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Enalaprilat Injection, USP

Rx only

USE IN PREGNANCY

When used in pregnancy during the second and third trimesters, ACE inhibitors can cause injury and even
death to the developing fetus. When pregnancy is detected, Enalaprilat Injection, USP should be
discontinued as soon as possible. See WARNINGS, Fetal/Neonatal Morbidity and Mortality.

DESCRIPTION

Enalaprilat Injection, USP is a sterile aqueous solution for intravenous administration. Enalaprilat is an angiotensin
converting enzyme inhibitor. It is chemically described as (S)-1-[N-(1-carboxy-3-phenylpropyl)-L-alanyl]-L-proline
dihydrate. Its molecular formula is C1gH24N05 ® 2H,0 and its structural formula is:

Enalaprilat is a white to off-white, crystalline powder with a molecular weight of 384.43. It is sparingly soluble in
methanol and slightly soluble in water.

Each milliliter contains 1.25 mg enalaprilat (anhydrous equivalent); sodium chloride to adjust tonicity; benzyl
alcohol, 9 mg, added as a preservative. May contain sodium hydroxide for pH adjustment.

CLINICAL PHARMACOLOGY

Enalaprilat, an angiotensin-converting enzyme (ACE) inhibitor when administered intravenously, is the active
metabolite of the orally administered pro-drug, enalapril maleate. Enalaprilat is poorly absorbed orally.
Mechanism of Action

Intravenous enalaprilat, or oral enalapril, after hydrolysis to enalaprilat, inhibits ACE in human subjects and animals.
ACE is a peptidyl dipeptidase that catalyzes the conversion of angiotensin | to the vasoconstrictor substance,
angiotensin I1. Angiotensin Il also stimulates aldosterone secretion by the adrenal cortex. Inhibition of ACE results
in decreased plasma angiotensin II, which leads to decreased vasopressor activity and to decreased aldosterone
secretion. Although the latter decrease is small, it results in small increases of serum potassium. In hypertensive
patients treated with enalapril alone for up to 48 weeks, mean increases in serum potassium of approximately
0.2 mEg/L were observed. In patients treated with enalapril plus a thiazide diuretic, there was essentially no change
in serum potassium. (See PRECAUTIONS.) Removal of angiotensin |l negative feedback on renin secretion leads to
increased plasma renin activity.

ACE is identical to kininase, an enzyme that degrades bradykinin. Whether increased levels of bradykinin, a
potent vasodepressor peptide, play a role in the therapeutic effects of enalaprilat remains to be elucidated.

While the mechanism through which enalaprilat lowers blood pressure is believed to be primarily suppression of
the renin-angiotensin-aldosterone system, enalaprilat has antihypertensive activity even in patients with low-renin
hypertension. In clinical studies, black hypertensive patients (usually a low-renin hypertensive population) had a
smaller average response to enalaprilat monotherapy than non-black patients.

Pharmacokinetics and Metabolism

Following intravenous administration of a single dose, the serum concentration profile of enalaprilat is
polyexponential with a prolonged terminal phase, apparently representing a small fraction of the administered dose
that has been bound to ACE. The amount bound does not increase with dose, indicating a saturable site of binding.
The effective half-life for accumulation of enalaprilat, as determined from oral administration of multiple doses of
enalapril maleate, is approximately 11 hours. Excretion of enalaprilat is primarily renal with more than 90 percent of
an administered dose recovered in the urine as unchanged drug within 24 hours. Enalaprilat is poorly absorbed
following oral administration.

The disposition of enalaprilat in patients with renal insufficiency is similar to that in patients with normal renal
function until the glomerular filtration rate is 30 mL/min or less. With glomerular filtration rate <30 mL/min, peak and
trough enalaprilat levels increase, time to peak concentration increases and time to steady state may be delayed.
The effective half-life of enalaprilat is prolonged at this level of renal insufficiency. (See DOSAGE AND
ADMINISTRATION.) Enalaprilat is dialyzable at the rate of 62 mL/min.

Studies in dogs indicate that enalaprilat does not enter the brain, and that enalapril crosses the blood-brain
barrier poorly, if at all. Multiple doses of enalapril maleate in rats do not result in accumulation in any tissues. Milk
in lactating rats contains radioactivity following administration of "“C enalapril maleate. Radioactivity was found to
cross the placenta following administration of labeled drug to pregnant hamsters.

Pharmacodynamics

Enalaprilat Injection results in the reduction of both supine and standing systolic and diastolic blood pressure,
usually with no orthostatic component. Symptomatic postural hypotension is therefore infrequent, although it might
be anticipated in volume-depleted patients (see WARNINGS). The onset of action usually occurs within fifteen
minutes of administration with the maximum effect occurring within one to four hours. The abrupt withdrawal of
enalaprilat has not heen associated with a rapid increase in blood pressure.

The duration of hemodynamic effects appears to be dose-related. However, for the recommended dose, the
duration of action in most patients is approximately six hours.

Following administration of enalapril, there is an increase in renal blood flow; glomerular filtration rate is
usually unchanged. The effects appear to be similar in patients with renovascular hypertension.

In a clinical pharmacology study, indomethacin or sulindac was administered to hypertensive patients receiving
enalapril maleate. In this study there was no evidence of a blunting of the antihypertensive action of enalapril
maleate (see PRECAUTIONS, Drug Interactions).

INDICATIONS AND USAGE
Enalaprilat Injection is indicated for the treatment of hypertension when oral therapy is not practical.

Enalaprilat Injection has been studied with only one other antihypertensive agent, furosemide, which showed
approximately additive effects on blood pressure. Enalapril, the pro-drug of enalaprilat, has been used extensively
with a variety of other antihypertensive agents, without apparent difficulty except for occasional hypotension.

In using Enalaprilat Injection, consideration should be given to the fact that another angiotensin converting
enzyme inhibitor, captopril, has caused agranulocytosis, particularly in patients with renal impairment or collagen
vascular disease, and that available data are insufficient to show that Enalaprilat Injection does not have a similar
risk. (See WARNINGS.)

In considering use of Enalaprilat Injection, it should be noted that in controlled clinical trials ACE inhibitors have
an effect on blood pressure thatis less in black patients than in non-blacks. In addition, it should be noted that black
patients receiving ACE inhibitors have been reported to have a higher incidence of angioedema compared to
non-blacks. (See WARNINGS, Angioedema.)

CONTRAINDICATIONS

Enalaprilat Injection is contraindicated in patients who are hypersensitive to any component of this product and in
patients with a history of angioedema related to previous treatment with an angiotensin converting enzyme inhibitor
and in patients with hereditary or idiopathic angioedema.

WARNINGS

Hypotension

Excessive hypotension is rare in uncomplicated hypertensive patients but is a possible consequence of the use of
enalaprilat especially in severely salt/volume depleted persons such as those treated vigorously with diuretics or
patients on dialysis. Patients at risk for excessive hypotension, sometimes associated with oliguria and/or
progressive azotemia, and rarely with acute renal failure and/or death, include those with the following conditions
or characteristics: heart failure, hyponatremia, high dose diuretic therapy, recent intensive diuresis or increase in
diuretic dose, renal dialysis, or severe volume andj/or salt depletion of any etiology. It may be advisable to eliminate
the diuretic, reduce the diuretic dose or increase salt intake cautiously before initiating therapy with Enalaprilat
Injection in patients at risk for excessive hypotension who are able to tolerate such adjustments. (See
PRECAUTIONS, Drug Interactions, ADVERSE REACTIONS, and DOSAGE AND ADMINISTRATION.) In patients with
heart failure, with or without associated renal insufficiency, excessive hypotension has been observed and may be
associated with oliguria and/or progressive azotemia, and rarely with acute renal failure and/or death. Because of
the potential for an excessive fall in blood pressure especially in these patients, therapy should be followed
closely whenever the dose of enalaprilat is adjusted and/or diuretic is increased. Similar considerations may apply
to patients with ischemic heart or cerebrovascular disease, in whom an excessive fall in blood pressure could
result in a myocardial infarction or cerebrovascular accident.

If 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 doses,
which usually can be given without difficulty once the blood pressure has increased after volume expansion.
Anaphylactoid and Possibly Related Reactions
Presumably because angiotensin-converting enzyme inhibitors affect the metabolism of eicosanoids and
polypeptides, including endogenous bradykinin, patients receiving ACE inhibitors (including Enalaprilat Injection)
may be subject to a variety of adverse reactions, some of them serious.
Angioedema: Angioedema of the face, extremities, lips, tongue, glottis and/or larynx has been reported in patients
treated with angiotensin converting enzyme inhibitors, including enalaprilat. This may occur at any time during
treatment. In such cases, Enalaprilat Injection should be promptly discontinued and appropriate therapy and
monitoring should be provided until complete and sustained resolution of signs and symptoms has occurred. In
instances where swelling has been confined to the face and lips the condition has generally resolved without
treatment, although antihistamines have been useful in relieving symptoms. Angioedema associated with laryngeal
edema may be fatal. Where there is involvement of the tongue, glottis or larynx, likely to cause airway
obstruction, appropriate therapy, e.g., subcutaneous epinephrine solution 1:1000 (0.3 mL to 0.5 mL) and/or
measures necessary to ensure a patent airway, should be promptly provided. (See ADVERSE REACTIONS.)

Patients with a history of angioedema unrelated to ACE inhibitor therapy may be at increased risk of
angioedema while receiving an ACE inhibitor (see also INDICATIONS AND USAGE and CONTRAINDICATIONS).
Anaphylactoid Reactions During Desensitization: Two patients undergoing desensitizing treatment with
hymenoptera venom while receiving ACE inhibitors sustained life-threatening anaphylactoid reactions. In the same
patients, these reactions were avoided when ACE inhibitors were temporarily withheld, but they reappeared upon
inadvertent rechallenge.

Anaphylactoid Reactions During Membrane Exposure: Anaphylactoid reactions have been reported in patients
dialyzed with high-flux membranes and treated concomitantly with an ACE inhibitor. Anaphylactoid reactions have
also been reported in patients undergoing low-density lipoprotein apheresis with dextran sulfate absorption.
Neutropenia/Agranulocytosis

Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause agranulocytosis and bone
marrow depression, rarely in uncomplicated patients but more frequently in patients with renal impairment
especially if they also have a collagen vascular disease. Available data from clinical trials of enalapril are
insufficient to show that enalapril does not cause agranulocytosis in similar rates. Marketing experience has
revealed cases of neutropenia, or agranulocytosis in which a causal relationship to enalapril cannot be excluded.
Periodic monitoring of white blood cell counts in patients with collagen vascular disease and renal disease should
be considered.

Hepatic Failure

Rarely, ACE inhibitors have been associated with a syndrome that starts with cholestatic jaundice and progresses
to fulminant hepatic necrosis, and (sometimes) death. The mechanism of this syndrome is not understood. Patients
receiving ACE inhibitors who develop jaundice or marked elevations of hepatic enzymes should discontinue the
ACE inhibitor and receive apprwfnate medical follow-up.

Fetal/Neonatal Morbidity and Mortality

ACE inhibitors can cause fetal and neonatal morbidity and death when administered to pregnant women. Several
dozen cases have been reported in the world literature. When pregnancy is detected, ACE inhibitors should be
discontinued as soon as possible.

The use of ACE inhibitors during the second and third trimesters of pregnancy has been associated with fetal and
neonatal injury, including hypotension, neonatal skull hypoplasia, anuria, reversible or irreversible renal failure, and
death. Oligohydramnios has also been reported, presumably resulting from decreased fetal renal function;
oligohydramnios in this setting has been associated with fetal limb contractures, craniofacial deformation, and
hypoplastic lung development. Prematurity, intrauterine growth retardation, and patent ductus arteriosus have also
been reported, although it is not clear whether these occurrences were due to the ACE-inhibitor exposure.

These adverse effects do not appear to have resulted from intrauterine ACE-inhibitor exposure that has been
limited to the first trimester. Mothers whose embryos and fetuses are exposed to ACE inhibitors only during the first
trimester should be so informed. Nonetheless, when patients become pregnant, physicians should make every
effort to discontinue the use of Enalaprilat Injection as soon as possible.

Rarely (probably less often than once in every thousand pregnancies), no alternative to ACE inhibitors will be
found. In these rare cases, the mothers should be apprised of the potential hazards to their fetuses, and serial
ultrasound examinations should be performed to assess the intraamniotic environment.

If oligohydramnios is observed, Enalaprilat Injection should be discontinued unless it is considered lifesaving for
the mother. Contraction stress testing (CST), a non-stress test (NST), or biophysical profiling (BPP) may be
appropriate, depending upon the week of pregnancy. Patients and physicians should be aware, however, that
oligohydramnios may not appear until after the fetus has sustained irreversible injury.

Infants with histories of in utero exposure to ACE inhibitors should be closely observed for hypotension, oliguria,
and hyperkalemia. If oliguria occurs, attention should be directed toward support of blood pressure and renal
perfusion. Exchange transfusion or dialysis may be required as means of reversing hypotension and/or substituting
for disordered renal function. Enalapril, which crosses the placenta, has been removed from neonatal circulation
by peritoneal dialysis with some clinical benefit, and theoretically may be removed by exchange transfusion,
although there is no experience with the latter procedure.

No teratogenic effects of oral enalapril were seen in studies of pregnant rats and rabbits. On a body surface area
(bl\zjl?%l}s-l th? doses used were 57 times and 12 times, respectively, the maximum recommended human daily dose

PRECAUTIONS

General

Aortic Stenosis/Hypertrophic Cardiomyopathy. As with all vasodilators, enalapril should be given with caution to
patients with obstruction in the outflow tract of the left ventricle.

Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes in
renal function may be anticipated in susceptible individuals. In patients with severe heart failure whose renal
function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with angiotensin
converting enzyme inhibitors, including enalapril or enalaprilat, may be associated with oliguria and/or progressive
azotemia and rarely with acute renal failure and/or death.

In clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood
urea nitrogen and serum creatinine were observed in 20 percent of patients receiving enalapril. These increases
were almost always reversible upon discontinuation of enalapril or enalaprilat and/or diuretic therapy. In such
patients renal function should be monitored during the first few weeks of therapy.

Some hypertensive patients with no apparent pre-existing renal vascular disease have developed increases in
blood urea and serum creatinine, usually minor and transient, especially when enalaprilat has been given
concomitantly with a diuretic. This is more likely to occur in patients with pre-existing renal impairment. Dosage
reduction of enalaprilat and/or discontinuation of the diuretic may be required.

Evaluation of the hypertensive patient should always include assessment of renal function. (See DOSAGE AND
ADMINISTRATION.)

Hyperkalemia: Elevated serum potassium (greater than 5.7 mEq/L) was observed in approximately one percent of
hypertensive patients in clinical trials receiving enalapril. In most cases these were isolated values which resolved
despite continued therapy. Hyperkalemia was a cause of discontinuation of therapy in 0.28 percent of hypertensive
patients. Risk factors for the development of hyperkalemia include renal insufficiency, diabetes mellitus, and the
concomitant use of potassium-sparing agents or potassium supplements, which should be used cautiously, if at all,
with Enalaprilat Injection. (See Drug Interactions.)

Cough: Presumably due to the inhibition of the degradation of endogenous bradykinin, persistent nonproductive
cough has been reported with all ACE inhibitors, always resolving after discontinuation of therapy. ACE
inhibitor-induced cough should be considered in the differential diagnosis of cough.

Surgery/Anesthesia: In patients undergoing major surgery or during anesthesia with agents that produce
hypotension, enalapril may block angiotensin Il formation secondary to compensatory renin release. If hypotension
occurs and is considered to be due to this mechanism, it can be corrected by volume expansion.

Drug Interactions

Gold: Nitritoid reactions (symptoms include facial flushing, nausea, vomiting and hypotension) have been reported
rarely in patients on therapy with injectable gold (sodium aurothiomalate) and concomitant ACE inhibitor therapy.
Hypotension—Patients on Diuretic Therapy. Patients on diuretics and especially those in whom diuretic therapy
was recently instituted, may occasionally experience an excessive reduction of blood pressure after initiation of
therapy with enalaprilat. The possibility of hypotensive effects with enalaprilat can be minimized by administration
of an intravenous infusion of normal saline, discontinuing the diuretic or increasing the salt intake prior to initiation
of treatment with enalaprilat. If it is necessary to continue the diuretic, provide close medical supervision for at
least one hour after the initial dose of enalaprilat. (See WARNINGS.)

Agents Causing Renin Release: The antihypertensive effect of Enalaprilat Injection appears to be augmented by
antihypertensive agents that cause renin release (e.g., diuretics).

Non-steroidal Anti-inflammatory Agents: In some patients with compromised renal function who are being treated
with non-steroidal anti-inflammatory drugs, the co-administration of enalapril may result in a further deterioration
of renal function. These effects are usually reversible.

In a clinical pharmacology study, indomethacin or sulindac was administered to hypertensive patients receiving
enalapril maleate. In this study there was no evidence of a blunting of the antihypertensive action of enalapril
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