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Introduction
The most commonly measured physiological 

parameter in the area of medical diagnostics is Arterial 
Blood Pressure (ABP). It is an important vital sign as 
to the indication of the current state of health of the 
patient (Pater, 2005). Through the obtainment of ABP 
measurement results decisions related to diagnosis, 
prognosis and therapy are adopted (James et al., 2014; 
Mendonça, 2012; Mendonça et al., 2012). Hypertension 
is considered one of the greatest health risks factors that 

affects the heart and the circulatory system (Piper et al., 
2015; Yang et al., 2012). For this reason, its correct and 
early detection is essential to the well-being of any patient. 
In clinical practice, the diagnosis of hypertension is a 
common process carried out by the indirect measurement 
of ABP, this is usually performed through the use of 
a mechanical aneroid sphygmomanometer and the 
auscultatory method developed by Korotkoff (Introcaso, 
1996; Minor et al., 2012; Powers et al., 2011).

There are a number of factors that can lead to errors 
in blood pressure (BP) results, such as the patient, 
operator, equipment and environment. Within such 
factors one finds: adequate rest time; diurnal variation; 
room temperature; clinic atmosphere; pain; anxiety; 
smoking; humidity; end‑digit preference; impaired 
hearing; instrument accuracy; background noise; clothing 
interference; inappropriate cuff size and placement; 
posture; inflation-deflation rate; among others These 
potential error factors place a significant impact on 
BP readings and are common to clinical practice, 
highlighting the possibility of inadequate results that 
lead to misclassification, misdiagnosis, and inadequate 
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medical decisions (Pickering and Ogedegbe, 2010; 
Pickering et al., 2005; Tolonen et al., 2015). Therefore, 
to obtain valid results from ABP measurements for 
hypertension diagnosis, aneroid sphygmomanometer 
must be accurate, precise and traceable. Traceability 
includes calibration of equipment as well as the evaluation 
and declaration of the uncertainty of measurement at 
every level of the traceability chain, including for the 
measurement results (International…, 2005). According to 
JCGM 100 (Joint…, 2008), any measurement result must 
be given some quantitative indication as to the quality 
of the result that indicates its reliability, for performing 
the evaluation and expressing its level of uncertainty. 
The aneroid sphygmomanometers also should be in line 
with Ordinance No. 153 (Brasil, 2005) and the Specific 
Standard No. NIE-DIMEL-006 (Instituto…, 2014), both 
documents are in accordance with the recommendation 
of the International Organization of Legal Metrology 
(OIML) (International Organization…, 2002).

Hence, the objective of this work is to apply a 
calibration procedure that identifies if the aneroid 
sphygmomanometers used presently at the Health 
Care Facility (HCF) meet the stipulated maximums 
errors of indication and hysteresis. The uncertainty 
associated with sphygmomanometer calibration and 
with the measurement results carried out during the 
hypertension diagnosis are evaluated, and a discussion 
regarding the effects of uncertainty of measurement on 
the test diagnosis is presented.

Methods
The calibration of the aneroid sphygmomanometers 

was performed at the Laboratory of Bioengineering, 
located at the Clinical Hospital of the Federal University 
of Uberlandia (HCU-UFU), according to the Ordinances 
INMETRO No. 153 (Brasil, 2005) and INMETRO 
No. DIMEL NIE-006 (Instituto…, 2014). The first 
ordinance establishes the minimal conditions that the 
mechanical aneroid sphygmomanometers of noninvasive 
measurement of human ABP should satisfy (Brasil, 
2005). The second establishes which procedures should 
be adopted in order to evaluate the performance of the 
mechanical sphygmomanometers (Instituto…, 2014).

The Ordinance Nº 153 (Brasil, 2005) defines three 
verifications that should be conducted on the aneroid 
sphygmomanometers:

•	 Initial: This should be carried out on all mechanical 
sphygmomanometers before being marketed;

•	 Periodic: This should be performed annually and 
it includes the following tests: Administrative 
Examination; determination of indication error; 
and determination of air leakage;

•	 Eventual: This should be performed after repair 
or maintenance or upon request by the user. 
It includes the following tests: administrative 
examination, determination of the indication 
error, air leakage, tamper proofing and hysteresis.

The verification procedure denominated as Eventual 
is one of the items from the maintenance routine for the 
aneroid sphygmomanometers performed at the hospital 
considered in this work. At this establishment, the healthcare 
professional sends the device, judged as non-compliant, 
to the equipment center of the hospital, which generates 
the maintenance request using the software “Equipment 
Management Software”. The request is delivered to the 
Laboratory of Bioengineering, where the responsible 
technician will carry out the maintenance.

Experiments
The experiments were divided into two steps. 

The objective of the first test was to conduct the calibration 
of the sphygmomanometers, which was divided into 
The Administrative Examination, which consists of 
the determination of the Indication Error, Hysteresis, 
Air Leakage and Rapid Exhaust. The second step was 
conducted in order to measure Blood Pressure.

Administrative examination
The Administrative Examination had the purpose 

of detecting irregularities or damage such as smashed 
pointer, broken, loosened, and other problems that affect 
the performance of the device. In this test by means 
of visual inspection, the detection of noncompliance 
in the components of the sphygmomanometers was 
performed. Verified in this examination were Inscriptions 
and Tamper Proofing.

Inscriptions were evaluated according to the requirement 
established in regulation Nº. 153 (Brasil, 2005) and the 
following aspects were observed, presence of measuring 
unit, trademark that the device is marketed under and 
scale. It was also evaluated if those inscriptions were 
clear and easily recognized, without tracing errors, 
a single color contrasting with the indicator and the 
device background and if the manometer had approval 
from Instituto Nacional de Metrologia, Qualidade e 
Tecnologia (INMETRO).

In Tamper Proofing, verification of the 
sphygmomanometers measurement mechanism was 
made. It was also analyzed in respect to protection, 
closing, dust exposure and tamper violation.

Determination of the indication error and 
hysteresis

The pressure readings of devices under calibration 
were compared to the values indicated by a standard 
manometer Cappo P-2 which resolution of 0.5 mmHg. 
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This instrument has a calibration certificate issued by the 
lab ABSI with the number 127297/15, on 31 August 2015.

The experiments were carried out in a range 
from 0 mmHg to 300 mmHg in an incremental manner 
followed by a decremental manner. Three measurement cycles 
were performed. The points evaluated during calibration were 
0, 30, 70, 90, 100, 120, 150, 190, 230, 270 and 300 mmHg. 
A standard waiting period of one minute was observed 
in each position before the data registration, in order 
to guarantee the thermodynamic stabilization of the 
pneumatic system. Additionally, verification was made 
to see if the pointer of each aneroid sphygmomanometer 
was on zero.

From the collected data, the indication error and the 
hysteresis were calculated for each evaluated point of 
the nominal range of each aneroid sphygmomanometer. 
The repeatability and the accuracy were also accessed. 
Finally, a calibration curve was traced for each 
equipment. The values of indication error and hysteresis 
were compared with the maximum permissible error 
permissible in the Ordinance No. 153 (Brasil, 2005), 
those being ± 3.0 mmHg and 4 mmHg for the indication 
error and hysteresis, respectively.

Determination of air leakage
This test identifies leakage from the manometer and 

cuff. To perform this test, the maximum pressure of the 
scale range (300 mmHg) was applied over a period of 
five minutes. If the pressure loss exceeded the 20 mmHg 
mark after this period, this particular manometer device 
was reproved in accordance with INMETRO No. DIMEL 
NIE-006 (Instituto…, 2014).

Determination of rapid exhaust
In this test, the aneroid sphygmomanometer was 

pressurized to the maximum pressure of the nominal 
range and then the deflation valve is fully opened until 
the pressure decreases to 15 mmHg. Devices that spend 
more than 10 s to perform this reduction were reproved 
as recommend by INMETRO No DIMEL NIE-006 
(Instituto…, 2014).

Pneumatic system and technologies employed
The system assembled by the Laboratory of 

Bioengineering used to perform the calibration is shown 
in Figure 1. The system uses the pneumatic systems model 
recommended by NIE-DIMEL-006 (Instituto…, 2014).

The experiments were carried out at 24.0 °C and 40% 
of humidity in accordance to Ordinance No. 153 (Brasil, 
2005). Temperature, humidity and time necessary for 
thermodynamic stabilization of the pneumatic system 
were monitored during calibration by using a digital 
thermo‑hygrometer clock manufactured by Instrutherm, 
model HT-210. This equipment has a resolution of 0.1 °C 
and a nominal range of 50.0 °C for temperature, while the 

resolution for humidity is equal to 1% and nominal range 
from 20% to 99%. The expanded uncertainty associated 
with the thermo-hygrometer clock calibration being equal 
to 0.2 °C, humidity at 1% and time at 1 second. In all 
cases the coverage factor is equal to 2.00 with infinite 
degrees of freedom.

Blood pressure measure
An experienced operator measured the systolic (SBP) 

and diastolic (DBP) blood pressure three times on a 
single volunteer, these measurements indicated whether 
the volunteer has normal blood pressure, in according 
with the Sociedade Brasileira de Cardiologia (Moreira, 
2010). This volunteer was used for all experiments. 
The device used for these initial measurements was 
a mechanical analog aneroid sphygmomanometer 
(calibrated and adjusted by the department of clinical 
engineering of the Federal University of Uberlandia, 
accredited by INMETRO since 2005 to carry out such 
procedures) with resolution of 1 mmHg and nominal 
range of 300 mmHg. This equipment has an expanded 
uncertainty associated with its calibration, which is equal 
to 1.39% of the pressure value indicated for k equal to 
2.09 and 95.45% of coverage probability. The hysteresis 
error is 0.67% for a pressure around 100 mmHg and 
0.33% for a pressure around 70 mmHg.

Figure 1. Model assembled by Bioengineering Department for tests. 
1- Metal vessel; 2- Standard manometer; 3- Thermo-hygrometer 
clock; 4- Manometers to be tested; 5- Pressure generator; 6- Register; 
7- Connecting hoses.
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The previous readings will serve as a reference of 
comparison for the other 72 sphygmomanometers used 
in the hospital and were chosen randomly between 
departments. In order to check the normality of data 
resulting from the pressure measurement, 35 measurements 
were also carried out in the volunteer and values of 
systolic blood pressure (SBP) and diastolic (DBP) were 
registered. The Chauvenet criterion was applied to identify 
extreme values. The Shapiro-Wilk test statistic using the 
R software was performed in order to test for normality.

The uncertainty calculation measure
The uncertainty of measurement was evaluated 

by applying the method Guide to the Expression of 
Uncertainty in Measurement (GUM), proposed by the Joint 
Committee for Guides in Metrology (JCGM) (Joint…, 
2008). The mathematical model used to calculate the 
uncertainty of mechanical aneroid sphygmomanometer 
calibration, at each point (j) evaluated, is shown in 
Equation 1. In Equation 2, the mathematical model 
proposed to estimate the uncertainty of arterial blood 
pressure measurements is demonstrated.

Mj H= + ∆ + ∆ +j Ej E MjP x R C 	 (1)

Reading through Equation 1, Pj is the pressure at point 
j of the mechanical aneroid sphygmomanometer nominal 
range; Ejx  is the average for the values indicated by the 
calibrated sphygmomanometer for each conventional 
value indicated by the standard manometer; ∆ ER  is 
the correction due to the resolution of the calibrated 
sphygmomanometer; MjC∆  is the correction associated 
with the calibration uncertainty of the standard manometer 
at the point j; and MjH  is the hysteresis of the standard 
manometer at point j.

E H= + ∆ + ∆ +P E EP x R C 	  (2)

Reading through Equation 2, P is the pressure; Px  is the 
average for the values indicated by the sphygmomanometer 
during pressure measurement; ∆ ER  is the correction 
due to the resolution of the sphygmomanometer; ∆ EC  
is the correction associated with the uncertainty of the 
sphygmomanometer; and EH  is the hysteresis of the 
sphygmomanometer.

The combined standard uncertainty associated with 
the measurements was determined by the application of 
the law of propagation of uncertainty in Equations 1-2 
and, as such, Equations 3-4 were obtained.
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The calculation and declaration of uncertainty associated 
with the measurement results are particularly useful when 
the values given by the measuring system are compared 
with a specification to issue a diagnosis. In this case, the 
values obtained during the pressure measurement should 
be compared with those recommended by the World 
Health Organization (1999) through the International 
Society of Hypertension (ISH). The expanded uncertainty 
associated with the measurement results reduces the 
specification zone, which generates the conformance 
zone (Weckenmann et al., 2001).

Sampling

The Annex A of the Specific Standard No. NIE‑DIMEL-006 
(Instituto…, 2014) establishes the sampling procedure 
for performing the Initial Verification of the mechanical 
sphygmomanometers. In accordance with this 
standard, the sample size must be 50 or more. Thus, 
72 sphygmomanometers were randomly collected from 
among 23 departments of the hospital.

The collected devices were from 9 different trademarks, 
identified as “A” up to “I”, the respective number of 
collected devices from each trademark was: A(1), B(6), 
C(6), D(2), E(1), F(1), G(3), H(16), and I(36).

Results
Figure 2 shows the calibration curve of a mechanical 

aneroid sphygmomanometer. It was noted that the calibrated 
sphygmomanometer exhibited a negative indication error, 
and as a result this equipment tends to provide a lower than 
true pressure reading. The indication error exceeded the 
reference value (±3 mmHg) at points along the nominal 
range equal to 70, 90, 100, 120, 150, 190 and 230 mmHg. 
In turn, the hysteresis error exceeded 4 mmHg at the 
upper end of the nominal range. Similar error curves 
were realized for all calibrated sphygmomanometers.

The authors highlight in the following the results 
for the number of devices that were evaluated and from 
among such presented noncompliance, along with the 
percentage representation for this number from the total 
of the 72 evaluated devices:

•	 In 16 devices (22.2%), the pointer was not 
within of the tolerance zone of scale mark at zero 
and 42 devices (58.3%) showed an indication 
error higher than the maximum permitted error 
(± 3.0 mmHg);
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•	 7 devices (9.7%) exceeded the maximum error 
stipulated for the hysteresis (4 mmHg), this 
means that the quality of the elastic sensing 
element of these devices is not appropriate and 
must be replaced;

•	 24 devices (33.3%), demonstrated noncompliance 
conditions in the bladder and connection hoses, 
sleeve, hand pump and deflation valve;

•	 11 devices (15.3%) presented crack and damage 
on the display likely caused by falls and / or 
shocks. For this reason, they are indicated as 
unfit for use.

Table 1 shows the number of devices unsuitable for 
use in each department. From a total of 72 evaluated 
aneroid sphygmomanometers, 44 (61.1%) did not meet the 
specifications in at least one of the tests, which may lead 

Figure 2. Error curves for a mechanical aneroid sphygmomanometer. Forward- Indication error; 2s- Indication error plus two standard deviations; 
_2s- Indication error minus two standard deviations; Hmax- Maximum error for hysteresis; Emax- Maximum positive error; _Emax- Maximum 
negative error; Back- Hysteresis error; s- standard deviation of the error.

Table 1. Number of devices unsuitable for use by department from the hospital.

Department Number of devices with 
non-conformities

Devices unsuitable for 
use in the department

(%)

Devices unsuitable for use for the sample taken 
from the department in relation to the sample 

taken from the hospital (%)
Pediatric clinic 5 45.5 11.4
Pediatric ICU 0 0 0
Oncology 2 50.0 4.5
Pediatric aid post 0 0 0
Pediatrics 3 75.0 6.8
Gynecologic clinic 2 66.7 4.5
Surgical emergency 3 100.0 6.8
Surgical center II 4 57.2 9.2
Obstetric center 1 100.0 2.3
Hemodialysis 1 50.0 2.3
Psychiatric 1 50.0 2.3
Medical clinic 4 66.7 9.2
First aid post 0 0 0
Surgical center V 2 66.7 4.5
Adult ICU 3 75.0 6.8
Surgical center I 2 33.3 4.5
Maternity 1 50.0 2.3
Gynecologic aid post 2 66.7 4.5
Thoracic pain 
emergency

2 66.7 4.5

Surgical center III 2 100.0 4.5
Emergency room 2 66.7 4.5
Infectious disease 1 100.0 2.3
Burned 1 100.0 2.3
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to misdiagnose. These non-conformities were associated 
with the calibration and conditions of the manometer 
or integrity of the cuff, hand pump and deflation valve. 
These problems affect the accuracy of ABP readings.

Uncertainty associated with the calibration of 
mechanical aneroid sphygmomanometers

Table 2 summarizes the evaluation of the uncertainty 
of measurement associated with the mechanical aneroid 
sphygmomanometer calibration at the 90 mmHg point of 
the nominal range, which exhibited the highest standard 
deviation value. Also, in Table 2, the following variables 
are presented, IV - input variable, E – estimate, PD - 
probability distribution (t – t distribution, N – Normal 
distribution, R – Rectangular distribution), DF - degree 
of freedom, SC - sensitivity coefficient, ∆ ER  - Correction 
due to the resolution of the sphygmomanometer, 
∆ EC  - Correction associated with the uncertainty of 
the sphygmomanometer calibration, ∆HE - Hysteresis 
of the sphygmomanometer, u - standard uncertainty, 
uc - Combined standard uncertainty, νef - Effective 
degrees of freedom, k - Coverage factor, U - Expanded 

uncertainty, SE90, SAS and SAD represent the standard 
deviation of pressure on 90mmHg, standard deviation 
on systolic pressure and standard deviation on diastolic 
pressure respectively. These variables were obtained and 
calculated according to the GUM (Joint…, 2008). From 
this table, it was concluded that the expanded uncertainty 
associated with the sphygmomanometer calibration is 
3 mmHg for a coverage factor of 2.00 and 95.45% of 
coverage probability. The variable that most contributed 
to the final calibration uncertainty was the hysteresis 
of the standard manometer, with 53% of contribution, 
followed by the sphygmomanometer resolution with 
27%. Figure 3 shows how the expanded uncertainty 
associated with sphygmomanometer calibration 
affects the values recommended by the National Heart 
Foundation of Australia (2016) for the classification of 
patients according to the systolic and diastolic blood 
pressure, respectively.

In Figure 3, the shaded range is the area of uncertainty 
as the expanded uncertainty values (U) are distributed 
on both sides of the limits of each interval, reducing 
significantly the range of values belonging to each class.

Figure 3. Graphic representation of the effect of expanded uncertainty associated with sphygmomanometers calibration (95%) on the reference 
values for systolic pressure and diastolic pressure.

Table 2. Data for the uncertainty evaluation associated with the calibration of the mechanical aneroid sphygmomanometer at the mark of 90 mmHg, 
systolic pressure measurement (PAS) and diastolic pressure measurement (PAD).

IV E (mmHg) PD DF SC u(mmHg)
SE90 0.7959 N 34 1 0.1345 uc (mmHg) 1.3282
∆RE 1 R ∞ 1 0.5774 νef ∞
∆CM90 1.39 N ∞ 1 0.6950 k 2.00
∆HM90 1.67 R ∞ 1 0.9642 U (mmHg) 2.6564

SAS 1.7320 t 2 1 1.0000 uc (mmHg) 1.4792
∆R 1 R ∞ 1 0.5774 νef 9.58
∆CE 1.640 N 32 1 0.8039 k 2.26
∆HE 0.791 R ∞ 1 0.4567 U (mmHg) 3.3431
SAD 2.8868 t 2 1 1.6667 uc (mmHg) 1.8476
∆R 1 R ∞ 1 0.5774 νef 3.02
∆CE 1.066 N 32 1 0.5225 k 3.18
∆HE 0.297 R ∞ 1 0.1715 U (mmHg) 5.8754
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Blood pressure and the measurement 
uncertainty

The average systolic (SBP) and diastolic (DBP) blood 
pressure were calculated from the 3 measurements for 
blood pressure by using an aneroid sphygmomanometer, 
which were calculated as 118 mmHg and 77 mmHg, 
respectively; and the standard deviation associated 
with a 68% reliability factor was 1.7 mmHg for SBP, 
and 2.9 mmHg for DBP. Therefore, the repeatability 
of pressure values was low, and this could be justified 
through factors that acted upon the condition of the patient.

It was not detected any extreme point while applying 
the Chauvenet’s criterion. The Shapiro-Wilk test has shown 
that pressure values indicated by sphygmomanometers 
during calibration, in the outward direction followed a 
normal distribution for a confidence level of 99%. Hence, 
the methodology proposed on JCGM 100 (Joint…, 2008) 
can be applied to assess the uncertainty of measurement.

The evaluation of the uncertainty of measurement 
associated with the results for pressure measurements 
is summarized in Table 2. It can be concluded that the 
SBP is equal to (118 ± 4) mmHg and the DBP is equal to 
(77 ± 6) mmHg with a coverage factor of 2.26 and 3.18, 
respectively. In both cases, the coverage probability is 
equal to 95% and the variable that most contributed to 
the final uncertainty was the variability of the values 
indicated by the sphygmomanometers, accounting for 
46% for SBP and 81% for DBP.

Discussion
This study has shown that the scenario of 

non‑conformity and lack of maintenance still occurred 
even though Ordinance No. 153 (Brasil, 2005) established 
the Metrological Technical Regulation for mechanical 
sphygmomanometers. The approval of this ordinance 
does not guarantee the reliability of measurement 
results, even with the compulsory Annual Verification 
of sphygmomanometers in the Health Care Facility.

In this study, 30.0% of all mechanical aneroid 
sphygmomanometers evaluated had the following 
non‑conformity: the lack of integrity of the bladder 
and hand pump (e.g. presence of holes and worn out 
material); the sleeve with tears and patches; the deflation 
valve presented clogging and irregular functionality. 
This situation characterizes the lack of maintenance 
that could contribute toward inadequate measurement 
results. In this sense, it is essential that the operators take 
care when it comes to the condition of the bladder, hand 
pump and deflation valves, in addition to the Annual 
Verification of the devices.

This research has shown that 61.1% or 44 of the 
evaluated sphygmomanometers did not meet the 
specifications, and many of those were unsuitable for 

hospital use. These 44 aneroid sphygmomanometers 
should not be in use, instead, they should be sent for 
maintenance and receive appropriate repairs and/or 
adjustments. This fact can lead to an erroneous value 
of ABP. Therefore, decisions related to the diagnosis 
of hypertension and its therapeutic approach might be 
inadequate.

It is important to highlight that in the Pediatrics 
Clinic department, 45.0% of all evaluated devices were 
unsuitable for use.

Regarding the Periodic Verification, using the 
equipment management software, it was found that 
26 of the 72 evaluated devices had exceeded their yearly 
Periodic Verification deadline, which is important for 
checking that the device maintains at least the minimum 
metrological characteristics throughout its working 
life. It is noteworthy that 15 of those 26 devices were 
unsuitable for use.

An alarming result was obtained in relation to the 
manometer of the trademark “E” that was being used in 
the hospital. This device did not have the mark of approval 
from INMETRO, which means that it has not passed any 
technical appraisal and as such, its commercialization is 
prohibited. Furthermore, this device showed the highest 
values of the Indication error (20 mmHg) that may 
result in an inadequate misdiagnosis. This device was 
not registered in the equipment management software 
and was not among the trademarks acquired by the 
hospital. Hence, the device was not an integrated part 
of hospital property. The use of private equipment may 
represent risks to patient safety, as the responsibility for 
their maintenance and necessary verifications fall upon 
the owner, who may be unaware of such requirements.

The level of non-conformity found reflects a similar 
situation that was observed in 1997, when INMETRO 
conducted a verification on the calibration of the 
sphygmomanometers in use in four hospitals of the 
following cities: Rio de Janeiro, São Paulo and Juiz de 
Fora. In this study, public and private hospitals were chosen 
that attended to a large part of the population; and it was 
found that 61.0% of all evaluated sphygmomanometers 
were unsuitable for use (Monteiro and Lessa, 2005).

Other studies were performed, where similar results 
were obtained. The researchers in (Lessa et al., 2014) found 
that 64.4% of sphygmomanometers were inappropriate 
for use, all standard issue within the hospital network 
in Petropolis.

Again, (Mion et al., 2002) concluded that 72.0% of 
the evaluated devices had some kind of problem with the 
calibration of the manometer or integrity of the bladder, 
connection hoses, hand pump and valve for deflation.

The study by (Rouse and Marshall, 2001) found that 
9.2%, of the 1462 sphygmomanometers, gave reading 
errors of more than 5 mm Hg and 19% gave reading 
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errors of more than 2 mmHg. Further, (Moore et al., 
2008) analyzed 282 aneroid sphygmomanometers for 
accuracy within ±3 mmHg, their results showed that 33% 
of the aneroid sphygmomanometers failed with an error 
> 1 mmHg. The study presented by (Bailey et al., 1991) 
reported that 34.8% of the 230 aneroid sphygmomanometers 
failed with a reading error over 5 mmHg. The work 
of (Ali  and Rouse, 2002) suggests that 10% of the 
39  aneroid sphygmomanometers recorded an error 
greater than 10 mmHg.

Evinced from the obtained results is the need to 
estipulate a schedule for the verification of devices from 
any large hospital, as there does not exist a deadline for 
the sending of the device for maintenance. The results 
of studies by (Hussain and Cox, 1996) concluded 
that 23.5% of general practitioners never had their 
sphygmomanometers calibrated.

The number of devices unsuitable for use had fallen 
significantly from 60.5% in 2005 to 6.9% in 2008, but 
reached 61.1% in the verification carried out in this 
study, which shows the decline in effectiveness of the 
metrological control being used. In this research, it was 
possible to identify which factors most contributed to the 
high level of the nonconformity. These were evaluated as 
the lack of knowledge on the part of the professionals as 
to when to send the devices for maintenance, carelessness 
in the usage (shocks) and in the storage of the devices, 
lack of replacement parts in stock, a single responsible 
technician overloaded with work, performing Eventual 
Verifications only upon request of the user, and the 
nonexistence of a schedule for carrying out Periodic 
Verifications.

In order to reverse this situation at the public 
hospitals, the following simple steps are suggested: 
being capacitation, storage and maintenance process of 
sphygmomanometers, an adequate number of professionals 
for performing maintenance, provide repair parts, and 
set a schedule for a Periodic Verification of all devices.

Capacitation could be done by professionals in order 
to be aware of the seriousness of the inherent problems 
from use of devices unsuitable for use or no calibrated. 
And the schedule should comply with the minimum 
requirement of one verification by year, and make it 
a continuous political of maintenance. The Periodic 
Verification should be performed based on the premises 
of the Agency of the Brazilian Network of the Legal 
Metrology and Quality - RBMLQ (IPEM) or at a place 
designated by INMETRO. The hospital where the study 
was performed has a Bioengineering department designed 
for the sphygmomanometers’ calibration, accredited by 
the INMETRO, through the IPEM/MG.

The Metrological Control of aneroid sphygmomanometers 
is fundamental for ensuring the reliability of the results 

of pressure readings. This can be enhanced by observing 
the impact of the expanded uncertainty in blood pressure 
classification intervals. It is pertinent to emphasize that 
this narrowing of the blood pressure rating range can lead 
to incorrect diagnosis of normotensive in hypertensive 
individuals, thus depriving such individuals the benefits 
of treatment. On the other hand, the diagnosis of high 
blood pressure in normotensive individuals, will subject 
these to the risks and adverse effects of antihypertensive 
inappropriate treatment. The work of (Turner  et  al., 
2006) quantified this inference by showing that 
mechanical aneroid sphygmomanometer, which were 
unfit for use, cause 20% of all undetected adult systolic, 
28% of diastolic hypertension, and between 15% and 
31% of all falsely detected adult systolic and diastolic 
hypertension. Further still, according to (Turner et al., 
2004) if the measurement error of the sphygmomanometer 
is overestimated by 3mmHg, for every five patients 
correctly diagnosed with hypertension, another four 
will be incorrectly diagnosed as hypertensive. If blood 
pressure is consistently underestimated at 3 mmHg, 
almost half of the patients (48%) hypertensive would 
be diagnosed with normal pressure.

From the results obtained in this paper, one arrives at 
the conclusion that the measurement of blood pressure 
by the auscultatory method is an easy and routinized 
process in the Health Care Facilities. Nevertheless, 
to obtain the reliability of results, it is essential that 
requirements established by the current regulations 
are followed rigorously. The metrological reliability of 
equipment guarantees the patient the quality and safety 
habitually associated with health care and treatment, 
and thus preventing the occurrence of adverse events, 
misclassification, misdiagnosis, and inappropriate 
medical decisions.
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