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Background: Historically, automatic measurement methods were validated by comparison to an expert human measurement. We study a
multi-expert approach that may offer richer and clearer evaluation results.

Purpose: To evaluate multi-expert consensus as a reference to permit evaluation of Al performance that may be superhuman.

Methods: Six human experts, with mutual blinding, each directly measured 59 echocardiographic variables in 100 echocardiograms, and a
further 113 variables were derived algebraically from these. An Al system also measured these variables.

For each variable, in each echocardiogram, we could therefore calculate how far Expert 1 was from the consensus of the other 5, and how far the
Al was. We could then do the same for Expert 2, 3, 4, 5, and 6 in turn. This gave, for each variable, ~600 “expert deviations from consensus of 5
other experts”, and ~600 “Al deviations from consensus of 5 human experts”, which could then be compared by F-test.

We tested how informative this analysis would be with fewer experts, by reducing the dataset accordingly.

Finally, we tested a simple statistic that might allow unbiased evaluations even when some experts had missing data for some studies:
comparison of distribution of pairwise differences in human-human versus Al-human pairings.

Results: When we reduced the dataset to only two human experts, the Al appeared to perform similarly to experts. For example, for LVEF,
Al-human variance 26.3%?2, human-human variance 24.5%?2, ratio of variances = 1.07, p=.74 by F-test. However, when we increased the
dataset to 3 experts the ratio of variances became 1.03, p=.88. With 4 experts, ratio = 0.86, p=.46. With 5 experts, ratio = 0.60, p=.01. With 6
experts, ratio = 0.46, p<.001 (Figure 1 left).

Of the 174 variables, with only 2 experts it was evident that the Al performed better than expert in 2/174 variables. With 3 experts, 18/174. With 4
experts, 25/174. With 5 experts, 32/174. With 6 experts, 40/174 (Figure 1 right).

Finally, the simple pairwise difference analysis measured performance without bias, even when 1%, 2%, 5%, 10%, 20% and 50% of the expert
data are removed at random. Each run gave a slightly different ratio between Al-human and human-human differences, and this dispersion
increased as data removal became more extensive (p<0.001), but the findings remained unbiased: centred on the true findings (full dataset).
Figure 2 shows results for LVEF; other variables showed the same pattern.

Conclusion: Al echocardiographic measurements should be validated against multiple, mutually blinded, experts. This allows identification of
Al methods that deliver better measurement performance than that delivered by any individual expert, which is increasingly possible with newer
technologies. If a dataset has gaps, the pairwise difference comparison (between human-human and Al-human pairings) continues to provide a
valid result and is easy to display and understand.
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Figure 2

Al-human differences divided by
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