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Objectives

• Define resistant hypertension and understand its diagnostic 
criteria. 

• Recognize renal-specific contributors to resistant hypertension. 
• Apply pharmacologic strategies with renal considerations. 
• Identify pharmacist interventions to optimize blood pressure 

control. 
• Highlight the pharmacist’s role in interdisciplinary care.



World Health Organization – Hypertension profiles, 2023



BP treatment and control rates are declining in Canada

Leung AA et al. Can J Cardiol 2020; 36: 732-739. doi:10.1016/j.cjca.2020.02.092



▪ 20% RRR in MACE 
▪ ~30% RRR in CVA 
▪ ~10% RRR in death

Ettehad et al. Lancet 2016

Better BP = lower mortality



Poor correlation between “casual” and “standardized” office BP

▪ 275 CKD patients (mean 
eGFR 29) 

▪ Standardized = SPRINT 
technique 

▪ Casual = single reading, 
attended 

▪ SBP 12.7 mmHg lower with 
standardized 

▪ LARGE variation

Agarwal et al. JAHA 2017



Worse prognosis for Masked HTN
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Hypertension Canada 2020 slide deck

10% - 20% of 
CKD patients 
have White 
Coat HTN  

10%-30% have 
masked HTN



Out-of-Office BP Measurements correlate with End 
Organ Damage

Mulè G, et al. J Cardiovasc Risk 2002;9:123-9.
Hypertension Canada 2020 slide deck

OBP = office BP measurement 
HBPM = home BP measurement 
ABPM = ambulatory BP measurement 
SBP = systolic BP 
DBP = diastolic BP



Hypertension Canada recommended BP devices

https://hypertension.ca/bpdevices

Microlife
Watch BP Office 

BP3SK1-3B

OFFICE

Omron
10 Series Upper Arm

BP7450CAN

HOME



LOWER BP TARGET trials



Target SBP ~120 (vs 140) in DMII reduced CV events



Canadian Journal of Cardiology 
36(2020)591e592



● Reductions in perfusion pressure 
● Reduced delivery of NaCl to macula densa  
● Increase in sympathetic (β1) activity

+

ACE2

Bradykinin

Inactive products

StatPearls - NCBI Bookshelf 
(nih.gov) 

Physiology, Renin Angiotensin 
System 
John H. Fountain; Jasleen 
Kaur; Sarah L. Lappin.

Aliskiren
-



ESA

Mechanisms of HTN in CKD

Hypertension in CKD: Core Curriculum 2019 . AJKD

Uremia

HyperPTH 



True Resistant Hypertension 
Definition

• Inadequately controlled blood pressure 
despite receiving three or more adequately 
dosed antihypertensive medications, of 
which at least one is a diuretic. (Carey R et al. AHA 
Scientific Statement 2018) 

• Exclusion of: 
• Secondary causes –aldosteronism, OSA 
• Improper Measurement  
• White Coat Hypertension 
• Non-adherence -50% 
• Hypertension aggravators (e.g. NSAIDs etc)

Padwal et al. CMAJ, 2014.



R. Alsharari et al. Journal of Human Hypertension (2022).



Resistant HTN in CKD
• 60-90% of those with CKD have hypertension 
• Apparent resistant HTN (aTRH) around 48% - 55%; diuretic use lowered it to 23% - 31%	
• Rates of aTRH increase with declining eGFR	
• 35%–40% would require 4+ BP meds

Kurella, NJ et al. JASN 2022 



Are patients actually taking their medications?

n = 76 patients 
(368 urine analyzed)

Jung et al. Journal of Hypertension 2013, 31:766–774

40 (52.6%)  
non-adherent

36 (47.4%)  
adherent

12 (30%) complete 
nonadherence 

7 (17.5%) < 25% 
adherence 

16 (40%) 26 - 50% 
adherence 

3 (7.5%) 51 - 75% 
adherence 

2 (5%) >75% adherence



OSA most common cause of “true” resistant hypertension

Lorenzi-Filho et al. Hypertension. 2011





System Factors

● Time Constraint 

● Frequency of follow up 

● High patient volumes

Patient Factors

● Age 

● Male Sex 

● Comorbidity especially 

psychiatric  

● BP close to target 

● Life expectancy

Physician/Care Provider 
Factors

● Knowledge gap 

● Uncertainty about BP 

measurement 

● Uncertainty about BP Target 

● Concerns about safety 

● Aversion to ambiguity

Factors Associated with Therapeutic Inertia

Redó n J et al. J Hypertens 2010;28:1770-7	
Howes F et al. Aust Fam Physician 2010;39:511-6	
Milman T et al. Medicine (Baltimore) 2018;97:e11121	
Usherwood T et a. Aust Prescr. 2024 Feb;47(1):15-19.



Interventions to Aid in Adherence

• Reminder packaging including with behavioural prompts such as 
electronic pill monitors, m-health apps. 

• Home BP measurement 
• Increased education/awareness 
• More frequent follow ups (or check ins) 
• Lowering economic barriers 
• Combination pills 
• Multi disciplinary approach



Multi-faceted Interventions to Reduce Therapeutic Inertia

Powell RE, et al. Diabetes Obes Metab 2021;23:2137-54. 10.1111/dom.14455 
Drakos A et al. Circ Cardiovasc Qual Outcomes  2024: 17(4)



• RCT 340 patients with diagnosed hypertension  
• Specially trained pharmacists who were able to independently prescribe 

antihypertensive therapy using the Hypertension Canada guidelines, in 
addition to counseling and reviewing medications compared vs. usual 
care. 

• Patients continued to access their primary care physician and notified of 
any medication changes 

• Pharmacists were responsible for follow-up and monitoring lab values

The Alberta Clinical Trial in Optimizing 
Hypertension (RxACTION)

Tsuyuki RT, Houle SK, Charrois TL, et al. Randomized Trial of the 
Effect of Pharmacist Prescribing on Improving Blood Pressure in 
the Community: The Alberta Clinical Trial in Optimizing 
Hypertension (RxACTION). Circulation. 2015;132(2):93-100.



The Alberta Clinical Trial in Optimizing 
Hypertension (RxACTION)

Tsuyuki RT, Houle SK, Charrois TL, et al. Randomized Trial of the 
Effect of Pharmacist Prescribing on Improving Blood Pressure in 
the Community: The Alberta Clinical Trial in Optimizing 
Hypertension (RxACTION). Circulation. 2015;132(2):93-100.

At 6 months, pharmacist 
intervention reduced BP 

6.5/3.1 mmHg vs. usual care 
with similar mean number 
medications prescribed in 

both groups



Low-Dose Triple-Pill vs Standard-Care Protocols for HTN in 
Nigeria - A Randomized Clinical Trial

• Reduction in home SBP by 5.8 
mmHg in triple pill group 

• No increase in discontinuation due to 
adverse events


• At month 6, 62% in triple pill group had 
home BP < 130/80 mm Hg (vs 28% in 
standard)

N=300 with uncontrolled HTN 
Amlodipine +Telmisartan + Indapamide  vs.  
Amlodipine + standard titration  
Primary Outcome: 6 month change in home BP

Ojji DB, Salam A, Sani MU, et al. Low-Dose Triple-Pill vs Standard-Care Protocols for 
Hypertension Treatment in Nigeria: A Randomized Clinical Trial. JAMA. 2024.



Which medication(s) to use?
▪ Use long-acting agents 
▪ Use combination pills (ADVANCE, 

HOPE-3, ACCOMPLISH) 
▪ Low doses of multiple drugs may 

be more effective 
▪ ACEI + ARBs should not be used 
▪ Consider white coat hypertension 

and non-adherence 
▪ Repeat renal panel after 

initiation/changing ACEI, ARB 
and/or diuretics. 

▪ Consider referral to a 
hypertension specialist if BP not 
controlled with 3 anti-HTN 
medications.

Hypertension Canada website

• Perindopril 
• Lisinopril 
• Trandolapril 
• Ramipril 

• Azilsartan 
• Olmesartan 
• Telmisartan 
• Candesartan 
• Valsartan

• Amlodipine 
• Felodipine 
• Nifedipine 
• Diltiazem

• Bisoprolol 
• Nadolol



Foundational Therapies in CKD
• ACE Inhibitors 

• Shallow dose response curve: therefore lower doses likely need BID dosing 
• Most ACEIs are cleared renally, except for Trandolapril that is metabolized/cleared 

hepatically and renally so theoretically less hyperkalemia  
• Ramipril highest affinity to ACE 
• Perindopril longest acting 

• ARB  
• side effect profile similar to placebo 
• most are dually metabolized/cleared hepatically and renally 
• lowest AT1 receptor binding affinity ARB is losartan 
• longest acting telmisartan, azilsartan 

• 2nd line agent in CKD - up for discussion!



Chlorthalidone >>> HCTZ

▪ Half-life of HCTZ – 6 to 9 hours (duration 12 hours) 
▪ Half-life of Chlorthalidone – 40 hours (duration 24 - 48 hours)

Pareek AK, et al. J Am Coll Cardiol 2016;67(4):379-89 
Carter et al. Hypertension. 2004



Chlorthalidone very effective in advanced CKD

Mean eGFR of ~23



4th line agents (PATHWAY-2)

Spironolactone 
better than 

Doxazosin and 
Bisoprolol for 
resistant HTN

Williams et al. Lancet. 2015
Exclusion: patients with eGFR <45 ml/min or abnormal 
K+



(aprocitentan)

(Zilebesiran)

(baxdrostat)

(sacubitril-valsartan)

(finerenone)

Cohen and Bress. AJKD, 2023



Effect of Dapagliflozin on SBP in Patients With CKD, with or without 
T2D

ap<0.001 
CKD = chronic kidney disease; DAPA = dapagliflozin; PBO = placebo; SBP = systolic blood pressure; T2D = type 2 diabetes. 
Provenzano M et al. Poster presented at: Virtual WCN; February 24-27, 2022; Kuala Lumpur, Malaysia. Kidney Int Rep. 2022;7(2)(suppl):S112. Abs POS-255.

Overall 
(N=4304)

 T2D 
(n=2906)

 No T2D 
(n=1398)

SBP difference between DAPA and PBO (95% CI), mmHg

     Week 2 -3.6a  
(-4.4, -2.8)

-4.2 
(-5.1, -3.2)

-2.5 
(-3.9, -1.1)

     Over the trial duration -2.9 
(-3.6, -2.3)

-3.2 
(-4.0, -2.5)

-2.3 
(-3.4, -1.2)

Percent of primary outcome benefit with DAPA 
explained by SBP reduction at Week 2 (95% CI)

7.6% 
(1.8, 20.9)

8.6% 
(1.3, 33.0)

3.6% 
(-9.9, 31.7)

Changes in SBP with DAPA versus PBO

SBP reduction 
with DAPA did  
not explain the 
primary 
outcome benefit



Empagliflozin for Patients With Presumed Resistant Hypertension: 
A Post Hoc Analysis of the EMPA-REG OUTCOME Trial

Resistant HTN  
−4.5 (−5.9 to −3.1) mmHg SBP 

Non resistant HTN  
−3.7 (−4.5 to −2.9) mmHg SBP

*at 12 weeks and sustained  at 3-year f/u

Ferreira et al. American Journal of Hypertension 33(12) December 
2020



CI, confidence interval; LS, least-squares 
Ruilope L. Hypertension. 2022;79:2685–2695. DOI: 10.1161/HYPERTENSIONAHA.122.19744

Number of patients
Finerenone 2745 2628 1907 903 348
Placebo 2754 2640 1895 884 353
LS-mean change in SBP from baseline (mmHg)
Finerenone Ref –3.20 –2.07 –1.61 –1.82 –2.01
Placebo Ref 0.67 0.85 0.62 0.37 0.13

Finerenone resulted in a modest and consistent reduction in 
office SBP (overall LS-mean difference of –2.71)
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Semaglutide and blood pressure: an individual 
patient data meta-analysis

Kennedy et al. Eur Heart J. 2024 Oct 7;45(38):4124-4134

SBP reduction of around 5 mmHg overall 

Reduction in SBP was mediated 

substantially by weight loss.



eGFR > 15 mL/minute

HIGH risk population (DMII, CV, CKD), not on 
SGLT2i 

Modest improvement in BP of -3.7 to -5.9 mmHg 
over a 4 week period (PATHWAY-2 was 

-8.7mmHg) 

Fluid retention common side effect



eGFR > 45 mL/minute





HTN in ESRD

Prasad et al. CJKD



Pathophysiology of HTN in HD

Bansal et al. Hypertension in Patients Treated With Hemodialysis. Hypertension. 2023.



NO standardized BP targets in dialysis patients

• The BID pilot study (Blood Pressure In Dialysis) - intensive BP lowering 
to pre-HD SBP goal of 110 - 140 mmHg did not yield a reduction in LV 
mass or lower the incidence of CV events compared with the 
standard arm (SBP goal, 155–165 mmHg) 

• NKF KDOQI - pre-HD BP >140/90 mmHg or with post-HD BP >130/80 
mmHg.  

• Observational studies have shown inconsistent findings between 
dialysis BP readings and MACE outcomes (CVA, CV, and all-cause 
mortality) 

• 44 hour interdialytic ABPM (gold standard) has been shown to be a 
superior risk predictor for mortality  

• Home BP has been shown to closely correlate with 44 hour 
interdialytic ABPM (Bansal et al. 2021. AJKD) and is a reasonable 
alternative

Bansal et al. Hypertension in Patients Treated With Hemodialysis. Hypertension. 2023.



Dry weight reduction improves BP in HD 
patient - DRIP trial

DW reduction of 1.0kg 
at 8 weeks resulted in 

-6.6 mmHg 
improvement in SBP  

More than half the 
patients in the 

intervention group had 
reduction in SBP by at 

least 10 mm Hg

Agarwal et al. Hypertension. 2010



Antihypertensive Medications in dialysis

● RAASi have not demonstrated consistent benefits on cardiovascular 
outcomes in patients treated with HD 

● Some data supports the use of CCBs for cardiovascular risk reduction in 
patients on HD

Bansal et al. Hypertension in Patients Treated With Hemodialysis. Hypertension. 2023.

Jula K Inrig. Antihypertensive Agents in Hemodialysis Patients: A Current Perspective. Semin Dial. 2010



The Hypertension in Hemodialysis Patients 
Treated with Atenolol or Lisinopril (HDPAL)

● Randomized single-center trial (Indianapolis, IN, USA) - 86% black patients. 2014 

● Compared Lisinopril (n = 100) vs Atenolol (n = 100) 3x/week post-HD to see which one would 
cause greater LVH regression. BP  

● Terminated early → Lisinopril group: increase in all-cause serious adverse events, all-cause 
hospitalization rates, hypertension and hyperkalemia. 

● Atenolol >> Lisinopril in lowering BP (more fall and fractures with Atenolol). Home SBP target 
< 140 mm Hg seems safe. 

● Similarly, Carvedilol (compared to placebo) - reduced in CV risk and all-cause mortality in 
dialysis patients with dilated cardiomyopathy (Cice G et al. J Am Coll Cardiol. 2003)

R. Agarwal et al. Nephrol Dial Transplant (2014) 29: 681–687





Spironolactone in Hemodialysis
● SPin-D trial -  

○ randomized to placebo vs spironolactone (12.5, 25, 50mg). 
○ Small study (n = 129) - anuric maintenance HD. 30% ACEI/ARB usage, ~45% β blocker 
○ Spironolactone appears safe with carefully monitoring at doses of 12.5 and 25mg 

● Randomized, double-blinded trial of 82 patients - Spironolactone 25mg vs. placebo; China 
○ Therapy was dosed after dialysis or in the morning on non-dialysis days 
○ Mean baseline BP was approximately 152/91 mmHg. 
○ After 12 weeks, the mean between-group difference in morning BP was 17/8 mmHg 

lower in the spironolactone (mean dose 42.5 mg daily) and 24-h ambulatory BP was 
12.5/7 mmHg in the spironolactone group (p<0.05). 

○ Two patients in the spironolactone group stopped due to hyperkalemia (serum K > 5.5) 

Charytan, David M et aSPin-D trial. Kidney Int. 2019 

Ni X et al. J Clin Hypertens.  2014



Spironolactone in PD

➔ Used quite regularly for hypokalemia, blood pressure control and/or 

diuretics 

➔ Rarely see issues with hyperkalemia 

➔ Spironolactone 25mg daily - significant reduction in SBP from 151 

+/- 17 to 124 +/- 23 mm Hg (p = 0.02) - Ottawa group (Langote A et al. 

Spironolactone is effective in treating hypokalemia among peritoneal dialysis patients. PLoS ONE 2017)



Given the sparse data, 
dosing of BP medications in 
HD should be individualized



Resistant Hypertension in Dialysis: Epidemiology, Diagnosis, and Management. 
JASN 35: 505–514, April, 2024



SUMMARY
• BP management requires multidisciplinary and comprehensive care 
• Ensure adherence as a cause of resistant HTN in CKD 
• Single pill combo drugs work well and reduce pill burden (low doses of different classes) 
• Pharmacist play a vital role in managing HTN in general population and CKD 
• Spironolactone in CKD (non DM) works well 
• CKD - Look out for upcoming trials (eg. EASi-KIDNEY and BaxDUO) 
• HD - Uncontrolled HTN (>3 BP meds) is volume expanded, unless proven otherwise 
• HD - importance of individualized targets and timing of medications. Atenolol 3x/week 

post-HD Amlodipine and then ACEIs/ARBs. Caution with Spironolactone. 
• NEW HYPERTENSION CANADA 2025 GUIDELINES TO BE RELEASED SOON



THANK YOU!!


