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Abstract
Background: Auscultatory mercury sphygmomanometers to measure blood pressure (BP) have been banned from 
health services because of risk of pollution and environmental accidents with mercury. Aneroid appliances could be 
an alternative.

Objective: To validate the Missouri™ aneroid device for blood pressure measurement in cancer patients according to 
the protocol of the European Society of Hypertension (ESH).

Methods: 33 patients hospitalized or under outpatient care at the Cancer Institute of the State of São Paulo, FMUSP, were 
evaluated. Three trained and blinded observers performed nine sequential blood pressure measurements interspersed 
with the mercury sphygmomanometers. The differences between the values of systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) of the test device with the mercury sphygmomanometer were classified according to the 
ESH protocol.

Results: The Missouri™ equipment underwent all three phases required by the ESH Protocol for SBP and DBP, and it 
was approved in all of the phases. The average difference between the test device and the mercury sphygmomanometer 
was 0.62 (SD = 4.53) and 0.06 (SD = 6.57) mmHg for SBP and DBP, respectively. No association was found between the 
differences in BP measurements with sex, age, body mass index and arm circumference and length.

Conclusion: The results revealed that the aneroid Missouri™ device meets ESH accuracy recommendations for the 
measurement of SBP and DBP, and it can be used to replace the mercury sphygmomanometer. (Arq Bras Cardiol 2010; 
95(2): 244-250)
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women with breast cancer8-10.

BP can be measured by a direct method (invasive) and by 
inserting a catheter into the artery connected to a transducer 
or by an indirect method using auscultatory and oscillometric 
techniques. The consistency and accuracy of various indirect 
measurement devices against invasive measurement may vary11.

Before being marketed, BP measurement devices should 
be tested according to the protocols proposed by the British 
Hypertension Society (BHS)12,13, or by the Association for the 
Advancement of Medical Instrumentation (AAIM)14 or by the 
European Society of Hypertension (ESH)15. This procedure 
is called validation, and ensures greater reliability to the 
equipment. Although the models are manufactured in series 
and tested by the manufacturer, yet it is recommended that 
the validation is also performed14. 

The accuracy and consistency of the various devices are 
controversial. Among sphygmomanometers, the mercury 
sphygmomanometer is considered the most accurate one 
and it is adopted as the gold standard for an indirect BP 
measurement1. However, due to the risk of environmental 

Introduction
The blood pressure measurement (BP) is still important in 

clinical practice. It is a fundamental tool for early identification 
of cardiovascular and renal disease1. 

The use of several chemotherapeutic and biological agents 
such as antiangiogenic antibodies, tyrosine kinase inhibitors 
and others, is associated with chronic and acute adverse 
cardiovascular events such as hypotension and hypertension 
in patients with breast, renal and colorectal cancer2-7. These 
events are especially identified by measurement of BP. It is 
critical for early diagnosis and treatment.

The presence of hypertension is also a diagnostic factor of 
some adrenal tumors, and a prognostic factor of mortality in 
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accidents and mercury toxicity in case of equipment 
breakdown, its use has been banned in health services, making 
it necessary to identify reliable and validated instruments to 
replace them in these applications16. Hence, the purpose 
of this study is to validate the Missouri™ aneroid device for 
measuring blood pressure in patients with cancer, according 
to the ESH protocol.

Method
The research was conducted at the Cancer Institute of the 

State of São Paulo (ICESP) with outpatients and inpatients in 
clinical and surgical units, after approval by the of Research 
Ethics Committee. We evaluated 39 patients, resulting in the 
study with 33 patients, who signed an informed consent, 
respecting the following inclusion criteria: patients older than 
30, who could walk and had no heart diseases. Among the 
patients assessed, five patients were excluded for presenting 
some of the exclusion criteria: auscultatory gap, atrial 
fibrillation or arrhythmia; and one patient agreed to participate 
in the study but was excluded for not being clinically able due 
to intense pain. 

We used a mercury sphygmomanometer as the 
gold standard, previously calibrated by the Institute for 
Technological Research (IPT) and certified by INMETRO for 
comparison with the Missouri™ aneroid auscultatory device. 
The resting blood pressure was measured after measuring 
the arm circumference with the arm extended to choose the 
appropriate cuff as recommended by the American Heart 
Association17. Before the measurement, patients remained 
at rest for at least 15 minutes.

The device was validated as recommended by the ESH15. 
Each patient underwent 14 sequential measurements in the 
same arm, with a time interval of 3 to 5 minutes between 
each, by three trained observers blinded as to the values 
measured by the others. 

Observers 1 and 2 performed blood pressure (BP) 
measurements with the mercury sphygmomanometer 
interspersed with measurements with the test device, which 
was performed by observer 3. The total evaluation time for 
each patient averaged 40 minutes.

Sequence of measurements15

The sequence of blood pressure measurements was as 
recommended by the ESH15 and called BP, which stands for 
blood pressure, as described below:

BPA (Blood Pressure A) = observers 1 and 2 
perform independent measurements with the mercury 
sphygmomanometer. The average value was used to categorize 
the patients into three groups (Table 1).

BPB (Blood Pressure B) = 3 observers measured the BP 
with the test device. Such measurement was not included in 
equipment validity analyses used to determine patient’s BP 
characteristics and the equipment operation.

BP1 (Blood Pressure 1) = observers 1 and 2 with the 
mercury sphygmomanometer.

BP2 = observer 3 with the test device.

BP3 = observers  1  and 2 wi th  the mercury 
sphygmomanometer.

BP4 = observer 3 with the test device.
BP5 = observers  1  and 2 wi th  the mercury 

sphygmomanometer. 
BP6 = observer 3 with the test device.
BP7 = observers  1  and 2 wi th  the mercury 

sphygmomanometer.
Measurements were performed in three phases (Phase 1, 

Phase 2.1 and Phase 2.2). The first phase included 15 patients, 
5 of whom were in each of the three groups (Table 1), with a 
minimum of 5 men and 5 women. The second phase included 
18 patients, totaling 33, who were equally distributed among 
the three groups, with a minimum of 10 men and 10 women.

Measurement of accuracy
To evaluate the accuracy of the test device, only those 

measures between BP1 and BP7 were used. The average 
values measured by observers 1 and 2 were calculated, 
corresponding to measures BP1, BP3, BP5 and BP7. Each 
measurement with the test device was interspersed with 
two measurements with the mercury sphygmomanometer. 
Thus, as recommended by the BHS protocol, the following 
differences were calculated for the DAP and PAS: BP2-BP1, 
BP2-BP3, BP4-BP3, BP4-BP5, BP6-BP5 and BP6-BP7. Out 
of these differences, three relating to DBP and three relating 
to SBP were selected, totaling 99 measurements. All of the 
three were selected considering: 1) if the values of the pairs 
were different, the smallest difference would be selected; and 
2) if the values of the pairs were identical, the first of the two 
differences would be selected.

The values of the 99 differences between the two devices 
were classified into three cumulative zones: <5 mmHg, <10 
mmHg and <15 mmHg.

Statistical analysis
Data were stored and analyzed using the program SPSS 

version 13.0, conducting descriptive analyses and inferences.
The continuous variables were assessed for their adherence 

to the normal distribution curve with the Kolmogorov-Smirnov 
test. All mean blood pressures and the differences between 
the pressure values measured with the test device and the 
mercury sphygmomanometer had a normal distribution. Thus, 
their values were compared using Student’s t test.

Pearson’s correlation test was used to assess the correlation 
between the mean values of DBP and SBP with the average 
differences between the test device and the mercury 

Table 1 - Pressure value ranges for classification of patients into 
groups15

Group Systolic pressure (mmHg) Diastolic pressure (mmHg)

Low 90 to 129 40 to 79

Average 130 to 160 80 to 100

High 161 to 180 101 to 130

245



Original Article

Arq Bras Cardiol 2010; 95(2): 244-250

Ferreira et al
Validation of Missouri aneroid sphygmomanometer

sphygmomanometer.
Differences were considered statistically significant if p 

value was <0.05.

Results

Sociodemographic and clinical characteristics
The final analysis included 33 patients, mostly female, 

married (45.5%), with predominance of white skin (54.5%) 
and average education level (60.6%) (Table 2). The mean 
age was 57.6 years old (Table 3).As for anthropometric 
measurements and vital signs, it was found that patients 
had breathing frequence, temperature and heart frequence 
values within normal limits, as shown in Table 3. Average BMI 
(Body Mass Index) was 27.41 kg/m2 and is compatible with 
overweight. From the patients assessed, 21.2% were classified 
as	normal	(BMI	≤	25),	15.2%	as	overweight	(BMI	=	26-30)	
and	15.2%	were	obese	(BMI	≥	31).

Measurements of arm circumference and length were also 
performed. Average values of 29.18 cm and 33.73 cm were 
also found, respectively (Table 3). From these data, we selected 
the appropriate cuff for the measurement. 

By analysing the correlation between sociodemographic 
characteristics and average arterial pressure and the average 
differences for SBP and DBP, we found a statistically significant 
correlation only between age and average SBP of the mercury 
sphygmomanometer (r=0.35, p=0.05) and average SBP of 
the test device and mercury sphygmomanometer (r=- 0.38, 
p=0.033). Increased arm circumference were correlated 
with a significant increase in SBP measured by the test device 
(r=0.29, p=0.03) and the mercury sphygmomanometer 
(r=0.39, p=0.03) (Table 4). 

No association was found between sex and the difference 
found between the systolic and diastolic pressure values of the 
test device and mercury sphygmomanometer. An association 
was found only between the average diastolic pressure values 
of the test device and the mercury sphygmomanometer. Men 
had mean diastolic blood pressures greater than those of women 
both with the test device (87.26 ± 16.07 vs 77.99 ± 9.41 

Table 2 - Sociodemographic characteristics of patients

Classification Frequence Percentage

Sex
Female 18 54.5

Male 15 45.5

Skin color

White 18 54.5

Mestizo where white is 
predominant 4 12.1

Mestizo where black is 
predominant 7 21.2

Black 2 6.1

Eastern 1 3.0

Missing 1 3.0

Education 
level

Illiterate 4 12.1

Elementary/middle 
education 4 12.1

High school 20 60.6

Higher education 4 12.1

Missing 1 3.0

Marital status

Single 4 12.1

Married 15 45.5

Cohabitation 1 3.0

Divorced 3 9.1

Widower 7 21.2

Missing 3 9.1

Table 3 - Anthropometric measurements and vital signs

Age Weight 
(kg)

Height 
(m) BMI (kg/m2) Arm circumference 

(cm)
Arm length 

(cm) HR T RR

Average 57.63 70.72 1.61 27.41 29.18 33.73 76.06 36.02 22.11

Median 57.50 66.9 1.63 27.28 29.25 33.75 75.50 36.15 20.00

Standard deviation 13.03 18.59 0.06 7.62 5.62 3.00 14.42 0.59 10.17

Range 49 55.50 0.19 25.43 21.50 14.00 49 2.2 45

Minimum 31 49.00 1.51 17.51 21.00 27.00 49 34.8 17

Maximum 80 104.50 1.70 42.94 42.50 41.00 98 37.0 62

Percentiles

25 50.25 52.30 1.55 20.54 25.37 32.00 65.75 35.57 18.00

50 57.50 66.90 1.63 27.28 29.25 33.75 75.50 36.15 20.00

75 69.00 84.25 1.66 33.07 32.87 35.62 89.25 36.52 21.50

HR - heart rate; RR - respiratory rate and T - temperature in centigrade degrees.

mmHg, p=0.047) and with the mercury sphymomanometer 
(86.93 ± 14.84 vs 78.47 ± 8.65 mmHg, p=0.045).

Concerning the clinical characteristics, patients were almost 
equally distributed among breast (6.1%), prostate (3.0%), 
head and neck (9.1%), colorectal (6.1%), stomach (9.1%), 
hematologic (3.0%), lung (12.0%), ovary (3.0%) and testis 
(3.0%) tumors. 

As for comorbidities, it was found that 21.2% (n = 7) had 
hypertension, 3.0% (n = 1) had renal disease due to cancer, 
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Table 4 - Correlation between blood pressure values and physical and demographic characteristics

Blood pressure
Age Arm circumference (cm) Arm length (cm) BMI (kg/m2)

r p value r p value r p value r p value

SBP test 0.26 0.14 0.39 0.03* -0.08 0.68 0.45 0.07

DBP test -0.12 0.50 0.33 0.08 -0.05 0.80 0.39 0.12

SBP mercury 
sphygmomanometer 0.35 0.05* 0.39 0.03* -0.08 0.67 0.50 0.04*

DBP mercury 
sphygmomanometer 0.03 0.88 0.28 0.14 0.01 0.97 0.32 0.21

Average DBP test and mercury -0.32 0.08 0.27 0.15 -0.34 0.07 0.26 0.32

Average SBP test and mercury -0.38 0.03* 0.14 0.47 -0.11 0.56 -0.25 0.33

*statistically significant correlation.

9.1% (n = 3), circulatory diseases, 6.1% (n = 2) had diabetes 
mellitus, and 21.2% (n = 7) had some other comorbidity, 
such as bronchial asthma, coagulopathy, hypothyroidism, 
hypercholesterolemia, and glaucoma.

As for drugs used, it was found that opioid analgesic drugs 
were used by 36.4% (n=12); 39.4% (n=13) used non-opioid 
analgesic drugs; 33.3% (n=11), anti-inflammatory drugs; 
15.2% (n=5), antibiotics; 9.1% (n=3) chemotherapy; 48.5% 
(n=16). gastroprotective drugs; 9.1% (n=3), diuretics; 3.0% 
(n=1), alpha blockers; 12.1% (n=4), beta blockers; 6.1% 
(n=2), calcium channel blockers; 12.1% (n=4), angiotensin-
converting enzyme inhibitors; 6.1% (n=2), insulin; 27.3% 
(n=9), anticoagulants; and 27.3% (n=9) used antiemetics.

Validation of the device
We performed 462 pressure measurements. From these 

measurements, seven measurements of systolic and diastolic 

pressure (BP1 to BP7) performed in 33 patients we included 
in the validation analysis. From these measurements, we 
obtained three differences totaling a set of 99 measurements 
for systolic (SBP) and diastolic (DBP) pressure. 

In phase 1, we evaluated 15 patients with averaging 58,80 
years old (SD=10,34, min.=41 and max.= 76), of which 60% 
(n=9) were men and 40% (n=6) were women. This sample 
included 45 measures of SBP and DBP. The number of SBP 
and DBP measurements in zones <5, <10 and <15 mmHg 
was above the minimum values required by the ESH (Table 5).

The analyses of Phase 2 included 33 patients and found 
that the mean differences between the test device and the 
mercury sphygmomanometer were 0.62 (SD = 4.53) and 0.06 
(SD = 6.57) mmHg for SBP and DBP, respectively (Table 5). 
The average values of the 99 measurements of SBP and DBP 
were 134.64 (SD = 20.27) and 82.20 (SD = 13.49) mmHg, 
respectively (Table 6).

Table 5 - Cumulative frequence of differences between the pressure values generated by the test device (Missouri™) and the mercury 
sphygmomanometer and mean and standard deviation of pressure values and the difference between the devices

Blood pressure Degree of 
recommendation

Number of differences between the test 
device and the mercury device (mmHg)

Difference between the averages generated by the test device and 
the mercury device (mmHg)

< 5 < 10 <15 Average SD Median Min Max

Phase 1

ESH * - 25 35 40 - - - - -

SBP Approved 41 45 45 -0.38 3.09 0.00 -6.17 4.67

DBP Approved 43 43 44 -0.30 3.62 -0.33 -8.83 7.83

Phase 2.1

ESH* - 60 75 90 - - - - -

SBP Approved 84 93 93 0.62 4.53 0.0 -6.17 21.67

DBP Approved 91 91 92 0.06 6.57 -0.5 -8.83 32.67

Phase 2.2 2/3 < 5mmHg 0/3< 5mmHg

ESH* - 22 3

SBP Approved 30 1

DBP Approved 32 1

*reference values of the ESH15.
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Table 6 - Comparison of blood pressure values (mmHg) generated by the test device (Missouri™) and the mercury sphygmomanometer

Blood pressure
Test device Mercury 

sphygmomanometer p value
Blood pressure BPA 

Average SD Average SD Average SD Amplitude (range)

SBP 134.64 20.27 134.11 19.98 0.525 137.83 19.47 85

DBP 82.20 13.49 82.58 12.34 0.734 85.04 11.39 50

The number of measurements taken with the test device 
that differed from the mercury sphygmomanometer for 5, 10 
and 15 mmHg or smaller is apresented in Table 5. Most of 
the differences were smaller than 5 mmHg (n = 84 and 91 
for SBP and DBP, respectively). 

As required by the ESH protocol in Phase 2.2, out of the 
33 patients, at least 22 of them should have at least two of the 
three differences smaller than 5 mmHg. In this study, from the 
total sample, 30 met these criteria in SBP and 32 in DBP (Table 
5).The second criterion required was that no more than three 
patients could have all three differences greater than 5 mmHg. 
In this study, only one patient in SBP and two in DBP obtained 
these measurements. Two patients in the SBP and DBP had 
one of the differences <5 mmHg (data not shown in tables). 

Figure 1 shows the correlation between the differences of 
values measured with the mercury device and the test device 
with the average values of systolic and diastolic blood pressures 
measured with both devices. Figure 1 shows that the points 
were concentrated between the difference interval of +5 to -5 
mmHg, indicated on axis y, demonstrating the accuracy of the 
test device. The difference between the BP measurements of 
the mercury and test device were within the expected range, 
as well as the average values of systolic and diastolic pressure 
measurements.

By analysing the correlation between the average values of 
pressure measurements with the test device Missouri™ and the 
mercury sphygmomanometer, we found a strong correlation 
for SBP (r=0.972, p=0.00) and a moderate correlation for 
DBP (r=0.887, p=0.000).

The results described above and shown in TablE 5 are 
consistent with the requirements of ESH, indicating that 
the Missouri™ aneroid device fulfills the international 
validation criteria.

Discussion
The results found attest to the validity of the Missouri™ 

aneroid device for measuring blood pressure in patients with 
cancer, since it was approved in all evaluation criteria required 
by the ESH validation protocol.

The validation was performed according to the 
recommendations to validate automated instruments. This 
approach was adopted because it is a reliable criterion and 
no specific criteria were identified for validation of aneroid 
equipment. Some other aneroid equipment, such as the G7 
Heine Gamma and XXL-LF18, Welch Allyn Tycos 76719 and 
Maxi Stabil 320 were also validated as recommended by the 
protocols for digital equipment.

In Brazil, the accuracy of aneroid devices are assessed 
only by Inmetro, which does require validation in individuals. 
Inmetro’s analysis includes the assessment of the following: 
proof of zero point indication, leak proof, determination of 
maximum error of measurement, determination of hysteresis 
and air leakage analysis. Besides these tests, fatigue and 
durability assessments are also performed21. Such assessment 
neither covers the validation of such equipment in humans 
nor the measurement of the accuracy compared to the gold 
standard for noninvasive measurements, which is the mercury 
sphygmomanometer. Hence, it is not possible to ensure its 
accuracy for identifying too low or too high pressure values, 
requiring the validation of aneroid equipment in individuals.

The equipment is usually validated with the general 
population, the results of which cannot be extrapolated to 
special groups. Therefore, in the present study we chose to 
validate the Missouriœ™ equipment specifically for adult 
patients with cancer, which is the population assisted at the 
Cancer Institute.

The BP measurements made with aneroid devices 
and with digital oscillometric devices are subject to errors 
that may result in differences greater that 5 and even 10 
mmHg when compared to measurements with the mercury 
sphygmomanometer. These errors may be due to decalibrated 
equipment, which may occur due to falls even time of use, 
interference of environmental factors, such as outside noise, 
interference of factors related to the observer, the patient, the 
technique itself, and could be due to inappropriate selection 
of cuff width1,22. 

Portable aneroid sphygmomanometers may be more 
easily damaged for being more prone to falls. Hence, wall 
sphygmomanometers would be preferable to the portable 
ones. Devices with more than six years of manufacturing 
and use tend to provide lower accuracy23. Thus, regular 
dynamic testing of calibration and validation as well as 
measurements performed at sites with low noise, using the 
appropriate cuff size, considering the arm circumference, and 
training of professionals are essential to ensure an accurate 
measurement24. 

In this study, all preventive measures were adopted to 
reduce the chance of errors. 

Various techniques of pressure measurement are subject 
to greater or smaller interference. Hence, the appropriate 
selection of technique and equipment is essential. Aneroid 
sphygmomanometers, when properly calibrated, provide an 
acceptable accuracy and can be a reliable alternative to the 
mercury sphygmomanometers25. 

Mercury sphygmomanometers, due to risks of environmental 
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Figure 1 - Blood pressure consistency measures [y - average arterial pressure (mmHg) and x - test-mercury difference (mmHg)].

pollution, should be banned and replaced with aneroid or 
oscillometric auscultatory devices. Therefore, it is essential that 
these devices be tested against mercury sphygmomanometers 

in order to prove these are reliable alternatives18.
The Missouri™ auscultatory aneroid device was evaluated 

in this study and proved to be an alternative to the mercury 
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