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Purpose: Atrial fibrillation (AF) is the most common arrhythmia and is associated with an
increased risk of complications. A screening test has the potential to prevent AF-related
complications. This study investigated the diagnostic accuracy of an automated device for
home blood pressure (BP) monitoring, which implements an algorithm for AF detection.
Patients and Methods: A modified, automated oscillometric device for home BP monitor-
ing (Omron BP785N (HEM-7321-Z), Omron Healthcare) with an AF detector was used to
measure the BP in patients. During each BP measurements, the electrocardiogram (ECG)
was recorded simultaneously. Simultaneous BP measurements and ECG recordings were
obtained from 99 subjects.

Results: Twenty out of 20 patients with atrial fibrillation were correctly recognized by the
device and the device correctly identified 67 patients with sinus rhythm as “Not-AF”. On the
other hand, 12 patients with basic rhythm: sinus rthythm were incorrectly referred to as “atrial
fibrillation”. In summary, the device has a diagnostic accuracy of 87.88% with a sensitivity
of 100% and a specificity of 84.8%. On the other hand, in 23 patients, the raw data of the
device showed that a body movement occurred during the measurement of the blood
pressure. If these subjects were excluded of the analysis, then the diagnostic accuracy of
the device would be even better, namely 90.79%. The sensitivity would be 100% and the
specificity 89.5%.

Conclusion: These data suggest that an automated device for home blood pressure has an
excellent diagnostic accuracy for detecting an AF and could be used as a reliable screening
test for early diagnosis of atrial fibrillation. Body movements have an impact of the accuracy
and specificity of a blood pressure monitor.
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Introduction

Atrial fibrillation (AF) is the most common arrhythmia and is a major health care
problem. The prevalence increases with age and more than 95% of the patients with
atrial fibrillation are older than 60 years. The prevalence at 80 years is around 10%.
The lifetime risk of developing atrial fibrillation is around 25% for 40-year-old
patients. Atrial fibrillation is somewhat more common in men and in the black
population than in women and whites. In addition to age, risk factors include
hypertension, diabetes mellitus, heart disease and sleep apnea. Atrial fibrillation is
a marker of heart disease and age, so it is difficult to determine to what extent atrial
fibrillation itself contributes to morbidity and mortality. Atrial fibrillation is asso-
ciated with a higher risk of heart failure. The risk of dementia is also increased in
atrial fibrillation.'
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Atrial fibrillation is a risk factor of stroke with one in
every four strokes occurring as a result of this condition.'
As AF is often intermittent, cerebral ischemia is often the
initial clinical manifestation of AF. Therefore, screening
programs try to solve this important issue.”

Hypertension and AF are often concomitant diseases.
In the Framingham study, hypertension was a risk factor
for AF by 50% in men and 40% in women.” However,
because of its higher prevalence in the population, hyper-
tension accounts for more cases of AF than other risk
factors.*® In the ARIC study (Atherosclerosis Risk in
Communities), hypertension was the main contributor to
AF, explaining ~20% of new cases.” Moreover, 60% to
80% of the patients with permanent AF also have arterial
hypertension.®

Despite the well-established epidemiological associa-
tion between hypertension and AF, the pathophysiology
illustrating why the hypertensive patients develop AF is
still not clear. From a clinical point of view, it took several
attempts to evaluate the risk of AF in individual
patients.”® It is not clear whether the risk of AF increases
linearly with BP or whether there is a BP threshold above
which the risk of this condition definitely increases.’'”
Moreover, it is not known if the therapy of BP could
reduce the risk of intermittent AF in hypertensive patients
in sinus rhythm. Finally, it is not clear which is the BP
threshold in patients with anticoagulation for AF."!

Devices for self-monitoring blood pressure by patients
at home are used widely in the community in several
countries, and many scientific societies have recom-
mended the use of this method for long-term follow-up
of treated hypertension.'> An algorithm that evaluates the
pulse irregularity during BP measurement has been inte-
grated in a home BP monitor."* The first results show that
this method could detect AF with good diagnostic
accuracy.' '

It is well known that measurement conditions, espe-
cially body motion, have a significant influence on the
measured blood pressure.'> Movement is a major potential
source of error for BP measurement and a secondary aim
of this study was also to quantify the effect of body move-
ment on BP measurement and detection of atrial
fibrillation.

Following the developments in the home blood pres-
sure monitor market, Omron is currently developing an
algorithm to obtain and analyze more health-related infor-
mation from regular blood pressure measurements. The
oscillometric technology for home BP measurement is an

established method applied by different manufacturers.
Omron already includes the Irregular Heart Beat (IHB)
detection in most of its products. Now similar products
are being made available to the international market,
which also claim “AFIB” detection based on analysis of
irregularities found in the pressure pulse wave detected in
the cuff. In medical practice, diagnosis is now based on
EGG readings, which can specify the cause of the irregu-
larities in the pressure pulse wave. The purpose of this
study is to test the sensitivity and specificity of the device
for the detection of atrial fibrillation as evaluated by
simultaneous ECG-recordings. Another objective of the
study is to test the accuracy and convenience of the device
with a 30 seconds interval compared to an interval of 15
seconds or 60 seconds in the detection of arrhythmia in the
general population.

Subjects and Methods

Participants

We examined 101 patients and excluded 2 of them, as they
had a pacemaker, in the Department of Internal Medicine of
the Agaplesion Bethesda Hospital, Wuppertal, Germany. In
with
a simultaneous recording of an ECG took place. The study

all patients’ blood pressure measurements
was approved by the Ethics Committee of the Board of
Physicians of North Rhine-Westphalia, Diisseldorf,
Germany (No. 2019268). Patients were informed about the
test examinations and gave their informed consent. The
study took place in the ECG Department of the clinic;
outpatients and inpatients of the hospital were included.
Prior to the examination, the previous illnesses and medica-
tion were asked about and documented. The subjects were
inpatients and outpatients of the Department of Internal
Medicine, they were older than 20 years, including both of
female and male gender. Exclusion criteria were as follows:
Patients with pacemakers, patients who have a tendency to
develop hematomas, patients with shunts for dialysis and
patients who cannot maintain a sitting position. During the
measurement, the occurrence of body movement should be
prevented. Also, patients who are using anticoagulants were
excluded due to the risk of developing hematomas and
patients who were considered not appropriate by the person
in charge.

Device
An automated oscillometric device for home BP monitor-
ing, which has an additional function that allows AF
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detection during routine BP measurement, has been devel-
oped (BP785N, Omron Healthcare). This device has
a TruRead function, which allows setting of interval of
three readings in 15, 30 or 60 seconds and provides the
average value of these three measurements. The automated
oscillometric device does not have an AF algorithm ant it
detects an IHB only. The device is connected to a tablet
recording the pressure pulse wave during the usual BP
measurement and by application of an in-built algorithm
it analyses the irregularities for episodes of AF. The reg-
ular upper arm oscillometric method works by picking up
the pressure pulses in the cuff after full occlusion of the
brachial artery. When the pressure in the cuff is higher
than the blood pressure inside the artery, the artery col-
lapses. The amplitudes of the pulse waves are used to
determine the SYS and DIA value, which is displayed on
the device. The intervals of the pulse pressure wave are
used to determine the pulse rate (heart rate) of the user.
The information on the pressure pulse wave can also be
used to check the regularity of the heart rate during the
measurement. Irregularities can be detected by calculating
the average interval and the deviation from each interval to
the average value. The irregular ECG signal as in the
below tracings will reflect in similar irregularities of the
pressure pulse wave in the brachial artery. In the current
device, Omron already uses this phenomenon to indicate
an irregular heartbeat (IHB) that is detected when there is
a deviation of more than 25% from average. In literature,
this has been already related to the presence of atrial
fibrillation (Afib) but Omron did not consider this suffi-
ciently supportive evidence for making such claims. In
order to improve the reliability of the IHB function to
actual arrhythmia further investigation was instigated and
a new algorithm was developed. When the same IHB
measurement occurs in more than one out of three con-
secutive measurements the relation between the pulse
pressure deviations and actual arrhythmia is much
improved.

Procedure

The medical history, age, weight, arm circumference, med-
ications and a baseline 12-lead ECG were obtained from
each participant. Triplicate BP measurements were then
taken in the sitting position and with 15s, 30s, and 60s
between measurements, using the tested home BP monitor
with the AF detector. Simultaneously, the ECG was
recorded continuously. The systolic and diastolic BP
values and pulse rates measured by the device and the

AF diagnosis carried out (AF, yes/no), were recorded for
each measurement. The ECG heart rate and diagnosis of
AF or other arrhythmias at baseline, and during each
measurement, were made by the investigator. The impact
for AF detection was taken into account and not the impact
on blood pressure measurement. The protocol was
approved by the hospital scientific committee and signed

informed consent was obtained from all participants.

Analysis

The number of participants with atrial fibrillation recog-
nized correctly or incorrectly was documented. In order to
determine whether or not an arrhythmia could be detected
by the appearance (or non-appearance) of an irregular
heartbeat,
value, and negative predictive value were determined. As

sensitivity, specificity, positive predictive
the statistical analysis is concerned, we have used Mann—
Whitney-U test for the parametric values and Fisher’s

exact test for the non-parametric ones.

Results

A total of 101 subjects were recruited and we excluded 2
of them. The sample of the patients was heterogeneous.
Twenty (20%) had AF, 79 had (80%) sinus rhythm
(Table 1). The patients showed no difference of conveni-
ence between the measurements with an interval of 15s,
30s, and 60 seconds. Sixty percent of the patients had
arterial hypertension and 20 out of 20 patients with atrial
fibrillation had also an arterial hypertension. The average
age was 70 years, and the average weight was 74 kg.
Furthermore, most of the patients had a polypharmacy
and in the subgroup of the patients with atrial fibrillation
the average number of drugs was approximately 6 per day.
The age and the number of drugs showed a statistically
significant difference (p < 0.001). The two groups showed
no statistical difference regarding the other examined para-
meters (Table 1).

Twenty-three of the 99 patients had a body movement
according to the raw data of the device, but there was no
sign of movement in our ECG recordings. According to
the instructions in the manual of the device when body
movement occurs during a measurement, the arm cuff
should be removed and the measurement should be
repeated after 2-3 minutes. However, we included those
subjects in our study to depict the influence of the body
movements on the detection of the atrial fibrillation.

The evaluation of the diagnostic value of the AF detector is
presented in Table 2. The ECG showed AF during all BP
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Table | Characteristics of Participants with Atrial Fibrillation and Sinus Rhythm

Characteristics All Subjects (n=99) Atrial Fibrillation (n=20) Sinus Rhythm (n=79) p value SD
Age (years) 70.2 80.2 67.3 <0.001 14.88
Weight (kg) 743 735 74.6 0.781 11.38
Arm circ (cm) 28.2 28 28.7 0.258 2.33
CVD (%) 19 42 18.75 0.3581 -
Arterial hypertension (%) 60 100 54 0.0003 -
Diabetes mellitus (%) 11 0 11.25 0.3389 -
Number of drugs 38 6.2 32 <0.001 29
Systolic BP (mm Hg) 138 141 132 0.096 20.33
Diastolic BP (mm Hg) 80 79 8l 0.715 9.97

Abbreviations: BP, blood pressure; Circ, circumference; CVD, cardiovascular disease; SD, standard deviation.

Table 2 Diagnostic Accuracy of a Home Blood Pressure Monitor
to Detect Atrial Fibrillation Without Consideration of the Body
Movements Detected by the Device

Table 3 Diagnostic Accuracy of a Home Blood Pressure Monitor
to Detect Atrial Fibrillation with Excluding the Patients with
Body Movements During the BP Measurement

Statistic Value 95% CI Statistic Value 95% CI
Sensitivity 100% 83.16 to 100.00% Sensitivity 100% 66.37 to 100.00%
Specificity 84.8% 74.97% to 91.90% Specificity 89.5% 79.65% to 95.70%
Positive predictive value 62.5% 49.74% to 73.73% Positive predictive value 56.25% 38.94% to 72.16%
Negative predictive value 100% Negative predictive value 100%

Accuracy 87.88% 79.78% to 93.58% Accuracy 90.79% 81.94% to 96.22%

measurements in 20 subjects (2 subjects had two measure-
ments) and sinus rhythm during all measurements in 79 sub-
jects. Twenty out of 20 patients with atrial fibrillation were
correctly recognized by the device and the device correctly
identified 67 patients with sinus rhythm as “Not-AF”. On the
other hand, 12 patients with basic rthythm: sinus rhythm were
incorrectly referred to as “atrial fibrillation”. This was due to
either premature beats or to a sinus arrhythmia.

On the other hand, in 23 patients, the raw data of the
device showed that a body movement occurred during the
measurement of the blood pressure. If these subjects were
excluded from the analysis, then the diagnostic accuracy
of the device would be different and is presented in
Table 3. Nine of the 9 patients with atrial fibrillation
were correctly recognized by the device and the device
correctly identified 60 patients with sinus rhythm as “Not-
AF”. Seven patients with basic rhythm: sinus rhythm was
false classified as “atrial fibrillation”. The patients showed
no difference of convenience between the measurements

with an interval of 15s, 30s, and 60 seconds. Also, there
was no difference of the results among the measurements
with an interval of 15s, 30s and 60 seconds. The current
values are based on sample size of 99 subjects and as
a result the range of the 95% confidence interval is rela-
tively high.

Discussion
This study was conducted in accordance with the
Declaration of Helsinki. This study examined the diagnos-
tic accuracy of an automated BP device in detecting AF. In
general, the device showed good results with 100% sensi-
tivity and 85% specificity. There was no difference either
of convenience or of diagnostic accuracy for AF detection
between the measurements with time intervals of 15s, 30s
and 60s.

Thus far, the diagnosis of AF was carried out with
a 12-lead ECG. This method is the gold standard of the
diagnosis of AF but a specialist is needed for the
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examination. This is depicted thoroughly in a study that
compared the AF diagnosis, made by general practitioners,
and a computer software algorithm using a 12-lead ECG,
versus a diagnosis made by two cardiologists.'® The gen-
eral practitioners’ diagnosis was not good enough with
a sensitivity of 80% and specificity of 92%. The diagnostic
value was better when the diagnosis was made together
with the computer software, but still not perfect (sensitiv-
ity of 92% and specificity of 91%).'® So, the conclusion of
the authors was that the primary care physicians could not
detect AF on ECG in 100% of the cases despite the help of
a computer software.'® Munschauer et al investigated the
ability of 6203 patients to detect AF with the pulse
irregularity.'” Unfortunately, 27% of the patients could
not feel their pulse, and of those who did, 9% could not
tell whether it was irregular.'”

Due to the wide usage of devices for home BP measure-
ment in the community, the conception that such devices could
also have specific algorithms that are able to detect arrhythmias
is inspiring. Early algorithms that could detect an irregularity in
the pulse were integrated in home BP devices could not diag-
nose an AF from other arrhythmias. Therefore, their specificity
for AF diagnosis is extremely low. Wiesel et al developed an
algorithm for AF detection during routine BP measurement,
which has been integrated in the home BP monitor. They tested
the diagnostic value of an AF-detecting home BP device
(modified Omron 712C) by 450 subjects, of whom 54 had
AF on ECG." In this study, the sensitivity was 100%, the
specificity 91%, and the diagnostic accuracy 92% for detecting
AFE."® Another study by Wiesel et al'® assessed the same in 205
people, of whom 52 had AF on ECG. The sensitivity and
specificity of a single measurement for detecting AF was
98% and 88%, respectively. For triplicate measurements, the
diagnostic accuracy was improved (sensitivity, 100%; specifi-
city, 89%). These results are similar to the findings of our new
study (Table 2). In comparison with the above-mentioned
studies, our study’s benefit is that we achieved high accuracy
and same level despite that our algorithm is much simpler.

The main issues of our new study are that all BP measure-
ments were performed together with continuous ECG record-
ing and the design of the study allowed the detection of
changes in thythm during the triplicate BP measurements. In
addition, the device was tested in difficult diagnostic condi-
tions, because some patients had non-AF arrhythmias. We
supposed that a false-positive diagnosis of AF might be fre-
quent in these patients. Such a weakness (low specificity) of
this test would often cause a “false alarm”. Attractively, even in
these complicated circumstances, the device showed a good

diagnostic value. In agreement with the results of Wiesel et al
and after comparing single, duplicate and triplicate measure-
ments, these results demonstrated that triplicate measurements
are the best approach in terms of diagnostic accuracy.'* Also,
this screening method seems to have a better diagnostic value
than the general practitioners’ diagnosis carried out by ECG
along with a software.'® Nevertheless, that we performed
triplicate measurements, the device over diagnosed AF in 12
patients. All these subjects had premature extra beats, which
were concerned as clinically irrelevant arrhythmias. In our
opinion, even in these cases, the patients might benefit from
a medical consultation because we cannot distinguish
a clinically relevant arrhythmia from an irrelevant one without
carrying out an ECG. A limitation from the integrated algo-
rithm is that it cannot detect an atrial flutter.

Another important feature is the high negative predic-
tive value of the device (98%). This is an important feature
because some patients would have visited their physician
because of palpitations due to stress or another reason.
Visiting their physician may be inconvenient and add
some cost. The fear of these patients about having an AF
could be reduced using this screening method.

There is a group of patients that would gain from using this
device. Because the device is designed to detect AF, it would
be reasonable to use this device in patients with risk factors for
a cerebral embolism. The majority of our subjects in our study
had hypertension, diabetes mellitus, congestive heart failure, or
aged >65 years, which are risk factors for a stroke. Therefore,
the high sensitivity of this device is very useful in these high-
risk patients. In addition, long-term studies following patients
using this device at home need to be carried out to determine
the number of new episodes of AF detected and the cost of the
false-positive readings.

Furthermore, automated BP monitors give accurate BP
measurements in patients with AF and that can be applied
in everyday clinical practice.'®'? This issue deserves spe-
cial attention.

The limitation for our device includes potential influences
of premature heart beats and of artifacts. They could influence
the diagnostic accuracy that results in false-positive results. It
also cannot be excluded that the diagnostic performance of
device may even be more limited in an everyday clinical
practice ambulatory where movement artifacts could be more
frequent. According to current guidelines, final confirmation of
AF still remains an ECG-based diagnosis.' Thus, BP-based AF
detection devices should be evaluated only as a screening tool
with a need for an ECG and not for diagnosing an AF.
Moreover, a frequent problem in the clinical practice is that
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AF is often asymptomatic and the diagnosis of AF is made
unfortunately after the first thromboembolic event occurs.
Higher detection rates and earlier identification of unknown
AF could contribute to reduce the risk of stroke and other
consequences by initiating appropriate therapeutic measures.'
Extended screening methods have been shown to have better
detection rates. Therefore, the use of rhythm-recording
devices, such as Holter electrocardiography (ECG) monitors
or loop recorders,”**! was associated with a more than fivefold
higher incidence of AF after 30-day screening inpatients with
cryptogenic stroke in the EMBRACE (30-Day Cardiac Event
Monitor Belt for Recording Atrial Fibrillation After a Cerebral

12! Hence, the usual measurement of

Ischemic Event) tria
pressure once or twice a day may not adequately detect inter-
mittent atrial fibrillation.

Thus, the smartphone applications that enable rhythm ana-
lysis are very promising. They have been shown to detect atrial
fibrillation with high diagnostic accuracy.”? Professor Dorr
et al were able to demonstrate that smartwatches offer a good
option to comfortably and relatively easily monitor the heart
rhythm. In a prospective controlled study, the study group
assessed the ability of a smartwatch to detect an atrial fibrilla-
tion in 508 subjects with and without atrial fibrillation. The
recordings by the smartwatches were analyzed using an auto-
mated algorithm regarding atrial fibrillation. The results were
compared to a mobile electrocardiogram (ECG). These ECGs
were afterwards assessed by cardiologists who did not know
the history of the participants. This study demonstrated that the
smartwatch could detect atrial fibrillation as good and as the
mobile ECG.** Using such technology could potentially
upgrade rhythm screening to the next level as compared to
previous approaches with other devices by making convenient
long-term screening or extended noninvasive rhythm analysis
possible in individuals who are not suitable for other screening
methods.® This method along with other technologies has
recently been added to the AF screening recommendations of
the European Heart Rhythm Association.”* A recently pub-
lished study suggests that smartwatches (for instance, Apple
Watch) are useful for detecting rhythm abnormalities like atrial
fibrillation, but there is still a long way to go before they can be
trusted for clinical management.®> Researchers at Cleveland
Clinic studied 50 postoperative cardiac surgery patients in an
attempt to determine the utility of the Apple Watch 4 — a high-
tech smartwatch with ECG features — in detecting atrial fibril-
lation. Looking only at what the Apple Watch displays on its
40-millimeter screen, Apple’s software identified only 34 0of 90
instances, namely 41% of the total. The display also identified
Afib in 19 of 25 patients who experienced an arrhythmia more

than once, but reviewing the display data in conjunction with
Apple’s retrievable PDF of waveform strips resulted in
improved identification. The device correctly identified 96%
of the instances of atrial fibrillation in users, and it identified
Afib in 24 of the 25 patients who experienced more than one
episode. In patients whose hearts were in normal sinus rhythm,
the Apple Watch did not send out any notifications of Afib,
indicating that there were not any false positives.>> These data
suggest that the 41% sensitivity of the Apple Watch display is
much lower in comparison with our study. This can be due to
a probable insufficient signal quality due to movements and
artifacts. We already showed that the body movement has
a significant influence on the diagnostic accuracy. Hence, it
needs some more improvement before these wearables can be
fully
Moreover, our study device is an automated oscillometric

incorporated into current clinical management.
device for home BP monitoring, so that the patients can have
reliable BP measurements. On the other hand, in the apple
heart study, among patients with sinus rhythm, none were
designated as Afib, in other words, no false-positive results.
This comes in contrast to our study, where we had false-
positive results due to supraventricular or ventricular extrasys-
toles. As aresult, an improvement of the algorithm of detection
of atrial fibrillation in this field of the premature extra beats is
necessary.

Another important factor that this study points out is that
the detection of atrial fibrillation during the BP measurement is
also affected by external stimuli, such as patient motion. It is
obvious that the diagnostic accuracy would be much lower if
the patient would not stay still. In line with the instructions, the
occurrence of body movement should be prevented, and in
case the display shows the icon, the measurement should be
repeated after rest of 2—3 minutes. Therefore, we included both
results in the final report to indicate the importance of adher-
ence to the instructions for use. This will contribute to the
awareness of proper measurement of blood pressure using
oscillometric devices.

In conclusion, this study depicted that a home BP monitor
with an integrated algorithm for AF diagnosis appears to have
a very good diagnostic accuracy. The widespread usage of this
algorithm in automated home BP in the community appears to
be an excellent screening test. Of course, its ability to detect
intermittent AF requires further investigation. Subjects with
AF, detected by the device, should consult their physician as
soon as possible in order to confirm the AF diagnosis by ECG
before any therapeutical intervention is made. Home monitor-
ing of blood pressure for patients with hypertension has been
shown to be beneficial. Since hypertension is the most

4 I 2 https:

Dove!

Vascular Health and Risk Management 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Balanis and Sanner

common risk factor associated with AF, the use of a home
blood pressure monitors to detect asymptomatic AF could
provide additional value. This blood pressure monitor with
the new algorithm has a high sensitivity and is able to correctly
determine the majority of AF rhythms. This algorithm has been
implemented in the newest series of blood pressure monitors
from Omron, with the Afib mode.

Abbreviations

AF, atrial fibrillation; BP, blood pressure; CI, confidential
interval; Circ, circumference; cm, centimeters; CVD, cardio-
vascular disease; DIA, diastolic; ECG, electrocardiogram;
IHB, irregular heart beat; kg, kilograms; Not-AF, not atrial
fibrillation; SD, standard deviation; SYS, systolic.
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