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Validation of the TM-2441 ambulatory blood pressure
measurement device according to the 1ISO 81060-2:2013

standard

Kazuomi Kario, Satoshi Hoshide, Kimiyo Saito, Keiko Sato, Haruna Hamasaki,

Hiromi Suwa and Naoko Tomitani

Objective The aim of this study was to validate the TM-
2441 ambulatory blood pressure monitoring (ABPM) device
using the 1ISO 81060-2:2013 standard.

Participants and methods Participants were healthy
individuals aged more than 12 years who were recruited
from among the outpatients and volunteers of Jichi Medical
University (Tochigi, Japan). The same-arm sequence
protocol (clinical validation) and the opposite-limb
simultaneous method (ambulatory validation) from the 1SO
81060-2:2013 standard were used.

Results One hundred and seven participants were
enrolled; 85 participated in the clinical validation and 35
participated in the ambulatory validation (13 participants
were included in both validation protocols). The TM-2441
device performed well against the standard in both the
clinical and ambulatory validations; the mean and SD values
for the differences between device and observed systolic
and diastolic blood pressure values in both tests fulfilled

Introduction

Ambulatory blood pressure monitoring (ABPM) has been
possible for more than 50 years. Developments in the
devices used to measure ambulatory blood pressure (BP)
mean that ABPM can now be measured easily and non-
invasively during routine clinical practice [1].

Use of ABPM to diagnose hypertension is recommended
by major international guidelines [2—4]. This facilitates
identification of white-coat hypertension (patients who
have elevated clinic BP but normal readings during daily
activities) and masked hypertension (normal clinic BP,
but elevated BP outside the clinic) [5].

ABPM also plays an important role in monitoring BP varia-
bility, including morning BP surge and nocturnal hyperten-
sion. Both morning BP surge and nocturnal hypertension have
been shown to increase the risk of cardiovascular adverse
events [6,7]. Determination of BP over a 24 h period using
ABPM can provide a better estimation of hemodynamic load
than clinic-based BP, and is therefore a useful tool for cardi-
ovascular risk management in patients with hypertension [8,9].

In all clinical applications, a validated ABPM device must
be used for self-measurement of BP [10]. This study was
designed to validate the 'TM-2441 ABPM device against
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criterion 1 and criterion 2 of the standard. The Bland-Altman
plots did not show any systematic variation in the error.

Conclusion The TM-2441 ABPM device was accurate and
fulfilled all ISO 81060-2:2013 standard requirements for ABPM
determination in adults. It is therefore suitable for use for ABPM
in adults with hypertension. Blood Press Monit 00:000-000
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the ISO 81060-2:2013 standard [11] under clinical and
ambulatory conditions.

Participants and methods

Device

The TM-2441 (A&D Co. Ltd, Tokyo, Japan) is a light-
weight (135 g), compact (66 X 24.5 X 95 mm) BP monitoring
device that can be used for ABPM, home BP monitoring,
and automated office BP measurement using the left or
right upper arm, with four cuff sizes available (small, adult,
large, and extra-large). It uses the oscillometric technique
and can measure systolic blood pressure (SBP) in the range
60-280 mmHg and diastolic blood pressure (DBP) from 30
to 160 mmHg. The TM-2441 has USB and Bluetooth
connectivity capabilities, and an irregular heartbeat detec-
tion function. It runs on two alkaline or nickel-cadmium/
nickel-metal hydride AA batteries. ABPM monitoring set-
tings allow ambulatory BP to be measured every 5, 10, 15,
20, 30, 60, or 120 min, and up to 600 sets of data can be
stored in the device.

Participants

The goal was to enroll at least 85 participants as per the
ISO 81060-2:2013 standard [11]. Individuals aged more
than 12 years were recruited from among the outpatients
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and volunteers of Jichi Medical University (Tochigi,
Japan). A total of 107 adults were screened, provided
informed written consent, and were enrolled in the study
(85 participated in the clinical validation and 35 partici-
pated in the ambulatory validation). The majority of the
85 participants included in the clinical investigations
(ISO 81060-2:2013, section 5.2.4.2) were male (7=59;
69%). Participant age was 20—84 years (meantSD,
41.1+15.1 years) and arm circumference was 19 —43
(29.9+6.7) cm (Table 1). SBP measurements were <100,
> 140, and > 160 mmHg in 13.7, 26.3, and 6.7% of mea-
surements, respectively; 11.8% of DBP measurements
were up to 60 mmHg, 32.2% were at least 85 mmHg, and
10.6% were at least 100 mmHg (Table 1). Thirty-five
individuals (13 from the 85 who underwent clinical vali-
dation and an additional 22 participants) participated in
ambulatory device validation (ISO 81060-2:2013, section
5.2.4.3) [age 21-74 (mean 42.8+16.3) years, 54.3% male,
arm circumference 21-35 (mean 26.2+ 3.6) cm] (‘T'able 2).

Table 1 Baseline characteristics for participants in the clinical
investigation
ISO
Participants (n=85) standard
Age [range (mean+SD)] (years) 20-84 (41.1+£15.1)
Age > 12 years, patients 85 (100) 100
Male, patients [n (%)] 59 (69.4) >30
Female, patients [n (%)] 26 (30.6) >30
Arm circumference 19—43 (29.9+6.7)
[range (mean+SD)] (cm)
Cuff size, patients [n (%)] (cm)
Small, 15-22 13 (15.3) >125
Adult, 20-31 36 (42.4) >125
Large, 28-36 17 (20.0) >125
Extra-large, 34-50 19 (22.4) >125
SBP, proportion of measurements (mmHg) (%)
<100 13.7 >5
>140 26.3 >20
>160 6.7 >5
DBP, proportion of measurements (mmHg) (%)
<60 11.8 >5
>85 32.2 >20
>100 10.6 >5

DBP, diastolic blood pressure; SBP, systolic blood pressure.

Table 2 Baseline characteristics for participants in the ambulatory
investigation

ISO
Participants (n=35) standard
Age [range (mean+SD)] (years) 21-74 (42.8+16.3) NA
Male, patients [n (%)] 19 (54.3) NA
Female, patients [n (%)] 16 (45.7) NA
Arm circumference 21-35 (26.2+3.6) NA
[range (mean+SD)] (cm)
Cuff size, patients [n (%)] (cm)
Small, 15-22 5 (14.3) NA
Adult, 20-31 27 (77.1) NA
Large, 28-36 3 (8.6) NA
SBP, proportion of 143 >10
measurements > 160 (mmHg) (%)
DBP, proportion of 11.4 >10

measurements > 100 (mmHg) (%)

DBBP, diastolic blood pressure; NA, not applicable; SBP, systolic blood pressure.

In this group, 14.3% of SBP measurements were at least
160 mmHg and 11.4% of DBP measurements were at
least 100 mmHg (Table 2).

Procedures

Clinical validation was performed using the same-arm
sequence protocol as per the ISO 81060-2:2013 standard
(section 5.2.4.2) [11]. Clinic BP for each participant was
first determined by one of two trained observers using a
standardized reference mercurial sphygmomanometer
(no. 605 P; Kenzmedico Co. Ltd, Saitama, Japan). After
waiting for at least 1 min, BP measurement was repeated
using the TM-2441 device. Device memory was then
cleared. Neither of these measurements was used to
determine accuracy. After again waiting for at least 1 min,
sequential BP measurements were performed using the
reference sphygmomanometer and the test device (three
per device, with > 1 min between measurements). The
allowed observer difference was £5 mmHg.

Additional clinical investigation for use in ambulatory
monitoring (ambulatory validation) was performed using
the opposite-limb simultaneous method as per the ISO
81060-2:2013 standard (section 5.2.4.3) [11]. BP was
determined in one arm using the reference sphygmo-
manometer and simultaneously in the other arm using
the TM-2441 device. Device memory was then cleared
and there was a waiting period of at least 1 min. The
reference sphygmomanometer and the TM-2441 device
were swapped to the opposite arm, and BP measure-
ments were repeated after waiting for at least another
minute. The procedure of swapping devices to the
opposite arm and BP measurements were repeated until
six paired determinations had been performed (>1 min
between device swapping and BP measurement). The
allowed observer difference was 5 mmHg,.

The study protocol was approved by the institutional
review board of the Jichi Medical University School of
Medicine (Shimotsuke, Japan), and all of the patients
provided written informed consent to participate.

Statistical analysis

Data were analyzed as required by the ISO 81060-2:2013
standard [11]. Bland—Altman plots were created to assess
agreement between the two measurement systems. All
statistical analyses were carried out using SAS version 9.4
software (SAS Institute Inc., Cary, North Carolina, USA).

Results

Clinical investigation

The observer and device SBP measurements were 60-186
and 61-181 mmHg, respectively. The corresponding values
for DBP were 44-120 and 40-116 mmHg. The calculated
mean+SD values for the difference between device
and observer BP measurements were — 0.80+ 6.46 for SBP
and —0.95+6.45 for DBP on the basis of criterion 1 and
—0.80%5.13 for SBP and — 0.95 £ 5.87 for DBP on the basis
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of criterion 2. The results showed that the overall perfor-
mance of the device was very good, on the basis of both
criterion 1 and criterion 2 of the standard, as shown by the
calculated mean®SD values for the differences between
device and observer BP values (Table 3). In addition, variation
between the observer and device measurements of SBP and
DBP was generally small (10 mmHg for the majority of
comparisons) and there was no systematic variation in the error
based on the Bland-Altman plots (Fig. 1).

Ambulatory investigation

The observer and device SBP measurements were 84-234
and 77-226 mmHg, respectively. The corresponding values
for DBP were 50-154 and 47-154 mmHg. The calculated
mean and SD values for the difference between device
and observer BP measurements were —1.55+7.02 for SBP
and —0.24+6.11 for DBP on the basis of criterion 1 and
—1.5544.63 for SBP and — 0.24+4.41 for DBP on the basis
of criterion 2. The overall performance of the device, on the
basis of both criterion 1 and criterion 2 of the standard, was
very good, as shown by the calculated mean and SD values
for the differences between device and observer BP values
(Table 4). In addition, variation between the observer and
device measurements was usually small (£ 10 mmHg for the
majority of comparisons) and there was no systematic variation
in the error based on the Bland-Altman plots (Fig. 2).

Table 3 Mean and SD for the difference of the device minus the
observer blood pressure measurements for 85 participants in the
clinical investigation
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Discussion

To the best of our knowledge, this is the first validation
study of an ABPM device using the ISO 81060-2:2013
standard [11]. Previously, ABPM devices have often been
validated against the European Society of Hypertension
International protocol or the British Hypertension Society
protocol [12-21].

The results of this study showed that the TM-2441
ABPM device fulfilled all the requirements of the ISO
standard in both the clinic and ambulatory testing. Data
for criterion 1 and criterion 2 in both evaluations showed
that the device performed very well compared with
observer BP measurements. Therefore, the TM-2441 is
appropriate for use in the clinic and for ABPM in the
general adult population. The device is small and light,
making it suitable for use in the ambulatory setting.

It has been suggested that the majority of previous vali-
dation studies of ABPM devices did not reliably adhere
to the underlying protocols (which was an ISO protocol in
only one of 28 studies), calling into question the actual
device validity [22]. In particular, differences of >5 mmHg
between the test device and the reference sphygmoman-
ometer occurred for at least 30% of readings in half of all
studies assessed [22]. Although the Bland—Altman plots in
this study did show that some readings varied from the

Table 4 Mean and SD for the difference of the device minus the
observer blood pressure measurements for 35 participants on
additional clinical investigation for use in ambulatory monitoring

SBP DBP ISO standard SBP DBP ISO standard
Criterion 1 Criterion 1
Mean -0.80 -0.95 <+5mmHg Mean -1.55 -0.24 <+5mmHg
SD 6.46 6.45 <8 mmHg SD 7.02 6.11 <8mmHg
Criterion 2 Criterion 2
Mean -0.80 -0.95 NA Mean -1.565 -0.24 NA
SD 5.13 5.87 SBP: <6.89 mmHg SD 4.63 4.41 SBP: <6.76 mmHg

DBP: <6.88 mmHg

DBP: <6.95 mmHg

DBP, diastolic blood pressure; NA, not applicable; SBP, systolic blood pressure.

Fig. 1

DBP, diastolic blood pressure; NA, not applicable; SBP, systolic blood pressure.
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Bland—Altman plots of mean device and observer measurement of systolic (a) and diastolic (b) blood pressure versus the device minus the observer
measurements in the clinical investigation. DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Bland—Altman plots of mean device and observer measurement of systolic (a) and diastolic (b) blood pressure versus the device minus the observer
measurements in the ambulatory investigation. DBP, diastolic blood pressure; SBP, systolic blood pressure.

reference by more than 5 mmHg, the number of these was
acceptable. In addition, the ISO 81060-2:2013 standard
used [11] is up-to-date and more recent than the European,
British, or Association for the Advancement of Medical
Instrumentation protocols [20,21]. Furthermore, we used
two validation protocols from the ISO standard, with similar
results obtained with both.

Conclusion

"This study showed that the TM-2441 device had a high
level of accuracy for determining BP in the clinic and
under ambulatory conditions. Therefore, this validated
device can be recommended for ABPM in adults.
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