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Hypertrophic cardiomyopathy (HCM)

• Defined by unexplained left 
ventricular hypertrophy

• Diagnosis is made with a left 
ventricular maximum wall 
thickness (MWT) >15mm

• Despite age, size, ethnicity and 
segment….

• Unchanged for 40 years 



The problem of Apical HCM (ApHCM)

• Apex is naturally thinner than the 
base in normal hearts 

• 15mm is not appropriate

• Apical HCM is 10% of HCM –
behaves differently

Healthy ApHCM

Characteristic ECG 
changes

Apical cavity 
systolic obliteration

Loss of apical 
tapering



31% 

69% 

MWT = 15mm

MWT >15mm

The problem of Apical HCM (ApHCM)

• ~ 1/3 of ApHCM patients don’t 
meet the 15mm criteria

• ‘Relative ApHCM’ - category to 
capture these patients

MWT <15mm



• Large dataset of healthy volunteers - UK Biobank

• Analysis with validated machine learning

Define normal and 
the upper limit

• Define upper limit of normal

• For segment, age, sex and body surface area (BSA)

Create a 
classification model

• 104 apical HCM patients

• 100 healthy volunteers
Validate criteria

Using AI to redefine the disease



Defining normal

49,861 volunteers 
with CMR

4112 healthy*
volunteers with 

CMR
*No self-reported disease or medication use. 

Machine learning - more precise
than expert clinicians



Previously validated machine learning model

Machine learning superior to 
human measurement

Dr Rhodri H Davies



Defining normal and the upper limit

4112 healthy
volunteers with CMR Polar plot AHA model

Mean + 3 Standard Deviations (95% CI)Mean

Normal heart thins at 
the apex



Creating a classification model

Age strongly 
influences Basal 

MWT

Age minimally 
influences Apical 

MWT

• Age

• BSA

• Sex
BSA strongly 

influences 
Apical MWT

Sex influences 
Apical MWT

Indexed to BSA

Sex minimally 
influences Apical 

MWT when 
indexed to BSA

For the final 
model, adjusted 

for BSA only



Performance of new criteria

• 104 ApHCM patients

• 32 ‘Relative ApHCM’ with a MWT <15mm

• 72 ‘Overt ApHCM’ with a MWT >15mm

• 100 healthy volunteers locally recruited
• Independent dataset to validate the criteria

• Mitigate limitations with the UK Biobank

• 4118 healthy UK Biobank subjects
• Including 6 previously excluded for MWT >15mm

>15mmClassic 
criteria

Indexed 
upper 
limit 

criteria

Is this is a good 
test?

Yes – if high pre-test 
probability

No – for screening

Sensitivity 92.9% Specificity 97.1%

Sensitivity 76.5% Specificity 99.9%



Summary

• Machine learning is available and has 
enabled us to redefine disease 
classification

• 5.6mm/m2 (~11mm) is a clinically 
practical threshold. Easy to apply but 
excellent performance

• New criteria increases the % of apical 
HCM patients diagnosed from 69% to
92%
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