
September 2018 VOL. 24, NO. 9

AUTHORS

Hunter Mwansa, MD,  
St. Vincent Charity Medical Center, 
Case Western Reserve University, 
Cleveland, OH

Sula Mazimba, MD, MPH, 
Division of Cardiovascular Medicine, 
University of Virginia Health System, 
Charlottesville

PEER REVIEWER 
Glen D. Solomon, MD, FACP, 
Professor and Chair, Department 
of Internal Medicine, Wright State 
University, Boonshoft School of 
Medicine, Dayton, OH

STATEMENT OF FINANCIAL DISCLOSURE
To reveal any potential bias in this publication, and in accordance 
with Accreditation Council for Continuing Medical Education guide-
lines, Dr. Wise (editor) reports he is involved with sales for CNS Vital 
Signs, Clean Sweep, and Admera Health. Dr. Hocum (pharmacy 
reviewer) reports he is an employee of Bayer U.S. LLC. Dr. Mwansa 
(author), Dr. Mazimba (author), Dr. Solomon (peer reviewer), Ms. 
Coplin (executive editor), Ms. Mark (executive editor), and Ms. 
Hatcher (editorial group manager) report no financial relationships 
with companies related to the field of study covered by this CME 
activity.

ReliasMedia.com

Therapeutic Strategies 
for Hypertension

Last month, we focused on the definition of high blood pressure and current guidelines, risk 
factors, relationship to cardiovascular disease, blood pressure measurement, patient evalua-
tion, and secondary causes. This issue will cover treatments (pharmacological and nonphar-
macological), initial therapy, relationship to various disease conditions (diabetes, ischemic 
heart disease, heart failure, chronic kidney disease, cerebrovascular disease, ischemic stroke, 
stroke prevention, atrial fibrillation, valvular heart disease, aortic regurgitation, sexual dys-
function), resistant hypertension, hypertensive crises and emergencies, preoperative manage-
ment, and adherence strategies.

— Gregory R. Wise, MD, FACP, Editor

Treatment of Hypertension
Blood pressure (BP) treatment may involve lifestyle interventions (nonpharmaco-

logical approach) alone or a combination of both nonpharmacological and pharmaco-
logical interventions, depending on BP categories.1 (See Figure 1.)

The 2017 American College of Cardiology/American Heart Association (ACC/
AHA) guidelines on hypertension (HTN) place emphasis on cardiovascular disease 
(CVD) risk reduction, and recommend determination of the estimated 10-year risk  
of cardiovascular disease to individualize care. As noted in Figure 1, nonpharmaco-
logical interventions are recommended for patients with elevated BP (BP 120-129/ 
< 80 mmHg) and those with stage 1 HTN (BP 130-139/80-89 mmHg) with an 
estimated 10-year CVD risk ≤ 10%. However, patients with stage 1 HTN and an 
estimated 10-year CVD risk ≥ 10% should receive pharmacological intervention 
as well as nonpharmacological measures. The 2017 ACC/AHA guidelines further 
emphasize follow-up of patients diagnosed with HTN. They recommend three to 
six months of follow-up for patients with elevated BP and stage 1 HTN with < 10% 
10-year CVD risk, and one month of follow-up for those with stage 1 HTN and 
> 10% 10-year CVD risk.2 Clinical CVD includes coronary heart disease (CHD), 
congestive heart failure (CHF), and cerebrovascular accident. Evidence consistently 
has shown that treatment of HTN reduces CVD risk, complications, and overall 
mortality.3,4

Nonpharmacological Intervention. These measures, constituting mainly life-
style modification, should be used to prevent HTN in patients with elevated BP 
and hypertensive patients with BP levels below the threshold for pharmacological 
intervention. These measures can help prevent HTN in those without the disease 
and help offset potential CVD complications and death.5 These measures can be 
complementary to pharmacological therapy and have proven to be helpful in reducing 
overall CVD risk.6 Nonpharmacological interventions proven to reduce BP include 
weight loss, dietary modification, reduced sodium intake, potassium supplementation, 
and increased physical activity. Weight loss through increased physical activity and 
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EXECUTIVE SUMMARY
Recent guidelines released by the American College of 
Cardiology/American Heart Association emphasize cardiovascular 
disease risk reduction and recommend determination of the 
estimated 10-year risk of cardiovascular disease to individualize 
care.

 z Evidence consistently shows that effective treatment 
of hypertension reduces cardiovascular disease risk, 
complications, and overall mortality.

 z  Proven nonpharmacological interventions include weight 
loss, dietary modification, reduced sodium intake, potassium 
supplementation, and increased physical activity.

 z  Although monotherapy can be considered in stage 1 
hypertension, those with stage 2 hypertension should be 
initiated on two first-line agents of different classes, as more 
than 60% of hypertensive patients require two or more agents 
to reach target blood pressure.

 z Poor compliance can be attributed to physician inertia, 
patients’ low therapeutic adherence, and healthcare system 
deficiencies.

reduced calorie intake has been proven to 
reduce BP.7 In general, about 1 mmHg 
reduction in BP is expected for every 1 kg 
decrease in body weight. Weight loss can 
lead to as much as 5 mmHg drop in BP in 
those who are hypertensive.7 This effect of 
weight loss on BP also has been observed 
in normotensive individuals, albeit to a 
lesser degree.

Adopting a healthy diet can help BP 
control. The Dietary Approaches to Stop 
Hypertension (DASH) diet has demon-
strated systolic blood pressure (SBP) reduc-
tions of about 11 mmHg and 3 mmHg in 
hypertensive and normotensive individuals, 
respectively.8 The DASH diet is rich in 
vegetables, fruits, whole grains, and low-fat 
dairy products, and has reduced saturated 
and total fat. This diet was most effec-
tive in blacks.9 Other diets, including the 
Mediterranean, vegetarian, high-protein, 
and low-calorie diets, also have shown a 
benefit for reducing BP.10,11,12

Reduced dietary sodium intake can 
help prevent and lower BP in adults with 
established HTN.13 The reduction in SBP 
has been estimated to be 2-3 mmHg in 
normotensive individuals, and more pro-
nounced decreases in BP can be expected 
in patients with higher BPs, the elderly, 
and blacks, who appear more susceptible to 
effects of sodium on BP.14 Used with other 
approaches, such as the DASH diet, weight 
reduction, and pharmacotherapy, dietary 
sodium reduction can achieve significant 
decreases in SBP.6,15 These BP effects of 
sodium may explain why reduced dietary 
intake may prevent CVD.16 Clinicians 
should counsel patients on how to reduce 
salt intake, including choosing fresh foods, 
selecting appropriate foods with low salt 
when eating out, using table salt judiciously, 

reducing food portion sizes, and using food 
labels to ensure selection of foods that have 
“low” or “no added” salt.

Dietary potassium has an inverse 
relationship with BP.17,18 For example, 
administration of 60 mmoL of potassium 
chloride can lead to a 2 mmHg to 4-5 
mmHg reduction in BP in normotensive 
and hypertensive individuals, respec-
tively.19,20 The BP response to potassium 
intake is twice as much in those with high 
sodium intake21 and blacks. Data suggest 
that the sodium/potassium index may be 
more important than either electrolyte 
alone. A higher sodium/potassium index 
is associated with higher CVD risk.16 
Therefore, clinicians should encourage 
patients to consume potassium-rich diets, 
such as the DASH diet, nuts and soy 
products, low-dairy products, and selected 
meats. Daily dietary potassium intake 
between 3,510 mg22 and 4,700 mg23 has 
been recommended.

Physical activity consistently has been 
shown to improve BP. Dynamic aerobic 
exercise, dynamic resistance training, and 
static isometric exercise have been esti-
mated to produce BP reductions of 5-8 
mmHg, 4 mmHg, and 5 mmHg, respec-
tively.24,25 These BP reduction effects have 
been reported even with low-intensity and 
interval exercise.26,24 The ACC/AHA rec-
ommends 90-150 minutes of exercise per 
week.2

Alcohol intake is associated with 
increased BP.27 Studies consistently have 
demonstrated increased SBP and diastolic 
blood pressure (DBP) in those consuming 
an equivalent of three or more standard 
drinks per day (about 36, 15, and 4.5 
ounces of regular beer, wine, or distilled 
spirits, respectively).28,29 Cutting down on 

alcohol consumption can lead to reduction 
in SBP of ≥ 4 mmHg and ≥ 3 mmHg in 
hypertensive and normotensive individuals, 
respectively.28 Restriction of alcohol intake 
to two or less drinks per day in men and 
one or less drinks per day in women who 
consume alcohol has been recommended 
because of the beneficial effects of moder-
ate alcohol consumption on overall CVD 
risk.30

Pharmacological Therapy
General Considerations. BP reduction 

with antihypertensive agents leads to a 
decrease in CVD risk, stroke, and death.31 
The primary classes of antihypertensive 
agents include angiotensin-converting 
enzyme inhibitors (ACEIs), angiotensin 
receptor blockers (ARBs), thiazide diuret-
ics, and calcium channel blockers (CCBs). 
Other less commonly used classes of 
antihypertensive agents include vasodila-
tors, beta-blockers, aldosterone antagonists, 
centrally acting agents, alpha-1 recep-
tor blockers, and direct renin inhibitors. 
Primary agents should be used to control 
BP because of their proven efficacy and 
benefit of CVD risk reduction.32 See Table 
1 for a summary of common antihyperten-
sive agents. 

Monotherapy can be considered in 
patients with stage 1 HTN. Those with 
stage 2 HTN, average BP > 20/10 mmHg 
above their BP target, and high CVD risk 
should be initiated on two first-line agents 
of different classes, either as separate agents 
or fixed-dose combination therapy, as more 
than 60% of hypertensive patients require 
two ore more antihypertensive drugs to 
reach target BP.33,34

Combination therapy has been shown 
to lower BP more effectively with fewer 
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side effects when compared with “stepped 
care” (optimization of monotherapy to 
maximal dosage and sequential addition of 
other antihypertensive drugs if BP control 
remains suboptimal).35 

The lower adverse effects resulting from 
combination therapy may improve adher-
ence. Several fixed-dose antihypertensive 
drug combinations are available and may 
help reduce pill burden in those who can 
afford them. Mechanisms of action of anti-
hypertensive agents must be understood 
and considered for complementary pressor 
effects when choosing additional agents in 
those with uncontrolled BP. For example, 
initial pharmacotherapy with thiazide 
diuretics might lead to stimulation of the 
renin-angiotensin-aldosterone system 
(RAAS), and subsequent addition of an 
ACEI or ARB will help blunt these effects 
and lower BP. Drugs from the same class 
or with a similar mechanism of action  
should not be used in combination, as they 
provide no additional BP reduction and 
inevitably lead to more adverse effects. For 
example, an ACEI and ARB combina-
tion should be avoided. However, thiazide 
diuretics (e.g., chlorthalidone), a potassium-
sparing diuretic (spironolactone), and/or 
loop diuretics (e.g., furosemide) can be 
used in combination, especially for those 

with renal disease and heart failure. There is 
no consensus on BP targets, especially for 
those with minimal CVD risk and elderly 
patients (> 65 years) who might be frail.36,37 

Trials of optimal BP targets in the treat-
ment of HTN have yielded mixed results. 
In the Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) trial, more 
intensive BP treatment (SBP < 120 
mmHg) failed to demonstrate a reduction 
in fatal and nonfatal cardiovascular events.38 
More recently, the Systolic Blood Pressure 
Intervention Trial (SPRINT) investigated 
cardiovascular outcomes of more intensive 
BP (SBP < 120 mmHg) and standard BP 
treatment (SBP < 140 mmHg) in non-
diabetic patients. The trial demonstrated 
a significant reduction in rates of nonfatal 
and fatal major cardiovascular events and 
all-cause mortality in those treated to SBP 
< 120 mmHg compared to SBP < 140 
mmHg.39 

Intensive BP treatment, as was seen 
in the SPRINT trial, may be associated 
with adverse effects including orthostatic 
hypotension. Patients who are frail, espe-
cially the elderly, must be evaluated for 
orthostatic hypotension, and intensification 
of therapy should be handled cautiously 
to avoid falls. A meta-analysis of the 
ACCORD and SPRINT trials showed 

fewer CVD events with SBP treatment to 
targets < 120 mmHg.

Therefore, clinicians should pay attention 
to patient-specific factors such as CVD 
risk, age, concurrent medications, comor-
bidities including presence of orthostatic 
hypotension, and potential for drug inter-
actions to tailor BP targets.

Choice of Initial Therapy. Comorbid 
disorders play an important role in deter-
mining an appropriate choice for initial 
pharmacotherapy. A large head-to-head 
comparison trial (Antihypertensive and 
Lipid-Lowering Treatment to Prevent 
Heart Attack Trial, ALLHAT) on initial 
pharmacotherapy showed that chlorthali-
done was superior to amlodipine and lisin-
opril in preventing heart failure (HF).40 

The ALLHAT trial also revealed that 
ACEIs were less effective than thiazide 
diuretics and CCBs in both BP reduc-
tion and stroke prevention. Furthermore, 
ACEIs have been found to be less effec-
tive than CCBs in preventing both HF41 
and stroke in blacks.42,43 These studies 
have demonstrated that CCBs are just as 
effective as thiazide diuretics for reduc-
ing all CVD events except HF. Therefore, 
thiazide diuretics or CCBs may be the best 
first choice for initial single-drug therapy 
for hypertensive patients in general.

Figure 1. Management of Hypertension

ACC, American College of Cardiology; AHA, American Heart Association; ASCVD, atherosclerotic cardiovascular disease 
*The ACC/AHA guidelines recommend risk calculation using the ACC/AHA Pooled Cohort Equations. Patients with diabetes and chronic 
kidney disease already fall in high-risk category.

2017 ACC/AHA Guidelines Blood Pressure Categories

Stage 1 hypertension
BP 130-139/80-89 mmHg

Nonpharmacological 
measures

Clinical ASCVD or estimated 10-year 
CVD risk ≥10%*

Elevated blood pressure (BP) 
BP 120-129/< 80 mmHg

Stage 2 hypertension
BP ≥140/90 mmHg

Nonpharmacological 
measures and anti-
hypertensive drug therapy

Nonpharmacological 
measures

Nonpharmacological 
measures and 
antihypertensive drug 
therapy

No Yes
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Pharmacotherapy 
in Patients With 
Comorbidities

HTN and Diabetes. The prevalence of 
HTN among adults with diabetes previ-
ously has been estimated to be 80%.44 The 
coexistence of HTN and diabetes is asso-
ciated not only with increased incidence 
of CHD, HF, peripheral artery disease 
(PAD), stroke, and CVD mortality,45 but 

also with retinopathy and nephropathy.46

There is a paucity of data on optimal BP 
targets in diabetic patients. The ACCORD 
trial failed to demonstrate benefit in CVD 
outcomes from intensive BP control 
(SBP < 120 mmHg) among patients with 
diabetes. However, the results showed a 
tendency to reduced incidence of stroke 
(about 1.1% reduction in absolute risk), 
and there has been suggestion of signifi-
cant benefit in the intensive BP/standard 

glycemic group in secondary analyses. A 
meta-analysis involving 73,913 patients 
with diabetes on intensive vs. standard 
BP treatment showed a 39% reduction in 
stroke among patients treated to an SBP 
< 130 mmHg, although there was no 
significant reduction in the incidence of 
myocardial infarction (MI).47 The United 
Kingdom Prospective Diabetes Study 
(UKPDS) demonstrated that a reduc-
tion in SBP by 10 mmHg was associated 

Table 1. Antihypertensive Agents

Drug Dose Range/Frequency Comments
Thiazide or thiazide-type diuretic

Chlorthalidone* 12.5 mg to 25 mg qd • Monitor electrolytes; may cause hyponatremia, hypokalemia, 
hypocalcemia, hypomagnesemia, and hyperuricemia

• Use with caution in those with gout, diabetes, and systemic 
lupus erythematosus

Hydrochlorothiazide 25 mg to 50 mg qd

Indapamide 1.25 mg to 5 mg qd

Metolazone 2.5 mg to 5 mg qd

Angiotensin-converting enzyme inhibitors (ACEIs)

Benazepril 20 mg to 40 mg qd or divided q12 • Avoid concomitant use with ARBs and direct renin inhibitors
• Contraindicated in patients with bilateral renal artery stenosis 

as it may cause acute renal failure
• Avoid use in pregnancy, and in those with prior history of 

angioedema with ACEI use
• Risk of hyperkalemia increased in chronic kidney disease, 

those on potassium-sparing diuretics, and potassium 
supplements

Captopril 12.5 mg to 50 mg bid to tid

Enalapril 5 mg to 40 mg or divided q12 qd

Fosinopril 10 mg to 40 mg qd or divided q12

Lisinopril 10 mg to 40 mg qd

Moexipril 7.5 mg to 30 mg qd or divided q12

Perindopril 4 mg to 16 mg qd or divided q12

Quinapril 10 mg to 80 mg qd or divided q12

Ramipril 2.5 mg to 10 mg qd to q12

Trandolapril 1 mg to 4 mg qd

Angiotensin receptor blockers (ARBs)

Azilsartan 40 mg to 80 mg qd • Avoid concomitant use with ACEIs and direct renin inhibitors
• Contraindicated in patients with bilateral renal artery stenosis
• Avoid in pregnancy, and in patients with prior history of 

angioedema with ARB use. ARBs can be used in those with 
ACEI-related angioedema six weeks after discontinuation of 
the ACEI

• Risk of hyperkalemia increased in chronic kidney disease, 
those on potassium-sparing diuretics, and potassium 
supplements

Candesartan 8 mg to 32 mg qd or divided q12

Eprosartan 400 mg to 800 mg qd or divided q12

Irbesartan 150 mg to 300 mg qd

Losartan 50 mg to 100 mg qd or divided q12

Olmesartan 20 mg to 40 mg qd

Telmisartan 20 mg to 80 mg qd

Valsartan 80 mg to 320 mg qd

Dihydropyridine calcium channel blockers (CCBs)

Amlodipine 2.5 mg to 10 mg qd • With an exception of felodipine and amlodipine, these 
drugs are contraindicated in patients with heart failure with 
reduced ejection fraction; exercise caution in those with 
tachyarrhythmias

Felodipine 5 mg to 10 mg qd

Isradipine 5 mg to 20 mg qd or divided q12

Nicardipine SR 20 mg to 40 mg q8hr

Nifedipine LA 30 mg to 120 mg qd or divided q12

Nisoldipine 20 mg to 60 mg qd

*Preferred
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with an approximately 15% decrease in 
diabetes-related death.48

All antihypertensive drug classes, includ-
ing thiazide diuretics, ACEIs, ARBs, and 
CCBs, are effective in the treatment of 
HTN in patients with diabetes.49 Notably, 
the study showed that diuretics had the 
lowest relative risk for development of HF 
than other antihypertensive agents, while 
CCBs appeared superior in reducing the 
risk for stroke. However, ACEIs or ARBs 
should be used in diabetic patients with 
albuminuria because of their proven benefit 

in reducing proteinuria and progression of 
diabetic nephropathy.50

Stable Ischemic Heart Disease. HTN 
is a major risk factor for ischemic heart  
disease. BP treatment to a target goal  
< 130/80 mmHg in patients with increased 
CVD risk has been shown to significantly 
lower CVD complications and overall 
mortality.39 ACEIs have a favorable effect 
on CVD outcomes. For example, ramipril 
demonstrated a 22% reduction in rates 
of MI, stroke, or CVD when compared 
with placebo in patients with high CVD 

risk.51 In an extension of these findings, 
perindopril also decreased CVD death, MI, 
or cardiac arrest by 20% compared with 
placebo in patients with established stable 
ischemic heart disease.52 Notwithstanding, 
the ALLHAT trial showed no additional 
benefit on CVD outcomes when ACEIs 
were compared to diuretics and CCBs. 
Beta-blockers may not be as effective as 
diuretics, CCBs, ACEIs, or ARBs in the 
treatment of HTN, but have been proven 
to improve symptoms of angina and can 
avert coronary events.53

Table 1. Antihypertensive Agents (continued)

Drug Dose Range/Frequency Comments
Nondihydropyridine calcium channel blockers (CCBs)

Diltiazem SR 60 mg to 180 mg bid (twice daily dosing) • Contraindicated in patients with atrioventricular block (grade 2 
or 3, and trifascicular block) and HFrEF.Diltiazem ER 120 mg to 480 mg qd

Verapamil IR 40 mg to 120 mg tid (once daily dosing)

Verapamil SR 120 mg to 480 mg qd or divided q12

Verapamil PM 400 mg qd

Cardioselective beta-blockers (BB)†

Atenolol 25 mg to 100 mg qd • Preferred in patients with compelling indications (e.g., HFrEF, 
IHD) who have reactive airways disease.

• Contraindicated in patients with AV block (grade 2 or 3).
Betaxolol 5 mg to 20 mg qd

Bisoprolol 2.5 mg to 20 mg qd

Metoprolol tartrate 50 mg to 200 mg bid

Metoprolol succinate 50 mg to 200 mg qd

Cardioselective and vasodilatory beta blockers (BB)†

Nebivolol 5 mg to 40 mg qd • Contraindicated in patients with AV block (grade 2 or 3).

Non-cardioselective beta blockers (BB)†

Nadolol 40 mg to 320 mg qd • Avoid in patients with reactive airways disease.
• Might be useful beta blocker in hypertensive patients with 

hyperthyroidism, anxiety disorders, and cirrhosis complicated 
by varices.

Propranolol IR 80 mg to 240 mg bid

Propranolol LA 80 mg to 320 mg qd

Beta blockers (BB)† with sympathomimetic activity

Carvedilol 12.5 mg to 25 mg bid • Contraindicated in patients with AV block (grade 2 or 3) and 
reactive airways disease. Carvedilol preferred in patients with 
coexisting HFrEF.

Carvedilol phosphate 20 mg to 80 mg qd (extended release)

Labetalol 100 mg to 400 mg bid

Diuretics (loop)

Bumetanide 0.5 mg to 2 mg bid • More effective than thiazide diuretics in patients with heart 
failure, and chronic kidney disease with GFR < 30 mL/min

• Monitor serum potassium and magnesium
Furosemide 10 mg to 40 mg bid

Torsemide 2.5 mg to 10 mg qd

Diuretics (potassium-sparing)

Amiloride 5 mg to 10 mg qd or divided q12 • Can be used as add-on therapy in hypertensive patients with 
thiazide-induced hypokalemia

• Avoid in patients with estimated GFR < 45 mL/min. Exercise 
caution in the elderly, and monitor potassium levels. 

Triamterene 100 mg to 300 mg qd or divided q12

† Avoid abrupt discontinuation as it can exacerbate angina and lead to myocardial infarction in those with underlying IHD.
HFrEF, heart failure with reduced ejection fraction; IHD, ischemic heart disease; GFR, glomerular filtration rate; qd, once daily; bid, twice a day; tid, three 
times a day; qid, four times a day; q12, every 12 hours
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Similarly, dihydropyridine CCBs are 
antianginal agents with BP-lowering 
effects. Unlike other hypertensive patients, 
those with stable ischemic heart disease can 
be managed initially with beta-blockers, 
given the added antianginal and mortality 
benefit. It is reasonable to add dihydropyri-
dine CCBs to optimize BP in patients with 
persistent angina symptoms in whom BP 
control is suboptimal. 

Heart Failure. Studies have shown that 
75% of patients with chronic HF have 
antecedent HTN.54 Untreated HTN 
inevitably leads to HF.55 The SPRINT 
trial demonstrated that more intensive 
BP treatment to SBP < 120 mmHg sig-
nificantly decreased the primary outcome 
(CVD composite), including the incidence 
of HF (hazard ratio, 0.62; 95% confidence 
interval, 0.45-0.84) in those with high 
CVD risk.39 Therefore, HTN can be 

managed with BP medications proven to 
have compelling indications for HF man-
agement. Guideline-directed medical ther-
apy, including ACEIs, ARBs, angiotensin 
receptor-neprilysin inhibitors (ARNIs), 
guideline beta-blockers (carvedilol, meto-
prolol succinate, or bisoprolol), and miner-
alocorticoid receptor antagonists, is proven 
to reduce mortality and hospitalization.55

Nondihydropyridine CCBs (verapamil, 
diltiazem) may have deleterious effects on 
HF patients because of their negative ino-
tropic effects.56 Therefore, they should be 
avoided in patients with HF with reduced 
ejection fraction (HFrEF).

There is a poorly understood subset of 
HF patients with preserved ejection frac-
tion (HFpEF) in whom evidence-based 
therapies still are lacking. These patients 
are highly sensitive to pressure and volume 
loading, and commonly will present with 

pulmonary edema. Therefore, BP manage-
ment with diuretic therapy may be effec-
tive in managing BP as well as volume 
overload. Suboptimally controlled BP can 
be managed further with the addition of 
an ACEI, ARB, beta-blocker, or miner-
alocorticoid antagonist. The beta-blocker 
nebivolol was associated with a 19% reduc-
tion in mortality or CVD hospitalization 
in patients with HFpEF.57 Aldosterone 
antagonists were shown to improve hospi-
talization rates in select patients.58

Chronic Kidney Disease. HTN and 
chronic kidney disease (CKD) commonly 
coexist, and each of these conditions can 
lead to the other. Their coexistence greatly 
increases the risk for adverse CVD and 
cerebrovascular events, especially in patients 
with proteinuria.59 About 67-92% of 
patients with CKD have HTN, and this 
prevalence increases with deterioration 

Table 1. Antihypertensive Agents (continued)

Drug Dose Range/Frequency Comments
Diuretics (aldosterone antagonists)

Eplerenone 50 mg qd or bid • Contraindicated in patients with serum creatinine ≥ 2.5 mg/dL, and those 
with serum potassium ≥ 5 mEq/L; risk of hyperkalemia increased with renal 
insufficiency, ACEI/ARB therapy, or potassium replacement; eplerenone can 
be used in those with spironolactone-induced gynecomastia

• Beneficial in patients with resistant hypertension and primary 
hyperaldosteronism

Spironolactone 25 mg to 100 mg qd or divided q12

Direct renin inhibitor

Aliskiren 150 mg to 300 mg qd • Adverse effects, cautions, and contraindications similar ACEI and ARBs

Central alpha-1 agonists and other centrally acting drugs

Clonidine oral 0.1 mg to 0.4 mg bid • Avoid sudden withdrawal because of potential for rebound hypertension 
and hypertensive crisis

• Use in elderly may be associated with significant central nervous system 
adverse effects

• Caution in those with atrioventricular block

Clonidine patch 0.1 mg to 0.3 mg q7days

Methyldopa 250 mg bid to qid

Guanfacine 0.5 mg to 2 mg qhs

Vasoldilators

Hydralazine 10 mg to 50 mg bid to qid • Hydralazine twice daily dosing is for use once maintenance dose has been 
established; hydralazine can cause drug-induced lupus

• Minoxidil can cause pericardial effusions
• Minoxidil should first be administered in the hospital because of potential to 

cause severe hypotension
• Vasodilators are associated with fluid accumulation and reflex tachycardia, 

and must be administered with a diuretic and beta-blocker

Minoxidil 2.5 mg to 40 mg qd to bid

Alpha-1 blockers

Doxazosin 1 mg to 16 mg qd • Might be useful in those with concomitant benign prostatic hyperplasia
• May cause orthostatic hypotension, especially in elderly patients
• Risk of hypotension increased in those on other antihypertensive agents and 

phosphodiesterase-5 inhibitors
• May exacerbate heart failure

Prazosin 3 mg to 5 mg bid to tid

Terazosin 1 mg to 20 mg qhs

qd, once daily; bid, twice a day; tid, three times a day; qid, four times a day; q12, every 12 hours; qhs, nightly at bedtime
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in renal function.60 About 30% of CKD 
patients may have masked HTN, and 
this might lead to accelerated CKD 
progression.61 

Trials on optimal BP targets in CKD 
have yielded inconsistent results. The 
SPRINT trial demonstrated a benefit from 
intensive BP control (SBP < 120 mmHg) 
in those with high CVD risk. Intensive BP 
control demonstrated CVD and mortal-
ity benefit in 28% of the SPRINT study 
participants with CKD stages 3-4 (esti-
mated glomerular filtration rate [GFR] 
20 to < 60 mL/min/1.73 m2). Most CKD 
patients die of cardiovascular complica-
tions and, thus, may benefit from intensive 
BP control. Nonetheless, concerns have 
been raised about whether outcomes of 
the SPRINT trial can be generalized to all 
CKD patients, as previous studies showed 
a higher risk of mortality in CKD patients 
treated to lower SBPs, especially in the 
elderly.62,63 

Even though no significant difference 
in adverse outcomes was noted between 
the intensive BP control and standard 
BP control groups of the SPRINT trial, 
caution must be exercised in applying the 
findings of this study to CKD patients. 
Many CKD patients have multiple comor-
bidities and might be frail, and intensive 
BP control inadvertently may cause harm. 
Slow optimization of medication doses and 
a “stepped-care” approach to BP manage-
ment may be more appropriate and safer in 
elderly and frail patients. 

ACEIs or ARBs (in those intolerant of 
ACEIs) are preferred in the treatment of 
BP in CKD patients with albuminuria  
(≥ 300 mg/day or ≥ 300 mg/g creatinine by 
first morning void), as they may slow pro-
gression of CKD.64,65 Those without albu-
minuria can be treated using any primary 
antihypertensive agent. Data on BP man-
agement post-renal transplant are less clear. 
Post-renal transplant patients have one 
functioning kidney and comprise a unique 
population of CKD patients. Typically, 
these patients have HTN because of their 
underlying CKD, use of calcineurin inhib-
itor-based immunosuppressive agents, and 
presence of allograft pathology. There are 
limited data on management of HTN in 
post-renal transplant patients. The imme-
diate post-transplant period is especially 
complex and should be left to transplant 
physicians and nephrologists. HTN in the 
first month of renal transplantation can be 

managed with CCBs to maintain higher 
GFR and decrease graft loss.66 RAAS 
inhibitors may prove harmful, and should 
be used only after one month from trans-
plantation in those with compelling indica-
tions like albuminuria and HF.

Cerebrovascular Disease. Stroke has 
high mortality, accounting for nearly 
140,000 deaths among U.S. adults (one in 
every 20 deaths) annually, and is a leading 
cause of long-term disability and demen-
tia.67 Most strokes (87%) result from isch-
emic damage from occlusion of blood flow 
to the brain. 

Acute Intracerebral Hemorrhage. Data 
on optimal BP management in acute hem-
orrhagic stroke show conflicting results. 
Previous studies suggested safety and 
benefit from immediate (within six hours 
of presentation) SBP reduction to < 140 
mmHg in patients with intracerebral hem-
orrhage (ICH).68,69 These studies suggested 
a decrease in hematoma growth and better 
functional recovery among ICH survivors. 
However, a more recent RCT showed no 
benefit in immediate lowering of SBP 
(within 4.5 hours of presentation) to 110-
139 mmHg compared to SBP lowering to 
a goal of 140-179 mmHg.70 This study also 
showed more adverse renal events in those 
randomized to intensive BP control (SBP 
110-139 mmHg). Significantly elevated 
BP (SBP 180 mmHg) is associated with 
hematoma growth and early neurological 
deterioration in patients with supratentorial 
ICH.71 Therefore, cautious control of blood 
pressure (SBP 140-179 mmHg) in ICH 
patients with significantly elevated SBP 
might be beneficial.

Acute Ischemic Stroke. About 80% of 
adult patients with acute ischemic stroke 
have elevated BP.72 Ischemic brain events 
are characterized by areas of infarction (if 
perfusion is not restored in a timely man-
ner) that typically are surrounded by a rim 
of ischemic but viable tissue, referred to 
as penumbra, sustained by collateral arte-
rial blood flow. There is abnormal cerebral 
autoregulation in the penumbra, and its 
viability depends on sustained systemic 
perfusion for delivery of oxygen. Thus, BP 
control in acute ischemic stroke aims to 
maintain cerebral perfusion pressure to the 
penumbra while minimizing worsening 
of tissue damage, ensuing cerebral edema, 
and hemorrhagic transformation of the 
infarct. Acute and drastic reductions in BP 
during acute ischemic stroke leads to brain 

injury and poor outcomes.73,74 Nonetheless, 
elevated BP in the first 24 hours in 
patients receiving intravenous throm-
bolysis with tissue plasminogen activator 
(tPA) has been associated with greater 
risk of symptomatic ICH.75 Given these 
considerations, the ACC/AHA 2017 BP 
guidelines recommend reduction of BP 
to < 185/110 mmHg before initiation of 
tPA. In patients who are not candidates for 
tPA, lowering BP ≤ 220/110 mmHg has 
no benefit and may cause harm. Therefore, 
BPs > 220/110 mmHg can be lowered 
gradually to 220/110 mmHg using intra-
venous agents.

Secondary Stroke Prevention. 
Recurrent strokes constitute 25% of all 
strokes among U.S. adults.67 Individuals 
who have an initial stroke or TIA have a 
4% annual risk for a subsequent stroke,76 
and mortality from recurrent stroke is 
twice as high as that from an initial stroke 
(21%).77 BP control with antihypertensive 
agents after an initial stroke results in 30% 
reduction in the risk of a recurrent stroke.78

Antihypertensive agents can be resumed 
within days (> 72 hours) in those with 
pre-existing HTN after an acute ischemic 
event, provided they have a stable neuro-
logic status. Studies have suggested that 
CCBs, diuretics, and ACEI/ARBs may 
be superior to other drug classes for stroke 
prevention.79,80 Nevertheless, BP reduc-
tion to a target < 140/90 mmHg is more 
important than the specific choice of anti-
hypertensive agent. The presence of other 
medical comorbidities, such as HF and 
CKD, may help with selection of appropri-
ate therapy. 

Peripheral Arterial Disease. No major 
difference exists in relative CVD risk 
reduction between hypertensive patients 
with PAD and without PAD,81 and no 
particular class of antihypertensive agents 
has demonstrated superiority over others 
in these patients.82 A recent analysis of 
ALLHAT data revealed a higher incidence 
of lower-extremity PAD events with lower 
and higher SBP (SBP < 120 mmHg and 
SBP ≥ 160 mmHg, respectively) compared 
with SBP 120-129 mmHg. Similarly, 
lower and higher BPs were associated with 
a higher rate of lower-extremity PAD 
events. In contrast, only lower DBP (< 60 
mmHg) was associated with higher rates of 
lower-extremity PAD events.83 Given these 
findings, clinicians should exercise caution 
in managing BP in PAD patients.
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Metabolic Syndrome. This refers to 
metabolic dysregulation characterized by 
increased abdominal adiposity, hypertri-
glyceridemia, low high-density lipoprotein, 
elevated fasting glucose, increased insulin 
resistance and hyperinsulinemia, and 
HTN.84 It is associated with significant 
CVD risk, and BP treatment with lifestyle 
modification and medications should be 
pursued. Previously, concerns have been 
raised about possible harm from the use of 
thiazide diuretics in patients with the met-
abolic syndrome because of their potential 
to increase insulin resistance, dyslipidemia, 
and hyperuricemia. There is no convinc-
ing clinical evidence to suggest this harm, 
and, in fact, the ALLHAT trial demon-
strated only 1.5-4.0 mg/dL increase in 
fasting glucose levels that did not translate 
to meaningful increase in CVD risk 
with use of chlorthalidone.85 Traditional 
beta-blocker use in these patients may 
be associated with worsening of glucose 
tolerance, reduced ability to lose weight, 
and dyslipidemia, all of which might lead 
to overt diabetes.86 Interestingly, the newer 
vasodilating beta-blockers (e.g., carvedilol, 
labetalol, and nebivolol) seem to have 
favorable metabolic effects.87

Atrial Fibrillation. HTN is the most 
common comorbid condition in atrial 
fibrillation (AFib), occurring in more 
than 80% of patients. Uncontrolled HTN 
leads to left ventricular (LV) hypertro-
phy; impaired LV filling; and consequent 
left atrial hypertrophy, enlargement, and 
fibrosis, which in concert lead to elec-
trophysiological remodeling and ectopy 
causing AFib.88 HTN also is common 
in ischemic and nonischemic cardiomy-
opathies that lead to AFib. Treatment of 
AFib in patients with LV dysfunction 
and HF can prevent new-onset AFib and 
recurrent AFib.89 However, similar ARB/
ACEI effects on incident and recurrent 
AFib have not been demonstrated in 
those without LV dysfunction. Optimal 
BP control with primary antihypertensive 
agents (thiazide diuretics, ACEIs, ARBs, 
and CCBs), as opposed to the choice of 
initial antihypertensive, should be a focus 
of therapy. 

Valvular Heart Disease 
Aortic Stenosis. HTN is a risk factor 

for the development of aortic stenosis. In 
patients with asymptomatic aortic stenosis, 
systemic HTN results in increased LV 

afterload, structural damage, and increased 
morbidity and mortality.90 Improvements 
in stroke volume and LV end-diastolic 
pressure secondary to decreases in pul-
monary and systemic resistance following 
nitroprusside infusion have been observed 
in hypertensive patients with severe aortic 
stenosis.91 This suggests a possible benefit 
from cautious BP lowering in patients 
with aortic stenosis. Unfortunately, tri-
als comparing outcomes of different 
BP-lowering agents in patients with aortic 
stenosis are lacking. ACEIs and ARBs 
are preferred for treatment of HTN in 
patients with symptomatic aortic stenosis 
because of their favorable effect on dys-
pnea and effort tolerance.92 Beyond their 
effects on HTN, RAAS inhibitors can 
affect reverse remodeling and confer a 
mortality benefit in those with LV dys-
function and HF. However, caution should 
be exercised, given the potential to cause 
hypotension in patients with significant 
LV dysfunction and HF. Beta-blockers 
also may be advantageous in patients with 
prior MI, reduced ejection fraction, angina, 
and tachyarrhythmias. Diuretics can be 
harmful, especially in patients with small 
LV volume, as these patients often are 
preload-dependent.

Aortic Regurgitation. Vasodilator 
therapy leads to reduction in afterload, 
decrease in LV mass and volume, and 
improved LV function.93 Despite the 
hemodynamic effects noted in prior 
studies, long-term therapy with either 
nifedipine (CCB) or enalapril (ACEI) 
did not delay or reduce time to aor-
tic valve replacement in patients with 
asymptomatic severe aortic regurgitation 
with no LV dysfunction. Beta-blockers 
lead to increases in diastolic filling with 
potential to worsen aortic regurgitation. 
Furthermore, rapid decreases in diastolic 
BP may compromise coronary perfu-
sion in patients with chronic severe aortic 
stenosis. 

Aortic Disease. An aortic aneurysm 
refers to localized or diffuse dilation of the 
aorta to a diameter at least > 50% its nor-
mal caliber. Aortic aneurysms mostly are 
asymptomatic until dissection or rupture, 
and inevitably lead to death in untreated 
cases of rupture.94,95 HTN is linked to 
changes in aortic wall mechanical proper-
ties (increased arterial wall stiffening), 
possibly related to elastin destruction, and 
increases the risk for aortic rupture.96 The 

goal of medical management in aortic dis-
section is to limit propagation of dissected 
wall components by control of BP. High 
BP variability has been associated with 
poor outcomes in patients with type B 
aortic dissections following endovascular 
repair surgery.97 Beta-blockers have been 
shown to lower operative repair risk98 and 
overall survival in patients with chronic 
aortic dissections.99

There is no evidence from clinical trials 
of appropriate BP treatment target goals. 
The European Society of Cardiology  
recommends lowering systolic BP to  
100-120 mmHg.100

BP and Sexual Dysfunction. Sexual 
dysfunction is more common in hyper-
tensive than normotensive individuals. 
Erectile dysfunction (ED) is an indepen-
dent CVD risk factor, and may be an early 
sign of organ dysfunction.101

There is evidence to suggest that life-
style modification may help improve 
ED.102 ACEI, ARB, CCB, and vasodilat-
ing beta-blocker (e.g., nebivolol) therapy 
appear to have neutral to beneficial effects 
on erectile function.103 Like beta-blockers, 
antihypertensive drugs with potential 
negative effects on sexual function must 
be avoided to improve adherence in 
those without compelling indications. 
Phosphodiesterase-5 inhibitors can be 
used safely in those with refractory ED 
after initial measures. However, caution 
must be exercised in those on multiple 
drugs because of the potential for adverse 
effects. These drugs are contraindicated in 
patients on alpha-blockers and nitrates.

Resistant HTN. Resistant HTN is 
defined as failure to achieve target BP 
with optimal doses of three antihyperten-
sive agents with complementary mecha-
nisms of action, including a diuretic, or 
when BP control is achieved but with at 
least four medications.104

Resistant HTN has been estimated 
to affect about 13% of hypertensive 
patients.105 Risk factors for resistant 
HTN include older age, obesity, diabetes, 
CKD, and black race. It is associated with 
markedly increased CVD morbidity and 
mortality, including all-cause death.106 
Clinicians should ensure accurate office 
BP measurements, confirm with ambula-
tory BP measurements, and assess for 
medical adherence to exclude “pseudo 
resistance” before a diagnosis of resistant 
HTN is made. Also, it is important to 
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identify reversible causes of poorly con-
trolled HTN, such as obesity, obstructive 
sleep apnea, physical inactivity, dietary 
indiscretions like high salt intake, and 
excessive alcohol consumption. Clinicians 
also must conduct a detailed inquiry 
on possible use of nonsteroidal anti-
inflammatory drugs, oral contraceptive 
therapy, nasal decongestants, excessive caf-
feine intake, use of illicit drugs, and other 
medications that might affect BP. Finally, 
patients suspected of having resistant 
HTN must be screened for secondary 
HTN. 

Refractory HTN is another group of 
antihypertensive treatment failure that is 
defined as failure to control BP despite use 
of at least five different classes of antihy-
pertensive agents, including a long-acting 
thiazide diuretic and a mineralocorticoid 
receptor antagonist.107 The addition of the 
mineralocorticoid receptor antagonist spi-
ronolactone to multidrug therapy, includ-
ing primary agents (i.e., thiazide diuretics, 
CCBs, ACEI/ARBs), results in significant 
BP reduction.108 Furthermore, the addi-
tion of hydralazine and/or minoxidil 
may prove effective in controlling BP. 
Multidrug therapy also can be augmented 
by loop diuretic use in patients with CKD. 

Hypertensive Crises. Hypertensive 
crises are divided into emergencies and 
urgencies. They constitute a large propor-
tion of emergency department visits and 
may account for more than 25% of emer-
gency department admissions.109

Hypertensive Emergencies. Defined 
as BP elevations > 180/120 mmHg with 
evidence of new or worsening end-organ 
damage,110 hypertensive emergencies are 
associated with a one-year mortality of 
almost 80% and a median survival of only 
10.4 months if left untreated.111 Prompt 
control of BP may help prevent further 
end-organ damage. Examples of hyper-
tensive emergencies include hypertensive 
encephalopathy, ICH, acute ischemic 
attacks, acute coronary syndromes, acute 
LV dysfunction and pulmonary edema, 
dissecting aortic aneurysm, and acute 
kidney injury. Hypertensive emergencies 
result in loss of autoregulation to tissues. 
Although prompt BP reduction helps 
prevent further end-organ damage from 
significantly elevated BP, cautious and 
gradual BP reduction may be required to 
maintain perfusion pressures to avoid isch-
emic tissue damage. 

Management of hypertensive emer-
gencies is based largely on clinical expe-
rience.112 Trial evidence suggests the 
superiority of nicardipine to labetalol in 
achieving short-term BP targets in hyper-
tensive emergencies.113,114,115

Target BPs and choice of an intrave-
nous antihypertensive agent depend on 
the end-organ involved, including the 
pathophysiology of the underlying HTN 
as well as present comorbid disorders. For 
example, aortic dissections and pheochro-
mocytoma require rapid BP reduction to 
SBP < 140 mmHg within the first hour 
using short- and fasting-acting beta-
blockers (e.g., esmolol) and non-selective 
alpha-blockers (e.g., phentolamine), 
respectively. Further reduction in BP to < 
120 mmHg is required in aortic dissec-
tions. In general, management of other 
hypertensive emergencies requires prompt 
reduction of BP by a maximum of 25% in 
the first hour, then 160/100-110 mmHg 
over the next two to six hours, and then to 
normal in the next 24-48 hours.2

 A cerebrovascular accident is another 
exception to this generalization, and 
whose management is discussed earlier.

Short-acting intravenous antihyperten-
sive agents are titrated for BP easily, allow 
for more predictable and gradual reduc-
tion in BP than oral medications, and, 
therefore, are used in treating hypertensive 
emergencies. 

Hypertensive urgencies are severe eleva-
tions in BP > 180/120 mmHg with no 
accompanying end-organ damage. Mostly, 
these are the result of nonadherence to 
medical therapy and can be managed 
safely on an outpatient basis. They are 
managed by reinstitution of antihyperten-
sive drug therapy in those with nonadher-
ence, and escalation of therapy in those 
with suboptimal control despite drug 
adherence. 

Perioperative 
Management of HTN

Elevated BP is one of the common 
reasons for postponement of surgery. 
Evidence suggests increased cardiovascular 
complications including MI, dysrhyth-
mias, neurological complications, and  
renal failure with preoperative DBP  
≥ 110 mmHg.116 This relationship 
between BP and surgical risk is less clear 
for SBP. Postoperative HTN is associated 
with increased mortality and neurological 

deficits in patients undergoing carotid 
endarterectomy,117 and preoperative HTN 
appears to be the single most important 
risk factor for development of postopera-
tive HTN. Isolated SBP is associated with 
increased CVD morbidity after coronary 
artery bypass graft surgery.118

Patients with poorly controlled HTN 
have BP lability with anesthesia.119 This 
can lead to markedly high BP with induc-
tion of anesthesia or intraoperative hypo-
tension with further anesthesia. Because of 
the limited trial evidence on perioperative 
HTN, recommendations on BP manage-
ment are based on observational data and 
clinical experience. Abrupt withdrawal of 
long-term beta-blockers and clonidine 
may precipitate rebound HTN and tachy-
cardia and should be avoided. Patients tak-
ing these drugs can continue intravenous 
beta-blockers or transdermal clonidine 
if they cannot take anything by mouth. 
There is no indication to start beta-block-
ers on the day of surgery for patients who 
are beta-blocker naïve.120

Clevidipine, an ultra short-acting cal-
cium channel antagonist, recently was 
shown to be an effective and safe drug for 
treatment of perioperative HTN, even in 
patients undergoing cardiac surgery.121,122 
ACEIs and ARBs should be stopped 24 
hours before noncardiac surgery, as recent 
evidence suggests potential harm includ-
ing overall mortality, MI, stroke, and 
intraoperative hypotension in those con-
tinuing these medications until surgery.123 
Diuretics should be avoided on the day of 
surgery because of potential adverse effects 
related to fluid depletion. It is important to 
remember that uncontrolled pain, anxiety, 
hypoxia, and fluid overload may contribute 
to perioperative HTN. Clinical evaluation 
focused on addressing these is crucial in 
the management of perioperative HTN.

Improvement of BP 
Control

Three major contributors to low rates 
of BP control include physician inertia, 
patients’  low therapeutic adherence, and 
healthcare system deficiencies.124

Adherence Strategies to Improve BP 
Control. Therapeutic nonadherence refers 
to failure to follow recommended medical 
or healthcare advice. It is a major barrier 
to effective control of HTN and reduction 
of CVD risk. Studies show that 25% of 
patients do not fill their initial prescription 
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of antihypertensive medications,125 and 
the average hypertensive patient is in pos-
session of their BP medication only 50% 
of the time in the first year of therapy.126 
Nonadherence to therapy is complex and 
multifaceted, and requires a multipronged 
approach. Suggested solutions must be 
introduced at patient, provider, and health-
care system levels. Suggested methods to 
improve patient adherence are summa-
rized in Table 2. 

Clinicians should consider the benefits 
of a team-based approach as a means of 
enhancing care. A team-based approach 
involves collaboration between primary 
care physicians, specialists (e.g., nephrolo-
gists, cardiologists, and endocrinologists), 
nurses, pharmacists, dietitians, social work-
ers, and community workers.2,124

Conclusion
HTN is a major public health problem 

in the United States and globally. Given 
the high mortality and morbidity associ-
ated with the disease, emphasis should 
be placed on prevention using lifestyle 
strategies including dietary measures and 
physical activity. Along with pharmaco-
logical interventions, tailored identification 
of patients’ global cardiovascular risk using 
existing risk stratification tools should be 
incorporated in treatment plans routinely. 
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CME Questions
1. A 27-year-old African American 

male comes to you to establish 
primary care. He has no complaints 
and reports no significant past 
medical or surgical history. He’s an 
occasional alcohol drinker but denies 
illicit drug use. Currently he is not 
on any medications. His physical 
exam is unremarkable except for 
an elevated blood pressure 168/98 

mmHg. Repeat blood pressure after 
five minutes is 170/96 mmHg. 
What is the next appropriate step in 
managing this patient’s elevated BP?
a. Initiate drug therapy with a 

thiazide diuretic since he is 
African American.

b. Evaluate for possible white coat 
hypertension with ambulatory 
blood pressure monitoring.

c. Started him on combination 
drug therapy with at least two 
antihypertensive agents for 
adequate blood pressure control.

d. Evaluate the patient for 
secondary hypertension right 
away.

2. A 56-year-old Hispanic woman 
comes to establish care. Records 
show that she has stage 3 chronic 
kidney disease presumed to be 
related to hypertension. She has no 
other medical or surgical conditions. 
She has no complaints, and review 
of her systems is unremarkable. 
Her physical exam is equally 
unremarkable except for elevated 
blood pressure of 156/98 mmHg 
(repeat BP after two minutes is 
160/96 mmHg). You ensured proper 
BP technique and are concerned 

about the BP level. She is on 
amlodipine 10 mg daily, and claims 
full compliance with medication 
and lifestyle measures. She’s not 
taking any other medications, and 
denies recreational drug use. A 
simple urinalysis shows significant 
proteinuria. What is your next step 
in the management of this patient?
a. Add an angiotensin-converting 

enzyme inhibitor to amlodipine.
b. Evaluate for white coat 

hypertension.
c. Refer patient to a nephrologist.
d. Educate the patient on the need 

for medication compliance.
3. A 57-year-old Caucasian male 

with a past medical history of 
well-controlled hypertension and 
osteoarthritis comes for his routine 
follow-up visits. You have had no 
challenges controlling his blood 
pressure. He reports no complaints 
other than occasional joint pain 
and recent sinus congestion that 
has improved with some over-
the-counter drugs. He also raises 
concerns for elevated blood pressure 
noted on his home blood pressure 
checks in the last three weeks. He 
claims adherence to therapy, and 
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currently takes lisinopril 20 mg 
daily and amlodipine 10 mg daily. 
Physical exam is notable for blood 
pressure 188/90 mmHg (repeat 
blood pressure 184/92 mmHg), S4 
gallop, and crepitus in his bilateral 
knee joints. What is the next best 
step in managing this elevated BP?
a. Admit to the hospital for 

management of his hypertensive 
urgency.

b. Take a detailed drug history 
including use of nasal 
decongestants and nonsteroidal 
anti-inflammatory drugs. 

c. Increase the dose of his lisinopril 
to 40 mg daily.

d. Switch therapy to a regimen 
that includes a thiazide diuretic, 
which might be more effective in 
controlling his blood pressure.

4. A 68-year-old hypertensive patient 
is admitted to the intensive care unit 
with excruciating chest pain and 
elevated blood pressure of 210/120 
mmHg. An emergent bedside 
echocardiography demonstrates 
aortic dissection. Physical exam 
shows a diaphoretic and distressed 
patient, pulse rate 110 bpm, 
respiratory rate of 24/min, O2 
saturation 96% on room air. He has 
a grade 3 diastolic murmur in the 
aortic area, and clear lungs. What is 
the most appropriate next step in the 
care of this patient?
a. Initiate intravenous hydralazine 

for rapid blood pressure 
reduction. 

b. Initiate therapy with intravenous 
esmolol for rapid reduction 
of blood pressure to systolic 
blood pressure < 140 mmHg, 
and consult cardiothoracic and 
vascular surgeons immediately.

c. Urgently order a CT angiogram 
of the chest and abdomen.

d. Initiate therapy with sodium 
nitroprusside. 

5. You are consulted about a 62-year-
old female patient for perioperative 
care. She is admitted for a hernia 
repair surgery and has been on 
metoprolol tartrate 25 mg twice 
daily for atrial fibrillation. Her 
only other medication is lisinopril 
for hypertension. She has no 
complaints, and is fully compliant 
with her medical therapy. Physical 
exam shows normal blood pressure 
and heart rate. Surgery is planned 
for tomorrow, and she’s concerned 
about her medications. 
a. You continue both her 

medications and reassure her.
b. You advise discontinuation of 

metoprolol and continuation of 
lisinopril. 

c. You advise continued intake 
of metoprolol or intravenous 
substitute if no oral intake, and 
hold off on lisinopril until after 
evaluation of volume status 
following surgery.

d. You substitute both with an 
intravenous beta-blocker and 
intravenous angiotensin-
converting enzyme inhibitor. 

6. Which of the following can help 
improve therapeutic adherence 
among patients with hypertension?
a. Simplification of drug regimen
b. Combination drug therapy
c. Self-monitoring of blood 

pressure and patient motivation
d. All of the above
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