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Disclosures

• Dr. Jordy Cohen has no financial conflicts of interest to disclose 
relevant to this activity.

• Funding: NIH (NHLBI) K23-HL133843

• Off-Label Use: My presentation does not include discussion of off-
label or investigational use of drugs. Several blood pressure 
measurement devices (finger and cuffless devices) that are not FDA 
approved are described, specifically to make providers aware that 
these are not valid devices and are not recommended for clinical 
use.



Learning Objectives
• Discuss the current practices in blood pressure measurement

• Identify the importance of accurate blood pressure 
measurement

• Discuss ways of optimizing in-office blood pressure 
measurement

• Give examples of implementation of out-of-office blood 
pressure measurement in clinical practice

• Provide additional tools for optimizing measurement quality

• Suggest future directions of blood pressure measurement



• “The greatest danger to a man with high blood pressure 

lies in its discovery, because then some fool is certain to 

try and reduce it”

 John H. Hay. Br Med J 1931; 2(3679): 43–47



The first direct measurement of blood pressure

• “Since animal fluids move by 
hydraulic and hydrostatic laws, the 
likeliest ways therefore to succeed 
in our inquiries into the nature of 
their motions, is by adapting our 
experiments to those laws”

▫ Rev. Stephen Hales, 1710



The first non-invasive blood pressure 
measurement

• In 1896, Scipione Riva Rocci
introduced the 
sphygmomanometer to 
facilitate measurement of 
blood pressure in the clinic 
▫ Built using an inkwell, some 

copper pipe, bicycle inner 
tubing and mercury



Evolution of blood pressure measurement: 
Understanding its clinical importance
• Over the next century, mercury was responsible for assuring 

uniformity of BP measurement in the first studies to identify the 
risks of elevated BP with regard to cardiovascular outcomes

Kannel WB et al. Am J Cardiol. 1971 Apr;27(4):335-46



Evolution of blood pressure measurement: 
Mercury to aneroid

• In 2013-2014, international hypertension 
societies concluded that the risk of 
mercury toxicity superseded any potential 
benefit

• Transition to aneroid measurement
▫ Benefits: Inexpensive, readily accessible

▫ Limitations: Require frequent calibration,
continued element of human error (e.g. digit 
bias)

Cohen JB et al. Hypertension 2019; 73:258-264



Evolution of blood pressure measurement: 
Aneroid to oscillometric

• Transition to oscillometric 
measurement

▫ In-office: standard oscillometric monitor, 
single blood pressure measurement

▫ Benefits: Reduce human error

▫ Limitations: Continued element of 
measurement error, require validation

Cohen JB et al. Hypertension 2019; 73:258-264



Evolution of blood pressure measurement:
The modern provider’s office

Carey RM et al.  Hypertension 2018; 72(5)

• More sophisticated studies continually provide more detailed 
information the clinical importance of achieving increasing precise 
blood pressure goals

• We do not always have time or support to perform the highest 
quality readings

• Reimbursement is tied to in-office blood pressures



Whelton PK et al.  J Am Coll Cardiol 2018; 71(19)

Recommendations for BP Goal for Patients with Hypertension

COR LOE Recommendations

I SBP: 
B-R

For adults with confirmed hypertension and known CVD or
greater than or equal to 10% 10-year ASCVD event risk, a BP
target of less than 130/80 mm Hg is recommended.DBP:

C-EO

IIb SBP: 
B-NR

For adults with confirmed hypertension, without additional 
markers of increased CVD risk, a BP target of less than 
130/80 mm Hg may be reasonable.

DBP:
C-EO

ACC/AHA 2017 Guideline for the Prevention, Detection, 
Evaluation of High Blood Pressure in Adults



The enormous potential impact of the new 
definition for hypertension

Muntner P et al.  Circulation 2018; 137(2)



COR LOE Recommendation for Accurate Measurement of BP in 
the Office

I C-EO
For diagnosis and management of high BP, proper 
methods are recommended for accurate measurement 
and documentation of BP.

Whelton PK et al.  J Am Coll Cardiol 2018; 71(19)

The guideline stresses (and assumes) optimal 
blood pressure measurement



Differences in clinic vs. research study BP 
measurements

Myers MG. J Hypertens 2012;30

Study
Number of 
patients

Routine 
clinic BP

Research 
study BP

Delta BP

Myers et al. 1995 147 146/87 140/83 6/4

Brown et al. 2001 611 161/95 152/85 9/10

Graves et al. 2003 104 152/84 138/74 14/10

Gustavsen et al. 2003 420 165/104 156/100 9/4

Myers et al. 2009 309 152/87 140/80 12/7

Head et al. 2010 6817 150/89 142/82 12/7

Burgess et al. 2011 150 145/85 132/79 7/6

Overall 8558 153/90 143/83 10/7



Evolution of blood pressure measurement:
Missed opportunities

Carey RM et al.  Hypertension 2018; 72(5)

• High prevalence of pseudo-resistant hypertension, resulting in 
misclassification and over-prescribing of antihypertensives





Physicians are only human…

• American Medical Association 
Blood Pressure Check 
Challenge



Frequent issues with in-office blood pressure 
measurement



Frequent issues with in-office blood pressure 
measurement

• Improper technique
▫ Lack of 5 minute rest
▫ Patient position, cuff size, clothes
▫ Noise level
▫ Insufficient time for cuff deflation

• Single reading

• Digit bias

• White coat effect

• Masked hypertension
Cohen JB and Townsend RR. Ann Intern Med 2018;168(4)



millionhearts.hhs.gov



targetbp.org



One solution to issues with in-office blood pressure 
measurement: Automated office blood pressure



Automated office blood pressure

• Oscillometric device

• Records multiple blood pressure 
readings (observed or unobserved) 
after a rest period with a single 
activation
▫ Pre-programmed 5-minute rest, then 

3 readings at 1-minute intervals

▫ Can calculate an average of these 
readings

Cohen JB and Cohen D.  Curr Cardiol Rep 2016; 18



Automated office blood pressure

• Benefits
▫ Average of three readings (regression to the mean)
▫ Consistent with recent clinical trial methods
▫ Correlate well to daytime ambulatory blood pressures
▫ Reduce human error
▫ Can mitigate white coat hypertension/effect

Cohen JB and Cohen D.  Curr Cardiol Rep 2016; 18



Automated office blood pressure

• Limitations
▫ Cost
▫ Require validation
 Only 2 validated monitors currently available

▫ Require adjustment in workflow
▫ Does not overcome poor patient positioning

Cohen JB and Cohen D.  Curr Cardiol Rep 2016; 18



Automated office blood pressure

Roerecke M et al. JAMA Intern Med 2019; 179(3):351-62



Automated office blood pressure: observed vs. 
unobserved measurements in SPRINT

Johnson KC et al.  Hypertension 2018; 71(5)
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COR LOE Recommendation for Out-of-Office and Self-Monitoring 
of BP

I ASR

Out-of-office BP measurements are recommended to 
confirm the diagnosis of hypertension and for titration of 
BP-lowering medication, in conjunction with telehealth 
counseling or clinical interventions. 

Whelton PK et al.  J Am Coll Cardiol 2018; 71(19)

ACC/AHA 2017 Guideline for the Prevention, Detection, 
Evaluation of High Blood Pressure in Adults



Banegas JR et al. N Engl J Med. 2018;378(16)

Many of the limitations of in-office BP are mitigated by 
out-of-office BP measurement



Out-of-office BP measurement is prognostically 
superior to in-office BP measurement

• More strongly associated with 
progression of CKD, cardiovascular 
disease (CVD), and mortality in the 
general population

▫ 24-hour ambulatory BP monitoring 
(ABPM)

▫ Home BP monitoring (HBPM)

Banegas JR et al. N Engl J Med. 2018;378(16)
Cohen JB and Cohen DL. Curr Cardiol Rep. 2016;18(11)



Distinctions between 24-hour ABPM and HBPM

▫ 24-hour ABPM
 Worn for 24-hours, measurements every 20-30 minutes during 

the day, every 60 minutes at night

 “Gold standard” of out-of-office BP measurement due to its 
ability to detect white coat effect, masked hypertension, and 
nocturnal non-dipping

millionhearts.hhs.gov
Cohen JB et al. Hypertension 2019; 73:258-264



Distinctions between 24-hour ABPM and HBPM

▫ Home BP monitoring (HBPM)
 Ideally, two measurements in the morning (between 7-10am), two 

measurements in the evening (between 7-10pm) for 5-7 consecutive 
days, once a month

 Improves upon in-office BP measurement by eliminating white coat 
effect and identifying some masked hypertension

 Ideal for longitudinal out-of-office BP monitoring due to easy access to 
monitors and simplicity of interpretation

Cohen JB et al. Hypertension 2019; 73:258-264



Implementing home blood pressure monitoring in 
practice

millionhearts.hhs.gov



• Multiple readings

• Strongest prognostic association with cardiovascular outcomes

• Reduce human error

• Identify white coat hypertension/effect and masked hypertension

Benefits of out-of-office blood pressure

Cohen JB and Cohen D.  Curr Cardiol Rep 2016; 18



Physician-level barriers to out-of-office blood 
pressure monitoring

Cohen JB and Cohen D.  Curr Cardiol Rep 2016; 18

Ambulatory Blood Pressure Monitoring Home Blood Pressure Monitoring
Limited reimbursement No Reimbursement

Time-consuming interpretation of results Time-consuming patient education

Device cost

Device validation

No standard for assessing quality of 
measurements



Patient-level barriers to out-of-office blood pressure 
monitoring

Cohen JB and Cohen D.  Curr Cardiol Rep 2016; 18

Ambulatory Blood Pressure Monitoring Home Blood Pressure Monitoring
Limited access Longitudinally time-consuming

Often only available in hypertension 
clinics

Device cost

Temporary intrusion into day-to-day 
activities

Device validation

Sleep disturbance Requires literacy



2017 ACC/AHA Guideline for the Prevention, Detection, 
Evaluation of High Blood Pressure in Adults

Clinic BP level To screen for:

SBP 120-129 mm Hg and 
DBP 75-79 mm Hg

Masked [uncontrolled] 
hypertension

SBP ≥ 130 mmHg or 
DBP ≥ 80 mm Hg

White coat hypertension 
[effect]

Whelton PK et al.  J Am Coll Cardiol 2018; 71(19)



Corresponding values for in- vs. out-of-office 
measurements 

Whelton PK et al.  J Am Coll Cardiol 2018; 71(19)

Clinic HBPM Daytime 
ABPM

Nighttime 
ABPM 24-Hour ABPM

120/80 120/80 120/80 100/65 115/75

130/80 130/80 130/80 110/65 125/75

140/90 135/85 135/85 120/70 130/80

160/100 145/90 145/90 140/85 145/90



millionhearts.hhs.gov



How to get patients engaged

millionhearts.hhs.gov
targetbp.org



targetbp.org



targetbp.org



Additional tools for optimizing 
measurement quality



• Most clinicians:

▫ Rely on the lay news for 
information regarding 
concerns about devices

Evaluating blood pressure device validation



Evaluating blood pressure device validation

Cohen JB et al. Hypertension 2019; 73:258-264

• Validated device listings



Evaluating blood pressure device validation

Melville S and Byrd JB. JAMA 2018; 320(17):1805-6



Individual device validation

Cohen JB et al. Hypertension 2019; 73:258-264



Individual device validation

Chu G et al. Blood Press Monit. 2017 Oct;22(5):290-294



Future directions



FDA cleared, awaiting external validation



Cuffless Technology

• Caution: not FDA cleared, not recommended for clinical use



Cuffless Technology: tonometry (pulse transit time)

Carek AM et al. Proc ACM Interact Mob Wearable Ubiquitous Technol. 2017; 1(3): 40 

• Caution: not FDA cleared, not recommended for clinical use



Cuffless Technology: Magnetoplethysmography

• Caution: not FDA cleared, not recommended for clinical use

Kim S et al. Pulse. 2018;6:9-18



Cuffless Technology: finger plethysmography

Chandrasekhar A et al. Sci Transl Med. 2018 Mar 7;10(431)

• Caution: not FDA cleared, not recommended for clinical use



Finger blood pressure cuffs

• Caution: not FDA cleared, not recommended for clinical use



Summary of the current landscape
• There are several important shortcomings in typical clinic BP 

measurement

• With the recent hypertension guideline and metric-based reimbursement, 
it is important to improve upon current methods to measure BP

• Automated office blood pressure (AOBP) has the potential to overcome 
several deficiencies in the diagnosis and management of hypertension
▫ However, device validation is critical to ensuring accurate BP assessment
▫ Cannot adequately assess for high risk abnormalities, such as masked 

hypertension and non-dipping

• Out-of-office blood pressure measurement is critical to the measurement 
and management of hypertension

• Practice caution with regard to the validity of available devices on the 
market; valid finger and cuffless devices are not yet available



Questions?
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