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Objectives

• Review ACC/AHA guidelines for medication management of hypertension 

(HTN)

• List drug classes, mechanism of action, and caveats for specific populations

• Share ACC Late Breaking Clinical Trial (LBCT) Data to include new 

cardiovascular(CV) medications and new uses
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Definition and causes of hypertension (HTN)

• Environmental risk factors
• Overweight and obesity
• Sodium intake
• Potassium level
• Physical fitness
• Alcohol
• Secondary HTN
• Genetic predisposition



Prevalence
• In 2010, HTN was the leading cause of death and disability-adjusted life years 

worldwide.
• In the US, HTN accounted for more cardiovascular disease (CVD) deaths than 

any other modifiable CVD risk factor, second only to cigarette smoking as a 
preventable cause of death for any reason.

• 23,272 US National Health and Nutrition Examination Survey (NHANES) 
participants, >50% of deaths from coronary heart disease (CHD) and stroke 
occurred among individuals with HTN. 

• Because of the high prevalence of HTN and its associated increased risk of CHD, 
stroke, and end-stage renal disease (ESRD), the population-attributable risk of 
these outcomes associated with HTN is high.

• In the ARIC (Atherosclerosis Risk in Communities) study, 25% of the CV events (CHD, 
coronary revascularization, stroke, or heart failure) were attributable to HTN. 

• In the Northern Manhattan study, the percentage of events attributable to HTN was higher in 
women (32%) than in men (19%) and higher in blacks (36%) than in whites (21%).

• In 2012, HTN was the second leading assigned cause of ESRD (secondary to diabetes), and 
accounted for 34% of incident ESRD cases in the US population.
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Fixed and 
modifiable risk 
factors



ACC/AHA 
Guidelines on 
High Blood 
Pressure



Recommendations for drug therapy initiation

• Fist prevent, treat and delay onset
• Drug therapy with established CVD and BP >130/80 mmHg
• Estimated 10 year risk of atherosclerotic CVD of >10%

• https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/

• SBP > 140 and/or DBP > 90 regardless of calculated CV risk
• Initial therapies include at least one or more of the four major classes: 

• ACE-I, ARB 
• Thiazide
• CCB 
• BB (if history IHD or HF, AF, pregnancy, hyperthyroid
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Angiotensin converting enzyme inhibitors (ACE-i)

- prils
-MOA: block angiotensin I conversion to angiotensin II thus inhibiting 
vasoconstriction
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ACE-I Mechanism of action (MOA)
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Angiotensin receptor blockers (ARB)

• -sartans
• Block AT1 receptor, inhibiting vasoconstriction, sympathetic activation, 

aldosterone release and renal sodium resorption
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ARBs MOA
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Direct renin inhibitor - Aliskiren

14



Thiazide or thiazide type diuretics

15

• Inhibit absorption of sodium from distal tubules
• Decreased extracellular fluid thus decreased venous return, increased renin release, 

decreased CO and increased total peripheral resistance



Calcium channel blockers - nondihydropyridines

• Block calcium channels in myocardium  
• reduce heart rate and contractions
• vasodilate
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Calcium channel blockers - dihydropyridines

• Block calcium channels found on smooth muscle cells or arterial blood vessels
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Beta-blockers (BB)
•  - lol
• MOA – competitive antagonists to catecholamines on heart

• Decreased HR ad contractility >>Decrease myocardial O2 consumption
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Beta-blockers: selective vs non-selective and MOA

• Selective – B1 
cardioselective

• Atenolol
• Metoprolol 

tartrate
• Bisoprolol
• Nebivolol
• Esmolol 

• Nonselective – B1 and 
B2 blockade

• Propranalol
• Nadolol
• Timolol 
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Progression and types of BB
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Alpha blockers
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Direct vasodilators
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Secondary agents
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Combination therapy
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Combination therapy
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Step approach to combination therapy



Whitecoat Syndrome
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What new in hypertensive management?

• Zilebesiran is an investigational RNA interference agent targeting 
angiotensinogen (AGT), a hormone produced predominantly in the liver that 
contributes to blood pressure regulation.

• A single injection of the experimental medication zilebesiran was safe and 
effective in reducing systolic blood pressure in people with mild-to-moderate 
high blood pressure for up to six months, as detailed in the Phase 2 of the 
KARDIA study, reported as late-breaking science today at the American Heart 
Association's Scientific Sessions 2023. 
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What new in hypertensive management?

• Lorundrostat: Aldosterone synthase inhibitor.
• novel class of antihypertensive that decreases body’s production of 

aldosterone. 
• Medicines currently available for patients block the receptor for aldosterone, 

but aldosterone can still be circulating and have a negative impact on patients. 
• Up to 25 percent of all people with hypertension exhibit abnormal aldosterone 

levels.
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What new in hypertensive management?

• Esaxerenone : nonsteroidal mineralocorticoid receptor (MR) antagonists
• high potency and selectivity for MR compared with spironolactone and eplerenone
• strong blood pressure-lowering effect in hypertensive animals
• effective and well-tolerated MRB in Japanese hypertensive patients

• SGLT2 inhibitor : inhibit sodium-glucose transport in proteins in the nephron
• effectively reduces 24-h BPs including nighttime and morning BPs
• aminopeptidase A inhibitor has central effects on vasopressin, a combined endothelin 

A and B receptor blocker, and an aldosterone synthase inhibitor devoid of 
glucocorticoid activity.

• For patients with type 2 diabetes mellitus and hypertension with a low risk of genital 
infection, SGLT2i should be considered as an adjuvant drug for a first-line 
antihypertensive regimen. (NIH, 2023)
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ACC 2024 Late-breaking clinical trials
Empagliflozin After Acute Myocardial Infarction: Results of the EMPACT-MI Trial
• Method: event-driven, double-blind trial, conducted from December 2020 to March 2023 at 451 sites in 

22 countries, randomly assigned 6,522 patients (median age 63 years, 24.9% women, 83.6% White, 1.4% 
Black, 12.8% Asian) who had been hospitalized for acute MI and were at risk for HF with newly reduced 
left ventricular ejection fraction (LVEF) or congestion or both to either 10 mg daily of empagliflozin or a 
placebo in addition to standard care within 14 days of admission. At baseline, 78.4% of patients had an 
LVEF ≤45%, and 57.0% had signs or symptoms of congestion that resulted in treatment during the index 
hospitalization.

• Results: first hospitalization for HF or death from any cause, the composite primary endpoint, occurred 
in 267 patients (8.2%) in the empagliflozin group and 298 patients (9.1%) in the placebo group during the 
median follow-up of 17.9 months. The two groups had incidence rates of 5.9 and 6.6 events, respectively, 
per 100 patient-years (hazard ratio [HR], 0.90; 95% CI, 0.76-1.06; p=0.21).

• Secondary endpoints, total number of hospitalizations for HF or death from any cause occurred in 317 
cases in the empagliflozin group and 385 in the placebo group (rate ratio [RR], 0.87; 95% CI, 0.68-1.10). 
Total number of nonelective cardiovascular hospitalizations or death from any cause were 666 and 730, 
respectively (RR, 0.92; 95% CI, 0.78-1.07). Total number of nonelective hospitalizations for any cause or 
death from any cause were 998 and 1,138 (RR, 0.87; 95% CI, 0.77-1.0), and total number of 
hospitalizations for MI or death from any cause were 276 and 274 (RR, 1.06; 95% CI, 0.83-1.35).

The SGLT2 inhibitor empagliflozin did not lower the risk of a first hospitalization for heart failure (HF) or 
death from any cause among patients with an increased risk for HF following acute myocardial infarction 
(MI)
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ACC 2024 Late-breaking clinical trials
CSL112 (Apolipoprotein A-I) Infusions and Cardiovascular Outcomes in Patients With Acute 
Myocardial Infarction (ApoA-I Event Reducing in Ischemic Syndromes II AEGIS-II) Trial
• Method: phase 3, multicenter, double-blind, randomized, placebo-controlled, parallel-group 

trial investigating the efficacy and safety of CSL112 compared to placebo among high-risk 
acute MI participants. Eligibility criteria include age ≥ 18 years with type 1 (spontaneous) MI, 
evidence of multivessel stable coronary artery disease, and presence of diabetes requiring 
pharmacotherapy, or ≥2 of the following: age ≥ 65 years, prior MI, or peripheral artery 
disease. 18,218 participants randomized 1:1 to receive 4 weekly infusions of CSL112 6 g or 
placebo, initiated prior to or on the day of discharge and within 5 days of first medical contact. 
The primary outcome is the time to first occurrence of the composite of CV death, MI, or 
stroke through 90 days. Key secondary outcomes include the total number of hospitalizations 
for coronary, cerebral, or peripheral ischemia through 90 days and time to first occurrence of 
the composite primary outcome through 180 and 365 days.

• Results: incidence of cardiovascular death or any type of MI was numerically lower in the 
CSL112 group throughout follow-up: HR, 0.91 at 90 days; HR, 0.89 at 180 days, and HR, 0.92 at 
365 days. For the composite of cardiovascular death and non-type 2 MI, which the authors 
noted may not be affected by plaque stabilization, HRs were 0.91, 0.87 and 0.91 at days 90, 
180 and 365, respectively.
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ACC 2024 Late-breaking clinical trials
ULTIMATE-DAPT: Ticagrelor monotherapy following one month of dual antiplatelet 
therapy (DAPT) outperforms 12-month DAPT (aspirin and ticagrelor) post PCI
• placebo-controlled trial, conducted at 58 medical centers in China, Pakistan, Italy and 

the U.K., randomized 3,400 patients who had undergone DAPT for one month 
following PCI for an acute coronary syndrome (ACS) and had no adverse 
cardiovascular or bleeding events to either continuing DAPT or switching to ticagrelor 
and a placebo for 11 months. All patients had participated in the IVUS-ACS 
randomized trial, and all patients and staff interacting with the patients were blinded 
to the randomized assignment in the present study. Their median age was 62 years, 
most were men (74%) and Chinese (88%), and most (70%) had single-vessel disease. 
Transradial access was used in 97% of patients.

• Results showed that the primary endpoint of clinically relevant bleeding (BARC 2, 3 or 
5) at one year occurred in 4.6% of patients continuing DAPT and 2.1% of patients on 
ticagrelor monotherapy (hazard ratio [HR], 0.45; 95% CI, 0-30-0.66; p<0.0001). The 
composite primary endpoint of major adverse cardiovascular events and 
cerebrovascular (MACCE) events showed no significant difference between groups, 
with 3.7% of patients who continued DAPT and 3.6% of those taking ticagrelor 
monotherapy experiencing such events (HR, 0.98; 95% CI, 0.69-1.39; p for 
noninferiority <0.0001; p for superiority =0.89). No significant interactions were seen 
across the 12 prespecified subgroups for clinically relevant bleeding or MACCE.
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ACC 2024 Late-breaking clinical trials

Comparison of an "Inclisiran First" Strategy With Usual Care in Patients With 
Atherosclerotic Cardiovascular Disease: Results From the VICTORION-INITIATE 
Randomized Trial
Inclisiran is a novel small interfering RNA therapy that inhibits the production of the PCSK9 protein. 
Inclisiran is currently FDA approved as an adjunct to statin therapy in patients with clinical ASCVD or 
heterozygous FH who require additional LDL-lowering
• Method: prospective, parallel-group study, conducted at 45 sites in the U.S., randomized 450 adult 

patients (30.9% women, 12.4% Black, 15.3% Hispanic) with LDL-C ≥70 mg/dL or non–HDL-C ≥100 mg/dL 
and fasting triglycerides <500 mg/dL to either usual care or usual care plus immediately initiating 
inclisiran 284 mg at Days 0, 90 and 270 ("inclisiran first"). Laboratory assessments were performed on 
Days 0, 90, 180, 270 and 330. The mean baseline LDL-C was 97.4 mg/dL.

• Results: primary endpoint of percentage change in LDL-C from baseline at Day 330 was a 60% reduction 
in the inclisiran first group compared with 7% in the usual care group. Statin discontinuation rates, a co-
primary endpoint, were 6% and 16.7% in the inclisiran first group and usual care group, respectively, 
which the authors noted was noninferior.

• Furthermore, the goal LDL-C <70 mg/dL was achieved by 81.8% of the inclisiran first group vs. 22.2% in 
the usual care group. And more patients in the inclisiran first group than the usual care group reached 
an LDL-C <55mg/dL (71.6% vs. 8.9%).
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ACC 2024 Late-breaking clinical trials
Once-weekly Semaglutide in Patients With Heart Failure With Preserved Ejection Fraction, 
Obesity and Type 2 Diabetes: Main Results From the Step-HFpEF Dm Trial

• Method: Enrollment of patient with LVEF ≥45%, NYHA functional class II–IV, Kansas City 
Cardiomyopathy Questionnaire clinical summary score (KCCQ-CSS) <90 points, 6-minute walk 
distance >100 m, Type 2 DM diagnosed ≥90 days prior to screening with HbA1c ≤10%, and ≥1 
of the following:

• Elevated LV filling pressures (invasively measured)
• Elevated natriuretic peptide levels and structural echocardiographic abnormalities
• HF hospitalization (previous 12 months) and ongoing requirement for diuretics and/or 

structural echocardiographic abnormalities
• Patients were randomized in a 1:1 fashion to once weekly subcutaneous semaglutide (n = 

310) or matching placebo (n = 306) for 52 weeks. Semaglutide treatment was initiated at a 
dose of 0.25 mg once weekly for the first 4 weeks, and the dose was escalated every 4 weeks 
with the aim of reaching the maintenance dose of 2.4 mg by week 16.  Total randomized 
participants: 616; Median duration of follow-up: 52 weeks; Median patient age: 69 years; 
Percentage female: 44%

• Results: among obese patients with HFpEF and type 2 DM, once weekly subcutaneous 
semaglutide was superior to placebo in improving body weight and patient-oriented QoL 
outcomes at 52 weeks.
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ACC 2024 Late-breaking clinical trials
Zilebesiran in Combination With a Standard-of-care Antihypertensive in Patients With Inadequately 
Controlled Hypertension: Primary Results From the Phase 2 Kardia-2 Study
Zilebesiran is a subcutaneously injected RNA interference agent that targets hepatic synthesis of 
angiotensinogen (AGT), which is the most upstream precursor of all angiotensin peptides.
• Method: Randomized, Parallel, Blinded, Placebo, Phase 2 study in patients with uncontrolled 

hypertension. Randomized to zilebesiran vs. placebo after a run-in period where they 
received indapamide 2.5 mg daily, or amlodipine 5 mg daily, or olmesartan 40 mg daily. Total 
number of enrollees: 1,500; Duration of follow-up: 6 months; Mean patient age: 59 years; 
Percentage female: 43%; Percentage with diabetes: 23%. Subjects must have untreated 
systolic blood pressure 155-180 mm Hg, or treated systolic blood pressure 145-180 mm Hg

• Results: The primary outcome, change from baseline to 3-month 24-hour mean ambulatory 
systolic blood pressure, was -12.1 mm Hg in the indapamide group for zilebesiran vs. placebo 
(p < 0.001), -9.7 mm Hg in the amlodipine group for zilebesiran vs. placebo (p < 0.001), and -
4.0 mm Hg in the olmesartan group for zilebesiran vs. placebo (p = 0.036). The blood pressure 
difference was sustained to 6 months in the indapamide and amlodipine groups.

• Secondary outcomes: Change from baseline to 3-month office systolic blood pressure: -18.5 
mm Hg in the indapamide group for zilebesiran vs. placebo (p < 0.001), -10.2 mm Hg in the 
amlodipine group for zilebesiran vs. placebo (p < 0.001), and -7.0 mm Hg in the olmesartan 
group for zilebesiran vs. placebo (p < 0.001)
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ACC 2024 Late-breaking clinical trials
Efficacy and Safety of Olezarsen in Patients With Hypertriglyceridemia and High 
Cardiovascular Risk: Primary Results of the BRIDGE-TIMI 73a Trial
Ligand-conjugated antisense (LICA) medicine is an investigational drug designed to inhibit 
the production of apoC-III 
• Method: Phase 3, multi-center, randomized, double-blind, placebo-controlled study in up 

to approximately 390 participants. Participants will be randomized to receive olezarsen or 
placebo in a 53-week treatment period. The length of participation in the study will be 
approximately 78 weeks, which includes an up to 12-week screening period, a 53-week 
treatment period, and a 13-week post-treatment evaluation period or transition to open-
label extension (OLE) study with up to 1-year treatment.

• Results: Monthly administration of subcutaneous olezarsen substantially reduced 
triglyceride levels compared with placebo among patients with predominantly moderate 
hypertriglyceridemia and elevated CV risk, according to new phase 2 data.” Additionally, 
“the investigational therapy...had effects on lipid measures beyond triglycerides, with 
meaningful reductions in apolipoprotein B and non-HDL cholesterol

36



ACC 2024 Late-breaking clinical trials
Lerodalcibep compared with placebo among patients with increased risk of 
cardiovascular disease (CVD). 
Lerodalcibep blocks pro-protein convertase subtilisin/kexin type 9 (PCSK9) binding to 
low-density lipoprotein (LDL)-receptors, thus preventing receptor degradation, which 
enhances LDL-C clearance and lowering of LDL-C levels.
• Method: Randomized, Parallel, Blinded, Placebo controlled in Patients with 

established or at high risk for CVD.   Randomized to lerodalcibep 300 mg dose in 1.2 
mL subcutaneous injection (n = 615) vs. placebo (n = 307). Total number of enrollees 
922, 52 week follow up, mean age 65, percentage female 47%, percentage DM 45%

• Results:The primary outcome, change in LDL-C at 52 weeks, was -56.3% in the 
lerodalcibep group vs. -0.14% in the placebo group (p < 0.001).

• Secondary outcomes: Patients achieving ≥50% reduction in LDL-C: 94% 
with lerodalcibep vs. 19% with placebo, ≥1 adverse event leading to study drug 
withdrawal: 4.2% with lerodalcibep vs. 4.6% with placebo, change in apolipoprotein B 
at 52 weeks: -43% for lerodalcibep vs. placebo, change in lipoprotein(a) at 52 weeks: -
33% for lerodalcibep vs. placebo
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ACC 2024 Late-breaking clinical trials
Plozasiran (ARO-APOC3), An Investigational RNAi Therapeutic, Reductions in APOC-3 and 
Triglycerides (TG) in Patients With Severe Hypertriglyceridemia (SHTG), SHASTA-2 
Apolipoprotein C-III (APOC3) inhibits triglyceride clearance by reducing lipoprotein lipase–mediated 
hydrolysis and hepatocyte uptake of triglyceride-rich lipoproteins. ARO-APOC3, a hepatocyte-
targeting RNA interference therapeutic, inhibits APOC3 messenger ribonucleic acid expression, 
lowering triglyceride levels.
• Method: double-blind, phase 2b, placebo-controlled, dose-ranging trial tested the 

effectiveness and safety of plozasiran as an add-on to existing lipid-lowering treatment in 
patients with severe hypertriglyceridemia. A total of 229 patients (55 years old, 78% men, 90% 
White) were enrolled in eight countries. The majority of enrolled patients had at least three of 
the following risk factors: elevated risk for or history of cardiovascular disease, diabetes, low 
HDL-C and high body mass index.

• Patients were randomized to one of four groups. Three groups received two injections of 
plozasiran at one of three doses (10 mg, 25 mg or 50 mg); the fourth group received two 
injections of a placebo. The first injection was given on day one and the second at week 12.

• Results: reduced triglyceride levels significantly without causing any significant safety 
concerns in patients with severely elevated triglyceride levels at risk for developing acute 
pancreatitis, according to results from the SHASTA 2 study presented during a Late-Breaking 
Clinical Trial session at ACC.24.
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ACC 2024 Late-breaking clinical trials

Effect of Edetate Disodium Based Chelation Infusions on Cardiovascular 
Events in Post-MI Patients With Diabetes: The TACT2 Trial
• Methods: The double-blind factorial trial, conducted at 88 sites across 

the U.S. and Canada, randomized 959 patients (median age 67, 26.9% 
women, 61.5% Non-Hispanic White) with diabetes (>90% with type 2) 
and prior MI to either weekly edetate disodium infusions or a placebo 
for 40 weeks. In the treatment group, 68% of participants received all 40 
infusions; 78% received at least 20.

• Results: at a median follow-up of 48 months, there was no significant 
difference between the two groups in terms of the primary composite 
endpoint: death from any cause, MI, stroke, coronary revascularization 
or hospitalization for unstable angina occurred in 35% of patients in 
both groups (hazard ratio, 0.93; 95% CI, 0.76-1.16; p=0.53).
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ACC 2024 Late-breaking clinical trials

Long-term Beta-blocker Treatment After Acute Myocardial Infarction and 
Preserved Left Ventricular Ejection Fraction: The REDUCE-AMI Trial
• Method: parallel-group, open-label trial, conducted from September 

2017 through May 2023 at 45 centers across Sweden, Estonia and New 
Zealand randomly assigned 5,020 patients (median age 65, 22.5% 
women) with acute MI who had participated in the SWEDEHEART 
registry, undergone coronary angiography and had an LVEF ≥50% to 
long-term treatment with one of two beta-blockers – metoprolol or 
bisoprolol (median dose of metoprolol 100 mg and bisoprolol 5 mg) or 
to no beta-blocker treatment.

• Results: at a median follow-up of 3.5 years, the primary composite 
endpoint of death from any cause or new MI occurred in 199 (7.9%) of 
patients in the beta-blocker group and 208 (8.3%) of patients in the no-
beta-blocker group (hazard ratio, 0.96; 95% CI, 0.79-1.16; p=0.64).
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ACC 2024 Late-breaking clinical trials

Benzodiazepine-free Cardiac Anesthesia For Reduction of Postoperative 
Delirium (B-Free): A Multi-centre Randomized Cluster Crossover Trial
• Method: Cluster, crossover, randomized study of patient undergoing 

cardiovascular surgery were randomized to restrictive benzodiazepine 
use (n = 9,827) vs. liberal benzodiazepine use (n = 9,941).  Total number 
of enrollees: 19,768; duration of follow-up: in-hospital; mean patient 
age: 65 years; percentage female: 27%

• Results: primary outcome, delirium within 72 hours, was 14.0% in the 
restrictive group vs. 14.9% in the liberal group (p = 0.07).

• Secondary outcomes: Excluding patients who received benzodiazepine 
within 24 hours prior to surgery: Delirium within 72 hours was 13.7% in 
the restrictive group vs. 14.9% in the liberal group (p = 0.01).
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ACC 2024 Late-breaking clinical trials
A Selective Aldose Reductase Inhibitor (at-001) For the Treatment of Diabetic 
Cardiomyopathy: Primary Results of the Phase 3 Randomized Controlled ARISE-
HF Study
Aldose reductase (AR) catalyzes the first and rate-limiting step in the polyol pathway, and 
AR inhibition has been shown to reduce diabetic complications, including DbCM in animal 
models and in patients with DbCM
• Method: Phase 3 randomized, placebo-controlled, double blind, global clinical 

study to investigate the efficacy of AT-001 (1000 mg twice daily [BID] and 1500 mg 
BID) in 675 T2DM patients with DbCM at high risk of progression to overt HF. 
ARISE-HF assesses the ability of AT-001 to improve or prevent decline in exercise 
capacity as measured by functional capacity (changes in peak oxygen uptake 
[peak VO2]) over 15 (and possibly 27) months of treatment. Additional endpoints 
include percentage of patients progressing to overt HF, health status metrics, 
echocardiographic measurements, and changes in cardiacbiomarkers.

• Results: Treatment with AT-001, a highly selective aldose reductase inhibitor, had 
no significant effect on exercise capacity as measured by peak oxygen uptake 
(VO2) among individuals with diabetic cardiomyopathy (DbCM)
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Contact Information: cbecker@okheart.com 
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