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Objectives
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• Reinforce key competencies in hypertension 
diagnosis and management based on most the 
recent guidelines and evidence

• Develop a practical approach to the evaluation 
and management of resistant hypertension



The power 
of inertia
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Muntner P, et al. JAMA. 
2020;324(12):1190-1200 



5

• Current hypertension diagnostic thresholds

– ≥130/80 in all comers 

– Except ≥140/90 in those with ASCVD risk <10%

• Current hypertension treatment thresholds

• <130/80 in all comers

2021 KDIGO Guidelines

Cheung AK, et al. Kidney Int. 2021; 99:559–569



SPRINT
Trial
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Final Report of a Trial of Intensive versus 
Standard Blood-Pressure Control

The SPRINT Research Group*



STEP
Trial
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Trial of Intensive Blood-Pressure Control 
in Older Patients with Hypertension

Zhang W et al. DOI:10.1056/NEJMoa2111437



Drawz PE. JAMA Intern Med. 2020 Dec 1;180(12):1655-166

Differences in clinic vs. research study 
blood pressure measurements: SPRINT
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https://millionhearts.hhs.go
Kallioinen N et al, J Hypertens 2017; 35:421-41 9



Evolution of 
blood 
pressure 
measurement
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History and Justification of a National Blood 
Pressure Measurement Validated Device Listing

Cohen JB, Brady TM. Circulation
2022;145(2):94-96



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

One solution to issues with in-office blood pressure measurement:
Automated office blood pressure
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• Considered “standardized blood pressure 

measurement” by multiple guidelines

• 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

Images:
https://omronhealthcare.com/products/intellisense-professional-digital-blood-pressure-monitor-hem907xl/

https://www.microlife.com/professional-products/watchbp-office/watchbp-office-2g



Siu AL et al. Ann Intern Med. 2015;163:778-786

Out-of-office
Blood pressure
screening
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Cohen JB and Townsend RR. UpToDate13

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



Pierdomenico SD et al. Hypertension. 2018;72(4):862-869

Cardiovascular
risk of masked 
hypertension
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Cohen JB et al. Ann Intern Med. 2019; 170:853-86215

Cardiovascular risk of 
white coat hypertension

•Risk is only present among untreated patients 

•Risk is substantially lower than sustained or masked 

hypertension

•Patients with white coat hypertension

• Should be treated based on their out-of-office BP 

readings

• Should be monitored closely with out-of-office BP 

monitoring due to a high risk of transitioning to 

sustained hypertension



Cohen JB et al. Hypertension 2019; 73:258-26416

FDA 510(k) device clearance

• The FDA does not "approve" most devices for patient use, they "clear" them

• Clearance requires demonstrating "equivalence" to an existing device

• There are no enforced guidelines on what "equivalence" means 

• Up to the manufacturer to determine 

• The 510(k) process does not require demonstration of accuracy

• The FDA has no enforcement division to prohibit selling invalid devices



17 Sharman JE et al, J Hypertens 2020 2020;38(1):21-29

“From about 3000 cuff-based BP 
measuring devices on the market today, 
less than 15% have published evidence 

on accuracy performance.”



Cohen JB, Brady TM. Circulation 2022;145(2):94-96

Cuffless Technology
Caution : FDA 510(k) cleared, NOT recommended for clinical use
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Validated 
device listings

19 Cohen JB et al. Hypertension 2019; 73:258-264
Cohen JB, Brady TM. Circulation 2022;145(2):94-96

www.validatebp.org

www.stridebp.org
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Evaluation and Management of 
Patients with Difficult to 

Control Hypertension



Whelton PK, et al. Hypertension. 2018;71(6):e13-e115
Carey RM, et al. Hypertension. 2019;73(2):424-31

Treatment Resistant Hypertension
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• Hypertension affects 46% of the adult population in the United States

• Approximately 20% of patients taking antihypertensive medications appear to 

have treatment-resistant hypertension

– BP not adequately controlled with 3 antihypertensive medications including a diuretic or 

requires a minimum of 4 antihypertensive medications to achieve adequate control

• Apparent treatment-resistant hypertension is associated with a markedly higher 

risk of cardiovascular mortality and all-cause mortality, independent of BP control



Whelton PK, et al. Hypertension. 2018;71(6):e13-e115
Carey RM, et al. Hypertension. 2019;73(2):424-31

Management of resistant hypertension 
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1) Highest tolerated dose of first line agents

a) ACEIs/ARBs, CCBs, thiazide/thiazide-like diuretics

2) Maximize diuretic therapy

3) Add a mineralocorticoid receptor antagonist or potassium-sparing diuretic

a) Do this BEFORE adding a beta-blocker unless there is a specific indication

4) Add other agents with different/complimentary mechanisms of action



Management of 
Treatment Resistant 
Hypertension
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High quality evidence supports the 
use of mineralocorticoid receptor 
antagonist (MRA) therapy for the 
management of treatment-
resistant hypertension

Williams B, et al. Lancet 2015; 386(10008): 2059–68
Chen C, et al. Medicine 2020; 99(34):e21694



Adding fourth through nth line therapy
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• Beta-blockers should NOT be used as first- (or even 4th) line 
antihypertensive therapy unless there is a specific indication for their use

Rethy LB… Cohen JB.  Hypertension 2021; 77(6)
Carey RM et al. Hypertension 2018; 72(5):e53–e90



Adding fourth through nth line therapy

25

• Aim for simplicity

• Things to consider:

• Fixed-dose combinations

• Long-acting medications (e.g., chlorthalidone, 

torsemide; if absolutely needed, consider 

clonidine patch or guanfacine over clonidine PO)

• Only use minoxidil as a last resort; must be given 

with a loop diuretic

https://doi.org/10.2215/CJN.04120511



• Aim for simplicity
• Things to avoid:

• Short-acting medications like hydralazine and PO 
clonidine

• Less frequent dosing of short-acting medications 
(e.g. QD furosemide, BID hydralazine)

• Once-daily short-acting diuretics can increase 

sodium avidity later in the day

• Even “appropriate” dosing of and adherence to 

hydralazine and clonidine can exacerbate labile 

hypertension due to short duration of action and 

rebound effects

Adding fourth through nth line therapy

26 https://doi.org/10.2215/CJN.04120511



Additional considerations in CKD
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• Optimize diuretic therapy

• Hypertension is often more volume-mediated in CKD 

than in the general population

• Long-acting diuretics like chlorthalidone and torsemide

• Loop AND thiazide/thiazide-like diuretic or MRA

• Kaliuresis is a great way to help patients better-

tolerate ACE-Is/ARBs

• MRAs and SGLT-2 inhibitors have anti-proteinuric

properties

Whelton PK, et al. Hypertension. 2018;71(6):e13-e115
Agarwal R et al. N Engl J Med 2021; 385:2507-2519



Summary of challenges in hypertension management
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• Therapeutic inertia is a major driver of inadequate management of hypertension and 

low (and declining) rates of blood pressure control in the US

• Greater trust in the accuracy of our blood pressure readings and use of out-of-office 

blood pressure monitoring can help to overcome inertia

• Accurate blood pressure measurement with validated devices is critical

• We as clinicians need to do a better job of implementing best evidence

• β-blockers should be considered 5th-line therapy for hypertension unless there is 

another indication

• Avoid short-acting PO medications whenever possible



Thank you! 
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• jco@pennmedicine.upenn.edu
@jordy_bc


