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The diagnosis of mild hypertension and the treatment of hypertension require accurate
measurement of blood pressure. Blood pressure readings are altered by various factors
that influence the patient, the techniques used and the accuracy of the sphygmomanom-
eter. The variability of readings can be reduced if informed patients prepare in advance
by emptying their bladder and bowel, by avoiding over-the-counter vasoactive drugs the
day of measurement and by avoiding exposure to cold, caffeine consumption, smoking
and physical exertion within half an hour before measurement. The use of standardized
techniques to measure blood pressure will help to avoid large systematic errors. Poor
technique can account for differences in readings of more than 15 mm Hg and
ultimately misdiagnosis. Most of the recommended procedures are simple and, when
routinely incorporated into clinical practice, require little additional time. The equip-
ment must be appropriate and in good condition. Physicians should have a suitable
selection of cuff sizes readily available; the use of the correct cuff size is essential to
minimize systematic errors in blood pressure measurement. Semiannual calibration of
aneroid sphygmomanometers and annual inspection of mercury sphygmomanometers
and blood pressure cuffs are recommended. We review the methods recommended for
measuring blood pressure and discuss the factors known to produce large differences in
blood pressure readings.

Le diagnostic de l'hypertension arterielle legere et le traitement des hypertensions
necessitent la determination precise de la pression. Celle-ci depend de facteurs touchant
le sujet, la technique employee et la precision de l'instrument. II est possible de
diminuer la variabilite de la mesure en informant le sujet qu'il doit s'y preparer en
evitant ce jour-la les medicaments a effets vasomoteurs qui sont en vente libre et, dans
la demi-heure precedente, le froid, la cafeine, la fumee du tabac, l'exercice vigoureux; il
devrait aussi depuis peu avoir urine et etre alle a la selle. L'importance d'une technique
sphygmomanometrique normalisee est demontree par l'existence d'une variabilite de
l'ordre de plus de 15 mm Hg selon la technique employee, d'oii erreurs de diagnostic. La
plupart des elements d'une bonne technique sont fort simples; il est possible de les
incorporer dans la pratique quotidienne sans qu'il en decoule une depense de temps
excessive. L'instrument sera adapte et en bon etat. Le medecin choisira bien le brassard,
dont la largeur influe sur la precision de la determination. On calibrera deux fois par
annee les appareils aneroides; une fois par annee on examinera les sphygmomanomttres
A mercure et les brassards. Les auteurs decrivent la bonne manitre de prendre la
pression arterielle et les facteurs qui font varier largement les chiffres obtenus.
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A ppropriate pharmacologic treatment of hy-
pertension reduces the incidence of stroke,
congestive heart failure, renal failure and

death.'-10 However, the risk:benefit ratio of pharma-
cologic intervention increases as blood pressure de-
creases.34 The diagnosis of hypertension can have
substantial long-term social, medical and financial
consequences for a patient.1' Thus, a correct diagno-
sis based on accurate measurement of blood pressure
is essential.

The American Heart Association regularly up-
dates its recommendations for blood pressure deter-
mination with sphygmomanometers,' and the British
Hypertension Society also has recommendations.'2
Unfortunately, these recommendations are pub-
lished in journals that are unlikely to be read
by Canadian physicians in general practice." '21'3
The Canadian Hypertension Society briefly out-
lined some of the techniques recommended by the
American Heart Association'4 '5 but has not yet
published comprehensive guidelines for Canadian
physicians.

The recommended techniques necessary to ob-
tain accurate, reproducible blood pressure measure-
ments are infrequently followed in ambulatory care
settings.'6-20 Many Canadians have mild hyperten-
sion or high-normal blood pressure. Poor technique,
inadequate patient education regarding blood pres-
sure measurement and equipment malfunction can
result in large errors in the estimation of blood
pressure2' -25 and the erroneous diagnosis of hyper-
tension. 1"1 1,14,26

We reviewed the recommended techniques, pri-
marily those of the American Heart Association,' for
proper indirect blood pressure measurement with the
use of a sphygmomanometer. Referral, treatment,
classification and other matters relating to hyperten-
sion are not covered in this review.

Blood pressure measurement

Various factors influence the measurement of
blood pressure: the patient, the observer and the
equipment.

minutes, may be necessary; this can be determined if
a decrease' in successive blood pressure readings is
observed.27

Pain, strenuous physical activity, cold tempera-
ture, food consumption, smoking, caffeine ingestion
and emotional stress can cause marked elevations in
blood pressure,' even among people who would
otherwise be normotensive. Therefore, patients
should be advised to avoid these for at least half an
hour before measurement; if the patient is experien-
cing pain or emotional distress the reading should
not be used to determine the need for long-term
antihypertensive therapy.'

Certain over-the-counter drugs, such as sympa-
thomimetics, increase blood pressure and should not
be taken the day blood pressure is measured.'"28

A full bladder or bowel can cause a substantial
increase in blood pressure. These influences can be
avoided if patients are adequately instructed in
advance.'

Patients should be advised to wear nonconstrict-
ing clothing with short, loose-fitting sleeves or no
sleeves. Restrictive clothing can obstruct the blood
flow and result in inaccurate readings.

Some patients with atherosclerosis have arteries
that are compressed only by cuff pressures that
exceed the true intra-arterial systolic pressure.29 Os-
ler's maneuver can be used to help identify patients
in whom this "pseudohypertension" is suspected.
The cuff is inflated to a pressure greater than the
systolic pressure and the radial artery palpated. A
palpable radial artery suggests pseudohypertension,
and any blood pressure readings should be viewed
with suspicion.29 Pharmacologic treatment, if
thought to be necessary, should be administered
cautiously.

In children auscultatory sounds may be difficult
to hear, and indirect diastolic pressure readings may
be less accurate. However, the guidelines for blood
pressure determination among children are similar
to those among adults. Children should be seated
and allowed to relax in a quiet area. They may need
reassurance about the technique and should be given
sufficient time to recover from crying, apprehension
or active play.

The patient (Table 1)

Blood pressure fluctuates depending on the pa-
tient's physical and mental state.' Reproducible mea-
surements can be obtained if the patient is in a
similar physical and emotional state each time the
blood pressure is measured.' Consistent and mean-
ingful recordings are achieved only when the patient
is in a rested or basal state. Before the blood pressure
is measured the patient should rest undisturbed in a
quiet, comfortable setting at room temperature for at
least 5 minutes. ' Longer rest periods, up to 1 5

Table 1: Recommendations for patients before bloooe
pressure measurement

Avoid caffeine (i.e., coffee, tea, chocolate and cola).
eating, smoking, exposure to cold and strenuous
physical exertion within 30 minutes before
measurement

Empty bowel and bladder
Wear clothing with loose or no sleeves
Rest 5 minutes in a quiet, comfortable room
Report the use of any prescribed or over-the-counter
drugs
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The observer (Table 2)

The observer should have normal hearing and
vision, be trained to measure blood pressure, be
familiar with the recommended techniques and
know the consequences of not following these recom-

mendations.",30 The dial of an aneroid sphygmoma-
nometer or the mercury column of a mercury sphyg-
momanometer should be positioned such that the
pressure markings are clearly visible and at the eye

level of the observer.' If the observer has visual
problems a sphygmomanometer with large, clear
markings positioned at a suitable distance may help.
Sphygmomanometers with a digital readout are
available; however, the readings can be erroneous for
various reasons and must be confirmed by auscul-
tation.' Therefore, people with impaired hearing
should not use digital sphygmomanometers, and
those with normal hearing should use them with
caution.

Blood pressure readings may be substantially
higher when taken for the first time than when taken
at subsequent visits.6 '0 True basal readings may
require the patient to be seen on three or more
separate occasions." If the blood pressure is in the
mildly hypertensive range (diastolic pressure 90 to

105 mm Hg) readings taken on three separate
occasions over 3 to 6 months will provide a more
accurate estimate of the basal blood pressure and are
recommended before hypertension is diagnosed." l

The "alerting reaction" ("white-coat syn-
drome") occurs in some patients at each office
ViSit.31 The reaction manifests as an abrupt increase
in blood pressure and is triggered when a physician
or nurse measures the blood pressure. Physicians
have been found to cause an increase of 27/15 mm
Hg on average;27 nurses usually cause less of a rise.27
If at least to 2 minutes is allowed between repeat
measurements not only is there enough time for the
venous blood flow to return but also the likelihood
of detecting the alerting reaction is increased if
subsequent readings are lower than the initial one.
When a patient measures his or her own blood
pressure the readings correlate better with 24-hour
ambulatory blood pressure readings than with those
taken by a physician or nurse.32 At present there are
no published recommendations of who should mea-
sure blood pressure; however, well-trained patients32
and office staff should be encouraged to do so.

The observer should place a blood pressure cuff
of appropriate size snugly on the patient's bare arm
so that the centre of the cuff's bladder is over the
brachial artery and the lower cuff margin is 2.5 cm
above the antecubital fossa.' The width of the
bladder (12 to 12.5 cm) in a standard cuff is smaller
than that recommended for most adults (15 cm).'
The use of a cuff with the smaller bladder on
patients ideally suited for the larger one (mid-arm
circumference 38 cm) will result in an overestima-
tion of the diastolic pressure by 6 mm Hg.' The
routine use of a cuff with a bladder 15 cm in width
would result in fewer errors in blood pressure deter-
mination among most people.' The appropriate blad-
der width can be determined by multiplying the
patient's mid-arm circumference by 0.4.1 Most cuffs
are approximately 1 cm wider than the enclosed
bladder. The use of a cuff that is too narrow will
yield artefactually high diastolic readings, whereas a
cuff that is too wide will have the opposite effect.'
Small, medium and large cuffs should be available in
adult clinical practices for the accurate assessment of
blood pressure.' Smaller cuff sizes are available for
newborns, infants and children.

Muscular activity (i.e., isometric exercise) by the
patient to support his or her arm during blood
pressure measurement may increase the pressure by
10%.25 Therefore, the arm should be supported.'
Since the blood pressure in the brachial artery is
affected by changes in hydrostatic pressure in rela-
tion to the heart23'24 the antecubital fossa should be
positioned at the fourth intercostal space (heart
level) with the palm facing upward, regardless of
whether the patient is standing or sitting.' An arm
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Table 2: Recommendations for observers measuring
blood pressure

Have normal hearing and vision*
Be trained in the recommended techniques for
measuring blood pressure

Support the patient's arm so that the antecubital fossa
is at heart level

Supply a chair with back support when the patient is
sitting

Use an appropriately sized blood pressure cuff
Check the blood pressure by palpation before

auscultation
Deflate the blood pressure cuff 2 to 3 mm Hg per
second

Use the first and the last Korotkoff soundst to
determine the systolic and diastolic pressures
respectively

Allow 1 to 2 minutes between readings
Measure the blood pressure in both arms at the first

visit; subsequently use the arm that had the higher
pressure if there is a difference

Take readings with the patient in the lying or sitting
position and in the standing position

Calculate the average blood pressure from several
readings with the patient in the lying or sitting
position

Assess the blood pressure at least three times over 3
to 6 months among patients with mildly elevated
blood pressure

*If the observer has visual problems the use of a sphygmomanometer
with large, clear markings positioned at a suitable distance may help.
tin children and in adults with conditions that alter the peripheral
vascular resistance phase IV Korotkoff sounds are better than phase V
sounds as an estimate of diastolic pressure.



position lower or higher than the heart will result in
higher or lower blood pressure readings respectively.
The readings may change 0.8 mm Hg for every
centimetre that the antecubital fossa deviates above
or below the heart level.'

A spuriously low systolic pressure may be re-
ported in patients who have an auscultatory gap.
This error can be avoided if the systolic pressure is
first estimated through palpation.' The cuff is then
inflated to a pressure 30 mm Hg higher than the
estimated systolic pressure and auscultation begun.'
Auscultation should continue until the cuff pressure
is at least 10 mm Hg below the last Korotkoff sound
heard so that the measurement of the diastolic
pressure is not affected by a diastolic auscultatory
gap.'

A good-quality stethoscope should be used for
auscultation, and the bell should be placed lightly
over the brachial artery.' Excessive pressure on the
bell may partially occlude the brachial artery and
delay the occurrence of the Korotkoff sounds, espe-
cially among children.

The rate of deflation of the cuff should be 2 to 3
mm Hg per second, or 2 mm Hg per cardiac cycle if
the patient has bradycardia.' Faster rates will result
in an underestimation of the systolic pressure and an
overestimation of the diastolic pressure because of
large differences in cuff pressure between the Kor-
otkoff sounds. For example, if the deflation rate is
increased to 10 mm Hg per second the systolic and
diastolic pressures will be out by up to 8 mm Hg in a
patient with a pulse rate of 60 beats/min.

The first of two consecutive Korotkoff sounds
(beginning of phase I) should be used to estimate the
systolic pressure and the last sound (beginning of
phase V) the diastolic pressure (Fig. 1).1 In children
and in patients with conditions such as shock,
thyrotoxicosis or aortic insufficiency that alter the
peripheral vascular resistance the phase V sound
may be absent, difficult to hear or much lower than
the sound at the beginning of phase IV. Under these
circumstances the muffling of Korotkoff sounds
(phase IV) is better used to estimate the diastolic
pressure and should be recorded together with the
phase I and V sounds.' In patients with arrhythmia it
can be difficult to assess blood pressure accurately.'
Therefore, in such patients several readings should
be obtained to estimate the average systolic pressure
and to calculate the diastolic pressure from an
average of the phase IV and V Korotkoff sounds;
isolated premature cardiac contractions can be ig-
nored. '

At each visit two or preferably three readings
should be recorded with the patient lying or sit-
ting."' If the patient is sitting, the chair should have
a back for support. Muscular exertion associated
with the absence of back support can increase blood

pressure. A blood pressure measurement with the
patient standing should be obtained to detect postur-
al hypotension, a side effect of several antihyperten-
sive drugs and a sign of some forms of secondary
hypertension. '

Partial arterial obstruction may cause the blood
pressure to be consistently lower in one arm; thus,
the blood pressure should be measured in both arms
at the initial visit.' If there is a consistent difference
in the blood pressure between the arms, the arm with
the higher pressure should be used subsequently. '

For each measurement, information should be
recorded that includes the blood pressure reading,
the patient's position, the arm that was used and the
cuff size. Observers should round recorded pressures
to the nearest 2 mm Hg using even numbers only.'
The tendency to round readings to digits ending in
zero or five results in errors in blood pressure
determination and should be avoided.' Any ausculta-
tory gaps or irregularities should also be noted.

The equipment (Table 3)

The accuracy of blood pressure measurement
depends not only on the patient and the observer but
also on the sphygmomanometer." '9 Two types of
sphygmomanometer - aneroid and mercury - are
frequently used in ambulatory care clinics."' 9,32

Mercury sphygmomanometers usually remain
accurate as long as the mercury level is at zero after

Pthase mm Hg Intensity Description

128
126

124 No sound
122

120
_118

116
114 Clear tap

112 (initially faint)
110D

_--- 108-
106

104 _ 102 L Murmur or swishing

100

96-
94

m 92 90 Tap
88

886

E 84 _ 82- Muffling
80 8

78
v 76 _ Disappearance of sound

74
72 -

70

Fig. 1: Example of quality and phases of Korotkoff sounds.
Height of intensity bar represents loudness. Sound intensity
may vary considerably from patient to patient; in some cases
phase II or IV may be absent. In this figure blood pressure
is 118/80 mm Hg.
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the cuff is deflated and the column is vertical (except
for devices designed to function on a fixed angle).
However, malfunction can result from a loss or
contamination of the mercury, a clogged air vent or
air leaks. Thus, the general condition of each instru-
ment should be assessed annually.

Aneroid sphygmomanometers, as well as elec-
tronic ones, can become inaccurate over time. Even
if an aneroid sphygmomanometer "zeroes" it may
not be properly calibrated. The calibration should be
checked at least twice a year."32 In two independent
studies more than one-third of the aneroid sphygmo-
manometers had significant errors in calibration.'6"9
Physicians do not regularly check the calibration,'6"7
even though it is a simple and quick procedure.
Every physician's office should have at least one
mercury sphygmomanometer with which to check
the calibration of the aneroid sphygmomanometer.
The aneroid device can be connected to an accurate
mercury sphygmomanometer with a Y tube. The
device is examined at intervals of 20 mm Hg from
250 to 50 mm Hg. If the aneroid device is found to
differ by more than 4 mm Hg it should be replaced
or sent to the manufacturer for adjustment. Air leaks
may become apparent during this procedure; if the
pressure falls faster than 1 mm Hg per second the
tubing or valve may need to be changed.

The blood pressure cuff is designed to be an

unyielding cover that surrounds the inflatable blad-
der. Defects in the cuff that expose the bladder or

fasteners that allow the cuff to slip may contribute to
errors in blood pressure measurement.'9 All cuffs
should be checked annually for defects.

Cuffs that have no markings to indicate the
centre of the bladder or the range of arm sizes for
which the cuff is suitable should be clearly and
permanently marked by the physician. The centre of
the bladder is found by folding the bladder in half
(Fig. 2). The ideal arm circumference for the cuff is
determined by multiplying the bladder width by 2.5

and measuring this amount from the index line (i.e.,
the edge of the cuff containing the bladder) (Fig. 2).
Acceptable levels of accuracy can be achieved if the
patient's arm circumference is within 4 cm of the
ideal. Permanent marking of this range of circumfer-
ence is advised and will facilitate proper cuff sizing.
Many cuffs are already marked by the manufacturer;
however, the accuracy of these markings should be
checked as described.

Discussion

Accurate, reproducible blood pressure measure-
ments are necessary for the proper diagnosis and
treatment of hypertension. Various factors relating
to the patient, the observer and the equipment can
influence the reading. The education of patients and
the maintenance of equipment are essential if mea-
surements are to be reliable and accurate. People
who measure blood pressure should be trained in
and familiar with the recommended techniques and
should understand the consequences if the recom-
mendations are not followed.

Several of the recommended techniques are

time-consuming and may be viewed as impractical
by some people. If the guidelines in Table 1 are not
followed the readings may be higher than would
otherwise be obtained. For people with normal or

low blood pressure bilateral readings taken with the
patient in a seated or recumbent position with a

properly functioning sphygmomanometer and the
techniques listed in Table 2 (but omitting the recom-
mendations in Table 1) may be adequate to assess
the blood pressure. Since variations in a number of
the techniques in Table 2 can result in erroneously
low readings these recommendations must be fol-
lowed so that hypertension is not overlooked. High-
normal, high or variable blood pressure readings
require that all of the recommendations be followed.

Errors in technique and equipment malfunction
can account for differences in readings of more than
15 mm Hg. These factors can result in misdiagnosis

Ideal arm circumference for cuff

Cuff Bladder
width width

Centre of Range of
bladder cuff use

(8 cm)

Fig. 2: Placement of markings on blood pressure cuff. Edge
of cuff containing bladder represents index line. Ideal arm

circumference is 2.5 times width of bladder.
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Table 3: Recommendations for sphygmomanometer
maintenance

General
Check cuffs annually and repair or replace worn
cuffs or those that slip when inflated
Replace tubing, bladder or valve as necessary
when air leaks are detected

Mercury sphygmomanometers
Ensure that the mercury level is at zero after the
cuff is deflated
Ensure that the mercury column is in the
recommended position (usually vertical)
Check annually that the mercury column is clean
and that the column vents are clear

Aneroid sphygmomanometers
Check calibration semiannually
Avoid devices with stop pins at zero, rotatable
dials or external reset buttons



and inappropriate antihypertensive therapy. At best,
inconsistent technique will result in variable blood
pressure readings and confusion regarding the diag-
nosis of hypertension and the benefit of antihyper-
tensive treatment. The onus is on ambulatory care
physicians to assess the blood pressure appropriately
in the diagnosis and treatment of hypertension.
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