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Those unfamiliar with the health field and, unfortunately, many
health professionals consider blood pressure (BP) measurement
a triviality. It is understandable that those “delegated” health
procedures and techniques, which contribute to saving patients’
lives, lead to greater professional gratification than the
measuring of BP. However, the results obtained trigger a
multitude of acts and prescriptions that are not without
consequence. Buus-Frank (2003) advises nursing personnel
neither to underestimate themselves because they don’t believe
they perform vital health care functions, nor to limit themselves
because they have too few letters after their names. BP
monitoring is a complex, everyday technique that shouldn’t be
“swept under the rug” because it is considered a routine
procedure (Costan, 2003).

Imagine a situation in which your electronic
sphygmomanometer displays a result of 180/124. Surprised by
this result, you retake the BP, this time with a manual device,
and obtain a very different result. Which device is the most
reliable? The answer to this question involves many scientific,
physiological and technical dimensions as described in the
following pages. This article reviews the basic principles of an
efficient BP measurement — a review that may surprise some
readers.

Vital parameter

In an era in which medical technology abounds and research
explores myriad pathways, it is ironic that BP monitoring is still
the most effective indicator of life expectancy. BP is, in fact, an
early indicator for a diversity of pathologies, many of which are
fatal or have high death rates. These include diseases of
different systems such as cardiovascular (left ventricular
dysfunction and hypertrophy, cardiac insufficiency, angina,
myocardial infarction), cerebral (stroke, transient ischemic
attack), renal (chronic renal insufficiency), ocular (retinopathy)
and peripheral vascular (Buss-Frank, 2003). Taking the BP
seems a simple task, yet it is one of great medical importance.
The consequences are diverse. A rise in BP may be the first sign
of an underlying condition or primary hypertension. Without a
regular, systematical measurement, no detection is possible
before other symptoms or signs appear. Without follow-up or
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treatment, the problem eventually progresses and becomes
more complicated. A man with untreated hypertension loses
approximately one year of life expectancy per mmHg increase
in his diastolic blood pressure (DPB) (NHLBI and AHA, 2002).
“That’s why all medical associations tend to tighten up the BP
values that are said to be normal or optimal”(Daniels, 2004).
BP monitoring is, therefore, the foundation for decisions
affecting changes in lifestyle and drug prescriptions for
common as well as acute conditions.

Precision is crucial

Since BP is a vital sign, the measurement should not be
performed in a nonchalant manner. Nevertheless, many people
assume an underestimation of 5 mmHg is insignificant and
without important consequence. Yet, one such error at the 90-
95 mmHg range would miss over 21 million Americans
afflicted with diastolic hypertension. Out of this number,
125,000 will die from coronary artery disease within the
following six years, a mistake loaded with consequences since
20% of these deaths and a similar number of fatal strokes could
have been prevented with an anti-hypertensive therapy. If we
use the previous example again, but this time the error is in an
overestimation, 27 million Americans would be incorrectly
classified as hypertensive, with all the implications such a
diagnosis involves (i.e., monetary expenses and unnecessary
medical side effects) (NHLBI and AHA, 2002).

When we take into account all of these potential clinical and
monetary consequences, we more easily understand that this
fundamental process should be taken seriously and executed
with rigour, caution and precision. This is why diverse health
organizations, associations and societies regularly issue
recommendations for conditions and techniques to measure BP.
These recommendations concern all the potential sources of
imprecision, whether it is the method used, the professional, the
patient or the procedure.

Method used

BP can be measured directly or indirectly, the golden standard
being the direct form. Arterial cannulation is the only form of
measurement that permits the determining of pressure within
the arteries. Since it is an invasive and costly technique with
possible complications such as infection and blood clotting, it
cannot be carried out on a large scale. The indirect measure is
both more common and non-invasive. This form consists of
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compressing an artery under the soft tissues with an inflatable
cuff. Contrary to the direct form, it is the counter-pressure in
the artery that is measured as opposed to the pressure, hence the
less reliable result (Mialon, 2003). Indirect monitoring, if done
correctly, is usually within 10 mmHg of direct measurement.

BP is most often measured indirectly by one of the three
following methods: oscillometric, auscultatory (mercury or
aneroid devices) or by palpation. Knowing the limits of the
method used is a key to reducing the number of erroneous
results. This is why we will briefly examine them.

Palpation

The palpation method relies on the pulse, usually radial, instead
of the arterial sounds. The radial pulse reappearance, when the
cuff is deflated, coincides with the estimated systolic blood
pressure (SBP): a result of limited precision. The clinical
usefulness of this method is then very limited, especially
because the DBP can’t be monitored.

Auscultation

The auscultation method is used most frequently. We find it in
certain automatic and manual devices. As the compressed
artery is decompressed, the pulsations give off certain
characteristic sounds called Korotkoff (named after the person
who first described them). These sounds, either heard through a
stethoscope or recorded by a microphone built into certain
automatic devices, are separated into five phases. According to
the clinical context, the DBP can be either the number obtained
in phase IV or in phase V. After reading the following section,
you will realize that only a human, a professional, can tell the
difference.

Phase I begins with the first of two consecutive sounds and the
value accorded to this first sound corresponds to the SBP.
Phase II comprises softened sounds that acquire a swishing
quality. Phase III comes with the disappearance of the
swishing quality of the sounds. They become clearer, sharper
and their intensity exceeds that of Phase I. The clinical
significance, if any, to Phases II and III has not been
established. When the intensity of the sounds suddenly
diminishes and a distinct abrupt muffling is heard, Phase IV
has been reached. Phase V begins immediately after the last

What result would you indicate with the
following example? (Answer on page 37)

Phase I — 138 mmHg: 1st sound; 130: 2nd sound; 128: 3rd
sound

Phase II — 120 mmHg: 1st swishing sound (i.e. sound
followed by a murmur)

Auscultatory gap (not always present but can’t be
predicted)

116 mmHg: cessation of sound

108 mmHg: return of swishing sounds

Phase IIT 104 mmHg: Ist clearer sound with higher
intensity and no more swishing

Phase IV 94 mmHg: 1st sound muffled

Phase V 82 mmHg: 1st silence
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sound has been heard (first silence). This most often defines
the DBP. In the right conditions, the SBP measured by the
auscultation method corresponds perfectly to the results
obtained from a direct measurement. The DBP is about 2
mmHg higher than the intra-arterial DBP.

Nevertheless, certain limitations of the auscultatory method
need to be made clear. It is possible that the sounds between
Phases II and III disappear momentarily due to physiological or
other factors. This phenomenon, called “auscultatory gap”, can
lead to the risk of underestimation of the SBP and/or
overestimation of the DBP if the inflation of the cuff is not
heeded. Knowledge of this phenomenon helps avoid the
problems it causes if the BP is manually monitored. It is an
otherwise unavoidable problem by automated devices. In the
case of a child under 13 years of age, or of a difference of 10
mmHg and higher between the first muffled sound (Phase IV)
and the first silence (Phase V), the diastolic imprecision rises. It
is in order to minimize this imprecision that the DBP in such
cases would be the first muffled sound of the Phase IV and the
result would then need to be recorded in a three-digit number:
Phases I /IV — V or I/ IV / V. The situation is the same when
the arterial sounds continue to 0 mmHg. Again in this situation,
only a manual monitoring can avoid this error. Why? Because,
to date, no auscultatory device is programmed to consider these
“details”. The machine only records the first and last sounds
heard (Tavarese, 2003; Lebel, 2004).

If you are not familiar with the aforementioned notions, the
Korotkoff sounds, then the accuracy of your auscultatory
method will be affected. The reading of literature such as
Guide Thérapeutique de la Société québecoise d’HTAS or
Poggi’s article (Poggi, Vaisse, Silhol, & Bouchlaghem, 2000) is
recommended in order to further your knowledge on this
subject.

Another source which affects the reliability of the auscultatory
method is an irregular cardiac rhythm such as atrial fibrillation
(AF). The intensity of the sounds in Phase I being diverse in
such cases, determination of the SBP becomes less precise
(Poggi, Vaisse, Silhol, & Bouchlaghem, 2000). If the
limitations already listed seem impossible to overcome in the
context of your work, the use of a method other than the
auscultation should be considered.

Oscillometry

The oscillometric method is found in many automatic devices.
It is based on the observation of oscillations recorded by the
cuff during deflation. These oscillations begin before the real
SBP value and continue beyond the real DBP value, but the
maximum intensification of the oscillations compares to the
mean blood pressure (MBP). The MBP is the
geometrical/graphical average of the SBP as well as the DBP
and determines the perfusion of an organ. Since the MBP is
neither the most used nor the most familiar parameter in
medicine, it is necessary for electronic devices to use automatic
calculation methods (algorithms) in order to calculate the SBP
and DBP. Unfortunately, these algorithms vary between brands
and even between devices. It then becomes arduous to judge the

Fall 2005



reliability of such results. Since algorithms are subject to
manufacturers’ secrecy, it is difficult to validate the results
attained in comparison with the gold standard (Jones, Appel,
Sheps, Rocella, & Lenfant, 2003; Tholl, Forstner, & Anlauf,
2004). To be recommendable, the precision of a
sphygmomanometer must be first evaluated by an independent
method that follows the protocols of both the British
Hypertension Society (BHS) and the Association for the
Advancement of Medical Instrumentation (AAMI). Since there
is no legal obligation forcing manufacturers to subject their
equipment to independent validations, only a fraction of the
electronic devises used around the world are evaluated. The
majority of these devices have been proven imprecise
(Stergiou, Vousa, Achimastos, & Mountokalakis, 1997,
O’Brien, Waeber, Parati, Staessen, & Myers, 2001). The list of
recommended or non-recommended devices is constantly
updated on the two following websites: bmj.com and
bhsoc.org. It is disturbing to see the number of invalid
sphygmomanometers found in our health establishments.
Despite high numbers of reports of imprecision, the Dinamap
8100 (Critikon, Tampa, FL), for example, remains the most
used automatic device in health care centres. It would seem that
what the manufacturers have to say about the imprecision of
their instruments is more important to the buyers than what the
BHS and AAMI standards demonstrate (O’Brien, Waeber,
Parati, Staessen, & Myers, 2001).

The use of a valid sphygmomanometer (manual or automatic)
does not obviate the need for proper maintenance and an annual
calibration (Poggi, Vaisse, Silhol, & Bouchlaghem, 2000;
Tholl, Forstner, & Anluaf, 2004; Graves, 1999). The
mechanism of a sphygmomanometer is sensitive and is
therefore subject to damage by impact or shock. These forces,
as well as regular everyday use, can lead to inaccurate results
in BP measurements. The development of a new mechanism,
called “Gear Free” by the company Welch Allyn (W/A) could
reduce the susceptibility to impact. Time will tell if this new
line of manual sphygmomanometers called Durashock stands
up to its words.

The lack of a maintenance register for the
sphygmomanometers, or of a person responsible for the regular
verification of the calibration, calls into question the reliability
of the results. Marshall and Rouse (2001) state that health
professionals using inaccurate sphygmomanometers are not
fulfilling their professional duty and are acting in a non-ethical
way. These professionals could be sued for negligence by
patients who believe that the use of these malfunctioning
devices had bad consequences for their health. A maintenance
check-up or calibration should be performed at the first sign of
malfunction. Would you be able to detect a few? For example,
a device incapable of generating a pressure of 30 mmHg higher
than the SBP and incapable of doing this in less than five
seconds, or a device that has trouble maintaining this pressure
for five seconds (Buus-Frank, 2003) after inflation, suggests an
air leak (Poggi, Vaisse, Silhol & Bouchlaghem, 2000; Graves,
1999). The incapability of obtaining a slow and regular
decompression of approximately 2 mmHg per second or per
heart beat reflects a faulty permeability in the air release (Poggi,
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Vaisse, Silhol & Bouchlaghem, 2000). Fissures in the hand
pump or in the tubes, a tube minimal length not respected,
plush on the Velcro of the cuff, a needle that does not start out
pointing at 0 mmHg or wavers when the glass is flicked are
other signs that the precision of the final results is questionable
(Beevers, Lip & O’Brien, 2001).

Which indirect method should then be used to diagnose
hypertension in the health domain? Until recently, the answer
would have been the mercury sphygmomanometer, but
prohibition in many countries will cause this method to
disappear on the short term (Jones, Appel, Sheps, Rocella &
Lenfant, 2003; Tholl, Forstner & Anlauf, 2004; Pickering,
2002). The choice device is then a well-calibrated manual
aneroid device (Pickering). Automatic devices can therefore be
used for follow-up and when the Korotokoff sounds cannot be
adequately evaluated, manual monitoring can be used
(Pickering). Among the list of automatic devices, it would
seem that the ones using the oscillometric method might be
slightly more precise (Lehmann, Gelman, Weber & Lafrades,
1998).

Professional/patient

At this point in your reading, you know that an efficient BP
measurement requires the professional to be familiar with
certain scientific knowledge. The professional also needs to
have certain manual skills and good hearing in order to use a
stethoscope for the auscultation method.

As far as the patient is concerned, very little is required in an
acute or unstable situation. Nevertheless, a few conditions must
be respected in a follow-up. The patient should not have eaten
or smoked (+6/+5), nor have consumed alcohol (+8/+8),
caffeine (+11/45) or adrenergic substances an hour prior to the
test. The patient should not have done any intense physical
exercise in the two hours previous to the exam; the patient
should not have any vesical or intestinal urge (+15/+10) and
should not speak (+7/+8) during the monitoring. Does this
seem exaggerated? The numbers in brackets are possible
overestimations in the results for the SBP and DBP if the
guidelines are not respected. Therefore, a patient who speaks or
hums during the monitoring may receive an overestimation in
his SBP of 7 mmHg and an overestimation of 8 mmHg in his
DBP!

Procedure

Research has repeatedly shown that BP is rarely measured
according to the recommendations of the World Health
Organization (WHO) and other professional organizations and
this, in turn, affects the precision of the results obtained. The
following is a list of their recommendations valid for manual or
automatic measurement. The numbers in brackets demonstrate
the possible margin of error if the recommendation is not
followed. Therefore, a patient seated improperly could have a
SBP result overestimated by 6 to 10 mmHg while his DBP
would not be affected.

If you do not grasp the theoretical concepts behind these
recommended techniques and/or you are not comfortable with
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the required skills, the precision of your BP results, manual or
automatic, will be affected. A deepening of your understanding
and knowledge is recommended.

¢ Patient seated (+6 to +10/)

e Feet supported and uncrossed (+8/ +4)

e Arms free of constrictive clothing, supported (/+10%) with
the anticubital fossa at the level of the fourth inter-costal
space (each centimetre away from this level represents a
mmHg error)

 Using a proper size cuff, firmly adjusted at 2 to 3 cm above the
anticubital fossa: the width of the bladder should cover at least
40% of the arm circumference and its length between 60% and
100% (a cuff that is too loose or too small overestimates the BP
whereas one that is too large will underestimate the reading)

 Palpation of the pulse on the arm being measured for BP is
done to ensure the pulse regularity and to determine the
estimated SBP (rapid inflation prevents venous congestion
and imprecision)

e Inflate to 30 mmHg above the estimated SBP (to avoid
auscultatory gap)* with the bell of the stethoscope placed on
an artery below the cuff, at the distal end of the limb (the bell
of a quality stethoscope permits better perception of the
Korotkoff sounds than the diaphragm)(* Impossible with
certain automatic devices)

e Deflate at a rate of 2 mmHg per second or with each heart
beat (a more rapid rate will overestimate the DBP or
underestimate the SBP)

e Measurement of the BP in both arms is required if being
taken for the first time; a difference between readings will
require that the BP be taken in the arm with the higher
reading (to avoid missing a hypertension)

e A delay of one minute should be respected before retaking a
reading on the same arm in order to avoid any imprecision

Conclusion

Far from having covered everything that concerns BP
monitoring, this article nonetheless examined two major
aspects: BP results have vital implications, and the accuracy of

Answer: 130 /94 — 82 or 130/ 94 / 82

130: corresponds to the SBP, in other words is the first of
two consecutive sounds, i.e. separated by 2 mmHg (138 is
an artefact, i.e. an interference sound, secondary to an extra-
systole or other).

94: corresponds to the DBP since there is a difference of
more than 10 mmHg between the IV and V phases.

82: corresponds to phase V which must be documented by
agreement*.

*Note that you would have missed a grade 1 hypertension if
you utilized the phase V (82) rather than IV (92) as the
result for the DBP.

The result obtained with a valid automatic auscultatory device
would have been 138 / 84 since only the first and last sounds
would have been registered: imprecision with the systolic and
the diastolic BP and a missed grade 1 hypertension.
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these results requires some scientific knowledge. Nurses
performing simple or complicated procedures must maintain
their competences. If there is a doubt concerning the best way
to approach a patient, a care technique, the use of a device or its
reliability, it’s extremely important to raise the issue with a
supervisor. Ethics, professionalism and the best interests of the
patient are at stake.

As Goodwin (1995) puts it, sophisticated investigative methods
still require clinical ability from health professionals. They
must know how to interpret the results produced by the devices
used and be aware of their limitations. Uncritical reliance on
values obtained by machines can be dangerous. The problem is
urgent because even though the technology develops, the basic

abilities and knowledge are still required... and re-
appropriating the basic once forgotten, seems difficult. C2
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