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Avoiding missteps in BP  
measurement 
Making sure a patient is seated properly is just one way 
to ensure an accurate measurement. But steering clear 
of certain methods of measurement in particular patient 
populations is also important.

Blood pressure (BP) measurement is 
an essential component of the physi-
cal examination. The information 

gleaned through this simple but vitally im-
portant assessment provides a basis for criti-
cal decisions about diagnosis, prognosis, and 
therapy in a variety of health care settings. In 
the emergency department, it helps guide re-
suscitation efforts; in the intensive care unit, 
it helps to identify the deteriorating patient 
and guide vasopressor drug titration; in the 
ambulatory office setting, it helps to identify 
hypertension and the need for antihyperten-
sive therapy. 

In the office setting, inaccurate BP mea-
surement can have profound effects. An over-
estimation by only 5 mm Hg would result in 
an erroneous diagnosis and unnecessary 
treatment of hypertension for about 27 mil-
lion patients—entailing medication costs, 
potential adverse effects, and psychologic 
issues associated with this diagnosis. Con-
versely, underestimation by 5 mm Hg would 
miss about 21 million patients who actually 
have hypertension.1

Why accurate BP measurement  
matters so much
About 75 million adults in the United States  
have high BP,2 which costs the nation $46 bil-
lion annually in health care services, antihyper-
tensive medications, and missed days of work.3 
Among US adults ages 20 or older, the age-

adjusted prevalence of hypertension is estimat-
ed to be 34%, equivalent to 85.7 million adults.4 

❚ Defining hypertension. For the gen-
eral population, the Eighth Joint National 
Committee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood Pres-
sure (JNC-8) defines hypertension as a BP of 
140/90 mm Hg or higher in adults younger 
than 60 and a BP of 150/90 mm Hg or higher 
in adults ages 60 or older. For patients with 
comorbid hypertension and diabetes, JNC-8 
recommends pharmacologic treatment when 
BP is 140/90 mm Hg or higher, regardless of 
age.5 

Accurate measurement of BP provides 
the rational basis for the management of hy-
pertension, which in turn may decrease the 
risk for stroke, congestive heart failure, and 
other cardiovascular diseases. Several inves-
tigators6-8 have observed that differences in 
interarm systolic BP are associated with an 
increased risk for peripheral vascular disease, 
stroke, and other cardiovascular problems. 

Multiple factors impact accuracy; 
some might surprise you
A number of factors may influence the ac-
curacy of BP measurement in the office; 
these are generally classified as related to 
the patient, the observer, the technique or 
procedure, or the equipment used. A recent 
systematic review by Kallioinen et al9 empiri-
cally evaluated 29 potential sources of inac-
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curacy in the measurement of adult resting 
BP. Among them were

Patient-related: Recent meal or alcohol 
intake; recent caffeine or nicotine use; full 
bladder distention; cold exposure; white-
coat effect. Given the simplicity of assess-
ing for these influences, it is worthwhile for 
office staff to ask patients, prior to the rec-
ommended 3 to 5 minutes of rest before BP 
measurement, if they were rushing to make 
their appointment, need to void their blad-
der, or have consumed food or drink or used 
tobacco within the past 30 minutes.

Observer-related: Hearing deficit; ter-
minal digit bias (ie, preference for rounding 
BP reading to a specific end digit, eg, 0); mea-
surement of diastolic BP at Korotkoff phase 
IV rather than phase V.

Procedure-related: Patient’s body posi-
tion (eg, standing vs supine; legs crossed at 
knee; unsupported back or arm; arm lower 
than heart level); incorrect size or placement 
of cuff; talking during measurement (the con-
tent of conversation may influence results); 
and reliance on a single BP measurement.

Equipment-related: Device model bias; 
device calibration error.

As reported by Kallioinen et al9, the mag-
nitude of these potential errors ranges from 
small to large in both the positive and nega-
tive direction for both systolic and diastolic 
BP, and several sources of error are potential-
ly bidirectional. For example, talking during 
BP measurement may result in an increase 
in systolic BP of 4 to 19 mm Hg and in dia-
stolic BP of 5 to 14.3 mm Hg; measurement 
of diastolic BP at Korotkoff phase IV rather 
than phase V significantly increases diastolic 
BP by 12.5 mm Hg; and recent alcohol intake 
can affect systolic BP by –23.6 to +24 mm Hg 
and diastolic BP by –14 to +16 mm Hg. Over-
all, the researchers found significant direc-
tional effects for 27 of the 29 potential sources 
of error, ranging from a mean –24 mm Hg to  
+33 mm Hg error for estimating systolic BP 
and a mean –14 mm Hg to +23 mm Hg for es-
timating diastolic BP.9 

Careful adherence to guidelines 
ensures accurate BP measurement
Adequate training and standardized proce-

dures can target and mitigate many of the 
identified sources of error; accordingly, all 
clinical staff responsible for obtaining a pa-
tient’s BP measurement should be trained 
not only in the correct method for accurate 
measurement but also in the identification of 
factors that may introduce errors. 

❚ The American Heart Association 
(AHA) recommends that BP be measured in 
both arms at the initial evaluation, with the 
higher measurement used for monitoring BP. 
The AHA also recommends obtaining at least  
2 readings at least 1 minute apart and averag-
ing them as the patient’s BP.10 Other research 
recommends using a fully automated sphygmo-
manometer to take multiple readings with the 
patient resting quietly alone in either the exam 
room or the waiting room11 as an effective and 
efficient method for accurate BP averaging.

❚ The 2 principal noninvasive methods 
of BP measurement are the manual ausculta-
tory technique and the oscillatory technique. 
Because of its simplicity and relative degree 
of accuracy (when correctly performed), the 
auscultatory measurement remains common 
in everyday medical practice. Remarkably, it is 
one of only a few techniques for clinical exam-
ination of patients that has remained relatively 
unchanged since it was introduced by the Rus-
sian physician and scientist Nikolai Sergeevich 
Korotkoff in 1905.12 However, accurate perfor-
mance of the auscultatory method requires 
adequate training and experience.  

In contrast, automated oscillometric BP 
measurement is easily performed and requires 
minimal training. However, it is important 
to note that any condition altering oscilla-
tion amplitude or regularity (eg, arterial wall 
stiffness or cardiac arrhythmia) will produce 
erroneous results, and the reading must be 
confirmed by auscultatory measurement.13, 14

Auscultatory methods  
of BP measurement
The mainstay of clinical BP measurement 
has been auscultatory methods to detect the 
Korotkoff sounds, using a stethoscope and 
either mercury, aneroid, or “hybrid” sphyg-
momanometers. Traditionally, the mercury 
device was the “gold standard,” but the wide-
spread ban of mercury in health care settings 
has now all but eliminated its use. 

The USPSTF, the 
UK’s National  
Institute for 
Health and  
Clinical  
Excellence, 
and other 
groups endorse 
ambulatory 
BP monitoring 
as the optimal 
method for BP 
measurement.
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❚ Aneroid gauge sphygmomanometers 
have a metallic spring and a metal membrane 
that flexes elastically to translate pressure 
signals from the cuff and operate a needle in 
the gauge. Owing to their complexity, these 
devices require regular recalibration, since 
inaccurate results may occur anytime the 
needle does not rest on 0 before use. 

❚ The newer hybrid sphygmomanome-
ters have an electronic transducer in place of 
a mercury column; BP measurement is per-
formed in the same fashion as with a mercury 
device, using a stethoscope and auscultation 
for the Korotkoff sounds. 

❚ Variations in technique for BP mea-
surement can result in significantly different 
readings. In 2005, the AHA published recom-
mendations for BP monitoring to increase 
the accuracy of in-clinic measurements.10 
Recommendations for accurate BP measure-
ment include: 

Patient preparation. The patient should 
be seated in a chair with his or her back sup-
ported, legs uncrossed, and feet flat on the 
floor. The patient’s bare arm should be sup-
ported such that the midpoint of the upper 
arm is at heart level. An appropriately sized 
cuff (ie, bladder encircles 80% of the arm for 
an adult or 100% of the arm for a child young-
er than 13 years) should be secured around 
the bare upper arm and the bladder centered 
over the brachial artery, with the lower edge 
of the cuff about 2 cm above the antecubital 
fossa.10

Technique. The cuff is inflated while pal-
pating the radial artery to the approximate 
systolic pressure (ie, the point at which the 
radial pulse is no longer palpated). The bell 
of the stethoscope is placed just proximal 
and medial to the antecubital fossa and the 
cuff is inflated another 20 to 30 mm Hg above 
the point at which the radial pulse is no lon-
ger felt. The cuff is deflated at a rate of about  
2 mm Hg per second.10

BP recording. The systolic BP is record-
ed at the appearance of the Korotkoff sounds 
(phase I) for an auscultatory measurement. 
The diastolic BP is recorded at the disap-
pearance of the Korotkoff sounds (phase 
V) in adults and at the muffling of sounds 
(phase IV) in children for an auscultatory 
measurement.10

Oscillometric methods  
of BP measurement
The auscultatory methods of BP measure-
ment are gradually being replaced by oscil-
lometric techniques that are better suited to 
automated methods of measurement. When 
oscillations of pressure in the gradually de-
flating bladder cuff are sensed and recorded, 
the point of maximal oscillation corresponds 
to the mean intra-arterial pressure.15 The os-
cillations sensed are vibrations in the arterial 
wall that are detected and transduced to an 
electric signal, producing a digital readout, 
and correspond approximately to the systolic 
pressure and continue below the diastolic 
pressure. The actual systolic and diastolic 
pressures are indirectly estimated accord-
ing to a proprietary, empirically derived al-
gorithm that differs from 1 manufacturer to 
another. 

❚ Validated oscillometric techniques 
have been successfully used in ambulatory 
BP monitors, which record pressure at regu-
lar intervals (typically 20 to 30 minutes) over 
a 24-hour period while patients perform nor-
mal daily activities, including sleep. The US 
Preventive Services Task Force16, the UK’s 
National Institute for Health and Clinical 
Excellence17, the European Society of Hyper-
tension18, and the Canadian Hypertension 
Education Program19 collectively endorse 
ambulatory BP monitoring as the optimal 
method for BP measurement. 

The oscillometric method has also been 
used for automated office BP measurement, 
which averages multiple BP readings record-
ed with a fully automated device while the 
patient rests alone in a quiet room in clinic. 
Compared with conventional auscultatory 
office BP measurement, this method has 
been promoted to provide a more standard-
ized BP measurement by reducing observer 
error and the “white coat” effect.20-22

❚ There are some limitations to oscil-
lometric methods. The amplitude of oscilla-
tions is influenced by factors other than BP, 
notably, arterial wall stiffness. Therefore, in 
older patients13 or those with diabetes14 who 
have reduced arterial wall elasticity, oscillo-
metric BP measurements overestimate sys-
tolic pressure and underestimate diastolic 
pressure. In contrast, acutely ill patients, par-

In older patients 
or those with 
diabetes who 
have reduced 
arterial wall 
elasticity, 
oscillometric BP 
measurements 
overestimate 
systolic 
pressure and 
underestimate 
diastolic 
pressure.
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If oscillometric 
BP measurement 
is performed 
in patients 
with atrial 
fibrillation, at 
least 3 repeated 
measurements 
should be done 
to improve 
accuracy. 

ticularly those with hypovolemia and more 
compliant arterial walls, may have significant 
underestimation of BP by oscillometric tech-
niques.23 In patients with peripheral arterial 
disease, calcified leg vessels can affect the di-
agnostic accuracy of oscillometric measure-
ment of the ankle-brachial index (ABI).24 A 
meta-analysis reported that in patients with 
atrial fibrillation, oscillometric measure-
ment accurately assesses systolic BP but not 
diastolic BP, and therefore it may be inap-
propriate for office measurement of BP in 
these patients.25 Other studies have reported 
that atrial fibrillation does not significantly 
affect the accuracy of oscillometric BP mea-
surement if 3 repeated measurements are  
performed.26,27

Moreover, the algorithms used in these 
devices are proprietary trade secrets that can 
be modified by the manufacturer at any time 
without notice. Therefore, different devices—
and even different models from the same 
manufacturer—may function differently. 
Only devices calibrated using a validated pro-
tocol should be used.10,28 There are currently 
4 unique protocols for validation of BP de-
vices, although an international collaborative 
group recently published recommendations 
for a universal protocol for validation of BP 
measurement devices.29  

The takeaway
Accurate office BP measurement is essential 
for patient evaluation and provides the basis 
for critical decisions about diagnosis, prog-
nosis, and treatment of hypertensive disease. 
It is imperative to control for factors that may 
introduce error in BP determination by using 
a standard protocol and calibrated BP mea-
surement equipment. 

Both manual auscultatory and oscillo-
metric methods of measurement are appro-
priate for office assessment, but oscillometric 
evaluation is inappropriate for patients with 
severe atherosclerotic disease, peripheral ar-
terial disease (for ABI), or small arm circum-
ference. If oscillometric BP measurement is 
performed in patients with atrial fibrillation, 
at least 3 repeated measurements should be 
done to improve accuracy. Automated oscil-
lometric BP assessment that records mul-
tiple measurements in the quietly resting 

patient has been promoted to provide a more 
standardized BP measurement by reducing 
observer error and the “white coat” effect. 
Ambulatory oscillometric BP monitoring has 
been widely endorsed as the optimal method 
for BP measurement.   	                                 JFP

CORRESPONDENCE
Darrell R. Over, MD, MSc, FAAFP,  1601 West 40th Street, Pine 
Bluff, AR 71603; OverDarrellR@uams.edu

REFERENCES
	 1. 	�Jones DW, Appel LJ, Sheps SG, et al. Measuring blood pressure 

accurately: new and persistent challenges. JAMA. 2003;289: 
1027-1030.

	 2. 	�Meral R, Rakotz M, Bausch P, et al. CDC Grand Rounds: a public 
health approach to detect and control hypertension. Morb Mortal 
Wkly Rep. 2016;18:65:1261-1264.

	 3. 	�Mozzafarian D, Benjamin EJ, Go AS, et al. Heart disease and 
stroke statistics—2015 update: a report from the American Heart 
Association. Circulation. 2015;131:e29-e322.

	 4. 	�Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart disease and stroke 
statistics—2017 update: a report from the American Heart Asso-
ciation. Circulation. 2017;135:e146-e603.

	 5. 	�James PA, Oparil S, Carter BL, et al. 2014 evidence-based guide-
line for the management of high blood pressure in adults: report 
from the panel members appointed to the Eighth Joint National 
Committee (JNC 8). JAMA. 2014;311:507-520.

	 6. 	�Weinberg I, Gona P, O’Donnell CJ, et al. The systolic blood pres-
sure difference between arms and cardiovascular disease in the 
Framingham study. Am J Med. 2014;127:209-215.

	 7. 	�Lane D, Beevers M, Barnes N, et al. Interarm differences in 
blood pressure: when are they clinically significant? J Hypertens. 
2002;20:1089-1095.

	 8. 	�Clark CE, Taylor RS, Shore AC, et al. The difference in blood pres-
sure readings between arms and survival: primary cohort study. 
BMJ. 2012;344:e1327. [Erratum in BMJ. 2012;344:e2714.]

	 9. 	�Kallioinen N, Hill A, Horswill MS, et al. Sources of inaccuracy in 
measurement of adult patients’ resting blood pressure in clinical 
settings: a systematic review. J Hyertens. 2017;35:421-441.

	 10. 	�Pickering TG, Hall JE, Appel LJ, et al. Recommendations for blood 
pressure measurement in humans and experimental animals. 
Part 1: blood pressure measurement in humans: a statement for 
professionals from the Subcommittee of Professional and Public 
Education of the American Heart Association Council on High 
Blood Pressure Research. Hypertension. 2005;45:142-161.

	 11. 	�Armstrong D, Matangi M, Brouillard D, et al. Automated office 
blood pressure—being alone and not location is what matters 
most. Blood Pressure Monit. 2015;20:204-208.

	 12. 	�Shevchenko YL, Tsitlik JE. 90th anniversary of the development 
by Nikolai S. Korotkoff of the auscultatory method of measuring 
blood pressure. Circulation. 1996;94:116-118.

	 13. 	�Van Montfrans GA. Oscillometric blood pressure measurement: 
progress and problems. Blood Press Monit. 2001;6:287-290.

	 14. 	�Van Popele NM, Bos WJ, de Beer NA, et al. Arterial stiffness as un-
derlying mechanism of disagreement between an oscillometric 
blood pressure monitor and a sphygmomanometer. Hyperten-
sion. 2000;36:484-488.

	 15. 	�Mauck GW, Smith CR, Geddes LA, et al. The meaning of the 
point of maximum oscillations in cuff pressure in the indi-
rect measurement of blood pressure—part ii. J Biomech Eng. 
1980;102:28-33.

	 16. 	�Siu AL; US Preventive Services Task Force. Screening for high 
blood pressure in adults: US Preventive Services Task Force rec-
ommendation statement. Ann Intern Med. 2015;163:778-786.

	 17. 	�National Institute for Health and Clinical Excellence (NICE). 
Hypertension: the clinical management of hypertension in adults. 
London: Royal College of Physicians (UK); 2011. 

	 18. 	�O’Brien E, Parati G, Stergiou G, et al; European Society of Hyper-
tension Working Group on Blood Pressure Monitoring. European 
Society of Hypertension position paper on ambulatory blood 
pressure monitoring. J Hypertens. 2013;31:1731-1768.



BP MEASUREMENT

E5MDEDGE.COM/FAMILYMEDICINE VOL 69, NO 2  |  MARCH 2020  |  THE JOURNAL OF FAMILY PRACTICE

	 19. 	�Leung AA, Nerenberg K, Daskalopoulou SS, et al; CHEP Guide-
lines Task Force. Hypertension Canada’s 2016 Canadian Hy-
pertension Education Program guidelines for blood pressure 
measurement, diagnosis, assessment of risk, prevention, and 
treatment of hypertension. Can J Cardiol. 2016;32:569-588.

	 20. 	�Myers MG. Eliminating the human factor in office blood pressure 
measurement. J Clin Hypertens. 2014;16:83-86.

	 21. 	�Myers MG, Godwin M, Dawes M, et al. Measurement of blood pres-
sure in the office: recognizing the problem and proposing the solu-
tion. J Clin Hypertens. 2010;55:195-200.

	 22. 	�Myers MG, Valdivieso M, Kiss A. Use of automated office blood 
pressure measurement to reduce the white coat response. J Hyper-
tens. 2009;27:280-286.

	 23. 	�Bur A, Herkner H, Vlcek M, et al. Factors influencing the accuracy of 
oscillometric blood pressure measurements in critically ill patients. 
Crit Care Med. 2003;31:793-799.

	 24. 	�Herrálz-Adillo Á, Martínez-Vizcaíno V, Cavero-Redondo I, et al. 
Diagnostic accuracy of an oscillometric ankle-brachial index in 
peripheral arterial disease: the influence of oscillometric errors and 

calcified legs. PLoS One. 2016;11:e0167408.

	 25. 	�Stergiou GS, Kollias A, Destounis A, et al. Automated blood pressure 
measurement in atrial fibrillation: a systematic review and meta-
analysis. J Hypertens. 2012;30:2074-2082.

	 26. 	�Pagonas N, Schmidt S, Eysel J, et al. Impact of atrial fibrillation on 
the accuracy of oscillometric blood pressure monitoring. Hyperten-
sion. 2013;62:579-584.

	 27. 	�Myers MG, Stergiou GS. Should oscillometric blood pressure moni-
tors be used in patients with atrial fibrillation? J Clin Hypertens. 
2015;17:565-566.

	 28. 	�Munter P, Shimbo D, Carey RM, et al. Measurement of blood pres-
sure in humans. a scientific statement from the American Heart As-
sociation. Hypertension. 2019;73:e35-e66.

	 29. 	�Stergiou GS, Alpert B, Mieke S, et al. A universal standard for 
validation of blood pressure measuring devices: Association for 
the Advancement of Medical Instrumentation/European Society 
of Hypertension/International Organization for Standardiza-
tion (AAMI/ESH/ISO) Collaboration Statement. Hypertension. 
2018;71:368-374.


