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QUESTIONS

 1. What is office blood pressure measurement?
Blood pressure (BP) measurement in the office has been standard practice for over 100 years, and most physi-
cians continue to use office BP for diagnosis and to follow patients with known or suspected hypertension.1

 2. What are the major types of office BP measurement?
Two major types of office BP measurement exist. The auscultatory technique is performed with a mercury or 
aneroid sphygmomanometer by listening for Korotkoff sounds with a stethoscope. Onset of the sounds (K1) 
coincides with systolic BP (SBP), and the pressure at which the sounds are no longer heard (K5) is the diastolic BP 
(DBP).2 The oscillometric technique utilizes an automated device that, if singly or repeatedly activated, can take 
one or more readings, or an automated office BP (AOBP) device that is preprogrammed to take multiple sequential 
readings. In the latter case, a provider can leave the room, which is known as “unattended” BP measurement.3 It 
is important that only automated devices that have been validated according to an internationally accepted clini-
cal protocol be used.2 Oscillometric devices work by recording, filtering, and analyzing arterial pulsations. BP is 
determined by applying a proprietary algorithm to these recordings.4

BP measurement techniques, advantages, and disadvantages are summarized in Table 1.1.

 3. How should BP measurement be performed in the office?
BP measurement has been described as “…likely the clinical procedure of greatest importance that is per-
formed in the sloppiest manner.”5 Because BP is a highly variable physiologic parameter sensitive to numerous 
endogenous and exogenous stimuli, it must be performed meticulously with strict adherence to standardized 
technique. This is not often done in conventional clinical practice, and this type of nonstandardized measurement 
has been termed “casual” BP measurement. A major barrier to adopting proper measurement technique in the 
office setting is lack of time. Casual measurement technique readings are, on average, 5 to 10 mm Hg higher 
than standardized technique and have greater variability in BP measurements and lower correlation with target 
organ damage compared to standardized measurement.6 This can lead to inaccurate diagnosis and management 
of hypertension.

The proper technique for performing BP measurement is summarized in Table 1.2 and in Fig. 1.1.

 4. What are the sources of error with office BP measurement?
The many potential sources of error in BP measurement can be divided into patient-related, procedure-related, 
equipment-related, and observer-related factors (Table 1.3). Use of automated devices standardizes the measure-
ment process and eliminates some of the potential sources of observer-induced inaccuracy (e.g., hearing deficits, 
terminal digit preference, rapid deflation rate). Consequently, clinical practice guidelines endorse use of automated 
BP measurement in place of auscultation whenever possible.3,7,8

 5. How is AOBP monitoring performed?
AOBP monitoring is the preferred method of office BP measurement. Several AOBP devices exist and differ in 
terms of technique and available options. They are summarized in Table 1.4.

Even though using an AOBP device is the best way to ensure standardized technique in the office, two 
aspects of AOBP measurement are variably performed, which can impact the results:
•	 Rest period: Use of a rest period, which is typically 5 minutes but can be longer, before initiating the 

AOBP sequence results in a lower mean BP. Published studies vary widely in terms of use of an anteced-
ent rest period. Because the BpTRU is typically set to perform six readings, an additional rest period is not 
recommended.

•	 Attended versus unattended measurement: Attended measurement results in higher mean BP.9
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Table 1.2 Recommended Technique for Performing Blood Pressure Measurement

Device
•	 Automated	devices	must	be	validated.	A	validation	process	involves	comparing	the	automated	device	against	two-

observer mercury auscultation following a published protocol. There are several registries that list validated devices:
•	 Hypertension Canada (https://hypertension.ca/hypertension-and-you/managing-hypertension/measuring-

blood-pressure/devices/)
•	 British and Irish Society of Hypertension (https://bihsoc.org/bp-monitors/)
•	 Validated Device Listing (VDL) for United States Blood Pressure Devices (Validatebp.org)
•	 Japanese listing (Japanese only) (http://www.jpnsh.jp/com_ac_wg1.html)
•	 dabl Educational Trust (http://www.dableducational.org)
•	 MEDAVAL (https://medaval.ie)
•	 STRIDE BP (www.stridebp.org/index.php)

•	 Aneroid	devices	must	be	calibrated	every	3–6	months	to	remain	accurate.

Cuff
•	 The	cuffs	that	belong	with	the	device	should	be	used	for	all	measurements.
•	 The	cuff	should	be	appropriately	sized	for	each	patient.	Ensure	the	device	used	has	a	wide	range	of	cuff	options	

to accommodate various arm sizes.
•	 The	inflatable	cuff	bladder	width	should	be	40%	of	the	arm	circumference.
•	 The	inflatable	cuff	length	should	be	80%–100%	of	the	arm	circumference.
•	 For	automated	measurements,	the	cuff	should	be	applied	per	the	manufacturer’s	specifications.
•	 For	auscultatory	measurements,	the	cuff	should	be	placed	so	that	its	lower	edge	is	2–3	cm	above	the	elbow	

crease and the brachial artery marker in line with the brachial artery.

Preparation
•	 Patient	should	have	an	empty	bladder	and	should	not	have	exercised,	eaten,	consumed	caffeine,	or	smoked	for	

more than 30 minutes prior.
•	 Cuff	should	be	applied	to	the	exposed	arm	with	loose	clothing	above	or	the	cuff	applied	over	very	thin	clothing.
•	 Feet	should	be	on	the	floor,	back	supported,	legs	uncrossed,	and	arm	supported	with	BP	cuff	at	the	level	of	the	heart.
•	 In	this	position,	the	patient	should	be	instructed	to	rest	for	5	minutes.	During	the	rest	period	and	measurements,	

the patient and observer (person taking measurement) should not talk.

Table 1.1 Types of Blood Pressure Measurement

DEVICE BENEFITS CHALLENGES

Mercury 
auscultation

•	 Does	not	require	calibration	as	long	
as the mercury column is intact and 
the meniscus is zeroed.

•	 Accuracy:	Two-observer	mercury-
based auscultation is the gold 
standard measurement method 
but is too impractical to be used in 
clinical settings.

•	 Human	error	in	technique.
•	 Risk	of	spills	(extremely	rare).	Nevertheless,	

mercury has been banned in many jurisdic-
tions because of this theoretical risk. LED 
devices may be an alternative.

•	 White	coat	and	masked	effect.
•	 Does	not	facilitate	unattended	measurement.

Aneroid auscultation •	 Can	be	accurate	if	a	calibrated	
device and proper technique are 
used.

•	 Human	error	in	technique.
•	 Requires	regular	calibration	(every	3–6	

months) to maintain accuracy.
•	 White	coat	and	masked	effect.
•	 Does	not	facilitate	unattended	measurement.

Single activation 
automated device 
(can include a 
home BP device)

•	 Standardizes	the	measurement	
process and eliminates some 
human error.

•	 Less	expensive	than	AOBP	device.

•	 Must	be	reactivated	to	take	multiple	
readings.

•	 Unattended	readings	cannot	be	performed.

AOBP device •	 Enables	multiple,	sequential	
measurements.

•	 Auto	calculates	mean	blood	pressure.
•	 Measurements	can	be	unattended,	

potentially reducing white coat effect.

•	 Due	to	limited	outcome	data	and	high	vari-
ability relative to out-of-office measurement 
modalities, AOBP is not a replacement for 
out-of-office measurement.

AOBP, Automated office blood pressure; LED, light-emitting diode.
Data from Padwal R, Campbell NRC, Schutte AE, et al. Optimizing observer performance of clinic blood pressure measurement: a position 

statement from the Lancet Commission on Hypertension Group. J Hypertens. 2019;37:1737-1745.

https://hypertension.ca/hypertension-and-you/managing-hypertension/measuring-blood-pressure/devices/
https://hypertension.ca/hypertension-and-you/managing-hypertension/measuring-blood-pressure/devices/
https://bihsoc.org/bp-monitors/
http://www.jpnsh.jp/com_ac_wg1.html
http://www.dableducational.org/
https://medaval.ie/
http://www.stridebp.org/index.php
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 6. What is the evidence for office BP as a predictor of cardiovascular outcomes, and how 
does it compare to out-of-office BP measurement?
A great deal of evidence exists supporting the concept that standardized, research quality BP measurement 
predicts cardiovascular events and mortality, including data from high-quality prognostic studies and random-
ized controlled trials evaluating antihypertensive drugs.10,11 However, for casual office measurement, the data are 
much less robust. Indeed, when casual office measurement and out-of-office measurement (e.g., ambulatory BP 
measurement) are entered into the same model, casual office measurement is a weak, almost nonstatistically 
significant predictor of outcomes.12 This is one reason why use of out-of-office measurement instead of office BP 
is strongly preferred. A second reason why out-of-office measurement is preferred is because it detects white 
coat hypertension and masked hypertension, thereby enabling more appropriate and personalized management 
(masked hypertension is treated, but white coat hypertension is not treated).13,14 The third reason is that out-
of-office	measurement	enables	performance	of	many	readings,	thereby	more	closely	estimating	an	individual’s	
“usual” BP, particularly in settings that correspond to her or his usual daily life.

The evidence base for AOBP as a predictor of outcomes is limited to one study. In this Canadian study of 
3627 subjects aged 66 years or older, the AOBP thresholds that predicted increased risk of fatal and nonfatal 
cardiovascular	events	were	135	mm	Hg	or	higher	(hazard	ratio	[HR]	1.7;	95%	confidence	interval	[CI]	1.1–2.5)	for	
SBP	and	80	mm	Hg	or	higher	(HR	1.7;	95%	CI	1.2–2.5)	for	DBP.15 Therefore the evidence base for AOBP as a hard 
outcome predictor is very limited compared to the data supporting out-of-office BP. There is some evidence that 
AOBP can predict target organ damage similar to ambulatory BP measurement.16 However, to date, these data are 
cross sectional and need to be confirmed in outcome studies.

In terms of use in clinical trials, the evidence base for AOBP is limited to Action to Control Cardiovascu-
lar Risk in Diabetes (ACCORD) and Systolic Blood Pressure Intervention Trial (SPRINT).17,18 SPRINT is the more 
important of these two studies, and the Omron HEM-907XL (Omron Healthcare, Lake Forest, IL) was the specific 
AOBP device used in this study. SPRINT was a 9361-subject, 5-year randomized control trial demonstrating that 
intensive BP control (SBP target <120 mm Hg) reduces the risk of cardiovascular disease and death compared to 
standard BP control (SBP target <140 mm Hg). Some controversy exists with respect to whether AOBP was per-
formed attended or unattended at each SPRINT study center.19 The results of the SPRINT ambulatory BP substudy 
(897 SPRINT participants) demonstrated mean AOBP was 7/6 mm Hg (systolic/diastolic) lower than daytime 
ambulatory BP and highly variable between subjects.20 This shows that AOBP can be markedly discordant from 
ambulatory blood pressure monitoring (ABPM) and is not a replacement for out-of-office measurement.

 7. What are the thresholds for normal vs. elevated BP values in the office in order 
to guide treatment?
These thresholds vary across guidelines and are summarized in Table 1.5.

 8. What are the treatment threshold and treatment targets for AOBP?
The Hypertension Canada clinical practice recommendations are the only guidelines that endorse separate thresh-
olds for AOBP relative to non-AOBP in office measurement:
•	 The	threshold	for	elevated	non-AOBP	levels	is	140/90	mm	Hg	or	greater,	whereas	the	threshold	for	elevated	

AOBP levels is 135/85 mm Hg or greater.

Table 1.2 Recommended Technique for Performing Blood Pressure Measurement—cont’d

Measurement
•	 On	initial	assessment,	BP	should	be	taken	in	both	arms	and	subsequent	BP	measurements	should	be	taken	in	

the arm with the higher BP.
•	 Two	or	three	measurements	should	be	taken,	and	the	mean	should	be	recorded	as	the	office	BP	measurement.

•	 Auscultation:
•	 While	palpating	the	radial	or	brachial	pulse,	inflate	rapidly	to	30	mm	Hg	above	where	the	pulse	disappears.
•	 Place the stethoscope on the brachial artery and listen while deflating the cuff 2 mm Hg/s.
•	 The first Korotkoff sound heard corresponds to the systolic BP and the point the sounds disappear cor-

responds to the diastolic BP. If the sounds persist toward 0 mm Hg, the point of muffling should be used as 
the diastolic BP.

•	 BP should be recorded to the nearest 2 mm Hg.
•	 Automated:	initiate	measurements	per	the	manufacturer’s	specifications.

BP, Blood pressure.
Data from 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. Circulation. 2005;111:697-716; 
Padwal	R,	Campbell	NRC,	Weber	MA,	et	al.	The	Accuracy	in	Measurement	of	Blood	Pressure	(AIM-BP)	collaborative:	background	and	
rationale. 2019;21:1780-1783; and Ogedegbe G, Pickering T. Principles and techniques of blood pressure measurement. Cardiol Clin. 
2010;28:571-586.
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•	 The	guidelines	are	unclear	with	respect	to	AOBP	thresholds	in	specific	subgroups.	For	example,	the	non-AOBP	
threshold in patients with diabetes is 130/80 mm Hg, but no specific analogous threshold for AOBP (e.g., 
125/75 mm Hg could be considered) is given.

•	 In	SPRINT-eligible	patients,	the	Canadian	guidelines	recommend	that,	to	be	consistent	with	application	of	the	
study results in clinical practice, only AOBP measurements be used.

 9. What is the bottom line with respect to office BP measurement?
Office BP measurement is commonly performed, and great care should be taken to use standardized technique 
so that measurements are as accurate as possible. In most cases in contemporary clinical practice, standardized 
technique is not used (“casual” measurement) to the detriment of patient diagnosis and management. Use of 

Fig. 1.1 Correct	blood	pressure	technique.	(With	permission	from	Hypertension	Canada.)
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validated automated devices, especially AOBP measurement, facilitates more standardized technique and should 
be encouraged. Outcome-based data supporting standardized office BP measurement is strong, but the data sup-
porting casual office BP and AOBP is much weaker. For this reason, diagnosis and clinical management should not 
be guided solely by office BP measurement; out-of-office measurement results should be incorporated into the 
clinical decision-making process.

Table 1.3 Sources of Inaccuracy in Blood Pressure Measurement

POTENTIAL SOURCE OF INACCURACY
SBP (mm Hg)

RANGE OF REPORTED 
MEAN EFFECT ON SBP

RANGE OF REPORTED 
EFFECT ON DBP

White	coat	effect −12.7 to +26.7 −8.2 to +21

Cold exposure +5 to +32 +4 to +23

Insufficient rest +4.2 to +11.6 +1.8 to +4.3

Talking during measurement +4 to +19 +5 to +14.3

Undercuffing (cuff too small) +2.08 to +11.2 +1.61 to +6.6

Overcuffing (cuff too big) −3.7 to −1.45 −4.7 to −0.96

Reliance on a single measurement +3.3 to +10.4 −2.4 to +0.6

DBP, Diastolic blood pressure; SBP, systolic blood pressure.
Data	from	Kallioinen	N,	Hill	A,	Horswill	MS,	Ward	HE,	Watson	MO.	Sources	of	inaccuracy	in	the	measurement	of	adult	patients’	resting	

blood pressure in clinical settings. J Hypertens. 2017;35:421-441.

Table 1.4 Automated Office Blood Pressure Devices in Use

DEVICE

NUMBER 
OF READ-
INGS

CUFF 
TYPE

CUFF 
SIZES
(NUMBER)

CIRCUM-
FERENCE 
OF LIMB 
ACCOM-
MODATED
(cm)

INTERVAL 
BETWEEN 
READINGS

MISCELLA-
NEOUS

BpTRU 1–6 2-piece, 
upper 
arm

5 13–52	cm 1, 2, 3, 4, or 
5 mins

First AOBP de-
vice invented; 
no longer 
available on 
the market

Omron HEM 
907XL

1–3 2-piece, 
upper 
arm

4 17–50	cm 5 s, 30 s, 
1 min or 
2 min

Used in the 
SPRINT trial19

Microlife AG
Watch	BP	

Office

1–3 2-piece, 
upper 
arm

2 22–42	cm 15, 30, 45 
or 60 s

Atrial fibrillation 
detection

Capable of 
performing 
simultaneous 
measure-
ments in both 
arms and 
legs, which 
enables mea-
surement of 
ankle-brachial 
index

Welch	Allyn
ProBP 2400

1–3 2-piece, 
upper 
arm

4 14–52	cm 15, 30, 45 
or 60 s

Validated in 
pregnancy 
and pre-
eclampsia

AOBP, Automated office BP; mins, minutes; s, seconds; SPRINT, Systolic Blood Pressure Intervention Trial.
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KEY POINTS

1. Proper technique is essential.
2. Use of automated BP measurement, particularly automated office BP (AOBP), minimizes many common 

observer-related sources of error in office BP measurement.
3. Use a validated automated device or a calibrated aneroid device to perform measurements.
4. Office BP measurement should be supplemented with out-of-office measurements to better inform diagnostic 

and treatment decisions.
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