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INTRUDUCTION  
Accurate measurement of blood pressure 

is crucial for the diagnosis and treatment of 

cardiovascular diseases, which are a leading 

cause of mortality worldwide (1). The invasive 

intra-arterial measurement of blood pressure is 

considered the gold standard method because it 

provides accurate and real time data (2,3). 

However, it is not practical because of it is 

risky, expensive, painful, time consuming and  

 

 

must done by skilled personnel (4). 

Mercury sphygmomanometry has been 

considered the gold standard non-invasive 

method for the measurement of blood pressure 

for long time due to its accuracy in comparison 

with invasive intra-arterial measurement (5) but 

it may be affected by patients related factors 

such as anxiety that leads to white coat 

hypertension (6). Other disadvantages of this 

method are the requirement of trained 
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ABSTRACT 

Background: Accurate measurement of blood pressure is crucial for the diagnosis and treatment 

of cardiovascular diseases. Automatic non-invasive blood pressure devices are now widely used 

for the measurement of blood pressure of patients at home and even by the doctors in emergency 

room in Iraq due to their ease of use. However, the accuracy of these devices had been a matter of 

debate. Aim of the study: Our study aimed to evaluate the accuracy of the automated wrist and 

upper arm devices in blood pressure measurement. Methods: The study was a cross sectional 

study involved 75 patients who were undergoing cardiac catheterization. Blood pressure was 

measured using two types of automated devices, Rossmax upper arm and wrist devices. Their 

readings were compared simultaneously with the readings of an intra-arterial catheter to assess 

their accuracy. Results: The automated upper arm device measured a significantly higher value 

(p<0.05) of diastolic and mean arterial pressures than those measured by intra-arterial catheter 

with means of differences of 6.79 mmHg and 6.57 mmHg respectively. While the systolic blood 

pressure was not significantly different (p>0.05) from those measured by intra-arterial catheter. 

The automated wrist device measured a significantly higher value (p<0.05) of systolic, diastolic 

and mean arterial pressures than those measured by intra-arterial catheter with means of 

differences of 11.32 mmHg, 18.30 mmHg and 15.98 mmHg, respectively. Both devices exhibited 

good reproducibility. Conclusion: Rossmax upper arm and wrist devices overestimate blood 

pressure. They are inaccurate and should not be relied upon for critically ill patients and in the 

emergency room. 

Keywords: Blood pressure, Rossmax, Automated Blood Pressure Devices, Upper Arm, 

Wrist. 
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personnel as auscultation with stethoscope is 

needed for accurate reading and the toxicity 

and environmental hazards of mercury (7). So, 

Mercury sphygmomanometer was replaced by 

the automated noninvasive blood pressure 

devices which measure blood pressure by 

inflating a cuff around the arm or the wrist and 

detect pressure changes induced by the arterial 

pulsation during deflation. The devices analyze 

pressure waveforms and use an algorithm to 

estimate blood pressure (8). These devices are 

now widely used by the patients at home and 

even by the doctors in emergency room in Iraq 

due to their ease of use. However, the accuracy 

of these devices especially in critically ill 

patients had been a matter of debate between 

researchers (9-11). This study aims to evaluate 

the accuracy of the Rossmax upper arm and 

wrist devices in the measurement of blood 

pressure as they are widely used in Iraq. 

 

METHODS 

Study design:  

    This study was a cross sectional study which 

involved 75 patients (41 males and 34 females) 

with an average of age of 48±8.1 years and 

57±6.23 years respectively, who were 

undergoing cardiac catheterization in AL-

Sader teaching hospital in Basrah 

 

Blood pressure measurement: 
    Blood pressure was measured using two 

types of automated devices, wrist and upper 

arm devices, manifactured by Rossmax, 

Switzerland. Their readings were compared 

simultaneously with the readings of an intra-

arterial catheter to assess their accuracy using a 

wide still catheter. Additional measures were 

taken to avoid incorrect readings including 

proper placement of the cuff of the automated 

devices, avoid talking or excessive movement, 

and maintain one minute gap between readings  

to avoid venous congestion)12( . 

 

 

 

Statistical analysis 

    We used SPSS program version 26. Data 

were tabulated as mean ± standard deviation. 

To estimate the accuracy of the devices, we 

assess them for systemic error and random 

error . Systemic error: We made a comparison 

between the value of blood pressure obtained 

by the tested devices and those measured by 

the invasive intra-arterial line  . Random error: 

We made a comparison between two 

consecutive measurement of blood pressure for 

each device in order to evaluate the 

reproducibility of the devices.  

 

RESULTS 

The evaluation of the upper arm device 

 a. Systemic error 

The automated upper arm device measured a 

higher value of systolic, diastolic and mean 

arterial pressures than those measured by intra-

arterial catheter. However, statistical analysis 

revealed significant difference (p<0.05) 

between the values of diastolic and mean 

arterial pressures but no significant difference 

(p>0.05) regarding systolic blood pressure as 

shown in tab.1. 

b. Random error 

Regarding the upper arm device, there was 

significant difference (p<0.05) between the two 

measured values for diastolic and mean arterial 

pressure but no significant difference (p>0.05) 

between the two measured values for systolic 

blood pressure as shown in tab.2. 

The evaluation of the wrist device   

a. Systemic error 

The automated upper arm device measured a 

higher value of systolic, diastolic and mean 

arterial pressures (p<0.05) than those measured 

by intra-arterial catheter as shown in tab.3. 

b.  Random error 

There was no significant difference (p>0.05) 

between the two consecutive measures of 

blood pressure by the wrist device as shown in 

Tab.4.
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Table (1): The values of blood pressures measured by Rossmax upper arm device in comparison 

with those measured by intra-arterial line. 

Parameters (n=75) Invasive method 

(mean ± SD) 

Upper arm device 

(mean ± SD) 

Mean of  

 difference ± SD 

P value 

SBP (mmHg) 142.67 ± 28.26 148.78 ± 24.78 6.11 ± 5.36 P > 0.05 

DBP (mmHg) 77.56 ± 11.99 84.35 ± 10.57 6.79 ± 2.41 P < 0.05 

MABP (mmHg) 99.26 ± 14.26 105.83 ± 12.31 6.57 ± 2.87 P < 0.05 

BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure, MABP: mean arterial blood 

pressure. 

  

Table (2): Assessment of blood pressure measurement reproducibility with Rossmax upper arm 

device. 

BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure, MABP: mean arterial blood 

pressure. 

 

Table (3): The values of blood pressures measured by Rossmax wrist device in comparison with 

those measured by intra-arterial line. 

Parameters 

 (n=75) 

Invasive method 

(mean ± SD) 

wrist device 

(mean ± SD) 

Mean of  

 difference ± SD 

P value 

SBP (mmHg) 144.24±28.11 155.56±16.77 11.32±4.56 P < 0.05 

DBP (mmHg) 77.63±12.82 95.93±13.61 18.30±2.54 P < 0.05 

MABP (mmHg) 99.83±16.12 115.81±13.33 15.98±3.19 P < 0.05 

BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure, MABP: mean arterial 

blood pressure. 

 

Table (4): Assessment of blood pressure measurement reproducibility with Rossmax wrist 

device 

BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure, MABP: mean arterial 

blood pressure. 

Parameters 

(n=75) 

First reading of 

BP (mean ± SD) 

Second reading of 

BP (mean ± SD) 

Mean of  

 difference ± SD 

P value 

SBP (mmHg) 125.32±23.64 124.76±25.30 0.56±4.47 P > 0.05 

DBP (mmHg) 78.53±14.62 75.99±13.01 2.54±6.45 P < 0.05 

MABP (mmHg) 94.13±15.92 92.45±16.42 1.68±5.11 P < 0.05 

Parameters 

(n=75) 

First reading of 

BP (mean ± SD) 

Second reading of 

BP (mean ± SD) 

Mean of  

 difference ± SD 

P value 

SBP (mmHg) 124.10 ± 18.87 125.61±18.25 1.51±4.39 P > 0.05 

DBP (mmHg) 76.99±15.79 77.17±12.02 0.18±12.82 P > 0.05 

MABP (mmHg) 92.69±16.11 93.32±14.17 0.63±13.01 P > 0.05 
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DISCUSSION 

    The evaluation of the accuracy of the 

Rossmax upper arm device for measurement of 

blood pressure compared to intra-arterial line 

indicated that it overestimates blood pressure 

values particularly for diastolic and mean 

arterial pressure where the differences were 

statistically significant (p<0.05). The means of 

the differences between the values of the 

Rossmax upper arm device and the intra-

arterial line in measuring systolic, diastolic and 

mean arterial pressures were 6.11 mmHg, 6.79 

mmHg, 6.57 mmHg respectively, which 

indicated that the device is slightly inaccurate 

according to the British hypertension society 

protocol for validation of devices that measure 

blood pressure which considers a difference 

more than 5 and up to10 mmHg as slightly 

inaccurate (13,14).  

     The assessment of the reproducibility of the 

upper arm device demonstrated no significant 

difference between two consecutive systolic 

blood pressure measurements. However 

significant difference was observed between 

the duplicate measurements of diastolic and 

mean arterial pressure but the means of 

differences were very low (2.54 mmHg and 

1.68 mmHg) which may indicate the sensitivity 

of the device to minute-to-minute small blood 

pressure fluctuations. The evaluation of the 

accuracy of the Rossmax wrist device revealed 

that it also overestimates blood pressure values. 

The means of the differences between the 

values of the Rossmax wrist device and the 

intra-arterial line in measuring systolic and 

mean arterial pressures were 11.32 mmHg and 

15.98 mmHg respectively, which indicated that 

the device is moderately inaccurate while the 

differences between the values of diastolic 

blood pressures was 18.30 mmHg which 

indicated that the device is very inaccurate in 

measuring diastolic blood pressures according 

to the British hypertension society protocol for 

validation of devices that measure blood 

pressure which considers a difference more 

than 15 mmHg as very inaccurate (13,14). The 

assessment of the reproducibility of the wrist 

device demonstrated no significant difference 

between two consecutive measurements of 

systolic, diastolic and mean arterial pressures, 

which indicates a good reproducibility of the 

wrist device. However, the systematic 

overestimation of this device raises concerns 

about its clinical reliability. The inaccuracy of 

the oscillometric blood pressure devices could 

be duo to several factors. First factor is their 

dependence on empirical algorithms derived 

from population studies to interpret arterial 

wall oscillation. These algorithms may not 

accommodate with the unique arterial 

properties of each patient (15,16). 

      Second factor is that individual variations 

in vascular compliance and arterial stiffness 

may affect the algorithm. In elderly, 

hypertensive and diabetic patients increased 

arterial stiffness causes overestimated blood 

pressure readings by oscillometric method 
(17,18). Third, arrhythmias affect the readings of 

oscillometric devices. Algorithms assume 

regular oscillation but in arrhythmias such as 

atrial fibrillation irregular beats cause 

fluctuations in the oscillation leading to 

miscalculation of blood pressure (9,19,20). 

Fourth, globally a minority of automated blood 

pressure measuring devices undergo validation 

for accuracy (21). The inaccurate blood pressure 

measurement can have serious consequences. 

The overestimation of blood pressure causing 

inappropriate diagnosis of hypertension and 

exposing the patient to unnecessary medication 

with unnecessary side effects (22,23). Our study 

is in agreement with several studies that 

reported automatic blood pressure devices tend 

to overestimate blood pressure (24-27). However, 

some studies reported good agreement of 

manual and automatic blood pressure 

measurement by oscillometric technique (10,28). 
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CONCLUSION 

  Although Rossmax upper arm and wrist 

devices had good reproducibility but they 

overestimate blood pressure. The systemic 

error was higher in wrist device than upper  

 

armdevice. These devices are inaccurate and 

should not be relied upon for critically ill 

patients and in the emergency room.  
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