 
analysis 

Retrospective cohort study 

Multivariable Cox proportional hazards model. 

Number of 
participants 

N=1309 

 

1. AVA >0.80 cm2, N=645  
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and 
characteristics 

2. 0.8 cm2 ≥AVA>0.6 cm2, N=465  

3. AVA ≤0.6 cm2, N=199 

 

Inclusion criteria: asymptomatic severe AS managed conservatively after echo (severe: Vmax >4.0 m/s, MPG >40 mm Hg, or AVA 
<1.0 cm2; asymptomatic: absence of AS symptoms: angina, syncope, and heart failure symptoms including dyspnoea) diagnosed for 
the first time during the study period, and LVEF ≥50%. 

 

Exclusion criteria: AVR selected as the initial treatment strategy after the index echocardiography (n=1197), symptomatic AS 
(n=1100), LVEF <50% (n=123), symptomatic status not available (n=1), LVEF unknown (n=5), and AVA unknown (n=80) 

 

      AVA >0.80  0.8 cm2 ≥AVA>0.6 cm2   AVA ≤0.6 cm2  

• Mean (SD) age (years):    76 (9)   78 (9),     81 (9)  

• Sex, male (%):     45.9  32.6    28.1   

• Comorbid moderate or severe HVD)  33.8  27.5    31.2  

• Co-morbid cardiac abnormalities (%): 

o Prior percutaneous coronary intervention 17.4  16.1    11.6 

o Prior CABG     4.8  5.4    4.0 

o Prior open heart surgery   8.1  10.8    8.5 

o AF or flutter     17.8  19.6    22.6 

o Coronary artery disease   27.1  24.9    23.1 

o EuroSCORE II    2.1  2.7    2.9 

o STS score     3.0  3.7    4.1 

Aetiology of AS  

o Degenerative    88.8  89.0    91.0     

o Congenital     6.7  5.6    4.5     

o Rheumatic     3.7  4.9    2.5    
    

Population source: consecutive patients with severe AS enrolled in the CURRENT AS registry of 27 centres in Japan between 
January 2003 and December 2011 

Prognostic 
variable 

AVA >0.80 cm2 (referent) 

0.8 cm2 ≥AVA>0.6 cm2  
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AVA ≤0.6 cm2 

 

AVA calculated using the standard continuity equation 

Confounders  Age, sex, body mass index, hypertension, current smoking, diabetes mellitus on insulin, coronary artery disease, prior myocardial 
infarction, prior symptomatic stroke, atrial fibrillation or flutter, aorta/peripheral artery disease, serum creatinine, haemodialysis, 
anaemia, liver cirrhosis, malignancy currently under treatment, chronic lung disease, any valvular disease, LVEF ≥68% and TR 
pressure gradient ≥40 mm Hg 

Outcomes and 
effect sizes 

Composite of aortic valve-related death or hospitalization due to HF (number of events in groups 1, 2 and 3: 124, 106, 67) 

HR 1.34 (1.01–1.78) for 0.8 ≥AVA>0.6  versus AVA >0.80 cm2 

HR 2.21 (1.56–3.11) for AVA≤0.6 versus AVA >0.80 cm2 

 

All-cause mortality (cumulative 5- year incidence: number of events in groups 1, 2 and 3: 160, 160, 94) 

HR 1.49 (1.17–1.89) for 0.8 ≥AVA>0.6  versus AVA >0.80 cm2 

HR 2.61 (1.96–3.47) for AVA≤0.6 versus AVA >0.80 cm2 

 

Cardiovascular mortality (cumulative 5- year incidence: number of events in groups 1, 2 and 3: 91, 85, 66) 

HR 1.48 (1.07–2.05) for 0.8 ≥AVA>0.6  versus AVA >0.80 cm2 

HR 3.36 (2.34–4.83) for AVA0.6 versus AVA >0.80 cm2 

 

Aortic valve-related  mortality (cumulative 5- year incidence: number of events in groups 1, 2 and 3: 46, 56, 42) 

HR 2.01 (1.31–3.08) for 0.8 ≥AVA>0.6  versus AVA >0.80 cm2 

HR 4.53 (2.79–7.34) for AVA≤0.6 versus AVA >0.80 cm2 

 

Heart failure hospitalisation (cumulative 5- year incidence: number of events in groups 1, 2 and 3: 97, 83, 50) 

HR 1.33 (0.96–1.83) for 0.8 ≥AVA>0.6  versus AVA >0.80 cm2 

HR 1.95 (1.31–2.92) for AVA≤0.6 versus AVA >0.80 cm2 

 

Comments Composite of aortic valve-related death or hospitalization due to HF  

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 
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4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW  

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  HIGH 

 

All-cause mortality  

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW  

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  HIGH 

 

Cardiovascular mortality  

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW  

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  HIGH 

 

 

Aortic valve-related mortality  

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 
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4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH  

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  VERY HIGH 

 

Heart failure hospitalisation  

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH  

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  VERY HIGH 

 

Most of this study period was before transcatheter aortic valve implantation introduction in Japan. 

 

 

Reference Kang 2010125 

Study type and 
analysis 

Prospective registry from 1996-2006 including all consecutive patients with AS undergoing echocardiography. 

 

Cox proportional hazard model adjusted for European System for Cardiac Operative Risk Evaluation (EuroSCORE). 

Number of 
participants 

and 
characteristics 

N=95 

AV velocity <5 m/s, n=63 

AV velocity ≥5 m/s, n=32 

 

Inclusion criteria: 
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Asymptomatic patients with very severe AS who were potential candidates for early surgery. Very severe AS was defined as a critical 
stenosis in the AV area ≤0.75 cm2 fulfilling one of the following criteria: a peak aortic velocity ≥4.5 m/s or a mean transaortic pressure 
gradient ≥50 mm Hg on Doppler echocardiography. 

 

Exclusion criteria: 

Exertional dyspnoea, syncope, presyncope or angina, left ventricular (LV) ejection fraction (EF)<50%, moderate or severe aortic 

regurgitation, or significant mitral valve disease and those who were not candidates for early surgery because of age >85 years or the 

presence of coexisting malignancies, history of coronary artery disease or regional wall motion abnormalities 

Our subgroup excludes those undergoing early surgery 

 

• Mean (SD) age: 63 (12) years 

• Sex: 46% male 

• Valve surgery: 46/95 had surgery during follow-up  

• Single vs multiple valve disease: unclear 

• Co-morbid cardiac abnormalities: 

o Atrial fibrillation: 8% 

• Cause of AS 

o Degenerative: 47% 

o Bicuspid: 41% 

o Rheumatic: 12% 

 

Population source: consecutive sample from multiple sites. 

Prognostic 
variable 

AV velocity ≥5 m/s versus the referent of <5m/s 

Confounders EuroSCORE, unclear if other variables included 

 

Outcomes and 
effect sizes 

Cardiac mortality 

HR 1.59 (1.22–2.06) for AV velocity ≥5 m/s versus <5m/s 

 

Overall: 18 cardiac deaths 
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In those remaining asymptomatic: 7 sudden deaths, 6 non cardiac deaths 

In those developing symptoms: 1 death from endocarditis after surgery and 4 non-cardiac deaths after surgery; in those without surgery 
2 sudden deaths, 7 congestive heart failure deaths and 1 death from endocarditis. 

Comments and 
risk of bias 

1. Study participation   UNCLEAR 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  VERY HIGH 

 

 

Reference Kitai 2017131 

Study type and 
analysis 

CURRENT AS registry: retrospective multicentre registry enrolling patients across 27 centres in Japan between January 2003 and 
December 2011.  

 

Multivariable Cox proportional hazards model 

Number of 
participants 

and 
characteristics 

N=1517 

[5 missing data required for classification not included in the analysis] 

 

Patients were divided into groups according to the 2014 ACC/AHA guideline recommendations for surgery as follows. 

Group 1 (N=122) met the recommendation for surgery: 

• high-gradient (HG)-AS (Vmax>=4.0m/s or mPG>=40mmHg) with ejection fraction (EF)<50%, or  

• very HG-AS (Vmax>=5.0m/s or mPG>=60mmHg) 

  

Group 2 (N=1390) did not meet the recommendation for surgery, and was further subdivided into  

• HG-AS with preserved EF (HGpEF-AS, N=498)  

• low-gradient (LG)-AS, but AVA<1.0cm2 (N=892). 
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Inclusion criteria: consecutive patients in the hospital database for transthoracic echocardiography meeting criteria for severe aortic 
stenosis [peak aortic jet velocity (Vmax) >4.0 m/s, mean aortic pressure gradient >40 mmHg or aortic valve area <1.0 cm2] for the first 
time during the study period, who had no AS-related symptoms and were managed conservatively under watchful waiting at the time of 
diagnosis. 

 

Exclusion criteria: 

Initially symptomatic, or initially asymptomatic but with plan for aortic valve intervention 

 

      Group 1 Group 2   

• Mean (SD) age (years):    78 (11)   78 (9)    

• Sex, male (%):     32.0  40.5  

• Surgical AVR or TAVI   40.9  40.7 

(cumulative 5-year incidence, %) 

• Comorbid moderate or severe HVD   36  31     

• Co-morbid cardiac abnormalities (%): 

o Prior percutaneous coronary intervention 10  18     

o Prior CABG     3  6    

o Prior open heart surgery   7  10    

o AF or flutter     11  20    

o Coronary artery disease   20  29     

o EuroSCORE II    2.8  2.6     

o STS score     3.5  3.5     

Aetiology of AS  

o Degenerative    87  90         

o Congenital     7  5         

o Rheumatic     4  4        
    

Population source: consecutive patients with severe AS enrolled in the CURRENT AS registry of 27 centres in Japan between 
January 2003 and December 2011 
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Median follow-up duration 1360 (IQR: 1069-16669) days 

Prognostic 
variables 

Analysis 1 

Group 1 (N=122) met the recommendation for surgery (high-gradient (HG)-AS (Vmax>=4.0m/s or mPG>=40mmHg) with ejection 
fraction (EF)<50%, or very HG-AS (Vmax>=5.0m/s or mPG>=60mmHg)) 

Group 2, referent (N=1390) did not meet the recommendation for surgery 

 

Analysis 2 (within group 2) 

HG-AS with preserved EF (HGpEF-AS, N=498)  

Low-gradient (LG)-AS, but AVA<1.0cm2 (N=892; referent). 

 

Analysis 3 (within group 2) 

Low-gradient (LG)-AS, with reduced EF <50% (N=103). 

Low-gradient (LG)-AS, with preserved EF ≥50% (N=789; referent). 

Confounders  All 19 considered in study were entered into multivariable analysis: age, male, BMI <22 kg/m2, acute heart failure, hypertension, current 
smoking, diabetes mellitus on insulin therapy, coronary artery disease, past myocardial infarction, past symptomatic stroke, atrial 
fibrillation or flutter, aortic/peripheral vascular disease, haemodialysis, anaemia, liver cirrhosis, malignancy currently under treatment, 
chronic lung disease, any combined valvular disease and tricuspid regurgitation pressure gradient ≥40 mm Hg. 

Outcomes and 
effect sizes 

Analysis 1 

 

Composite of aortic valve-related death or hospitalization due to HF (number of events in groups 1 and 2: 47/122, 319/1390) 

HR 1.92 (1.37–2.68) for group 1 versus group 2 

 

All-cause mortality (cumulative 5- year incidence: number of events in groups 1 and 2: 57/122, 483/1390) 

HR 1.45 (1.08–1.95) for group 1 versus group 2 

 

Cardiovascular mortality (cumulative 5- year incidence: number of events in groups 1 and 2: 39/122, 282/1390) 

HR 1.84(1.28–2.64) for group 1 versus group 2 

 

Aortic valve-related  mortality (cumulative 5- year incidence: number of events in groups 1 and 2: 29/122, 166/1390) 

HR 2.34 (1.52–3.60) for group 1 versus group 2 
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Heart failure hospitalisation (cumulative 5- year incidence: number of events in groups 1 and 2: 37/122, 245/1390) 

HR 1.96 (1.34–2.87) for group 1 versus group 2 

 

Analysis 2 

 

Composite of aortic valve-related death or hospitalization due to HF (cumulative 5- year incidence: number of events in 
HGpEF-AS and LG-AS: 124/498, 195/892) 

HR 1.45 (1.11–1.89) for HGpEF-AS versus LG-AS 

 

All-cause mortality (cumulative 5- year incidence: number of events in HGpEF-AS and LG-AS: 178/498, 305/892) 

HR 1.42 (1.14–1.76) for HGpEF-AS versus LG-AS 

 

Cardiovascular mortality (cumulative 5- year incidence: number of events in HGpEF-AS and LG-AS: 11498, 172/892) 

HR 1.56 (1.18–2.07) for HGpEF-AS versus LG-AS 

 

Aortic valve-related  mortality (cumulative 5- year incidence: number of events in HGpEF-AS and LG-AS: 71/498, 95/892) 

HR 1.77 (1.23–2.55) for HGpEF-AS versus LG-AS 

 

Heart failure hospitalisation (cumulative 5- year incidence: number of events in HGpEF-AS and LG-AS: 92/498, 153/892) 

HR 1.28 (0.94–1.74) for HGpEF-AS versus LG-AS 

 

Analysis 3 

 

Composite of aortic valve-related death or hospitalization due to HF (cumulative 5- year incidence: number of events in 
LGrEF-AS and LGpEF-AS: 41/103, 154/789) 

HR 2.55 (1.68–3.86) for LGrEF-AS versus LGpEF-AS 

 

All-cause mortality (cumulative 5- year incidence: number of events in LGrEF-AS and LGpEF-AS: 76/103, 229/789) 

HR 2.74 (1.99–3.78) for LGrEF-AS versus LGpEF-AS 

 

Cardiovascular mortality (cumulative 5- year incidence: number of events in LGrEF-AS and LGpEF-AS: 53/103, 119/789) 
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HR 3.23 (2.13–4.87) for LGrEF-AS versus LGpEF-AS 

 

Aortic valve-related  mortality (cumulative 5- year incidence: number of events in LGrEF-AS and LGpEF-AS: 3103, 65/789) 

HR 4.06 (2.31–7.13) for LGrEF-AS versus LGpEF-AS 

 

Heart failure hospitalisation (cumulative 5- year incidence: number of events in LGrEF-AS and LGpEF-AS: 3103, 123/789) 

HR 2.37 (1.46–3.87) for LGrEF-AS versus LGpEF-AS 

 

 

Comments For most comparisons and outcomes (exceptions noted below): 

 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  HIGH 

 

For analysis 2, AV-related mortality and analysis 3 cardiovascular mortality, AV-related mortality and HF hospitalisation 
outcomes: 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 
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Study type and 
analysis 

Retrospective cohort study based on the HAVEC registry, which was assembled by merging data from prospectively gathered 
institutional databases from 10 heart valve clinics in Europe, Canada, and the USA. Data were collected from January 2001 to 
December 2014. 

Multivariable Cox proportional hazards model.  

Number of 
participants 

and 
characteristics 

Total n = 1375, 834 with severe aortic stenosis 

In the severe group: 

Aortic jet velocity ≥5 m/s: n = 103 

LVEF <60%: n = 267 

 

Inclusion criteria: 

Asymptomatic aortic stenosis (AS) with an aortic valve area of 1.5 cm2 or less and preserved left ventricular ejection fraction (LVEF) > 
50% at entry. AS diagnosed with the use of 2-dimension echocardiography at 1 of the participating centres and followed-up according 
to available guidelines on a regular basis at heart valve clinics. 

Exclusion criteria: 

Aortic valve area (AVA) >1.5 cm2; class I indications for AVR (rest AS–related or exercise AS–related symptoms [i.e., angina, syncope, 
and dyspnoea] or LV ejection fraction [EF] < 50%); concomitant congenital heart valve disease more than mild mitral, tricuspid, or 
pulmonic valve disease; or prior valve surgery 

 

Note: subgroup analysis available for severe AS  

 

• Mean (SD) age: 72 (12) years 

• Sex: 57.7% male 

• Valve surgery: 388/861 with severe AS had aortic valve replacement (AVR) during follow-up (patient censored at time of AVR) 

• Single vs multiple valve disease: unclear 

• Co-morbid cardiac abnormalities: 

o Mean (SD) systolic BP: 140 (20) 

 

Population source: registry data from multiple sites, based on consecutive patients. 388 (22%) excluded based on missing data on 
LVEF or AS severity. 
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Prognostic 
variables 

Aortic jet velocity ≥5 m/s (referent <5 m/s) 

LVEF <60%: n = 267 (referent ≥60%) 

Confounders  Covariates selected on the basis of their known link to outcome in patients with AS: age, sex, comorbidities, AS severity, and LVEF 

Outcomes and 
effect sizes 

Severe AS with AVR censoring (n=861): 

All-cause mortality 

HR (95% CI) 2.05 (1.01-4.16) for peak aortic velocity ≥5 m/s versus <5 m/s 

HR (95% CI) 5.01 (2.93-8.57) for LVEF <60% versus ≥60% 

Cardiovascular mortality 

HR (95% CI) 6.31 (2.51-15.9) for peak aortic velocity ≥5 m/s versus <5 m/s 

HR (95% CI) 4.47 (2.06-9.70) for LVEF <60% versus ≥60% 

 

Note:  

2-year, 4-year, and 8-year overall survival rates were 92%, 80%, and 65%, respectively  

2-year, 4-year, and 8-year cardiovascular death–free survival rates were 96%, 87%, and 71%, respectively 

 

Severe AS post-AVR outcomes (n=388) 

Post-operative survival 

HR (95% CI) 2.20 (1.16-4.18) for peak aortic velocity ≥5 m/s versus <5 m/s 

LVEF <60% versus ≥60% was not associated with reduced postoperative survival in multivariable analysis. 

Comments and 
risk of bias 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   NA 

OVERALL RISK OF BIAS   VERY HIGH 
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Magne 2019158 Included studies: Lancellotti 2010, Zito 2011, Dahl 2012, Kearney 2012, Yingchoncharoen 2012, Kusunose 2014, Sato 
et al 2014, Carstensen 2015, Nagata 2015, Salaun 2017 

Study type and 
analysis 

Individual participant data (IPD) meta-analysis of 10 studies 

 

Multivariable Cox proportional hazard model  

Number of 
participants 

and 
characteristics 

N=1067 

LV-GLS >14.7 n=722 

LV-GLS ≤14.7 n=345 

 

In subgroup with LVEF ≥60% 

LV-GLS >14.7 n=513 

LV-GLS ≤14.7 n=221 

 

Inclusion criteria: 

Studies were selected for the meta-analysis if they included patients with all of the following criteria: 1) asymptomatic; 2) preserved 
LVEF (i.e., >50%); 3) greater than or equal to moderate AS, as defined by current guidelines at the time of the study; 4) quantification 
of the LVGLS using 2-dimensional speckle tracking; and 5) availability of outcome of interest for the current analysis (i.e., all-cause 
death). 

Exclusion criteria: 

Only post-operative data available  

 

• Mean (SD) age: 74 (10) years 

• Sex: 56% male 

• Valve surgery: not stated  

• Single vs multiple valve disease: unclear 

• Severe AS: 82% 

• Co-morbid cardiac abnormalities: 

o Coronary artery disease: 26% 

 

Population source: individual participant data gained from study authors of 10 original studies of unique patient cohorts 
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Prognostic 
variable 

LV-GLS ≤14.7 versus >14.7 (referent) 

Threshold determined by AUC analysis of the included data 

Confounders Age, gender, AVAi, and LVEF 

 

Outcomes and 
effect sizes 

Mortality 

HR 2.62 (1.66-4.13) for LV-GLS ≤14.7 versus >14.7 

 

HR 2.69 (1.53-4.74) for LV-GLS ≤14.7 versus >14.7 in subgroup with LVEF ≥60% 

Comments RISK: HIGH  

 

Rationale for risk: unclear if all relevant studies have been identified and biases in primary studies not assessed or accounted for 

 

Reference Marechaux 2016166 

Study type and 
analysis 

Prospective database registry with retrospective follow-up. Patients identified and included in the database between 2000 and 2012 at 
the echocardiography laboratories of two tertiary centres in France. 

 

Multivariable Cox proportional hazard model. 

Number of 
participants 

and 
characteristics 

N=199 

 

Analysis 1: 

AVA ≤0.6 cm2,  n=39 

AVA 0.6-0.8 cm2,  n=80 

AVA 0.8-1.0 cm2,  n=80 

 

Analysis 2: 

AVA ≤0.6 cm2, n=39 

AVA >0.6 cm2, n=160 
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Inclusion criteria: 

Patients aged >18 years diagnosed with severe aortic stenosis (aortic valve area ≤1.0 cm2) and left ventricular ejection fraction ≥50%. 

 

Exclusion criteria: 

Patients with any of the following: more than mild aortic and/or mitral regurgitation; prosthetic heart valves, congenital heart disease 
(with the exception of bicuspid aortic valves); supravalvular or subvalvular aortic stenosis; dynamic left ventricular outflow tract 
obstruction; symptoms by history or on exercise testing, including angina, syncope or dyspnoea. Those who denied authorisation for 
research participation were also excluded. 

 

 

• Mean (SD) age: 69 (14) years 

• Sex: 55% male 

• Valve surgery: 112/199 had aortic valve replacement during follow-up 

• Single vs multiple valve disease: Unclear – those with more than mild aortic and/or mitral regurgitation were excluded. 

• Co-morbid cardiac abnormalities: 

o Coronary artery disease: 38% 

o History of atrial fibrillation: 23% 

o Hypertension: 59% 

o Median (IQR) Charlson comorbidity index: 1 (1-2) 

• Median (IQR) left ventricular ejection fraction: 65 (58-71)% 

 

Population source: Those matching inclusion criteria between 2000 and 2012 at two sites. Unclear if consecutive patients considered. 

 

Prognostic 
variable 

In those treated initially with medical management strategy: 

Analysis 1: 

AVA ≤60 cm2 

AVA 0.6-0.8 cm2 

AVA 0.8-1.0 cm2 (referent) 

 

Analysis 2: 
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AVA ≤60 cm2 

AVA >60 cm2 (referent) 

 

 

Estimated median follow-up, 48 months 

Confounders Age, sex, hypertension, coronary artery disease, history of atrial fibrillation, Charlson comorbidity index and left ventricular ejection 
fraction 

 
Note: for the all-cause mortality outcome only, data was also adjusted for aortic valve replacement in a separate analysis 

 

Have not adjusted for all confounders listed in protocol, but factors adjusted for include some of the components of risk scores pre-
specified. No adjustment for any frailty measures. 

 

Model-building techniques were not used and covariates with potential prognostic impact on an epidemiological basis were selected. 

Outcomes and 
effect sizes 

All-cause mortality during follow-up 

• HR 2.52 (95% CI 1.20-5.29) for AVA ≤0.6 cm2 vs. >0.6 cm2 

• HR 3.39 (95% CI 1.80-6.40) for AVA ≤0.6 cm2 vs. >0.6 cm2 (further adjustment for aortic valve replacement as time-
dependent variable) 

 

Note: cumulative overall mortality at 12, 24 and 48 months was as follows:  

• 17±6%, 20±7%and 36±9%, respectively, in the AVA ≤0.6 cm2 group 

• 5±2%, 12±3%and 19±4%, respectively, in the AVA >0.6 cm2 group 

 

All-cause mortality or aortic valve replacement surgery during follow-up 

• HR 2.22 (95% CI 1.41 to 3.52) for AVA ≤0.6 cm2 vs. AVA 0.8-1.0 cm2 

• HR 1.38 (95% CI 0.93-2.05) for AVA 0.6-0.8 cm2 vs. AVA 0.8-1.0 cm2 
 

Note: Estimated median follow-up was 48 months. N=137 patients reached an end-point during follow-up (112 underwent aortic valve 
replacement and 36 died). Of 25 patients that died without aortic valve replacement, 5 patients (20%) were within the AVA ≤0.6 cm2 
group, 8 patients (32%) were within the AVA 0.6-0.8 cm2 group and 12 patients were within the AVA 0.8-1.0 cm2 group. 
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Event-free survival (from all-cause mortality or aortic valve replacement) at 12, 24 and 48 months was as follows:  

• 33±8, 20±7 and 11±5 months, respectively, for the AVA ≤0.6 cm2 group 

• 49±6, 36±6 and 26±6 months, respectively, for the AVA 0.6-0.8 cm2 group 

• 63±6, 51±6 and 34±6 months, respectively, for the AVA 0.8-1.0 cm2 group 

 

 

Comments and 
risk of bias 

All-cause mortality 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  VERY HIGH 

 

All-cause mortality or aortic valve replacement surgery 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   NA 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential indirectness for outcome: composite of all-cause mortality and aortic valve replacement surgery 
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Study type and 
analysis 

CURRENT AS registry: retrospective multicentre registry enrolling patients across 27 centres in Japan between January 2003 and 
December 2011.  

 

Multivariable logistic regression model 

Number of 
participants 

and 
characteristics 

N=1274, randomly divided into derivation (n=849) and validation (n=425) sets in a 2:1 fashion.  

 

Prognostic analysis performed within the derivation set (n=849): 

LVEF <60%, n=168 

LVEF ≥60%, n=648 

 

Inclusion criteria: consecutive patients in the hospital database for transthoracic echocardiography meeting criteria for severe aortic 
stenosis [peak aortic jet velocity (Vmax) >4.0 m/s, mean aortic pressure gradient >40 mmHg or aortic valve area <1.0 cm2] for the first 
time during the study period, who had no AS-related symptoms and were managed conservatively under watchful waiting at the time of 
diagnosis. 

 

Exclusion criteria: history of percutaneous balloon valvuloplasty or surgical aortic valve repair/replacement/plasty; AS-related 
symptoms. 

 

• Mean (SD) age: 77.6 (9.3) years 

• Sex: 40% male 

• Valve surgery: Not reported 

• Single vs multiple valve disease: Any combined valvular disease (moderate or severe), 32% 

• Co-morbid cardiac abnormalities: 

o Hypertension, 72% 

o Coronary artery disease, 28% 

o Atrial fibrillation or flutter, 19% 

o Aortic/peripheral vascular disease, 8% 

• Median (IQR) logistic EuroSCORE: 8.5 (5.4-14.4)% 

• Median (IQR) EuroSCORE II: 2.6 (1.5-3.7)% 

• Median (IQR) STS score (PROM): 3.4 (2.1-5.2)% 

• Aetiology of aortic stenosis: 
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o Degenerative, 91% 

o Congenital (unicuspid, bicuspid or quadricuspid), 6% 

o Rheumatic, 4% 

o Infective endocarditis, 0.1% 

• Mean (SD) left ventricular ejection fraction: 66 (11)%  

 

Note: some of the above details obtained from supplementary tables associated with the study. 

 

Population source: Consecutive patients matching inclusion criteria from retrospective registry across 27 centres in Japan between 
January 2003 and December 2011. A total of 1517 patients in the registry matched inclusion criteria but some were excluded from the 
study sample due to death from causes other than AS-related death (n=118), receiving aortic valve replacement before occurrence of 
the primary outcome measure within 1 year (n=69) or lost to follow-up within 1 year (n=56). 

Prognostic 
variable 

In those treated conservatively with watchful waiting: 

LVEF <60% 

LVEF ≥60% (referent) 

 

Prognostic ability at 1 year follow-up assessed. 

Confounders Other prognostic variables included in the final multivariable analysis (those with 0.05 significance level on univariate analysis): 
diabetes mellitus, haemoglobin ≤11.0 g/dL, haemodialysis, chronic lung disease and any concomitant valve disease (moderate or 
severe). 

  

Note that only those variables that reached <0.10 significance level on univariate analysis were considered for entry into the 
multivariate analysis, which included: age, BMI <22, diabetes mellitus, coronary artery disease, aortic/peripheral vascular disease, 
haemodialysis, haemoglobin ≤11.0 g/dL, chronic lung disease, Vmax ≥4.5 m/s, LVEF<60%, high left ventricular mass index, and any 
concomitant valve disease (moderate or severe). Subsequently, in the final model only those with <0.05 significance on univariate 
analysis were included, as detailed above. 

 

Have not adjusted for all confounders listed in protocol, but factors adjusted for include some of the components of risk scores pre-
specified. No adjustment for any frailty measures. 

 

Outcomes and 
effect sizes 

AS-related death or heart failure hospitalisation at 1 year 

OR 3.94 (95% CI 2.00 to 7.78) for LVEF <60% vs. LVEF ≥60% 
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Within 1 year after index echocardiography, 59 patients within derivation set developed AS-related events: 26 patients with heart failure 
hospitalisation and 33 patients with AS-related death. Breakdown of events for each prognostic group not reported. 

 

Comments 1. Study participation   LOW 

2. Study attrition   HIGH 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   HIGH 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential indirectness for outcome: composite outcome of aortic stenosis-related death or heart failure hospitalisation 

 

Reference Nakatsuma 2017188 

Study type and 
analysis 

CURRENT AS registry: retrospective multicentre registry enrolling patients across 27 centres in Japan between January 2003 and 
December 2011.  

 

Multivariable Cox proportional hazard model 

Number of 
participants 

and 
characteristics 

N=596 in the asymptomatic subgroup (n=1075 in total study population) 

 

4.0 m/s ≤ Vmax <4.5 m/s, n=364 

4.5 ≤ Vmax <5.0 m/s, n=140 

Vmax ≥5.0 m/s, n=92 

 

Inclusion criteria: 

Those meeting criteria for severe aortic stenosis [peak aortic jet velocity (Vmax) >4.0 m/s, mean aortic pressure gradient >40 mmHg or 
aortic valve area <1.0 cm2] for the first time during the study period who were managed conservatively under watchful waiting at the 
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time of diagnosis - severe AS with Vmax ≥4.0 m/s and left ventricular ejection fraction ≥50% who were managed conservatively 
following index echocardiography. 

 

Note: the study includes those with both symptomatic and asymptomatic severe AS and provides data for each of these two groups 
separately. Only the asymptomatic group was included in this review as per the protocol. 

 

Exclusion criteria:  

Aortic valve replacement chosen as initial treatment strategy following index echocardiography; Vmax values unknown; Vmax values 
<4.0 m/s; left ventricular ejection fraction <50%. 

 

Note: all below information is for the asymptomatic subgroup 

• Mean (SD) age: 4.0 m/s ≤ Vmax <4.5 m/s, 77.2 (0.5) years; 4.5 ≤ Vmax <5.0 m/s, 76.4 (0.8) years; and Vmax ≥5.0 m/s, 77.6 (1.0) 
years 

• Sex: 4.0 m/s ≤ Vmax <4.5 m/s, 42%; 4.5 ≤ Vmax <5.0 m/s, 44%; and Vmax ≥5.0 m/s, 28% 

• Valve surgery: not reported 

• Single vs multiple valve disease: any combine valvular disease (moderate or severe) - 4.0 m/s ≤ Vmax <4.5 m/s, 30%; 4.5 ≤ Vmax 
<5.0 m/s, 34%; and Vmax ≥5.0 m/s, 36% 

• Co-morbid cardiac abnormalities: 

o Hypertension: 4.0 m/s ≤ Vmax <4.5 m/s, 69%; 4.5 ≤ Vmax <5.0 m/s, 64%; and Vmax ≥5.0 m/s, 59% 

o Coronary artery disease, 4.0 m/s ≤ Vmax <4.5 m/s, 20%; 4.5 ≤ Vmax <5.0 m/s, 19%; and Vmax ≥5.0 m/s, 14% 

o Atrial fibrillation or flutter, 4.0 m/s ≤ Vmax <4.5 m/s, 18%; 4.5 ≤ Vmax <5.0 m/s, 14%; and Vmax ≥5.0 m/s, 7.6% 

o Aortic/peripheral vascular disease, 4.0 m/s ≤ Vmax <4.5 m/s, 6.3%; 4.5 ≤ Vmax <5.0 m/s, 6.4%; and Vmax ≥5.0 m/s, 5.4% 

• Past open heart surgery: 4.0 m/s ≤ Vmax <4.5 m/s, 5%; 4.5 ≤ Vmax <5.0 m/s, 8.6%; and Vmax ≥5.0 m/s, 2.2%  

• Median (IQR) logistic EuroSCORE: 4.0 m/s ≤ Vmax <4.5 m/s, 7.9 (5.1-12.1)%; 4.5 ≤ Vmax <5.0 m/s, 7.2 (4.8-13.3)%; and Vmax 
≥5.0 m/s, 8.7 (5.1-13.3)% 

• Median (IQR) EuroSCORE II: 4.0 m/s ≤ Vmax <4.5 m/s, 2.2 (1.4-3.2)%; 4.5 ≤ Vmax <5.0 m/s, 2.3 (1.3-3.7)%; and Vmax ≥5.0 m/s, 
2.5 (1.4-3.5)% 

• Median (IQR) STS score (PROM): 4.0 m/s ≤ Vmax <4.5 m/s, 3.2 (2.0-5.0)%; 4.5 ≤ Vmax <5.0 m/s, 3.1 (1.8-5.1)%; and Vmax ≥5.0 
m/s, 3.3 (1.8-4.3)% 

• Aetiology of aortic stenosis: 

o Degenerative: 4.0 m/s ≤ Vmax <4.5 m/s, 89%; 4.5 ≤ Vmax <5.0 m/s, 83%; and Vmax ≥5.0 m/s, 85% 
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o Congenital: 4.0 m/s ≤ Vmax <4.5 m/s, 6.3%; 4.5 ≤ Vmax <5.0 m/s, 11%; and Vmax ≥5.0 m/s, 8.7% 

o Rheumatic: 4.0 m/s ≤ Vmax <4.5 m/s, 3.6 %; 4.5 ≤ Vmax <5.0 m/s, 2.9%; and Vmax ≥5.0 m/s, 5.4% 

o Infective endocarditis: 4.0 m/s ≤ Vmax <4.5 m/s, 0%; 4.5 ≤ Vmax <5.0 m/s, 0.7%; and Vmax ≥5.0 m/s, 0% 

o Other: 4.0 m/s ≤ Vmax <4.5 m/s, 0.8%; 4.5 ≤ Vmax <5.0 m/s, 2.1%; and Vmax ≥5.0 m/s, 1.1% 

• Mean (SD) left ventricular ejection fraction: 4.0 m/s ≤ Vmax <4.5 m/s, 69.2 (7.8)%; 4.5 ≤ Vmax <5.0 m/s, 67.8 (6.9)%; and Vmax 
≥5.0 m/s, 69.9 (8.1)% 

 

Population source: Consecutive patients matching inclusion criteria from retrospective registry across 27 centres in Japan between 
January 2003 and December 2011.  

Prognostic 
variable 

In those treated conservatively with watchful waiting: 

4.0 m/s ≤ Vmax <4.5 m/s (referent) 

4.5 ≤ Vmax <5.0 m/s 

Vmax ≥5.0 m/s 

 

Median follow-up duration of surviving patients in whole sample population was 1336 (IQR, 966-1817) days. Not reported separately for 
the asymptomatic subgroup. 

Confounders/strat
ification strategy 

A total of 19 clinically relevant risk-adjusting variables included in the model as confounders: age, male, BMI <22 kg/m2, acute heart 
failure, hypertension, current smoking, diabetes mellitus on insulin therapy, past myocardial infarction, past symptomatic stroke, atrial 
fibrillation or flutter, aortic/peripheral vascular disease, haemodialysis, anaemia, liver cirrhosis, malignancy currently under treatment, 
chronic lung disease, left ventricular mass ≥181 g, any combined valvular disease and tricuspid regurgitation pressure gradient 

≥40 mm Hg. 

 

Although, for some outcomes an analysis that also censored for surgical or transcatheter aortic valve replacement procedures during 
follow-up was also provided for the main analysis (asymptomatic and symptomatic), this was not provided for the asymptomatic 
subgroup. 

The centre was incorporated as a stratification variable. 

 

Outcomes and 
effect sizes 

All-cause mortality 

HR 1.34 (95% CI 0.94 to 1.92) for 4.5 ≤ Vmax <5.0 vs. 4.0 ≤ Vmax <4.5  

HR 1.23 (95% CI 0.83 to 1.82) for Vmax ≥5.0 vs. 4.0 ≤ Vmax <4.5 
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Cumulative incidence at 5 years: 39.4%, 45.4% and 54.0% for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

Number of patients with event during follow-up: 124, 58 and 42 for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

 

Cardiovascular mortality 

HR 1.27 (95% CI 0.79 to 2.03) for 4.5 ≤ Vmax <5.0 vs. 4.0 ≤ Vmax <4.5  

HR 1.43 (95% CI 0.88 to 2.33) for Vmax ≥5.0 vs. 4.0 ≤ Vmax <4.5  

 

Cumulative incidence at 5 years: 27.5%, 32.0% and 45.5% for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

Number of patients with event during follow-up: 77, 36 and 30 for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

 

Aortic valve-related mortality 

HR 1.46 (95% CI 0.81 to 2.62) for 4.5 ≤ Vmax <5.0 vs. 4.0 ≤ Vmax <4.5  

HR 1.69 (95% CI 0.94 to 3.07) for Vmax ≥5.0 vs. 4.0 ≤ Vmax <4.5  

 

Cumulative incidence at 5 years: 18.4%, 22.3% and 38.1% for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

Number of patients with event during follow-up: 47, 25 and 23 for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

 

Heart failure hospitalisation 

HR 1.19 (95% CI 0.73 to 1.94) for 4.5 ≤ Vmax <5.0 vs. 4.0 ≤ Vmax <4.5  

HR 1.65 (95% CI 0.97 to 2.83) for Vmax ≥5.0 vs. 4.0 ≤ Vmax <4.5  

 

Cumulative incidence at 5 years: 22.8%, 30.3% and 41.0% for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

Number of patients with event during follow-up: 63, 33 and 27 for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

 

Aortic valve-related mortality or heart failure hospitalisation composite 

HR 1.31 (95% CI 0.86 to 1.99) for 4.5 ≤ Vmax <5.0 vs. 4.0 ≤ Vmax <4.5  

HR 1.59 (95% CI 1.01 to 2.52) for Vmax ≥5.0 vs. 4.0 ≤ Vmax <4.5  

 

 

Cumulative incidence at 5 years: 29.4%, 38.9% and 47.7% for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 

Number of patients with event during follow-up: 82, 45 and 35 for 4.0 ≤ Vmax <4.5, 4.5 ≤ Vmax <5.0 and Vmax ≥5.0, respectively. 



 

133 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Appendices 

Reference Nakatsuma 2017188 

 

Comments All-cause mortality 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   HIGH 

OVERALL RISK OF BIAS  VERY HIGH 

 

Cardiovascular mortality 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   HIGH 

OVERALL RISK OF BIAS  VERY HIGH 

 

Aortic valve-related mortality 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   HIGH 

OVERALL RISK OF BIAS  VERY HIGH 
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Heart failure hospitalisation 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   HIGH 

OVERALL RISK OF BIAS  VERY HIGH 

 

Aortic valve-related death or heart failure hospitalisation composite 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   HIGH 

OVERALL RISK OF BIAS  VERY HIGH 

 

Indirect: not a single threshold (above and below a certain value) 

 

 

Reference Nakatsuma 2019187 

Study type and 
analysis 

CURRENT AS registry: retrospective multicentre registry enrolling patients across 27 centres in Japan between January 2003 and 
December 2011.  

 

Multivariable Cox proportional hazards model 
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Number of 
participants 

and 
characteristics 

N=387 

 

Patients were divided into groups according to BNP levels as follows. 

Group 1: BNP<100 pg/mL, n=201 (referent) 

Group 2: 100≤BNP<200 pg/mL, n=94  

Group 3: 200≤BNP<300 pg/mL, n=42  

Group 4: BNP≥300 pg/mL, n=50 

 

Inclusion criteria: consecutive patients in the hospital database for transthoracic echocardiography meeting criteria for severe aortic 
stenosis [peak aortic jet velocity (Vmax) >4.0 m/s, mean aortic pressure gradient >40 mmHg or aortic valve area <1.0 cm2] for the first 
time during the study period, who had no AS-related symptoms (angina, syncope and HF symptoms, including dyspnoea), were 
managed conservatively under watchful waiting at the time of diagnosis, and had BNP values obtained <180 days after index echo. 

 

Exclusion criteria: 

Symptom data not available (n=2), AVR selected as the initial treatment strategy after the index echocardiography (n=1196),  
haemodialysis (n=270), BNP values unknown (n=1313), BNP values were obtained ≥180 days after the index echocardiography 
(n=55), left ventricular ejection fraction (LVEF) of <50% (n=169), Vmax values of ≥5.0 m/s (n=118) and symptomatic patients (n=305). 

      Group 1 Group 2 Group 3 Group 4   

• Mean (SD) age (years):    75.6 (8.9)  80.0 (8.4)   83.6 (8.1) 83.7 (8.3)   

• Sex, male (%):     39  43  36  38 

• Surgical AVR or TAVI   41.4  37.2  19.1  36.5 

(cumulative 5-year incidence, %) 

• Comorbid moderate or severe HVD   19  39  45  25   

• Co-morbid cardiac abnormalities (%): 

o Prior percutaneous coronary intervention 11  17  19  18   

o Prior CABG     4.5  6.4  2.4  2.0   

o Prior open heart surgery   12  8.5  2.4  4.0  

o AF or flutter     13  35  38  34 

o Coronary artery disease   24  33  29  24 

o EuroSCORE II    1.9  2.7  3.2  3.7 

o STS score     2.7  3.4  4.4  4.3 
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Aetiology of AS  

o Degenerative    85  89  95  94     

o Congenital     9.5  5.3  2.4  2.0     

o Rheumatic     5.5  5.3  2.4  2.0    
    

Population source: consecutive patients with severe AS enrolled in the CURRENT AS registry of 27 centres in Japan between 
January 2003 and December 2011 

 

Median follow-up duration 1190 (IQR: 732-1540) days 

The follow-up data were mainly collected through review of hospital charts or through contact with the patients or their relatives and/or 
the referring physicians asking questions about survival status, symptoms and subsequent hospitalisation. 

Sudden death was defined as unexplained death in previously stable patients.  

Aortic valve-related death included aortic procedure-related death, sudden death and death due to HF that might have been related to 
AS.  

HF hospitalisation was defined as hospitalisation due to worsening HF that required intravenous drug therapy.  

The clinical event committee adjudicated the clinical events in a blinded fashion with respect to their BNP levels. 

 

Prognostic 
variables 

Group 1: BNP<100 pg/mL, n=201 (referent) 

Group 2: 100≤BNP<200 pg/mL, n=94  

Group 3: 200≤BNP<300 pg/mL, n=42  

Group 4: BNP≥300 pg/mL, n=50 

Confounders  Four clinically relevant risk-adjusting non-cardiac variables (age, male sex, body mass index and the serum creatinine level), which 
were reported to affect the BNP level. 

Age, BMI and the serum creatinine level as continuous variables  

The centre was included as the stratification variable. 

Outcomes and 
effect sizes 

Composite of aortic valve-related death or hospitalization due to HF (cumulative 5- year incidence: number of events in 
groups 1, 2, 3 and 5: 25/201, 294, 14/42, 18/50) 

HR 1.97 (0.97–3.98) for group 2 versus group 1 

HR 3.59 (1.55–8.32) for group 3 versus group 1 

HR 7.38 (3.21–16.9) for group 4 versus group 1 
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Only univariate analysis for other outcomes 

Comments 1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement HIGH 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

Baseline difference for atrial fibrillation or flutter, higher serum creatinine levels and higher surgical risk scores. Not accounted for in 
analysis 

 

Reference Rosenhek 2000219 

Study type and 
analysis 

Prospective cohort study enrolling between 1st January and 31st December 1994. 

 

Multivariable Cox proportional hazards model. 

Number of 
participants 

and 
characteristics 

N=128 

 

Aortic jet velocity (Vmax) ≥4.5 m/sec, n=64 

Aortic jet velocity (Vmax) <4.5 m/sec, n=62 

(n=2 were lost to follow-up so only 126 included in the multivariable analysis). 

 

Inclusion criteria: 

Stenotic native aortic valve with Vmax ≥4.0 m/sec; asymptomatic. 

 

Exclusion criteria: 

Additional haemodynamically significant valvular lesions; symptomatic (patients with mild fatigue or mild dyspnoea during maximal 
exercise were not excluded due to the non-specific nature of these symptoms). 
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• Mean (SD) age: 60 (18) years 

• Sex: 53.9% male 

• Valve surgery: n=22 patients received aortic valve replacement within 3 months of initial examination despite remaining 
asymptomatic. A further 59 valve replacements were performed during follow-up due to symptom development. 

• Single vs multiple valve disease: haemodynamically significant additional valve disease was excluded, however mild-moderate 
additional valve disease was present in a proportion of people, as follows: 

o Mild aortic regurgitation, 54.7% 

o Mid-moderate or moderate aortic regurgitation, 25.8% 

o Mild mitral regurgitation, 65.6% 

o Mild tricuspid regurgitation, 47.7% 

o Mild mitral stenosis, 6.3% 

• Co-morbid cardiac abnormalities: 

o Hypertension, 34.4% 

o Coronary artery disease, 25.8% 

o  Mitral annular calcification, 36.7% 

• Mean (SD) aortic valve area: 0.68 (0.11) cm2 

• Mean (SD) Vmax: 5.0 (0.6) m/sec 

• Left ventricular function: all but 2 patients had normal left ventricular function 

 

Population source: consecutive patients matching inclusion criteria at single echocardiography laboratory between 1st January and 
31st December 1994. 

Prognostic 
variable 

Mixture of those that were treated conservatively and those that received surgery: overall, the approach was to only offer 
surgery once symptoms developed, though n=22 received surgery before symptoms developed, within three months of the initial 
examination, at the discretion of the physician. These patients were censored from the analysis at the time of aortic valve 
replacement. 

 

Vmax ≥4.5 m/sec 

Vmax <4.5 m/sec (referent) 

 

Mean follow-up was 22±18 months (range, 0 to 54 months). Follow-up information was available for 126/128 patients (98%). 
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Confounders The following factors were included as part of the multivariate analysis: age, sex, coronary artery disease, hypertension, diabetes, 
hypercholesterolaemia, degree of aortic valve calcification and aortic jet velocity. Cause of stenosis also mentioned in methods 
section but does not appear in the multivariate analysis table, so assume not included in the multivariate analysis. 

Outcomes and 
effect sizes 

Death or aortic valve replacement indication due to the development of symptoms 

RR 1.1 (0.7 to 1.9) for Vmax ≥4.5 vs. <4.5 m/sec 

 

During follow-up, 67 end-points were reached (n=8 deaths and n=59 aortic valve replacements due to development of symptoms). A 
further 22 patients were operated on before symptoms developed as discretion of physician, but these were censored from the 
analysis. 

Event-free survival was 67±5% at 1 year, 56±5% at 2 years and 33±5 % at 4 years. 

 

N=6 deaths were cardiac-related (n=4 due to congestive heart failure, n=1 due to endocarditis and n=1 sudden death). Apart from the 
sudden death, all were preceded by symptoms. However, aortic valve replacement was not performed due to patient refusal in 3 
cases, advanced prostate cancer in 1 patient and a further patient died while waiting for surgery. Of the 2 non-cardiac deaths, n=1 
was due to pulmonary embolism and n=1 was due to acute myeloid leukaemia. 

 

Of the 59 patients that underwent aortic valve replacement following symptom development, n=5 deaths occurred. Four of these 
deaths occurred perioperatively and one was non-cardiac-related. The remaining 54 patients were alive at the end of the study in 
1998 

 

Overall actuarial survival at the end of the study in 1998 was 93±2% at 1 year, 91±3 at 2 years and 87±3% at 4 years. 

Comments 1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential prognostic factor indirectness: threshold does not match any of the two thresholds specified in the protocol. 

Potential outcome indirectness: composite outcome of two outcomes, one of which pre-specified in the protocol. 
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Reference Rosenhek 2010223 

Study type and 
analysis 

Prospective cohort study of those in single outpatient clinic for heart valve disease between 1995 and 2008 

 

Multivariable Cox proportional hazards model 

Number of 
participants 

and 
characteristics 

N=116 

 

Analysis 1 

Peak aortic jet velocity (Vmax) 5.0 to 5.5 m/s, n=72 

Peak aortic jet velocity (Vmax) ≥5.5 m/s, n=44 

 

Analysis 2 

Aortic valve area <0.6 cm2, n=47 

Aortic valve area ≥0.6 cm2, n=69 

 

 

Inclusion criteria: 

Patients examined in outpatient clinic for valvular heart disease between 1995 and 2008 with: stenotic aortic valve and peak aortic jet 
velocity ≥5.0 m/s. 

 

Exclusion criteria: 

Additional haemodynamically significant valve lesions (moderate or severe) or presence of symptoms. 

 

Values below are provided for the whole cohort with the data for the two peak aortic jet velocity subgroups provided separately. 
Characteristics were not reported in the study for each of the aortic valve area subgroups. 

• Mean (SD) age: 67 (15) years – 67 (15) and 66 (15) years for the Vmax 5.0 to 5.5 m/s and Vmax ≥5.5 m/s groups, respectively. 

• Sex: 51% male – 51% and 50% male for the Vmax 5.0 to 5.5 m/s and Vmax ≥5.5 m/s groups, respectively. 

• Valve surgery: Aortic valve replacement indicated in 9116 patients during follow-up. A total of 79 patients underwent replacement, 
10 patients refused surgery and 1 was awaiting surgery at time of report. 

• Single vs multiple valve disease: Additional mild or mild-moderate valve disease present in some patients:  
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o Mild aortic regurgitation, 41.4% 

o Mild-moderate aortic regurgitation, 9.5% 

o Mild mitral regurgitation, 41.4% 

o Mild-moderate mitral regurgitation, 15.5% 

o Mild tricuspid regurgitation, 42.2% 

o Mild mitral stenosis, 2.6% 

• Co-morbid cardiac abnormalities: 

o Hypertension, 56% - 53% and 61% for the Vmax 5.0 to 5.5 m/s and Vmax ≥5.5 m/s groups, respectively. 

o Coronary artery disease, 22% - 21% and 25% for the Vmax 5.0 to 5.5 m/s and Vmax ≥5.5 m/s groups, respectively. 

 

Population source: All patients examined in outpatient clinic between 1995 and 2008 matching inclusion criteria. 

Prognostic 
variables 

In those treated conservatively with watchful waiting: This isn’t very explicit in the paper but appears that all would have been 
treated conservatively and followed up for signs that may indicate referral for surgery was required. 

 

Analysis 1 

Peak aortic jet velocity (Vmax) 5.0 to 5.5 m/s (referent) 

Peak aortic jet velocity (Vmax) ≥5.5 m/s 

 

Analysis 2 

Aortic valve area <0.6 cm2 

Aortic valve area ≥0.6 cm2 (referent) 

 

Median (IQR) follow-up during the study was 41 (26-63) months. Follow-up information was complete for 113 patients (97.4%). 

Confounders Age >70 years, sex, coronary artery disease, hypertension, diabetes mellitus, hypercholesterolaemia, aortic valve area <0.6 cm2, aortic 
valve peak velocity ≥5.5 m/s were included in the multivariable analysis. 

Outcomes and 
effect sizes 

Cardiac mortality or indication for aortic valve replacement 

Analysis 1: 

HR 1.88 (95% CI 1.19 to 2.96) for  Vmax ≥5.5 m/s vs. Vmax 5.0 to 5.5 m/s  

Event-free survival rates at 1, 2, 3 and 4 years, respectively, were as follows:  

• 76±5%, 43±6%, 33±6% and 17±5% for the Vmax 5.0 to 5.5 m/s group (n=72) 
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• 44±8%, 27±7%, 11±5% and 4±4% for the Vmax ≥5.5 m/s group (n=44) – P<0.0001 vs. Vmax 5.0 to 5.5 m/s group 

 

Analysis 2:  

HR 1.25 (95% CI 0.77 to 2.02) for aortic valve area <0.6 cm2 vs. ≥0.6 cm2 

The outcome of patients with an aortic valve area <0.6 cm2 was not significantly different from the outcome of those with a valve area 
≥0.6 cm2. P=0.12. 

Comments Analysis 1  

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  HIGH 

 

Potential outcome indirectness: composite of cardiac mortality and indication for aortic valve replacement 

 

Analysis 2 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  HIGH 

 

Potential outcome indirectness: composite of cardiac mortality and indication for aortic valve replacement 
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Study type and 
analysis 

Retrospective cohort of those between 2001 and 2007 matching inclusion criteria at single site. 

 

Multivariable Cox proportional hazards model. 

Number of 
participants 

and 
characteristics 

N=103 

 

Analysis 1 

Aortic valve area index (AVAI) <0.6 cm2/m2, n=66 

Aortic valve area index (AVAI) ≥0.6 cm2/m2, n=37 

 

Analysis 2 

Aortic valve area <0.75 cm2, number not reported 

Aortic valve area ≥0.75 cm2, number not reported 
 

Analysis 3 

Peak aortic jet velocity (Vmax) >4.0 m/s, n=58 

Peak aortic jet velocity (Vmax) ≤4.0 m/s, n=45 

 

 

Inclusion criteria: 

Asymptomatic patients who underwent transthoracic echocardiography and had severe aortic stenosis, defined as aortic valve area 
<1.0 cm2; had not undergone aortic valve replacement on initial evaluation. 

 

Exclusion criteria: 

History of coronary artery disease; more than mild mitral valve regurgitation or stenosis; more than mild aortic regurgitation; primary 
hypertrophic cardiomyopathy; those with planned aortic valve replacement at initial evaluation; and symptoms associated with aortic 
stenosis. 

 

Values below are provided for the whole cohort with the data for the two aortic valve area index subgroups provided separately. 
Characteristics were not reported in the study for each of the aortic valve area or peak aortic jet velocity subgroups. 

• Mean (SD) age: 72 (11) years – 72 (11) and 73 (11) years for the AVAI <0.6 cm2/m2 and AVAI ≥0.6 cm2/m2 groups, respectively. 

• Sex: 45% male – 47% and 41% for the AVAI <0.6 cm2/m2 and AVAI ≥0.6 cm2/m2 groups, respectively. 
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• Valve surgery: 31/103 underwent aortic valve replacement during the follow-up period. 

• Single vs multiple valve disease: Not reported. 

• Co-morbid cardiac abnormalities: 

o Hypertension, 55% - 53% and 59% for the AVAI <0.6 cm2/m2 and AVAI ≥0.6 cm2/m2 groups, respectively. 

o Atrial fibrillation, 13% - 17% and 5% for the AVAI <0.6 cm2/m2 and AVAI ≥0.6 cm2/m2 groups, respectively. 

• Mean (SD) left ventricular ejection fraction: 60.0 (9.6)% – 59.6 (9.9)% and 60.7 (9.0)% for the AVAI <0.6 cm2/m2 and AVAI ≥0.6 
cm2/m2 groups, respectively. 

 

Population source: retrospective review of patients from single site between 2001 and 2007. Unclear if consecutive. 

Prognostic 
variables 

In those treated conservatively at initial evaluation: 

Analysis 1 

Aortic valve area index (AVAI) <0.6 cm2/m2   

Aortic valve area index (AVAI) ≥0.6 cm2/m2 (referent) 

 

Analysis 2 

Aortic valve area <0.75 cm2  

Aortic valve area ≥0.75 cm2 (referent) 
 

Analysis 3 [not analysed in review as evidence available for protocol threshold] 

Peak aortic jet velocity (Vmax) >4.0 m/s  

Peak aortic jet velocity (Vmax) ≤4.0 m/s (referent) 

 
Mean (SD) follow-up was 36 (27) months. 

Confounders Only the following three variables were included in the multivariate analysis: AVAI <0.6 cm2/m2, aortic valve area <0.75 cm2 and peak 
aortic jet velocity (Vmax) >4.0 m/s.  

 

The following variables were assessed on univariate analysis: age, sex, AVAI <0.6 cm2/m2, peak aortic jet velocity >4.0 m/s,  aortic 
valve area <0.75 cm2, left ventricular ejection fraction (%, continuous), left ventricular mass index (g/m2, continuous), E/e’ >15, heart 
rate (continuous), hypertension, dyslipidaemia, diabetes mellitus, haemodialysis, serum creatinine (mg/dl, continuous), C-reactive 
protein (mg/dl, continuous), but only the three variables with P-values <0.05 on univariate analysis were incorporated into the 
multivariate model, as detailed above. 



 

145 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Appendices 

Reference Saito 2012229 

 

Outcomes and 
effect sizes 

Cardiovascular mortality or aortic valve replacement 

 

During follow-up, 51 events occurred (including 31 aortic valve replacements and 20 cardiac deaths). Event-free survival rate for all 
patients was 81%, 74%, 58% and 48%, respectively, at 1, 2, 3 and 5 years. Those undergoing aortic valve replacements did so due to: 
development of symptoms (n=24) or decreased left ventricular systolic function (n=7). The 20 cardiac-related deaths were due to: 
congestive heart failure (n=14) and sudden death (n=6). Four patients that experienced sudden death had developed symptoms 
beforehand but did not undergo aortic valve replacement due to old age or substantial comorbidities. 

 

Analysis 1 

HR 2.62 (95% CI 1.09 to 6.33) for AVAI <0.6 cm2/m2 vs. AVAI ≥0.6 cm2/m2 

Event-free survival rates at 1, 2, 3 and 5 years were as follows:  

o 100%, 97%, 86% and 71% for the AVAI ≥0.6 cm2/m2 group 

o 71%, 60%, 41% and 35% for the AVAI <0.6 cm2/m2 group 
 

Analysis 2 

HR 1.48 (95% CI 0.79 to 2.79) for aortic valve area <0.75 cm2 vs. ≥0.75 cm2  

Event-free survival rates not reported at 1, 2, 3 and 5 years for this prognostic variable. 

 

Analysis 3 

HR 2.58 (95% CI 1.15 to 5.78) for Vmax >4.0 m/s vs. Vmax ≤4.0 m/s 

Event-free survival rates at 1, 2, 3 and 5 years were as follows:  

o 93%, 86%, 79% and 74% for the Vmax ≤4.0 m/s group 

o 72%, 65%, 43% and 31% for the Vmax >4.0 m/s group 

 

Comments Analysis 1  

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 
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6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential outcome indirectness: composite of cardiovascular mortality and aortic valve replacement 

 

Potential prognostic factor indirectness: AVAI (AVA corrected for BSA) not a factor that we had pre-specified in protocol but similar to 
aortic valve area which is pre-specified 

 

Analysis 2 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential outcome indirectness: composite of cardiovascular mortality and aortic valve replacement 

 

Potential prognostic factor indirectness: not the threshold for this factor that we had pre-specified (<0.75 cm2 rather than <0.6 cm2) 

 

Analysis 3  

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

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

 

Potential outcome indirectness: composite of cardiovascular mortality and aortic valve replacement 

 

Potential prognostic factor indirectness: not the threshold for this factor that we had pre-specified (>0.4 m/s rather than >5.0 or >5.5 
m/s) 

 

Reference Taniguchi 2018244 

Study type and 
analysis 

CURRENT AS registry: retrospective multicentre registry enrolling patients across 27 centres in Japan between January 2003 and 
December 2011.  

 

Multivariable logistic regression model. 

Number of 
participants 

and 
characteristics 

N=1808 in the asymptomatic subgroup, n=291 managed with initial aortic valve replacement strategy and n=1517 managed with initial 
conservative strategy (n=3815 in total study population).  

 

Analysis 1 

Vmax ≥5 m/s, n=207 

Vmax <5 m/s, n=1601 

 

Analysis 2 

LVEF <60%, n=355 

LVEF ≥60%, n=1453 

 

Inclusion criteria: 

Those meeting criteria for severe aortic stenosis [peak aortic jet velocity (Vmax) >4.0 m/s, mean aortic pressure gradient >40 mmHg or 
aortic valve area <1.0 cm2] for the first time during the study period 

 

Note: the study includes those with both symptomatic and asymptomatic severe AS and provides data for each of these two groups 
separately. Only the asymptomatic group was included in this review as per the protocol. 
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Exclusion criteria: Limited information regarding exclusion criteria. Two patients had unclear symptomatic status and so these were 
not included in the analysis of subgroups based on symptomatic status (asymptomatic and symptomatic). 

 

 

Note: all below information is for the asymptomatic subgroup 

• Mean (SD) age: 76.8 (9.6) years 

• Sex: 40% male 

• Valve surgery: Number eventually receiving aortic valve replacement/surgery during follow-up not reported 

• Single vs multiple valve disease: any combined valvular disease (moderate or severe): 

o Moderate or severe aortic regurgitation, 16% 

o Moderate or severe mitral stenosis, 3% 

o Moderate or severe mitral regurgitation, 12% 

o Moderate or severe tricuspid regurgitation, 12% 

• Co-morbid cardiac abnormalities: 

o Hypertension, 69% 

o Coronary artery disease, 27% 

o  Atrial fibrillation or flutter, 19% 

o Aortic/peripheral vascular disease, 9% 

• Past open heart surgery:  9% 

• Median (IQR) logistic EuroSCORE: 8.4 (5.1-13.9)% 

• Median (IQR) EuroSCORE II: 2.4 (1.4-3.6)% 

• Median (IQR) STS score (PROM): 3.3 (2.0-5.2)% 

• Left ventricular ejection fraction <50% and <60%: 8% and 20%, respectively 

• Initial treatment strategy:  

o Initial aortic valve replacement strategy: 291/1808 (16%) 

o Initial conservative strategy: 1517/1809 (84%) 

 

Population source: Consecutive patients matching inclusion criteria from retrospective registry across 27 centres in Japan between 
January 2003 and December 2011. 
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Prognostic 
variables 

Mixture of those that received conservative management and those that had aortic valve replacement planned following initial 
evaluation – however, patients that received transcatheter or surgical aortic valve replacement were censored from the analysis at the 
time of operation 

 

Analysis 1 

Vmax ≥5 m/s  

Vmax <5 m/s (referent) 

 

Analysis 2 

LVEF <60% 

LVEF ≥60% (referent) 

 

Median follow-up of surviving patients in the entire cohort was 1334 (IQR, 1019-1701) days. Not specified for the asymptomatic 
subgroup. There was a 93% follow-up rate at 2 years. 

 

Patients were censored at time of TAVI or surgical AVR, so the analysis follow up until they are no longer being treated conservatively 

Confounders/strat
ification strategy 

The following 10 clinically relevant risk-adjusting variables included in the model as confounders for the asymptomatic subgroup: Vmax 
≥5 m/s, LVEF <60%, age ≥80 years, male, BMI <22 kg/m2, past myocardial infarction, atrial fibrillation or flutter, haemodialysis, 
malignancy currently under treatment and any combined valvular disease 

 

The above 10 factors were selected from a total of 20 performed on the whole cohort group, as the number of events in the subgroups 
was lower and the same number of factors could therefore not be incorporated. They were selected based on those that suggested 
strong involvement in the whole cohort analysis. 

 

Multivariate model developed to identify characteristics associated with an increased risk of sudden death, with censoring at surgical or 
transcatheter aortic valve replacement in the entire cohort. The model also accounted for the competing risk of death other than 
sudden death. The centre was incorporated as a stratification variable. 

Outcomes and 
effect sizes 

Sudden death 

 

There were 82 sudden deaths among those with no symptoms at baseline – of these, 54 died abruptly with no preceding symptoms 
and 35 died with no symptoms within 3 months of the last clinical follow-up. Cumulative 5-year incidence of sudden death was 7.2% in 
asymptomatic group (5.8% without censoring for surgical or transcatheter aortic valve replacement). 
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Analysis 1 

HR 2.36 (95% CI 1.09 to 5.14) for Vmax ≥5 m/s vs. Vmax <5 m/s 

 

 

Analysis 2 

HR 1.76 (95% CI 1.08 to 2.87) for LVEF <60% vs. LVEF ≥60% 

Comments Analysis 1 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

Analysis 2 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Reference Thellier 2020253 

Study type and 
analysis 

Retrospective cohort study of those in single echo lab between 2011 and 2018 recorded in a prospective registry 
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Multivariable Cox proportional hazards model and propensity matched analysis 

Number of 
participants 

and 
characteristics 

N=332 

 

LV-GLS ≤15 (n=192, 98 in matched cohort) 

LV-GLS >15 (n=140, 98 in matched cohort) (referent) 

 

Inclusion criteria: 

Age 18 years or over with diagnosed severe AS (AVA ≤1 cm2 and/or AVAi ≤0.6 cm/m2) with no or mild AS-related symptoms and 
preserved LVEF ≥50% 

 

Exclusion criteria: 

Additional moderate or greater aortic, mitral or tricuspid regurgitation; past or current NYHA class III-IV heart failure, angina or syncope, 
prosthetic valve or supra- or sub-valvular AS, congenital heart disease or dynamic LVOT obstruction, mitral stenosis or refusal to 
participate.  

 

• Median (IQR) age: 79 (71-85) years 

• Sex: 41% male 

• NYHA class I: 58% 

• Co-morbid cardiac abnormalities: 

o Hypertension, 71% 

o Atrial fibrillation, 29% 

o Coronary artery disease, 23% 

• Median (IQR) left ventricular ejection fraction: 61 (57-66)% 

• Mean (SD) GLS: 13.8 (4.1)% 

 

Population source: consecutive patients from single echo lab. 

Prognostic 
variable 

LV-GLS ≤15 

LV-GLS >15 (referent) 

 

Median follow-up 42 (IQR: 37-46) months  
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Reproducibility of GLS assessment: intra-observer ICC = 0.95 (0.86-0.98); inter-observer ICC = 0.93 (0.83-0.97) 

Confounders Multivariate model 1: age, sex, Charlson comorbidity index, CAD, hypertension, AF, BMI and AVR as a time-dependent variable. 

 

Multivariate model 2: echocardiographic AVA, LVH, LAVi ≥34ml/m2, sPAP >60 mmHg, E/e’ >14, RV dysfunction, LVEF <60% and LV 
SVi <30 ml/m2 and AVR as a time-dependent variable. 

 

Multivariate model 3: age, sex, Charlson comorbidity index, CAD, hypertension, AF, BMI, AVA, LV SVi <30 ml/m2, LVEF <60% and 
AVR as a time-dependent variable. 

 

Propensity matching for: age, sex, AF, comorbidity, AVA, LV SVi, LVEF, RV dysfunction. 

Outcomes and 
effect sizes 

Mortality (model 1) 

HR 2.07 (95% CI 1.23 to 3.49) for LV-GLS ≤15 vs. >15% 

 

Mortality (model 2) 

HR 2.63 (95% CI 1.53 to 4.50) for LV-GLS ≤15 vs. >15% 

 

Mortality (model 3) 

HR 1.99 (95% CI 1.17 to 3.38) for LV-GLS ≤15 vs. >15% 

 

Mortality in propensity matched cohort 

HR 2.10 (95% CI 1.20 to 3.68) for LV-GLS ≤15 vs. >15% 

 

A total of 123 AVRs and 105 deaths occurred.  

Comments 1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  LOW 

5. Study confounding   HIGH 

6. Statistical analysis   LOW 
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7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  HIGH 

 

Prognostic factor indirectness: threshold does not match protocol  

Population indirectness: includes people with mild AS-related symptoms 

 

Reference Zilberszac 2017281 

Study type and 
analysis 

Prospective cohort study of those in single outpatient clinic for heart valve disease between 1999 and 2009 

 

Multivariable Cox proportional hazards model 

Number of 
participants 

and 
characteristics 

N=103 

 

Peak aortic jet velocity (Vmax) ≥5.0 m/s, n=39 

Peak aortic jet velocity (Vmax) between 4.0 and 5.0 m/s, n=64 

 

Inclusion criteria: 

>70 years of age studied at outpatient clinic between 1999 and 2009; stenotic native aortic valve with a peak aortic jet velocity ≥4.0 
m/s; asymptomatic; normal ejection fraction (≥55%). 

 

 

Exclusion criteria: 

Additional haemodynamically significant valve lesions (moderate-severe or severe); history of previous cardiac surgery. 

 

• Mean (SD) age: 77.3 (4.8) years 

• Sex: 50% male 

• Valve surgery: During follow-up, aortic valve surgery was indicated in 82/103 patients. At end of study, 71 underwent conventional 
aortic valve replacement and 11 refused surgery. 

• Single vs multiple valve disease:  

o Mild aortic regurgitation, 53.4% 

o Mild mitral regurgitation, 63.1% 
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o Mild tricuspid regurgitation, 49.5% 

o Mild mitral stenosis, 1.9% 

• Co-morbid cardiac abnormalities: 

o Hypertension, 77% 

o Atrial fibrillation, 7% 

o Coronary artery disease, 30% 

o Peripheral artery disease, 12% 

• Mean (SD) left ventricular ejection fraction: 61.0 (5.9)% 

• Mean (SD) baseline logistic EuroSCORE: 7.2 (4.1)% 

• Mean (SD) baseline EuroSCORE II: 2.7 (1.9)% 

 

Population source: consecutive patients from single outpatient clinic between 1999 and 2009. Majority referred from outpatient care 
specialists in internal medicine and general cardiologists. Note this is focused on the elderly population. 

Prognostic 
variable 

In those receiving conservative management initially:  

Vmax ≥5.0 m/s 

≥4.0 Vmax <5.0 m/s (referent) 

 

Median potential follow-up was 19.4 (IQR, 9.8-36.4) months. Follow-up information was complete for 96/103 patients. Of those lost to 
follow-up, 2 were lost to follow-up while still asymptomatic and 5 following aortic valve replacement. 

Confounders Vmax ≥5.0 m/s, aortic valve area (continuous), age (continuous), aortic valve calcification, hypertension, hypercholesterolaemia, 
diabetes and coronary artery disease were included in the multivariable analysis. 

 

Outcomes and 
effect sizes 

Cardiac mortality or indication for aortic valve replacement 

HR 1.93 (95% CI 1.16 to 3.23) for Vmax ≥5.0 m/s vs. ≥4.0 Vmax <5.0 m/s 

 

A total of 91 events observed during the follow-up, including indication for aortic valve replacement in 82 patients (n=76 due to 
symptom development, n=3 due to severe aortic valve calcification, n=2 due to reduced left ventricular ejection fraction and n=1 
undergoing major non-cardiac surgery in an asymptomatic patient) and cardiac mortality in 9 patients. 

 

Estimated event-free survival (with 95% CIs) at 1, 2, 3 and 4 years for the whole cohort was 73 (63-80)%, 43 (34-53)%, 23 (16-33)% 
and 16 (10-25)%, respectively. 



 

155 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Appendices 

Reference Zilberszac 2017281 

 

Estimated event-free survival (with 95% CIs) at 1, 2, 3 and 4 years, respectively, was as follows for the two Vmax groups:  

o 84 (73-91)%, 57 (44-68)%, 32 (21-44)% and 23 (14-35)% for the ≥4.0 Vmax <5.0 m/s group 

o 54 (38-69)%, 21 (11-36)%, 9 (3-24)% and 6 (2-21)% for the Vmax ≥5.0 m/s group 

Comments 1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   LOW 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential outcome indirectness: composite of cardiac mortality and indication for aortic valve replacement 

 

D.2 Aortic regurgitation 

 

Reference de Meester 201964 

Study type and 
analysis 

Retrospective review of prospectively completed database 

 

Multivariate Cox proportional hazards model 

Number of 
participants 

and 
characteristics 

N=356 (whole cohort, number that were asymptomatic unclear) 

 

Analysis 1 

Left ventricular ejection fraction (LVEF) <55%, number not reported 

Left ventricular ejection fraction (LVEF) ≥55%, number not reported 
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Analysis 2 

Left ventricular end-systolic dimension/body surface area (LVESD/BSA) >22 mm/m2, number not reported 

Left ventricular end-systolic dimension/body surface area (LVESD/BSA) ≤22 mm/m2, number not reported 

 

Inclusion criteria: 

Severe (grade ≥3) aortic regurgitation diagnosed by Doppler echocardiography; operated on at the Cliniques Universitaires St-Luc in 
Brussels between 1st January 1995 and 31st December 2014. 

 

Exclusion criteria: 

<18 years old; severe acute aortic regurgitation due to aortic dissection or endocarditis; concomitant severe mitral regurgitation or 
aortic stenosis; a non-dilated left ventricle (defined as left ventricular end-diastolic dimension <32 mm/m); previous valve surgery; 
glomerular filtration rate <30 ml/min; life expectancy <1 year. 

 

Note this is for the whole cohort, not for the asymptomatic subgroup, as these details were not provided. 

• Mean (SD) age: 51.21 (15.5) years 

• Sex: 83.1% male 

• Valve surgery: all underwent some form of surgery for aortic regurgitation to be enrolled in this study. Operative procedures 
consisted of aortic valve repair (80%), Ross procedure (7%), bioprosthetic aortic valve replacement (9%) and mechanical aortic valve 
replacement (4%). 

• Single vs multiple valve disease: unclear whether any concomitant mild valve disease. Severe mitral regurgitation and aortic 
stenosis were exclusion criteria. 

• Co-morbid cardiac abnormalities: 

o Atrial fibrillation, 14.6% 

o Hypertension, 47.8% 

o Peripheral artery disease, 2.2% 

• Aortic pathology:  

o Bicuspid valve, 43.0% 

o Type I dysfunction, 29.5% 

o Type II dysfunction, 46.3% 

o Type III dysfunction, 24.2% 

• Associated coronary artery bypass grafting performed: 8.4% 
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• Mean (SD) STS PROM score: 1.02 (0.89) 

• Prior percutaneous coronary intervention or coronary artery bypass grafting: 0.6% 

• Mean (SD) left ventricular ejection fraction: 55.21 (10.08)% 

• Mean (SD) left ventricular end-diastolic diameter: 64.93 (7.115) mm 

• Mean (SD) left ventricular end-systolic diameter: 44.67 (7.051) mm 

 

Population source: consecutive patients with severe aortic regurgitation who were operated on between 1st January 1995 and 31st 
December 2014 at single centre. 

Prognostic 
variables 

In those treated with valve intervention, asymptomatic subgroup: Operative procedures consisted of aortic valve repair (80%), 
Ross procedure (7%), bioprosthetic aortic valve replacement (9%) and mechanical aortic valve replacement (4%). 

 

Analysis 1 

LVEF <55% 

LVEF ≥55% (referent) 

 

Analysis 2 

LVESD >22 mm/m2  

LVESD/BSA ≤22 mm/m2 (referent) 

 

Follow-up events were obtained for patients between September and December 2016. Median (range) follow-up was 8 (0.1 to 21.8) 
years. 

Confounders  Inverse probability weights (IPW) were calculated, which allowed comparable patient cohorts to be obtained by weighing individual 
patients according to mismatched characteristics. Propensity scores included the following 10 covariates: age, sex, hypertension, 
chronic obstructive pulmonary disease, glomerular filtration rate >60 ml/min/1.73 m2, bicuspid aortic valve, type I and type II aortic 
regurgitation, history of stroke and history of atrial fibrillation. These IPWs were then used within the Cox multivariate model to obtain 
unbiased estimates of hazards. 

 

Outcomes and 
effect sizes 

Cardiovascular mortality or heart failure 

 

Analysis 1 

HR 4.13 (95% CI 1.65 to 10.33) for LVEF <55% vs. LVEF ≥55% 
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Analysis 2 

HR 2.46 (95% CI 1.07 to 5.70) for LVESD >22 mm/m2 vs. LVESD/BSA ≤22 mm/m2 

 

 

Comments Analysis 1 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement           LOW 

4. Outcome Measurement              HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS              VERY HIGH 

 

Potential prognostic factor indirectness: threshold used is different to that specified in protocol 

Potential outcome indirectness: composite of two end-points listed in the protocol 

 

Analysis 2 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement           LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential prognostic factor indirectness: threshold used is different to that specified in protocol 

Potential outcome indirectness: composite of two end-points listed in the protocol 
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Reference Maeda 2019156 

Study type and 
analysis 

Retrospective cohort study 

 

Multivariable Cox proportional hazards model 

Number of 
participants 

and 
characteristics 

N=162 

 

Analysis 1 – whole cohort 

Indexed end-systolic diameter (ESDI) ≤25 mm/m2 AND end-diastolic diameter (EDD) ≤65 mm, n=61 (referred to as early stage C in 
paper) 

Indexed end-systolic diameter (ESDI) >25 mm/m2 OR end-diastolic diameter (EDD) >65 mm, n=101 (referred to as late stage C in 
paper) 

(this group includes 59/101 with EDD >65 mm and 86/101 with ESDI >25 mm/m2 – some with one or both) 

 

Analysis 2 – those that survived >10 years post-aortic valve replacement (n=74) 

ESDI ≤25 mm/m2 AND end-diastolic diameter (EDD) ≤65 mm, n=25 (referred to as early stage C in paper) 

ESDI >25 mm/m2 OR end-diastolic diameter (EDD) >65 mm, n=49 (referred to as late stage C in paper) 

(this group includes 32/49 with EDD >65 mm and 43/49 with ESDI >25 mm/m2 – some with one or both) 

 

 

Inclusion criteria: 

Asymptomatic, chronic severe aortic regurgitation that underwent isolated aortic valve replacement for pure aortic regurgitation 
between January 1991 and December 2010; normal left ventricular ejection fraction (≥55%); end-systolic diameter ≤55 mm at rest; no 
history of hospitalisation for heart failure. 

 

Exclusion criteria: 

Aortic stenosis; mitral regurgitation or stenosis; significant coronary artery stenosis; infectious endocarditis; aortitis; missing data 
regarding preoperative echocardiographic findings or symptoms. 
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Values below are given as the whole cohort followed by the values in each of the two subgroups based on left ventricular dimensions 

• Mean (SD) age: 59 (14) years – 58 (15) years vs. 59 (14) years 

• Sex: 76% male – 85% male vs. 70% male 

• Valve surgery: all underwent aortic valve replacement prior to follow-up. 

• Single vs multiple valve disease: not reported. Aortic stenosis, mitral regurgitation and mitral stenosis were exclusion criteria. 

• Co-morbid cardiac abnormalities: 

o Atrial fibrillation, 7.4% - 7% vs. 8% 

o Hypertension, 64.8% - 67% vs. 63% 

• Mean (SD) left ventricular ejection fraction: 64.26 (8.51)% - 68 (8)% vs. 62 (8)% 

• Mean (SD) left ventricular end-diastolic diameter: 62.74 (6.96) mm - 59 (5)  vs. 65 (7) mm 

• Mean (SD) left ventricular end-systolic diameter: 41.74 (5.48) mm – 38 (4) vs. 44 (5) mm 

• Mean (SD) left ventricular indexed end-systolic diameter: 25.74 (4.47) mm/m2 – 22 (2) vs. 28 (4) mm/m2 

• Mechanical prosthesis: 62.3% - 66% vs. 60% 

 

Population source: consecutive patients undergoing isolated aortic valve replacement for severe chronic pure aortic regurgitation 
across 5 different but associated institutions between January 1991 and December 2010. 

Prognostic 
variables 

In those treated with aortic valve replacement: 

 

For analyses 1 and 2 

ESDI ≤25 mm/m2 AND EDD ≤65 mm (referent) – also referred to as early stage C in paper 

ESDI >25 mm/m2 OR EDD >65 mm – also referred to as late stage C in paper 

 

Mean (SD) follow-up was 9.9 (5.3) years (range, 0-23 years). A total of 7 patients were lost to follow-up so there was 96% complete 
follow-up. 

Confounders  The following variables were included in the multivariate analysis: age, gender, diabetes mellitus, chronic kidney disease and late stage 
C (based on classification of left ventricular dimensions, as described in the prognostic factor groups). 

 

Factors that are clinically considered to affect survival were included in the multivariate analysis – no mention of univariate analyses 
being used to select these. 
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Outcomes and 
effect sizes 

All-cause mortality (late death): unclear what ‘late death’ is referring to, but may mean death that was not in-hospital as they list in-
hospital deaths separately. 

 

Analysis 1 – whole cohort 

HR 1.99 (95% CI 0.92 to 4.61) for ESDI >25 mm/m2 OR EDD >65 mm vs. ESDI ≤25 mm/m2 AND EDD ≤65 mm 

 

There were 31 late deaths during follow-up. 

Overall survival was as follows for the two groups at 5, 10 and 15 years, respectively:  

• ESDI ≤25 mm/m2 AND EDD ≤65: 95% (86-98%), 86% (71-94%) and 73% (54-86%) 

• ESDI >25 mm/m2 OR EDD >65: 96% (89-98%), 88% (79-94%) and 64% (49-76%) 

 

Analysis 2 – those that survived >10 years post-aortic valve replacement 

HR 2.7 (95% CI 0.9 to 10.4) for ESDI >25 mm/m2 OR EDD >65 mm vs. ESDI ≤25 mm/m2 AND EDD ≤65 mm 

 

Overall survival at 15 years:  

• ESDI ≤25 mm/m2 AND EDD ≤65: 85% (62-95%) 

• ESDI >25 mm/m2 OR EDD >65: 72% (56-84%) 

Comments Analysis 1 

1. Study participation   LOW 

2. Study attrition   LOW 

3. Prognostic factor measurement           HIGH 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential prognostic factor indirectness: thresholds used to not match those specified in the protocol 

 

Analysis 2 
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1. Study participation   LOW 

2. Study attrition               LOW 

3. Prognostic factor measurement           HIGH 

4. Outcome Measurement              HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS             VERY HIGH 

 

Potential prognostic factor indirectness: thresholds used to not match those specified in the protocol 

 

Reference Pizarro 2011209 

Study type and 
analysis 

Prospective cohort study 

 

Multivariate logistic regression analysis 

Number of 
participants 

and 
characteristics 

N=294 whole cohort  (n=160 in derivation cohort and n=134 in validation cohort, further divided into subgroups based on baseline BNP 
levels) 

 

Analysis 1 – within the derivation cohort (subgroup with BNP <130 pg/ml at baseline, n=118) 

BNP increased to ≥130 pg/ml at 1 year follow-up, n=4 

BNP remained <130 pg/ml at 1 year follow-up, n=114 

 

Analysis 2 – within the validation cohort (subgroup with BNP <130 pg/ml at baseline, n=100) 

BNP increased to ≥130 pg/ml at 1 year follow-up, n=3 

BNP remained <130 pg/ml at 1 year follow-up, n=97 

 

 

Analysis 3 - within the derivation cohort (whole derivation cohort, n=160 – baseline BNP as a categorical variable) 

End-systolic diameter/body surface area (ESD/BSA) ≥24 mm/m2, number not reported 

End-systolic diameter/body surface area (ESD/BSA) <24 mm/m2, number not reported 
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Analysis 4 - within the derivation cohort (whole derivation cohort, n=160 – baseline BNP as a categorical variable) 

End-diastolic diameter (EDD) ≥35 mm/m2, number not reported 

End-diastolic diameter (EDD) <35 mm/m2, number not reported 

 

 

Analysis 5 - within the validation cohort (whole validation cohort, n=134 - baseline BNP as a categorical variable) 

End-systolic diameter/body surface area (ESD/BSA) ≥24 mm/m2, number not reported 

End-systolic diameter/body surface area (ESD/BSA) <24 mm/m2, number not reported 

 

Inclusion criteria: 

Chronic, severe asymptomatic aortic regurgitation (effective regurgitant orifice area ≥30 mm2 and regurgitant volume 

≥60 ml/beat); normal left ventricular ejection fraction (>55%) at rest; preserved exercise tolerance [defined by exercise 
electrocardiogram performed with Bruce protocol and following requirements: functional capacity ≥7 metabolic equivalents without 
symptoms (angina or dyspnoea) or any of complex ventricular arrhythmia, hypotension or pathological ST segment deviation. 

  

Exclusion criteria: 

Associated valve disease (aortic stenosis with peak gradient ≥20 mm Hg, moderate or severe mitral regurgitation, haemodynamically 
significant mitral stenosis or significant right-sided organic valve disease); previous valve or coronary surgery; aortic root enlargement 
(≥40 mm); aortic dissection; ongoing endocarditis; cardiomyopathies; pericardial disease; history of coronary artery disease.  

 

Derivation cohort – values given as BNP <130 vs. BNP ≥130 pg/ml (n=118 vs. n=42) 

• Mean (SD) age: 51 (9) vs. 56 (10) years 

• Sex: 55 vs. 57% male 

• Valve surgery: prior valve surgery was an exclusion criterion. 

• Single vs multiple valve disease: other moderate-severe valve disease appears to be excluded, but unclear whether any had mild 
valve disease associated. 

• Co-morbid cardiac abnormalities: 

o Atrial fibrillation, 4 vs. 7% 
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o Hypertension, 54 vs. 40% 

• Median (IQR) left ventricular ejection fraction: 64 (57-71) vs. 61 (56-65)% 

• Median (IQR) end-diastolic volume: 97 (56-107) vs. 125 (69-143) ml/m2 

• Median (IQR) end-systolic volume: 27 (17-34) vs. 35 (24-40) ml/m2 

• Median (IQR) end-diastolic diameter/body surface area: 30 (27-36) vs. 42 (28-47) mm/m2 

• Median (IQR) end-systolic diameter/body surface area: 16 (12-21) vs. 26 (18-30) mm/m2 

• Median (IQR) atrial volume/body surface area: 57 (37-68) vs. 65 (48-75) cm3/m2 

• Median (IQR) pulmonary artery systolic pressure: 25 (18-31) vs. 33 (22-40) cm3/m2 

• Type of aortic regurgitation: values are for whole cohort 

o Degenerative, 45% 

o Congenital (bicuspid), 37.5% 

o Rheumatic, 7.5% 

o Post-endocarditis, 6.25% 

o Miscellaneous, 3.75% 

• Medical treatment during study:  

o Angiotensin-converting enzyme inhibitor, 57 vs. 50% 

o Angiotensin II receptor blocker, 23 vs. 26% 

o Calcium channel blocker, 16 vs. 17% 

o Aldosterone antagonists, 4.2 vs. 4.7% 

o Beta-blockers, 5 vs. 4.7% 

o Digoxin, 2.5 vs. 2.4% 

 

Validation cohort – values given as BNP <130  vs. BNP ≥130 pg/ml (n=100 vs. n=34) 

• Mean (SD) age: 52 (9) vs. 57 (8) years 

• Sex: 54 vs. 52% male 

• Valve surgery:  

• Single vs multiple valve disease:  

• Co-morbid cardiac abnormalities: 

o Atrial fibrillation, 4 vs. 6% 

o Hypertension, 55 vs. 42% 
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• Median (IQR) left ventricular ejection fraction: 65 (58-79) vs. 62 (57-65)% 

• Median (IQR) end-diastolic volume: 95 (55-105) vs. 119 (61-136) ml/m2 

• Median (IQR) end-systolic volume: 25 (18-32) vs. 34 (22-39) ml/m2 

• Median (IQR) end-diastolic diameter/body surface area: 32 (28-37) vs. 40 (31-45) mm/m2 

• Median (IQR) end-systolic diameter/body surface area: 15 (13-22) vs. 24 (20-27) mm/m2 

• Median (IQR) atrial volume/body surface area: 54 (34-62) vs. 63 (39-79) cm3/m2 

• Median (IQR) pulmonary artery systolic pressure: 23 (15-29) vs. 34 (21-42) cm3/m2 

• Type of aortic regurgitation: values are for whole cohort 

o Degenerative, 48.5% 

o Congenital (bicuspid), 38.1% 

o Rheumatic, 6.7% 

o Post-endocarditis, 4.5% 

o Miscellaneous, 2.2% 

• Medical treatment during study:  

o Angiotensin-converting enzyme inhibitor, 50 vs. 47% 

o Angiotensin II receptor blocker, 23 vs. 20% 

o Calcium channel blocker, 16 vs. 18% 

o Aldosterone antagonists, 4 vs. 3% 

o Beta-blockers, 3 vs. 3% 

o Digoxin, 2 vs. 3% 

 

Population source: consecutive patients from single centre. 

Prognostic 
variable 

In those that were treated conservatively initially: Patients censored from the analysis when they died or underwent surgery, 
suggesting initial strategy was conservative. Decisions about valve surgery were left to treating physicians. 

 

Analysis 1 – within the derivation cohort (subgroup with BNP <130 pg/ml at baseline, n=118) 

BNP increased to ≥130 pg/ml at 1 year follow-up 

BNP remained <130 pg/ml at 1 year follow-up (referent) 

 

Analysis 2 – within the validation cohort (subgroup with BNP <130 pg/ml at baseline, n=100) 
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BNP increased to ≥130 pg/ml at 1 year follow-up 

BNP remained <130 pg/ml at 1 year follow-up (referent) 

 

Analysis 3 - within the derivation cohort (whole derivation cohort, n=160 – baseline BNP as a categorical variable) 

End-systolic diameter/body surface area (ESD/BSA) ≥24 mm/m2 

End-systolic diameter/body surface area (ESD/BSA) <24 mm/m2 (referent) 

 

Analysis 4 - within the derivation cohort (whole derivation cohort, n=160 – baseline BNP as a categorical variable) 

End-diastolic diameter (EDD) ≥35 mm/m2 

End-diastolic diameter (EDD) <35 mm/m2 (referent) 

 

Analysis 5 - within the validation cohort (whole validation cohort, n=134 - baseline BNP as a categorical variable) 

End-systolic diameter/body surface area (ESD/BSA) ≥24 mm/m2 

End-systolic diameter/body surface area (ESD/BSA) <24 mm/m2 (referent) 

 

Mean (SD) follow-up was 46 (10) months in the derivation cohort and 38 (9) months in the validation cohort. Follow-up was complete in 
all but 3 patients – n=2 missing from derivation cohort and n=1 missing from validation cohort. 

Confounders Multivariate regression models incorporated clinical and echocardiographic variables that were demonstrated to be associated with the 
end-point on univariate analysis: BNP (different analyses using it as a continuous and categorical variable), ESD/BSA, EDD/BSA, 
effective regurgitant orifice area, atrial volume indexed by BSA, age, pulmonary artery systolic pressures, left ventricular ejection 
fraction and left ventricular volumes. Unclear whether the factors adjusted for may have different or analyses 1 and 2 where a different 
subgroup was used, but this is not stated. 

Outcomes and 
effect sizes 

Appearance of either congestive heart failure of left ventricular dysfunction, or left ventricular systolic dysfunction symptoms 
or death 

 

Analysis 1 – within the derivation cohort (subgroup with BNP <130 pg/ml at baseline, n=118) 

HR 7.6 (95% CI 4.2 to 19.6) for BNP increase to ≥130 pg/ml vs. BNP retained <130 pg/ml at 1 year 

N=4 developed BNP level ≥130 pg/ml at 1 year who had a level below this at baseline and all of these experienced the outcome at 
follow-up. 

 

Analysis 2 – within the validation cohort (subgroup with BNP <130 pg/ml at baseline, n=100) 
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HR 8.6 (95% CI 3.5 to 19.8) for BNP increase to ≥130 pg/ml vs. BNP retained <130 pg/ml at 1 year 

N=3 developed BNP level ≥130 pg/ml at 1 year who had a level below this at baseline and all of these experienced the outcome at 
follow-up. 

 

Analysis 3 - within the derivation cohort (whole derivation cohort, n=160 – baseline BNP as a categorical variable) 

OR 3.4 (95% CI 1.88 to 11.9) for ESD/BSA ≥24 mm/m2 vs. ESD/BSA <24 mm/m2 

 

N=45 experienced left ventricular systolic dysfunction symptoms or death. There were n=3 deaths (sudden in 2 patients and due to 
congestive heart failure in 1 patient). Additionally, n=29 developed congestive heart failure and n=15 developed left ventricular 
dysfunction. Aortic valve surgery was performed in 50 (31%) patients during follow-up. 

 

Analysis 4 - within the derivation cohort (whole derivation cohort, n=160 – baseline BNP as a categorical variable) 

OR 2.1 (95% CI 0.88 to 13.7) for EDD ≥35 mm/m2 vs. EDD <35 mm/m2 

N=45 experienced left ventricular systolic dysfunction symptoms or death. There were n=3 deaths (sudden in 2 patients and due to 
congestive heart failure in 1 patient). Additionally, n=29 developed congestive heart failure and n=15 developed left ventricular 
dysfunction. Aortic valve surgery was performed in 50 (31%) patients during follow-up. 

 

Analysis 5 - within the validation cohort (whole validation cohort, n=134 - baseline BNP as a categorical variable) 

OR 3.4 (95% CI 1.7 to 14.7) for ESD/BSA ≥24 mm/m2 vs. ESD/BSA <24 mm/m2 

 

N=35 experienced left ventricular systolic dysfunction symptoms or death. There were n=2 deaths (sudden in 1 patient and non-
cardiac-related in 1 patient). In addition, n=26 patients developed congestive heart failure and n=14 patients developed left ventricular 
dysfunction. Aortic valve surgery was performed in 39 (29.1%) patients.  

 

Comments Analysis 1 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 
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7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

 

Potential outcome indirectness: composite outcome of various different end-points 

 

Analysis 2 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential outcome indirectness: composite outcome of various different end-points 

 

 

Analysis 3 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential prognostic factor indirectness: threshold different to that specified in protocol 

Potential outcome indirectness: composite outcome of various different end-points 
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Analysis 4 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential prognostic factor indirectness: threshold different to that specified in protocol 

Potential outcome indirectness: composite outcome of various different end-points 

 

 

Analysis 5 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential prognostic factor indirectness: threshold different to that specified in protocol 

Potential outcome indirectness: composite outcome of various different end-points 
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Study type and 
analysis 

Prospective single-centre cohort study 

 

Multivariate logistic regression model 

Number of 
participants 

and 
characteristics 

N=144 

 

Left atrial volume index ≥55 ml/m2 n=48 

Left atrial volume index <55 ml/m2, n=96 

 

Inclusion criteria: 

Asymptomatic patients aged > 18 years with diagnoses by echocardiography of at least moderate MR (effective regurgitant orifice 

area [EROA] ≥0.20 cm2) with adequate follow-up and an organic cause of regurgitation. 

 

Exclusion criteria: 

Symptoms of heart failure (New York Heart Association functional class ≥II), left ventricular systolic dysfunction (LVEF < 60% and/or 
ESD > 40 mm), atrial fibrillation, concomitant valve disorders (moderate or severe aortic disease, moderate or severe mitral stenosis, or 
significant right-sided organic, valve disease), ischemic MR, prior valve or coronary surgery, cardiomyopathies and pericardial 
diseases, congenital heart disease, end-stage disease with survival < 1 year, or a poor echocardiographic window. 

 

• Mean (SD) age: 71 (12) years 

• Sex: 44% male 

• Mitral valve surgery: 18% 

• Single vs multiple valve disease: concomitant valve disorders excluded 

• Co-morbid cardiac abnormalities: 

o Hypertension, 4.9% 

• Etiology: 

o Degenerative, 88.9% 

o Rheumatic, 3.5% 

o Post-endocarditis, 2.1% 

o Fibrosis, 5.6% 
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• Echo variables, mean (SD) 

o LVEF: 66 (4.8)% 

o End diastolic volume: 87 (34) ml 

o end-diastolic diameter: 5.23 (0.59) cm 

o end-systolic diameter: 3.03 (0.53) cm 

• Regurgitant volume, mean (SD): 74 (27) ml 

• EROA, mean (SD): 0.47 (0.11) cm2 

• EROA ≥0.40 cm2 (BSE classification for severe MR): 72.9% 

• Left atrial volume, mean (SD): 86 (34) ml 

 

Population source: unclear source and recruitment period. 

Median follow-up 2.76 years (interquartile range, 1.86–3.48 years). 

 

Echocardiographic readings were averaged by two independent observers, who were blinded to the clinical information. 

Prognostic 
variables 

Left atrial volume index ≥55 ml/m2  

Left atrial volume index <55 ml/m2 (referent) 

 

Median follow-up was 2.76 years across the cohort.  

Confounders  EROA ≥0.55 cm2 and deceleration time ≤160 msec 

Note that results only given for those that were significant on multivariate analysis. 

Outcomes and 
effect sizes 

Development of symptoms and/or LV dysfunction during follow-up.  

The presence of symptoms during follow-up was defined as the occurrence of NYHA functional class II to IV dyspnea. The presence of 
LV dysfunction was defined as LVEF < 60% during follow-up. 

 

Adjusted OR 2.26 (95% CI 1.04 to 4.88) for LAVI ≥55 ml/m2 vs LAVI < 55 mL/m2 

 

During median 2.76-year follow-up, among the whole cohort, 54 of 144 patients (37.50%) reached the combined end point. Twelve of 
144 patients (8.33%) died; seven of these deaths (58%) were cardiovascular in origin. Fifty-two of 144 patients had dyspnoea 
(36.11%), and 10 of 144 patients (6.94%) had ventricular dysfunction.  
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Patients with basal LAVI ≥55 ml/m2 vs those with LAVI < 55 mL/m2, had higher mortality (16.66% vs 4.16%, P = .010), higher incidence 
of dyspnoea (52.08% vs 28.12%, P = .004), and greater need for mitral valve surgery (37.5% vs 8.33%, P = .000). There was no 
significant difference in ventricular dysfunction (6.25% vs 7.29, P = .816). 

The combined end point rate was higher in patients with basal LAVI ≥55 ml/m2 than in those with LAVI <55 ml/m2 (54.16% vs 29.16%;  

 

Mitral valve surgery was performed in 26 of 144 patients (18.06%). Eighteen of 144 patients (12.50%) developed atrial fibrillation. 

 

Events were collected by an investigator who was blinded to the clinical and echocardiographic data. 1 patient lost to follow-up. 

Comments and 
risk of bias 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  LOW 

5. Study confounding   HIGH 

6. Statistical analysis   LOW 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential population indirectness: Authors note that patients classified as asymptomatic or mildly symptomatic on basis of NYHA 
classification and not exercise testing. Prognostic factor indirectness: LAVI threshold does not match protocol 

 

Reference Chenot 200951 

Study type and 
analysis 

Retrospective cohort study of those in a single institution admitted between 1st January 1990 and 31st December 2001 with 
asymptomatic severe degenerative mitral regurgitation undergoing mitral valve repair. 

 

Multivariate Cox proportional hazards model 

Number of 
participants 

and 
characteristics 

N=143 

 

LVEF <60%, number not reported 

LVEF ≥60%, number not reported 
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Inclusion criteria: 

Severe (grade 3), degenerative mitral regurgitation that received mitral valve repair between 1st January 1990 and 31st December 2001. 
Patients who had coronary artery disease or had undergone coronary artery bypass grafting were not excluded. 

 

 

Exclusion criteria: 

Age >85 years; associated mitral stenosis; previous valve surgery; and associated congenital heart disease. 

 

• Mean (SD) age: 63.29 (12.87) years 

• Sex: 74% male 

• Valve surgery: all underwent mitral valve repair as part of the inclusion criteria of study. In addition, 22.4% underwent concomitant 
coronary artery bypass grafting. 

• Single vs multiple valve disease: proportion with other types of valve disease unclear. Associated mitral stenosis was an exclusion 
criterion. 

• Co-morbid cardiac abnormalities: 

o Hypertension, 33.2% 

• Prolapse type: 

o Posterior, 69.9% 

o Anterior, 11.9% 

o Bileaflet, 17.9% 

• Systolic tricuspid gradient >40 mmHg, 14.6% 

• Mean (SD) left ventricular ejection fraction: 67.24 (8.65)% 

• Mean (SD) left ventricular end-diastolic diameter: 59.64 (7.81) mm 

• Mean (SD) left ventricular end-systolic diameter: 37.01 (5.66) mm 

• Mean (SD) left atrial size: 49.68 (9.17) mm 

 

Population source: consecutive patients from single institution between January 1990 and December 2001. Prospectively entered into 
database but retrospectively reviewed for this study. 

Prognostic 
variables 

In those that received mitral valve repair: 

LVEF <60% 
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LVEF ≥60% (referent) 

 

Median follow-up was 8 years across the cohort. Information on postoperative events was obtained for all patients between December 
2006 and April 2007. 

Confounders  Age and diabetes mellitus potentially included in the multivariate model for cardiac mortality alongside LVEF <60%, however this is 
slightly unclear as no multivariable estimate provided for diabetes mellitus. 

 

Note that results only given for those that were significant on multivariate analysis. 

Outcomes and 
effect sizes 

Cardiac mortality 

HR 3.9 (95% CI 1.1 to 13.7) for LVEF <60% vs. LVEF ≥60% 

 

During median 8-year follow-up, 21 patients died, with cardiac causes of death in 13 of these patients (n=3 operative deaths, n=3 due 
to intractable heart failure, n=5 sudden cardiac death, n=1 thromboembolic stroke and n=1 due to abdominal aortic aneurysm rupture). 
30-day mortality was 2%. At 10 years, overall survival was 82±4% and cardiovascular survival was 90±3%. 

Comments and 
risk of bias 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential population indirectness: Authors note that patients classified as asymptomatic or mildly symptomatic on basis of NYHA 
classification and not exercise testing, as exercise testing results were not available in a large majority of the patients based on 
retrospective design of the study. 

 

Reference Coutinho 201459 

Study type and 
analysis 

Retrospective cohort study, reviewing patients admitted between January 1992 and December 2012. 
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Multivariable Cox proportional hazards model. 

Number of 
participants 

and 
characteristics 

N=382 

 

Analysis 1 

Presence of atrial fibrillation OR pulmonary hypertension, n=106 

Absence of atrial fibrillation AND pulmonary hypertension, n=276 

 

Analysis 2 

P2 prolapse present, n=268 

P2 prolapse not present, n=114 

 

Analysis 3 

Myxomatous valves, n=272 

Non-myxomatous valves, n=110 

 

Inclusion criteria: 

Severe pure or predominant mitral regurgitation that underwent mitral valve surgery; asymptomatic or mildly symptomatic (New 
York Heart Association class I or II); severe degenerative mitral regurgitation (3+); preserved left ventricular function.  

 

Exclusion criteria: 

Patients that underwent additional procedures other than isolated mitral surgery with or without concomitant tricuspid valve 
annuloplasty; New York Heart Association class III or IV; left ventricular ejection fraction <60%; left ventricular end-systolic internal 
diameter ≥45 mm; coronary artery disease; aortic valve disease; hypertrophic cardiomyopathy; ascending aortic aneurysms; 
previous mitral valve surgery. 

 

• Mean (SD) age: 55.7 (14.2) years 

• Sex: 73% male 

• Valve surgery: all received mitral valve intervention as treatment strategy. The following received each type of operation:  

o Mitral valve repair, 98.2% 

- Ring annuloplasty, 95.3% 

- Leaflet resection, 70.9% 
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- Artificial chordae: anterior leaflet, 28.5% and posterior leaflet, 7.9% 

- Chordal transfer/shortening, 7.4% 

- Commissural closure, 8.6% 

- Papillary muscle shortening, 5.2% 

- Tricuspid annuloplasty, 7.9% 

o Mitral valve replacement, 1.8% (this was 3.4% during the study period) 

• Single vs multiple valve disease: aortic valve disease was an exclusion criterion.  Unclear if any concomitant mitral stenosis. 
Tricuspid regurgitation reported in a proportion of patients: 

o Tricuspid regurgitation (>2+), 9.7% 

• Co-morbid cardiac abnormalities: 

o Hypertension, 27.7% 

o  Atrial fibrillation, 16.8% 

o Pulmonary hypertension OR atrial fibrillation, 24.4% 

• Previous stroke: 3.4% 

• Type of mitral valve pathology: 

o Myxomatous, 71.2% 

o Severe myxomatous involvement (Barlow’s disease), 17.0% 

o Isolated posterior prolapse, 55.2% 

o Isolated anterior prolapse, 13.1% 

o Bileaflet prolapse, 26.7% 

o Segment P2 involvement, 70.2% 

o Segment A2 involvement, 27.7% 

o Chordal rupture, 55.0% 

o Isolated annular dilatation, 3.7% 

o Fibroelastic deficiency, 25.1% 

• New York Heart Association class:  

o Class I, 71.2% 

o Class II, 28.8% 

• Mean (SD) ejection fraction: 69.8 (7.5)% 

• Mean (SD) left ventricular systolic diameter: 37.2 (4.2) mm 
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• Mean (SD) left ventricular diastolic diameter: 62.0 (6.6) mm 

• Mean (SD) left atrium diameter: 50.8 (8.5) mm 

 

Population source: consecutive patients undergoing surgery between January 1992 and December 2012. Appears to be single 
centre but not explicitly stated. 

Prognostic 
variable 

In those that were treated surgically: all underwent isolated mitral valve surgery with or without concomitant tricuspid valve 
annuloplasty for functional regurgitation. Repair was oriented to correct all lesions causing mitral dysfunction following the classic 
Carpentier principles. 

 

Analysis 1 

Presence of atrial fibrillation OR pulmonary hypertension 

Absence of atrial fibrillation AND pulmonary hypertension (referent) 

 

Analysis 2 

P2 prolapse present  

P2 prolapse not present (referent) 

 

Analysis 3 

Myxomatous valves 

Non-myxomatous valves (referent) 

 

Mean (SD) follow-up for the entire cohort was 8.6 (7.5) years (range, 0.6-21.9) years. Cumulative follow-up for entire cohort was 
3732 patient-years. Follow-up was complete for 98% of patients. 

Confounders The following factors were included in the multivariate analyses:  

• Mortality (late mortality): age, chronic obstructive pulmonary disease and presence of atrial fibrillation or pulmonary 
hypertension. Others are listed and may have been included but this is unclear as no multivariate results given for them in 
the table (myxomatous valves, tricuspid regurgitation ≥2+, left atrium dimension and P2 prolapse). 

 

• Mitral reoperation: myxomatous valves, presence of atrial fibrillation or pulmonary hypertension, P2 prolapse and chordal 
shortening. Others are listed and may have been included but this is unclear as no multivariate results given for them in 
the table (diabetes, anterior leaflet prolapse, posterior leaflet prolapse and posterior leaflet resection). 
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Atrial fibrillation and pulmonary hypertension (or systolic pulmonary artery pressure) were not included separately in the 
multivariate analysis to avoid multicollinearity with the composite outcome. Criteria for entry and retention in the multivariable 
models were set at 0.1 and 0.05 confidence levels, respectively. 

Outcomes and 
effect sizes 

Mortality (late mortality): no clear definition of what ‘late’ mortality refers to. 

30-day mortality was 0.8% (3 patients, n=1 cerebrovascular accident and n=2 cardiac deaths). Overall survival at 5, 10, 15 and 20 
years was 96.3±1.0%, 89.7±2.0%, 83.3±3.0% and 72.4±5.8%, respectively.  

 

Analysis 1 – AF/PHT 

HR 2.54 (95% CI 1.17 to 4.80) for presence of AF or PHT vs. absence of AF and PHT 

 

Long-term survival at 5, 10 and 20 years was as follows for the two groups:  

• 88.8±3.4%, 75.9±5.8% and 34.1±24.4%, respectively, for patients with AF/PHT 

• 99.0±1.0%, 97.5±1.8% and 55.7±16.9%, respectively, for patients without AF/PHT 

 

Mitral reoperation:  

There were 2 early (in-hospital) failures of mitral valve repair – both were re-repaired and preserved. N=10 patients required mitral 
valve operation for significant mitral regurgitation late after the initial procedure. The mean (SD) time from first surgery to 
reoperation was 8.6 (5.1) years. The valve was replaced in n=8 cases. Freedom from mitral valve reoperation at 1, 10 and 20 
years was 99.7±0.3%, 96.5±1.4% and 93.1±2.4%, respectively. 

 

Analysis 1 – AF/PHT 

HR 4.20 (95% CI 1.10-11.20) for presence of AF or PHT vs. absence of AF and PHT 

 

Survival free from mitral reoperation at 20 years was 86.3±6.9% for those with AF/PHT vs. 93.7±3.0% for those without AF/PHT. 

 

Analysis 2 – P2 prolapse 

HR 0.06 (95% CI 0.01 to 0.51) for P2 prolapse present vs. P2 prolapse not present 

 

Analysis 3 – myxomatous valves 

HR 0.07 (95% CI 0.01 to 0.62) for myxomatous valves vs. non-myxomatous valves 
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Comments Mortality – analysis 1 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   VERY HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential population indirectness: some (28%) included that are minimally symptomatic (NYHA class II) rather than asymptomatic  

Potential prognostic factor indirectness: composite prognostic factor of atrial fibrillation or pulmonary hypertension, rather than 
atrial fibrillation which is pre-specified in protocol 

 

Mitral reoperation – analysis 1  

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

 

Potential population indirectness: some (28%) included that are minimally symptomatic (NYHA class II) rather than asymptomatic  

Potential prognostic factor indirectness: composite prognostic factor of atrial fibrillation or pulmonary hypertension, rather than 
atrial fibrillation which is pre-specified in protocol 

Potential outcome indirectness: indirect outcome compared with protocol but may partially cover the heart failure hospitalisation 
outcome 
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Mitral reoperation – analysis 2 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement HIGH 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential population indirectness: some (28%) included that are minimally symptomatic (NYHA class II) rather than asymptomatic  

Potential prognostic factor indirectness: specifically P2 prolapse as factor rather than posterior prolapse as a whole as prognostic 
factor specified in protocol 

Potential outcome indirectness: indirect outcome compared with protocol but may partially cover the heart failure hospitalisation 
outcome 

 

Mitral reoperation – analysis 3 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement HIGH 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential population indirectness: some (28%) included that are minimally symptomatic (NYHA class II) rather than asymptomatic  

Potential prognostic factor indirectness: myxomatous valves not listed in protocol as prognostic factor but one component of these 
valves is said to be ruptured chordae, which is listed in the protocol. Though not all in this group may have had ruptured chordae 
as part of their valve morphology. 
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Potential outcome indirectness: indirect outcome compared with protocol but may partially cover the heart failure hospitalisation 
outcome 

 

 

Reference Krauss 2006135 

Study type and 
analysis 

Prospective cohort study  

 

Multivariable Cox proportional hazards regression analysis 

Number of 
participants 

and 
characteristics 

N=128 

 

Analysis 1 

Presence of new flail leaflet (NFL), n=30 

Absence of new flail leaflet (NFL), n=98 

 

Analysis 2 

Left ventricular end-systolic diameter (LVESD) >22 mm/m2, n=23 

Left ventricular end-systolic diameter (LVESD) ≤22 mm/m2, n=105 

 

Inclusion criteria: 

Asymptomatic, organic (non-ischaemic) mitral regurgitation; severe mitral regurgitation (haemodynamically severe based on clinical 
or echocardiographic evidence or at cardiac catheterisation); ejection fraction >60%. Clinical evaluation supplemented by 
echocardiography at rest, exercise electrocardiogram or radionuclide cineangiography at rest and during exercise required. 

 

Exclusion criteria: 

New York Heart Association class II or worse dyspnoea, angina or fatigue; associated mitral stenosis; mitral regurgitation of 
ischaemic or myocardiopathic origin; prior mitral valve replacement or repair; and associated pericardial or congenital disease. 

 

• Mean (SD) age: 60 (8) years 

• Sex: 68% male 
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• Valve surgery: Not reported. Prior mitral valve repair or replacement was an exclusion criterion. 

• Single vs multiple valve disease: proportion with other types of valve disease unclear. Associated mitral stenosis was an 
exclusion criterion. 

• Co-morbid cardiac abnormalities: 

o Atrial fibrillation, 12.5% 

• Cause of valve disease:  

o Degenerative, 86.7% 

o Rheumatic, 7.8% 

o Endocarditis, 5.5% 

• Mean (SD) comorbidity index: 0.84 (0.16) 

• Mean (SD) left ventricular ejection fraction: 66 (3)% 

• Mean (SD) left ventricular end-diastolic diameter: 34 (5) mm/m2 

• Mean (SD) left ventricular end-systolic diameter: 19 (4) mm/m2 

• Mean (SD) left atrial volume: 116 (40) cm3 

 

Population source: consecutive patients from single institution. Prospectively enrolled and followed up. 

Prognostic 
variables 

In those treated conservatively: This is not clear but previous mitral valve intervention was excluded and no mention of any 
receiving valve intervention as initial treatment strategy. Study states surgery usually performed if symptoms develop or there is a 
subnormal resting left ventricular function, which was excluded from this study at enrolment, suggesting conservative treatment 
performed initially. 

 

Analysis 1 

Presence of NFL 

Absence of NFL (referent) 

 

Analysis 2 

LVESD >22 mm/m2 

LVESD ≤22 mm/m2 (referent) 

 

Mean (SD) follow-up was 34 (14) months (range, 6-66 months). 
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Confounders The following factors were included in the multivariate model: new flail leaflet, left ventricular end-systolic diameter >22 mm/m2, left 
ventricular end-diastolic diameter >35 mm/m2, end-systolic diameter >45 mm, regurgitant volume >65 ml/beat, effective regurgitant 
orifice area >55 mm2, atrial volume >120 cm3, E >120 cm/s and pulmonary arterial systolic pressure >35 mmHg. 

 

Factors that were significantly associated with the end-point (P<0.10) on univariate analysis were included in the multivariate 
analysis. A forward stepwise selection method was used to determine the independent end-point predictors. Patients were censored 
for further analysis when the end-points or death (cardiac or non-cardiac) occurred or when the patient was revascularised and did 
not present operable symptoms or subnormal ejection fraction during follow-up. 

Outcomes and 
effect sizes 

Occurrence of symptoms and/or left ventricular dysfunction 

 

Analysis 1 

HR 1.6 (95% CI 0.30 to 5.42) for presence of NFL vs. absence of NFL 

 

Analysis 2 

HR 4.5 (95% CI 1.8 to 9.4) for LVESD >22 mm/m2 vs. LVESD ≤22 mm/m2 

 

The end-point occurred in 29% of patients during follow-up (37/128) – 25 patients (19.5%) developed symptoms and 17 patients 
(13.3%) presented with left ventricular dysfunction. Of these, 20 patients (54%) had symptoms and left ventricular dysfunction, 12 
patients (32.5%) had symptoms only and 5 patients (13.5%) had left ventricular dysfunction alone. A total of 2 patients (1.5%) died 
during follow-up and 26 (20.4%) underwent revascularisation. 

 

At 5 years, 53±6% remained event-free (asymptomatic with a normal contractile function). 

Comments Analysis 1 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 
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Potential outcome indirectness: composite outcome of two end-points, one of which is pre-specified in the protocol 

 

Analysis 2 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 

4. Outcome Measurement  HIGH 

5. Study confounding   HIGH 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential outcome indirectness: composite outcome of two end-points, one of which is pre-specified in the protocol 

Potential prognostic factor indirectness: different threshold used for the left ventricular end-systolic diameter prognostic factor 
compared with that listed in the protocol 

 

 

Reference Pizarro 2009208 

Study type and 
analysis 

Prospective single-centre cohort study 

 

Multivariate logistic regression and Cox proportional hazards; patients who died or underwent surgery were censored the same day, 
and those who remained alive were censored at the end of follow-up. 

Number of 
participants 

and 
characteristics 

N=269 [first consecutive 167 in derivation cohort and next consecutive 102 in validation set] 

 

BNP threshold identified in derivation cohort 

Derivation cohort 

BNP ≥105 pg/ml n=37    BNP ≥105 pg/ml at 1 year in those with baseline <105 pg/ml, n=5 

BNP <105 pg/ml, n=130 (referent)   BNP remaining <105 pg/ml at 1 year (referent), n=125  
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Validation cohort 

BNP ≥105 pg/ml n=27    BNP ≥105 pg/ml at 1 year in those with baseline <105 pg/ml, n=4 

BNP <105 pg/ml, n=75 (referent)   BNP remaining <105 pg/ml at 1 year (referent), n=71 

 

LVESD >22 mm/m2, n not given in either cohort 

LVESD ≤22 mm/m2, n not given in either cohort 

 

 

Inclusion criteria: 

Severe mitral regurgitation as determined by echocardiographic measurement (effective regurgitant orifice area [EROA]) ≥40 mm2 and 
regurgitant volume ≥60 ml/beat) and preserved exercise tolerance defined by an exercise electrocardiogram with Bruce protocol and 
the following requirements: functional capacity ≥7 metabolic equivalents of task (METs) without symptoms or any of the following: 
complex ventricular arrhythmia, hypotension, or pathological ST-T segment deviation. Preserved LVEF >60%. 

Exclusion criteria: associated valve disease (aortic valve disease, moderate or severe mitral stenosis, or significant right organic 
valve disease), ischemic mitral regurgitation, previous valve or coronary surgery, cardiomyopathies or pericardial diseases, patients 
with terminal disease whose expected survival was <1 year, patients with poor echocardiographic acoustic window, and those who did 
not complete the initial exercise test requirements.  

 

       Derivation set    Validation set 

      BNP <105 BNP ≥105 pg/ml  BNP <105 BNP ≥105 pg/ml 

• Mean (SD) age (years):    61 (6)  66 (8)   62 (5)  65 (7)  

• Sex, male (%):     59  64   63   65%    

• Single vs multiple valve disease: concomitant valve disorders excluded 

• Co-morbid cardiac abnormalities:            

o Hypertension (%)     15  21   12  10%  

• Etiology: 

o Degenerative, 88.9% 

o Rheumatic, 3.5% 

o Post-endocarditis, 2.1% 

o Fibrosis, 5.6% 

• Echo variables, median (IQR) 
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o LVEF, %:      68 (65-72) 65 (63-68)  68 (65-70) 66 (63-69)   

o end-diastolic diameter, mm/m2:   33 (25-38) 40 (29-46)  32 (24-37) 39 (31-45)   

o end-systolic diameter, mm/m2:   18 (14-23) 24 (19-29)  18 (14-22) 25 (21-30)   

• Regurgitant volume, ml/beat:   65 (63-70) 76 (66-84)  66 (62-71) 76 (68-86)   

• EROA, mm2:      53 (46-61) 65 (47-74)  46 (44-57) 67 (49-81) 

• Pulmonary artery systolic pressure (mmHg):24 (18-30)  32 (24-38)  25 (15-29) 35 (22-39)   

 

Population source: consecutive patients, recruitment period unclear. 

Mean follow-up of the derivation set was 36 (8) months. Mean follow-up in the validation set was 31 (9) months. 

 

Follow-up was complete in all but 6 cases (4 patients of the derivation set and 2 patients of the validation set). The echocardiographic 
readings were carried out by 2 independent observers, who were blinded to the clinical and biochemistry information. 

Decisions about valve surgery were left to the treating physicians, who were unaware of the BNP results. Blood samples were obtained 
in all patients 24 h after enrollment in the echocardiography laboratory and repeated 1 year later 

 

Derivation set: Mitral valve surgery was performed in 46 (27.5%) patients. Twenty-seven patients (59%) underwent mitral valve repair, 
and 19 patients (41%) had mitral valve replacement. Thirty-two patients underwent surgery because of CHF or left ventricular systolic 
dysfunction. Fourteen patients did not reach the combined end point but underwent surgery, as it was indicated by their referring 
physician. These patients were not significantly different from patients who reached the combined end point regarding their clinical and 
echocardiographic variables. BNP in this subset of 14 patients was median 35 pg/ml (IQR 14 to 91 pg/ml). 

 

Validation set: Mitral valve surgery was performed in 30 patients (29%) of the validation set. Nineteen patients (63%) underwent mitral 
valve repair and 11 patients (37%) mitral valve replacement. Eleven patients did not reach the combined end point but underwent 
surgery, as indicated by their referring physician. These patients were not significantly different with regard to clinical and 
echocardiographic variables from patients who reached the combined end point, and the median BNP value of these 11 patients was 
39 (IQR 21 to 93). 

Prognostic 
variables 

Analysis 1 

BNP ≥105 pg/ml  

BNP <105 pg/ml (referent) 

  

Analysis 2 

BNP ≥105 pg/ml at 1 year in those with baseline <105 pg/ml 
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BNP remaining <105 pg/ml at 1 year (referent) 

 

 

Analysis 3 

LVESD >22 mm/m2, 

LVESD ≤22 mm/m2 (referent) 

 

Confounders  Factors associated with the endpoint on univariate analysis (unclear at what threshold of significance so unclear which factors 
included), assuming variables with p<0.05: age >70 years, LVEF <68%, atrial fibrillation, new flail leaflet, End-diastolic diameter/BSA 
>35 mm/m2, End-systolic diameter/BSA >22 mm/m2, Regurgitant volume >65 ml/beat, EROA >55 mm2, AV/BSA >70 cm3/m2, 
Pulmonary artery systolic pressure >35 mm Hg 

Outcomes and 
effect sizes 

Development of congestive heart failure, or LV dysfunction or death during follow-up.  

The presence of CHF was defined as the onset of dyspnoea in NYHA class III to IV, requiring sustained pharmacologic treatment or 
hospitalisation. 

New onset of left ventricular dysfunction was defined as the assessment of an ejection fraction below 60% during follow-up. 

All outcomes were assessed by 2 investigators blinded to the echocardiographic clinical data. Patients referred for surgery without 
symptoms or low ejection fraction (decisions regarding surgery left to treating physician) were counted as not reaching an end point in 
the analysis.  

 

The rate of the combined end point was higher in patients with BNP ≥105 pg/ml than in patients with BNP <105 pg/ml in the derivation 
set (76% vs. 5.4%) and in the validation set (66% vs. 4%) 

 

DERIVATION SET  

In the derivation set, 35 patients (21%) reached LVDSD. Death occurred in 4 patients (2.4%); it was sudden in 2 patients, due to 
congestive heart failure in 1 patient, and of noncardiac cause in the remainder. New CHF was diagnosed in 27 patients (17%). Among 
these 27 patients, 18 received sustained pharmacologic treatment for CHF, and 10 patients required hospitalization for the same 

reason. Seven patients (4.2%) developed left ventricular dysfunction. Stable NYHA functional class II dyspnoea occurred in 6 patients 
(3.6%), 7 patients (4.2%) had new-onset atrial fibrillation, and 13 patients (7.8%) developed pulmonary hypertension.  

 

Analysis 1 (using the covariates as categorical variables) 

Adjusted OR 4.6 (95% CI 2.7 to 11.6) for BNP ≥105 pg/ml vs BNP <105 pg/ml  
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Analysis 2 

Adjusted HR in subset with baseline BNP <105 pg/ml (n= 130) 9.6 (4.9-26.6) for increase in BNP over 105 pg/ml vs BNP persistent 
<105 pg/ml 

5 (3%) exhibited a BNP elevation above 105 pg/ml at 1 year  

 

Analysis 3 

Adjusted OR 3.4 (95% CI 1.6 to 10.7) for LVESD/BSA >22 mm/m2 vs ≤22 mm/m2 

 

 

VALIDATION SET  

In the validation set, 21 patients (20.6%) developed LVDSD. Death occurred in 2 patients (1.96%); it was sudden in 1 patient and 
noncardiac in another. In addition, 16 patients (15.7%) had CHF (10 patients received sustained pharmacologic treatment for CHF, and 
6 patients were hospitalized for the same reason). Finally, 4 patients (3.9%) developed left ventricular dysfunction.  

Stable NYHA functional class II dyspnea occurred in 4 patients (3.9%), 5 patients (4.9%) experienced new-onset atrial fibrillation, and 
10 patients (9.8%) developed pulmonary hypertension during follow-up. 

 

Analysis 1 

Adjusted OR 4.1 (95% CI 2.7 to 12.6) for BNP ≥105 pg/ml vs BNP <105 pg/ml  

 

Analysis 2 

Adjusted HR in subset with baseline BNP <105 pg/ml (n=  75) 9.6 (3.9-21.1) for increase in BNP over 105 pg/ml vs BNP persistent 
<105 pg/ml 

4 (5.3%) exhibited a BNP elevation above 105 pg/ml at 1 year 

 

Analysis 3 

Adjusted OR* 3.1 (95% CI 1.8 to 13.7) for LVESD/BSA >22 mm/m2 vs ≤22 mm/m2 

*paper states HR but appears to be in error 

Comments and 
risk of bias 

For all analyses and variables: 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement LOW 
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4. Outcome Measurement  LOW 

5. Study confounding   HIGH 

6. Statistical analysis   LOW 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Indirectness: prognostic factor indirectness for analysis 1 and outcome indirectness because a composite is used. 

 

 

Reference Yang 2015276 

Study type and 
analysis 

Prospective cohort study enrolling between December 2010 and August 2013. 

 

Multivariable Cox proportional hazards regression analysis. 

Number of 
participants 

and 
characteristics 

N=104 

 

Presence of atrial fibrillation (AF), n=20 

Absence of atrial fibrillation (AF), n=84 

 

Inclusion criteria: 

Asymptomatic with chronic, severe mitral regurgitation designated as Carpentier type II (mitral valve prolapse or flail, adjudicated by 
two cardiologists): this included asymptomatic patients without surgical indications as well as asymptomatic patients with class IIA 
surgical indications (left ventricular end-systolic dimension >40 mm, pulmonary hypertension or atrial fibrillation rhythm) but who 
refused surgery. 

 

Exclusion criteria: 

Left ventricular ejection fraction <60%; mitral regurgitation Carpentier type I or III; caused by regional or global left ventricular 
remodelling without structural abnormalities of the mitral valve (functional or ischaemic mitral regurgitation); mitral regurgitation 
caused by rheumatic heart disease; coexistent aortic valve disease; mitral stenosis of more than a mild degree; prior open heart 
surgery; congenital heart disease; symptoms of heart failure or effort-related limitations in daily activities on the basis of a medical 
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record; prior admission for heart failure; planned mitral valve surgery at time of index echocardiography; inadequate image 
acquisition. 

 

• Mean (SD) age: 58.5 (15.1) years 

• Sex: 68% male 

• Valve surgery: those with planned mitral valve surgery at time of index echocardiography were excluded. Those with surgical 
class IIA indication but who refused surgery, 33%. N=20 (19.2%) had mitral valve intervention during the follow-up. 

• Single vs multiple valve disease: proportion with other types of valve disease unclear, but any coexistent aortic valve disease 
and more than mild mitral stenosis were exclusion criteria. 

• Co-morbid cardiac abnormalities: 

o Atrial fibrillation, 19% 

o Hypertension, 65% 

• Flail mitral valve: 52% 

• Mean (SD) left ventricular ejection fraction: 72.7 (7.3)% 

• Mean (SD) left ventricular end-diastolic volume index: 60.0 (16.5) ml/m2 

• Mean (SD) left ventricular end-systolic volume index: 16.5 (7.3) ml/m2 

• Mean (SD) left ventricular end-systolic dimension index: 1.98 (0.4) mm/m2 

• Mean (SD) left ventricular volume index: 115.9 (28.9) ml/m2 

• Mean (SD) left atrial volume index: 46.0 (23.1) ml/m2 

 

 

Population source: consecutive patients from single institution. Prospectively enrolled and followed up. 

Prognostic 
variable 

In those treated conservatively following initial evaluation: study included those that had no surgical indications or those with 
class IIA surgical indications but that refused surgery. 

 

Presence of AF 

Absence of AF (referent) 

 

All patients were followed until they either reached the study end-point or reached the end of study follow-up. Mean (SD) follow-up 
was 13.2 (9.5) months (IQR, 5.0-19.0 months). There was no loss to follow-up as of August 2014. 
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Confounders  Various different models were used, incorporating different prognostic models in the multivariate analysis or using different forms of 
the prognostic factors (thresholds or continuous values).  

 

Analysis 1 

Peak positive strain of the left atrium (LASp, continuous), age (continuous), left atrial volume index (LAVi, continuous), left 
ventricular end-systolic volume index (LVESVi, continuous) and AF were included in the multivariate analysis. 

 

Analysis 2 

Strain rate in the left atrial conduit phase (LASRr, continuous), age (continuous), LAVi (continuous), LVESVi (continuous) and AF 
were included in the multivariate analysis. 

 

Analyses 1 and 2 were performed separately to avoid collinearity between LASp and LASRr parameters, which are both measures 
of atrial deformation. 

 

Factors with significant correlations (P<0.05) to events were identified to be considered for entering into the multivariate analysis. 
Other accepted factors affecting atrial deformation with documented importance, regardless of their significance, were also 
considered for inclusion in the multivariate analysis. 

 

All patients were followed until they either reached the study end-point or reached the end of study follow-up. 

Outcomes and 
effect sizes 

Cardiovascular mortality or mitral valve surgery (repair or replacement) caused by new-onset heart failure: new-onset heart 
failure was defined as symptom exacerbation requiring hospitalisation with radiographic evidence of pulmonary congestion or heart 
failure progression identified in the outpatient clinic. 

Analysis 1 

HR 0.861 (95% CI 0.243 to 3.054) for presence of AF vs. absence of AF 

Analysis 2 

HR 0.902 (95% CI 0.253 to 3.216) for presence of AF vs. absence of AF 

 

Overall, 22 patients developed the composite end-point of cardiovascular mortality (n=2 sudden cardiac death, 1 in AF at baseline) 
or mitral valve surgery (n=20, 4 were in AF rhythm). 

 

Heart failure 

Analysis 1 
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HR 0.839 (95% CI 0.268 to 2.625) for presence of AF vs. absence of AF 

Analysis 2 

HR 0.979 (95% CI 0.302 to 3.167) for presence of AF vs. absence of AF 

 

Comments Cardiovascular mortality or mitral valve surgery (repair or replacement) caused by new-onset heart failure 

For both analyses: 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement HIGH 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 

 

Potential outcome indirectness: composite outcome of two end-points, one of which is pre-specified in protocol 

 

Heart failure 

For both analyses: 

1. Study participation   HIGH 

2. Study attrition   LOW 

3. Prognostic factor measurement HIGH 

4. Outcome Measurement  HIGH 

5. Study confounding   LOW 

6. Statistical analysis   HIGH 

7. Other risk of bias   LOW 

OVERALL RISK OF BIAS  VERY HIGH 
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Appendix E: Forest plots 

E.1 Asymptomatic severe aortic stenosis –  

E.1.1 Peak aortic jet velocity (Vmax): high versus low 

Figure 2: All-cause mortality (fixed effects – comparisons with no heterogeneity) 

 

 

Figure 3: All-cause mortality (random effects – comparison with heterogeneity) 
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Figure 4: Cardiac or cardiovascular mortality 

 
 

Figure 5: Post-AVR mortality (following surgical or transcatheter AVR) 

 
 

Figure 6: Aortic valve-related mortality 

 
 

Figure 7: Heart failure hospitalisation 

 
 

Figure 8: Mortality or AVR  
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Figure 9: Cardiac mortality or AVR indication 

 
 

Figure 10: Sudden death 

 
 

E.1.2 Aortic valve area (AVA): low versus high 
 

Figure 11: All-cause mortality 

 
 

Figure 12: Cardiovascular mortality 
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Figure 13: Aortic valve-related mortality 

 
 

Figure 14: Heart failure hospitalisation 

 
 

Figure 15: Cardiac mortality or AVR indication 

 
 

E.1.3 Left ventricular ejection fraction (LVEF): low versus high 
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Figure 16: All-cause mortality 

 
 

Figure 17: All-cause mortality (threshold sub-analysis) 

 
 
 

Figure 18: Cardiovascular mortality 

 
 

Figure 19: AS-related death or heart failure hospitalisation at 1 year 

 
 

Figure 20: Sudden death 
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E.1.4 Left ventricular global longitudinal strain (LV-GLS): low versus high 
 

Figure 21: All-cause mortality 

 
 

E.1.5 B-type natriuretic peptide (BNP): high versus low 
 

Figure 22: All-cause mortality 

 
 

Figure 23: Adverse cardiac events 
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Figure 24: AS-related death or heart failure hospitalisation 

 
 

E.1.6 Composite indicators 

Figure 25: All-cause mortality 

 
 

Figure 26: Cardiovascular mortality 

 
 

Figure 27: Aortic valve-related mortality 
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Figure 28: Heart failure hospitalisation 

 
 

E.2 Asymptomatic severe aortic regurgitation 

E.2.1 Left ventricular ejection fraction (LVEF): low versus high 
 

Figure 29: Cardiovascular mortality or heart failure 

 

E.2.2 Left ventricular dimensions: high versus low 

Figure 30: All-cause mortality (late death) 

 
ESDI: Indexed end systolic diameter  
EDD:  End diastolic diameter 

 
 

Figure 31: Cardiovascular mortality or heart failure 
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Figure 32: Left ventricular systolic dysfunction symptoms or death 

 
 

E.2.3 B-type natriuretic peptide (BNP): increase versus stable 
 

Figure 33: Left ventricular systolic dysfunction symptoms or death 

 
 

E.3 Asymptomatic severe mitral regurgitation 

E.3.1 Left ventricular ejection fraction (LVEF): low versus high 
 

Figure 34: Cardiac mortality 

 

E.3.2 Left ventricular end systolic diameter (LVESD): high versus low 
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Figure 35: Onset of symptoms and/or LV dysfunction 

 

Figure 36: Onset of congestive heart failure, LV dysfunction or death 

 

Note: Upper limit of 95% CIs calculated in RevMan do not match those reported in the study 

E.3.3 Left atrial volume index (LAVI): high versus low 

Figure 37: Onset of symptoms and/or LV dysfunction 

 
 

 

E.3.4 Flail leaflet 
 

Figure 38: Onset of symptoms and/or LV dysfunction 

 
 
 

E.3.5 Posterior prolapse: present versus absent 

Figure 39: Mitral re-operation 
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E.3.6 Ruptured chordae: present versus absent 

Figure 40: Mitral re-operation 

 

 

E.3.7 Atrial fibrillation: present versus absent 

Figure 41: Mortality 

 

 
 

Figure 42: Cardiovascular mortality or mitral valve surgery (repair or replacement) 
caused by new-onset heart failure 

 
 

Figure 43: Heart failure 

 
 

Figure 44: Mitral re-operation 

 

 

E.3.8 BNP: high versus low 
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Figure 45: Onset of congestive heart failure, LV dysfunction or death 

 
Note: Upper limit of 95% CIs calculated in RevMan do not match those reported in the study 

Figure 46: Onset of congestive heart failure, LV dysfunction or death 

 
Note: Upper limit of 95% CIs calculated in RevMan do not match those reported in the study 

  

 

 



 

206 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Appendices 

Appendix F:  GRADE tables 

F.1 Aortic stenosis 

Table 24: Clinical evidence profile: peak aortic jet velocity (Vmax) 

Quality assessment No of patients Effect 

Quality 
 

No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

Vmax 
high 

Vmax 
low 

Relative 
(95% CI) 

All-cause mortality - ≥5.0 m/s versus <5.0 m/s 

2 randomised 
trials 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 272  
  

1147   HR 1.99 (1.51 to 2.62)   
MODERATE 

 

All-cause mortality - Vmax ≥5.5 m/s versus 4-4.49 m/s  

1 randomised 
trials 

serious1 no serious 
inconsistency 

serious2 no serious 
imprecision 

none 65  229 HR 1.2 (1.01 to 1.43)  
LOW 

 

All-cause mortality - Vmax ≥5.0 m/s versus 4-4.49 m/s  

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

serious2 serious4 none 92  364 HR 1.23 (0.83 to 1.82)  
VERY LOW 

 

All-cause mortality - Vmax 5.0-5.49 m/s versus 4-4.49 m/s 

1 randomised 
trials 

serious1 no serious 
inconsistency 

serious2 no serious 
imprecision 

none 104  229 HR 1.36 (1.13 to 1.64)  
LOW 

 

All-cause mortality - Vmax 4.5-4.99 m/s versus 4-4.49 m/s 
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2 randomised 
trials 

very 
serious3 

serious5 no serious 
indirectness 

serious4 none 300  593 HR 1.05 (0.63 to 1.74)  
VERY LOW 

 

Cardiac or CV mortality - ≥5.0 m/s versus <5.0 m/s 

1 randomised 
trials 

very 
serious6 

no serious 
inconsistency7 

no serious 
indirectness 

no serious 
imprecision 

none 32  63 HR 1.59 (1.22 to 2.07)  
LOW 

 

Cardiac or CV mortality - ≥5.0 m/s versus <5.0 m/s  

1 randomised 
trials 

very 
serious8 

no serious 
inconsistency7 

no serious 
indirectness 

no serious 
imprecision 

none 103  758 HR 6.31 (2.51 to 15.86)  
LOW 

 

Cardiac or CV mortality - Vmax ≥5.0 m/s versus 4-4.49 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

serious2 serious4 none 92 364 HR 1.43 (0.88 to 2.32)  
VERY LOW 

 

Cardiac or CV mortality - Vmax 4.5-4.9 m/s versus 4-4.49 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

serious4 none 140  364 HR 1.27 (0.79 to 2.04)  
VERY LOW 

 

Post-AVR mortality - ≥5.0 m/s versus <5.0 m/s 

1 randomised 
trials 

very 
serious8 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 103  731 HR 2.2 (1.16 to 4.17)  
LOW 

 

Aortic valve-related mortality - ≥5.0 m/s versus 4-4.49 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

serious2 serious4 none 92 364 HR 1.69 (0.94 to 3.04)  
VERY LOW 

 

Aortic valve-related mortality - Vmax 4.5-4.9 m/s versus 4-4.49 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

serious4 none 140  364 HR 1.46 (0.81 to 2.63)  
VERY LOW 

 

Heart failure hospitalisation - ≥5.0 m/s versus 4-4.49 m/s 
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1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

serious2 serious4 none 92 364 HR 1.65 (0.97 to 2.81)  
VERY LOW 

 

Heart failure hospitalisation - Vmax 4.5-4.9 m/s versus 4-4.49 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

serious4 none 140  364 HR 1.19 (0.73 to 1.94)  
VERY LOW 

 

Mortality or AVR - ≥4.5 m/s versus <4.5 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

serious4 none 64 62 RR 1.1 (0.7 to 1.73)  
VERY LOW 

 

Cardiac mortality or AVR indication - ≥5.5 m/s versus 5.0-5.5 m/s 

1 randomised 
trials 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 44  72 HR 1.88 (1.19 to 2.97)  
MODERATE 

 

Cardiac mortality or AVR indication - ≥5.0 m/s versus 4.0-4.9 m/s 

1 randomised 
trials 

very 
serious9 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 39 64 HR 1.93 (1.16 to 3.21)  
LOW 

 

Cardiac mortality or AVR indication - >4 m/s versus ≥4.0 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 58  45 HR 2.58 (1.15 to 5.79)  
LOW 

 

Sudden death - ≥5.0 m/s versus <5.0 m/s 

1 randomised 
trials 

very 
serious3 

no serious 
inconsistency 

serious10 no serious 
imprecision 

none 207 1601 HR 2.36 (1.09 to 5.11)  
VERY LOW 

 

1 Majority of the evidence as at high risk of outcome measurement bias 
2 Indirect threshold comparison 
3 High risk of outcome reporting bias and <10 events per covariable in the analysis 
4 95% CI crosses the null line 
5 I2 >75% and only two studies so subgroups could not be explored; random effects model used 
6 High risk of outcome measurement bias and insufficient detail of the statistical analysis  
7 Study differences too great to pool data 
8 High risk of bias from insufficient study participation and high risk of outcome reporting bias 
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9 High risk of outcome reporting bias and unclear study participation 
10 Indirect outcome measure 

 

Table 25: Clinical evidence profile: aortic valve area (AVA) 

Quality assessment No of patients Effect 

Quality 
 

No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

AVA low AVA high  

All-cause mortality - AVA≤0.6 versus >0.6 cm² 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 39   190   HR 3.39 (1.8 to 6.38)   
LOW 

 

All-cause mortality - AVA≤0.6 versus >0.8 cm² 

1 cohort 
studies 

serious2 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 199  
  

645   HR 2.61 (1.96 to 
3.48)  

 
MODERATE 

 

All-cause mortality - 0.8≥AVA>0.6 versus >0.8 cm² 

1 cohort 
studies 

serious2 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 465   645   HR 1.49 (1.17 to 1.9)   
MODERATE 

 

Cardiovascular mortality - AVA≤0.6 versus >0.8 cm² 

1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 199  645   HR 3.36 (2.34 to 
4.82)  

 
LOW 

 

Cardiovascular mortality - 0.8≥AVA>0.6 versus >0.8 cm² 

1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 465   645   HR 1.48 (1.07 to 
2.05)  

 
LOW 

 

Aortic valve-related mortality - AVA≤0.6 versus >0.8 cm² 
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1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 199  645   HR 4.53 (2.97 to 
6.91)  

 
LOW 

 

Aortic valve-related mortality - 0.8≥AVA>0.6 versus >0.8 cm² 

1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 465  
  

645   HR 2.01 (1.31 to 
3.08)  

 
LOW 

 

Heart failure hospitalisation - AVA≤0.6 versus >0.8 cm² 

1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 199  
  

645   HR 1.95 (1.31 to 2.9) 

- 

 
LOW 

 

Heart failure hospitalisation - 0.8≥AVA>0.6 versus >0.8 cm² 

1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

serious4 none 465  
  

645   HR 1.33 (0.96 to 
1.84)  

 
VERY LOW 

 

Cardiac mortality or AVR indication - <0.6 vs. ≥0.6 cm2 

1 cohort 
studies 

serious2 no serious 
inconsistency 

no serious 
indirectness 

serious4 none 47  
  

69   HR 1.25 (0.77 to 
2.03)  

 
LOW 

 

Cardiac mortality or AVR indication - <0.75 vs. ≥0.75 cm2 

1 cohort 
studies 

very 
serious5 

no serious 
inconsistency 

no serious 
indirectness 

serious4 none Not 
reported  

Not 
reported 

HR 1.48 (0.79 to 
2.77)  

 
VERY LOW 

 

Cardiac mortality or AVR indication - AVAI <0.6 vs. ≥0.6 cm2 

1 cohort 
studies 

very 
serious5 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 66  
  

37   HR 2.62 (1.09 to 6.3)  
LOW 

 

1 High risk of bias from stud participation and outcome measurement and <10 events per covariable in the analysis 
2 High risk of bias from outcome measurement 
3 High risk of bias from outcome measurement and <10 events per covariable in the analysis 
4 95% CI crosses the null line 
5 Inadequate controlling for confounders and high risk of outcome measurement bias 

 



 

211 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Appendices 

Table 26: Clinical evidence profile: LVEF 

Quality assessment 
No of 

patients 
Effect 

Quality 
 

No of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 

considerations 
LVEF 
low 

LVEF 
normal 

 

All-cause mortality - ≤50 vs >50% 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 104 HR 1.09 (1.03 to 1.15)  
LOW 

 

All-cause mortality - <55 vs ≥55% 

1 cohort 
studies 

serious2 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 239 1439  HR 2.18 (1.6 to 2.97)  
MODERATE 

 

All-cause mortality - 55-59 vs ≥60% 

1 cohort 
studies 

serious2 no serious 
inconsistency 

serious3 no serious 
imprecision 

none 331 1108  HR 1.25 (0.89 to 1.76)  
LOW 

 

All-cause mortality - <55 vs ≥60% 

1 cohort 
studies 

serious2 no serious 
inconsistency 

serious3 no serious 
imprecision 

none 239 1108  HR 2.29 (1.68 to 3.12)  
LOW 

 

All-cause mortality - <60 versus ≥60% 

1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 267 567 HR 5.01 (2.93 to 8.57)  
LOW 

 

   

Cardiovascular mortality - <60 versus ≥60% 

1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 267 567 HR 4.47 (2.06 to 9.7)  
LOW 

 

Post-AVR mortality - <60 versus ≥60% 
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1 cohort 
studies 

very 
serious3 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 267 567 Only reported as not 
significant 

 
LOW 

 

AS-related death or heart failure hospitalisation at 1 year - <60 versus ≥60% 

1 cohort 
studies 

very 
serious4 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 168 678 OR 3.94 (2 to 7.76)  
LOW 

 

Sudden death - <60% vs ≥60% 

1 cohort 
studies 

very 
serious4 

no serious 
inconsistency 

serious5 no serious 
imprecision 

none 355 1453 HR 1.76 (1.08 to 2.87)  
VERY LOW 

 

1 Unclear prognostic factor measurement, inadequate controlling for confounders and post-hoc selection of thresholds 
2 Unclear if study participation was adequate 
4 Indirect threshold analysis 
4 High risk of outcome reporting bias and inadequate study participation 
5 High risk of outcome reporting bias and <10 events per covariable in the analysis  
6 Indirect outcome definition 

Table 27: Clinical evidence profile: left ventricular global longitudinal strain (LV-GLS) 

Quality assessment No of patients Effect 

Quality 
 

No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other considerations LV-GLS Control   

All-cause mortality - LV-GLS ≤14.7 vs >14.7 

1 cohort studies serious1 no serious inconsistency no serious indirectness no serious imprecision none 345   722   HR 2.62 (1.66 to 4.13)  
MODERATE 

 

All-cause mortality - LVEF ≥6: LV-GLS ≤14.7 vs >14.7 
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1 cohort studies Serious1 no serious inconsistency no serious indirectness no serious imprecision none 221  513   HR 2.69 (1.53 to 4.73)  
MODERATE 

 

1 Unclear if all relevant studies in IPD meta-analysis have been identified and biases in primary studies not assessed or accounted for 

 

Table 28: Clinical evidence profile: BNP 

Quality assessment No of patients 

Effect Quality 
 

No of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 

considerations 
BNP 
high 

BNP 
normal 

All-cause mortality - BNP ratio 1 to 2 versus BNP ratio ≤1 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 130 222 HR 3.02 (1.31 to 6.96)  
LOW 

 

All-cause mortality - BNP ratio 2 to 3 versus BNP ratio ≤1 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 68 222 HR 4.64 (1.99 to 
10.82) 

 
LOW 

 

All-cause mortality - BNP ratio ≥3 versus BNP ratio ≤1 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 144 222 HR 3.93 (2.4 to 6.43)  
LOW 

 

Adverse cardiac events - >20pg/ml/year versus ≤20pg/ml/year 

1 cohort 
studies 

very 
serious2 

no serious 
inconsistency 

serious3 no serious 
imprecision 

none 34 35 HR 2.73 (1.27 to 5.87)   
VERY 
LOW 
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Aortic valve-related death of hospitalisation due to HF - BNP 100-199 vs <100 pg/ml 

1 cohort 
studies 

very 
serious4 

no serious 
inconsistency 

no serious 
indirectness 

serious5 none 94 201 HR 1.97 (0.97 to 4)  
VERY 
LOW 

 

Aortic valve-related death of hospitalisation due to HF - BNP 200-299 vs <100 pg/ml 

1 cohort 
studies 

very 
serious4 

no serious 
inconsistency 

serious6 no serious 
imprecision 

none 42 201 HR 3.59 (1.55 to 8.31)  
VERY 
LOW 

 

Aortic valve-related death of hospitalisation due to HF - BNP ratio ≥300 versus <100 pg/ml 

1 cohort 
studies 

very 
serious4 

no serious 
inconsistency 

serious6 no serious 
imprecision 

none 50 201 HR 7.38 (3.21 to 
16.97) 

 
VERY 
LOW 

 

1 Unclear population source and participation, and <10 event per covariable in the analysis 
2 Insufficient controlling for confounders and unclear method of analysis 
3 Population included some with moderate AS 
4 Inadequate study participation due to lack of BNP data, high risk of outcome reporting bias and inadequate controlling for confounders 
5 95% CI crosses the null line 
6 Indirect threshold comparison 

 

Table 29: Clinical evidence profile: composite indicators 

Quality assessment No of patients Effect 

Quality 
 

No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

Composite 
indicators 

Control   

All-cause mortality - High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF ≥50% or LG-AS 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 122  1390   HR 1.45 (1.08 to 
1.95) 

 
MODERATE 
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All-cause mortality - HGpEF vs LG-AS 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 498  892   HR 1.42 (1.14 to 
1.77)- 

 
MODERATE 

 

All-cause mortality - LGrEF vs LGpEF 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 103  789   HR 2.74 (1.99 to 
3.77) 

 
MODERATE 

 

Cardiovascular mortality - High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF ≥50% or LG-AS 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 122   1390   HR 1.84 (1.28 to 
2.65) 

 
MODERATE 

 

Cardiovascular mortality - HGpEF vs LG-AS 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 498  892   HR 1.56 (1.18 to 
2.06)- 

 
MODERATE 

 

Cardiovascular mortality - LGrEF vs LGpEF 

1 cohort 
studies 

very 
serious2 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 103  789   HR 3.23 (2.13 to 
4.9)- 

 
LOW 

 

Aortic valve-related mortality - High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF ≥50% or LG-AS 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 122  1390   HR 2.34 (1.52 to 
3.6)- 

 
MODERATE 

 

Aortic valve-related mortality - HGpEF vs LG-AS 

1 cohort 
studies 

very 
serious2 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 498  892   HR 1.77 (1.23 to 
2.55)- 

 
LOW 

 

Aortic valve-related mortality - LGrEF vs LGpEF 

1 cohort 
studies 

very 
serious2 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 103  789  HR 4.06 (2.31 to 
7.14)- 

 
LOW 
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Heart failure hospitalisation - High gradient AS and EF<50% or very HG-AS and EF ≥50% vs HG-AS and EF ≥50% or LG-AS 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 122  1390   HR 1.96 (1.34 to 
2.87) 

 
MODERATE 

 

Heart failure hospitalisation - HGpEF vs LG-AS 

1 cohort 
studies 

serious1 no serious 
inconsistency 

no serious 
indirectness 

serious3 none 498  892   HR 1.28 (0.94 to 
1.74) 

 
LOW 

 

Heart failure hospitalisation - LGrEF vs LGpEF 

1 cohort 
studies 

very 
serious2 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 103   789  HR 2.37 (1.46 to 
3.85) 

 
LOW 

 

1 High risk of outcome reporting bias  
2 High risk of outcome reporting bias and <10 events per covariable in the analysis  
3 95% CI crosses the null line 

F.2 Aortic regurgitation 

Table 30: Clinical evidence profile: LVEF 

Quality assessment No of patients 

Effect Quality 
 

No of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 

considerations 
LVEF Control 

Cardiovascular mortality or heart failure - <55 versus ≥55% 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none Not 
reported 

Not 
reported 

HR 4.13 (1.65 to 
10.34) 

 
LOW 

 

1 High risk of outcome measurement bias and lack of detail on baseline characteristics of asymptomatic group 
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Table 31: Clinical evidence profile: LVESD 

Quality assessment No of patients 

Effect Quality 
 

No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

LVESD 
dimensions 

Control 

All-cause mortality (late death) - ESDI >25 mm/m2 OR EDD >65 mm vs. ESDI ≤25 mm/m2 AND EDD ≤65 mm 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

serious2 serious3 none 101  61  HR 1.99 (0.92 to 
4.3) 

 
VERY 
LOW 

 

Cardiovascular mortality or heart failure - LVESD >22 mm/m2 vs. LVESD/BSA ≤22 mm/m2 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none Not reported Not 
reported 

HR 2.46 (1.07 to 
5.66) 

 
LOW 

 

LV systolic dysfunction symptoms or death - ESD/BSA ≥24 mm/m2 vs. ESD/BSA <24 mm/m2 

2 cohort 
studies 

very 
serious4 

no serious 
inconsistency 

no serious 
indirectness 

no serious 
imprecision 

none 294 OR 3.4 (2.17 to 
5.33) 

 
LOW 

 

LV systolic dysfunction symptoms or death - EDD ≥35 vs. <35 mm/m2 

1 cohort 
studies 

very 
serious4 

no serious 
inconsistency 

no serious 
indirectness 

serious3 none 80  80  OR 2.1 (0.88 to 
5.01) 

 
VERY 
LOW 

 

1 High risk of outcome reporting bias and <10 events per covariable in the analysis  
2 Indirect prognostic factor definition 
3 95% CI crosses null line 
4 Inadequate description of outcome measurement and recruitment, and inadequate controlling for confounders 

Table 32: Clinical evidence profile: BNP 

Quality assessment No of patients Effect Quality 
 



 

218 
Heart valve disease: evidence review for indications for intervention FINAL [November 2021] 

Heart valve disease: FINAL 
Appendices 

No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other considerations BNP Control 

LV systolic dysfunction symptoms or death - BNP increase to ≥130 pg/ml vs retained <130 pg/ml at 1 year 

2 cohort studies very serious1 no serious inconsistency no serious indirectness no serious imprecision none 7  211   HR 7.89 (4.81 to 12.94)  
LOW 

 

1 Inadequate description of outcome measurement and recruitment, and inadequate controlling for confounders 

F.3 Mitral regurgitation 

Table 33: Clinical evidence profile: LVEF 

Quality assessment No of patients Effect 

Quality 
 

No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other considerations LVEF low LVEF high   

Cardiac mortality - <60 versus ≥60% 

1 cohort studies very serious1 no serious inconsistency no serious indirectness no serious imprecision none 143 HR 3.9 (1.1 to 13.83)  
LOW 

 

1High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 

Table 34: Clinical evidence profile: LVESD 

Quality assessment No of patients 

Effect Quality 
 

No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other considerations LVESD high LVESD low 

Onset of symptoms and/or LV dysfunction - LVESD >22 vs ≤22 mm/m² 
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1 cohort studies very serious1 no serious inconsistency serious2 no serious imprecision none 23  105   HR 4.5 (1.8 to 11.25)  
VERY LOW 

 

Onset of symptoms and/or LV dysfunction - LVESD >22 vs ≤22 mm/m² 

1 (2 cohorts) cohort studies very serious3 no serious inconsistency serious2 no serious imprecision none 269 OR 3.2 (2.06 to 4.97)4  
VERY LOW 

 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 
2 Indirect prognostic factor definition 
3 High risk of bias from limitations with study participation and high risk of bias from lack of clarity on confounders adjusted for and likely to be <10 events per covariable in the analysis. 
4 Upper limit of 95% CIs calculated in RevMan do not match those reported in the study 

Table 35: Clinical evidence profile: LAVI 

Quality assessment No of patients Effect 

Quality 
 

No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other considerations LAVI high LAVI low 
Relative 
(95% CI) 

Onset of symptoms or LV dysfunction - LAVI ≥55ml/m2 vs LAVI <55ml/m2 

1 randomised trials very serious1 no serious inconsistency serious2 no serious imprecision none 
48 96 

OR 2.26 (1.04 to 4.88)  
VERY LOW 

 

1 High risk of bias because source population and recruitment are unclear and high risk of bias from inadequate controlling for confounders 
2 Indirect prognostic factor definition 

 

Table 36: Clinical evidence profile: new flail leaflet 

Quality assessment No of patients Effect Quality 
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No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

Flail leaflet 
present 

Flail leaflet 
absent 

Onset of symptoms and/or LV dysfunction - Presence vs absence of new FL 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

serious2 none 30  98   HR 1.6 (0.3 to 
8.53) 

 
VERY 
LOW 

 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 
2 95% CI crosses null line 

 

Table 37: Clinical evidence profile: posterior prolapse 

Quality assessment No of patients 

Effect Quality 
 

No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

Posterior prolapse 
present 

Posterior prolapse 
absent 

Mitral re-operation - Presence versus absence of P2 prolapse 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

serious2 no serious 
imprecision 

none 268 114 HR 0.06 (0.01 to 
0.36) 

 
VERY 
LOW 

 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis  
2 Indirect population (NYHA I and II) and outcome measure 

Table 38: Clinical evidence profile: ruptured chordae 

Quality assessment No of patients Effect Quality 
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No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

Myxomatous valves 
present 

Myxomatous valves 
absent 

Mitral re-operation - Presence versus absence of myxomatous valves 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

very serious2 no serious 
imprecision 

none 272 110 HR 0.07 (0.01 to 
0.49) 

 
VERY 
LOW 

 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis  
2 Indirect population (NYHA I and II), prognostic factor and outcome definition 

Table 39: Clinical evidence profile: atrial fibrillation 

Quality assessment No of patients Effect 

Quality 
 

No of 
studies 

Design 
Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 
considerations 

Atrial fibrillation 
present 

Atrial fibrillation 
absent 

  

Mortality - Presence of atrial fibrillation OR pulmonary hypertension, versus absence of atrial fibrillation AND pulmonary hypertension 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

serious2 no serious 
imprecision 

none 106 276 HR 2.54 (1.17 to 
5.51) 

 
VERY 
LOW 

 

Cardiovascular mortality or mitral valve surgery (repair or replacement) caused by new-onset heart failure - Presence vs absence of AF 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

serious3 none 20 84 HR 1.16 (0.33 to 
4.08)- 

 
VERY 
LOW 

 

Heart failure - Presence vs absence of AF 

1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

no serious 
indirectness 

serious3 none 20 84 HR 1.19 (0.38 to 
3.73) 

 
VERY 
LOW 

 

Mitral re-operation - Presence of atrial fibrillation OR pulmonary hypertension, versus absence of atrial fibrillation AND pulmonary hypertension 
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1 cohort 
studies 

very 
serious1 

no serious 
inconsistency 

serious2 no serious 
imprecision 

none 106 276 HR 4.2 (1.1 to 
16.04)- 

 
VERY 
LOW 

 

1 High risk of outcome measurement bias and inadequate controlling for confounders, and < 10 events per covariable in analysis 
2 Indirect population (includes NYHA I and II) and indirect prognostic factor definition 
3 95% CI crosses the null line 

Table 40: Clinical evidence profile: BNP 

Quality assessment No of patients Effect 

Quality 
 

No of studies Design Risk of bias Inconsistency Indirectness Imprecision Other considerations BNP high BNP low 
Relative 
(95% CI) 

 

Onset of CHF, LV dysfunction or death - BNP ≥105 pg/ml vs BNP <105 pg/ml 

1 (2 cohorts) cohort studies very serious1 no serious inconsistency serious2 no serious imprecision none 
64 205 

OR 4.28 (3.08 to 5.95)3  
VERY LOW 

 

Onset of CHF, LV dysfunction or death - Increase in BNP over 105 pg/ml at 1 year vs BNP remains <105 pg/ml at 1 year in subgroup with BNP <105 pg/ml at baseline 

1 (2 cohorts) cohort studies  very serious1 no serious inconsistency no serious indirectness no serious imprecision none 
9 196 

HR 9.6 (5.6 to 16.46)3  
LOW 

 

1 High risk of bias from limitations with study participation and high risk of bias from lack of clarity on confounders adjusted for and likely to be <10 events per covariable in the analysis. 
2 Indirect prognostic factor definition 
3 Upper limit of 95% CIs calculated in RevMan do not match those reported in the study 
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Appendix G: Health economic evidence 
selection 

 

Records screened in 1st sift, n=1265 

Full-text papers assessed for eligibility 
in 2nd sift, n=200 

Records excluded* in 1st sift, n=1065 

Papers excluded* in 2nd sift, n=154 

Papers included n=16 
(16 studies) 
Studies included by review: 

• 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 

• 1.5, Cardiac MRI and CT: 
n=0 

• 2.1, Pharmacological 
management: n=0 

• 2.2, Pharmacological 
management no HF: n=0 

• 3.1, Indications for 
intervention: n=0 

• 4.1, Interventions: n=16 

• 4.2, Repeat intervention: 
n=0 

• 5.1, Antithrombotic: n=0 

• 6.1, Monitoring before an 
intervention: n=0 

• 6.2, Monitoring after an 
intervention: n=0 

 

Papers selectively excluded, 
n=24 (24 studies) 
Studies selectively excluded 
by review: 

• 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 

• 1.5, Cardiac MRI and CT: 
n=0 

• 2.1, Pharmacological 
management: n=0 

• 2.2, Pharmacological 
management no HF: n=0 

• 3.1, Indications for 
intervention: n=0 

• 4.1, Interventions: n=24 

• 4.2, Repeat intervention: 
n=0 

• 5.1, Antithrombotic: n=0 

• 6.1, Monitoring before an 
intervention: n=0 

• 6.2, Monitoring after an 
intervention: n=0 

 

Records identified through database 
searching, n=1258 

Additional records identified through other sources: 
n=2 
Additional records identified by stakeholder: 5 

Full-text papers assessed for 
applicability and quality of 
methodology, n=46 

Papers excluded, n=6 
(6 studies) Studies 
 excluded by review: 

• 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 

• 1.5, Cardiac MRI and CT: 
n=0 

• 2.1, Pharmacological 
management: n=0 

• 2.2, Pharmacological 
management no HF: n=0 

• 3.1, Indications for 
intervention: n=0 

• 4.1, Interventions: n=6 

• 4.2, Repeat intervention: 
n=0 

• 5.1, Antithrombotic: n=0 

• 6.1, Monitoring before an 
intervention: n=0 

• 6.2, Monitoring after an 
intervention: n=0 

 

 

* Non-relevant population, intervention, comparison, design or setting; non-English language 
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Appendix H: Health economic evidence tables 
None 
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Appendix I: Excluded studies 

I.1 Excluded clinical studies 

Table 41: Studies excluded from the clinical review 

Reference Reason for exclusion 

Abdel Fattah 
20161 

Incorrect study design: no multivariable analysis; only reports 
sensitivity and specificity 

Alashi 20164 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Inadequate adjustment for confounders 

Alashi 20183 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Alashi 20202 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Antonini-
Canterin 20185 Insufficient reporting of results 

Avakian 20087 Incorrect outcomes 

Avierinos 20028 Incorrect population: mitral valve prolapse - not severe MR) 

Badhwar 20129 

Incorrect population: majority symptomatic with no separate results 
for asymptomatic group) 

Badran 201210 

Incorrect population: majority symptomatic and no separate 
prognostic analysis performed for the asymptomatic group 

Bahler 201811 Incorrect outcomes, and no multivariable analysis 

Banovic 201512 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Banovic 201613 Incorrect study design: not prognostic study 

Banovic 202014 Incorrect prognostic factors and outcomes - none matching protocol 

Barbieri 202015 Incorrect prognostic factors - none matching protocol 

Baumgartner 
202016 Narrative review - references checked 

Bergler-Klein 
200417 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Bergstra 202018 Narrative review - references checked 

Bhattacharyya 
201219 Narrative review: references checked. 

Bhudia 200720 

Incorrect population: majority symptomatic and no separate results 
for asymptomatic group) 

Biem 199021 Incorrect study design: decision analysis 

Bijvoet 202022 Systematic review - inadequate quality assessment of included studies 

Biner 201023 

Incorrect population and analysis: no multivariable analysis for 
suitable prognostic factors in the asymptomatic subgroup 
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Reference Reason for exclusion 

Bing 201924 Protocol only 

Bohbot 201728 Incorrect prognostic factor: mean trans-aortic pressure gradient 

Bohbot 201829 

Incorrect study design: no prognostic analysis - only comparison of 
intervention strategies) 

Bohbot 201925 Incorrect population <75% were asymptomatic 

Bohbot 202027 Incorrect prognostic factor – not matching protocol 

Bonow 198333 Incorrect analysis: no multivariable analysis 

Bonow 198532 

Incorrect population: no separate analyses for asymptomatic 
subgroup 

Bonow 199131 Incorrect analysis: only reports likelihood percentages 

Borer 199834 Incorrect analysis: no multivariable analysis 

Brown 200835 Incorrect prognostic factors 

Calin 202036 Narrative review - references checked 

Calleja 201037 Incorrect comparison  

Cameli 201938 
Incorrect population: all moderate severity; and incorrect prognostic 
factors: none matching protocol 

Capoulade 
201440 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Carabello 198643 Incorrect population: all symptomatic. 

Carabello 199541 Narrative review: references checked 

Carabello 201242 Narrative review: references checked 

Carasso 201544 Incorrect comparison  

Carstensen 
201645 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Casaclang-
Verzosa 201046 Incorrect prognostic factor 

Casas-Rojo 
201647 

Incorrect study design: no multivariate analysis for relevant 
prognostic factors 

Chaliki 200249 

Incorrect population: mixed symptomatic and asymptomatic - no 
separate results for asymptomatic group 

Chaliki 200748 Narrative review: references checked 

Cheitlin 200550 Incorrect study type: narrative review, references checked 

Cho 201952 

Incorrect population: not severe and >25% of the population 
symptomatic rather than asymptomatic  

Cimadevilla 
201353 

Incorrect population: <50% asymptomatic and only 64% severe (no 
subgroup analysis for asymptomatic severe) 

Cioffi 201154 Incorrect prognostic factors 

Cioffi 201655 incorrect prognostic factor 

Colli 201857 Insufficient reporting of results 

Coutinho 201658 

Indirect population: >25% symptomatic. Also available prognostic 
factors do not match our thresholds 

Cramariuc 
200960 Incorrect population (unclear severity) and prognostic factors  
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Reference Reason for exclusion 

Dahl 201261 Included in IPD meta-analysis 

Dal-Bianco 
200862 Narrative review: references checked 

De Jesus 202063 Incorrect outcome measure – LVEF decrease after intervention 

de Meester 
201565 Incorrect prognostic factors 

Delesalle 201966 Incorrect population: moderate aortic stenosis rather than severe 

Detaint 200567 Incorrect population - 35% severe 

Detaint 200868 

Insufficient information reported to extract (i.e. no HR or RR within 
the severe population specifically) 

Dorros 199069 Incorrect population: all symptomatic severe. 

Dujardin 199970 Incorrect population: mixed symptomatic and asymptomatic 

Dulgheru 201271 Narrative review: references checked 

Dupuis 201772 Incorrect population: mixture of different severities.  

Egbe 201873 Incorrect population: moderate mixed aortic valve disease 

El Sabbagh 
201974 Incorrect population: all symptomatic. 

Enache 201075 Incorrect analysis: no adjustment for confounders 

Enriquez-Sarano 
199478 

Incorrect population: majority are symptomatic and no separate 
analyses for asymptomatic subgroup 

Enriquez-Sarano 
199479 Incorrect/unclear population: severity and symptom status unclear 

Enriquez-Sarano 
200576 Incorrect population (43% with severe MR) and prognostic factors  

Enriquez-Sarano 
201577 Incorrect prognostic factors  

Errichetti 199080 Incorrect study type: narrative review (references checked) 

Ewe 201581 

Incorrect analysis (sensitivity/specificity - no univariate or multivariate 
analysis) and population (unclear proportion with severe AS in the 
asymptomatic group) 

Farre 201482 

Incorrect definition of prognostic factor and result only presented 
graphically for population of interest 

Feuchtner 
200683 Incorrect study design: no multivariate analysis (correlation only) 

Flint 202084 Narrative review - references checked 

Forman 198085 Incorrect population: all symptomatic 

Fries 201786 

Incorrect population (majority symptomatic and no separate analysis 
for asymptomatic group) 

Gaasch 198387 

Incorrect population: majority symptomatic and no separate analysis 
for asymptomatic group 

Incorrect analysis: only sensitivity/specificity values reported 

Gaasch 199588 Incorrect study type: narrative review (references checked) 

Gahl 202089 Systematic review - references checked 
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Reference Reason for exclusion 

Genereux 
201690 Narrative review: references checked 

George 201991 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Gerber 200393 

Incorrect prognostic factors: compares BNP levels in those 
with/without symptoms. No prognostic assessment for outcomes. 

Gerber 200592 Incorrect outcome measure 

Gerber 202094 Incorrect study design - no prognostic analysis 

Gerdts 201595 Incorrect population: mild to moderate rather than severe AS 

Gillam 201496 Incorrect study type: narrative review (references checked) 

Giritharan 
201997 Protocol for study not yet started 

Gohlke-Barwolf 
201398 Incorrect population: mild/moderate AS 

Goldstone 
201599 Incorrect study design: SR for interventions. References checked. 

Gomez Perez 
2017100 Incorrect analysis: only sensitivity/specificity values reported 

Gozdzik 2019101 Narrative review: references checked 

Greves 1981102 

Incorrect population: majority symptomatic  

Incorrect analysis: no prognostic analysis with multivariate analysis 

Grigioni 1999103 Incorrect population: mixture of asymptomatic and symptomatic 

Hachicha 
2007104 

Incorrect population (includes symptomatic) and analysis (only 
univariate analysis for relevant factors) 

Hachicha 
2009105 

Incorrect prognostic factors 

Indirect population: moderate-severe aortic stenosis 

Henkel 2012106 

Incorrect prognostic factors: only gives HRs for whether or not had 
intervention 

Henry 1980108 

Incorrect study design: does not perform univariate or multivariate 
analysis for the prognostic factors mentioned, just compares 
narratively the outcomes for different subgroups. Also severity 
unclear. 

Hering 2004109 

Incorrect population (not severe) and incorrect study design (no 
multivariable analysis) 

Hristova-Antova 
2009110 Incorrect study design: only univariate analysis  

Hu 2020111 Incorrect outcomes  - none matching protocol 

Huded 2018112 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Ilardi 2020113 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Also predictors of outcome performed on the whole cohort not 
separately for the asymptomatic group 

Imai 2008114 Incorrect population: <50% severe)  
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Reference Reason for exclusion 

Incorrect prognostic factors: all those looked at continuous, looks for 
associations with severity rather than outcomes 

Iung 1996116 

Incorrect population: majority symptomatic and no separate results 
for asymptomatic group 

Iung 2007115 

Incorrect study design: not prognostic MVA for severe asymptomatic 
population 

Izumo 2017117 

Incorrect prognostic factors and population: predictors not assessed 
only in asymptomatic population and only continuous prognostic 
factors used 

Jansen 2018118 Incorrect study design/report type 

Kaleschke 
2011119 Literature review: references checked  

Kanamori 
2018120 

Incorrect prognostic factors: symptomatic vs. asymptomatic status on 
outcomes 

Kang 2009122 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Kang 2012123 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Kang 2014126 

Incorrect study design - compares outcomes between two 
interventions. Not prognostic factors for outcomes. 

Kang 2020124 
Incorrect study design - compares outcomes between two 
interventions. Not prognostic factors for outcomes. 

Kearney 2012 
127 Included in IPD meta-analysis 

Kelly 1988128 Incorrect comparison: symptom status  

Kim 2019129 Incorrect prognostic factors 

Kitai 2011130 

Incorrect prognostic factors/analysis (univariate) - also not performed 
in asymptomatic subgroup only 

Klaar 2011132 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Klodas 1997133 Incorrect population: mixture of asymptomatic and symptomatic 

Kockova 2019134 Incorrect outcomes - none matching protocol 

Kusunose 
2014136 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Included in IPD meta-analysis 

Lancellotti 
2010137 

Incorrect population: unclear proportion with severe/moderate 
disease.  

Incorrect analysis: no MVA outcomes reported for threshold values 

Lancellotti 
2010141 

Incorrect prognostic factors: those included in MVA only continuous, 
no thresholds. Only  AUC, sensitivity and specificity mentioned for 
some prognostic thresholds 

Lancellotti 
2012138 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Lancellotti 
2012139 Incorrect prognostic factor: SPAP >60 on exercise rather than at rest 
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Reference Reason for exclusion 

Laurenzano 
2019142 Incorrect prognostic factors and outcomes - none matching protocol 

Le Tourneau 
2010143 

Incorrect study design - no multivariate analysis for the severe 
subgroup 

Le Tourneau 
2010144 Incorrect prognostic factors 

Le Tourneau 
2010145 

Incorrect population: mixed asymptomatic and symptomatic, and 
severity of MR unclear 

Lee 2013146 Incorrect population: all symptomatic AS 

Lee 2017147 

Incorrect population: moderate disease, and mixed AS/AR 

Incorrect prognostic factors 

Levine 1990148 Incorrect study type: narrative review (references checked) 

Levy-Neuman 
2019149 Incorrect prognostic factor definitions and outcomes 

Lim 2004150 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Lim 2017151 

Incorrect study design: not a prognostic study review. References 
checked 

Lindman 2018152 Incorrect population: not asymptomatic 

Lindman 2020153 Narrative review – references checked 

Ling 1996154 

Incorrect population (majority symptomatic) and prognostic factors 
(none matching form of factors in protocol) 

Ma 2019155 Incorrect population: not severe MR 

Maes 2014157 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Magne 2010159 

Incorrect population (only 60% severe) and analysis (only adjusted for 
age and sex on MVA) 

Magne 2012161 

Incorrect population (only 63% severe) and prognostic factors 
(exercise variables) 

Magne 2012162 

Incorrect population - some with moderate rather than severe disease 
(only 61% severe). No separate analysis for those with severe disease. 

Magne 2014160 

Incorrect population (only 63% severe) and prognostic factors 
(exercise variables) 

Magne 2015163 

Incorrect population (50% with symptoms and no separate analysis) 
and prognostic factors (none in form matching protocol) 

Malouf 2012164 

Incorrect population: majority symptomatic and unclear severity - 
likely mixture of mild-severe 

Marechaux 
2010165 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Marechaux 
2019167 Incorrect prognostic factors - none matching protocol 

Marwick 2013168 Incorrect study design: Markov model (for HE) 

Mateescu 
2019169 Incorrect outcomes 
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Reference Reason for exclusion 

Mathieu 2017170 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Matos 2017171 

Incorrect prognostic factors (none matching protocol) and population 
(moderate-severe included) 

Mentias 2016173 

Incorrect prognostic factors: only analysed as continuous variables or 
unadjusted analysis for factors of interest (no thresholds assessed) 

Mentias 2016174 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Mentias 2016172 Incorrect prognostic factors: none matching the protocol 

Messika-Zeitoun 
2004176 

Incorrect population: only 69% with severe TR in the asymptomatic 
group. 

Incorrect analysis: comparison with matched general population 
sample 

Messika-Zeitoun 
2007175 Incorrect population - 52% severe 

Michelena 
2008177 Incorrect population: limited to no or mild stenosis/regurgitation 

Miller 2013178 narrative review: references checked 

Miura 2019181 Incorrect study design: intervention study with no prognostic analysis 

Miura 2020180 Incorrect population - <75% were asymptomatic 

Miyake 2018182 Incorrect study design (no MVA analysis)  

Monin 2009183 

Incorrect population (only 72% severe disease) and prognostic factors 
(only analysed as continuous variables for factors of interest (no 
thresholds assessed) 

Montant 
2009184 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Morimoto 
2019185 Incorrect prognostic factor 

Nagata 2015186 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) or only provide 
sensitivity/specificity for thresholds 

Namisaki 
2019189 Incorrect prognostic factor: symptom status (for 1.3) 

Nessmith 
2005191 

Incorrect population (no results separately for the asymptomatic 
subgroup) and prognostic factors (only analysed as continuous 
variables for factors of interest (no thresholds assessed)) 

Ng 2018192 Incorrect population: >50% with symptoms 

Nguyen 2017193 

Incorrect reporting: p-values and graphs only for relevant analysis;  

Incorrect population: all severities and with or without symptoms 

Nistri 2012195 

Incorrect population (only 12% severe disease) and prognostic factors 
(only analysed as continuous variables for factors of interest (no 
thresholds assessed)) 

O'Gara 2018196 Incorrect study design: editor’s note 
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Reference Reason for exclusion 

Ogutu 2010197 

Systematic review with no relevant data to extract. Also methods 
inadequate. References checked. 

Otto 1997198 

Incorrect population - unclear whether all were severe at start of 
study.  

Incorrect analysis: no multivariable or adjusted results reported. 

Owen 2011199 Narrative review: references checked 

Pai 2006200 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Pellikka 1990201 Incorrect analysis: not adjusted  

Pellikka 2005202 Incorrect analysis: Only univariate results given for factor of interest 

Percy 1993203 Incorrect study design: case-control and unadjusted 

Perera 2011204 Incorrect study design: no prognostic analysis 

Pierri 2000205 Incorrect prognostic factors 

Pineda 2018206 Literature review: references checked 

Piper 2003207 Incorrect population, prognostic factors and outcomes/analysis 

Potter 2018210 Narrative review: references checked 

Rajani 2009211 

Incorrect population (not limited to severe AS) and analysis (no MVA 
performed for suitable prognostic factors). Also indirect outcomes. 

Ramos 2019212 Incorrect analysis - univariate only and insufficient reporting 

Rashedi 2014213 Incorrect population: all severities 

Recke 1993214 Incorrect population: all symptomatic 

Rezzoug 2015215 Incorrect population (not all asymptomatic) and prognostic factors 

Roseman 
1965216 Incorrect study design: no prognostic analysis  

Rosen 1994217 Incorrect prognostic factors 

Rosenhek 
2002221 Narrative review: references checked 

Rosenhek 
2004220 Incorrect population: mild and moderate AS 

Rosenhek 
2006222 

Incorrect study design (no prognostic analysis)/ incorrect prognostic 
factors (none relevant to protocol). No adjusted HR/RRs reported, 
only survival mentioned 

Rosenhek 
2011218 Narrative review: references checked 

Rubattu 2020224 Editorial only - references checked 

Rusinaru 
2011225 Incorrect prognostic factor - left atrial diameter, not volume 

Sa 2019226 Systematic review: references checked 

Saeed 2020227 Incorrect prognostic factors - none matching protocol 

Saeed 2020 228 Incorrect prognostic factors - none matching protocol 

Salaun 2018230 Included in IPD meta-analysis 
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Reference Reason for exclusion 

Samuels 1979231 

Incorrect population (majority symptomatic and severity unclear) and 
study design (no univariate or multivariate prognostic analysis 
performed) 

Sato 2014232 Included in IPD meta-analysis 

Sharma 2014233 

Incorrect population (includes those with symptoms) and prognostic 
factors (those matching protocol only univariate analysis) 

Shibayama 
2016234 

Incorrect prognostic factors - either not mentioned in our protocol or 
continuous values rather than thresholds 

Shirai 2017235 Incorrect prognostic factors 

Sia 2020236 Incorrect prognostic factors - none matching protocol 

Siemienczuk 
1989237 

Incorrect outcome and analysis (univariate only) and incorrect 
population (severity not stated) 

Sinha 2016238 Incorrect study design: no multivariate analysis  

Stahle 1997239 

Incorrect population: all symptomatic and severity unclear, mixed 
stenosis/regurgitation  

Incorrect prognostic factors: none matching protocol 

Stewart 2010240 

Incorrect population (moderate to severe), prognostic factors (all 
continuous with no thresholds) and outcome (not in protocol) 

Sun 2019241 Incorrect population: majority not severe valve disease 

Suzuki 2018242 Incorrect prognostic factor (severity) 

Takeda 2001243 Incorrect population and prognostic factor definitions 

Taniguchi 
2015245 

Incorrect study design: intervention comparisons with no prognostic 
analysis 

Taniguchi 
2016247 

Incorrect population: does not perform MVA for the asymptomatic 
group separately 

Taniguchi 
2020246 Narrative review – references checked 

Tarasoutchi 
1999248 Incorrect prognostic factor and outcomes 

Tarasoutchi 
2003249 insufficient reporting and incorrect outcome 

Tastet 2019250 Incorrect population: only 61% severe 

Teraguchi 
2020251 Incorrect analysis - univariate only 

Thakker 2020252 Incorrect population – all symptomatic 

Thomassen 
2017254 

Incorrect population: not all severe - combined with moderate 
severity 

No suitable prognostic factors. 

Thompson 
1982255 Incorrect study design: no prognostic assessment.  

Tietge 2012256 Incorrect study design: protocol only and RCT not completed yet 

Todaro 2016257 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 
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Reference Reason for exclusion 

Tomsic 2018258 

Incorrect study type: no prospective data and case-control vs general 
population) 

Tornos 1990260 

Incorrect study design: no MVA and incorrect comparison (symptom 
status (Q1.3) 

Tornos 1995259 Incorrect outcome: need for surgery 

Tornos 2006261 Incorrect study design: no adjustment for confounders 

Tribouilloy 
1999264 Incorrect comparison: symptomatic vs asymptomatic 

Tribouilloy 
2009262 Incorrect population: not all severe and <40% asymptomatic 

Tribouilloy 
2011263 Incorrect population: 14% NYHA 1 

Turina 1984265 

Incorrect population (majority with symptoms) and study design (no 
apparent prognostic analysis) 

Vaquette 
2005266 Incorrect population: majority symptomatic 

Varadarajan 
2006267 Incorrect population: 47% symptomatic 

Verseckaite 
2018268 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Vollema 2018269 

Incorrect analysis: no adjusted HRs given and  insufficient information 
to extract or calculate 

Wang 2016271 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Wang 2017270 

Incorrect study design: comparison of interventions with no 
prognostic factor analysis 

Wilson 1992272 

Incorrect population (majority congenital and unclear severity, also 
mixture of those with/without symptoms) and prognostic factors (no 
thresholds or adjusted effect measures given) 

Wisenbaugh 
1986273 Incorrect population: all symptomatic 

Wisenbaugh 
1994274 Incorrect population: all symptomatic 

Wu 2018275 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Yingchoncharoe
n 2012277 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Yousof 1988278 Incorrect study design: no prognostic analysis using MVA 

Zhao 2013279 Incorrect study design: watchful waiting versus early surgery 

Zhou 2018280 

Incorrect population: no MVA analysis for suitable prognostic factors 
performed in the asymptomatic subgroup. 

Zito 2011282 

Incorrect prognostic factors: only analysed as continuous variables for 
factors of interest (no thresholds assessed) 

Zlotnick 2013283 Incorrect population: not asymptomatic  
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I.2 Excluded health economic studies 

1.7.1 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. 

Appendix J:  Research recommendations 

J.1  BNP 

J.1.1 Research question 

In adults with asymptomatic, severe aortic regurgitation or mitral regurgitation what is the 
prognostic value and cost effectiveness of BNP to assess the need for intervention? 

J.1.2 Why this is important 

Asymptomatic aortic and mitral regurgitation can be challenging for doctors to manage. The 
optimal time for valve surgery/intervention would be just before symptoms develop - once 
symptoms have occurred, intervention is indicated, but it is thought that outcomes are slightly 
worse by this stage. BNP (B-type natriuretic peptide) is a hormone released by the heart, 
which can indicate the myocardium (heart muscle) is under strain. Blood levels of BNP could 
be a sensitive indicator of cardiac decompensation, prior to the onset of symptoms. It is 
already used by GPs to identify potential patients with heart failure, and it could be a readily 
accessible method for assessment of asymptomatic patients with severe heart valve disease 
in general practice. 

The committee did not consider that the available evidence was of sufficient quality or 
quantity to recommend the use of BNP to identify suitable patients for intervention with 
asymptomatic severe aortic and mitral regurgitation. 

J.1.3 Rationale for research recommendation 

 

Importance to 
patients or the 
population 

If BNP was demonstrated to be effective at identifying patients with a 
better prognosis following intervention, it could result in earlier intervention 
being offered to patients, with better outcomes (mortality, fewer episodes 
of heart failure) following intervention. 

Relevance to NICE 
guidance 

There is current uncertainty about the benefit of earlier intervention based 
on BNP levels.  Research in this area would inform NICE 
recommendations on the use of global longitudinal strain for indicating 
suitable patients for intervention while asymptomatic. 

Relevance to the 
NHS 

Research on BNP will help NICE to make a recommendation over its use 
to identify people in need of an intervention. If found effective, BNP will 
allow people with severe aortic or mitral regurgitation to receive a valve 
intervention before the developing of symptoms which should improve the 
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outcomes of the surgery and reduce the number of people treated for their 
symptoms. This will have, in turn, a positive impact on NHS resources. 

Current evidence 
base 

Limited evidence was identified. Further studies are needed to inform 
recommendations on the role of BNP in the prognosis of people with aortic 
and mitral regurgitation. 

Equality 
considerations 

Younger patients (under 50 years) have greater physical reserve and tend 
to become symptomatic at a late stage of the disease. They would 
particularly benefit from tests that identify early cardiac decompensation, 
before symptoms develop. 

 

J.1.4 Modified PICO table 

 

Population Inclusion 

Adults aged 18 years and over with diagnosed severe heart valve disease 
that is asymptomatic, stratified by the type of heart valve disease as 
follows:  

• aortic regurgitation 

• mitral regurgitation 

Exclusion 

• Children (aged <18 years) 

Prognostic variable • BNP increase at serial measurements (without other explanation) 

Confounding factor • Surgical risk scores (e.g. EuroScore I or II, STS) 

• Age 

• Sex 

• Renal impairment 

• Previous cardiac surgery 

• Diabetes 

• Hypertension 

• Atrial fibrillation  

• Prior MI 

• Active endocarditis 

• Frailty scores (e.g. CSHA, Katz score) 

Outcome •  Mortality (≥12 months from surgery) 

•  Hospital admission for heart failure (≥12 months from surgery) 

Study design  Cohort  study adjusted for all key confounders 

Adequately powered randomised controlled trial would provide the 
strongest evidence  

Timeframe Long term 

Additional 
information 

None 

 

 

J.2 Global longitudinal strain 

J.2.1 Research question  

In adults with severe heart valve disease what is the prognostic value and cost effectiveness 
of global longitudinal strain to assess the need for intervention? 
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J.2.2 Why this is important 

Asymptomatic severe heart valve disease can be challenging for doctors to manage. The 
optimal time for valve surgery/intervention would be just before symptoms develop - once 
symptoms have occurred, intervention is indicated, but it is thought that outcomes are slightly 
worse by this stage. Global longitudinal strain is an echocardiographic technique that 
provides advanced assessment of the pumping function (contractility) of the heart, and could 
be a more sensitive technique for identifying the very early stages of cardiac 
decompensation, prior to the onset of symptoms.  

The committee did not consider that the available evidence was of sufficient quality or 
quantity to recommend the use of global longitudinal strain to identify suitable patients for 
intervention with asymptomatic severe heart valve disease. 

J.2.3 Rationale for research recommendation 

 

Importance to 
patients or the 
population 

If global longitudinal strain was demonstrated to be effective at identifying 
patients with a better prognosis following intervention, it could result in 
earlier intervention being offered to patients, with better outcomes 
(mortality, fewer episodes of heart failure) following intervention. 

Relevance to NICE 
guidance 

There is current uncertainty about the benefit of earlier intervention based 
on global longitudinal strain measures. Research in this area would inform 
NICE recommendations on the use of global longitudinal strain for 
indicating suitable patients for intervention while asymptomatic. 

Relevance to the 
NHS 

 Research on global longitudinal strain will help NICE to make a 
recommendation over its use to identify people in need of an intervention. 
If found effective, global longitudinal strain will allow people with heart 
valve disease to receive a valve intervention before the developing of 
symptoms which should improve the outcomes of the surgery and reduce 
the number of people treated for their symptoms. This will have, in turn, a 
positive impact on NHS resources. 

Current evidence 
base 

Limited evidence was identified. Further studies are needed to inform 
recommendations on the role of global longitudinal strain in the prognosis 
of adults with asymptomatic, severe heart valve disease. 

Equality 
considerations 

Younger patients (under 50 years) have greater physical reserve and tend 
to become symptomatic at a late stage of the disease. They would 
particularly benefit from imaging techniques that identify early cardiac 
decompensation, before symptoms develop. 

 

J.2.4 Modified PICO table 

 

Population Inclusion 

Adults aged 18 years and over with diagnosed severe heart valve disease 
that is asymptomatic, stratified by the type of heart valve disease as 
follows:  

• aortic [including bicuspid] stenosis 

• aortic regurgitation 

• mitral stenosis 

• mitral regurgitation 

• tricuspid regurgitation 

Exclusion 

• Children (aged <18 years) 
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Prognostic variable Left ventricular systolic function based on global longitudinal strain  

Confounding factor • Surgical risk scores (e.g. EuroScore I or II, STS) 

• Age 

• Sex 

• Renal impairment 

• Previous cardiac surgery 

• Diabetes 

• Hypertension 

• Prior MI 

• Frailty scores (e.g. CSHA, Katz score) 

Outcome • Mortality (≥12 months after surgery) 

• Hospital admission for heart failure (≥12 months after surgery) 

Study design  Cohort study adjusted for all key confounders 

Adequately powered randomised controlled trial would provide the 
strongest evidence  

Timeframe Long term 

Additional 
information 

None 

 

 


