
Summary

Blood pressure reduction is similar for the ACE inhibitors class, with no clinically meaningful
differences between agents.

Side effects are infrequent with ACE inhibitors, and are usually mild in severity; the most commonly
occurring include cough and hypotension.

Captopril and lisinopril do not require hepatic conversion to active metabolites and may be
preferred in patients with severe hepatic impairment.

Captopril differs from other oral ACE inhibitors in its rapid onset and shorter duration of action,
which requires it to be given 2-3 times per day; enalaprilat, an injectable ACE inhibitor also has a
rapid onset and shorter duration of action.

Pharmacology
Angiotensin Converting Enzyme Inhibitors (ACE inhibitors) block the conversion of angiotensin I to 
angiotensin II through competitive inhibition of the angiotensin converting enzyme. Angiotensin is 
formed via the renin-angiotensin-aldosterone system (RAAS), an enzymatic cascade that leads to the 
proteolytic cleavage of angiotensin I by ACEs to angiotensin II. RAAS impacts cardiovascular, renal and 
adrenal functions via the regulation of systemic blood pressure and electrolyte and fluid balance. 
Reduction in plasma levels of angiotensin II, a potent vasoconstrictor and negative feedback mediator 
for renin activity, by ACE inhibitors leads to increased plasma renin activity and decreased blood 
pressure, vasopressin secretion, sympathetic activation and cell growth. Decreases in plasma 
angiotensin II levels also results in a reduction in aldosterone secretion, with a subsequent decrease in 
sodium and water retention.[51035][51036][50907][51037][24005] ACE is found in both the plasma and 
tissue, but the concentration appears to be greater in tissue (primarily vascular endothelial cells, but 
also present in other organs including the heart).

ACE inhibitors also inhibit the breakdown of bradykinin, a potent vasodilator, by kininase II, an enzyme 
identical to ACE, which may increase levels of nitric oxide. Bradykinin-induced vasodilation is thought to 
be of secondary importance in the blood-pressure lowering effect of ACE inhibitors.

Therapeutic Use
Therapeutic Use Table

Angiotensin-Converting Enzyme (ACE) Inhibitors
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Yes – Labeled 

Yes † – Off-label, Recommended 

NR – Off-label, Not Recommended

ACE inhibitors are considered a first-line treatment option for patients with hypertension as
monotherapy or as a part of combination antihypertensive therapy.[62854]

In patients with or without hypertension, ACE inhibitors are also recommended in patients at high
risk for heart failure, in patients with reduced left ventricular ejection fraction (LVEF), regardless of
symptoms, and after a myocardial infarction (regardless of ejection fraction. ACE inhibitors can also
be considered in patients with preserved LVEF.[46155][51038]

ACE inhibitors are recommended within the first 24 hours after ACS in patients with pulmonary
congestion or LVEF 40% or less and without hypotension; treatment should be continued
indefinitely. ACE inhibitors should also be considered in patients without pulmonary congestion or
LVEF greater than 40%.[51039]

https://www.clinicalkey.com/pharmacology/resources/overviews/csv?id=1216635&section=indications


ACE inhibitor therapy is recommended in patients with diabetes and hypertension and also in
patients with diabetes and micro or macroabluminuria,, regardless of blood pressure.[50226]

ACE inhibitors should also be used in any patient with chronic kidney disease and hypertension.
[50226][51042][51043]

Drug selection
Several factors are important in the section of an ACE inhibitor:

Indication

Onset of antihypertensive effect
Most ACE inhibitors have an onset of action of 1 to 2 hours with a duration of 24 hours or
longer and are dosed once daily

Captopril's onset of action is 15 minutes with a duration of action of 4 to 6 hours, requiring 2 to
3 times/day dosing and making it a preferred oral ACE inhibitor for hypertensive emergency
and urgency.

Enalprilat is the only ACE inhibitor available in an injectable formulation; the onset of
hypotensive effect is about 15 minutes with a duration of about 6 hours, making it a viable
option for the treatment of hypertensive urgency or emergency when intravenous
administration is needed, or for the short-term treatment of hypertension when oral therapy is
not feasible.

Hepatic function
Captopril and lisinopril are the only ACE inhibitors that do not require hepatic conversion to
active metabolites and may be preferred in patients with severe hepatic impairment.

Renal function
Fosinopril is eliminated by both the liver and the kidneys; as such, a modification in the initial or
maximum dose of fosinopril is not necessary.

Comparative Dosages for ACE Inhibitors in the Treatment of Hypertension [62854] 

Starting Dose
(mg/day)

Usual Dose Range
(mg/day)

Dose Range
(mg/day)

Equivalent dose

Benazeprilc 10b 10 to 40 5 to 80 10 mg once daily

Captoprila 50 to 75 12.5 to 150 50 to 450 12.5 mg TID

Enalaprilc 5b 5 to 40 2.5 to 40 10 mg once daily

Fosinopril 10 10 to 40 10 to 80 10 mg once daily

Lisinopril 10b 10 to 40 10 to 80 10 mg once daily



Moexiprilc 7.5b 7.5 to 30 3.75 to 60 7.5 mg once daily

Perindopril 4 4 to 16 4 to 16 4 mg once daily

Quinaprilc 10b 10 to 80 5 to 80 10 mg once daily

Ramiprilc 2.5 2.5 to 20 2.5 to 20 2.5 mg once daily

Trandolapril 1 to 2b 1 to 4 1 to 8 1 mg once daily

aadministered in 2 to 3 divided doses; bif the patient is on a diuretic therapy, initiate at 50% of the

starting dose; cmay be administered in 1 or 2 divided doses

Comparative Efficacy

Blood pressure reduction is similar for the ACE inhibitors class, with no clinically meaningful
differences between agents.[42482]

There does not appear to be any clinical differences among ACE inhibitors in the treatment of heart
failure. However, captopril, enalapril, fosinopril, lisinopril, perindopril, quinapril and ramipril may be
preferred as the target, effective dosage for heart failure is known.[24459][46155]

ACE inhibitors differ in their ability to inhibit tissue ACE. Benazepril, perindopril, quinapril, and
ramipril have high affinity for tissue ACE compared with enalapril, captopril, lisinopril, and
trandolapril, which have relatively low affinity. Trials have not demonstrated a superiority of tissue
ACE inhibitors in the treatment of heart failure. Clinical significance of tissue ACE affinity remains
unknown and additional research needed.[46155][51045]

ACE Inhibitor Comparative Efficacy Trials

Citation/Study Name Design/Regimen Results Conclusion

Heart Failure



Garg R, et al. JAMA
1995;273:1450-6. 
[24459]

Meta-analysis to compare the efficacy of
ACE inhibitors on morbidity and mortality
in heart failure patients.

Captopril: 6 trials (n=697)

Enalapril: 7 trials (n=3381)

Ramipril: 6 trials (n=1227)

Quinapril: 5 trials (n=875)

Lisinopril: 4 trials (n=546)

Benazepril, Cilazapril and Perindopril
were used in 1-2 trials each involving a
total of 379 patients.

Total mortality vs placebo [OR (95%
CI)]:

Benazepril: 0.36 (0.07-1.9)

Captopril: 0.79 (0.54-1.14)

Cilazapril: 0.12 (0-6.2)

Enalapril: 0.78 (0.67-0.91)

Lisinopril: 0.62 (0.23-1.67)

Perindopril: 0.14 (0-7.16)

Quinapril: 0.79 (0.22-2.85)

Ramipril: 0.67 (0.36-1.24)

Overall: 0.77 (0.67-0.88)

Total Mortality or Hospitalization [OR
(95% CI)]:

Benazepril: 0.54 (0.19-1.52)

Captopril: 0.61 (0.43-0.87)

Cilazapril: 0.89 (0.11-7.51)

Enalapril: 0.68 (0.59-0.79)

Lisinopril: 0.50 (0.19-1.27)

Perindopril: 0.14 (0.01-2.26)

Quinapril: 0.79 (0.22-2.85)

Ramipril: 0.52 (0.33-0.83)

Overall: 0.65 (0.57-0.74)

Cause-Specific Mortality -All ACE
inhibitors vs. placebo [OR (95% CI)]

Progressive Heart Failure:

0.69 (0.58-0.83)

Sudden Death:

0.91 (0.73-1.12)

Fatal Myocardial Infarction

0.82(0.6-1.11)

Reductions in mortality
and hospitalization
similar among the ACE
inhibitors.

When comparing data
from before 90 days to
after 90 days, the
majority of benefit on
mortality was seen in
first 90 days.

Secondary Prevention

Dagenais GR, et al.
Lancet 2006;368:581-8.

[21196]

Meta-analysis of the HOPE, EUROPA
and PEACE trials to determine the
cardiovascular outcomes and total
mortality in patients with stable vascular
disease without left ventricular systolic
dysfunction (LVSD) or heart failure (HF)
on ACE inhibitor versus placebo therapy.
This meta-analysis then compared
results of the HOPE, EUROPA and
PEACE studies to studies evaluating
ACE inhibitors versus placebo in patients
with LVSD or HF.

ACE Inhibitors versus Placebo

All-Cause Mortality [OR (95% CI)]:

HOPE: 0.83 (0.73-0.95)

EUROPA: 0.89 (0.77-1.02)

PEACE: 0.88 (0.75-1.04)

Total without LVSD/HF:0.86 (0.79-0.94)

Significant reductions in
mortality, myocardial
infarction, stroke, heart
failure requiring
hospitalization and
CABG surgery with
ACE inhibitor versus
placebo in patients
without LVSD or HF
based on combined



HOPE: Ramipril 10 mg

EUROPA: Perindopril 8 mg

PEACE: Trandolapril 4 mg

Total with LVSD/HF Trials: 0.80 (0.74-
0.87)

Non-Fatal Myocardial Infarction:

HOPE: 0.77 (0.65-0.9)

EUROPA: 0.77 (0.66-0.9)

PEACE:1.00 (0.83-1.21)

Total without LVSD/HF: 0.82 (0.75-
0.91)

Total with LVSD/HF Trials: 0.77 (0.67-
0.88)

Fatal and Non-Fatal Stroke:

HOPE: 0.68 (0.55-0.84)

EUROPA: 0.96 (0.73-1.27)

PEACE:0.76 (0.56-1.04)

Total without LVSD/HF: 0.77 (0.66-
0.89)

Total with LVSD/HF Trials: 0.96 (0.8-
1.15)

Hospital Admission for Heart Failure:

HOPE: 0.88 (0.7-1.11)

EUROPA: 0.61 (0.44-0.83)

PEACE: 0.77 (0.6-1.00)

Total without LVSD/HF: 0.77 (0.67-0.9)

Total with LVSD/HF Trials: 0.66 (0.6-
0.74)

Revascularization PCI:

HOPE: 0.88 (0.74-1.04)

EUROPA:0.96 (0.82-1.12)

PEACE: 1.03 (0.91-1.18)

Total without LVSD/HF: 0.97 (0.89-
1.06)

Total with LVSD/HF Trials: 0.7 (0.51-
0.96)

Revascularization CABG:

HOPE: 0.79 (0.68-0.91)

EUROPA: 0.96 (0.81-1.13)

PEACE: 0.91 (0.77-1.08)

Total without LVSD/HF: 0.87 (0.79-
0.96)

results of the HOPE,
EUROPA and PEACE
studies.

No significant
differences found
between HOPE,
EUROPA and PEACE
studies.

Stroke reduced in the
HOPE, EUROPA and
PEACE studies, but not
in the LVSD/HF trials.

Significant reductions in
all-case mortality,
nonfatal myocardial
infarction,
hospitalization for heart
failure, and
revascularization PCI in
patients with LVSD/HF
trials.



Total with LVSD/HF Trials: 0.89 (0.75-
1.05)

No significant differences in results
between the HOPE, EUROPA and
PEACE trials (p=0.773)

Adverse Reactions / Side Effects
Top 20 Adverse Reactions / Side Effects Table

Cough
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A well known side effect associated with ACE inhibitors is a persistent, nonproductive dry cough.[51034]

Accumulation of kinins in the respiratory tract has long been the stated mechanism for the development
of cough with ACE inhibitor therapy; however, increasing evidence suggests that it may be related to
substance P stimulation of C-fiber receptors in the respiratory tract.[24005] Frequency of cough is higher
in women, Black patients, Asian patients, and patients with chronic obstructive pulmonary disease or
heart failure. Compared to White patients, Asian patients have over a 2.5 times higher incidence of
cough.[66452][66459] Onset may occur after 1 week to 6 months of therapy and cough typically resolves
within 4 days following discontinuation of the ACE inhibitor.

Angioedema
Angioedema of the face, extremities, lips tongue, glottis and larynx has been reported with ACE inhibitor
therapy. Involvement of the upper respiratory tract can induce acute respiratory distress; laryngeal or
tongue edema may be fatal.[51046] There are rare reports of intestinal angioedema, which may manifest
as abdominal pain with or without nausea or vomiting. Onset of angioedema may occur within hours of
starting an ACE inhibitor; however, it can occur at any time. The incidence of angioedema is higher in
women and Black patients. One study found an incidence of cough ot be 0.55% for White patients
compared to 1.62% for Black patients. Symptoms resolve after discontinuation of ACE inhibitor therapy.
[51047][66451][66459]

Increases in serum creatinine and nephrotoxicity
Elevations in serum creatinine and blood urea nitrogen can occur with ACE inhibitor therapy. Renal
insufficiency has also been reported with ACE inhibitor therapy; both are usually reversible with drug
discontinuation. Additionally, more severe reactions such as oliguria, progressive azotemia, and, rarely,
acute renal failure and/or death have been reported. Acute renal failure has occurred with ACE inhibitor
therapy in patients with severe bilateral renal artery stenosis. Renal function should be closely
monitored during initial therapy.[62854][66453][66459]

Rash
Captopril has been reported to cause a maculopapular rash with pruritus and erythema and,
occasionally, fever, eosinophilia and arthralgia. The rash is generally mild and disappears within a few
days following dosage reduction. Rash or maculopapular rash has also been reported with moexipril
and perindopril. Enalapril has been associated with acute generalized exanthematous pustulosis
(AGEP), a nonfollicular, pustular erythematous rash that starts suddenly and is accompanied by a fever
above 38 degrees C.

Hypotension
Hypotension is one of the most commonly reported adverse effects of ACE inhibitors. If excessive
hypotension occurs, the patient should be placed in the supine position and, if necessary, receive an
intravenous infusion of normal saline. A transient hypotensive response is not a contraindication to
further treatment with an ACE inhibitor, which usually can be given without difficulty once the blood
pressure has stabilized. If symptomatic hypotension develops, a dose reduction or discontinuation of the
ACE inhibitor or concomitant diuretic may be necessary.



Drug Interactions

Hymenoptera Venom
There are reports of life-threatening anaphylactoid reactions in patients undergoing desensitization
treatment with hymenoptera venom while on ACE inhibitor therapy.

Aliskiren
Concomitant administration of aliskiren-containing products with ACE inhibitors is contraindicated in
patients with diabetes mellitus and should be avoided in patients with moderate renal impairment. An
increased risk of non-fatal stroke, renal complications, hyperkalemia and hypotension has been found
with aliskiren and ACE inhibitor combination therapy in patients with renal impairment and type 2
diabetes mellitus.[33200] These agents may be given concomitantly to patients without diabetes or renal
impairment; however, there is a potential for hyperkalemia and renal impairment.

Antihypertensives, including ARBs
Hypotensive effects of ACE inhibitors may be enhanced with coadministration with other
antihypertensive agents. Coadministration of ARBs and ACE Inhibitors has been associated with an
increased risk of diarrhea, hypotension, syncope, hyperkalemia, and renal dysfunction, resulting in
dialysis, doubling of serum creatinine and death. Additionally, in patients with heart failure, death from
cardiovascular causes, myocardial infarction, stroke, or hospitalization for heart failure were not
improved with combination therapy compared to an ACE inhibitor alone. Potassium levels and renal
function should be monitored if combination therapy is used.[34997][34998]

Drugs that increase potassium levels
Since ACE inhibitors have been associated with minor increases in serum potassium, clinically relevant
hyperkalemia may occur during coadministration with agents that increase potassium. Some examples
include eplerenone, drospirenone; ethinyl estradiol, heparin, trimethoprim, potassium-sparing diuretics,
potassium salts or salt substitutes. Consider monitoring serum potassium levels during concomitant
therapy.[50959][51048]

Azathioprine
Coadministration of an ACE inhibitor and azathioprine has been reported to induce anemia and severe
leukopenia. This combination should be avoided whenever possible.

NSAIDs
Further deterioration of renal function, including acute renal failure, may occur in elderly, volume-
depleted or renally impaired patients on both an ACE inhibitor and NSAID; the effects are usually
reversible. NSAIDs and COX-2 inhibitors may reduce the antihypertensive effect of ARBs. Blood
pressure and renal function should be closely monitored in patients on concomitant therapy.[51049]

[29155][24233]

Salicylates



Aspirin may reduce the clinical benefit and hypotensive efficacy of ACE inhibitors by inhibiting the
synthesis of vasodilatory prostaglandins. This interaction has primarily been reported in patients with
heart failure. The clinical impact of this interaction remains controversial. Patients receiving concomitant
therapy with aspirin and ACE inhibitors should be monitored for antihypertensive or vasodilatory
efficacy; the ACE inhibitor dose can be adjusted if clinically indicated. Non-aspirin antiplatelet agents,
such as clopidogrel, do not interact with ACE inhibitors.[46155]

Lithium
Coadministration of lithium with ACE inhibitors results in elevated serum lithium levels, so caution
should be utilized with concomitant administration. Frequent monitoring of lithium levels is
recommended.[51050][51049]

Safety Issues 
Safety Issues Table

X – Contraindicated 

X-BBW – Contraindicated and Black Box Warning

BBW – Black Box Warning, Not Contraindicated

Yes – REMS or MedGuide is available

Pregnancy
When pregnancy is detected, discontinue ACE inhibitor therapy as soon as possible. Use of
medications that affect the renin-angiotensin system, such as ACE inhibitors, during the second or third
trimesters reduce fetal renal function, increase fetal and neonatal death, and cause fetal and neonatal

https://www.clinicalkey.com/pharmacology/resources/overviews/csv?id=1216635&section=safety_data


injury such as hypotension, neonatal skull hypoplasia, anuria, reversible or irreversible renal failure, and
death. Anhydramnios and oligohydraminos have also been reported. Women of childbearing age should
be made aware of these harmful effects and consideration given to using another drug class.

Angioedema / Hypersensitivity
ACE inhibitor therapy is contraindicated in individuals with a history of ACE inhibitor hypersensitivity or
ACE inhibitor-induced, hereditary or idiopathic angioedema. ACE inhibitor hypersensitivity is usually a
result of alterations in kinin generation without evidence of a specific immune-mediated reaction.
Incidence of ACE inhibitor-induced angioedema is higher in Black patients than non-black patients.
[28427][32289][66451][66459]

Renal impairment / Heart failure
Patients dependent on the RAAS for renal function, such as those with heart failure, may experience a
worsening of renal function with ACE inhibitor therapy. Typically increases in serum creatinine, blood
urea nitrogen and potassium are transient in heart failure patients on ACE inhibitor therapy; however,
oliguria, progressive azotemia and, rarely acute renal failure has occurred. Increases in blood urea
nitrogen and serum creatinine have been reported with ACE inhibitor therapy and patients with
unilateral or bilateral renal artery stenosis, preexisting renal impairment, or receiving diuretic therapy
may be more likely to experience these effects. Monitor renal function during ACE inhibitor therapy.
Dosage adjustments may be needed in patients with renal impairment or failure. ACE inhibitor therapy
should be discontinued if renal function worsens acutely.[51051][46155]

Hepatic impairment
Hepatic impairment may decrease ACE inhibitor clearance and/or conversion to active metabolites;
thus, the dosages of most ACE inhibitors should be adjusted based on clinical response. However,
captopril and lisinopril do not require conversion to an active metabolite and may be preferred in
patients with hepatic impairment.

Hypotension
ACE inhibitors are relatively contraindicated in patients with hypotension. Hypotension is an infrequent
adverse effect of ACE inhibitors in patients with uncomplicated hypertension; however, it has been
reported more frequently in patients with an activated RAAS (e.g. heart failure, volume depleted,
prolonged diuretic therapy). Caution should be utilized with ACE inhibitor therapy prior to major surgery
or during anesthesia and in patients with aortic stenosis, hypertrophic cardiomyopathy or obstruction in
the outflow tract of the left ventricle. Volume and/or salt depletion should be corrected prior to initiation
of ACE inhibitor therapy. Lower initial doses of ACE inhibitors should be administered to patients with
congestive heart failure. If hypotension occurs, standard medical care should be provided. It is
recommended to closely monitor patients ar risk for excessive hypotension for 2 weeks or following
dose increases.

Hyperkalemia
ACE inhibitors may increase serum potassium levels; therefore, use caution with administration to
patients with or who are at increased risk of hyperkalemia. Risk factors include renal impairment,
diabetes mellitus and the concomitant use of potassium-sparing diuretics, potassium supplements



and/or potassium-containing salt substitutes. Consider correcting potassium levels prior to initiation of
ACE inhibitor therapy. Patients with risk factors should be closely monitored for hyperkalemia.[62854]

[66459]

Bone marrow suppression
ACE inhibitor therapy may cause anemia, neutropenia, or agranulocytosis. Patients with renal disease,
immunosuppression, collagen-vascular disease (e.g., systemic lupus erythematosus or scleroderma),
autoimmune disease or those receiving immunosuppressive therapy may have a higher risk of
developing these complications. Caution should be used with administration of ACE inhibitors to
patients with pre-existing bone marrow suppression. Monitor complete blood counts prior to and during
ACE inhibitor therapy in patients at increased risk.

Anaphylactoid reactions
There are reports of life-threatening anaphylactoid reactions in patients undergoing desensitization
treatment with hymenoptera venom while on ACE inhibitor therapy. Anaphylactoid reactions have been
reported in patients receiving ACE inhibitor therapy concomitantly with high-flux membrane dialysis.
There have also been reports of anaphylactoid reactions in patients undergoing low-density lipoprotein
apheresis with dextran sulfate absorption while also on ACE inhibitor therapy.
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