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INTRODUCTION

Hypertension is defined in an adult as a blood
pressure (BP) >140/90 mmHg.1 Hypertension can
occur at any age, but it is more common among
adults and often goes unnoticed.2 The appropri-
ate treatment of hypertension requires an accu-
rate diagnosis and it is essentially diagnosed by
measuring the BP. Indirect blood pressure mea-
surement using sphygmomanometers with auscul-
tatory method is a routine procedure in the diag-
nosis of hypertension. Therefore the accuracy of
the values obtained is essential, since errors may
deprive hypertensive patients of the benefits of
treatment and expose normotensive persons to
unnecessary treatment. 3-7

Sphygmomanometer is one of the important
components in the BP measurement. Aneroid
sphygmomanometers are used commonly in pri-
mary care setting in our country and are less ac-
curate and less reliable than mercury sphygmo-
manometers.20

Many technical errors might occur related to
the equipment used in routine indirect BP mea-
surement and influence the reading. There are nu-
merous reports on the condition of sphygmoma-
nometers in general hospitals and family practice,
showing that as many as half of these may be
defective.8-12

This study was conducted to examine the
physical condition and accuracy of sphygmoma-
nometers used in various units of a teaching hos-
pital at Peshawar.

MATERIAL AND METHODS

It was a descriptive, observational study con-
ducted at Khyber Teaching Hospital, Peshawar
including both wards and out-patient departments.
We inspected 100 sphygmomanometers for physi-
cal defects and assessed their accuracy against a
new, standard mercury manometer at four differ-
ent pressure points. Sixty-two sphygmomanom-
eters were collected from 15 different wards and
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38 were collected from out-patient departments.
The condition of each component of the sphyg-
momanometer was evaluated using the following
criteria:

1. The bladder was considered defective if it
was worn or torn or if it prolapsed out of the
cuff.

2. The pump bulb was considered defective if
it was cracked or excessively worn out and/
or if it leaked air when being pumped and/if
there was dirt in the inlet valve.

3. The rubber tubing was considered defective
if there were holes or leaks and /or if it had
cracks, and /or the length of tubing was too
short.

4. The control valve was considered defective
if there was wear or air leakage in the valve
or dirt in filter, and/or if it was difficult to open
or close the valve.

5. The face plate was considered defective if it
was cracked or broken, and/or if there was
some trouble in legibility or pressure due to
dirt on inside of glass tube or face plate or
due to oxidation of mercury.

6. The gauge was considered defective if the
indicator needle did not point to the “zero”
when there was no pressure in the manom-
eter.

A component was classified as satisfactory
when it was in perfect working order and unsatis-
factory when it was defective according to the
above criteria.

Electronic devices used for blood pressure
measurement were excluded from the study.

The cuff was wrapped around a large bottle
for functional assessment. It was tested whether

the procedures of inflating the bladder, and halt-
ing and restarting at any desired pressure were
easily performed. Also, it was examined whether
the rate of fall of mercury or indicator needle could
be easily controlled to 2 mmHg per second and
whether there was any loss of pressure greater than
1 mmHg per second while the control valve was
closed at 250 mmHg of pressure.

All the sphygmomanometers tested were
compared with a new, standard mercury sphyg-
momanometer at four pressure levels (240, 180,
120, and 60) and the readings were recorded.

RESULTS

All the sphygmomanometer in the various units and
out patient departments were mercury sphygmo-
manometers.

The results of the physical condition of the
components of sphygmomanometers are shown in
Table 1. The most physical defects were: defective
pump bulb (60%), defective rubber tubing (38%),
and mercury level not pointing to the zero (37%).

The cuffs of 93 sphygmomanometers were
of adult size and contained bladders of lengths
ranging from 20 to 28 cm and widths ranging from
10 to 14 cm. Seven sphygmomanometers in pedi-
atric in-patient and out-patient clinics in the hospi-
tal had smaller cuff size containing bladders of
lengths ranging from 15 to 18 cm and widths rang-
ing from 6.5 to 7.5 cm. Twenty of the 62 (32%)
ward cuffs and 13 (34%) OPD cuffs had bladder
lengths less than 24 cm recommended for use on
normal adults. In addition, 24 (39%) ward cuffs and
16 (42%) OPD cuffs had bladder widths less than
the 13 cm recommended for use on normal adults.
For the purpose of this study, a test manometer
was defined as being intolerant if it deviated from
the new, standard manometer by greater than ±3
mmHg at two or more of the test pressure levels.

Table 1: Physical condition of the components of sphygmomanometer.

Component OPDs Wards

Satisfactory Unsatisfactory Satisfactory Unsatisfactory

Inflation Bulb 10 28 30 32

Control Valve 24 14 40 22

Rubber Tubing 20 18 42 20

Cuff 25 13 43 19

Bladder 26 12 50 12

Indicator Needle 24 14 39 23

Face Plate 20 18 44 18
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Thirty-four (55%) of the 62 ward sphygmomanom-
eters and 12 (32%) of the 38 OPD sphygmoma-
nometers were intolerant.

In total, 46 (46%) of the 100 test sphygmo-
manometers were intolerant. There were faults in
the inflation-deflation system of 46 (46%) sphyg-
momanometers. There was leakage in system of
34 (34%) sphygmomanometers. The functional sta-
tus of the test sphygmomanometers is shown in
Table 2.

The percentage of errors at each of the four
test pressures (240, 180, 120, and 60) are shown
in Figure.

DISCUSSION

Even when purified from all errors, indirect
BP measurements do not completely reflect the

intra arterial pressure. It is, therefore, highly im-
portant to avoid all preventable errors caused by
an improper technique of BP measurement and
inaccurate sphygmomanometers. One of the most
significant findings in our study was that nearly all
sphygmomanometers used in Khyber Teaching
Hospital, Peshawar, were mercury sphygmoma-
nometers. Joint National Committee (JNC) VII
guidelines also recommend the use of mercury
sphygmomanometer and if aneroid models are
used, they should be checked at an interval of 6-
12 months.8, 9, 14-17 Rationality of this recommenda-
tion is that frequent use causes the metal bellows
of the aneroid gauges to lose their elasticity, es-
pecially in higher pressures. In addition, any trauma
to the instrument may disrupt the gear system,
thus increasing a tendency to faulty measurement
throughout the entire scale.10

Table 2: Functional status of Sphygmomanometers.

Function OPDs Wards

Satisfactory Unsatisfactory Satisfactory Unsatisfactory

Inflation 22 16 52 10

Delation 26 12 54 8

Leakage 24 14 52 10

Gauge accuracy 26 12 28 34

Figure: Showing percentage of errors at different test pressures.
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Our results reveal some suspicion about
the accuracy of sphygmomanometer used in
our country. Cady et al also mentioned that
28% of the sphygmomanometers used in emer-
gency departments were inadequately
caliberated.19

In our study 46% of the sphygmomanom-
eters showed pressure deviation exceeding the rec-
ommended tolerance of error at 2 or more test
pressure levels. This is greater than the intolerance
rates reported in some studies in the literature.10-13

We found greater magnitudes of error at the high-
est level (240 mmHg). We observed differences
exceeding 3 mmHg in 20% of devices at 60 mmHg,
23% at 120 mmHg, 27% at 180 mmHg and 33% at
240 mmHg. (Fig. 1) Other studies also showed
that the errors occur distinctly at the different
levels of evaluation. Fisher observed dif-
ferences exceeding 3 mmHg in 22% of the
devices at 60 mmHg, in 25% at 120 mmHg, in
29% at 180 mmHg, and in 34% at 240 mmHg.18

Intolerant sphygmomanometers have a ten-
dency to underestimate the patient’s actual BP.
The most common physical defect leading to in-
accuracy of manometer appears to be defective
pump bulb (60%) followed by defective rubber
tubing (38%) and mercury level not pointing to
“zero” (37%).

Any difficulty of inflating the bladder due to
any wear, cracking, holes, tears of these compo-
nents or dirt in filter can cause venous distension
of the forearm and a concomitant low flow, thereby
producing the auscultatory gap. In addition, diffi-
culty in control the release of pressure leads to
underestimation of systolic and overestimation of
diastolic blood pressures. Reparable nature of the
defects of the inflation-deflation system shows the
importance of the regular maintenance. Our study
determined that the dimensions of some of
the bladders in both wards and OPDs sphygmo-
manometers do not meet the recommen-
dations of the American Heart Association
(AHA) and British Hypertension Society (BHS).16, 17

According to the AHA and BHS, a normal
adult-sized bladder should have at least dimen-
sions of 13x24 cm and 12x26 cm respectively.
Use of bladder of inadequate dimensions leads to
overestimation of BP. This increases the possibil-
ity of misdiagnosing normotensive patients as hy-
pertensive.

CONCLUSION

The functional and physical conditions of
sphygmomanometers used in our set up are in-
sufficient and defective. Sphygmomanometers in
use should be regularly assessed.
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