Validation of an Algorithm for Atrial Fibrillation and Flutter Diagnosis
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Abstract

In this work, we developed a methodology to eva-
luate an algorithm (AAFF) for atrial fibrillation (AF)
and flutter (AFL) detection and discrimination. Atrial
electrical activity in pathologies such as AF and AFL
are difficult to characterize quantitatively. The diagno-
ses provided by AAFF were compared to those esta-
blished by 8 clinicians at different expertise levels in
cardiology, and the MIT-BIH database annotations. The
concordance between diagnoses supplied by a pair of
experts was studied with the measure of distances bet-
ween their diagnoses. The methods used to compute
distances were: Euclidean distance, Mahalanobis dis-
tance and City-block distance. Using the resulting ma-
trices of distances between experts, cluster analyses
were carried out to classify AAFF among human ex-
perts. The results show that differences between diagno-
ses made by AAFF and those made by some specialists
were smaller than differences between some specialists
themselves.

1. Introduction

In the diagnostic of atrial fibrillation (AF) and flutter
(AFL), the F wave determines the patterns of fibrilla-
tion/flutter [1,2]. In a previous work the authors develo-
ped an automatic detection algorithm (AAFF) [3], based
on the measures of amplitudes and durations of F waves
(figure 1, 2). The method uses the differentiated and
low-pass filtered ECG signal for the detection of wave
boundaries [4]. For the diagnosis of the AF or AFL, the
algorithm analyses the regularity of F wave patterns with
the variation coefficient of their amplitudes and dura-
tions.

In this work we present the validation of AAFF. The
validation of any automatic diagnostic system is a fun-
damental step 1n its development. The special characte-
ristic of this validation lies in the specific methodology
used to deal with the problem of not having a gold stan-
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dard available as a reference. This methodology is based
in the analysis of concordance between diagnoses ana-
lyzed by means of the distances between experts, and the
cluster analysis [5,6]. The validation of the algorithm for
the diagnostic of AF and AFL was performed using 60
segments of ECG records, each one with a duration of 4
seconds, from MIT-BIH database [7]. These segments
contain episodes annotated as AF and AFL. A sample of
60 ECG records was therefore available for analysis.
The diagnoses provided by AAFF were also compared
to those established by a group of clinicians at different
expertise levels in cardiology.

Figure 1. Example of F waves detection in record
210_18 :19, channel 1 (V1), MIT-BIH. Annotated Atrial
Fibrillation.

Figurc 2. Examplc of F waves deotection in reccord
202_25 :43, channel 1 (V1), MIT-BIH. Annotated Atrial
Flutter.
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2. Materials and Methods

The AAFF gave a diagnosis for each ECG record.
Each diagnosis took the form of an array with 3 fields:
atrial fibrillation, atrial flutter and other. These fields
were qualified with 1 or 0, depending if the diagnostic is
positive or not. Each one of the 8 clinicians involved in
the process of validation received the same 60 ECG
records plotted on standard paper. The group of clini-
cians include 6 specialists in cardiology (E1 to E6) and 2
non specialists in cardiology (E7 and E8). They were
required to formulate a diagnosis for each case. Diagno-
sis results for all the clinicians and automatic algorithm
were collected in order to obtain a cubic matrix, the
three dimensions of which were the 10 experts (8 clini-
cians (E1 to ES8), the MIT-BIH annotation (MB), plus
the automatic diagnosis AAFF (AD)), the 60 ECG re-
cords selected, and the 3 possibilities associated with the
pathologies.

The methods considered to compute distances bet-
ween experts in each ECG record are:

- Euclidean distance, that is defined as
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where d is the distance, i and j are a pair of experts,
N=3 is the number of pathologies, m is the considered
pathology and x is the numerically expressed diagnosis
(1 or 0).

- Mahalanobis distance, that is a generalization of
Euclidean distance useful in the case when the possibili-
ties of the different diseases are not independent.
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where (xi - xj) is the 3-dimensional column vector of
differences between the diagnosis arrays i and j, is the

(xi - xj)’, is the corresponding transposed vector, and the
w™ inverse of the variance-covariance matrix of the
pathology possibilities.

- City-block distance, that penalizes the existence of
many small differences.
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Distances between each pair of experts obtained for
the 60 cases were averaged to establish a 10 by 10 ma-
trix of dissimilarities (Table 1). Based on this symmetri-
cal matrix, a hierarchical cluster analysis [8] was carried
out to get a progressive agglomeration of the experts in
function of their similarity. When two experts are clus-
tered, another matrix of dimension (n-1)*(n-1) must
be built for the process to continue. Every pair of simi-
larity or dissimilarity coefficients of the two clustered
experts to the rest of them is then substituted by a single
new value. There are several methods for obtaining this
new value. In the methods presented in this work, we
use the average linkage criteria, which define the new
values as an arithmetic mean of the previous ones. Both
an advantage and disadvantage of the hierarchical clus-
ter analysis is that the method does not provide a fixed
number of cluster but rather a progressive agglomeration
of the experts. The result of a hierarchical classification
was graphically represented by a dendrogram depicting
the nested structure of the clusters. This type of figure
presents the experts or groups of experts as connected by
links, and each node of the dendrogram represents a
cluster [9]. The similarity of experts or groups of experts
can easily be seen in the dendrogram. Cluster analysis is
a descriptive analysis and does not supply information
about the statistical significance of the observed diffe-
rences between experts, but it is useful enough for the
present study because it provides a relative classification
of AAFF among human experts and the MIT-BIH an-
notation.

Table 1. Matrix of dissimilarities calculated using the City-block distance

MB AD El E2 E3 F4 E5 E6 E7 E8
MB 0.000
AD 0.255 0.000
El 0.255 0.122 0.000
E2 0305 0.283 0238 0.000
E3 0244 0.277 0.166 0272 0.000
F4 0233 0266 0.200 0227 0.144 0.000
E5 0.288 0300 0266 0294 0.200 0.122 0.000
E6 0222 0300 0211 0205 0.211 0.144 0.233 0.000
E7 0233 0311 0322 0327 0300 0355 0388 0311 0.000
E§ 0.238 0305 0.316 0300 0.261 0.327 0361 0.283 0.094 0.000
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3. Results

The results are presented from different points of
view: frequency of diagnoses, distance between experts,
singular diagnoses and omitted diagnoses.

3.1. Frequency of diagnoses

A descriptive statistical analysis for each expert was
carried out by determining the number of the pathologies
diagnosed (Table 2). When some specialists provided
more than one pathology for each ECG record, the total
number of diagnosed pathologies was greater than the
number of records considered. This is the case of .clini-
cians El, E2, E6, E7 and E8. The last three clinicians
also diagnosed other pathologies.

Table 2. Frequency of the pathologies diagnosed by each
expert.

MB AD E1 E2 E3 E4 E5 E6 E7 E8

Atrial Fibrillation 31 33 29 37 27 35 46 33 22 22

Atrial Flutter 29 27 34 26 33 25 14 40 39 40
Other 0 00 0O0O0CO0CZ2 31
Total 60 60 61 63 60 60 60 75 64 63

3.2. Distance between experts

Euclidean distance.- In Figure 3 we represent
graphically as a dendrogram the results of a cluster
analysis resulting from the matrix of dissimilarities bet-
ween experts calculated using the Euclidean distance.
As it can be observed in this dendrogram, the distance
between specialists E7 and E8 was the smallest. The
distances between E4 and E5, and also between E1 and
AD were nearly of the same value. When considering
the Euclidean distance two big clusters may be conside-
red. One includes the automatic diagnosis AAFF (AD)
and the clinicians E1 to E6. The other cluster includes
the MIT-BIH annotation (MB) and the clinicians E7 and
E8.

Mahalanobis distance.- Figure 4 shows the dendro-
gram of the cluster analysis resulting from matrix of
Mahalanobis distances. In this dendrogram the distance
between experts E4 and E5 was the smallest, followed
by the distance between experts E1 and AD. Considering
the Mahalanobis distance, the diagnoses of AAFF (AD)
are closer to the MIT-BIH annotation (MB) that when
using other distances. Small distances are obtained in the
cluster formed by AD, MB, E1, E3, E4 and E5.
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Figure 3. Dendrogram of cluster analysis from Euclidean
distances.
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Figure 4. Dendrogram of cluster analysis from Maha-
lanobis distances.
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Figure 5. Dendrogram of cluster analysis from City-
block distances.

City-block distance.- Table 1 shows the 10 by 10 dis-
similarity matrix obtained using the City-block distance
once all cases were averaged. In Figure 5 we represent
graphically as a dendrogram the results of cluster analy-
sis using this distance. This dendrogram is similar to the
one obtained when using the Euclidean distance. The
diagnosis of AD and E1 are very near, and belong to the
same group than E2 to E6.



3.3 Singular diagnoses

We considered singular diagnosis those mentioned
only by one expert. One way of determining the concor-
dance of a single expert with the consensus of the group
is to note the occurrence of singular diagnoses. Table 3
shows the percentage of singular diagnoses recorded by
each expert. The automatic diagnosis AAFF did not
record singular diagnosis, while clinicians E2, ES, E6,
E7 and E8 recorded different cases.

Table3. Percentage of singular diagnoses recorded by
each expert over the 60 ECG records.

Expert|MB AD E1 E2 E3 E4 E5 E¢ E7 ES8

% 0O 0 0100 O O 33 33 66 1.6

3.4 Omitted diagnoses

An omitted diagnosis was considered as a diagnosis
mentioned by every expert but one. The number of
omitted diagnoses is a measure of disagreement with the
consensus. Table 4 shows the percentage of diagnoses
omitted by each expert. The automatic diagnosis AAFF
did not omit any diagnosis, while clinicians E2, ES, E7
and E8 made different omissions.

Table 4., Percentage of diagnoses omitted by each expert
over the 60 ECG records.

Expert{MB AD El E2 E3 E4 E5 E6 E7 ES8

% 0 0 083 0 033 016 16

4. Discussion and Conclusions

We have developed a methodology to evaluate an al-
gorithm (AAFF) for atrial fibrillation and flutter detec-
tion and discrimination. The special characteristic of the
validation methodology lies in the fact that it evaluates
an automatic diagnostic system in a field where no ab-
solute gold standard exists as a reference.

The results obtained applying this approach to AAFF
validation show that differences between diagnoses made
by AAFF and those made by some specialists were
smaller than differences between some specialists them-
selves.

Specialists with highest proficiency scores gave the
closed diagnoses. Results with three different distances
showed that AAFF was closer to the clinicians with high
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expertise level in cardiology (E1 to E6) than to the other
clinicians (E7 and E8). The best specialists and AAFF
gave the least singular diagnoses and the least omitted
diagnoses.

The results obtained with the Mahalanobis distance
could be more reliable than the obtained with the other
distances, because it takes into account that the different
pathologies are not independent. In this case the MIT-
BIH annotation belongs to same big cluster than the
diagnoses of clinicians with high expertise level.
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