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This study validated the RisingSun RS-651 blood pressure
(BP) monitor based on auscultation in adults according to
the American National Standards Institute/Association for
the Advancement of Medical Instrumentation/International
Organization for Standardization (ANSI/AAMI/ISO) 81060-
2:2013 standard. The RS-651 device was evaluated in a
study of 97 participants. The same arm simultaneous
method, as defined in the ANSI/AAMI/ISO standard, was
used. The mean differences�standard deviation for criterion
1 were 0.8�2.3 mm Hg for systolic BP (SBP) and

�0.1�2.9 mm Hg for diastolic BP (DBP). Analysis for crite-
rion 2 resulted in values of 0.8�1.5 mm Hg for SBP and
�0.1�2.1 mm Hg for DBP. All of the data fulfilled the ANSI/
AAMI/ISO 81060-2:2013 standard requirements to pass the
validation. The RisingSun RS-651 device can be recom-
mended for both clinical and self/home use in adults
according to the ANSI/AAMI/ISO 81060-2:2013 standard. J
Clin Hypertens (Greenwich). 2016;18:1279–1283. ª 2016
The Authors. The Journal of Clinical Hypertension Published by
Wiley Periodicals, Inc.

Fully automated blood pressure (BP) monitors are
increasingly replacing standard mercury sphygmo-
manometers1–5 because they do not require specific
training and do not have observer error.6–8 However,
replacing mercury sphygmomanometers with auto-
mated devices may lead to an inappropriate diagnosis
or hypertension management because of inaccurate BP
measurements.1,9 Hence, the accuracy of a BP monitor
is of prime importance.10 It is recommended that BP
measurement devices be validated according to an
internationally recognized standard to confirm their
accuracy.10–12

Although the auscultation method has been accepted
as a gold standard for BP measurements, most auto-
mated BP monitors, which have been validated accord-
ing to a recognized standard, assess BP using the
oscillometric technique.1,9,13,14 With these oscillometric
BP monitors, systolic BP (SBP) and diastolic BP (DBP)
are estimated by oscillations using different algorithms
that are proprietary to different devices.13,15 Therefore,
the oscillometric method is not as reliable as the
auscultation method.16–18

Previous studies have shown that a few automated BP
monitors that are based on the auscultation method to
measure BP values use a microphone with high

sensitivity.19,20 In recent years, improvements in the
transducer and sensor have led to better microphone
performance, but there is still a potential mistake in
recording and identifying Korotkoff sounds.13 There-
fore, automated BP monitors using the auscultation
method also require validation to ensure their accuracy.
In the present study, we validated the accuracy of the

RisingSun RS-651 automated auscultation BP monitor
device (RisingSun Company, Beijing, China) in adults
according to international protocols of the American
National Standards Institute/Association for the
Advancement of Medical Instrumentation/International
Organization for Standardization (ANSI/AAMI/ISO)
81060-2:2013 standard guidelines.21

METHODS

Ethics Statement
All participants enrolled in the study provided informed
written consent before the start of the validation
experiment. The study protocol was approved by the
ethics committee of Chinese People’s Liberation Army
(PLA) General Hospital (Beijing, China).

RisingSun RS-651 Device
The RS-651 device is an automated electronic noninva-
sive BP monitor designed primarily for BP measure-
ments in a clinic. It can also be used for self/home BP
measurements.
The RS-651 device measures BP values using auscul-

tation on the upper arm during the continuous linear
deflation period at a rate of 2 mm of mercury per
second. The mean arterial pressure (MAP) and the heart
rate (HR) values are calculated by oscillometry during
the same period. The SBP, DBP, MAP, and HR are
shown on a digital display. All data mentioned above in
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addition to the beat-to-beat pulse waveform can be
displayed on a PC or laptop via a USB cable. These
indices could help the RS-651 device reduce or remove
artifacts for further accuracy. Users can analyze and
manage data using the software provided by the
manufacturer.

The RS-651 device has a cuff that is compliant with
the ANSI/AAMI/ISO 81060-1 standard. The standard
cuff for adults that is provided with the device is suitable
for upper arm circumferences ranging between 20 and
40 cm. The power supply is provided by built-in
rechargeable batteries or through an AC adapter. If no
operations occur within 3 minutes, the device automat-
ically turns off to save power.

The manufacturer provided three devices, one of
which was randomly selected and used throughout the
validation experiment.

Participant Selection
A total of 97 adults (12 years and older) were included
in this validation study. The participants were recruited
to ensure that number, sex, age, arm circumference, and
BP reading distributions were in accordance with the
ANSI/AAMI/ISO 81060-2:2013 standard requirements.
All participants were recruited as inpatients or outpa-
tients from the Chinese PLA General Hospital. No
patients had atrial fibrillation, cardiac arrhythmia,
peripheral arterial disease, or other known heart disease
per the ANSI/AAMI/ISO 81060-2:2013 standard
requirements.

Familiarization
Two weeks before the start of the validation study, more
than 50 test measurements were performed for obser-
vers and supervisors, and no problems occurred.

BP Measurements
The validation team consisted of three persons: two
observers and one independent supervisor. The two
observers received formal training in mercury BP
measurements after the training program of the Chinese
Hypertension League and passing an inspection. SBP
was recorded at the appearance of Korotkoff sounds
(phase I) and DBP was recorded coincident with the
disappearance (phase V) of Korotkoff sounds, as
required by the ANSI/AAMI/ISO 81060-2:2013 stan-
dard. These readings were recorded independently by
each of the two observers. The supervisor recorded all of
the device readings and oversaw the entire procedure.
The two observers were blinded to each other’s
measurements as well as to the readings.

The participants were required to sit in a quiet room
without disturbing noises and to avoid any loud talking
during the measurements. The participants sat with both
feet flat on the floor, knees flexed to 90°, and the arm
placed in a comfortable position at heart level on a table.22

The “same arm simultaneous method” that was
defined in the ANSI/AAMI/ISO 81060-2:2013 standard
was performed in this validation study. The RS-651

device was connected in parallel to the cuff and mercury
sphygmomanometer with a double stethoscope via a Y-
shaped tube. Manual and device BP measurements were
performed simultaneously on the same upper arm by
utilizing the same cuff and same inflation/deflation
cycle. The RS-651 device automatically inflated the cuff
to approximately 20 mm Hg higher than the actual SBP
value and deflated to approximately 20 mm Hg below
the actual DBP value.

An initial manual BP value was taken for BP screening
and classification and was not used in the calculation of
the accuracy of the RS-651 device. Each participant
underwent three pairs of manual and device measure-
ments. A 1-minute rest was taken between each mea-
surement.

Data Analysis
The data, including SBP, DBP, age, and arm circumfer-
ence, were noted on paper forms and subsequently
entered and analyzed using Matlab (The MathWorks
Inc., Natick, MA). Data analysis was performed
according to both criteria 1 and 2 as required in the
ANSI/AAMI/ISO 81060-2:2013 standard.

The limits of agreement between the readings using a
mercury sphygmomanometer (reference method) and
the RS-651 device were plotted using the Bland-Altman
method23 plot to assess how the differences related to
the reference BP value.

RESULTS

Participants
In this validation experiment, the 97 participants (mean
age, 44�16 years; range, 20–81 years) were comprised
of 50 (51.5%, criteria ≥30%) men and 47 (48.5%,
criteria ≥30%) women. The mean arm circumference
was 28.3�3.7 cm (range, 22.0–36.5 cm). The numbers
(percentages) of patients were 23 (23.7%, criteria
≥20%), 53 (54.6%, criteria ≥40%), 44 (45.3%, criteria
≥40%), and 21 (21.6%, criteria ≥20%) in the arm
circumference ranges of 22.0 to 25.5 cm, 25.6 to
29.0 cm, 29.1 to 32.5 cm, and 32.5 to 36.5 cm,
respectively. All of the values of sex, age, and arm
circumference distributions met or exceeded the ANSI/
AAMI/ISO 81060-2:2013 standard.

BP Measurements
The mean BP value of the 97 participants obtained by
the initial auscultation method were
126.9�23.7 mm Hg (range, 88–217 mm Hg) for SBP
and 78.4�13.3 mm Hg (range, 50–118 mm Hg) for
DBP. The distributions of the initial SBP and DBP
reference readings are as follows:

The numbers (percentages) of high SBP
(≥160 mm Hg), medium SBP (≥140 mm Hg), and low
SBP (≤100 mm Hg) were 20 (10.3%, criteria ≥5%), 40
(20.6%, criteria ≥20%), and 24 (12.4%, criteria ≥5%),
respectively. The numbers (percentages) of high DBP
(≥100 mm Hg), medium DBP (≥85 mm Hg), and low
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DBP (≤60 mm Hg) were 18 (9.2%, criteria ≥5%), 44
(22.7%, criteria ≥20%), and 20 (10.3%, criteria ≥5%),
respectively.
ThemeanBP for all 291measurementswith themercury

sphygmomanometer was 125.6�24.0 mm Hg (range,
85–217 mm Hg) for SBP and 78.2�13.6 mm Hg (range,
49–119 mm Hg) for DBP. The mean BP for all the
measurements with the RS-651 device was 126.4�
24.2 mm Hg (range, 86–216 mm Hg) and 78.1�
13.4 mm Hg (range, 47–120 mm Hg) for SBP and DBP,
respectively.
According to criterion 1, the mean difference of 291

separate BP data pairs were 0.8�2.3 mm Hg for SBP
and �0.1�2.9 mm Hg for DBP. These data were within
the ANSI/AAMI/ISO 81060-2:2013 standard require-
ments (5�8 mm Hg). According to criterion 2, the
calculated standard deviation (SD) for SBP was
1.5 mm Hg and for DBP was 2.1 mm Hg, which is in
accordance with the acceptance of 6.89 mm Hg for SBP
and 6.95 mm Hg for DBP.
Bland-Altman plots23 of the data set are presented in

Figure 1 and Figure 2 for SBP and DBP, respectively.
These figures showed no underestimation or overesti-
mation of BP at either low or high BP levels by the RS-
651 device.

DISCUSSION
The accuracy of the RisingSun RS-651 BP monitor
based on auscultation was assessed in adults for SBP and
DBP according to the ANSI/AAMI/ISO 81060-2:2013
standard. The results showed that the RS-651 device
achieved both the criteria 1 and 2 of the ANSI/AAMI/
ISO 81060-2:2013 standard requirement. No pattern of
BP overestimation or underestimation was discernible
over the measured BP ranges.
The significantly low mean�SD values indicate close

agreement between the RS-651 device and the gold-
standard mercury sphygmomanometer, with no signif-
icant bias. It may be because we simultaneously mea-
sured the BP in the same arm with the RS-651 device
and the mercury sphygmomanometer. BP fluctuates
every moment depending on the autonomic nervous
system.24 The same arm simultaneous method can
reduce the impact of these fluctuations, depending on
one’s activity level and emotions.

DEVICE STRENGTHS AND LIMITATIONS
A major advantage of the RS-651 device is the improved
auscultatory method. It uses a micromechanical vibra-
tion sensor array to assist the high-sensitivity micro-
phone in detecting the Korotkoff sounds, and it has an

FIGURE 1. Bland-Altman plots for the differences between the RS-651 readings and the observers’ measurements for systolic blood pressure.
The x-axis represents the average of systolic blood pressure measured by the RS-651 device (test) and the mercury sphygmomanometer
(reference). The y-axis represents the difference between the systolic blood pressure obtained by the RS-651 device and the mercury
sphygmomanometer. A positive value indicates that the device measurement is greater than the observer’s measurement.
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improved algorithm that can reduce sound artifacts
recorded by the microphone.

One novel feature of the RS-651 device is that it can
estimate the SBP values during the inflation period and
then inflate the cuff to approximately 20 mm Hg higher
than the estimated SBP values automatically, without
needing to inflate to an excessive suprasystolic BP to
obtain the SBP values. The RS-651 device could
decrease the measurement time without sacrificing
accuracy and could reduce discomfort, especially in
the geriatric population and hypotensive patients.

A major limitation of this study is that we mainly
focused on validating the device in adults. As the ANSI/
AAMI/ISO 81060-2:2013 standard requires, because
the device will be intended for use in special patient
groups, such as obese patients, diabetic patients, and
pregnant women,25–27 it should undergo specific vali-
dation studies in those special populations. Previous
works also suggest that a BP monitor validated in adults
is not always accurate in children28; therefore, studies in
children younger than 12 years will also be required.
These will be studied in the future.

Another limitation is related to the cuff that was
provided by the manufacturer. The cuff was intended
for arm circumferences between 20 and 40 cm; thus,
this cuff is not suitable for participants with an arm

circumference outside of this range. Previous work
suggests that an accurate BP assessment requires the
selection of an appropriate cuff size according to the
participant’s arm circumference.29 Hence, a separate
validation study specifically including participants with
very large arm circumferences is needed.13,30,31

CONCLUSIONS
The RisingSun RS-651 BP monitor passed the ANSI/
AAMI/ISO 81060-2:2013 standard requirements and
proved to be accurate across the entire BP range. We can
recommend this device for both clinical use and self/
home BP measurements in the adult population.

Acknowledgments: We would like to thank professor Liu Lisheng, MD, Beijing
Hypertension League Institute, and Yu Mengsun, professor, academician of
Chinese Academy of Engineering, for their review of the manuscript and
helpful recommendations. We are grateful to the staff of the Chinese PLA
General Hospital for helping contact patients to participate in the validation
study. We are grateful to Beijing RisingSun Co., Ltd., for kindly providing the
RS-651 BP monitor. None of the authors have any affiliations with RisingSun.

Disclosures: The study is partially supported by the National Natural Science
Foundation of China (81271737, 30800238) and the National Key Technology
Research and Development Program of China (2013BAI03B02).
The authors report no conflicts of interest.

References
1. Stergiou GS, Parati G, Asmar R, et al. Requirements for professional

office blood pressure monitors. J Hypertens. 2012;30:537–542.

FIGURE 2. Bland-Altman plots for the differences between the RS-651 readings and the observers’ measurements for diastolic blood
pressure. The x-axis represents the average of diastolic blood pressure measured by the RS-651 device (test) and the mercury
sphygmomanometer (reference). The y-axis represents the difference between the diastolic blood pressure obtained by the RS-651 device and
the mercury sphygmomanometer. A positive value indicates that the device measurement is greater than the observer’s measurement.

1282 The Journal of Clinical Hypertension Vol 18 | No 12 | December 2016

Validation of the RisingSun RS-651 | She et al.



2. Pickering TG, Miller NH, Ogedegbe G, et al. Call to action on use
and reimbursement for home blood pressure monitoring: a joint
scientific statement from the American Heart Association, American
Society of Hypertension, and Preventive Cardiovascular Nurses
Association. Hypertension. 2008;52:10–29.

3. O’Brien E, Asmar R, Beilin L, et al. Practice guidelines of the
European Society of Hypertension for clinic, ambulatory and self
blood pressure measurement. J Hypertens. 2005;23:697–701.

4. Pickering TG. What will replace the mercury sphygmomanometer?
Blood Press Monit. 2003;8:23–25.

5. Pickering T. The case for a hybrid sphygmomanometer. Blood Press
Monit. 2001;6:177–179.

6. Campbell NR, Berbari AE, Cloutier L, et al. Policy statement of the
World Hypertension League on noninvasive blood pressure measure-
ment devices and blood pressure measurement in the clinical or
community setting. J Clin Hypertens (Greenwich). 2014;16:320–322.

7. O’Brien E. Response to the advisory statement from the council for
high blood pressure research of the American Heart Association
advocating retention of mercury sphygmomanometers. Hypertension.
2001;38:e19–e20.

8. Karnath B. Sources of error in blood pressure measurement. Hosp
Physician. 2002;3:33–37.

9. O’Brien E, Atkins N. State-of-the-market from the dableduca-
tional.org website. Blood Press Monit. 2007;12:377–379.

10. Palatini P, Frick GN. Techniques for self-measurement of blood
pressure: limitations and needs for future research. J Clin Hypertens
(Greenwich). 2012;14:139–143.

11. Veiga EV, Daniel ACQG, Bortolloto LA, et al. Problems and solutions
in implementing the World Hypertension League recommendations
for automated office assessment of blood pressure. J Clin Hypertens
(Greenwich). 2016;18:7–9.

12. Jung MH, Kim GH, Kim JH, et al. Reliability of home blood pressure
monitoring: in the context of validation and accuracy. Blood Press
Monit. 2015;20:215–220.

13. Campbell NR, Gelfer M, Stergiou GS, et al. A call to regulate
manufacture and marketing of blood pressure devices and cuffs: a
position statement from the World Hypertension League. J Clin
Hypertens (Greenwich). 2016:18:378–380.

14. Geddes LA, Voelz M, Combs C, et al. Characterization of the
oscillometric method for measuring indirect blood pressure. Ann
Biomed Eng. 1982;10:271–280.

15. Forouzanfar M, Dajani HR, Groza VZ, et al. Oscillometric blood
pressure estimation: past, present, and future. IEEE Rev Biomed Eng.
2015;8:44–63.

16. Landgraf J, Wishner SH, Kloner RA. Comparison of automated
oscillometric versus auscultatory blood pressure measurement. Am J
Cardiol. 2010;106:386–388.

17. Neuhauser HK, Ellert U, Thamm M, et al. Calibration of blood
pressure data after replacement of the standard mercury sphygmo-
manometer by an oscillometric device and concurrent change of cuffs.
Blood Press Monit. 2015;20:39–42.

18. Flynn JT. Assessment of blood pressure in children: it’s all in the
details. J Clin Hypertens (Greenwich). 2013;15:772–773.

19. de Greeff A, Shennan AH. Validation of the Tensoval Duo Control II
blood pressure monitor for clinic use and self-measurement according
to the British Hypertension Society protocol and the European Society
of Hypertension International Protocol Revision 2010. Blood Press
Monit. 2013;18:161–166.

20. De Greeff A, Arora J, Hervey S, et al. Accuracy assessment of the
tensoval duo control according to the British and European
Hypertension Societies’ Standards. Blood Press Monit. 2008;13:
111–116.

21. Advancing Safety in Medical Technology (AAMI). ANSI/AAMI/ISO
81060-2:2013. Non-invasive sphygmomanometers—part 2: clinical
investigation of automated measurement type. http://my.aami.org/
aamiresources/previewfiles/8106002_1306_preview.pdf. Accessed
May 20, 2016.

22. Pickering TG, Hall JE, Appel LJ, et al. Recommendations for blood
pressure measurement in humans and experimental animals: part 1:
blood pressure measurement in humans: a statement for professionals
from the subcommittee of Professional and Public Education of the
American Heart Association Council on high blood pressure research.
Hypertension. 2005;45:142–161.

23. Bland JM, Altman D. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet.
1986;327:307–310.

24. Grassi G, Bombelli M, Brambilla G, et al. Total cardiovascular risk,
blood pressure variability and adrenergic overdrive in hypertension:
evidence, mechanisms and clinical implications. Curr Hypertens Rep.
2012;14:333–338.

25. Nathan HL, de Greeff A, Hezelgrave NL, et al. An accurate
semiautomated oscillometric blood pressure device for use in preg-
nancy (including pre-eclampsia) in a low-income and middle-income
country population: the Microlife 3AS1-2. Blood Press Monit.
2015;20:52–55.

26. Brown MA, Roberts L, Davis G, et al. Can we use the Omron T9p
automated blood pressure monitor in pregnancy? Hypertens Preg-
nancy. 2011;30:188–193.

27. Davis GK, Roberts LM, Mangos GJ, et al. Comparisons of
auscultatory hybrid and automated sphygmomanometers with
mercury sphygmomanometry in hypertensive and normotensive
pregnant women: parallel validation studies. J Hypertens. 2015;33:
499–506.

28. Chiolero A, Paradis G, Lambert M. Accuracy of oscillometric devices
in children and adults. Blood Press. 2010;19:254–259.

29. Ringrose J, Millay J, Babwick SA, et al. Effect of overcuffing on the
accuracy of oscillometric blood pressure measurements. J Am Soc
Hypertens. 2015;9:563–568.

30. Masiero S, Saladini F, Benetti E, et al. Accuracy of the Microlife large-
extra large-sized cuff (32–52 cm) coupled to an automatic oscillo-
metric device. Blood Press Monit. 2011;16:99–102.

31. Benetti E, Fania C, Palatini P. Validation of the A&D BP UA-651
device with a wide-range cuff for home blood pressure measurement
according to the European Society of Hypertension International
Protocol Revision 2010. Blood Press Monit. 2015;20:164–167.

The Journal of Clinical Hypertension Vol 18 | No 12 | December 2016 1283

Validation of the RisingSun RS-651 | She et al.

http://my.aami.org/aamiresources/previewfiles/8106002_1306_preview.pdf
http://my.aami.org/aamiresources/previewfiles/8106002_1306_preview.pdf

