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Abstract

New methods for unobtrusive long-term monitoring of
arrhythmias are needed. We evaluated the accuracy of
wrist-worn optical heart rate monitor in beat-to-beat
interval estimation and performance in classifying the
rhythm in sinus or atrial fibrillation with 30 post cardiac
surgery patients (69.3 ± 6.9 years) in 24-hour recordings.
The recordings were made during the first post-operative
days when the patients are still relatively stationary and
are in high risk of getting post-surgery atrial fibrillation.

The results show 10.04 ms mean absolute error in beat-
to-beat intervals. Atrial fibrillation was analysed in 5-
minute segments. 100% sensitivity and 96.1% specificity
were obtained. The specificity was increased to 99.74%
when the data segments with large number of ventricular
and supra ventricular extra systoles were removed. The
results show that the performance of optical heart rate
monitoring technology is adequate for screening of atrial
fibrillation at least in stationary conditions.

1. Introduction

Atrial fibrillation (AF) is the most common cardiac
arrhythmia. It is associated with increased risks (up to five
fold) of thromboembolic ischemic stroke, hypertension,
heart failure, and myocardial infarction [1- 3]. The
prevalence of AF increases strongly with age. According
to Zoni-Berisso et al., the prevalence is 0.12%–0.16% in
people less than 49 years, 3.7%–4.2% in people between
60–70 years, and 10%–17% in people aged 80 years and
older [3]. The exact numbers naturally vary between
studies. Common symptoms of AF include general fatigue,
dizziness, shortness of breath, rapid heartbeats, and
fluttering feeling in the chest, but AF may also be

asymptomatic. Especially identifying the patients with
subclinical silent AF is a challenge [4]. It is estimated that
in approximately one third of the cases, atrial fibrillation
occurs as asymptomatic, silent AF [5, 6] but the exact
numbers are difficult to obtain because silent AF is usually
found by accident during some other medical examination.

European Society of Cardiology recommends
systematic screening programs for people older than 75
years or belonging to a group of high risk of stroke, and
opportunistic screening for those older than 65 years [7].
Screening programs actually being executed are, however,
very limited, Belgium being one of the most progressive
countries [8].

Current methods for detection and monitoring of atrial
fibrillation include continuous ECG monitoring with multi
lead Holter or single lead patch device [9], intermittent
measurement with a device held between the hands [10] or
pressed to the chest, and implanted loop recorder [11].
Being an implantable device, loop recorder is relatively
expensive and thus in the past has been mainly used in
diagnosing syncope [12]. On the other hand, the
effectiveness of Holter monitoring is limited due to limited
monitoring time. Intermittent measurement devices enable
long monitoring time but their challenge is the detection of
short paroxysmal and especially asymptomatic AF
episodes. Therefore, alternative unobtrusive methods for
screening and monitoring of AF are desired.

We evaluated the performance of a wrist-worn
photoplethysmografic (PPG) device in monitoring cardiac
rhythm and detecting AF in post-cardiac surgery patients
in 24-hour recordings. While being comfortable to wear,
wrist PPG could provide a solution for continuous 24/7
monitoring of cardiac rhythm.
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2. Materials and Methods

2.1 Data Collection

30 cardiac surgery patients (9 female, 21 male, 69.3 ±
6.9 years old) were recruited for the study from Cardiac
surgery  ward  at  Tampere  University  Hospital.  The
majority of the subjects had undergone either coronary
artery bypass or mitral valve replacement surgery. Some
had undergone a combination surgery of the two. This
group was chosen due to their high risk of post-operative
atrial fibrillation [13]. Subjects were monitored for 24
hours with a wrist-worn PPG monitor (PulseOn Oy, Espoo,
Finland) shown in Figure 1, leading to roughly 697 hours
of data. 5-lead Holter ECG device, eMotion Faros 360
(Bittium Biosignals Oy, Kuopio, Finland) was used as the
reference. The monitoring was started on 2nd to 4th post-
operative day. The subjects were mostly staying in bed
during the monitoring. A favorable statement was obtained
for the study from the local ethical committee of Tampere
University Hospital (R17038). All subjects gave their
informed consents in writing.

Figure 1. PulseOn optical wrist-worn heart rate monitor
used in the study.

2.2 Arrhythmia Detection

The PulseOn wrist device uses proprietary algorithms
of the company for detecting heartbeats, calculating inter-
beat-intervals (IBI), and performing the arrhythmia
detection. The algorithms are designed in such way that
they can all be embedded into the device and run in real
time. In this study, however, the signal analysis was
performed off-line with Matlab. A simplified block
diagram of the algorithm is shown in Figure 2.

The first step is to detect the heartbeats and estimate the

IBIs based on the PPG signal. Each IBI is also assigned
with a label providing signal quality or heartbeat reliability
information. This information is used to discard unreliable
beats from further processing. This data is then further used
to detect AF in beat-to-beat basis (Arrhythmia detection
block in Fig. 2).  The method performs the analysis based
on approximately 30 seconds of data assigning each
heartbeat a label, whether it is sinus rhythm, arrhythmia
(Arr), or undetermined. The method allows up to half of
the heartbeats or inter-beat intervals being marked as
“unreliable” still being able to make a decision. Single
ectopic beats such as ventricular extra systoles are found
based on the morphology of the IBI tachogram signal and
marked before the arrhythmia detection step. The method
has been described in more detail in [14] and the IBI
estimation accuracy in [15, 16]. Ectopic beat detection
method is described in more detail in [17].

The final rhythm classification is made in 5-minute
segments. If the segment contains at least a certain amount
of IBIs marked as Arr in the first phase, the whole segment
is marked as arrhythmia. Otherwise, if the segment
contains at least the same amount of IBIs marked as SR,
the whole segment is marked as SR. Otherwise, e.g. if the
segment contains too many “Undetermined” IBIs, the
whole segment is marked as “Undetermined”. The method
can detect arrhythmia episodes as short as 30 IBI, while
being resistant to isolated IBI classification errors.

Figure 2. Data flow block diagram of PulseOn arrhythmia
analysis method.
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3. Results and Discussion

12.3 % of the 5-minute segments were discarded due to
inadequate signal quality and the remaining 87.7% of the
data was classified to arrhythmia or sinus rhythm. Three
out of the 30 subjects had actual AF during the monitoring
period leading to 22 hours of AF data. All data segments
during AF were correctly labeled as arrhythmia providing
100% sensitivity for AF. From the non-AF data, 96.10%
was classified as sinus rhythm. Most of the arrhythmia
classification caused by other than AF, resulted from the
presence of very frequent ventricular and supraventricular
ectopic beats (> 10 per minute) that had not been removed
by the ectopic beat detector of the algorithm, mostly due to
frequency of their occurrence. Altogether eight subjects
had such episodes. In four of them, the episodes lasted
altogether more than one hour (in one case > 9 hours, i.e.
113 5-minute segments). If these segments are ignored, i.e.
only sinus rhythm data is observed, the false positive rate
becomes 0.26%, i.e. the specificity becomes 99.74%.

We also evaluated the accuracy of the initial inter-beat-
interval estimation by comparing IBIs provided by the
wrist device with the R-R-intervals estimated from the
ECG  signal.  The  mean  absolute  error  in  estimating  the
individual IBIs was found to be 10.04 ms. Table 1
summarizes the results of the study.

Table 1. The performance of IBI estimation and AF
detection.

Parameter Value
Classified data
IBI MAE
AF sensitivity

87.7 %
10.04 ms
100 %

AF specificity 96.10 %
AF specificity 99.74 %
(when ignoring data containing excess
amount of ectopic beats)

Fig. 3 shows an example of inter-beat interval detection in
addition to mask provided by the signal quality estimation
algorithm. As can be seen, the SQE sometimes also marks
the correct IBIs as unreliable. This tradeoff, however, has
to be accepted in order to achieve good IBI accuracy and
specificity in AF detection.

4. Conclusion

The  performance  of  wrist-worn  optical  heart  rate
monitoring in atrial fibrillation detection in stationary
conditions was demonstrated. The method achieved 100 %
sensitivity but the large number of frequent ectopic beats
caused arrhythmia notifications in the device algorithm,
which decreases the specificity if using the device
specifically for atrial fibrillation detection.

Improving the performance of the method of handling
the ectopic beats and adding this as an additional class in
rhythm classification will be an important part of our future
work.

Figure 3.  Example of IBI comparison to ECG RRI data.
Black arrows show the individual IBIs marked as
unreliable.
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