
1206   Cardiovascular Drugs
Respiratory-tract disorders. Nebulised adrenaline may be
used to reverse airway obstruction in inflammatory disorders
such as croup since it relieves inflammation and also causes
bronchodilatation. Although some studies in acute viral bronchi-
olitis (see Respiratory Syncytial Virus Infection, p.860) have
shown improvement in clinical scores,1,2 randomised studies
have failed to find any difference in outcome between infants
treated with adrenaline and either salbutamol3 or placebo.4 A
systematic review5 found insufficient evidence to support the use
of adrenaline in inpatients, although there was a suggestion that
it might be of short-term benefit in outpatients. 
However, the BNF states that for severe croup not effectively
controlled with corticosteroids, nebulised adrenaline solution 1
in 1000 may be given with close clinical monitoring in a dose of
400 micrograms/kg (up to a maximum of 5 mg) repeated after 30
minutes if necessary. The effects of nebulised adrenaline are ex-
pected to last 2 to 3 hours. 
There has also been a report6 of the successful use of nebulised
adrenaline in a 15-month-old child with airway inflammation
secondary to the ingestion of sodium hypochlorite.
1. Reijonen T, et al. The clinical efficacy of nebulized racemic

epinephrine and albuterol in acute bronchiolitis. Arch Pediatr
Adolesc Med 1995; 149: 686–92. 

2. Menon K, et al. A randomized trial comparing the efficacy of
epinephrine with salbutamol in the treatment of acute bronchioli-
tis. J Pediatr 1995; 126: 1004–7. 

3. Patel H, et al. A randomized, controlled trial of the effectiveness
of nebulized therapy with epinephrine compared with albuterol
and saline in infants hospitalized for acute viral bronchiolitis. J
Pediatr 2002; 141: 818–24. 

4. Wainwright C, et al. A multicenter, randomized, double-blind,
controlled trial of nebulized epinephrine in infants with acute
bronchiolitis. N Engl J Med 2003; 349: 27–35. 

5. Hartling L, et al. Epinephrine for bronchiolitis. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2004 (accessed 07/10/05). 

6. Ziegler D, Bent G. Caustic-induced upper airway obstruction re-
sponsiveness to nebulized adrenaline. Pediatrics 2001; 107:
807–8.

Preparations
BP 2008: Adrenaline Eye Drops; Adrenaline Injection; Adrenaline Solution;
Bupivacaine and Adrenaline Injection; Dilute Adrenaline Injection 1 in
10,000; Lidocaine and Adrenaline Injection; 
USP 31: Cocaine and Tetracaine Hydrochlorides and Epinephrine Topical
Solution; Epinephrine Bitartrate for Ophthalmic Solution; Epinephrine
Bitartrate Inhalation Aerosol; Epinephrine Bitartrate Ophthalmic Solution;
Epinephrine Inhalation Aerosol; Epinephrine Inhalation Solution; Epine-
phrine Injection; Epinephrine Nasal Solution; Epinephrine Ophthalmic Solu-
tion; Epinephryl Borate Ophthalmic Solution; Lidocaine Hydrochloride and
Epinephrine Injection; Prilocaine and Epinephrine Injection; Procaine Hy-
drochloride and Epinephrine Injection; Racepinephrine Inhalation Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: EpiPen; Austral.: EpiPen; Austria: EpiPen; Suprarenin; Belg.: EpiPen;
Braz.: Drenalin; Nefrin†; Canad.: EpiPen; Twinject; Vaponefrin; Cz.: Ana-
pen; EpiPen; Glaucon†; Denm.: EpiPen; Fin.: EpiPen; Fr.: Anahelp; Anapen;
Ger.: Anapen; Fastjekt; InfectoKrupp; Suprarenin; Gr.: Anapen; EpiPen;
Hung.: Anapen; EpiPen; Tonogen; Irl.: Anapen; Eppy†; Israel: EpiPen; Ital.:
Fastjekt; Malaysia: EpiPen; Mex.: Pinadrina; Neth.: EpiPen; Norw.: Epi-
Pen; NZ: EpiPen; Philipp.: Adrenin; Pol.: Anapen; EpiPen; Fastjekt; Port.:
Anapen; EpiPen; S.Afr.: Adrenotone; Ana-Guard; EpiPen; Eppy; Simplene;
Spain: Adreject; Swed.: Anapen; EpiPen; Eppy†; Switz.: EpiPen; UK: An-
apen; EpiPen; USA: AsthmaHaler Mist; AsthmaNefrin; Epifrin†; Epinal; Epi-
Pen; Glaucon†; microNefrin; Nephron; Primatene Mist; Primatene Mist Sus-
pension; S-2.

Multi-ingredient: Arg.: Asmopul†; Yanal; Austral.: Rectinol; Ger.: Links-
Glaukosan†; Mydrial-Atropin†; Hung.: Hemorid; Noditran†; India:
Brovon; Irl.: Ganda; Ital.: Pilodren†; Rinantipiol†; Port.: Adrinex†; Spain:
Coliriocilina Adren Astr ; Epistaxol; Switz.: Haemocortin; UK: Brovon;
USA: Ana-Kit; E-Pilo†; Emergent-Ez; PE†.

Used as an adjunct in: Arg.: Caina G; Duracaine; Gobbicaina; Larjancaina;
Xylocaina; Austral.: Citanest Dental; Lignospan†; Marcain; Nurocain; Scan-
donest†; Xylocaine; Austria: Neo-Xylestesin; Neo-Xylestesin forte; Scan-
donest; Septanest; Ubistesin; Ultracain Dental; Xylanaest; Xylocain; Belg.:
Citanest; Marcaine; Ubistesin†; Xylocaine; Braz.: Bupiabbott Plus; Lidocab-
bott; Lidogeyer†; Marcaina; Neocaina; Novabupi; Xylestesin; Xylocaina; Ca-
nad.: Astracaine†; Citanest†; Marcaine; Sensorcaine; Xylocaine; Cz.: Mar-
caine; Scandonest; Septanest S; Supracain; Ubistesin; Ultracain D-S†;
Xylestesin-A†; Denm.: Carbocain; Marcain; Scandonest; Septanest; Septo-
caine; Ubistesin; Xylocain; Xyloplyin; Fin.: Marcain; Septocaine; Ubistesin;
Ultracain D-Suprarenin; Xylocain; Fr.: Alphacaine; Marcaine†; Predesic†;
Ubistesin Adrenalinee; Xylocaine; Ger.: Ubistesin; Ultracain D-S; Ultracain
Suprarenin; Xylestesin-A, Xylestesin centro†; Xylestesin-S†; Xylocain; Xy-
locitin; Xylonest; Gr.: Marcaine; Xylocaine; Hong Kong: Marcain; Ubistesin;
Xylestesin-A; Xylocaine; Hung.: Ubistesin; Ultracain D-S; India: Gesicain;
Xylocaine; Indon.: Extracaine; Pehacain; Irl.: Marcain; Xylocaine; Israel:
Kamacaine; Lidocadren†; Marcaine; Ital.: Alfacaina; Bupicain; Bupiforan;
Bupisen; Bupisolver; Bupixamol; Carbocaina; Carbosen; Cartidont; Citocar-
tin; Ecocain; Lident Adrenalina†; Lident Andrenor†; Marcaina; Mepi-Mynol;
Mepicain; Mepident; Mepiforan; Mepisolver; Mepivamol; Molcain†; Opto-
cain; Primacaine†; Sarticain; Scandonest; Septanest; Ubistesin; Xilo-Mynol;
Xylonor; Xyloplyina; Malaysia: Denkan; Marcain; Mex.: Buvacaina; Pis-
acaina; Unicaine; Xylocaina; Neth.: Bupiforan; Citanest; Lignospan; Mar-
caine; Scandicaine; Septanest; Ubistesin; Ultracain D-S; Xylocaine; Norw.:
Marcain; Septocaine; Xylocain; NZ: Marcain; Septanest; Topicaine; Xylestes-
in-A; Xylocaine; Philipp.: Dentocaine; Pol.: Marcaine; Port.: Alphacaine;
Artinibsa; Artinostrum; Bupinostrum; Lidonostrum; Lincaina; Meganest;
Octocaine; Scandinibsa; Septanest; Ubistesin; Xilonibsa; Rus.: Ultracain
(Ультракаин); S.Afr.: Lignospan Special†; Macaine; Scandonest†; Xylotox;
Singapore: Xylocaine; Spain: Anestesia Topi Braun C/A; Articaina C/E;
Meganest; Octocaine; Scandinibsa; Ultracain; Xilonibsa; Xylonor Especial;
Swed.: Carbocain; Marcain; Xylocain; Switz.: Alphacaine; Carbostesin;
Lignospan†; Rapidocaine; Rudocaine; Scandonest; Septanest; Ubistesin; Ul-
tracaine D-S; Xylestesin-S "special"†; Xylocain; Xylonest; Xyloplyin†; Thai.:

Lidocation; Lidocaton†; Xylocaine; Turk.: Jetokain; Jetosel; Ultracain; UAE:
Ecocain; UK: Lignostab-A†; Septanest; Xylocaine; Xylotox†; USA: Citanest;
Duranest†; Marcaine; Octocaine; Sensorcaine; Septocaine; Xylocaine.

Ajmaline
Aimaliini; Ajmalin; Ajmalina; Ajmalinum; Rauwolfine. (17R,21R)-
Ajmalan-17,21-diol.

Аймалин
C20H26N2O2 = 326.4.
CAS — 4360-12-7.
ATC — C01BA05.
ATC Vet — QC01BA05.

Pharmacopoeias. In Jpn.

Adverse Effects
Ajmaline depresses the conductivity of the heart, and at high dos-
es can cause heart block. At very high doses it may produce a
negative inotropic effect. High doses may cause cardiac arrhyth-
mias, coma, and death. Arrhythmias have also been reported af-
ter usual intravenous doses (see below). Adverse neurological ef-
fects have been reported including eye twitching, convulsions,
and respiratory depression. Hepatotoxicity and agranulocytosis
may occasionally occur.

Effects on the heart. Electrophysiologic study1 in 1955 pa-
tients revealed that ajmaline 1 mg/kg given intravenously could
induce arrhythmias; 63 developed a supraventricular arrhythmia
and 7 an atrioventricular re-entrant tachycardia. Ventricular
tachycardia2,3 and torsade de pointes4 have been reported during
diagnostic use.
1. Brembilla-Perrot B, Terrier de la Chaise A. Provocation of su-

praventricular tachycardias by an intravenous class I antiarrhyth-
mic drug. Int J Cardiol 1992; 34: 189–98. 

2. Rolf S, et al. The ajmaline challenge in Brugada syndrome: di-
agnostic impact, safety, and recommended protocol. Eur Heart J
2003; 24: 1104–12. 

3. Pinar Bermúdez E, et al. Spontaneous sustained monomorphic
ventricular tachycardia after administration of ajmaline in a pa-
tient with Brugada syndrome. Pacing Clin Electrophysiol 2000;
23: 407–9. 

4. Haverkamp W, et al. Torsade de pointes induced by ajmaline. Z
Kardiol 2001; 90: 586–90.

Precautions
As for Quinidine, p.1384.

Interactions

Antiarrhythmics. Oral use of quinidine with ajmaline in-
creased plasma concentrations of ajmaline considerably in 4
healthy subjects; the elimination half-life of ajmaline was in-
creased about twofold.1 The pharmacokinetics of quinidine did
not seem to be affected by ajmaline.
1. Hori R, et al. Quinidine-induced rise in ajmaline plasma concen-

tration. J Pharm Pharmacol 1984; 36: 202–4.

Uses and Administration
Ajmaline is an alkaloid obtained from the root of Rauwolfia ser-
pentina (Apocynaceae). It is a class Ia antiarrhythmic (p.1153)
used in the treatment of supraventricular and ventricular arrhyth-
mias (p.1160) and for differential diagnosis of Wolff-Parkinson-
White syndrome. Ajmaline is given by intravenous injection in a
usual dose of 50 mg over at least 5 minutes. It may also be given
by intravenous infusion, and has been given orally and by intra-
muscular injection. 
Ajmaline has also been used as the hydrochloride, monoeth-
anolate, and phenobarbital salts.

Brugada syndrome. Brugada syndrome is a congenital disor-
der affecting myocardial sodium channels and may be associated
with sudden cardiac death. Class 1a antiarrhythmics such as
ajmaline block the sodium channel and may have a role in the
diagnosis of Brugada syndrome, although they are not suitable
for treatment. 
References.
1. Rolf S, et al.The ajmaline challenge in Brugada syndrome: diag-

nostic impact, safety, and recommended protocol. Eur Heart J
2003; 24: 1104–12.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Gilurytmal; Cz.: Gilurytmal†; Ger.: Gilurytmal.

Alacepril (rINN)

Alacépril; Alaceprilum; DU-1219. N-{1-[(S)-3-Mercapto-2-meth-
ylpropionyl]-L-prolyl}-3-phenyl-L-alanine acetate.

Алацеприл
C20H26N2O5S = 406.5.
CAS — 74258-86-9.

Pharmacopoeias. In Jpn.

Profile
Alacepril is an ACE inhibitor (p.1193) used in the treatment of
hypertension (p.1171). It is converted to captopril and desacety-
lalacepril (DU-1227) in the body after oral doses. It is given oral-
ly in a usual dose of 25 to 75 mg daily, as a single dose or in two
divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Cetapril.

Aliskiren Fumarate (USAN, rINNM)

Aliskiren Hemifumarate; Aliskirène, Fumarate de; Aliskireni Fu-
maras; CGP-60536B; Fumarato de aliskireno; SPP-100 (aliskiren
or aliskiren fumarate). Bis(2S,4S,5S,7S)-5-amino-N-(2-carbamoyl-
2-methylpropyl)-4-hydroxy-2-isopropyl-7-[4-methoxy-3-(3-meth-
oxypropoxy)benzyl]-8-methylnonanamide fumarate (2:1).

Алискирена Фумарат
(C30H53N3O6)2,C4H4O4 = 1219.6.
CAS — 173334-57-1 (aliskiren); 173334-58-2 (aliskiren
fumarate).
ATC — C09XA02.
ATC Vet — QC09XA02.

(aliskiren)

Adverse Effects and Precautions
Aliskiren is generally well-tolerated but may produce
dose-related gastrointestinal adverse effects including
diarrhoea, abdominal pain, dyspepsia, and gastro-
oesophageal reflux. Other adverse effects include hy-
potension, headache, dizziness, fatigue, back pain, and
cough; rashes, hyperuricaemia, gout, and renal calculi
may also occur. Angioedema has been reported rarely,
and there have also been reports of seizures. As with
other inhibitors of the renin-angiotensin system, dose-
related decreases in haemoglobin have been reported. 
Aliskiren should be avoided in pregnancy since drugs
acting on the renin-angiotensin system have been asso-
ciated with fetal and neonatal morbidity and mortality.
It should be used with caution in patients with renal im-
pairment or renovascular hypertension. Patients with
sodium or volume depletion (for example those receiv-
ing high-dose diuretics) may experience symptomatic
hypotension on starting aliskiren and treatment should
begin under close medical supervision.

Interactions
Use of aliskiren with other antihypertensives or drugs
that cause hypotension may have an additive effect.
Renal function and electrolytes should be monitored in
diabetic patients taking aliskiren and ACE inhibitors
since there is an increased risk of hyperkalaemia and
renal impairment. 

N

CH3

N

CH3

OH

H

OHH

H3C S O

O N

H3C H

N
H

H
OH

O

O

H

O O

H C CHO

H NHH

N
H

NH
OHH H

CHH C

O

CHH C

OH C

H C



Ajmaline/Alteplase    1207

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Aliskiren is metabolised to a small extent by the cyto-
chrome P450 isoenzyme CYP3A4 but few significant
interactions have been reported. Plasma-aliskiren con-
centrations may be reduced by irbesartan and increased
by atorvastatin and ketoconazole but the clinical rele-
vance is not clear. Aliskiren has caused significant de-
creases in furosemide concentrations.

Pharmacokinetics
Aliskiren is poorly absorbed from the gastrointestinal
tract with a bioavailability of about 2.5%. Peak plasma
concentrations are reached about 1 to 3 hours after an
oral dose. Absorption is reduced when aliskiren is tak-
en with a high-fat meal. Aliskiren is about 50% bound
to plasma proteins. It is excreted mainly in the faeces,
possibly via the bile; about 25% of the absorbed dose
is excreted in the urine as unchanged drug. Aliskiren is
a substrate for the cytochrome P450 isoenzyme
CYP3A4 but metabolism appears to be minimal. The
elimination half-life is about 24 to 40 hours, and
steady-state concentrations are reached in about 7 to 8
days.

Uses and Administration
Aliskiren is an orally active renin inhibitor used in the
management of hypertension; it prevents the conver-
sion of angiotensinogen into angiotensin I and there-
fore inhibits the production of angiotensin II and aldos-
terone. It is given as the fumarate, although licensed
product information in some countries specifies the
base. Doses are expressed in terms of the base;
165.8 mg of aliskiren fumarate is equivalent to about
150 mg of aliskiren. The usual initial oral dose of al-
iskiren is 150 mg once daily, increased to 300 mg once
daily if necessary. Doses may be taken before or after
food, but patients should establish a routine pattern
with regard to meals. 
Aliskiren is also under investigation in heart failure and
diabetic nephropathy.
◊ Reviews.
1. Van Tassell BW, Munger MA. Aliskiren for renin inhibition: a

new class of antihypertensives. Ann Pharmacother 2007; 41:
456–64. 

2. Frampton JE, Curran MP. Aliskiren: a review of its use in the
management of hypertension. Drugs 2007; 67: 1767–92. 

3. Chrysant SG. Aliskiren-hydrochlorothiazide combination for the
treatment of hypertension. Expert Rev Cardiovasc Ther 2008; 6:
305–14. 

4. Jensen C, et al. Aliskiren: the first renin inhibitor for clinical
treatment. Nat Rev Drug Discov 2008; 7: 399–410. 

5. Sureshkumar KK, et al. Aliskiren: clinical experience and future
perspectives of renin inhibition. Expert Opin Pharmacother
2008; 9: 825–37. 

6. Kappert K, et al. Aliskiren. Dtsch Med Wochenschr 2008; 133:
1308–12.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Enviage; Rasilez; Riprazo; Sprimeo; Tekturna; Fr.: Rasilez; Port.: En-
viage; Rasilez; Riprazo; Tekturna; UK: Rasilez; USA: Tekturna.

Alprenolol (BAN, rINN) ⊗ 
Alprénolol; Alprenololi; Alprenololum. 1-(2-Allylphenoxy)-3-iso-
propylaminopropan-2-ol.
Альпренолол
C15H23NO2 = 249.3.
CAS — 13655-52-2.
ATC — C07AA01.
ATC Vet — QC07AA01.

Alprenolol Benzoate (BANM, rINNM) ⊗ 
Alprénolol, benzoate d’; Alprenololi benzoas; Benzoato de alpre-
nolol.
Альпренолола Бензоат
C22H29NO4 = 371.5.
ATC — C07AA01.
ATC Vet — QC07AA01.

Alprenolol Hydrochloride (BANM, USAN, rINNM) ⊗ 
Alprénolol, chlorhydrate d’; Alprenolol-hidroklorid; Alprenolol-
hydrochlorid; Alprenololhydroklorid; Alprenololi hydrochlori-
dum; Alprenololihydrokloridi; Alprenololio hidrochloridas;
H56/28; Hidrocloruro de alprenolol.

Альпренолола Гидрохлорид
C15H23NO2,HCl = 285.8.
CAS — 13707-88-5.
ATC — C07AA01.
ATC Vet — QC07AA01.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Alprenolol Hydrochloride). A white, or almost
white, crystalline powder or colourless crystals. Very soluble in
water; freely soluble in alcohol and in dichloromethane. Protect
from light.

Profile
Alprenolol is a non-cardioselective beta blocker (p.1225). It is
reported to have intrinsic sympathomimetic activity and some
membrane-stabilising properties. 
Alprenolol has been given orally, as the benzoate or hydrochlo-
ride, in the management of hypertension, angina pectoris, and
cardiac arrhythmias.

Alteplase (BAN, USAN, rINN)

Alteplaasi; Alteplas; Alteplasa; Altéplase; Alteplasum; Alteplaz; G-
11035; G-11044; G-11021 (2-chain form); Recombinant Tissue-
type Plasminogen Activator; rt-PA.

Альтеплаза
CAS — 105857-23-6.
ATC — B01AD02; S01XA13.
ATC Vet — QB01AD02; QS01XA13.

Description. Alteplase is a glycosylated protein of 527 residues
having the amino acid sequence of human tissue plasminogen
activator (t-PA) and produced by recombinant DNA technology.
Pharmacopoeias. In US. Eur. (see p.vii) includes Alteplase for
Injection. 
Ph. Eur. 6.2 (Alteplase for Injection; Alteplasum ad Iniectabile). A
sterile, freeze-dried preparation of alteplase, a tissue plasmino-
gen activator produced by recombinant DNA technology. It has
a potency of not less than 500 000 units/mg of protein. It is a
white or slightly yellow powder or friable mass. The reconstitut-
ed preparation has a pH of 7.1 to 7.5. Store in colourless glass
containers, under vacuum or an inert gas, at a temperature be-
tween 2° and 30°. Protect from light. Alteplase consists of 527
amino acids with carbohydrate moieties attached. 
USP 31 (Alteplase). A highly purified glycosylated serine pro-
tease with fibrin-binding properties and plasminogen-specific
proteolytic activities. It is produced by recombinant DNA syn-
thesis in mammalian cell culture. It has a potency of 522 000 to
667 000 USP units/mg of protein. Store in airtight containers in
the frozen state at a temperature of −20° or below.

Incompatibility and stability. Alteplase has been reported1 to
be incompatible with dobutamine, dopamine, glyceryl trinitrate,
and heparin, although a subsequent study found no incompatibil-
ity between alteplase and glyceryl trinitrate.2 Another study3

found that dilution of a proprietary preparation of alteplase (Ac-
tivase) to 0.09 and 0.16 mg/mL with glucose 5% resulted in pre-
cipitation of the drug. Alteplase is formulated with arginine as a
solubilising agent, and dilution with glucose 5% to concentra-
tions below 0.5 mg/mL of alteplase makes precipitation possible.
Dilution with sodium chloride 0.9% is possible to concentrations
down to 0.2 mg/mL before precipitation becomes a risk. 
Studies4,5 have suggested that a 1 mg/mL solution of alteplase
retains its activity when frozen at −20° or below for up to 6
months.
1. Lee CY, et al. Visual and spectrophotometric determination of

compatibility of alteplase and streptokinase with other injectable
drugs. Am J Hosp Pharm 1990; 47: 606–8. 

2. Lam XM, et al. Stability and activity of alteplase with injectable
drugs commonly used in cardiac therapy. Am J Health-Syst
Pharm 1995; 52: 1904–9. 

3. Frazin BS. Maximal dilution of Activase. Am J Hosp Pharm
1990; 47: 1016. 

4. Calis KA, et al. Bioactivity of cryopreserved alteplase solutions.
Am J Health-Syst Pharm 1999; 56: 2056–7. 

5. Wiernikowski JT, et al. Stability and sterility of recombinant tis-
sue plasminogen activator at −30°C. Lancet 2000; 355: 2221–2.

Units
The activity of alteplase can be measured in terms of
international units using the third International Stand-
ard for tissue plasminogen activator recombinant,
human, established in 1999, although doses are gener-
ally expressed by weight.

Adverse Effects, Treatment, and Precau-
tions
As for Streptokinase, p.1402. Allergic reactions are
less likely with alteplase than with streptokinase and
repeated use may be possible.
Hypersensitivity. An anaphylactoid reaction to alteplase oc-
curred in a patient with a history of atopy.1 For comment on this
unexpected reaction, see Hypersensitivity under Adverse Effects
of Streptokinase, p.1404. (See also ACE Inhibitors under Inter-
actions, below).
1. Purvis JA, et al. Anaphylactoid reaction after injection of al-

teplase. Lancet 1993; 341: 966–7.

Thrombin generation. Alteplase produces considerable
thrombin generation which may result from direct activation of
the coagulation system by plasmin or by positive feedback of the
coagulation system by clot-bound thrombin. This excessive
thrombin generation was considered a possible cause of myocar-
dial infarction in a patient undergoing thrombolytic therapy with
alteplase for venous thrombosis.1 Streptokinase produced no ev-
idence of excessive thrombin generation.
1. Baglin TP, et al. Thrombin generation and myocardial infarction

during infusion of tissue-plasminogen activator. Lancet 1993;
341: 504–5.

Interactions
As for Streptokinase, p.1404.
ACE inhibitors. Angioedema has been reported rarely in pa-
tients treated with alteplase, but the risk may be increased in
those taking ACE inhibitors. A prospective study1 found that out
of 176 patients treated with alteplase for acute stroke, 9 devel-
oped angioedema; the risk was strongly associated with use of an
ACE inhibitor (7 of the 9).
1. Hill MD, et al. Hemi-orolingual angioedema and ACE inhibition

after alteplase treatment of stroke. Neurology 2003; 60: 1525–7.

Glyceryl trinitrate. Although thrombolytics and nitrates are
both frequently used in acute myocardial infarction a report sug-
gested that this combination may result in impaired thromboly-
sis. Giving alteplase and glyceryl trinitrate intravenously to 36
patients with acute myocardial infarction produced lower plas-
ma-antigen concentrations of tissue-plasminogen activator than
alteplase given alone to 11 patients.1 Reperfusion was sustained
in only 44% of patients receiving both drugs compared with 91%
of patients given alteplase alone. The authors of a subsequent
study2 suggested that these lower plasma concentrations may be
due to increased hepatic metabolism of alteplase as a result of
glyceryl trinitrate’s effect of increasing hepatic blood flow.
1. Nicolini FA, et al. Concurrent nitroglycerin therapy impairs tis-

sue-type plasminogen activator-induced thrombolysis in patients
with acute myocardial infarction. Am J Cardiol 1994; 74: 662–6. 

2. Romeo F, et al. Concurrent nitroglycerin administration reduces
the efficacy of recombinant tissue-type plasminogen activator in
patients with acute anterior wall myocardial infarction. Am
Heart J 1995; 130: 692–7.

Pharmacokinetics
Alteplase is cleared rapidly from the plasma, mainly by
metabolism in the liver. It has an initial half-life of 4 to
5 minutes and a terminal half-life of about 40 minutes.
◊ References.
1. Krause J. Catabolism of tissue-type plasminogen activator (t-

PA), its variants, mutants and hybrids. Fibrinolysis 1988; 2:
133–42.

Uses and Administration
Alteplase is a thrombolytic drug. It is a mainly single-
chain form of the endogenous enzyme tissue plasmino-
gen activator and is produced by recombinant DNA
technology. Like endogenous tissue plasminogen acti-
vator, alteplase converts fibrin-bound plasminogen to
the active form plasmin, resulting in fibrinolysis and
dissolution of clots. The mechanisms of fibrinolysis
are discussed further under Haemostasis and Fibrinol-
ysis on p.1045. Alteplase has relatively little effect on
circulating, unbound plasminogen and thus may be
termed a fibrin-specific thrombolytic (see p.1156). 
Alteplase is used similarly to streptokinase (p.1404) in
the treatment of thromboembolic disorders, particular-
ly myocardial infarction (p.1175) and venous throm-
boembolism (p.1189), and to clear occluded catheters
(see below). Alteplase may also be used in patients
with acute ischaemic stroke (p.1185). 
In the treatment of acute myocardial infarction, al-
teplase is given intravenously as soon as possible after
the onset of symptoms in a total dose of 100 mg; the
total dose should not exceed 1.5 mg/kg in patients
weighing less than 65 kg. The total dose may be given
either over 11⁄2 hours (accelerated or ‘front-loaded’ al-
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