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Abstract
The purpose of this study was to determine the accuracy of Artsana helpRAPID upper-arm
blood pressure monitor in adult subjects by comparison to a non-invasive (auscultatory)
reference mercury sphygmomanometer according to the European Society of
Hypertension International Protocol revision 2010 (ESH-IP 2010). The results was that all
the validation requirement were fulfilled. 85, 96, 99 of SBP measurements and 89, 96, 99
of DBP measurements were within 5, 10, 15mmHg of absolute difference. The mean±
SD device-observer difference was -0.4 ± 3.9mmHg for SBP and -0.9 ± 3.7mmHg for
DBP. For SBP and DBP respectively, 30 and 31 of subjects had at least two of their three
difference within 5mmHg and there are zero and one subject who didn’t have any
difference within 5mmHg. In conclusions, Artsana helpRAPID has passed all phases of
ESH-IP 2010 and is suitable for self/home measurement in adults.
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Accuracy
Introduction
Blood pressure, it refers to the pressure of the blood for the unit area of the vessel wall.
Hypertension is one of the most readily preventable causes of stroke, some cardiovascular
complications and other chronic disease[1-3]. If blood pressure is higher than normal level,
it’s necessary to monitor blood pressure at home which is recommended by The American
Society of Hypertension[4], American Heart Association and other organizations[5,6]. Home
monitoring can help to quantify blood pressure variability to obtain a more stable and
consistent estimation of participant’s actual blood pressure level and to assess the degree
of coverage offered by anti-hypertensive drugs [7].
Along with the advancement of society, people began to pay attention to physical health
and the sphygmomanometer began to enter ordinary families. Thus the the accuracy and
reliability of self/home measurement blood pressure monitor used by patients has been
focus of attention [8,9]. The purpose of this study was to assesses the accuracy and
reliability of Artsana helpRAPID upper-arm blood pressure monitor for home blood
pressure monitoring according to ESH-IP 2010 in adults[10].
According to a different principle, the blood pressure monitor can be divided into three
types: a mercury sphygmomanometer, pressure sphygmomanometer and electronic blood
pressure monitor. With the electronic technology continues to progress, blood pressure
monitors currently on the market mostly are electronic blood pressure monitor. Artsana
helpRAPID uses the Oscillometric Measuring Method to detect blood pressure during
inflation and the blood pressure displayed on a liquid crystal digital display. Even more,
Artsana helpRAPID has additional functions, such as detection of body movement and
irregular heartbeat to ensure the accuracy of self/home measurement.
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Equipment and methods
Tested device
▪ Name of device: Artsana upper-arm Blood Pressure Monitor.
▪ Model of device: helpRAPID.
▪ Manufacturer: Guangdong Transtek Medical Electronics Co.,Ltd.
▪ Manufacturer Address: Zone A, No.105, Dongli Road, Torch Development District,
Zhongshan, Guangdong.
▪ Dimensions: 100x 186 x 40 mm.
▪ Weight: 388g( Without batteries and cuff ).
▪ Cuff size: 22-42 cm.
▪ Cuff type: Hard cuff.
▪ Memory: 100*2 ( For two users ).
▪ Range of measurement: pressure range of 0-300mmHg and heart rate of 40-199
beats/min.
Reference equipment
▪ Name of equipment: Yuyue medical BP meter, mercury sphygmomanometer and double
stethoscope.
▪ Accuracy: ±1mmHg.
▪ Range of measurement: 0-300mmHg.
Subjects
These subjects were recruited from the hypertension, outpatients and normal volunteers in
Zhongshan City People’s Hospital in zhongshan, Guangdong, China. The Ethics
Committee of Zhongshan City People’s Hospital approved this study and informed
consent was obtained from all subjects who agreed to participate this investigation. Record
the age, gender, height, weight, arm circumference and on antihypertensive or not before
the validation.
Validation procedure
Completely following the ESH-IP 2010, the procedure was performed by two observers
and an independent supervisor experienced in blood pressure measurement.This study
choose auscultatory method and same-limb sequential measurement. Two observers
auscultated simultaneously and were blinded to each other’s readings and tested device
reading. Sequential measurements reference mercury sphymomanometer and tested device
were performed on the left upper arm supported at the heart level. Subjects had to rest in
sitting position for at least 10 min quietly before test. No motion and speaking were
allowed during the measurement. If happen any problems during the test, record them.
BP1, BP3, BP5, BP7 measured by reference mercury sphymomanometer and BP2, BP4,
BP6 measured by tested device for every subject were used for data analysis.
Data analysis
The measurements were analyzed in Microsoft Excel according to the the European
Society of Hypertension International Protocol revision 2010.
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Results
Study results included screening and recruitment information, recruitment ranges of blood
pressure, subject details, distribution of overall pressure, observer differences and
validation results. All of these contents would be expressed list form, as below Table 1 Table 5.
Table 1 Screening and recruitment details and recruitment ranges
Screening and recruitment

Recruitment range

Total screened

43

Total excluded

10

The reasons
and count of
exclusion

Ranges complete

0

Range adjustment

10

Arrhythmias

0

Device failure

0

Poor quality sounds

0

Cuff size unavailable

0

Observer disagreement

0

Distribution

0

Other reasons

0

Total recruited

Low
SBP Medium
High

Low
DBP Medium
High

33

mmHg

All

<90

0

90-129

10

130-160

11

161-180

8

>180

4

<40

0

40-79

11

80-100

12

101-130

10

>130

0

On Rx
0
1
9

0
4
6

The number of total recruited subjects was 33 and the number of subjects in each of SBP
ranges (Low, Medium and High) was 10, 11, 12 and 11,12,10 in each of the three DBP
ranges (Low, Medium and High), respectively, which had be fulfilled from 10 to 12
completely.
Table 2 Subjects details
Sex
Age (years)
Arm circumference (cm)
Cuff for tested device
Recruitment blood
pressure(mmHg)

Male:Female

19:14

Range (Low : High)

25 : 73

Mean (SD)

50.5 (15.8)

Range (Low : High)

22.2 : 40.4

Mean (SD)

30.5 (4.7)

22 - 42 cm(arm)

33
SBP

DBP

Range (Low : High)

90:199

48:118

Mean (SD)

145.8(27.2)

87.5(16.7)

33 subjects included 19 male and 14 female with mean±SD age 50.5±15.8 years. The arm
circumference of all subjects was 30.5±4.7cm with all subjects using the hard cuff
(22-42cm) for the tested device. The SBP and DBP of the 33 subjects was 145.8±27.2 and
87.5±16.7mmHg, respectively.
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Table 3 Distribution of overall pressure
SBP (mmHg)

DBP (mmHg)

Overall range (Low:High)

89 : 194

Overall range (Low:High)

50 : 120

Low ( < 130)

29

Low ( < 80)

35

Medium (130–160)

43

Medium (80–100)

35

High ( >160)

27

High ( > 100)

29

Maximum difference

16

Maximum difference

6

The overall range of observer measurements was 89-194mmHg for SBP and
50-120mmHg for DBP. SBP and DBP respectively had 99 comparison measurements
which located in each recruitment range (Low, Medium and High) were 29, 43 and 27 for
SBP and 35, 35 and 29 for DBP, respectively. The maximum difference was 16 for SBP
and 6 for DBP which were not both more than 19.
Table 4 Observer differences
Observer2-Observer 1

SBP (mmHg)

DBP (mmHg)

Range (Low:High)

–4 : +4

–4 : +4

Mean (SD)

0.1(1.8)

0.2(1.6)

Repeated
measurements
3

The range of observer differences was -4 to 4mmHg with mean±SD values 0.1±1.8mmHg
for SBP and 0.2±1.6mmHg for SBP.
Table 5 Validation result
Part 1
Pass
requirement
Achieved

≤5mmHg ≤10mmHg ≤15mmHg Grade 1
73

87

96

/

/

/

All of

65

81

93

/

/

/

SBP

85

96

99

Pass

-0.4

3.9

DBP

89

96

99

Pass

-0.9

3.7

2/3≤5mmHg

0/3≤5mmHg

Grade 2

Grade 3

≥24

≤3

/

/

SBP

30

0

Pass

Pass

DBP

31

1

Pass

Pass

Pass requirements

Part 3

SD (mmHg)

Two of

Part 2

Achieved

Mean
(mmHg)

Result

Pass

The differences of tested device-observer measurements produced 85, 96, and 99
measurements within 5, 10, and 15mmHg for SBP and 89, 96, and 99 for DBP,
respectively. The mean±SD of device-observer was -0.4±3.9mmHg for SBP and -0.9±
4

3.7mmHg for DBP. The number of subjects with two or three of the device-observer
differences within 5mmHg was 30 for SBP and 31 for DBP. In addition, none of subjects
had no device-observer difference within 5mmHg for SBP and one subjects had the same
for DBP.
Plots: these were mean-difference plots which represented all 99 point of the device and
observer measurements. The plots indicated BP uniform distribution rather than being
clustered with in a range(Fig.1).

Fig.1

Differences versus the mean pressure between the tested device and the observer values
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Discussion
The study was carried out strictly according to the ESH-IP 2010 and the results showed a
good agreement between mercury sphygmomanometer and Artsana helpRAPID in systolic
and diastolic blood pressures. The 33 subjects had a wide range in age, systolic and
diastolic blood pressures and the cuff was used in this study for arm circumferences
ranging of 22-42cm to meet the requirements of various population. The study results
indicated that the hardware and algorithms of the tested device have the capacity to work
properly in blood pressure measurements over a wide range.

Conclusion
According to the results of this study on the basis of the ESH-IP 2010, Artsana
helpRAPID upper-arm blood pressure monitor is suitable for self/home measurement in
general adult population.
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