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Orgon and lissue transplarrtation. Cardiovascular disease 
is ăn important cause oỉ morbidity and mortality after 
organ transplantatìon and statúư are useỉul for cardiovas- 
cular rísk reductíon in these patíents. They may also have 
immunomodulatory eỡects and have reduced the risk of 
rejection in some stuđies.1 Some evidence also suggests 
that they may reduce the risk of sepsis and post-transplan- 
tation inỉections.2 A meta-analysis oi patients who had 
undergone heart ơansplantatíon (p. 1938.2) considered 
that treatment with a stadn within 3 months of transplan- 
tatìon reduced allograít rejectlon with haemodynamỉc 
compromise and redũced 1-year mortaKty;1 it was calcu- 
lated that one Me was saved for every 8.5 treated hean 
transplant patíents. There is some tentative evidence that 
statin therapy may also reduce acute rejection and the 
development of obliteratìve bronchiolitis in patients who 
have undergone lung transplantatíon (p. 1941.3)/
although prospective controlled srudies are lacking.
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Ósteoporosú. Statins appear to have eííects on bone 
metabolism and preliminary studies1-2 have suggested that 
some statìns may 'mcrease bone mineral denãty. Hotvever, 
the dinical relevance of any effect á  undear.3 Several 
case-conơol studies4'4 have also suggested that use oỉ sta- 
tins may protect against íractures, but another case-control 
stuđy7 and an observational study8 tailed to support su ch 
an assodatíon. A review’ of 4 ỉurther observatíonal studies 
íound that the risk oỉ hacture was Iower in women taking 
statins, but analysiỉ oỉ data from randomised studies of 
statins for cardiovascular disease10-11 íailed to conũrm any 
eữect, and controlled studies are needed3-12 to conSrm the 
role of statins in the management oỉ osteoporosis
(p. 1168.1).
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Adverse Eỉkcts
The commonest adverse eỉfects oí therapy with simvastatin 
and other statins are gastrointestinal disturbances. Other 
adverse eãects are geneially rare but inđude headache, 
rash, dÌTTĨness. insomnia. hypeiglycaemia and diabetes 
mellitus, peripheraỉ neuropathy, reversible cognitive 
ũnpainnent. depression, interstitiai lung disease, sexual 
dysỉunction, and alopeda. Hypersensitivity reactions have 
occurred. induding anaphylaxis, angioedema, urticaria, 
photosensitivity, íever, ũushing, dyspnoea. thrombocyto- 
penia, toxic epidermal necrolysis, deimatomyositis. vascu- 
litis, and lupus-like syndrome. Reveisíble increases in 
serum-transaminase concentratíons may occur. Hepatitis. 
hepatic íailure. and pancreatitis have been reported. Dose- 
related myopathy, characterised by myalgia and musde 
weakness and assoóatẹd with increased creatine phospho- 
kinase concentratíons, has been reponed. Drug ứiteractíons 
may increase the risk of myopathy, see Interactions. 
p. 1494.2. Rarely, rhabdomyolysiỉ with acute renal ỉailure 
may develop.
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Inckience of adverse effects. By February 1992 the UK 
CSM had received 738 reports of adverse eỉíects assodated 
with simvastatin,1 ừom an estỉmated 257000 prescrip- 
tìons. Abnonnal hepadc hmction and myalgia were 2 of 
the most írequently reported reactions, with 36 and 48 
reports respectively, induding 5 reports of hepatitis and 2 
of jaundice. Other musde effects induded 3 reports of 
myositis, 10 of myopathy, and 7 reports of asymptomatỉc 
increases in serum creatine kỉnase concentrations. Gastro- 
intestinal adverse eííects accounted for 20% of the reports; 
skin, neurological and musculoskeletal eííects for 15% 
each; psychiatric elíects for 10%; liver ellects for 7%; and 
visual effects for 4%. A systematic revievv2 of data from 
dinical studies conhrmed that the risk of liver transamì- 
nase elevation was inCTeased by statins but there was no 
signihcant inaease in the inddenee of myalgia (reponed 
in about 15% of patients), CTeatine kinase elevation 
(0.9%), or rhabdomyolysis (0.2%), compared with place- 
bo. The inddence of adverse eííects may be greater vvith 
high-dose therapy.M
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Cardnogenidty. For discussion oỉ the effects oỉ statins on 
the risk oí cancer, see Malignant Neoplasms under Uses, 
p. 1491.3.

Effeds on the blood. Throm bocytopenia  has been reported 
rarely with statìn therapy. Serìous thrombocytopenic 
purpura has occurred with súnvastatin, with the onset 
rangừig ừom 1 or 2 days1J to 11 or 12 months3-4 after 
starting aeatment. Platelet counts improved after stopping 
simvastatin in each case, although most patients were 
given corticosteioidỉ. ỉmmunoglobulins, or plasma 
exchange. There has also been a similar report vvith ator- 
vastatin,5 vvhich recurred on rechallenge; the patient had 
previously taken sũnvastatin vvithout developing thrombo- 
cytopenia. suggesting an idiosyncratic reaction.

A case of h a im o ìy tic  a n a tm ia  has be en reported6 in a 
patìent taking lovastatìn; no adverse effea was seen when 
the patient vvas given simvastatin.

Statins have eữects on coagulanon and hbrinolysis but 
these are geneially beneCdal (see Action under Uses, 
p. 1489.3), there have been rare reports of ocular 
haem orrhage,7 but the assodation vvith siatins is not 
established.
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Effeds on the eyes. Studies in a n im a ls have suggested that 
some statins could cause cataracts, but this has not been 
conSrmed ỉn humans. Although a study1 with lovastatin 
ỉound lens opadties in 13 o i 101 patients after Deatment 
for 18 weeks. no deterioration in visual íunction was 
íound in 11 oỉ these who continued lovastatin and were 
followed up ỉor an average of 26 months bom the start oỉ 
treatment. Simiỉarly, no diửerences were íound in the 
development oỉ lens opadties or in changes in visual acui- 
ty between padents treated with lovastatin for 48 weeks 
and patients taking placebo in a study o i 8245 patients.2 A 
large case-conưol study3 ỉound no evidence that use oi 
therapeutic statin doses was assodated with the develop- 
ment of cataracts, although the risk did appear to be 
increased in patients takmg simvastatin with erythro- 
mydn. Further observational studies have suggested that

statins may have benehdal eííects; in One study4 there 
was no eỉtect on the overall inddence of cataraa but the 
risk of developing nudear cataraa appeared to be 
decreased. vyhile another study1 reported a reductìon in 
the overall inddence but this was not signihcant ỉor any 
spedhc cataract type.

For mention oỉ ocular haemoirhage in patients taking 
statins, see Eữects on the Blood, above.
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Effeds on the hair. Betvveen its introduction in Australia 
and 1993, 16 cases of alopecia assodated vvith the use oỉ 
simvastatin had been reported to the Adveise Dnig Reac- 
tions Advisory Committee.1 Most cases involved either 
excessive hair ioss or hair thinning, although 2 cases of 
hair loss in patches and 1 resembling alopeda areata were 
reported. Onset occurred between 3 daỹs and 15 months 
aíter staning therapy. Progressive hair loss has also been 
reported2 in a woman vyithin 6 weeks oí staning atorvas- 
tatin; the hair regrevy when atorvastatin was stopped but 

ị alopecia recurred when therapy vvas restarted 5 months 
I latér.
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Effects on the lcidneys. Proteinurìa was reported in 10 
patients taking simvastatin 40 mg daily.1 The protein loss 
was of a pattem typical for increased glomendar perme- 
ability. In 2 patients proteinuria disappeared when simva- 
statin was withdrawn and recuưed on its subsequent rein- 
ưoduction. Proteinurìa has also been seen vvith 
rosuvastatin, and was found to be dose-dependent.2 How- 
ever, there is also some evidence that statins may improve 
proteinuria (see Kidney Disorders under Uses, p. 1491.3).

Acute tubuỉointerstitial nephritừ developed3 in a patient 
receiving high-dose therapy with rosuvastatin. It resolved 
over 3 weeks vvhen rosuvastatin was stopped, but recurred 2 
weeks after rechaDenge. A similar reaction was noted with 
atorvastatin, but improved with dose reduaion, and the 
patient was hnally stabilised on sứnvastaún vvithout a 
hirther recurrence.

Renal Ịailure due to rhabdomyolysis has been reported 
rarely (sée under ESects on Skelétal Muscle, p. 1493.2).
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Effech on the Gver. Statins cause dose^elated increases in 
liver enzymes but the inddence appears to be low with 
!ow to moderate doses1 and serious hepatic ehects appear 
to be rare.2 Although monitoring of liver tunction tests is 
advised, the value of routine assessment has been ques- 
doned.3 There is some evidence4 that the inddence of 
hepatíc reactions may be higher vvith Auvastatin than 
with other statins, but this is not yet established.

There have also been case reports5-* of cholestasis and 
acute hepatítís in patìents receivũig statins.
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Effects on the lungs. Interstítíal lung disorders, induding 
hypersensitìvity pneumonitís, have been reported with 
several statìns.1'3 ỉn some cases the conditíon improved 
when the statìn was stopped2 but treatment with cortìcos- 
teroids and immunosuppressants was required in some 
patíents1"4 and Progressive disease and íatalitìes have 
õccurred.4
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Effecb on mental íunction. There have been conHicting 
rcports oi the eíỉects oi statins on mental hinction, and 
adverse psychiatric reactions have been reported with sta- 
tins and with other Iipid regulating drugs, although the 
exact assodation is unclear.

There have been a few case reports of depressive symptom 
developing in patients treated with pravastatin1 or 
sứnvastatin.1 The symptoms appeared during the first few 
weeks or months of ơeatment. Hovvever, randomised 
studies invesúgating the effects of lowering cholesterol on 
mental hinction have found no eữect on mood dỉsorders 
(vvith siinvastatin3) or psychological well-being (with 
lovastatin4 or pravastatin5), and epidemiological studies 
have suggested that use oỉ statins may be assodated with 
improved psychological status6 and a reduction in the risk of 
depression and suidde.7

Impairment of cognitive Junction has been reported with 
statins. In the study using Iovastatin,'4 reductions in some 
measures of' cọgnitive hmction were noted, and sừnilar 
results were lound in a study using ámvastatin.8 New onset 
cognitívẹ impairment in a patíent a week aỉter starting 
sũnvastatin resolved vvhen the drug was stopped but 
recurred on rechallenge with a lower dose,9 while analyses 
of reports tó adverse drug reaction reporting databases10,11 
have ỉound several cases of memory loss in patients 
receiving statins, some of which were conhnned by 
rechalỉenge. Hovvever, clinical studies have not ỉound 
statins to have an adverse eữect on cognition, and there is 
epidemiological evidence that use of statins may reduce the 
inádence of dementia (see under Uses, p. 1491.2). A study 
with atorvastatin12 also íound benehdal effects on cognitive 
hinctíon.

Other psychiatrìc eữects that have been noted in reports 
to another adverse drug reactíon reporting database13 
indude 5 cases of aggressive reactions, all of which resolved 
when the statin was stopped.

See also EHects on Sleẽp Pattems, below.
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Effects on ihe nervous System. Treatment with statins 
may be assodated vvith the development of peripheral 
neuropathy,1 although the reaction appears to be rare. Up 
to 2005, the Australian Adverse Drug Reactions Advisory 
Committee had received 281 reports2 of both sensory and 
sensorimotor perìpheral neuropathies assodated with sta- 
tins. Time to onset oỉ symptoms ranged bom after the first 
dose to 4.5 years. Recovery was seen on withdrawal in 
about halỉ oỉ the cases, induding in some diabetics, and 
there were some reports oỉ positìve rechallenge. In 21 
cases symptoms persisted at the time of reporting, up to 8 
months aher the statỉn was stopped, and in a íurther 2 
reports the symptoms were unresõlved after 3 and 5 years 
respectively. Similar pattems have been noted elsewhere.3 
A case-conơol study4 found that the tisk oỉ neuropathy 
was substantially increased in users oí statỉns although the 
number oí cases was small, and the authors conduded 
that the benehts of therapy generally outweighed the 
risks.

Reports’ of upper motor neurone leãons similar to 
amyoưophic lateral sderosis (ALS) in patíents taking statins 
prompted the FDA to anaỉyse data bom their spontaneous 
adverse event reporting System; however, the inddence of 
ALS with statìns and placebo was similar.6

1. Badces JM. Howard PA. Assodâtion of HMG-CoA reductase inhỉbỉtors 
wỉth neuropathy. A m  Pharmacother 2003; 37:274-8.

2. Adveise Drug Reacdons Advisory Commỉttee (ADRAC). Statins and
peripheraỉ neuropathỵ. Aiot Adverse Drug Rtađ Buũ 2005; 24: 6. Aỉso 
ãvaũable at: http://www.tga.gov^u/adr/aadrh/aadr0504.pdf (accessed 
30/05/08) _____
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5. Edwards IR, et ai. Statins, neuromuscuỉar degenexadve dỉsease and an 
amyotrophic lateraỉ sderosỉs-lỉke syndrome: an anaỉysỉs oỉ ỉndivỉduaỉ 
case saíety reports ừom Vlgỉbase. Dru§ Safety 2007; 30: 515-25.
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reportỉng System. Pharmacoqhdaniol Drug Safety 2008; 17:1068-76.

Effects on ihe pancreas. Statins may cause pancreatìtis 
but the inddence appears to be low,ư  and a case-control 
study3 íailed to support a strong assodation.

1. Síngh s. Loke YK. stadns and pancrcatítis: a systemadc rtview of 
ohsẽrvatíonaỉ studles and spontanèous case reports. Drug Safety 2006; 29: 
1123-32.

2. Johnson JL. Loomỉs IB. Ả case oỉ simvastatin-assoàated pancreatỉtỉs and 
revỉew of statỉn-assodaỉed pancreatítỉs. Pharmacoứưrapy 2006; 26:414-
22.

3. Thỉsted "SLaaL Statins and the rlsỉc of acute pancreatitis: a populatỉon- 
based case-control study. Alimatí Pharmaaỉ Ther 2006; 23: 185-90.

Effeds on sexual ỉundion. There have been reports oỉ 
eređile dysỷunaứm in some men receiving statins. Five men 
receiving simvastatin developed impotence,1 vvhich 
resolved when Suvastatin was substituted in 4 of them. Ù1 
another case,2 impotence occurred in a patient receiving 
lovastatin, and tecurred when therapy was changed to 
pravastatin. Up to 1995, the Australian Adverse Drug 
Reactions Advisory Committee3 had received 28 reports of 
impotence assodated with simvastatin, which had 
recurred on rechaUenge in 4 cases. A report4 bom the 
French and Spanish drug monitoring Systems, and an 
observatíonal study5 in hìgh-risk cardiovascular patients, 
supported the assodation betvveen statins and erectile dys- 
hinctlon, and a systematic revievv4 came to similar condu- 
sions. Hovvever, it has been pointed out7 that the 
increased risk oỉ sexual dyshmaion with statins in the 
Scandinavian Simvastatin Survỉval Study was not statisti- 
cally signỉãcant, and there has also been a small study® 
suggesting that atorvastatin may improve erectile hinction 
in men with hyperlipidaemia as the only risk íactor.

Decnastd libido has also been reported with statins. 
Serum-testosterone concenưations were measured in 2 oí 8 
patients reported to the Netherlands PharmacovigUance 
Cenơe and were ỉound to be Iow;’ they rose aíter the statin 
was stopped.

Testiatlar paitt has been reported10 in a 54-year-old 
patient 7 months after staiting lovastatìn. The pain resolved 
when lovastatin was stopped, but recurred vvith both 
simvastatin and atorvastatin. The mechanism for the 
reaction was undear.

There has also been a report11 of a low sperm count in a 
patient receivmg lovastatin.

Gynaecomastia occuưed in a patient 6 months after 
changing bom simvastatin to atorvastatin.12 Symptoms 
improved when atorvastatin was stopped and did not recur 
when ơeatment vvith simvastatin was restarted.
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Effects on skeietol musde. The assodadon benveen 
musde disordeis and statins is well knovvn.1'9 Mild myalgia 
is relatively common, but tnyosừừ and myopathy, with ele- 
vatíon oỉ creatine kinase, may also occur. Rhabdomyoly- 
sừ,l0-n which involves severe musde damage, substantial 
elevation of cxeatine kinase and myoglobinuiia leading to 
renal impciirment, occurs more rarely, but has resulted in 
íataỉities. Musde toxidty is dose-related and the rísk 
appeaK to be broadly similar vvith all ot the cuưently- 
marketed statins;5-4,12 the inddence with cerìvastatin was 
íound to be considetably higher and this led to its with- 
drawal worldwide in 2001. Patients vvith complex medical

problems, induding tenal impairment and possibly endo- 
crine disorders such as hypothyroidism, may be at 
increased risl^oí musde toxidty; drug interactions may 
also contribute (see p. 1494.2). Myopathy has been 
reported with other lipid reguladng dmgs, paniculariy 
Sbrates, and the risk may be increased in patìents with 
severe hyperlipidaemia who lequữe combinatìon therapy; 
careíul monitoring is requừed ư statìns and Sbrates are 
used together.4-13 The UK CSM1 and a joint committee of 
the Ameiican CoUege oỉ Cardiology, American Heart Asso- 
dation, and National Heart, Lung and Blood Institute,6 
have both advised that patients treated with statins should 
consult their doctor ií they develop musde pain, tender- 
ness, or weakness and that treatment should be stopped ư 
musde toxidty occurs or is suspected dinically or u crea- 
tine phosphokinase is markedly raised or progressively ris- 
ing. If continued therapy is requỉred. the dose may be 
reduced or another statin or altemative lipid regulating 
drug may be tried, although the risk of recurrent musde 
problems appears quite high." An algorithm for diagnosis 
and management of statin-assodated myalgia has been 
suggested.14

The mechanism by which statins cause musde toxỉdty is 
not dear, but it hãs been suggested that depletion of 
ubidecarenone concentratíons măỹ be involved.”  Aỉthough 
poãtive results have been repoited with ubidecarenone 
supplementadon16 evidence oỉ benefit is Iimited and it is not 
generally recommended.17

Other muscular disorders that bave been reported in 
patients receiving statins indude dcrmatomyosìtừ and 
polym yositìsand myasthema gravir.19"21
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Effeds on sleep pattems. Changes to sleep pattems have 
been reported with Iipophilic statứrs such as lovastatin1'3 
and simvastatin.4 but appear to be less common with 
pravastatin,1 possibly because it is hydrophilic and less 
likely to cross the blood-brain barrier. However, a large 
placebo-controlled study5 íound that simvastatín had no 
eữect on sleep pattems, and smaller studies that assessed 
sleep using questionnaires4 or polysomnography7'9 íound 
no signiScant eổects with any of the statins, although 
some patients appeared to have underlying sleep disor- 
ders.

Nightmares and sleep disturbances in a patient taking 
simvastatìn and metoprolol resolved when tteatment was 
changed to pravastatin and atenolol.10 There has been a 
report of nightmares with atorvastatin, which resolved 
when the drũg was stopped but recurred on rechallenge.11
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Precautíons
Statins should not be given to patients with active liver 
disease (but see also Hepatic Impairment, belovv). Liver 
íunction should be assessed beíore starting treatment and 
subsequently when dinically indicated; additional assess- 
ment aíter 3 months and beíore and after dosage increases 
has been ađvised for some statins, partiailarly tvhen high 
doses are given. Statins should not be used in patients who 
aỉready have unexplained persistendy raised serum- 
aminotransíerase concentratíons and should be stopped if 
marked or persistent increases in serum-aminotransíerase 
concenưations OC CUT. They should be avoided duríng 
pregnancy since tbere is a possibility tha: rhey could 
interíere with fetal sterol synthesis; there have been reports 
oỉ congenỉtal abnonnalities assodated with statins (see 
Pregnancy, below).

Alỉ stadns may cause myopathy and rhabdomyolysis, 
espedally at hlgher doses. High doses of statìns ỉhould 
thereíore be limited to those patients with severe 
hypercholesterolaemia and hìgh cardiovascular risk, who 
do not achieve their target cholesterol concentration at 
lower doses, provided beneStỉ ourvveigh the potential risk. 
They should be used with caution in patients at risk of 
rhabdomyolysis, and particularly in patients taking drugs 
that increase plasma concenơations oí the na án (see 
Interactions, beIow); the statin should be stopped ií creatine 
phosphokứiase increases ngniAcantly or ư myopathy is 
điagnosed.

Statíns should be used with caution in patients with renal 
ũnpairment as the risk of myopathy is increased. Dose 
ređuction may be required ỉor statíns that are excreted by 
the kidney and for those with a parnculariy high risk oí 
myopathy (see Adminisưatíon in Renal Impairment under 
Uses oỉ the ỉndỉvidual drugs for hirther detailỉ).

ơiildren. For discussion of concems relating to the use of 
statins in diildren, see Administration in Children under 
Uses, p. 1490.2.

Hepaiic impairment. Although lỉcensed product iníorma- 
tíon contra-indicates the use oi statins in patients with 
active liver disease, there is some interest in the possibility 
oí using them ìn selecteđ patientỉ with chronic liver dis- 
ease su ch as non-alcoholic íatty liver disease or 
non-alcoholic steatohepatíús.1'3 The Liver Expert Panel of 
the National Lipid Assoõation in the USA assessed the 
saỉety oí statins, and conduded that although they should 
remain conơa-indicated in patìents with decompensated 
drrhosis or acute liver ỉaiỉure (in whom, given the gravity 
of their iHness, they vrere uniỉkeỉy to be a reievant option 
in any case), there was no reason to do so in patients with 
chronic lịver disease OI compensated dirhosis.1

A subsequent comment by UK experts2 noted that use in 
patients vvith chronic liver disease and elevated transami- 
nase values remained contentious. Those vvith AST and ALT 
concentratíons less than 3 ú m e s  above the norma) upper 
limit couỉd be oSered statin therapy but at the lowest 
possible dose, and liver enzymes should be reassessed 
within 4 weeks; ư no major change occurred, ơeatment 
could continue and values be monitored every 6 vveeks for 
the next 3 months, and every 3 months thereaíter. u  values 
doubled Ễrom theứ original readings, ơeatment should be 
stopped, although rechallenge was possible once they 
retumed to normal baseline values. They recommended 
that treatment should not be given to the ỉollovving groups:
• those with transaminase values more than 3 túnes above

the nortnal upper limit (although this was an arbitrary
limit rather than an evidence-based one)

• those with evldence of impaired liver synthesis, e.g. low
serum aỉbumin or increased prothrombin time

• those with acute hepaótis oí any cause
• those with Child B or c drrhosis

It was noted that padents with end-stage liver disease oỉten 
have lotv total cholesterol due to poorhepatic syntheás, and 
as such rarely require staón therapy.1
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Porphyría. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassihes simvastatin as 
probably porphyrinogenic it should be piescríbed only for 
compelỉing reasons and precautions should be considered 
in all patients.1

1. The Drug Database tor Acute Porphyria. Available at: http://www. 
drugs-poỉphyiỉa.org (accessed 19/10/11)

PregnaiKy. Statins are generally contra-indicated in 
pregnancy since there is a possibility that they might affea 
fetal sterol synthesis whereas the risk to the mother from 
stopping ưeatment temporarily is usually very lovv. Evi- 
dence that statins have adverse effects on the letus, how- 
ever, is limited. Studies based on postmarketing surveil- 
lance1-2 or pregnancy registry data} have generally íound 
that the hequency and range of congenital anomalies 
reported was similar to that expeaed in the general popu- 
ladon. However, revievvs of case reports4,5 tound that the 
inddence of CNS delects and limb anomalies vvas higher 
than expected, suggesting a possible adverse effect of s ta tin 
exposuíe; 1 of the 5 cases reported as a CNS deíect was 
later found to have cardiac anomalies only.‘
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/nteradions
The most serious consequence of drug interactions with 
simvastatin and other statins is the development of 
myopathy or rhabdomyolysis. Drugs that can cause 
myopathy when given alone increase the risk of myopathy 
with all statins; these drugs indude Bbric add derivatives 
(hbrates or gemfibrozil). and nìcotinic add. The rísk of 
myopathy is also increased by drugs that increase the 
plasma concentratíons of statins, by inhibiting their 
metabolism or by inhibiting theỉr uptake into the lỉver. 
Since the statins have diỉỉerent metabolic pathways, these 
interactions depend on the individuaỉ drug concemed. 
Simvastatín is metabolised by the cytochrome P450 
isoeiưyme CYP3A4, as are atorvastatin and lovastatin, and 
interactions may occur vvith drugs that inhibit this enzyme, 
indudlng ddosporin. fluconazole, itraconazole, ketocon- 
azole, posaconazole, voriconazole, erythromydn, darithro- 
mydn, telithromydn. HTV-protease inhibitors, nefazodone, 
danazoL amiodarone, amlodipine, diltiazem, ranolarine, 
and verapamil; there may also be a simìlar interaction vvith 
grapebuit juice. Such combinations should be used with 
cautíon, U a ta l l  and dose reducdon may be advised (see 
Uses and Administration, p. 1489.3); UK licensed produa 
iníormation contra-indicates the use oỉ simvastarin in 
patients receiving potent CYP3A4 inhibitors. Huvastatin is 
meiabolised mainiy by CYP2C9 and pitavastatin by 
glucuronidatíon. while pravastaún and rosuvastatin are 
not signiBcantly metabolised; interactíons spedfic to these 
statins are discussed on p. 1385.2, p. 1471.2, p. 1473.2, and 
p. 1488.3, respectively.

Staóns may also have eííects on other drugs. Bleeding 
and increases in prothrombin time have been reported in 
patients taking simvastann or other statins with coumarin 
anncoagulants.
General revievvs.
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Antíarrhythmics. A m iodarone  is an inhibitor of the cyto- 
chrome P450 isoenzyme CYP3A4 and may increase plasma 
concentrations oí statìns metabolised by this enzyme, 
increasmg the risk oí toxidty. There have been reports1"3 
of myopatby and rhabdomyolysis in patients taking amio- 
darone and simvastatin (in some cases with other CYP3A4 
inhibitors), and a pharmacokinetic study4 ỉound that 
amiodarone increased plasma-simvastatin concentratìons 
in healthy subjects. High doses of simvastatin are not 
recommended in patients taking amiodarone (see Uses 
and Administration, p. 1489.3).

An asymptomatic increase in serum aminoưansíerases in 
a patíent receiving rosuvastatin and amiodarone may have 
been the result of an interaction between the dmgs.5

1. Roten u  tí ai. Rhabdomyoiysiỉ in assocỉatỉon wỉth sỉmvastatỉn and 
aroỉodarone. A m  Pkarmacữiher 2004: 38’ 978-81.
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Pharm 2007; 64: 1818-21.

Antibocterials. E ryth ro m yá n  and other m acrolidcs are inhi- 
bitors o( the cytochrome P450 isoenzyme CYP3A4 and 
may inaease plasma concentrations and the risk of myo- 
pathy with some statins. Increased plasma concentrations 
of simvastatin have been reponed with erythromyón,1 
and increased plasma concentrations of atorvastatin have 
been found with erythromycinJ and d a rith ro m yá n , J but 
not vvith a ĩith ro m y á n }  There ha ve been reports of myopa- 
thy or rhabdomyolysis in patients receiving slmvastatin 
with cỉarithromyán,4 and in paúents receiving iovastatín 
vvith azith^omydn,, darithromycin,’ or erythromyõn.6

R ifam picin . an inducer of CYP2C9 and CYP3A4, may 
reduce the bioavailability of ũuvastatin, and has also been 
reported to reduce the plasma concentradon of simvastatin7 
and atorvastatm.'

There have been repons of rhabdomyolysis in patients 
receiving atorvastatin’ or simvastatínÊI> with Ịủ sid ic  a à d .
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Anticoagubnts. For reports of bleeding and increased 
prothrombin time in patients receiving oral anticoagulants 
with statins, see Lipid Regulating Drugs, p. 1534.3.

Antidepressants. Myositis and rhabdomyolysis, with 
raised liver enzyme values, have been reported1'4 in 
patíents given simvastatin with nẹfazadonr, in one case3 
the reaction appeared to be predpitated by the addition oỉ 
azithromydn. Increased creatine kinase concentratíons 
also occuưed in a patient given piavastatin with nefazo- 
done.3

A study4 in healthy subjects íound that s t  J o h n 's  w ort 
reduced the plasma concentration oỉ simvastaón but had no 
eữea on pravastatin.
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Antidiabetícs. Rhabdomyolysis and acute renal faiỉure 
developed about 6 weeks after sitagliptúí was started in an 
elderly paticnt already stabilised on scveral drugs includ- 
ing simvastatm.1 The conditìon resolved when both were 
stopped and did not recur when lovastatin was started. In 
this case, the patìent already had chronic renal impair- 
ment, and it was noted that the dose of ãtagliptin was 
double that recommended for his renal hinction. In 
another patient taking lovastatin, rhabdomyolysis devel- 
oped aỉter about 2 vveeks of sitagliptỉn treatment, and 
recovery occurred after the statìn was stopped.2 In this 
case, although the patient was 75 years old. she was 
reported to have a caỉculated renal hinction within normal 
limits. The possible mechanism of an interactíon between 
átaglipón and statins is undear. In a study in healthy 
young subjects, steady-state sitagllptin achieved aíter 5 
days had no ágniũcant effea on the pharmacokinetics of a 
single dose of simvastatín.1

1. Kao DP, tí  ai. Renal Ễailurc and rhabdomyolysis assocỉated with 
ãtagiiptin and simvastatỉn use. Diabet Med 2008; 25: 1229-30.

2. DỈGregorỉo RV, Pasỉkhova Y. Rhabdomyolysỉs caused by a potenùal 
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simvastatín. J Chn Pharmacol 2009; 49: 483-8.

Antiỉungals. Itraconazolt and ketoamcaole are inhibitors of 
the cytochrome P450 isoenzyme CYP3A4 and may 
incxease plàsma concentrations and the risk of myopathy 
vvith some statíns. Raised plasma concentratíons of simva- 
statin,u  lovảstatin,3'4 and atorvastatin5 have been reported 
with itraconazole, whereas the effect on pravastatin,1 
rosuvastatin,4 or ũuvastacin4 appears to be minimal. Myo- 
pathy and thabdomyolysis have been reported vvith 
simvastaón and itraconazoIe2-7 or ketoconazole,s and with 
lovastatin and itraconazole.9 F!uamazoIe inhibits CYP2C9 
and has been reported10 to increase the plasma concentra- 
tion oi ũuvastatin. TỊiere has also been a report" of rhab- 
domyolysis in a patient taking Quconazole and simva- 
statin.

1. Neuvonen PJ. tí  ai. Simvastatin but not pravastaón is very susceptỉbỉe to 
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1998; 63: 332-41.
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Dial Transpừữữ 1996; 11: 1846-7.
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may induce rhabdomyoỉysis ỉn heaỉthy indỉviduaỉs. Anh Dermatoỉ 1996; 
u i  1254.

8. Gỉlad K  Lampl Y. Rhabdomyolysis induced by sỉmvastatín and 
ketoconazoỉe treatmenL ơm  Nturopharmacoi 1999; 22: 295-7.

9. Lees RS, Lees AM. Rhabdomyolysỉs from the coadministratíon of 
lovastatin and the antỉỉungaỉ agent ítraconaiole. NEngỉ JMed Ỉ99S; 333: 
664-5.

10. Kantola T, tí ai. Eơect of Quconaaole on plasnu Auvastatin and 
pravastatin concentrations. BurJ Cỉỉn Pharmũcoỉ 2000; 56: 225-9.

11. Shaukat A. tía l. Simvastatỉn-ãuconaxoỉe causỉng rhabdomyolysis. Am  
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Antineoplastics. For mentíon oỉ a potential reduction of 
cytotoxic effect when rituximab is given with stadns, see 
p. 855.1.

Antipicrieleỉ drugs. For discussion oỉ a possible interaction 
between statins and dopidogrel, see p. 1344.3

Antivirals. HlV-protease inhibiton are inhibitors of the cyto- 
chrome P450 isoenzyme CYP3A4 and may aííect the 
metabolism of simvastatin and other statins. Studies have 
shown increased plasma concentrations of both simva- 
statỉn and atorvastatin vvith ntlpnavir,1 and vvith ritonavir- 
boosted saquinavir,1 vvhereas the plasma concenưation of 
pravastatin was reduced wdth ritonavir-boosted saquina- 
vữ.2 Rhabdomyolysis has been reported3 in a patient tak- 
ing simvastatin when ritonavừ was added to her theiapy. 
Aỉthough rosuvastatin is not signihcantly metabolised, 
increased plasma concentrations have been repoited with 
rìtonavir-boosted lopinavÌT.*-2

There has also been a report4 of rhabdomyolysis in a 
patíent receiving atorvastatin with the non-nudeoside 
reverse ưanscriptase inhibitor delavirdinc.

Efavirenz is an inducer of CYP3A4 and a study in healthy 
subjects7 ỉound that it could reduce plasma concentratíons 
oí atorvastatin and simvastatin; plasma concentrations of 
pravastatin were also reduced, although it is not 
metabolised by CYP3A4.
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6. Castro JG. Guderrez L  Rhabdomyoỉysis with acute renal ỉaỉlure 
]S0babỉy teỉated to the ỉnteractỉon o( atorvastatin and deỉavirdỉne. Am J  
Med 2002; 112: 505.
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sỉmvastatín. atorvastadn. and pravastatỉn: resuỉts oỉ AIDS Cỉỉnỉcaỉ Trials 
Group 5108 Study. J Acquừ ímmune Dcfk Synàr 2005; 39: 307-12.

Caláum-channel biodcers. Caldum-channel blockers may 
increase plasma concentratíons of some statìns, probably 
by inhibition of the q^tochrome P45Ọ isoenzyme CYP3A4. 
Pharmacokinetic studies have reported increased plasma 
concentrations of simvastatin with verapamiỉ,' and with 
diltiaĩem,2 and oỉ lovastatin with dỉltiazem;3 the small 
increase with simvastatín and laádipine was not considered 
clinically rdevant.4

The interaction between statins and diltiazem has also 
been reponed in patients. A reơospective study5 íound that 
the cholesterol-lowering effea of simvastatin was greater in 
patients who were also receivỉng diltiazem, and there have 
also been reports4-4 oỉ rhabdomyolysis, assodated with 
hepatítis in 1 case,4 in patìents receivmg simvastatin and 
diltiazem together. Rhabdomyolysis*-9 and hepatítũ’ have 
also been reported in patients receivúig atorvastatin with 
diltiazem.

For relerence to increased bioavailability of verapamil 
yvith lovastaón see p. 1525.3.
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Simva5tatỉn and dỉltỉaaem. Nephrtm 2001; 89: ỉ 17-118.
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statins. Am  Itttem Med 2004; 140: W3Ỉ. Avaỉỉable at: http://www. 
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9. Lewỉn JJ. tí ai. Rhabdomyoỉysỉs with concurrent atorvastatin and 
diltíatem. Ann Pharmaeother 2002; 36: 1546-9.

Colchicỉne. For reports oỉ addinve musde toxidty with 
statìns and colchidne. see Cardiovascular Drugs under 
Interactions oỉ Colchỉdne, p. 606.2.

Danazoi. Rhabdomyolysis has been reported1 in a patient 
receiving lovastatin with several other drugs; it was con- 
sidered that an interaction with danazol vvas the most 
likely cause. A similar reaction has been reponed2 with 
simvastatìn.

1. Dallaỉre M. Chamberiand M. Rhabdocnyoỉyse sévère chez un patỉent 
recevant ỉovasudne. danazoỉ et doxycydine. Can Med Assoe J 1994; 150:
1991-4.

2. Andreou ER. Ledger s. Potentỉaỉ drug interactỉon between simvastatín 
and danazol causing rhabdomyolysis. Can J  ơm  Pharmacoi 2003; 10: 
172-4.

Endothelin receptor antogonists. Bosentan is an inducer of 
the cytochrome P450 isoenzyme CYP3A4 and has been 
reported' to reduce plasma-simvastatin concentrations in 
healthy subjects.

1. Dingemanse J. tí ai. Investỉgation oí the mutuaỉ phannacokỉnetỉc 
ỉnteraciions between bosentan. a duaỉ endotheỉln recẽptor antagonỉst, 
and simvastatín. ơirt Pharmacokintí 2003: 42: 293-301.

Fruit ịuices. Grapeỷruit juice inhibits the cytochrome P450 
isoenzyme CYP3A4 and studỉes using concenưated grape- 
íruit juice have reported increased plasma concennations 
of simvastann.' lovastatin,2 and atorvastatin.3 A study4 
using less concentrated grapeỉruit juice íound only mini- 
mal effect on the activity oi lovastatin, but the condusions 
of this study have been criódsed;5 studies using normal 
strength grapeíruit juice have lound considerable increases 
in plăsma cõncentiãtions of atorvastatin4 and simvastatin.7 
There is also a case report* of a woman receiving simva- 
statin who developed symptoms of rhabdomyolysis 4 days 
aíter she started eating one grapeíruit each day. Statins 
that are not ngniũcantly metabolised by CYP3A4, such as 
pitavastatin6 and pravastatin,3-’ do not appear to be 
ãỉỉected.

Rhabdomyolysis has also be en reported10 in a patient 
taking rosuvastatin and ezetimibe when he started drinking 
pomegranate ịuicc regularly.
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Immunosuppressonts. Myopaứiy and rhabdomyolysis 
havc been reportcd ỉn pãtients rcccỉvỉng atorvastatìn.1 
lovastatin,2’4 or slmvastatin3*7 with immunosuppressant 
regimens including dclosporin. The mechanism of the 
interactỉon may be addỉtỉve toxidty, sỉnce both statỉns and 
dcỉosporm are known to cause myopathy, but eữects on 
plasma concentrations may aỉso be ỉnvoỉved. Pharmacoki- 
neức studies have shown that ddosporin increases the 
plasma concentradons of atorvastatm,*'9 ũuvastatin,10'11 
lovastaứn,12 pravastatín.12*13 rosuvastatln.14 and sừnva- 
statin.15 For the cổects oí statins on biood-ãdosporin con- 
cenơaãons, see p. 1958.1.

1. M ala HC tí aL Rhabdamyolysis assodated wỉth concomỉtant use af 
atorvastaún and cydosporine. Ann. Pharmaather 1999; 33: 1176-9.

2. Norman DJ. tí a i Myoỉysỉs and acute renal ỉailure ỉn a heart-transplam 
redpỉent recdvmg ỉovastadn. N Sngl J  Med 1988; 318: 46-7.

3. East c  tí aL Rhabdomyoỉysts in patíents recdving ỉovastaón aỉter 
cardỉac transpỉantatíon. N Engỉ J  Med 1988; 318:47-8.

4. Corpier C U tíaL  Rhabdoayoỉysis and renal injury wỉth lovastatín use: 
repõrt oí two cases ỉn canảac transpỉant redpients. JAMA 1988; 260: 
239-41.

5. Bỉaison Ga tí ai. Rhabdamyoỉyse causée par ỉa sỉmvastatỉne chez un 
transpỉanté cardỉaque soas ddospoiỉne. ReV Med ỉnteme 1992; 13: 61-3.

6. Mrier c  tí ai. Rhabđtxnyoỉyse beỉ mit Sỉmvastatỉn und ũdospohn 
behanddten Patỉenten: Roủe der aktívỉtẵt des Cytochrom-P45G- 
Engymsystems der Leber. Sdnm z Med Wochemchr 1995; 125: 1342-6.

7. Gumprecht ì, tí aL Sỉinvasatín-ỉnđuceđ rhabdomyoỉysỉs ỉn a CsA- 
treated renal transplant redpienL Med Sà Momt 2003; 9: CS89-CS91.

8. Ẳsberg Aa tí đĩ. Biỉaterăl pharmacokỉnetíc ỉnteracúon between 
cydosporỉne A and atocvastaiỉn ỉn renal txansplant redpỉents. Am J 
Transpbmt 2001; 1: 382-6.

9. Hermann Ma tí aL Substantỉalỉy eỉevated ỉeveỉs oỉ atorvastadn and 
metaboiites ỉn cydosporine-treated renaỉ transpỉant redpients. ơin  
PharmaCBÌ Ther 2004; 76: 388-91.

10. Goỉđberg Ra Roth D. Bvaỉuatỉon oí ũuvastatín in the treatment o( 
hyperchoỉescexoỉemỉa ỉn renaỉ txansplant redpients takỉng cydosporine. 
TrampUatíatùm 1996; 62: 1559-64.

11. Park J-W. íf aL Pharmacokỉnetics and phannacođynamia oỉ Quvastaún 
ỉn heart oansplant redpients taltíng cydosporỉne A. J Cardùvasc 
Pharmaeoỉ Ther 2001; 6ỉ 351-61.

12. otbrichi c , tí aL Accumuỉaùon oí ỉovastatín. but not pravastadn. ỉn the 
blood oí cydosporine-created Itìdney graít patỉents aỉter muỉtipỉe doscs. 
CHn Phanâacoi V u r 1997; 62: 311-21.

13. Regasỉ MB, tí  «L Aỉtered dỉsposỉtỉon oỉ pravastatin ỉolỉovving 
concomitant drug thenpy wỉth cydosporỉn A in transpỉant redpỉenCL 
Transpiant Proc 1993; 25:2732-4.

14. Simonson SGa tí ai. Rosuvastatin pharmacoỉdnetía ỉn heart transpỉant 
redpients administered an anúre)ectỉon regũnen indudỉng cydosporine. 
Oin Pharmacoỉ Ther 2004; 76:167-77.

15. Amadottír M. t í  ai. Plasma amcentratỉon proãles oỉ sỉmvastatỉn 3* 
hydroxy-3-methyl-gỉutaryl-coenzyme A reductase inhibitory actrvity in 
kỉdney transplant redpieDts wỉth and mthout ddospodn. Nepkron 
1993; 65:410-13.

Levothyraxine. For reíerence to the eữect of lovastatin 
and sứnvastatín in patients receivmg levothỵroxine, see 
Lipid Regulating Drugs, p. 2342.1.

Lipid regulating drugs. Myopathy and myositis aie recog- 
nised adverse eổects oi both statíns and fibric aãd deriva- 
tives, induding jĩb ra te s  and g em fib ro zil, and the risk is 
increased ư they are given together. There has also been a 
report1 of both hepatotoxiáty and rhabdomyolysis in a 
patient given a statin and gemGbrozil together. The inter- 
aaion between gemfibrozil and statins may also have a 
pharmacokinetic basis; studies have shown increased 
plasma concentratíons of atorvastatin,2 lovastatin,3 prava- 
statin,4 rosuvastatin,’ and simvastatin4 when given with 
gemfibrozil.

Myopathy has also been reported7-* in patients given 
statins with nicotinic aàd, although a study’ oí adverse eữects 
reported to the FDA íound no increase in reports for 
Iovastatin given with nicotinic atíd compared vvith either 
drug alone.

For reports of inaeased hepatotoxidty when statins were 
given vvith ezctim ibe  see ESects on the Liver, p. 1380.1.

1. Alcoglu H. ef tỉ . Combined organ íailure nrith comblnation 
antữiypcrlipidemic Deatmcnt; a case o( hepadc injuiy and acute renal 
lailure. Ảm  Pham aáthtr 2007; 41:143-7.

2. Backnun JT. a  tL  RUampin markedly dccrcases and gemSbroál 
incrcases the plasma concentratiom o( atõrvaitatin and its metaboliteỉ. 
Oin phtrm aal Ther 2005:78:154-67.

3. Kyrklund c  et tL  Pbsme amcentntions of acdve Iovastada add are 
markedly tncceaaed by gemSnoxil bnt not by bezaflbrate. Clỉn ĩh tm a a l 
7Jbt 2001; 6»: 340-5.

4. Kyrklund c .e ta l. Gemfibt02il in ae u es  plasma pravanatín concentra- 
tions and reduces pravasadn renal dearance. din  Phtrm aal Ther 2003; 
73:538-44.

5. Schneck DVV, et aL The eSect ol gemflbrozil on the pharmacokintncs oí 
rosuvastatín. ũ in  Pharmacữl 7htr 2004; 75: 455-63.

6. Badtnun T ỉ. tta L  Pỉaana concentratioiu ot actíve slmvastatin add are 
ìncreased by getnBbnnO. CHn Phtrmteol Thtr 2000; 68: 122-9.
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7. Resven p, Wftztum JL. Lovastatin, nicotínk ềàd, and rhabdomyoỉysỉs. 
A m  btíem Mat 1988; 109: 597-8.

8. HiỉỉMD, BUb*oJM.Caseofthemonth:FebruAry 1999—54yearoỉd man 
with severe musde we*kness. Bnửi Pathot 1999; 9:607-8.

9. Aisheikh-AB AA, Kanti RH. Saiety of lovastttta/extendcd release niadn 
compared wtth lovastatỉn aione, atorvastatin aỉone, pravastatin alone, 
and sbnvastatỉn mỉone (from the United States Pood and Drog 
Admicỉsttatỉon advexse event reportlng System). Am J Cerdioỉ 2007; 99: 
379-81.

Proton pump inhibitors. There iỉ a report1 oỉ rhabdomyo- 
lysis causing AV block in a patíent receiving atorvastatín 
when aomepraale and darithromydn were added to her 
treatment. As symptoms staited beíore the introductíon oỉ 
darithromydn, it vvas thought that a possible contributory 
mechanism ỉor the interaction vvas a reduction in the ũrst- 
pass metabolism oi atorvastatin due to the inhibition oí p- 
glycoprotein by esomeprazole.

1. Sipe BE. a  d . Rhabdoroyoỉyró caudng AV blodcade due to possiblc 
atorvasudn. esoraepramle. and darithromydn interaction. Ann 
PhamuKBther 2003; 37: 808-11.

Ranolcmne. A study' in healthy subjects showed that 
ranolaáne moderately increased plasma concentrations of 
simvastatin but it was not thought that the biteractỉon 
vvould be đinically signihcant.

1. Jeriing M. et ai. Studỉes (O investigate ihe pharmacotónctic imeractions 
between ranoỉanne and keioconazole. diliiaiem, or ãmvasiaũn during 
combỉned adrainistraiion ỉn heaỉihy subjects. J Qin Pharmacol 2005; 45: 
422-33.

Pharmacokinetics
Sứnvastatin iỉ absoibed hom the gasơomtestinal traa and 
must be hydrolysed to its active p-hydroxyadd form. Other 
actíve metabolites have been detected and scveral inactive 
metabolites are also tonned. Sũnvastatin is a substrate for 
the cytochrome P450 isoenzyme CYP3A4 and undergoes 
extensive first-pass metabolism in the liver, its primary site 
of acdon. Less than 5% oỉ the oral dose has been reported to 
reach the drculation as active metabolites. Both simvastatin 
and its p-hydroxyarid metabolite are about 95% bound to 
plasma proteins. Simvastatin iỉ mainly excreted in the 
ỉaeces vía the bile as metabolites. About 10 to 15% is 
recovered in the urine, mainly in inactive forms. The halỉ- 
Uỉe oỉ the active p-hydroxyadd metabolite ìs 1.9 hours. 
General reviews.

1. Mauro VP. Oínteaỉ pharmacokinetics and practỉcal appiỉcations oí 
sũnvastatin. ũ in  Phđrmaakhm  1993; 24: 195-202.

2. Dcsager J-P, Hotsmans y. Cttnieai pharmacokinetỉcs of 3*bydroxy«3- 
methylgỉutaryl<oenzyroe A reductase inhibiton. Oin Pharmacokinei 
1996; 31: 348-71.

3. Lennemầs H. Pager G. Phannacodynaoìỉa and phanrucokỉnetio of the 
HMG-CoA ređuaase ỉnhỉbitors: símilarities and dỉỉỉerences. Qin 
Pharmứatinet 1997; 32: 403-25.

4. Neuvonen PJ. et aL Pharmacokinetic comparỉson of the potentíal over* 
the-coumer statins simvastatin. ỉovastatín. Quvastatin and pravastatin. 
ctừí Pharmaeotínet 2008; 47: 463-74.

Genetic voriation. The pharmacokinetics oi statứis are 
inQuenced not only by metabolising enzymes but ỉlso by 
theứ affinity for organ-spedẼc transporter proteins 
responsible for theữ uptake and efflux bom cells, in parti- 
cular in the intestine and liver.1J Stanns dưier not only in 
their aíEnity lor cytochrome P450 isoenzymes, but also in 
theữ afflnity for transporter proteins su ch as organic anion 
transpoiting polypeptides (OATPs) and P-glycoprotein 
(multidrug resistanee 1; MDR1). Both metabolising 
enzymes and transporter proteins may be subject to ethnic 
and genetic variatíon. and h has been suggested that this 
may explain some of the variability in the eỉhcacy and the 
risk oỉ adverse eữects in diữerent populations.

1. Kim RB. 3-Hydroxy-3-methyiglutaryi-coenxyme A reductase inhỉbỉton 
(statỉns) and genetic Taiỉabỉỉỉty (slngle nndeotỉde poỉymoiphisms) in a 
hepatíc đmg uptake tnnsporten nrhart ỉt all about? ơ in  Pharmacol Ther 
2004; 73; 381-5.

2. Tirona RG. Bthnic dtgerences ỉn statín disposition. Oừí Pharmaaỉ Ther 
2005; 78: 311-16.

Preparatíons
Proprietary Praporations (detailỉ are given in Volume B)
Sngb ingrodwnt Preporoliom. Arg.: ColeAux; Colesterminol- 
Dosavastatíru Gemiỉtatìn; Klonasún; Labiỉtatin; Lipimibet; 
ỉipoblodc Iipamax; Lisac NiveUpol; Nosterol' Redusterol' Sal- 
vaxil; Sevacol; Several; Simvastec Sistadn; Tanavac Vasotenab 
Zocon AuitraL: Invast; Iipex; Ransiĩĩi; Simvabellt; Slmvahexal; 
Simvar; Zhnstat; Zocor Austria: Gerosim; Nyioc Simvarcana; 
Simvastad; Simvatin; Zocord; Beig.: Cholemed; Docsimvastat; 
Simvaíour Simvastamedt; Zocon Braz.: Androlip; Clinỉan 
Lipistatlna; Lipotext; Upnat; Menocol; Mivalen; Revastin; Sin- 
valip; Sinvaneb Sinvascon Sinvastacor Sinvastamed; Sinvas- 
ton; Sinvatrox; Slnvax; Vaslip; Vastatil; Zocon CaiuúL: Zocon 
ckũe. Nìmicoc Simvass; Vasomed; Vasotenalt; Zocon ơtina: 
Bo Zhan Tong (ISiíH); Jian zhi T ingíSli.?); Jie Zhi(lt2!); 
Ka Di Ke (-NẾ&); ũ  shu Da Liihishu {m zữ );
Luoql (ỹSf); Mi Xi Lun (%#ỊẾ); Sai Fu Ding (ÍỊ^ễT); Simcor 
($-õì); Sụ Zhl (% Z); Xỉ Sai (# # ); Xi Zhi Da (Ésiiằ); Xin Da 
Su (9nẾ%); xin You Zhi Xing Lu (¥ » ) ; Yixin (C
í ) ;  Zheng zhl (ĨE3£); Zhi Tai (£ $ ); Zocor Cỉ.: Apo-
Simva; Coralip; Corsũn; EgiUpid; Gensũ Sún; Simbelat; Simgal; 
Simirex; Simvaỷ; Simvacard; Simvax; Slmvon Vabadin; Vasilip;

Zocon Dtnm.: Perichol; Siman SimvacopỶ; Simvahallt; Simva- 
hotỶ; simyaldein; Simvanidda; Statstad; Vasllip; Zocon Fin.: 
Lipcut; Zocon Fr.: Lodales; Zocot7 Ger.: BeL; Simva; Slm- 
vaAPSt; Simvabeta; Simvacardt; Simvadoct; Simvagamma; 
Simvahexalt; Simvalip; Zocon Gr.: Antichol; Arstatin; Avatra- 
ún; Bevostatìn; Christatin; Doctiverine; Extrastatin; Glipal; 
Goldastaún; Iamasutin; Ipramid; Kymazol; Lepun Lip-Dovvn; 
Lipexab Lipomin; Lipopress; Liporex; Lipoád; Lowcholid; 
Lusỉmva; Mediỉtatin; Nezatin,- Nỉtasdn; Normotherúi; Placol; 
Prelon; Priadn; Pri2elip; Rapton Ravostan; Redusterol; Simpla- 
qoc Simvachol; Simvacon Simvalark; Simvalid; Simvanox; 
Simvaprol; SimvasteroL' Simvastil; Súnvaón; Sivinar; Soneto; 
Sotovastin; Suredn; Stasiva; Statinal; Statinum; Stativei; Stato- 
san; Staĩor; Sterylip; Tremiul; Vassor; Vastadn; Velkastatin; 
Veristin; Veritrat; Zocon Zurodd; Hong Kong-. Avastinee; Cor- 
stac Covastin; Qualicon Simcard; Simplaqon Simtin; Simva- 
corf; SimveU; Simvon Stavid; Vasilip; Vick-Zocostatin; Vidastat; 
Zocon Hung.-. Andever; Awestatin; Sicon Simvacol; Simvagam- 
ma; Simvep; Simvor; Vasilip; Zococ Indũr. Biosim; Simcard; 
Sỉmchol; Simlo; Simvotin; In d o n Cholestat; Cholexin; Detro- 
vel Esvac Ethicol; Lesvadn; Lipinorm; Mersivas; Normolat; 
Phalol; Pontũoc; Preschol; Rechol; Rendapid; Rocos Selvim; 
Simbado; Simchol; Simcort; Sinova; Sintrol; Valemia; Vaster; 
Vaúmt; Vidasut; Zapưol; Zocor; Zovast; IrL: Ritechol; Simalon 
Simcovas; Simtan; Simzon Sivatin; Zocor; Israel: Simnvil; Sim- 
vacon Simvaxon; ItaL: Alpheus; Krustat; Lipenil; Liponorm; 
Medipo; Omistac Quibus; Setorilin; Simbatrix; Sinvacor; Sin- 
vat; Sivastin; Vastgen; Xipocol; Zocor; Malaysia; Covastin; Lipa- 
co; Simcardt; Simtin; Simvacor; Simvon Stavid; Vascon Zocon 
Mex.: Apomastina; Colesken; Cotritev; Diskolestina; Fansiaf; 
Imbistad; Naíatab; Nodolip; Pulsar-AT Dual; Ranvort; Simpla- 
qor Sinccord; Sitatinal’ Tulipt; Xintilan; Zeid; Zocon Zorced; 
Netít.: Marsimt; Simvalip; Simvastad; Simvastainet; Vabadint; 
Zocor Norw.: Zocon NZ: Lipex; SimStatin; Simva; SimvaRex; 
Phữipp.: Aíordel; Altovast; Astin; Avastat; Buzúnt; Cardiosim: 
Cholestad; Cholevas; cholevast; Cholevist; Ecosta; Hndovaz; 
Eurocon Euvasten; Forcad; Ivast; Lipiún-S; Lipivas; Lipix: 
Lochol; Normastin; Orovas; Qualistat; Reduscole; Regumec 
Saveon Simbathree; Simlip; Siraún; Simvacon Simvahex; Sim- 
vasdn; Simvasyn; Simvaz' Simvoget; Sivatin; Stadex; Stavid; 
Stili' Uni-Pen Vamstat; Vastat; Vastichol: Vastilan; Vazz; Vỉda- 
stat Vivasún; Wilsim; Ximvast; Zimcon Smvacon Zivas; Zocon 
Zolestat; Zolvastin; Zosuún; Zovast; PoL: Apo-Simva; Cardin; 
Egilipid; Simcovas; Simgal; Sinưatìo; Simredint; Simvacard; 
SừnvachoL Simvacor; Simvagen; Símvahexal; Simvalip: Sim- 
vasterob Simvor Vasilip; Vastan; Ximve: Zi(am; Zocon Port.: 
Aaalipidt; Biolipe; Ceabiỉin; Ceasint: Colvasrina; Dislipina; 
labastatina; Lipaz; Simvacol; Simvasim; Sinpon Sinvascil; Vas- 
corim; Zapil; Zera; Zocon Rus.: Actalipid (AKTaaHmia); Aterostat 
(ArtpocraT); Cholvasim (XamacHM); Levomir (J1cbOMHP); Sim- 
gal (Chmtxh); Simlo (Chhuio); Simplacor (CHMiinarop); Simva- 
card (CmaaxapA); Simvacol (CHMBaKtui); Simvahexal 
(CHMBarexcan); Simvalimit (Chmbuhmht); Simvastol 
(CHMBacTon); Simvor (Chmbop); Synkard (CHHKapa); Vasilìp 
(BaaHiutn); Zocor (3oxop); Zorstat (3opcraT); Zovatin (3oBaTHH); 
S-A/r.: Choleste; Lipidex; Michol; Redỉcon Simaspent; Simcard; 
Simvacon Simvotin; Sũnzon Zocon Zysim; Singapore: Chole- 
stat; Covastỉn; Ihstatin; Priadn; Sim tin; Simvacon Simvas; Sim- 
von Simzal; Vascon Vasilip; Zocor; Spain: Alcosin; Arudelt; 
BelmaBp; Colemin; Glutasey; Histop; Lipoâden; Pantok; Zocor; 
SwetL: Simidon; Vabadin; Zocord; Switz.: Simcora; Simvasine; 
Sưnvastt; Sũnvastin; Zocon Thai.: Bestatin; Eucon Lochol; 
Simvas; Simvon Torio; Vascon Zimmex; Zimva; Zocor Turk.: 
Lipovas; Sũnacon Símastimeva; Simvakol; Zocon Zovacin; 
UAE: Simvast; UK: Simvadon Zocon Ukr.: Simgal (CHMran); 
Simstat (Ctmcmr); Simvachol (CHMBaxon); Simvacor 
ICrm uKOP); Sỉmvahexal (CHMBarexcan)t; Simvastat 
(C m u ac n r); s ỉm va Ún (CHMBamH); Vabadin (BaãaKHH); Vasilip 
(Baatuum); Vasostat (Baaociar)Ỷ; Zosta (3ocn); USA: Zocon 
Venez.: Cync Kavelon Simplaqor; Sinvaz; Tavon Tinasin; Vaso- 
tenal; Vastan; Zocor.

Muki-mgredMnt PraporalionSt Arg.: Alipas Duo; ColcQux Duo; 
Labiỉtatin Duo; Redusterol Duo; Salvaxil PIus; Sinterol Com- 
puesto; Vasotenal EZ; Vytorin; Zimetek; AustraL: Vytorin; Aiư- 
trũr. Inegy: Belg.: Inegy; Braz,: Diocomb SI; Prevencon Vytọr- 
ịn; Zetsim; Chile: Adacai: Vytorin; Zintrepid; China: Vytorin (Ị | 
SÍẼ); Cz.: Inegy; Denm.: Inegy; Pin.: Inegy; Pr.\ Inegy; Vytor- 
út; Ger.: Inegy; Gr.: Inegy; Vytorừt; Hong Kong: Vytoria' 
Hung.: Inegy; Indon.: Vytorin; / r i :  Inegy; Israel: Inegy, Ital.: 
Golton Inegy; Vytorin; Zeklen; Mataysũr. Vytorin; Mex.: Amli- 
duab Vytorin; Qntrepid; Neth.: Inegy; Norw.: Inegy; JVZ: Vytor- 
in; Phữipp.: SaleStat; Vytorin; PorL: Inegy; Vytorin; Rus.: 
Inegy (Hheskh); singapore: Vytorin; Spain: Inegy; Vytoria' 
Sweí: Inegy; Swừz.: Inegy; Thai.: Vytorin; Turk.: Inegy; UK: 
Inegy; USA: Juvisync Simcon Vytorin; Venez.: Adacai; Vytorin; 
Zinữepid.

Phannacopoaal Propcu crtions
BP 2014: Simvastatin Tablets;
USP 36: Sunvastatin Tablets.

Skoxenian Sodium IUSAN, riNNMỊ
Natrii Sitaxentanum; Sitaxentán sódico; Sitaxentan Sodique; 
Sitaxsentari Sodium; TBC-112S1 (sitaxentan or sitaxentan 
scxlium); TBC-11251-5 HaTpníí CtiTBKceHTaH. 
A/-(4-Chloro-3-methyl-5-tsoxazolyl)-2-{[43-(methylenedioxy)-
o-toly0acetyfl-3-thiophenesulfonamide sodium. 
CmHMClNỊNaOsS^?^

CAS — 184036-34-8 (sitaxentan); 2l042ĩ-74r2 (sitaxèntan 
sodium). ~ .
u m  — 6V9JH46E20.

Uses and Administration
Sitaxentan is an endothelin receptor antagonist (p. 1245.1) 
with similar actions to bosentan (p. 1327.1), although it has 
a higher selectivity for thẹ endothelin ETA-receptor. It was 
used ìn the management of pulmonary hypertension 
functional dass m  (p. 1278.2) in an oral dose of 100 mg once 
daily, but was withdrawn due to reports of ỉatal liver 
toxidry.
Reviews.

ĩ. Winbrodt BT, Abubakar A. Sitaxsentan íor treatmenỉ of pulmooery 
hypertension. Amt Pharmacother 2007; 41: ỉ00-105.

2. Benedict NJ. Sitaxsentan in the management of puỉmonary arteriaỉ 
hypenension. Am J Heaíih-Syst Pharm 2007; 64: 363-8.

3. Scott Lỉ. Sitaxeman: in pulmonary arterìa! hypenension. Dru$s 2007; 
67: 761-70.

Adverse Effects
As for Boseman, p. 1327.3. Liver toxicity, while a known 
adverse effea o( all endothelin receptor antagonists, has 
been more severe vvith sitaxeman and it has consequently 
been vviihdravvn worldwide—see belovv. Increases in INR 
and prolongation of the prothrombin time have also been 
repoĩted.

Sitaxentan is teratogenic in rats.

Effeds on the liver. Rare, idiosyncratic and severe liver 
toxiđty, which sometimes worsened despite stoppíng the 
drug, has been reported with sitaxentan.1-̂  and aher 3 
íatal cases it vvas vvithdravvn worldwide.3-4 The EMEA 
announced that it would review the hepatotoxidty of the 
other endothelin receptor antagonists (see under Bosen- 
tan, p. 1327.3).

1. Hoeper MM. et ai. Severe hepatitiỉ assotíaied with áiaxenun and 
response to glucocotiỉcoìd therapy. Eur Respir J 2009; 33: 1518-ỉ 9.

2. Lavelle A. et ai. Sitaxentan-induced hepatic íailure in two patiems with 
pulmonary anerial hypeitension. Eur Rtspir J 2009; 34: 770-1.

3. EMEA. Theiin (ỉitaxeman) to be wiihdrawn due 10 cases of 
unpredỉctable serious liver mjury (issued 10/12/10). Avaiiabie at: 
http://www.ema.europa.eu/docs/en.GB/documenOibrary/Press.  
release/2010/í (accessed 13/01/11)

4. EMEA. updaie on che withdrawal of Thelin (issued 16/12/2010). 
Available au http://www.ema.europa.eu/docs/en.GB/document.  
library/Press.reIease/2010/12AVC500099940.pdf (accessed 13/01/11)

Precautions
As for Bosentan, p. 1327.3. Sitaxentan is conưa-indicated in 
patients with mild to severe hepanc impainnent (Child- 
Pugh class A to C).

Although, like bosentan, átaxentan iỉ teratogenic in rats 
and similar precautions apply, its eữects on combined oral 
contraceptìves may diííer (see Interactions below).

Interađions s
Sitaxentan iỉ both an inhibitor oỉ and a substrate for the 
cytochrome P450 isoenzyme CYP2C9 and interactions may 
thereíore occur with other drugs that are either metabolised 
by, or inhibiL this isoenzyme. Plasma concenưations of oral 
anticoagulants such as vvaríarin may be increased.

Use with ddosporin is contra-indicated as plasma 
concentrations of sitaxentan are greatly increased (see 
below).

Sitaxentan has increased exposure to ethinylestradlol 
and norethisterone in those taking oral conưaceptives and 
may possibly inưease the assodated iisk ol  thromboembo- 
lism.

Cidosporin. Licensed product iníormation for sitaxentan 
stated that its concentration vvas incxeased sixíold when 
given with ddosporin 3.5 mg/kg Rvice daily. Although the 
mechanism of action is unknotvn, it has been postulated 
that sitaxentan sodium is a substrate for the organic anion 
transporting polypepdde (OATP) ưanspoiter protein and 
should thereíore be used with caution with other, more 
potent. OATP inhibitors.

Pharmacokinetics
Peak plasma concenơations occur within 1 to 4 hours of an 
oral dose oi sitaxentan sodium. Its absolute bioavailability is 
70 to 100%. A high-fat meal delays the rate of absotption 
but does not ahect the extern. Sitaxentan is more than 99% 
bound to plasma protèins. mainly albumịn.

Sitaxentan is highly metabolised by the cytochrome P450 
isoemymes CYP2C9 and CYP3A4 to vveakly active 
meubolỉtes. About 50 to 60% of a dose is excreted in the 
urine with the remainder appearing in the íaeces; less than 
1% is excreted unchanged. Sitaxentan has a terminal 
elimination halỉ-Uỉe oi 10 hours and steady State is ađũeved 
within about 6 days.

All cross-reíerences reíer to entries in Volume A
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Preparotions
Proprietory Preparations (details are given in Volume B)
Single-ingrsdient Preparatiom. AustraL: Thelint; Austria: The- 
linf; Beig.: Thelint; CatuuL: Thelint; Cỉ.: Thelint; Dettm.: The- 
linf; Fr.: Thelint; Ger.i Thelint; Gr.: Thelint; IrL: Thelint; 
ItaL: Thelint; Neth.: Thelint; PorL: Thelint; Spain: Thelint; 
Swed.: Thelint: UK: Thelinf.

Sodium Apolate IBAN. riNNi
Apolate đe Sodium^ ẨỊpốito dẹsodio; Lyapolate Sodiúm' 
(USAN); Naơii Apolas; NaTriumapolaatti; NatriumapoỊat; 
Sodium Lyapolate; Haĩpna AnonaT.
Poly(sodiúnri ethylẹnesulphonáte).
(C2H,Na03S)n .
CÃS —  25053-27-4.
ATC — C05BA02.
ATC Vet — QC05BA02.
UNII — 94614Ỏ5D9P.

Protìlẹ
Sodỉum apolate is a synthetíc heparinoid anticoaguỉant. It 
has been usedán the topical ưeatment oỉ haematomas and 
superũdal thromboses and ỉor the relieỉ oỉ sprains and 
contusions.

Preparatíons
Proprietary Preparations (details are given in Volume B) 
Muiti-ingredient Preparations. Aiy.: Pergalen.

Sodium Nỉtroprussịde
Dĩsodium C(X -̂22)-PéntatósCcỵaricHQnÌợosyiferrạtB Dihỵ- 
drate; Natrii Nitroprasặas; Matrir Nitroprussĩas; Dihydricus; 
Natriì Niữoprussicurn; % atìo; hitróprusidạs; Natriumnitro- 

. prussid; Natriụmnitroprụssidi; Nitroprusiato sódico; Nitro- 
prussid sodný dihỵdráii Nrtrpprussidnatrịum; blitỊpprussád- 
nátrium;: SodiurÁ Nihoíerricyanide i Đihydratè; Sodium 
Nitroprussiate; Sodiunn, nitroprussiate de; Sođu nitropmsy- 
dẹkỉ.Sodyum Nitroptvisid; HiỊrrponpycaifl Haĩpna.
Sodium nitrosylpentacyanoíerrateóll) dihydrace. 
.Na2Fe(CN)5NO.2H2(>298.0
CAS — ỉ4402-89-2 (ànhydrous sadiụrìn nịtiàpnisside); 13755- 
38-9 (sọdiụm nịtropmsside dìhydratè).
ATC —. C02DD01. .
ATC Vet — QC02DD01.
UNIỊ—  ẺAỌQ3PE1KL .

Pharmacopoeias. In ơtin., Eut. (see p. vii), Im., and us. 
Ph. Eur. 8: (Sodium Niưoprusside). Reddish-brovvn crystals 
or povvder. Freely soluble in waten slightly soluble in 
aicõhol. Protect ừõm light.
USP 36: (Sodium Nitroprusside). Reddish-brovvn, practì- 
cally odourless crystals or powder. Freely soluble in vvater; 
slightly soluble in alcohol; very slightly soluble in 
chlorolorm; insoluble in benzene. Store in airtight 
containers at a temperature of 25 degrees, excutsions 
permitted benveen 15 degrees and 30 degrees. Protect from 
lighL

IncompotibilHy. Sodium niưoprusside has been reponed 
to be visually incompatible with dsatracurium besiiate1 
and with levoAoxadn2 during simulated Y-site administra- 
tion.

1. Tríssei LA. tí ai. CompatỉbilUy of dsatracuríum besylaie vviỉti seiected 
drugs duríng simulatcd Y-site administration. Am J Heaỉth-Syít Pharm 
1997; 54: [735-41.

2. Saltsman CL tí ai. Compatỉbility of ỉevoOoxatín with 34 medỉcations 
during simuiated Y-sitc administration. Am J Heaith-Syĩí Pharm 1999; 56: 
1458-9.

Stability in sohition. Solutions of sodium nitropnisside 
decompose when exposed to light and must be protected 
during iníusion by vvrapping the Container vvith alumin- 
ium íoil or some other light-prooí material. Nitroprusside 
vvill react with minute quantities of organic and inorganic 
substances íorming highly coloured Products, u  this occurs 
the solution should be discarded. Solutions should not be 
used more than 24 hours after preparation.

The instability of sodium nitroprusside Solutions has 
been the subject of considerable invesdgation. Although 
stated to be more stable in add than in alkaline solution,1 a 
later study2 íound that whereas the initial light-induced 
darkening of a 1 % solution was independent of pH, íurther 
degradation leading to the development of a blue predpitate 
required an add pH. ư protected from light by wrapping in 
aluminium íoiL sodium nitroprusside 50 or lOOmicro- 
grams/mL was íound to be stable in 5% glucose, laaated 
Ringehs, and nortnal saline Solutions for 48 hours.3 In 
cỉinical practice the inhision Container should be opaque or

protected with loil. but an amber givúig set may be used, to 
allow visual monitoring.0

Various substances have been reported to increase the 
stability of nittoprusside Solutions, induding dimethyl 
suUoxidẹ,6 glycerol,1 sodium đtra te ,1 and other salts wỉth 
anionic chelaóng potential su ch as sodium acetate or 
phosphate.1 In contrast sodium bisulhte and the hydro- 
xybenzoates are reported to reduce stability.1

1. Schumacher GE. Sodium nỉtroprussỉde ỉnjectíon. Am J Hosp Pharm 1966;
23: 532

2. Hargrave RJ5. Degradatìon of Solutions of sodỉura Qỉỉroprussỉde: J Hosp
Pharm 1974; 32: 188-91.

■ 3. Mahony c. tí aỉ. In vỉtro stability oỉ sodhira nhroprusside sohỉtíons for
ỉnrravenous adminiỉỉradon. J  Pharm Sà 1984; 73: 838-9.

4. Davỉdson sw, Lyall D. Sodium nỉưoprussỉde stabilỉty ỉn Ught-protectìve
admỉnisnatỉon sets. Pharm J  1987; 239: 599-601.

5. Lyalỉ D. Sodium nỉtroprusside stabilỉty. Pharm J 1988; 240: 5.
6. Asker AF. Gragg R. Dimeưiyl sulỉoxide as a photoprotccũvc agent for

sodium nitroprussỉde Solutions. Drug Dev ỉnd Pharm 1983; 9 :837-48 .

Uses and Administration
Sodium nitroprusside is a short-acting hypotensive drug 
with a duration of action of 1 to 10 minutes. It produces 
peripheral vasodiỉatadon and reduces peripheral resistance 
by a direct action on both veins and arterioles. It has been 
termed a niưovasodilator because it releases nitric oxide in 
vivo. Its eííects appear within a few seconds of intravenous 
iníuslon. Sodium niơoprusside is used in the treatment of 
hypertensive crises (p. 1251.1) and to produce controlled 
hypotension durìng general anaesthesia. It has also been 
used to reduce preload and aỉterload in severe heart ỉailure 
(p. 1262.3) induding that assodated with myocardial 
iníarction (p. 1257.1).

It is given by continuous intravenous iníusion oí a 
solution containing 50 to 200 micrograms/mL. A controlled 
iníusion device must be used. The solution should be 
prepared immediately beíore use by dissolving sodium 
nitroprusside in glucose 5% and then díluting with glucose 
5%; the soludon must be protected hom light during 
iníusion. Blood pressure should be monitored dosely and 
care should be taken to prevent extravasation. In general, 
treatment should not continue for more thari 72 hours. If 
required for several days, concentrations of cyanide should 
be monitored; the blood concentration should not exceed 
1 microgram/mL and the serum concentration should not 
exceed 80 nanograms/mL. Thiocyanate concentradons in 
blood should also be measured if inỉusion continues for 
more than 72 hours and should not exceed lOOmicro- 
grams/mL. Since rebound hypertension has been reported 
when sodíum nitroprusside is withdrawn, the iníuslon 
should be tailed off gradually over 10 to 30 minutes.

For hypertensive crises in patíents not receiving 
andhypertensive drugs, an initial dose of 0.3 to 
1.5mìcrograms/kg per minute may be given, increasing 
gradually under dose supervision until the desứed 
reductìon in blood pressure is achieved. The average dose 
required to maintain the blood pressure 30 to 40% below 
the preơeatment diastoỉic blood pressure is 3 micrograms/kg 
per minute and the usual dose range is 0.5 to 
6 micrograms/kg per minute. Lower doses should be used 
in padents already receiving other antíhypertensives. The 
maxúnum recommended rate is about 8 micrograms/kg per 
minute in the UK, and 10 micrograms/kg per minute in the 
USA; infusions at these rates should be used for no longer 
than 10 minutes and should be stopped after 10 minutes if 
there is no response. B there is a response,. sodium 
nitroprusside should ideally be given for only a few hours to 
avoid the risk of cyanide toxidty. Treatment with an oral 
antihypertensive should be introduced as soon as possible.

For the induction of hypotension during anaesthesia 
a maximum dose of 1.5 micrograms/kg pcr minute is 
recommended.

In heart íailure an initíal dose of 10 to 15micro- 
grams/minute has been used, increasing by 10 to 
15micrograins/minute every 5 to 10 minutes according to 
response. The usual dosage range is 10 to 200micro- 
grams/minute.

Sodium niưoprusside has also been used as a reagent for 
detecting ketones in urine.

Administration in children. Although experìence is more 
limited than with adults, sodium nitroprusside has been 
successíully used in inỉants and children. Contínuous iníu- 
sion of niưoprusside at a rate of 2 to 4micrograms/kg per 
minute for 28 days was reported1 in an 11-year-old child 
with rehaaory hypertension, without any signs of thio- 
cyanate toxidty. In a series of 58 neonates with cardiovas- 
cular disorders or respiratory distress syndrome,2 sodium 
nitroprussìde was given in a usual initíal dose of 250 to 
500nanograms/kg per minute, and the rate was then 
repeatedly doubled at intervals of 15 to 20 minutes until 
the desired effect was achieved. adverse eSects super- 
vened, or it was judged ineSectìve. The maximum rate did 
not exceed 6 micrograms/kg per minute. Inlusion of sod- 
ium niưoprusside in doses of 0.5 to 8 micrograms/kg per 
minute to produce controlled reductìon of blood pressure

has also been reported3 in 28 children vvith hypertensive 
crises; 16 had also received labetalol.3 The risks of toxicity 
in paediatric patíents ha ve been revievved.4-5 One revievv* 
of sodium Qìtraprussìde use in paedlatric surgical patìents 
ỉound that inỉusions o£ 1.8mỉcrograms/kg or more per 
minute were assodated with a greater risk of cyanide toxi- 
city.

Although sodium niưoprusside is unlicensed in the UK 
for use in chỉldren, the BNPCsuggests that neonates, iníants, 
and children may be given an initìal continuous 
intravenous iníusion of 500nanograms/kg per minute, 
vvhich may be increased in steps of 200 nanograms/kg per 
minute to a maximum of 8 micrograms/kg per minute (or a 
maxúnum oỉ 4 micrograms/kg per minute ư given for longer 
than 24hours).

For the use oỉ inhaled sodium niưoprusside in neonates 
with pulmonary hypertension see belovv.

ỉ . Luderer JR. tí aL Long-tenn administratíon ỡỉ sodium nỉtropmssỉde in 
dìỉỉdbood. J Pediatr 1977; 9lỉ 490-1.

2. BenỉQ WE, tí  ai. Use of sodỉum nitroprussídc in neonates: efficacy and 
. saỉecy. J Ptấiatr 1985; 106: 102-10.

3. Deaỉ JE,tía ì. Management oi hypertenâve emergendes. Anh Dừ ũàỉd 
1992; 67:1089-92.

4. Moữett BS. Price JF. Evaluatíon of sodỉum QỈtroprusside toxidty ỉn 
peđiaưlc eareEac surgỉcaỉ patỉents. Amt Pharmaather 2008; 42: 1600-4.

5. Thomas c tí  ai. Sodium-nitroprussỉde-mduced cyanỉde toxỉdty ỉn 
pedỉaoỉc patlents. Exptrt opin Drug Safèty 2009; 8: 599-602.

Ergotamine poisoning. For the use oỉ sodium nỉtro- 
prusside in the treatment o i cyanosis of the exttemitìes 
due to ergotamine overdosage, see Cardiovascular EHects, 
p. 674.3.

Pulmonary hypertension. Inhaỉed sodium nitroprusside 
has been used1-2 as an altematíve to inhaỉeđ nitric oxide 
in the ơeatment of hypoxic neonates with pulmonary 
hypeitension (p. 1278.2).

1. Paỉhares DB, tí  aL Endotracbeaỉ ỉnhaỉatory sodium nitroprusside ỉn 
severely hypoxỉc oewboms. J Perinat Med 1998; 26:219-24.

2. Mestan KXL tí ai. Cardỉopuỉmonary effects of nebuỉỉzed sodỉum 
nỉtropnissỉde in tenn ỉníants wtth hypoxỉc respỉratory biỉure. J Ptdiatr 
2003; 143: 640-3.

Adverse Eữeds
Sodium niưoprusside rapidly reduces blood pressure and is 
converted in the body to cyanide and then thiocyanate. Its 
adverse effects can be attributed mainỉy to excessive 
hypotension and excessive cyanide accumulatìon; thiocya- 
nate toxidty may also occur, espedally in patíents with 
renal impairmenL Intravenous irứusion of sodium niơo- 
prusside may produce nausea and vomitìng, apprehension, 
headache, dizziness, restìessness, perspữatìon, palpitatìons, 
reưostemal discomỉort abdominal pain, and musde 
rvvitching, but these effects may be reduced by slovving the 
inỉusion rate.

An excessive amount oỉ cyanide in plasma (more than 
80 nanograms/mL), because of overdosage or depletíon of 
endogenous thiosulíate (which converts cyanide to 
thiocyanate in vivo), may result in tachycardia, svveating, 
hyperventílatíon, aưhythmias, and profound metabolic 
addosis. Metabolic addosis may be the flnt sign oí cyanide 
toxidty. Methaemoglobinaemia may also occur.

Adverse eữects attrìbuted to thiocyanate indude head- 
ache, tínnitus, miosis, arthralgia. musde cramps, and 
hyperreHexia; coníusion, halludnatíons, and convulsions 
hãve also been reported.

Other adverse eổects indude thrombocytopenia and 
phlebitis.

Effects on the blood. THROMBOCYIOPENIA. Platelet counts 
decreased in 7 of 8 patíents with heart ỉailure 1 to 6 hours 
aíter intravenous inỉusion of nitroprusside was started.1 
The counts began to retum to normal 24 hours alter the 
inlusion was stopped.

1. Mehu p, tí ai. Nitroprusside lowers pỉatelet counL N Engi J Mxd 1978; 
299: 1134.

Eííects on the gastrointestind tract. Five out of 38 
patients who were given sodium niưoprusside intrave- 
nously for connolled hypotension during surgery devel- 
oped symptoms of adynamic ileus postoperatively.1 The 
symptoms could have been secondary to intestinal ischae- 
mia due to diminished mesenteric arterial blood flow. 
However, other explanations have been proposed indud- 
ing sympathedc stimulation2-3 or the concomitant use of 
opioid analgesics.4

1. cheo JW, «  al. Adynímic Ueus [oUovriog induced hypoiension. JAMA 
19S5; 253: 633.

2. Geỉman s. Adynamic ỉleus ỉoỉlovring ừiduced hypotensỉon. JAMA 1985: 
254:1721.

3. Lampert BA. Ađynamỉc ỉleus foílowỉng induced hypotensỉon. JAMA 
1985; 254: 1721.

4. Lemmo X Kames J. Adynamỉc ỉỉeus foỉlowỉng ỉnduced hypotension. 
JAMA 1985; 254: 1721.

Effeds on introcronial pressure. A signihcant increase in 
intracranial pressure while the mean blood pressure was 
80 or 90% of initial Vcdues was reported1 in 14 normocap- 
nic patients given an inhision of sodium nitroprusside to

The Symbol t  denotes a preparatíon no longer actively marketed
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prođuce controlled hypotension beíore neiirosurgery; 
valucs reverted towards normal at mean blood pressures 
oỉ 70% oĩ Controls. A similar but inãgniBtant trend 
occurred in s hypocapnic patients. In another report2 a 
rise ỉn ỉntracranial pressure vvas noted aỉter the use oí 
nitroprusside in a patient with Reye's synđrome.

1. Tumer JM. a  ti. Intncranỉal prcssurc dunges in ncuroiurgicml pitỉents 
during hypocension ỉnduccd with sodium nitropiusside or oimetaphan.

■ BrJArutath 1977; 49:419-24.
2. Grisrrokl WR. a  al. Nitropraoide-induced inơicranUI hypertcroion. 

JAMÁ 1981; 244: 2679-80.

Phlebitis. Acute transient phlebitis has occurred after infu- 
sion oỉ sodium nitroprusside.1

1. MÍIlrr X  SttTk DCC. Acute phkbhb (rom nitropnisside. A nathácbgy 
1978; 49: 372.

Treatment of Adverse Effeds
Adverse eỉỉects due to excessive hypotension may be ữeated 
by slomng or stopping the infusion.

For details oỉ the treatment oỉ cyanide poisoning see 
Hydrocyanic Add. p. 2156.2. Thiocyanate can be removed 
by dialysis.

Precautions
Sodium niưoprusside should not be used in the presence oí 
compensatory hypertension (for example, in artetiovenous 
shuntỉ or coarctadon of the aorta). It should be used vvith 
caution, if at all, in patìents with hepatic impairment, and in 
patỉents with low plasma-cobalamin concenữatíons or 
Lebers optic aưophy. It should also be used with caution in 
patients vvith impaửed renal or pulmonary hinction and 
with partícular caution in patients vvith impaữed cerebro- 
vascular drculation. Thiocyanate, a metabolite oỉ sodium 
nitroprusside. inhibits iodine binding and uptake and 
sodium nitroprusside should be used with caution in 
patients with hypothyroidism. The blood-thiocyanate 
concentration should be monitored ư aeatment continues 
for more than 3 days and should not exceed lOOmicro- 
grams/mL although toxidty may be apparent at lower 
thỉocyanate concentrations. Thiocyanate concentrations do 
not reOect cyanide toxidty and cyanide concenơations 
should also be monitored; the blood concentration of 
cyanide should not exceed 1 microgram/mL and the se ram 
concentration should not exceed 80 nanograms/mL. The 
add-base balance should also be monitored. Care should be 
taken to ensure that extravasatìon does not occur. Sodium 

- nitroprasáde should not be withdrawn abraptly due to the 
risk oỉ rebound eữects.

Aortic stenosis. Vasodilators such as sodium nitroprasside 
are usually contra-indicated in conditions where cardiac 
outflow is obstracted since cardiac output cannot increasẹ 
to compensate for the tall in blood pressure. However, a 
study1 in patients with aortic stenosis and severe left 
ventricular dyshmction íound that sodium niữoprusside 
was well tolerated and that it rapidly and markedly 
improved cardiac hinction.

1. Kbot UN, tí ai. NỈDopnisskie in crttỉaỉỉy ỉll pttìents with leừ ventricular 
đysỉuncrioĐ and aortic stenosỉs. N Engi J  Meắ 2003; 348: 1756-63.

Pregnancy. Although there are concerns that nitro-
prusside given to the mother might produce cyanide toxi- 
dty in the ỉetus, a systematic revietv1 vvas unable to ũnd 
suffident evidence to detennine the rìsk.

1. S as N, tí ai. D oa sodhuũ nitroprusside Idỉỉ babia? A synematỉc review. 
Sao PauioM eẩJ 2007; 125: 108-11.

lòchyphylaxis. Tachyphylaxis to sodỉum nitroprussidc 
was assodated with hỉgh plasma concentrations oỉ cỵanide 
wỉthout metabolic addosỉs in 3 paóents undergoing hypo- 
tenãve anaesthesỉa.1

1. CottreH JE. tí *L Nỉtroprussỉde tachyphylaxịí wiihout addosỉỉ. 
AnaứmioỉOỊỹ 1978; 49: 141-2.

Withdrawd. Rebound haemodynamic changes. induding 
hypertension and increased heart rate, occurred 10 to 30 
minutes after stopping intravenous sodium nitroprusside 
iníuãon in 20 patients with heart failure.' The changes 
generally resolved spontaneously yyithin 1 to 3 hours and 
produced only mininial exacerbation of symptoms in most 
patients, although 3 devéloped pulmonary oedema 20 to 
30 minutes after stopping the infusion, needing restarting 
oỉ nitroprasside in 2 cases. A study2 investigating a possí- 
ble mechanism for this eỉfea lound that plasma-renin 
concentrations were increased during inỉuãon of niơo- 
pnisãde and remained elevated ỉor 30 minutes aỉter the 
iníusion was stopped. It vvas suggested that this persistence 
oỉ elevated plasma-renin concentrations aíter dearance of 
short-lived nitroprasside may be responsible for the 
rebound eỉỉects.

1. Packer M. «  ti. Rebound hemodynaiDic evenu liler Ibe abnipt 
withdrawâl ơí nỉưoprusside in pitieDts with severe chronk heart (ailure.
N Bngl J  Mat 1979; 301: 1193-7.

2. Cottrcỉl JE. tt al. Rebound hypertensíon lỉier sodium nltroprusãde- 
induced hypotenrion. CUn Phormacữl Thir 1980; 27: 32-6.

Interadions
Enhanced hypotenáon should be expected u sodium 
nitroprasside is used with other antihypertensives or drugs 
that produce hypotenáon.

Aheplạse. Sodium nitroprasside inỉusion prolonged the 
Abrinolytic actívity oỉ alteplase when given to cmùnaUr, use 
of nitrovasodilators with alteplase may be responsible lor 
the enhanced bleeding tendency seen in some patients on 
thrombolytic therapy.1

ỉ. Kocbut K đ o i. Proỉongatton of íìbrinolytic acdvity oí tissue plasmỉnogen 
activator by nitrovasodilators. Lanceĩ 1990; 335: 669.

Pharmacokinetìcs
Sodũim nitroprasside is rapidly metabolised to cyanide in 
erythrocytes and smooth musde and, út vivo, this is followed 
by the release oỉ nitric oxide, the active metabolite. Cyanide 
is íurther metabolised in the liver to thiocyanate. which is 
slovvly excreted in the urine; this metabolism is mediated by 
the enzyme rhodanase and requires the presence of 
thiosullate. The plasma half-lile of thiocyanate is reported to 
be about 3 days, but may be much Ionger in patients vvith 
renal impairment.
Revìews.

1, Schuli V. Clinical pharmacokinetỉcs of nitroprusside, cyanide. ihiosul- 
phate and ihiocyanate. ơin Pkarmacokinet 1984; 9: 239-51.

PreparaHons
Proprietory Prepomtions (details are given in Volume B)
Single-ingredient Preparotions. Arg.: Dokeưol; Niprusodio; 
Nitropnis; Braz.: Nipride; Niưopresabbott; Nitroprus; Caiuid.: 
Nipride; Cz.: Nipruss; Fr.: Nltriate; Ger.: Nỉpruss; Gr.: Nitriale; 
ỉndùr. Nipress; Sonide; Israel: Nipruss; Jpn: Nitopro; Rus.: 
Naniprus (HaHHnpyc); S-A/r.: Hypoten; SNPt; Spain: Nitropras- 
siat; Turk.: Nipnĩss; USA: Nioopress.

Pharmocopoaiai PraparalMiis
BP 2014: Sodium Nittoprusside Iníusion;
USP 36: Sodium Nỉtroprasside ỉor Injection.

Sotalol Hydrochloríde
IBANM, USAN, rlNNMI <8>
4/-Sọtalol Hydrochloride; Hidrodoruro de sotalol; Ml-1999; 
Sotalol, chlórhydrate de; Sotalol, hídròdoruro de; Sotalol 
Hidroklorủn Sotalolhydrochtorid; Sotạlol-hydrochlond; Sota- 
íolhydroklorid; Sotalóli Hydrochloridum; sótalolìhydroldoridi; 
Sotãlolio hìdrochloridas; Szotalol-hidroklorid; Coĩano/ia 
rnflpoxnopnfl.
4'-{l-Hydroxy-2-isopropylaminoethyl)methanesulphonani- 
lide hydrochloride.
CijH2oNAS.HG1=308.8 .
C45 — 3930-20-9 (sotalol); 959-24-0 (sotalol hydrochloride). 
ATC — C07AA07.
ATCV&— QC07M07.
UNII — HẸC37C7ỌXX

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Sotalol Hydrochlorìde). A vvhite or almost white 
powder. Freely soluble in water; soluble in alcohol: 
practically insoluble in dichỉoromethane. A 5% solution in 
water has a pH oỉ 4.0 to 5.0. Protect ỉrom light.
USP 36: (Sotalol Hydrochloríde). A white to off-white 
povvder. Freely soluble in water soluble in alcohol; very 
slightly soluble in chloroỉorm.

Stobitíty. Suspensions of sotalol hydrochloride 5mg/mL 
made using either commerdally available or extempora- 
neously prepared vehỉdes were íound1 to be stable fõr up 
to 3 months when stored at 4 degrees or 25 degrees. Pro- 
longed storage at 25 degrees was not recommended, how- 
ever, because oí the risk ot microbial grovnh.

1. Nahau MC Morosco RS. Subiliry oi sotalol in rwo Uquid (ornlulaUoni at 
two temperanira. Am Pharmacothtr 2003; 37: 506-9.

Uses and Administratìon
Sotalolisa non-cardioselective beta blocker (p. 1316.3). Itis 
reported to lack both intiinsic sympatbomimetíc and 
membrane-stabilising properties. In addition to the dass ư 
antiarrhythmic activity of beta blockers, sotalol lengthens 
the duration of the action potentiaỉ resulting in dass m  
antíanhythmic activity. For a dassihcation and explanatìon 
oỉ antíanhythmic activlty, see p. 1243.1.

Sotaỉol is used in the management of ventncular and 
supraventricular arrhythmias (p. 1266.1). Becanse of its 
proanhythmic eãects, it is usually reserved for severe or 
ìưe-threatening arrhythxnias, and it should not be used in 
patients with asymptomatic ventricular arrhythmias. 
Although it was íoimerly used ỉor its beta-blocking eữects 
in the management of angina pectoris, hypertension, and 
myocardial iníarction, it is no longer recommended for

these indỉcatíons because oỉ the risk of predpitating 
arrhythmias.

Sotaỉol is given as the hydrochloride. Treatment shouỉd 
be staited in hospital with suỉtable monìtoiing ỉadlỉties. The 
QT interval should be assessed beíore the start of treatment 
and whenever the dosage is ađjusted (see Precautions 
p. 1499.2); plasma-electrolyte concentratíons and renal 
ỉunction should also be monitored. The dose should be 
reduced in patients with renal impairment (see p. 1499.1).

The usual initial oral dose of sotalol hydrochloiide is 
80 mg daily, as a sỉngle dose or in two divided doses. The 
dosage is then individualỉsed accordỉng to response. and 
doses are increased gradually allovving 2 or 3 days betvveen 
increments. u s  licensed product information recommends a 
higher initial dose oi 80 mg tvvice daily and this should not 
be increased for at least 3 days. Most patients respond to 
doses of 160 to 320 mg daily (usually given in two divided 
doses). Some patients with ventricular arrhythmias may 
require doses as high as 640 mg daiỉy.

Sotalol may be given intravenously to control acute 
arrhythmias, to substitute for oral therapy, and for 
programmed eiectrical stimulation. To control acute 
arrhythmỉas. sotalol hydrochloríde is given in a dose oỉ 20 
to 120 mg (500 to 1500 micrograms/kg) intravenously over 
10 minutes. This dose may be repeated every 6 hours if 
necessary. To substitute for oral therapy an intravenous 
inhision of 200 to 500 micrograms/kg per hour may be used. 
The total daily dose should not exceed 640 mg. (In the USA, 
a dose of 75 mg inlused over 5 hours ứ recommended to 
replace an oral dose of 80 mg.) For programmed electrical 
stimulation (to test antiarrhythmic efficacy) an initial dose 
of 1.5 mg/kg is given over 10 to 20 minutes, followed by an 
intravenous inlusion oỉ 200 to 500 micrograms/kg per hour.

Sotalol is used as a racemic mixture; d-sotalol (dexsotalol* 
(+)-sota!ol) has also been investigated as an antiarrhythmic 
but development was stopped when it was íound to increase 
mortality (see Action. below).
General references.

1. Httoa A, Sorìđn EM. Souloỉ: an updated review oí its pharmacologỉcai 
properĩ l a  and iherapeutìc use in cardiac anhythmỉas. Drup 1993; 46: 
67ỂÍ-719.

2. Nappỉ JM, McCollam PL Sơuioỉ: a breakthrough antíarrhythmk? Am  
Fharmaathtr 1993; 27: 1359-68.

3. Zanettỉ LAP. Sotalol: a new dass m  antíarrhythmỉc agenL ơin Pharm 
1993; 12: 883-91.

4. Hohnloser sn. Wooslcy RL. Soialol. N Engí J Med 1994; 331: 31-8.
5. Andetson JL  Prystowsky EN. Sotaiol: an importam new antíanhythmỉc 

Am HeartJ 1999; Ỉ37: 388-409.
6. Chakỉ AL, tí ai. Sotalol as adjunahre ứterapy to ỉmpỉantable 

ardiovcncr-deílbrillaiors in heait ỉaihirt patìents. Congest Heart Fứũ 
2009; l ỉ :  144-7.

Adíon. Sotalol is used as the racemic mixture of the two 
stereoisomers, d-sotalol (dexsotalob (+)-sota!ol) and /-sota- 
lol ((-)-sotalol). A comparíson of the eữeds of d-sotalol 
and racemic sotalol in 6 healthy subjects' showed that the 
beta-bloddng activity resided almost entirely in the I-iso- 
mer, while the eổects on the QT interval, which are con- 
sistent with type m  antiarrhythmic activity, appear to be 
due to both ìsomers. A study in 8 healthy subjects also 
shovved a lack of beta blockade by d-sbtalol.2 This would 
suggest that the eỉectrophysiological eữects of sotalol are 
unrelated to its beta-blodóng properties. d-Sotalol has 
been investigated as an antìarrhythmic3 However, a preỉi- 
minary placebo-controlled study in patients with myo- 
cardial inỉarction at high risk oí arrhythmỉa due to 
impaired leỉt ventricular tunction was terminated early 
when increased mortality was seen in the treatment 
group.4-5

1. Johnston GD. tí ai. A comparison oỉ the cardtovascuỉar effect$ of (+y- 
souỉol and (±)-socaloỉ foUowỉng ịnưavenous adỉĐintstratíon in nannaỉ 
volunteen. 8 rJơ h t Pharmaeoi 1985; 20: 507-10.

2. Yasuda su, tí ai. d-Sotaỉol reduca heart rate in vtvo through a 8 * 
adrenerglc receptor-independent mechanism. ơin Pharmacol Ther 1993; 
53: 436-42.

3. Ađvanỉ sv, Slngh BN. Phamucodynainỉc phannacokỉnetỉc and 
antíarrỉiythmic propertia af d-sotaloL the dextro-isomer oi sotaỉoL 
Drup 1995; 49: 664-79

4. Choo V. SWORD slashed. Lanat 1994; 344: 1358.
5. Waldo AL tí ai. Efỉea ữf d>sotalol on mortaỉỉty in patients wỉth left 

ventrkuỉar dyshtnctiMi after recent and remote myocardiaỉ iníarctíon. 
Lanctí 1996; 348: 7-12. Covreakm. ibùL; 416.

AdminisiixilicNi. Reíerence to the development oí an intra* 
venous dosage regimen for sotalol.1

1. Somberg IC tta L  Dcveloptag I  s*le ĩntnvenom  sotilol dosừig rcgtaen. 
Am J ĩiú r  2010: 17: 365-72.

Adminisỉration in chiidren. Sotalol has been used to treat 
both ventricular and supraventricuỉar airhythmias in chil- 
dren aged hom newbom to adolescent;1*3 it appears to be 
eữective and vyell-tolerated, although proarrhythmic 
effects may occur. Neonates may be more sensitive to the 
QT-prolonging eãects oí sotalol3 and lower doses may be 
appropriate. In the UK the BNFC recommends the follow- 
ing oral doses of sotalol hydrochlorìde:
• Neonates: initìal dose 1 mg/kg twice daily, increased as 

necessary every 3 to 4 days to a maximum of 4mg/kg 
twice daiỉy

All cross-reíerences reler to entries in Volume A
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• Ctaildren aged 1 month to 12 years: initial dose 1 mg/kg 
twice daily, increased as necessary every 2 to 3 days to a 
maximum oỉ 4 mg/kg nvice daily (maximum total dose 
80 mg tvvice daily)

Licensed prođuct iníormatíon in the USA recommends 
doses of sotalol hydrochloride based on body suriace area. 
Children aged 2 years and over may be given an initiaỉ dose 
of 30mg/m2 three times daily, increased as necessary at 
intervals of at least 36 hours to a maxừnum of 60mg/mJ 
three thnes daily. For children under 2 years of age the dose 
should be huther reduced. and nomograms are available 
providing age-spedfic recommendations.

In children with rebactory supraventricular tachycardia, 
sotalol has been given with ũecainide; in a study4 in 
children aged under 1 year, doses used ranged bom 100 to 
250mg/mJ daily of sotalol and bom 40 to 150mg/m2 daily 
of Accainide.

Sotalol has also be en used transplacentally to treat ỉetal 
tachycardias, induding atrial Autter and supraventrìcular 
tachycardia. It may be eổectìve as second-line therapy in 
additìon to digoxm,’ and has also been used Aist-line.6-7 
However, one reưospective study* of 21 íetuses given 
sotalol transplacentalỉy ỉound that it was more eữective in 
atrial Autter than in supraventricular tachycardia; mortality 
was also higher in ỉetuses with supraventricuỉar tachy- 
cardia, and the authors thereíore suggested that sotalol 
should only be used in resistant cases.

1. Qeỉỉker A, tí  ai. Sotaỉoỉ in treatment of pedỉatrỉc cardlac arrhythmỉas. 
Ptdiứơ Int 2001; 43: 624-30.

2. Beaufort-Krol GGM Bink-Boelkens MTE. Eổecdveness of sotaloỉ ỉor 
atiial ũutter ỉn childrcn aftcr surgery íor congenỉtaỉ heart dỉsease. Am J
Cardiol 1997; 79: 92-4.

3. LSer s. tí ai. Devdopment oí a saíe and eữecứve pedỉatric dosùig 
regỉmen ỉor sotaloi based on popuiatìon phannacoỉdnetỉcs and 
pharmacodynamics in dúỉdren wỉth supraventrỉcuỉar tachycardỉa. J  
Am Coít Cardiol 2005; 46: 1322-30.

4. Price tí ai. Pỉecainide and sotaloh a new combinatíon therapy for 
reíractory supraventxteuỉar tachycardỉa in chỉidren < 1 year oí age. J Am
Cữil Cardioi 2002; 39: 517-20.

5. Sonesson S-E. tí aL Foetaỉ supraventricular tachycardỉa created wỉtb 
sotaỉoL Ađa PaedùttT 1998; 87: 584-7.

6. Oudỉjk MA. tí ai. Socaloi in the ưeatment of ỉetaỉ dysrhythmias. 
Ciratlaúon 2000; 101: 2721-6.

7. Rebelo M, t í  aL Sotaloỉ in the treatment oí Êetai uchyarrhythima. Rev 
Port Cardỉol 2006; 25:477-81.

Adtninistration in renal impairment. Sotalol is excreted 
mainly unchanged by the kidneys and may accumulate in 
renal impairmenL The usual daily dosage (see Uses and 
Administration, p. 1498.2) should thereỉore be ceduced, 
either by decreasing the size of each dose, or by increasing 
the interval between doses. UK licensed product mỉorma- 
tíon ỉor oral or intravenous sotalol recommends the fol- 
lovving doses based on creatinine dearance (CC):
• cc 30 to 60 mL/minute: halí usual dose
• cc 10 to 30mL/minute: quarter usual dose
• cc less than lOmt/minute: not recommended
Oral dosage recommendations in the USA depend on both 
the indicaúon and cc, and incremental increases should not 
be made until 5 or 6 doses have been given. In the treatment 
of ventricular arrhythmias, licensed product inlormatíon 
recommends that in renaỉ impairment doses should be 
given at the following intervals:
• cc 30 to 59mL/minute: every 24 hours
• cc 10 to 29mL/minute: every 36 to 48 hours
• cc less than lOmL/minute: dosage should be 

individualỉsed
For the treatment of atrial Đbrillation, the same dosage 
intervals are recommended but sotalol is contra-indỉcated ư 
cc is less than 40 mL/minute.

In patients who require intravenous sotalol hydro- 
chloríde, u s recommendations are that the dosage 
trequency be reduced to once daily in those with cc 
betvveen 60 and 40 mL/minute; a recommended initiaỉ dose 
is 75 mg daily, iníused over 5 hours. It should be avoided 
completely (regardless of indication) in those with cc less 
than 40mL/minute.

In a study of 10 hypertensive patients with varying 
degrees oỉ renal impainnent,1 the apparent first-order 
elimination rate constant and plasma dearance oỉ orai 
sotalol correlated with glomerular Altration rate. Another 
stuđy2 compared the kinetics of oral sotalol in patients with 
normal renal hinction, renal impaứment, and renal íailure. 
Elimination halí-lives of 8.1 and 24.2 hours were reported 
in patients vvith c c  above 39 mUmmute and berneen 8 and 
38 mL/minute, respectìvely. It was suggested that an 
increase in the dosage interval to 48 or 72 houis may be 
necessary to compensate for longer half-lives. Cautìon is 
requừed vvhen sotalol is used in padents on dialysis; a halí- 
liíe oí 33.9 hours was reponed in patients with renal ỉailure 
but this fell to 5.8 hours during dỉalysis which removed 
about 43% oỉ sotaỉoi.

1. Berglund G. ít al. Phannacokinetia o{ sotalol after chronic 
adraỉnỉstratíon to patíents with renal insuỉBtíency. Eur J ơừ t Pharmacoi 
1980; 18: 321-6.

2. Blaừ AD, tí  al. Sữtaỉol kinetics in renal insuíũdency. Qin Phamaal Ther 
1981; 29: 457-63.

Adverse Effects, Treaừnent, and Precautìons
As for Beta Blockers, p. 1319.1.

Torsade de pointes has been reported in patíents given 
sotalol, usually due to prolongatiún of the QT ínterval. The 
QT interval should be monitored: extreme cautíon is 
reqtũred iỉ the QT interval exceeds 500mi]liseconds and 
sótalol should be stopped or the dose reduced ư the QT 
interval exceeds 550milliseconds. As hypokalaemia or 
hypomagnesaemia may predispose patients to arrhythmias, 
serum-electrolyte concentrations should be monitored 
beíore and durìng ơeatment with sotalol.

Sotalol should be used with cautíon in renal impaứment 
(see under Uses and Administratìon. above) and is 
contra-indicated in patients vvhose CTeatinine dearance is 
less than lOmUminute.

Breost feeding. Sotalol is distributed into breast miỉk and 
milk to serum ratios have been reported1'3 to range hom
2.2 to 8.8. In one report2 it was calcuỉated that a bieast- 
fed inỉant might ingest 20 to 23% oỉ a matemal dose; 
however, no bradycardia was noted in the inỉant in this 
study. The American Academy oí Pediatrics States4 that 
there have been no reports of dinical eữects in breast-íed 
iníants whose motheis were receiving sotalol and that 
thereỉore it may be considered to be usually compatìble 
with breast íeeding.

ỉ . 0'Hare MF, tí a i Sotaỉoỉ a$ a hypotenãve agent ỈĐ pregnancy. Br J Obsítí 
Gynauoỉ 1980; 87: 814-20.

2. Hackett LP, tía l Bxcretíoa of soulol in breast miDc. Br J Qm Pharmatoi 
1990; 29: 277-8.

3. Wagner x ,tía i. CoadmiDístratíon of ũecainide acetate and sotalol durỉng 
pregnancy: ỉack oỉ teratogenic eữects. passage across the pỉacenta. and 
excretỉon ỉn human breast miilc Am Heart J 1990; 119: 700-2.

4. American Academy of Pedlatrics. The transíer of drugs and other 
Chemicals into human miỉlc. Pediatria 2001; 108:776-89. [Retired May 
2010] Correctíon. ữùL; 1029. Aỉso avaỉỉabỉe ac hop://aappolỉcy. 
aappubUcations.OTg/cgỉ/content/hill/pedỉaaics%3bl08/3/776 (accessed 
10/07/07)

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassiỂes sotaỉol as not por- 
phyrinogenic it may be used as a drug of first choice and 
no precautions are needed.1

1. The Drug Database for Acute Porphyria. Avaiỉabỉe at: http://www. 
dmgs-porphyria.org (accessed 26/10/11)

Interadions
There is an increased risk oí predpitating ventricular 
arrhythmias u sotaỉol is given with other drugs that prolong 
the QT intervaỉ, and use vvith the ỉollovving drugs is 
thereíore not recommended: dass la antíarrhythtnics 
(ỉnduding disopyramide, procainamide, and quinidine), 
amiodarone, phenothiarine antipsychotics, tricyclic 
antidepressants, certain antihistamines (astemứole or 
terienadine), ósapride, erythromydn, haloíantrine, pent- 
amidine, quinolones, sultopride, and vincamine. Cautíon is 
reqmred ií sotalol is given with drugs that cause electrolyte 
disturbances, such as diuretìcs. since this also ứicreases the 
risk of aưhythmias.

Other interactions assoõated vvith beta blockers are 
discussed on p. 1321.2.

Pharmacokinetics
Sotalol is almost completely absorbed bom the gastro- 
intestinal traa and peak plasma concemrations occur about 
2 to 4 houis after a dose. The plasma eliminatíon haU-liỉe is 
about 10 to 20 hours. Sotalol has low lipid solubility. Very 
litde is metabolised and it is excreted unchanged in the 
urine. Bỉnding to plasma proteins is reported to be low. It 
crosses the placenta and is distributed into breast milk; 
concentrations in milk may be higher than those in 
matemal senim (see Breast Feeding, above). Only smaỉl 
amounts are reponed to cross the blood-brain barrier and 
enter the CSF. Sotalol is removed by dialysis.

General references.
1. Slngh BN. a  ai. Souỉoỉ: a revỉew oỉ its pharxnacođynamic and 

pharmacokinetic propertíes. and therapeutic use. Drugs 1987; 34: 311- 
49.

Pregnancy. The systemic dearance 0f sotalol in 6 healthy 
women aher an intravenous dose was ãgnificantly higher 
during pregnanqr than ỉn the postnatal period, and the 
mean eliminadon halỉ>lUe was shorter (6.6 versus 9.3 
hours), although the lattèr diổerence was not signiũcant.1 
Clearance after an oral dose was also higher during 
pregnancy than afterwards, but halMives (10.9 versus
10.3 hours) and mean bioavailability were similar. The 
changes were probably due to alteratìons in renal luncdon 
in the antenatal period.

In a study2 of transplacental therapy, sotalol was ỉound to 
cross the placenta easily and completeiy, with steady-state 
plasma concenưatíons similar in mother and fetus. Sotalol

accumulated in the amniotìc ũuid but not in the fetus; it was 
not assoõated with íetal growth restrictíon.

1. 0'Hare MF. a  aL Phartĩiacoỉônctics oí sotalol during pregnancy. Eur J 
Om Pharmacoí 1983; 24: 521-4.

2. Oudiỉk MA. a  a i  Tre»tmem o i íetai tacbycaidia trith sotaỉol: 
nansplacental pharmacoklnetia and pbannacodynamics. J Am CoU 
Careùoỉ 2003; 42:765-70.

Preparotions
PropTMtary Prepqralions (details are given in Voỉume B)
Sỉnglemgredierứ PraporaHoos. Arg.: Sotacon AttstraL: Cardob 
Solãverc Sotacor Sotahexalt; Austriat Sotacor; Sotahexal; 
Sotamed; Sotastad; Belg.: Sotalex; B r a z Sotacon Sotahexal; 
CatuuL: Rylosol; ChỊỊe: Hipecor; ơtina: J1 Di (SFìâ); Jỉn Lv Xỉn 
(^S/a:); Sotacor (M̂ tCỘT); Tan Shi (tì# ); Wei Te (ffi#); Xi 
An Un (¥ $ # ) ;  Tri Huan (#®); Yuan Q1 (7CÍr); Cz.: Sotahex- 
al; Sotalexỷ; Fũl: Sotacor; Sotalin-h Fr.: Sotalex; Ger.: Darobt; 
Jutalexf; Rentíbioc Sota-Purent; Sota-saart; Sotaf; Sotabeta; 
Sotagamma; Sotahexalỷ; Sotalex; Sotalodoct; Sotastadỷ; Gr.: 
Sotaĩex; Hong Kong-. sótacort; Hung.: Sotahexal; Sotalóc ItL: 
Sotacot; Sotoger ItaL: Rytmobeta; Sotalex; Jpm Sotacon 
MaLtysia: Sotacon Mex.: Sotaper; Neth.: Sotacort; Norw.: 
Sotacorb NZ: Sotacon Sotahexaít; phũipp.: Sotalexf; PoL: Bio- 
sotal; Darob; Sotahẹxal; PorL: Darob; Rus.: Sotahexal 
(Corareicag); Sotalex (ConneKc); S~Afr.: Sotacor; Sotahexal; 
Singaporr. Sotacon SotaHexal; Spain: Sotapor Swed.: Sotacon 
Swtíz.: Sotalex; Turk.: Darob; Sotarit Talcmn; UK: Beta-Car- 
done; Sotacon ukr.: Soritmik (CopimtÌK); Sotahexal
(Cotarenan)-h USA: Betapace.
MutN-ingredisnt Praporations. S~Afr.: Sotarideỷ.
Pbormocopoeiol PnBparahQiis
BP 2014: Sotalol Injection; Sotalol Tablets;
USP 36: Sotalol Hydrochloride Oral Suspension; Sotalol 
Hydrochloride Tablets.

Spirapríl Hydrochloride IBANM, USAN, liNNMi
%pírâpnf^YđrQdorí!ro đe; Hidrocforuro de espìraprit; Sch- 
|Ồ844; Spiraprillihýdrolâbridir spirapril, Ghlothydrate de; 
'5pirapril-hydrochÌoricl; Spirãpriìhydroklond; spirapnir hydro- 
.ehloridum; spiraprilìo hidroehlondạs; 11-211-950; Cnnpanpn- 
j a  rnflpoxnopMfl.
.(5)-7-{Ãf-[(S>-l-EthoxycaFbonyl-3-phenyĩpropyll-L-alanylH,4- 
dithia-7-azaspiro[4.4]nonane-8-carboxyllc acid hydro- 
chloride.

■ C22H30N2O5S2JHa=503.1 ■ - .
■G4S — 83647-97^6 (spiraprtl); 9484Ì-Ì7-5 (Spirơprtl hydro- 
•chtonde).
ATC — C09MÌỈ.

' ATC Vet — QC09M ĩ 1.
UNII — OCC25LM897.

Pharmacopoeias. Eur. (see p. vu) indudes the mono- 
hydrate.
Ph. Eur. 8: (Spirapril Hydrochloride Monohydrate). A white 
or almost white, flne crystaliine povvder. Very slighdy 
soluble in waten sỉighdy soluble in acetonitrile; practìcally 
insoluble in dichloromethane; soluble in methyl alcohol. 
Storé in airtìght containers. Protect bom light.

Pro/ị/e
Spừapril is an ACE inhibitor (p. 1282.2) that is used in the 
management of hypertension (p.l251.1).It owes its activity 
to the diadd spiraprilat, to vvhich it is converted aíter oral 
doses. ỉt is given oraỉỉy as the hydrochloride in a usual 
maintenance dose of 6 mg once daily.
Reíerences.

1. Noble s. Sorldn EM. Spirapril; a preliminaty revtew oí iu pharmacology 
and ihcrapeutìc etncacy ỉn the treatment of hypenenãon. Drugs 1995; 
49: 750-66.

2. Widỉmský J. tí ai. Czech and Slovak spirapril interventìon study 
(CASSIS); a raodoKnixed, placebo and acóve-controũed. double-blind 
mutúcenưe triaỉ ỉn paiỉents with congestìve heart íaỉlure. Eur J ơờt 
Pkarmaal 1995; 49: 95-102.

Preparations
Propnetory Preparations (details are given in Volume B)
Sihgb ingradient Praparations. Austria: Quadropril; Cz.: Ren- 
press; Ger.: Quadropril; Hung.: Quadroprilt; ItaL: Renormax; 
Setrilan; Rus.: Quadropril (KBaaponpiui); Spain: Renoimaxt; 
Renpresst: utar.: Quadropril (KBanponpHỉĩ).

Spỉronolactone (BAN, riNNi 0 
Es^ícorrotactona; í SC-9420; Spirolaaone; Spironolacton; 
Spirứnótìctonum; Spironolakton; Spỉranolaktonas; spirono-' 
(alctonĩ; CnỉipoHỗỉiaKrÓH , 7 . ;■ "
7a-Acety1tì)iò-3-oxO'17Q:prềghr4Ìne-21,Ỹ70-cart)olaaone; 
(7a,l 7a)-7-(Acetylthio)-17-hydroxy-3-oxo-prégn-4-ene-21 - 

‘árẼoxỳlic'ạdd^actone.' 'T ■ “  : 'T‘í ';.. ' " - y  ‘ ‘
C24H2Ó^=416.â ~ ,
CAS — 52-0Ì-7.
ÁTC — CO3DA0Ị '  ' ’

The Symbol 0  denotes a substance vvhose use may be restricted in certain sports (see p. vih)The symboi t  denotes a preparation no longer actively marketed
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ATC Ver — QC03DA0]. ■ .........
UNII —  2 7 0 7 W 4 T 2 3 Z - • ■ -  "
NOTE. Compounded preparatìons oỉ spironolactone may be 
represented by the foũowing names:
• Co-Qumactone (BAN)—spừonolactone and hydroAu- 

methiaãde in equal parts (w/w)
• Co-spironoáde (PEN)—spironolactone and hydro- 

chlorothiaáde.
Pharmacopoeias. In Otin., Eur. (see p. vii), ĩnt., Jjm, and us. 
Ph. Eur. 8: (Spironolactone). A white or yellowtsh-white 
powder. Practicaỉly insoluble in waten soluble in alcohol. It 
exhibits polymorphism. Protea írom light.
USP 36: (Spữonolaaone). A light cream-coloured to light 
tan, crystalline povvder with a laint to mild mercaptan-like 
odour. Practicaỉly insoluble in tvaten soluble in alcobol and 
in ethyl acetate; freely soluble in chỉoroíonn and in 
benzene; slightly soluble in methyl alcohol and in Đxed oils.

Stobility. There was no appreõable loss of spứonolactone 
from extemporaneously prepared suspensionỉ of spirono- 
lactone, 2.5, 5 and lOmg/mL, in a cherry syrup alter sto- 
rage for 2 weeks at 5 degrees or 30 degrees or at ambient 
room temperature under intense ũuorescent light.1 Degra- 
dation was Iess tban 5% for samples stored íor 4 weeks. 
but was more noticeable in suspensions with a higher 
initial concentration. There were no changes in colour or 
odour. Bacterial and íungal counts were well vvithin 
acceptable limits after 4 vveeks at 30 degrees.

I. Machur LX. Wlckman A. Siabỉlỉty oí extern poraneously compounded 
spironolactone suspcnsỉons. Am J Hosp Pharm 1989; 46: 2040-2.

Uses and Administration
Spứonolactone, a steroid with a structure resembiing that of 
the na tu rai adrenocortical hormone aldosterone, acts on the 
diỉtal portion oỉ the renal tubule as a competitive antagonist 
oỉ aldosterone. It acts as a potassium-sparing diuretic, 
increasing sođium and water excretion and redudng 
potasãum excretion.

Spứonolactone is reported to have a relatíveĩy slow onset 
oỉ action, requiring 2 or 3 days for maximum eííect, and a 
similarly slow diminishment oỉ action over 2 or 3 days on 
stopping.

Spứonoiactone is used in the management of heart 
íailure, both to treat reừactory oedema and in lower doses 
as an adjunct to Standard therapy (see below). It íỉ also used 
ỉor reỉractory oedema assotíated with đrrhosis of the Iiver 
(with or without asdtes, p. 1276.2), or the nephrotic 
syndrome, and ÚI asdtes assodated with malignancy. It is 
ỉrequently given with the thiaãdes, hirosemìde, or similar 
diuretics, where it adds to their natriuretic but diminishes 
their kaliuretic eãects, hence conserving potassium in those 
at risk from hypokalaemia. Diưretic-ỉnduced hypokaiaemia 
and its management, induding the role o! potassiưm- 
sparing diuretics, is discussed under Hííects on the 
Electrolyte Balance in the Adverse Eữects of Hydrochioro- 
thiaáde, p. 1404.2. It has been used in the treatment of 
essential hypertension (in lower doses than ỉor oedema), 
but in the UK iỉ no longer recommended for use in either 
essential hypertension or idiopathic oedema; doubts have 
been expressed over its saỉety during long-term adminis- 
tratíon.

Spironolactone is also used in the diagnosis and 
ưeatment oi prtmary hyperaldosteronism (p. 1501.1).

Other conditíons in which spironolaaone has be en tried 
on the basis oỉ its anti-androgenic properdes indude 
hirsutism, particularly in the polycystic ovary syndrome.

In the treatment oi oedema. spironolaaone is usually 
given in an initial oial dose of 100 mg daily, ỉúbsequently 
ađịusted as necessary; some patíents may require doses oí 
up to 400 mg daỉly. In hepatic drrhosis with asdtes and 
oedema, patients with a urinary sodium/potassium ra do 
greater than 1 may be given an initial dose of spironolactone 
100 mg daily while patients with a ratìo oỉ less than 1 may 
be given initial doses of 200 to 400 mg daily.

Spironolactone Í5 given in doses of 400mg daily in the 
presumptive dỉagnosis oỉ primary hyperaldosteronism; in 
doses oỉ 100 to 400 mg daily for the pre-operative 
management oỉ hyperaldosteronism: and in the lowest 
eSective dosage for long-term maintenance therapy in the 
absence of surgery.

For doses in duldren, see below.
Potassium supplements shouỉd not be given with 

spứonoỉactone.
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Administration ú) children. Spironolactone may be given 
to neonates, inỉants, and children ỉor the treatment of 
heart íailure, oedema, and asdtes. The BNFC recommends 
the ỉollovving oral doses, based on age:
• neonates: 1 to 2 mg/kg daỉly in 1 or 2 divided doses; up to 

7 mg/kg daily may be given in resistant asdtes
• ỉ month to 12 years: 1 to 3 mg/kg daily in 1 or 2 divided 

doses; up to 9mg/kg daily may be given in resistant 
asdtes

• 12 to 18 years: 50 to 100 mg daily in 1 or 2 divided doses; 
up to 9mg/kg (maximum 400 mg) daily may be given in 
resistant asdtes

The BNFC also suggests that these doses may be given for the 
reduction of hypokalaemia induced by diuretics or 
amphoteridn.
Reĩerences.
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Acne. Spironolactone has been used íor its 
anti-androgenic properties in some cases of acne 
(p. 1682.2) where Standard therapy is unsuccessíul. Bene- 
ỉidal responses to oral therapy have been reported in 
patients with acne írom both open1 and placebo-con- 
trolled13 studies, although a systematic reviesv4 considered 
that there was insulỉident evidence for its eHicacy. Topical 
application has been tried5-6 but response has been vari- 
able. It is possible that the vehide may affect the response. 
In women, spironolaaone may be useíul when ơeatment 
with an oestrogen is contra-indicated.
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6. Waỉton s. ữ ai. Lack of effea of topicai spironolaaonc on sebum 
excretíon. Br J Dermatol 1986; 114: 261-4.

Alopeda. Anti-androgens have a role in the treatment oí 
hirsutísm (see below) but have also been used in patients 
with androgenetic alopeda (p. 1682.3), and there is some 
evidence that spứonolaaone may be eHectìve.1'3

1. Sỉndair R, et at. Treatment of íemale paitem hair lo$$ with oral 
antíandrogens. B rJ Dermaíoi 2005; 152:466-73.
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combinatíon of spìronolaaone and mỉnoxidil Austraiús J Dermatol 2007; 
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14.

Bartter'! syndrome. Spứonolactone may be used to 
reduce potassium wasting in patients vvith Barrter's 
syndrome (p. 1779.3).

Bronchopuimonary dysplasia Bronchopulmonary dys- 
plasĩa (p. 1602.1) is a major cause oỉ chronic lung disease 
in iníants. Treatment oíten involves the use of corticoster- 
oids. Additional supportíve therapy has induded the use 
oỉ diuretics such as íurosemide (p. 1387.3); results with 
hydrochlorothiaáde or spironolaaone have been more 
ambiguous (p. 1403.3).

Heart failure. Drug therapy of heart láilure (p. 1262.3) is 
based on the use of diưretics. ACE inhibitors, cardiac 
glycosides, beta blockers. and vasodilators. Spironolartone 
has been used as a diuretic ỉor reíraaory oedema, but it 
also has an additional role as an aldosterone antagonist.1-2 
Although the predse neurohonnonal mechanisms leading 
to the development of heart íailure are still not dear, 
there ỉs evidence that raised levels of aldosterone may 
contribute to the pathophysiology.3 4 ACE inhibitor ther- 
apy suppresses aldosterone production but this eãen  is 
not complete and the use oỉ spironolactone with ACE 
inhibitors has therelore been studied. In the Randomúed 
Aldactone Evaluaúon Study (RALES)5 in patients with 
severe heart ỉailure, additìon oỉ spironolactone in a dose 
oỉ 25 to 50 mg daily to therapy with ACE inhibitors and 
loop diuretìcs reduced the risk of death or hospitalisatíon.’ 
The use of spironolanone may be considered in padents 
with moderate to severe heart íailure.4'9 The beneht maý 
be a dass eữect: a systematíc review10 íound a 20% reduc- 
tìon in all-cause mortality when spứonolaaone, eplere- 
none, or canrenone were given to patientỉ with leít- 
ventricular dysíunction or aíter myocardỉal inỉarction. A Ị 
small study11 has also shovvn beneht in patients with less I 
milder heart ỉailure. However, use o( spironolaaone with Ị 
ACE ìnhibitors may lead to hyperkalaemia and careỉul ị

monitoring of potassium concentrations is requiredU13 
(see Interactions, p. 1502.2). Reưospective analyses14-13 of 
heart íailure patients ỉound that some 10 to 15% had to 
stop spừonolactone because oỉ hyperkalaemia, and a simi- 
lar proportion stopped because of worsening renal func- 
tíon. Risk ỉactots were advanced age and higher baseline 
plasma-potassium concentradons.
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High-ahHude disorders. Acetazolamide is generally the 
drug of choice for prophylaxis of high-altitude disorders 
(p. 1276.2). Anecdotal reports1"4 and a small-scale double- 
blind study3 suggested that spironolactone could be useíul 
in preventing acute mountain sickness, although a dete- 
rioration in pulmonary íunction despite spừonolactone 
prophylaxis has been noted in a patient.6

1. Cunric TT. tl al. Spironolactone and acurc mouniain sidcncss. Mtd J Auĩỉ
1976; 2; 16S-70. \
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J Aust 1977; 1:828.
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Hirsulism. Hirsunsm (p. 2262.1) is ừequently ưeated with 
anti-androgens, usually cyproterone or spironolaaone. 
Spironolaaone in doses oí 50 to 200 mg daily has pro- 
duced both subjectìve and objective improvement in 
hirsutũm in patients vvith idiopathic hirsutìsm or polycys- 
tic ovary syndrome,1"* and its use has been revievved.5 It is 
preíerably used with oral contraceptives,6,7 to improve effi- 
cacy and menstrual irregularity and to avoid the risk of 
feminisation to a male fetus. Most studies have involved 
premenopausal vvomen and it has been suggested4-8 that 
spironolactone would be useỉul in women in whom 
cyproterone is contra-indicated or not tolerated. A rando- 
mised study (not placebo-controlled) íound spironolactone 
lOOmg daily and cyproterone lOOmg daily to be equally 
effective., while a systematic review10 of the use of 
spironolaaone in hirsutism concluded that it was signih- 
cantly more eííective than both cyproterone and flnas- 
teride ỉor up to 12 months aíter treatment.

For reíerence to the use of spironolactone in alopeda, see 
above.
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Hyperaldosteronism. Hyperaldosteronism (aldosteronism) 
1-4 is a disorder of mineralocorticoid excess characterised 
by high drculatíng levels of aldosterone. It is a common 
cause of secondary hypertension, and is ừequently diag- 
nosed in those with resistant hypertension. The cardiovas- 
cular risks assoõated with hyperaldosteronism are far 
greater than for those vvith primary hypertension,7 there- 
fore correct identihcatíon and treatment is important.

Hyperaldosteronism may be primary or secondary, the 
latter resulting from conditions ìn which there is activation 
of the renin-angiotensm-aldosterone System, induding 
diuretic therapy, and oedematous conditions such as heart 
ỉailure, hepatic drrhosis, and nephrotic syndrome. Bartte^s 
syndrome (p. 1779.3) also results in hyperaldosteronism. 
Primary hyperaldosteronism is less common, and is usually 
caused by either bilateral adrenal hyperplasia or unilateral 
aldosterone-produdng adenoma (CÕnn's syndrome). Rarer 
causes of primary hyperaldosteronism indude aldosterone- 
secreting adrenal cardnoma and {amilial íorms su ch as 
glucocorticoid-remediable aldosteronism.

The dassic prẹsentation of hypeialdosteronism is of 
hypertension, hypokalaemia, and alkalosis, but most 
patients are normokalaemic, vvith symptomatic hypokai- 
aemia present only in the most severe cases or in those 
taking diuretics. ỉn general, those with severe or resistant 
hypenension, spontaneous or diuretic-ừiduced hypokal- 
aemia, or juvenile hypertension or stroke should be 
screened tor primary hyperaldosteronism.2-4 This ữ usually 
done by measuring the plasma aldosteroneiienin ratio. In 
primary hyperaldosteronism the aldosterone concentration 
is raised but renin is suppressed. although this does not 
necessarily prove the dỉagnosis; in secondary hyperaldo- 
steronism both are raised. The test may be conỉounded by 
drcadian rhythm, posture, and drugs. Hypokalaemìa should 
first be correaed, sodium intake increased, and spirono- 
lactone or eplerenone therapy stopped íor at least 4 to 6 
weeks beíorehand. Antihypertensives that may be 
continued with a minimal eíỉect on the aldosterone:renin 
ratío are the alpha-bỉockers and caldum-channel blockers. 
The diagnosis must be conhrmed with suppression testing, 
either with volume expansion using sodium or ũudrocorti- 
sone, or by blodúng the renin-angiotensin-aldosterone 
System wiĩh an ACE inhibitor, usually captopril. Computed 
tomography imaging and adrenal vein sampling are used to 
identiỉy adenoma hom hyperplasia. and exdude cardnoma.

Uniỉateral laparoscopic adrenaleaomy is the preíerred 
trea tm en t for unilateral adenoma,1-3'4 improving hyper- 
tension and hypokalaemia in most patìents although about 
half vvill need to continue antihypertensive therapy. An 
aldosterone antagonist such as spữonolactone may be given 
pre-operadvely to lovver the blood pressure and notmalise 
the serum potassium. In those not suitable for surgery, Iife- 
long drug therapy is indicated. Bilateral hyperplasia is not 
surgically correctable and is also managed medically. There 
is most experience with spironolactone and it is the 
treatment of choice,1-4-5 initially in high doses, reduced to 
the Iovvest eHective dose for maintenance; eplerenone is an 
altemative if adverse eUects are a problem. Amilodde has 
also been used, but high doses are required. A thiaàde may 
be added to therapy to maximise the antihypertensive eữect 
and minimise hyperkalaemia.4

Glucócorticoid-remediable hyperaldosteronism (GRA), 
also knovvn as íamilial hyperaldosteronism type I (FH-I),* is 
a rare autosomal dominant form. It has been diagnosed 
using a dexamethasone-suppression test, but dỉrect 
identihcation with genetic tesúng is novv preíeưed. It is 
tteated with a long-actìng glucocorticoid such as dexa- 
methasone or prednisone, vvith the additíon of spirono- 
lactone, eplerenone, or amiloride u hypertension remains 
unconơoũed.

In secondary hyperaldosteronism the underỉying condi- 
tion should be ưeated, but diuretics such as spironolactone 
may be of beneĐt as part of the therapy.
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Kìdney disorders. There is evidence that aldosterone may 
play a role út the development of chronic kidney disease; 
although patíents must be careíully monitored because oỉ 
the risk of hyperkalaemia (see also Precautíons, p. 1302.1) 
low-dose spironolactone has been investigated ỉor its 
potential as an adjunct to reduce proteinuria and poten- 
tíally retard the development of renal impainnent in both 
diabetic and non-diabetỉc patíents.1'4

ỉ . Purumatsu Y. tí at. Effect of renữi-angiotensin-aldosterone System tríple 
blodcade on non^dỉabetic Ttnai dỉsease: addỉnon oi an aỉdosterone 
blocker, spironoỉactone. to cotnbỉnatỉon treatment with an angiotensin- 
converttng enzyme inhỉbitor and angỉotensin Q receptor blocker. 
Hyptrtats Ra 2008; 31: 59-67.

2. Saldayen MG. tí ai. ESeas oC addỉtỉve therapy wỉth spỉronoiactone on 
proceinuna in dỉabetic paóents aỉready on ACE ỉnhỉbitor or ARJB 
ỉherapy: resuỉts oỉ a randomized. placebo-controlled. doubỉe-blỉnd. 
crossover tríal J invatig Med 2008; 56: 714-19.

3. Senguỉ E,tía l. Effea of spữonolaaone on urìnary proteỉn excretion in 
patỉents wỉth chronic kỉdney đỉsease. Ren Paữ 2009; 31:928-32.

4. Bomback AS. tí al. Renal aspirỉn: will aỉỉ patíents wỉth chronỉc kỉdney 
dỉsea5e one day take spừonoiactone? Sat ơ ìn Prađ Nephroỉ 2009; 5:74-
5.

Precocious puberty. Spironoladone (as an anti-androgen) 
and testoladone were given to boys with lamilial preco- 
dous puberty (p. 2254.1) for periods of up to 18 months. 
Rates of grovnh and bone maturadon were restored to 
normal during combinadon therapy but not with either 
drug given alone.1 However, after íurther treatment íor 2 
to 4.2 years there was a diminishing response maniíested 
by the recurrence of dinical íeatures of puberty and an 
increase in the bone maturatíon rate.2 Additíon of deslore- 
lin appeared to restore the control of puberty,2 and in a 
long-term study3 grovvth rate remained normal for 6 
years.

1. Laue U tí ai. Treatment of {amỉlial male precodous puberty wỉth 
spironolaaone and testoỉactone. N Bngl J Med 1989; 320:496-502.

2. Laue L. tí al. Treatment of bmUiaỉ male precodoos puberty with 
spironolactone, testoỉaaone. and desỉorelỉiL J  Cím Endoainol Metab 
1993; 76: 151-5.

3. Leschek EW. tí aỉ. Six-year results oỉ spironolactone and testolaaone 
treatmem of ỉamilỉaỉ male-limlted precodous puberty witb addỉtỉon oỉ 
deslorelỉn after Central puberty onset. J Qin Endoaiml Metab 1999; 84: 
175-8.

Premensinsal syndrome. Spironolaaone has been used 
for its diuretìc and antì-androgenic propertìes in premen- 
strual syndiome (p. 2272.3).

AcỊverseEíkcts
Spironolactone may give rise to headache and drowsiness, 
and gastrointestinal disturbances, induding cramp and 
diarrhoea. Ataxia, mental conhtsion, and rashes have been 
reported as adverse effeas. Gynaecomastía is not 
uncommon and in ra re cases breast enlargement may 
persist. Other endocrine disorders indude hirsutísm, 
deepening of the voice, menstrual iưegulantìes, and 
impotence. Transient increases in blood-urea-nitrogen 
concenưations may occur and mild addosis has been 
reported. Spironolaaone has been shovvn to cause tumours 
in rats.

Spironolactone may cause hyponaơaemia and hyper- 
kalaemia.

Inddence of adverse effects. A survey íound that of 788
patients given spironolactone 164 developed adverse 
eííects.1 These indudéd hyperkalaemia in 8.6%, dehydra- 
tion in 3.4%, hyponatraemia in 2.4%, gasưoỉntestinal dis- 
orders in 2.3%. neurological disorders in 2%. rash, and 
gynaecomastia. Hyperkalaemia was assodated with renal 
impairment and the use of potassium supplements: only 
2.8% of nonuraemic patients not receiving potassium 
chloride developed hyperkalaemia, while 42.1% of those 
with marked uraemia and treated with potassium chloride 
became hyperkalaemic.

In a study2 of 54 patíents (53 íemale, I male) taking 
spironolaaone 200 mg daily for hinutìsm or acne adverse 
effects were reported in 91%.2 Menstrual disturbances 
occurred in 72% of patìents, breast tendemess in 39%, dry 
skin in 39%, and breast enlargement in 24%. Other adverse 
eỉĩects induded nausea and vomiting, dizzmess, headache, 
drovvsiness, and rashes. Two patíents developed a chloasma- 
Iike pigmentation of the ỉáce. The gynaecological eBects 
were reduced in patíents taking oral contraceptives.

1. Greenblatt 01 . Koch-W«er J. Advecse reactions to spinmolactone: a 
report from the Boston ColUborative Drug SurveỉQance Program. JAMẢ 
1973; 225: 40-3.

2. Hughes BR, CunỉiHe WJ. Toỉerance oỉ spỉronoỉactone. Br J Dermatoỉ 
1988; 118:687-91.

Carcinogenicily. Breast cancer was reported in 5 patients 
taking spironolartone and hydrochlorothiaáde for pro-

longed periods* although it was suggested2 that the asso- 
dation with spironolaCTone therapy was unlikely to be 
causal.

Although the rat may not be an appropriate model for 
determining long-term saỉety in man,2-4 evidence of 
cardnogenldty in this spedes prompted the UK CSM to 
limit the product licences of spironolactone-containing 
Products to exdude use in essential hypertension or 
idiopathic oedema.1

1. Loube SD. Quiik RA. Breast cancer assodated with adminiítration of 
spironotaaone. Lữrnxt 1975; i: 1425-9.

2. JlcJc H. Aimstroag B. Breaỉt cancer and spiionolactone. Lancrt 1975; U: 
363-9.

3. Lumb G. tt oL Eữects in animala QÍ chronic adminisrraúon of 
splronolaaone—a r«vtew. J Bmrirm Ptuhoỉ Toxừxtl 1978; 1: 641-60.

4. WagHCT BM. Long-term toxicologĩ studio o( splronolactone in animab 
and comparison witb potassium canrenoate. J Dtuị Dev 1987; 1 (suppl 
2); 7-11.

5. CSM. Spironolactone. Currtni Pm ilm s 1988; 21. Available at: http;// 
www.rahra.gov.uk/home/ldcplg?IdcService=GETJ:ILB&dDocName” - 
CON20244286'RevisionSelectionMethod>LatestReleased (accessed 
25/07/08)

Effects on the blood. Agranulocytosis has been reported1-2 
in assodation vvith the use of spữonolactone.

1. Stridcer BHC Oei TT. Agranalocytọsó caused by spironolaaone. BMJ 
1984; 289: 731.

2. whitiing AM. a  tl. Spiionolactone-induced agtanulocytoás. Am  
Pharmaather 1997; 31: 582-5.

Effects on electrolyte balance. CALdUM. A report1 sug- 
gested that spironolactone may have a caỉdum-spanng 
eữect, in addition to its well known potassium-sparing 
properties.

1. Puig JG, tt ai. Hydrochlorothỉazide vcrsus spironolactone: long-tnm 
meubollc modiScadons in patients with essenlial hypenenáon. J  cỉìn 
Phamacol 1991; 31 :45S-61.

POĨASSUM. There have been reports1'3 of severe hyperkal- 
aemia in patients taking spữonolaaone, induding patients 
with renaỉ impairment and those with a high potassium 
intake hom either dietary sources or potassium supple- 
ments. In the Boston CoQaborative Drug Surveillance Pro- 
gram4 hyperkalaemia was reported in 42.1% oỉ patíents 
with uraemia taking spironolaaone and receiving potas- 
sium supplements compared with 2.8% of those vvithout 
uraemia and not receiving potassium supplements. Two 
deaths were attributed to hyperkalaemia in patìents taking 
spironolaaone and potassium chỉoride. Potassium supple- 
ments should be avoided in patients receiving spirono- 
lactone, and plasma-potassium concentrations should be 
carehilly monitored in those with renal impainnent. An 
analysis5 of spironolactone prescripdons in a Scotdsh 
populatìon between 1994 and 2007, hovvever, noted that 
despite an increase in presciỉptíon after 1999 following the 
results of the RALES study, there was no concomitant 
increase in hospital admissions for hyperkalaemia, and 
instances of measured hyperkalạemia in outpadents actu- 
alỉy ỉell, suggestíng that carehil monitoring enabied suc- 
cessỉul use of the drug.

1. Pongpaew c  tí ai. Hyperkalemic cardiãc arrhythmia secondary to 
spỉronolactone. ơiest 1973; 63: 1023-5.

2. Udezue EO. Harrold BP. Hyperkalaemỉc paralysỉs due to spỉroaolacĩone. 
PostgradMcdJ 1980; 56: 254-5.

3. 0'ReilIy PH. tí ai. Lỉỉe-threateníng hyperkalaemỉa aỉter bỉadder 
decompressỉon for high pressure dironic reientioa. Lattctí 1987; Ih 859.

4. Greeobỉatt DJ, Koch*Weser J. Advene teactỉons to spironoỉactone: a 
report hom the Boston Coỉỉaboratỉve Drug Surveilỉance Program. JAMA 
1973; 225: 40-3.

5. Weỉ L. tí ai. SpiroDOỈactOĐe use and renal toxicity: popuỉatỉon based 
longitudinal analysỉs. BMJ 2010; 340: CỈ768.

Effects on endoarine function. Spironolaaone has been 
assodated with disturbances of endocrine hmction. The 
most prominent in men is gynaecomastia which appears 
to be related to both dose and duration of ơeatment. Inci- 
dences of 62%1 and 100%2 have been reported. Gynaeco- 
mastia has also been accompanied by impotence.’-4 The 
eííects are generally reversible on stopping ơeatment. 
Reversal of male-pattem baldness hás alsõ been reported.5

In women symptoms include breast enlargement and 
tendemess.6 The inddence of menstrual abnonnalities may 
be high: unspedũed disturbances have been reported in 33 
of 53 women,4 secondary amenorrhoea in 6 of 9,7 and 
secondary and prímary amenorrhoea in 1 and 2 patients, 
respectively.* The inddence of gynaecological disturbances 
has been íound to be Iower in women taking oral 
conơaceptìves.4

The mechanism of the eííects of spironolactone on the 
endocrine System is undear. Some workers’ suggested that 
although spữonolactone affects testosterone synthesis, the 
more likely explanatíon was its ẩnti-androgenic action. and 
reduction in 17-hydroxylase acdvity. Others10 íound an 
alteration in the testosterone/oestrogen ratio due to an 
increase in testosterone dearance and increased peripheral 
conversion to estradiol. In addition, spữonolaaone is 
reported to inhibit binding of dihydrotestosterone to 
receptors.

1. Kultaian DH. et al. Gynecomastia Induced In nonnal males by 
spironolactone. ơừt Pharmacol Ther 1978; 24: 465-73.
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2. BeĐàtỉ G, Idéo G. Gynaccomasdâ aừer spừonobctone and poussium 
canrenoate. Lanett 1986; i: 626.

3. GreenbUa DJ, Koch-VVeser J. Gynecomastỉa and ỉmpotence complica- 
tíons ai spẩrooolaaone therapy. JAMA 1973; 223:82.

4; Greenỉaw c. Spirooolacionc ỉnđuced gynecomasda: a case reporu Drug 
ĩnteũ ơm  Pharm 1977; 11: 70-3.

5. Thomâs PS. H aỉr wantcd and nnwamed. BM J1986; 293:698.
6. Hughes BR. Cnnlỉffe WJ. Toỉeranct of spừoDúUctone. Br J Dcrmato! 

1988; IMS 687-91.
7. Levitt JL Spironoỉactone thenpy and amenorĩhea. JAMA 1970; 211: 

2014-13.
8. Poaer c  đ  aL Primuy and seoondary amenocrhca assodated wỉth 

spỉronoUctone therapy in dntm kỉỉver diseax. J  Peềỉatr 1992; 121:141-
3.

9. Loriaux DI* tí a l Spỉronolactone and endocrine dysíunctỉoiL Am  bttem  
M id 1976; 85: 630-6.

10. Rose ĨX tíá L  Patbophysỉology ai spừonolacrone-induced gynecomastia. 
A m  btíem  Meẩ 1977; 87: 398-403.

Effec!s on ihe gastrointesHnal troct. Populatíon-based stu- 
dies1'3 have idcntiĐed a dose-dependent increased risk oỉ 
gastrointestinal bleeđing and ulceis in those ta lóng 
spironolactone. The mechanism was thought to be inhibi- 
don oỉ aldosterone-induced íormation oỉ Đbrous tissue. 
thus impairing the healing of gastric and duodenal ero- 
sion.

1. Verhamme KMC tí a i SpironoUcione and risk oỉ upper gastrointestiníl 
events: populaiion based case-control srudy. Abrìdged verâon: BMJ 
2006; 333: 330-333. Fuỉl version: htip://www.bmj.comycgi/reprim/ 
333/7563/330.pdf (accessed 20/05/10)

2. Russo A. tí ai. Sptronolacionc and gasưoimestinal blcedlng: a populatìon 
based scuđy. Pharmacotpiềemioỉ Drug Safety 2008; 17: 495-500.

3. Gulmex SE. tí  ai. SpừonoUctõne ũse and the risk oỉ upper 
gasưoimesõnaỉ bleedỉng: a populaúon-based casc-control study. Br J 
ũ ù ĩ Pharmacol 2008; 66:294-9.

Effects on Dpid metaboCsm. Unlike thiaáde diuretics. 
spứonolactone appeared not to incrcase serum-cholesterol 
concentradons ỉn a study of 23 patíentỉ.1 

1. Ames RF. Peacodc FB. Serum choỉesterol ducỉng ưeatment of 
hypertensioo with diuretic drugs. Ardt Iniem hítắ 1984; 144: 710-14.

Effeds on ihe 6vnf. Hepatotoxidty characteiỉsed by chole- 
statíc lesions has been reported in a patient rectiving 
spữonolactone.1 Only one other publiỉhed case of spirono- 
lactone-assodated hepatotoxidty was knovvn to the 
authors.

1. Renkes p, tt al. Spironoiictone and hepadc toxidty. JAMA 199$; 273: 
376-7.

Effeds on the slrin. Lichen-planus-like skin eruptíons 
deveioped in a 62-year-old woman who was takmg 
digoxin, propranolol diazepam, spironolactone. and ứon 
tablets.1 Plares oỉ the Hchen-planus-like eruptìon seemed 
to be assodated with use of spironolactone and theie was 
evidence oỉ resolutíon when spừonolactone was with- 
drawn. Cutaneous vasculitis was assodated with spirono- 
lactone on 3 occaáons in an 80-year-old man.2 A chloas- 
ma-Iike pigmentatíon oỉ the fáce was reported in 2 
patients receiving spừonolactone ỉor hữsudsm or acne.3

1. Downham TF. Spiionolaaonc-indnced Uchen planus. JAMA 1978; 240: 
1138.

2. tttỉlỉỉps GWL WUUams AJ. Spironolactone ỉnduced vasculỉds. SMJ 
1984; 288: 368.

3. Hughes 8R. CunUOe WJ. Tolerance ai spironoUclone. Br J Drrmatoỉ 
1988; 118: 687-91.

Hypersensitivity. Eosinophilia and a lash developed in 2 
p a t ie n ts  w i th  a lc o h o lic  d r r h o s is  w h i le  ta k in g  sp iro n o - 
lactone.1 A report of the DRESS syndrome (drug rash with 
eosinophilia and systexnic symptoms) has also been asso- 
dated2 vvith spũonolactone.

1. Wathen CG. a  aL Bosùlữphilỉa assodated with spironolactone. Lam 1 
1986; t  919-20.

2. Ghislaiĩì PD, ff aL Dnig-mđuced eosỉnophỉHa and multísystemỉc lalluie 
with posillve patch-test reaCDon to spironolactone: DRESS syndmne. 
Acta Dam VaKTTOỈ 2004; 84: 63-8.

Precautíons
Spữonoláctone should not be used in patìents with 
hypeikalaemia or severe renal impaiimenL It should be 
used with care in patients who are at increased risk of 
developing hyperkalaemla; sudi patíents indude the 
elderiy, those with diabetes mellitus, and those with some 
degree of renal or hepatỉc iinpairmenL It should also be 
given wiỉh care to patíẽnts Ukeiỹ to develop addosis. Serura 
electrolytes and blood-urea-nittogen should be measured 
periodicaDy.

Breast loeding. The concentratìon of canrenone was mea- 
sured1 in the serum and tnilk oi a breast-íeeding woman 
takứig 25 mg oí spironolactone ỉour tímes daily. The milk 
to serum concentratìon ratios oí canrenone at 2 and 14.5 
hours aỉter a dose of spữonolactone were 0.72 and 0.51 
respectívely, and it was estímated that the amount of can- 
renone ingested by the iníant would be 0.2% oỉ the 
mothe^s daỉly dose oỉ spironolactone. The serum potas- 
áum  and sodỉum levels oỉ the iníant were in the normal 
range. The American Academy oí Pediatrics2 considers

that spừonolactone is therefore usually compadble with 
breast feeding.

1. Phelps DL Karlm A. Spbnnolaaone: Rladanshlp bctween concentn- 
tíons oi dethioacetyUted meubollte in buman senim and milk. J Pharm 
Sá 1977;««: 1203.

2. Ameikan Academy ot Pediauics. The txansler of diugs and other 
Chemicals into human milk. Ptắiatha 2001; 100: 776-89. [Retlied May 
2010] Correctlon. ÌUỈ4 1029. Also avallable ai: http://aappolicy. 
aappubUcatlons.O(g/C8Ì/content/{ull/pediatiics%3bl08/3/776 (ăccessed 
06/07/04)

Diabeteỉ meỉlitus. Severe hyperkalaemia was reponed in 
a type 1 diabetíc woman with hyporeninaemic hypoaldos- 
leronism gi ven spữonolaaone.1

1. Large DM. tí aỉ. HyperkiUemỉ* ỉn dkbetes melUtus—potentỉal hiiards 
of râexỉsưog hyporênỉiMemỉc hypoaldosteroDỈỉm. Poàgrad Meắ J  1984; 
60: 370-3.

Interference wilh laboratory estimations. Spironolactone 
and canrenoate can interỉere with some assays for plasma- 
digoxin concentrations.'"3 Hovvever, spứonolaaone may 
also produce actual changes in dỉgoxỉn concenơatíons (see 
p. 1357.2) and resultỉ oí assays should be interpreted with 
caution.

1. Yosseỉ$on*Supentine s. Onig inieríertnces with piasma assays in 
iherapcuiic drug moniioring. ũ in  Pharmaakintí i 984; 9: 67-87.

2. FoukandU GN. ỉnỉluence of spironolacione and ÍIS meubulite 
canrenone on serum digoxin assaiyỉ. Vưr OruỊ Monii 1990; 12: 82-4.

3. Steimcr w, tí ai. Intoxìcatỉon due tỡ negacive canrcnone interíerence in 
digoxin drug monitoríng. Lattctí 1999; 354: 1176-7.

Porphyrá. The Drug Database ỉor Acuie Porphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Cenơe Sweden, dassưies spironolactone as 
porphyrinogenic it should be prescribed only for compel- 
ling reasons and precautions should be ta ken in all 
patìents.'

1. The Dnig Daiabase io t Acute Porphyria. Avaỉlable at: http://www. 
dmgs-porphyria.org (accessed 11/10/11)

Interadỉons
There is an increased risk oi hyperkalaemia ư spironolactone 
is given with potassium supplements or with other 
potassium-sparing diuretics. Hyperkalaemỉa may occur as 
well in patients also given ACE inhibitors, angiotensin n 
receptor antagonists, NSAIDs. ddosporin, or ưílostane. In 
patients given spironolactone wlth NSAIDs or ddosporin 
the rũk o( nephrotoxidty may also be increased. Diuretics 
may reduce the excretion of lithium and increase the risk of 
llthìum loxidty. Hyponatraemia may occur in patients 
taking a potassium-sparing diuretic with a thiaáde; this riỉk 
may. be increased in patients given chlorpropamide. 
Spứonolaaone may reduce the ulcer-healing properáes of 
carbenoxolone. As with other diuretics, spironolaaone may 
enhance the eỉỉects oỉ other antìhypertensive drugs and 
may reduce vascular responses to noradrenaline.

ACE ũìhibttors and angiotensin 0 receplor antagonists.
Severe hyperkalaemia has been reported in patients given 
spừonolaaone vvith ACE inhibitors or angiotensũi n  
receptor antagonistỉ and íatalities ha ve occurred. In a 
study' oỉ 44 padents taking su ch combinations for heart 
lailure who were admitted to hospital with liíe-threaten- 
ing hypeikalaemia. 37 required haemodialysis and 2 
developed tatal complicatíons. In another group2 of 25 
patients given spứonolactone with ACE inhibitors who 
vvere admitted with severe hyperkalaemia, 2 died and 4 
others developed severe cardiac arrhythmias. Advanced 
age. renal impairment or diabetes mellitus were risk fac- 
tors for hyperkalaemìa ìn both studies. It was suggested 
that combinations oỉ spironolactone vríth ACE inhibitors 
or angiotensin n  receptor antagonists should be used with 
caution in such patients and that they should not be gỉven 
doses oỉ spironolactone above 25 mg daily.

1. Wrenger E  tí  ai. Imenction of spironoỉaaone with ACE inhỉbltors or 
angiotensỉn receptor bỉocknt: analysiỉ ai 44 cases. BMJ 2003; 327:147-
9.

2. Scbepkens H. t í  aL Ufe-ihreatenỉng byperkatemỉa during combined 
therapy with angúxensỉn-convenỉng enxyme inhibiion and spỉrono- 
ỉactone: an anaỉysis of 25 cases. Am J M at 2001; 110:438-41.

Aspirm. Aspirin has been shovvn to produce substantial 
reductions in sodium excretion1 in healthy subjects taking 
spữonolactone and to reduce the excretion of spironolac- 
tone's active metabolite, canrenone.2 Hovvever. use of 
aspiiin in hypertensive pạdents3 did not alter the eỉỉect o i 
spữonolactone on bloòd pressure. serum elecưolytes, 
blood urea niưogen. or plasma-renin activity.

1. Tmeddale MG. OgiMe RL Antagonism of spirontdactone-induced 
nỉtriuiesis by aspiltn in man. N E njl J  Mtá 1973; 289: 198-200.

2. Ramsay LE, rt a/. Iníluence oí acetylMỈlcylic acid on the renil handlỉng of 
a spironolacttHK meubolite in healthy subtects. Bur J ơ i*  Phtmnaal 
1976; 10:43-8.

3. Hollilĩcld JW. Pailure of aspiiin to amagonizc the antihypcrtensivc cffca 
of spiiDnolactone in lon-renin hypettension. Sm tk Mtd J 1976: 69; 
1034-6.

Cardỉac glycosides. For discussions of the eỉỉects of 
spironolactone on digaxin and dỳitoxừt, see p. 1357.2 and

p. 1353.3, respectively. See also Interierence with Labora- 
tory Estimatíons, under Precautíons, above.

Mitotane. For a report oỉ the inhibition of the action oi 
mitotane by spữonolactone, see p. 833.1.

Warfarin. For reíerence to the ừiteractìon betvveen warf- 
arin and spironolactone, see p. 1533.3.

Pharmacokỉnetics
Spironolactone is well absorbed from the gastroữitestinal 
tract with a bioavaỉỉability oỉ about 90%. It is about 90% 
bound to plasma proteins.

Spironolaaone is metabolised extensively to several 
metabolites induding canrenone and 7a-thiomethylspữ- 
olaaone. both of which are pharmacologically active. The 
major metabolite may be 7a-thiomethylspirolaaone, 
although it is uncertain to what extent the actions of 
spừonolaaone are dependent on the parent compound or 
its metabolites.

Spironolaaone is excreted mainly in the uríne and also 
in the íaeces, in the form of metabolites. Spironolaaone or 
its metabolites may cross the placental barrier. and 
canrenone is distríbuted into breast milk.
Reíerences.

t. Overdiek HWPM. Merkus FWHM. The meiaboiism and biopharmaceu- 
tlcs oí spironolaaone in man. Rev Drug Metab Dtuị ỉnierací 1987; 5: 273- 
302.

2. Gardiner p. tí ai. Spironolactone metabolism: sieady-state serum levels 
of the sulfur-comainỉng metaboỉiies. J ơ in  Pharmacol 1989; 29: 342-7.

3. Sungaila ỉ. tí ai. spironolactone pharrnacokỉnetícs and phannacođy- 
namics in patients vviih drrhotíc ascites. Gastmcnieroiogy 1992; 102: 
1680-5.

Preparations
Proprietory Prepaitrtions (details are given in Volume B)

Single ingredient Preporalions. Arg.: Aldaaone; Drimux A; Espi- 
max; Expal; Lanx; Moduiaaone; Normital; Osứen; Rediun-E; 
AustraL: Aldaaone; Spiractin; Austria: Aldaaone; Spìrobene; 
Spirohexal; Spirono; Belg.: Aldactone; Docspironot; Spiroiopt; 
Brta.: Aldaaone; Diacqua: Espứolona; Spiroaan; CantuL: 
Aldactone; Novo-Spirotonf; Chũc. Alizan Cardactona; China: 
Shi Er Tong ('dt/Ki#); Cz.: Verospừon; Denm.: Hexalacton; Spir- 
ix; Spiron; Fin.: Spiresist; Spirix; Fr.: Aldactone; FIumachf; 
Praaont; Spữoctan; Spirononet; Ger.: Aldaaone; Jenaspiron; 
Osyrolt: Spiro; Spirobeta; Spirogamma; Spironot; Verospiron; 
Gr.: Aldactone; Rocanol; Spinorab Uridactone: Hong Kong\ 
Aldaaone; Spứactint; Hung.: Huma-Spiroton; Spiron; Veros- 
piron; Indừr. Aldactone; Indon.: Aldactone; Caipiaton; Letonal; 
Spirola; Spirolaaon; irL: Aldactone; Israel. Aldaaone; Aldos- 
pừonet; Spironol; ItaL: Aldactone; Spirolang; Uractone; Malay- 
ỉia: Spirolon; Mex.: Aldactone; Biolaaona; Nolasque; Viidtan 
Norw.: Aldactone; Spirix; NZ: Spirotone; Phũipp.: Aldactone; 
PoL: Spironol; Verospiron; PorL: Aldactone; Aldonarh Rus.: 
Verospilactone (BepotuimnaicTOH): Verospiron (BepommtpoH); s. 
Afr.: Aldaaone; Spiractin; singapore: Aldactone; Spứolon; 
Uractonum; Spain: Aldactone; Swed.: Aldactone; Switz.: 
Aldactone; Primaaont; Xenalon; Thai.: Aldaaone; Altone; 
Hyles; Pondaaone; Spironex; Turk.: Aldaẻtone; UK: Aldactone; 
Ukr.: Verospiron (BqxnmmpoH); USA: Aidactone; Vcncĩ.: 
Aldactone.

Muhi ingredient Prepuiotiom. Arg.: Aldactone HCT; Aldactone- 
D; Aldaãda; Laálaaon; Austrùr. Aldactone Saltudn; Furo-Spir- 
obene; Lasilanon; Sali-Aldopur; Spirono comp; Belg.: Aldacta- 
zine; Docspirochlort; Braz.: Aldaàda; Lasilactona; Canad.: 
Aldactazide; Apo-Spữoádet: Novo-Spiroánet: Fr.: Aldacta- 
zine; Aldalix; Practaaint; Spiroctazúie; Ger.: Furo-Aldopur+; 
Furorese Compt; Osyrol Lasixt; Spữo comp; Spiro-Dt; Spiro- 
notbiaãd: Gr.: Aldactazide; Aldactazine; Indỉa: Aldactide; 
Aldostix; AmUru-S; Aquamide; Dyamide plus; Dytor Plus; Fru- 
selac Lasilaaone; Minilactone; Spiromide; Indon.: Aldande; 
IrL: Aldactídet; ItaL: Aldactaáde; Laátone; Spiridaáde; Spiro- 
fun Mtx. Aldanda; Lasilaaon; Phũipp.: Aldaãde; PorL: Aldac- 
tazine; Ondolen; S-Afr.: Aldaãde; Spahr. Aldactadne; Aldoleo; 
Switz.: Aldozonef; Furospin Lasilactone; Turk.: Aldactaáde; 
UK: Aldactìde; Lasilaaone; USA: Aldactaáde; Venez.: Aldacta- 
áda.

Phormocopooial Proparahons
BP 2014: Spừonolaaone Oral Suspension; Spironolaaone 
Tablets;
USP 36: Spừonolactone and Hydiochlorothiazide Oral Suspen- 
sion; Spữonolactone and Hydrochlorothiazide Tablets; Spirono- 
lactone Oral Suspension; Spừonolaaone Tablets.

Staphyiokinase
Estattlocihasa; Estafìlokina»r Eỉtafìloquinasa; Staphylókinasa:

Proỉile
Staphylokinase is a thrombolytic derived from Staphyỉococcus 
aureus. Recombinant and modihed íorms are under 
investigation for the treatment oỉ thromboemboỉic 
disorders, induding acute myocardial inlarction.

AU cross-reíerences reíer to entries in Volume A
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Reíerences.
ỉ. Vanderschueren s, a  ai. Thrombolyiic thcrapy of peripheral anerỉaỉ 

ocdusỉon wiih recombỉnam suphylotdnase. Cừaibtíùm 1995; 92: 2050- 
57.

2. Vanderschueren s, tí al. Randomized coronary patency trial of doublc- 
boltu recombinant staphyỉokỉnase versus ừont-ỉoaded aỉteplase ỉn acute 
rayocardial intarctỉoiL Am HeartJ 1997; 134: 213-19.

3. Annstrong PW, tí  aỉ. CoOaboratỉve angíographỉc patency trỉaỉ oi 
recombinãnt suphyỉokỉnase (CAPTORS n)7 Am  ktart J 2003; 146:484-
8.

4. Verhamme ?, tí ai. A dose-findtng dinỉcal ttỉaỉ oỉ staphyỉokỉnase SY162 
Ln patíents wlth long-tcnn venous access catheter tỉưombotỉc ocdusỉon. 
J Thromb ĩhrombotyàs 2007; 24:1-5.

Preparatíons
Proprietary PreporaHora (details are given in Volume B)
Singla-ingredient Preparations. Ckitur. Shi Ai Ke (JfiiS3£); Yi Li
Tong ((Sí^SI).

S t r e p t o k i n a s e  ỊBAN. riNNỊ
'-Esữểproiánasa; Estreptoquinasa; Plasminokinase; Sterptoki- 
nasum; Streptokinaasi; Streptokinas; Streptokinasum; Sztrep- 
'tokináĩ CTpẹntOKMHasa. • ' ''.ĩ-.-
'CAS — 9002-0Ĩ-Ĩ.
ATC — 801AD0Ì. - i
■Ạ7CVet —  QBOtADOl. - *■
ÚNII — 8X10XL3SNU. ' ' ' -

Pharmacopoeias. Eur. (see p. vu) indudes a concentrated 
soiutíon.
Ph. Eur. 8: (Streptokinase Concentrated Solution; 
Streptokinasi Solutío Concentiata). A preparation oỉ a 
protein obtained from culture aitrates of certain strains of 
haemolytic Streptoaxcus group c. It has the property oỉ 
combining with human plasminogen to form plasminogen 
activator. The poteàcy is not less than 310 iatemational 
unỉts per microgram of nitrogen. A dear, colourless liquid. 
pH 6.8 to 7.5. Store in airtight containers at a temperature oi 
-20 degrees. Protect írom light.

StabilHy. The incoiporatỉon oỉ albumin in commerrial pre- 
parations of streptokinase has reduced the inãdence of 
Qocculatíon with stteptokinase Solutions. However, Hoccu- 
lation has occurred with small volumes prepared with sod- 
ium chloride 0.9% in sterilised glass containers apparently 
because oỉ residual add buỉỉers that remain ỉn empty 
evacuated containers aỉter sterilisation.1

1. Thibault L. Streptokinase Aocculaóon ỉn evacuaced gỉass bottles. Am J 
Hosp Pharm 1985; 42: 278.

ỊƯnịís
The potency of streptokinase is expressed in intemational 
units and preparations are assayed using the third 
International Standard (2001).

The Christensen unit is the quantìty of sơeptokứiase that 
will lyse a Standard blood dot completely in 10 minutes and 
is equivalent to the intemational unỉt.

Uses and Administatìon
Streptokinase is a thrombolytic drug derived bom various 
streptococd. It rapidly converts endogenous plasminogen, 
indirectly by means of a streptokinase-plasminogen 
complex, to its active fonn plasmỉn (see Pibrinolysin, 
p. 1382.3), resulting in íibrinolysis and dissolution of dots. 
The mechanisms of Sbrinolysiỉ are discussed ỉurther under 
Haemostasis and Fibrinoỉysis on p. 1124.3. Streptokinase 
aíỉects drculating, unbound plasminogen as well as Hbrin- 
bound plasminogen and thus may be termed a hbrin- 
nonspedíic thrombolytic (see p. 1245.3).

Streptokinase is given by intravenous or sometìmes 
intra-arterial iníusion in the treatment o{ thromboembolic 
disorders such as myocardial iníarction (p. 1257.1), 
perípheral arterìal thromboembolism (p. 1504.1), and 
venous thromboembolism (deep-vein thrombosis and 
pulmonary embolism) (p. 1274.1). It has also been trìed in 
ischaemic stroke (p. 1504.2), aỉthough alteplase is generally 
preleưed. Streptokinase may be used to dear cannulas and 
shunts and iỉ used topically with streptodomase to dear 
dots and purulent matter.

In acute myocardial iníarctlon streptokinase is usually 
given intravenously as a single dose of 1.5milIionunits 
iníused over 1 hour as soon as possible after the onset oi 
symptoms. Sưeptokinase has aỉso been given in a suịtable 
dose by intracoronary inhision but coronary cathetensatíon 
vvith the aid of angiography is required, thus restricting use 
to suitably equipped cenơes.

In the treătmẽnt of pulm onary em bolism  and other 
arteriovenous occlusions an initỉal loading dose of 
streptokinase, nonnally 250 000 units inỉused intravenously 
over 30 minutes, is given to overcome any resistance due to 
drculating antibodies. This is lollovved by ỉníusion of a 
maintenance dose of 100 000 units/hour for 24 to 72 hours, 
depending on the condition to be treated; ỉor Central retinaỉ

thrombosis, 12 hours may be adequate. Treatment should 
be conơolled by monitoring die thrombin dotting time, 
vvhich shouỉd be maintained at 2 to 4 times normal vaỉues. 
Since thrombolytic activity rapidly lades when the iníusion 
stops, streptokinase treatment is generally lollovved aỉter 3 
to 4 hours by intravenous heparin iníusion, and then oral 
antỉcoagulatìon, to prevent re-ocdusion.

Streptokinase, as a solutỉon containing 250000units in 
2mL iỉ used to dear ocduded cannulas.

For doses in children, see belovv.
General reíerences.
.1. Pears R. Blocbemical pharmacoỉogy and therapeutỉc aspects ọf 

thrombolytic agents. PHarmacoi Rev 1990; 42:201-21.
2. Stringer KA. Beyond thrombolysỉs: other eíỉects oỉ thĩomboỉytỉc drugs. 

Ann Pharmacothèr 1994; 28: 752-6.
3. Ludlam CA, tí đi. Gưidelines ỉỏr the use of ihrombolytic therapy. Blood 

Coag Pĩbrinoi 1995; 6: 273-85.
4. Bell WR. Present-day thrombolytíc therapy: therapeude agents— 

pharmacokỉnetỉcs and phannacodynamics. Rev Cardiơvasc Med 2002; 3
(suppỉ 2); S34-S44.

Administration in children. There are limited data on the 
use oi systemic thrombolytic therapy ỉor arterial or venous 
thromboembolism in children and various dosage regi- 
mens have been used, based on case studies. The most 
vvidely used drugs are streptokinase and alteplase. For 
streptokinase, the Eighth American College of Chest Phy- 
sidans (ACCF) Consensus Conỉerence on Antithrombotic 
Therapy1 suggests a loadìng dose oỉ 2000units/kg to be 
gỉven intravenously, followed by continuous iníusion of 
2000units/kg per hour for 6 to 12 hours. In the UK, for 
children aged from 1 month to 12 years, the BNFC sug- 
gests a loading dose oỉ 2500 to 4000units/kg over 30 min- 
utes, followed by iníusion of 500 to lOOOunits/kg per 
hour, continued until repedusion occurs, up to a maxi- 
mum of 3 days. Children aged 12 years and over may be 
given the usual adult dose (see above).

Alteplase may be preferred because of its Sbrin spedhdty 
and Iow immunogenỉdty. The dose of alteplase suggested by 
the ACCP is 100 to 600 micrograms/kg per hour by 
continuous intravenous inhision over 6 hours. In the UK, 
for neonates and children up to 18 years of age, the dose 
recommended by the BNFC is 100 to 500 micrograms/kg per 
hour for 3 to 6 hours (maximum total daily dose oỉ 100 mg). 
The use of aỉteplase to dear ocduded catheters in children is 
discussed on p. 1297.2.

1. Monagle p, tí aỉ. Antỉthrombotỉc therapy in neonates and chiỉdren: 
American Coilege of Chest Physỉcỉans evỉdence-based dỉnỉcal pracrice 
guideỉỉnes (8th edition). Chat 2008; 133 (suppl): 887S-968S. Also 
avaỉỉabỉe au http://chestjoumaLchestpubs.org/comenƯ ỉ 33/6.suppl/ 
887S.hiU.pdf (accessed 23/10/09)

Empyema and pleural effusion. Thoradc empyema is 
treated with antibacterials and pleural drainage. E£fident 
removal of fluid may be impaired by Sbrinous dots vvithin 
the pleuial ca vi ty. Intrapleural instillation of streptokinase 
(100 000 to 750 000 units in up to 100 mL of sodium chlor- 
ide 0.9%) has been reported to be effective in small series 
of patients1'4 and there have been reports of the successíul 
use oi alteplase5"7 and u^okinase.4•, Hovvever, a double- 
blind study’ involving 454 patients íound no beneăt with 
streptokinase, and the role oỉ thrombolytícs remains 
undear. A meta-analysis10 íound no evidence of benefit, 
although a systematìc revievv'1 suggested that thrombo- 
lytics may reduce the need for surgical interventìon. Intra- 
pleural streptokinase has also been used successfully in a 
few patients with malỉgnant multiloculated pleuraỉ effu- 
sion resistant to Standard pleural drainage.12

Intrapericardial instillation of thrombolytícs has been 
tried in a few patients with pericardial empyema to prevent 
the development of constrictive pericarditis.1VM

For reports of haemoiThage assodated with intrapleural 
use of streptokinase, see Haemorrhage, under Adverse 
Effeas, p. 1505.3.

1. Temes RT. tí al. ỉnưapỉeurai nbrínoiytics in management of empyema 
thoratís. Chat 1996; 110: 102-6.

2. Bouros D. tí ai. Rote of sưeptokinase ỉn the treatment of acute locutaied 
parapneumonỉc pleural eơusions and empyema. Thorax 1994: 49: 852-
5.

3. Davỉes RJO, tí  aL Randomised controlled tríaỉ of intrapleuraỉ 
streptokỉnase in aỉmmunity acquỉred pỉeuraỉ inỉectíon. Tharax 1997; 
52:416-21.

4. Bouros D, tí ai. Intrapleuraỉ streptokỉnase versus urokinase in the 
ưeatment oỉ oimplicated parapneumonic eíĩusions: a prospecdve, 
double*bỉind study. Am J Respir Crit Can Meấ 1997; 155: 291-5.

5. Bishop NB, tí  ai. Aỉtepỉase ỉn ỉhe treatment of compỉỉcated 
parapneumonic eữusỉon: a ca$e reporL Abstracc Pediatria 2003; 111: 
423. Fun veràon; http://pedỉatrics^appubUcatỉons.org/cgỉ/repiỉnt/lll/ 
2/el88 (accessed 16/06/04)

6. Waỉker CA, tí ai. Inuapỉeuraỉ aỉtepỉase in a patỉent with compUcated 
pleuraỉ eữusỉon. Ann Pharmaeother 2003; 37: 376-9.

7. Weinsteín M, tí  ai. Eữectỉveness and saỉety oỉ tỉssue plasmỉnogen 
acdvator ỉn the management of compỉỉcated parapneumonỉc eữusỉons. 
Absuactỉ Pediatrừs 2004; 113: 610. Full version; http://pedỉatrics. 
aappublications.org/cgỉ/reprlnưil3/3/el82 (accessed 30/04/08)

8. Thomson AH, tí ai. Randỏmỉseđ triaỉ of ỉnnapleurai urokỉnase ỉn the 
treatment of chỉỉdbood empyema. Thorax 2002; 57: 343-7.

9. MaskeU NA, tí a l UJC controUed triaỉ oỉ intrapỉeuraỉ streptoỉdnase for 
pỉeuraỉ ỉníection. N Engl ĩ  Med 2005; 352: 865-74. Correctỉon. ĩbid.; 
2146.

10. Tokuda Y, tí ai. Intrapleuraỉ Qbrỉnolytíc agents for empyema and 
compUcated parapneumonỉc effusions: a meta-analysis. Chat 2006; 129: 
783-90.

11. Cameron RJ, Davỉes HRHR. Intra-pleuraỉ Bbnnoỉytỉc therapy versus 
conservative management in the treatment of aduli parapneumonk 
eSusỉons and empyema. AvaUabỉe in The Cỡdưane Database of 
Systematíc Revỉews; ỉssue 2. Chỉchester John WUey; 2008 (accessed 
30/04/08).

12. Davỉes CWH. tí  ai. ỉntrapỉeural streptoldnase ỉn the tnanagement oỉ 
maỉỉgnant muỉtỉlocuỉated pleurai eữiũỉons. Chat 1999; 115: 729-33.

13. Wỉnkỉer W-B. tí  aL Tteatment oỉ exudative Qbrỉnous pericarditỉs wỉth 
ỉntraperỉcatdỉaỉ uroỉdnase. Lanctí 1994; 344:1541-2.

14. Juneja R. tí al. ĩntraperlcardỉaỉ streptoỉdnase in puruỉent perỉcardỉds. 
Anh Dà Chiỉd 1999; 80: 275-7.

Intracardiac ihrombasis. Thrombosis oỉ prosthetic heart 
valves (see p. 1264.3) is usually treated surgically, but 
thrombolytíã have also be en used. In a stuđy1 oi pâtients 
with left-sided prosthetic valve thrombosis, thrombolytic 
therapy was íoũnd to be more successíul than surgêry, 
espeõally in those who were criticalỉy 111; most patìents 
were given sơeptokinase. Another retrospectìve study2 in 
which patients were given streptokinase, urokinase, or 
alteplase, conduded that thrombolýtìcs were eổective but 
embolic and haemorrhagic complications might limit theứ 
use. Treatment with tenecteplase3 has successhiUy 
resolved intracardiac thrombosis ìn a patíent implanted 
with a ventricular assist device.

1. Lengyel M. víndor L  The tole ot ứưombolyás in the management ot 
leh-óded prosthedc vaỉve thrombods: a study of 85 cases diagnosed by 
transesophageal echocardỉography. J  Heart vâỉve Dù 2001; 10: 636-49.

2. Roudaut R, tí ai. Hbrtnolysis of mechanical prosthetlc vatve throinbosis: 
a single-center study oỉ 127 cases. J Am Coll Cardioi 2003; 41:653-8.

3. Hayes H, d  aỉ. Successíul treatment of ventrỉcular assist device assodated 
venưicular thrombus with systemỉc tenectepỉase. Heart Lung ơrc 2008; 
17: 253-5.

bchaemic heart disease. Thrombolytics such as alteplase, 
streptokinase, and urokinase have an established role in 
the eariy management of acute myocardial iníarction 
(p. 1257.1). Myocardial inỉarction is caused by coronary 
artery ocdusion, usually due to thrombosis, and thrombo- 
lytics are given intravenously to break up the thrombus or 
dot and restore the patency of the coronary artery, there- 
by limiting iníard size and nreversibie damage to the 
myocardium. Reduction of ECG abnormalities and modifi- 
catíon of ventricular remodelling may also contribute to 
their eổect. Other anrithrombotics, in partìcular aspirin 
and heparin, are given as adjunctive therapy.

Several large studies have established that thrombolytics 
can preserve left ventricular hmction and improve short- 
term and I-year mortality figures;ư  beneũt has been 
maintained in 5-year3 and 10-year4,5 follow-up studies. 
Beneht is greatest with early treatment. Studỉes such as 
GISSI-16 and ISIS-27 helped to establish that mortality is 
reduced ư thrombolytícs are given vvithín 6 hours oỉ the 
onset of symptoms* and further studies provided 
evidence’-10 that padents presenting vvithin 12 hours 
should receive a thrombolytic Use aíter 12 hours has been 
assođated with an inerease in adverse eỉfects,a and is usuaily 
reserved for patients with evidence oi ongoing ischaemia. 
Prehospital thrombolysis is ỉeasible and reduces the time to 
thrombolysis and short-term mortality.11 Five-year foflow- 
up of one study12 has suggested that there is also a benehdal 
effect on long-tenn mortality.

Choice of thrombolytic depends on ỉactors such as cost, 
method of administration, and contra-indỉcations. 
Although sưeptokinase has been the most vvldely used, 
several large studies have compared dinical benefit in terms 
of improved left ventricular hmction and mortality and 
have shovvn no diỉỉerence between streptokinase and other 
thrombolytics, indudỉng saruplase,13 the tissue plasmino- 
gen activator alteplase,14 anistrẹplase,1’ and reteplase14 in 
õverall efficacy. l i  tìie GUSTO-I study,17 accelèrated or 
'ỉront loaded' alteplase (tiiat is, rapid intravenous dosage 
over 1V4 hours rather than the conventional 3 hours) was 
more effective than streptokinase, although the study was 
critidsed for not comparing like with Ilke. On the other 
hand, alteplase might be assodated with a greater risk of 
sưoke than streptokinase.18 Studies comparing bolus 
injections of reteplase with accelerated alteplase (GUSTO- 
n í)19 and teneaêplase with alteplase (ASSENT-2)20 have 
also ỉound no điãerence in mortality rate.

The overall eỉhcacy of thrombolytics is limited by 
persistent coronary ocdusion, re-ocdusion, and bleeding 
complications. DtHerent thrombolytic regũnens, such as 
bolus ìnjections oi reteplase, and combinatíons of thrombo- 
lytics, for example alteplase vvith streptokinase and alteplase 
with saruplase, have been investigated in attempts to 
improve patency rates. However, there has been concem 
that adverse eííects may be higher with bolus injection. A 
study21 comparing double-bolus aỉteplase with acceierated 
alteplase was terminated early when excess deathỉ were 
ỉound in the group receivmg bolus injections, and a 
subsequent meta-analysis22 ỉound a higher inddence oí 
inơacranial haemorrhage assodated with bolus doses of 
various thrombolytícs. Although use of thrombolytìcs 
beíore percutaneous coronary intervention (PCI) does not 
appear to be beneũdal, a small study23 has suggested that 
intracoronary sưeptokinase given immediately aỉter PCI

The Symbol t  denotes a preparation no longer actively marketed
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m a y  ũ n p r o v e  m lc r o v a s c u la r  r e p e r íu s io n ;  s u b s e q u e n t  
re s u lts 24 h a v e  s u g g e s te d  th is  m a y  p ro d u c e  d in ic a l  beneŨ L  

T h ro m b o ly tic s  h a v e  a lso  b e e n  t r i e d  in  o th e r  a c u te  
c o r o n a ry  s y n d ro m e s , i n d u d in g  u n s ta b le  a n g in a  a n d n o n - S T  
e le v a t ìo n  m y o c a rd ỉa l  in fa r c t ío n  (p . 1 2 5 4 .3 ) . A l th o u g h  
s m a ỉl-s c a le  s tu d ỉe s  r e p o r te d  so m e  b e n e h t  t h e  re su lts  w ẽ re  
v a r ia b le , a n d  a n  overv ievv* o f  s tu d ie s  i n  p a t ìe n ts  w i th  
su s p e c te d  m y o c a rd ia ]  in ía rc tio n , vvhich  in d u d e d  so m e  
p a d e n ts  w i th  u n ỉ t a b l e  a n g in a ,  fo u n d  t h a t  th e r e  w a s  n o  
m o r ta l ỉ ty  b e n e h t  i n  p a t ie n ts  w i th o u t  ST e le v a tio n . I n  2  
s tu d ie s  th a t  in v e s t ig a te d  a l te p la se  ( th e  H M I-IH B  s tu d y 25 
w i th  1 473  p a t ie n ts )  a n d  a n is tre p la s e  ( th e  U N A SE M  stu d y 24 
in v o ỉv in g  1 59  p a t ie n ts ) ,  th ro m b o ly s is  ía i le d  to  im p ro v e  
o u tc o m e  a n d  w a s  a s s o d a te d  w i th  a n  e x c ess  o ỉ  b le e d in g  
c o m p lic a tio n s . T h ro m b o ly t ic  t h e r a p y  is th e re ío re  n o t  
r e c o m m e n d e d  fo r  p a t ie n ts  w i th  u n s ta b le  a n g in a  o r  n o n -S T  
e le v a t io n  m y o c a rd ia l  in ía rc tio n .

1. Gruppo baỉỉano per lo Studio della Sưeptochinasi nelttníarto 
Mkxardico (G1SSI). Long-tcrm eữects oỉ intravenous thrombolysis in 
acute myocardlal ỉníarctíon: Qnaỉ rcport of the GISSI stuđy. Lanetí 1987; 
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P e ríp ÌM ra l a r t e r í d  th r o m b o e m b o G s m . A lth o u g h  s u rg e ry  
h a s  b e e n  t h e  f i is t - l in e  th e r a p y  fo r  p e r ip h e ra l  a r te r ia l  
th ro m b o e m b o lis m  (p . 1 2 7 3 .3 ) , th ro m b o ly tic s  h a v e  a n  
in c re a s in g ly  im p o r ta n t  ro le , e i th e r  a lo n e  o r  a s  a n  a d j u n a

to surgery or percutaneous inteiventíons.1 Sữeptokinase, 
given intravenously, e£fecdvely restores arterial patenqr in 
acute ocdusion, but the hỉgh rate oỉ bleeding complica- 
tions limits use oí this route.3 Dứect intta-arterial iníusion 
(catheter-dỉreaed thrombolysis) appears to be more eữec- 
tỉve, particularly when the catheter is placed dlrectly into 
the thrombus, and this technique is now preíerred. Alter- 
natìvely, intra-arterial thrombolytícs may be used as 
adjunctíve therapy to reduce the dot burden beĩore or 
during surgical or percutaneous intervention or to treat 
distaỉ dots.1 The in ư a ven o u s dose generaUy used is 
250000units over 30 minutes followed by lOOOOOuni- 
ts/hour. A Iower dose of 5000 units/hour has been used 
in tra -a n erìa ỉty  directỉy into the dot,’ and ỉor removal of 
distal dots during surgery streptokinase has been given 
intra-aneriany in a dose of lOOOOOunỉts over 30 minutes 
or as five bolus doses o i 20000units at 5-minute inter- 
vab.4

Other thrombolytics are now more widely used than 
streptokinase, although relative efficacy oỉ the diữerent 
dmgs is undear.’ Alteplase and urokinase are both used, 
and dinỉcal practice now íavours them over ỉtrepto- 
kinase;,'í-7 positive results have also been reported with 
reteplase and tenecteplase.7
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C&ũtAL RETÌNAL ARTERY OCOUSION. Cenưal retinal anery 
ocduãon may resuỉt in severe and permanent visual loss 
in the aữected eye. The use of thrombolytics has been 
investigated ỉor ưeatment, wỉth variable results.
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Slroke. Stroke (p. 1269.2) is normally considered a 
contra-indication to the use of thrombolytics, and dearly 
they would be inappropriate in acute haemorrhagic stroke. 
Hovvever, when stroke is assodated with thrombotic 
ocduáon there is evidence, as with myocardial inỉarction. 
that a dẹgree oí neuronal recovery is possible if the ocdu- 
sion is reveised suSidently quicldy, and thrombolytics 
may thereỉore have a role in some patients with acute 
ischaemic sưoke.

Eariy studỉes with intravenous thrombolytics in acute 
ừchaem ừ  stra ke  suggested a reduction in early death. 
although subsequent randomised nials produced disap- 
pointing resuỉts, with the exception oí one vvith alteplase 
given within 3 houts of the onset of stroke (NINDS— 
National Institute of Netưological Disorden and Stroke rt- 
PA StrokeTrial).1 The studies using streptokinase—MAST-E 
(Multicentre Acute Sưoke Trial-Europe),2 ASK (Australian 
Streptokinase Tiial),3 and MAST-I (Multìcenưe Acute 
Stroke Trial-Italy)4-5—were temũnated beíore completlon 
because o i adverse o u tc o m e s  (intracranial bleeding and 
increased mortality) in the ưeatment groups, particulaiỉy in 
those recdving therapy more than 3 hours after stroke 
onseL5 The study investigating alteplase given within 6 
hours of the onset of symptõms (ECASS I—European 
Cooperative Acute Stroke Study)4 reponed that, although 
some patíents might beneht, overall alteplase was assodated 
with higher mortality rates and an increase in some 
inơacranial bleedỉng (parenchymal haemoưhage). In the 
NINDS randomised study,1 alteplase given vnthin 3 hours oí 
the onset oỉ ischaemic stroke appeared to improve dinical 
outcome despite an ỉncreased inddence oỉ symptomatic 
intracerebial haemorrhage. Patients ưeated with alteplase 
were more likely to have minimal or no disability 3 months 
after stroke,1 and this beneĐt was maintained at 12 months.7 I

However, there was no diãerence in mortality or rate of 
recurrence of stroke. A second ECASS study (ECASS H)» 
that hoped to conhnn the early ũndlngs of thê NINDS study 
biỉed to confirm a statístícal beneSt for aỉteplase over 
placebo and ỉound no signihcant diữerences betv?een 
patients who recdved alteplase within 3 hours or between 3 
and 6 hours. A review* oỉ several studies conhrmed that 
altẹplase needed to be given earỉy, and preferabỉy within 90 
minutes, u  it was to be eSectìve.

On the basis of the NINDS study, alteplase given within 3 
hours of the onset of ischaemic stroke is now recommended 
for selected patíents in most guidelines on stroke manage- 
ment.10"15 Despite theữ own disappointing results, the 
ECASS n  investigators reached a similar condusion. 
However, these recommendatíons have been aitidsed.14-17 

It has been pointed outl*'1, that very few padents will be 
eligible ỈOT treatment with alteplase, since the tim e o i onset 
of symptoms is often uncertain and in many patients more 
than 3 hours elapses beíore a dehnite diagnosis oí ischaemic 
sưoke is made. A later analysis of results hom 6 major 
conơolled studies ỉound that benehts of alteplase ơeatmẽnt 
were greater than risks (in tenns of number needed to treat 
versus number needed to harm) up to 4.5 hours after 
symptom onset; thcre was no evidenee of net beneht in the 
period hom 4.5 to 6 hours aher onseL20

In addition, the NINDS stuđy1 excỉuded patientỉ vvith 
severe saoke and those taking anticoagulants. The rationale 
íor exdusion of patients with severe stroke is that 
haemorrhagic transỉormation is more likely to occur with 
large areas of iníarction.1* However, size of iníara is dilhcult 
to identiíy by CT scanning." Andcoagulants or antiplatelets 
are also contxa-indicated in the ũrst 24 hours aíter use of 
alteplase. The poor results obtained in studies using 
sưeptokinase have led to recommendations that strepto- 
kinase should be avoided in iỉchaemic stroke.13 although an 
overview of thrombolytic studies1’ suggested that it may not 
be vvorse than alteplase and that the apparent hazard$ oí 
sơeptoklnase may be accounted for by diỉíerences in trial 
design (ỉor example use with anticoagulants) and in patient 
population.

A systematic reviewJ1 thereíore conduded that hirther 
large studies are requữed to establish more dearly the 
overall role of thrombolytics in acute ischaemic stroke. 
Studies o i the use o i alteplase outside the setting o f a dinical 
trial havc had mixed results.23'34 However, an observational 
study25 íound that alteplase was saíe and eữective when 
used in accordance with guidelines, while another study24 
íound that it could be used in elderly parients (80 yeais-of- 
age and older), a group normally exduded hom dinical 
trials. Another observationa! smdy27 suggested (in line with 
the analysis of numbers needed to treat20 reíerred to above) 
that aỉteplase was saíe givtn up to 4.5 hours aher stroke 
onset and a randomised study24 ỉound that altepỉase aỉso 
improved outcomes when given aher 3 to 4.5 hours, 
although the authors stiessed that ưeatment vvithin 3 hours 
was still preỉerred.

Intra-aneríal thrombolytics may have advantages over 
inưavenous use and may be used in sềlected patients.12'14 
Studies with nasaruplase2’ and urokinase30 have suggested 
beneht up to 6 hours after stroke due to middle cerebral 
artery ocdusion, and usc of intra-aiteríal thrombolytics may 
thereíore be considered in such patients.12' 14 Intni-arterial 
thrombolytícs are also used in basilar anery ocdusion, 
although evidence to support this is limited;12-13-31 
intravenous alteplaae may be an altemative.32 Combined 
use oỉ intravenous and intra-arterial alteplase,33 as well as 
use of adjimctive therapies such as therapeutic ultrasound34 
or antithxombotics, are under investígation but do not yet 
have an established role.13

Intravenous thrombolytics have no role in the manage- 
ment o i acute haemorrhagic ĩtroke, but they have been given 
locally to ỉacũitate the aspiratíon of haematomas in both 
intracerebral3’ and subaiachnoid haemorrhage. Small 
studies with urokinase have shown beneũt in patíents 
with intraventricular haemoưhage.
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Adverse Effects
In common with other thrombolytics streptokinase may 
cause haemorrhage, particulariy bom puncture sites; severe 
intemal bleedỉng has occurred and may be diỉ&cult to 
conưol. Streptokinase is antigenic, and aileigic reactíons 
ranging bom rashes to rarer anaphylactoid and serum- 
sickness-like symptoms have occurred. Fever, sometimes 
high. and assodated symptoms su ch as chills and back or 
abdominal pain are quite ỉrequent. Nausea and vomiting 
may occur. There have been a few reports of Guillain-Barré 
syndrome.

Streptokinase iníusion may be assodated with hypo- 
tension, both direct or as a result of reperfusion; bradycardia 
and arthythmias may also occur due to reperiusion. The 
break-up oỉ existing dots may occasionally produce emboli 
elsewhere; pulmonary embolism and acute renaỉ ỉailure due 
to cholesterol embolisation have been reported.

Back pain. Streptokinase inỉusion has been assodated 
with the development of very severe low back pain, 
which resolves within a few minutes of stopping the infu- 
sion, and may be severe enough to vvarrant opioid analge-

sia.1'4 The back paln may represent a hypersensitivity reac- 
tíon. Providing that the pain is controlled and that 
dissectứig aortíc aneurysm is not suspected, Ít may still be 
posslble to complete the streptokinase infusion.4-5 Altema- 
tìvely, immediate substitutìon with a diHerent thromboly- 
tic has been suggested.4

There have also been a few reports o£ low back pain 
assodated with anistreplase iníusion.7'8
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Eííects on the blood. Although ỉalỉs in the haemoglobm 
value 0 í  patíents receivmg thrombolytícs are most likely to 
be due tô blood loss &oin haemonhage, there has been a 
report oỉ a patient who had signs oỉ haemolytìc anaemia 
aãer intravenous iniusion of stteptokinase.1 In a subse- 
quent test in vitro the patìent's serum caused strong agglu- 
tinanon oỉ streptokinase-treated red blood cells, support- 
ing the view that streptokinase was responsible for the 
haemolysis.

1. Mathiesen Oa Grunnet N. Haemoỉysỉs aíter inoavenọus streptolđnase. 
Lanctí 1989; ỉ: 1016-17.

Effeds on the eyes. Acute uveỉtis1'2 and iritis,J'4 assodated 
vvith transient renal impainnent in one patient,’ have fol- 
lowed treatment of myocardial iníarctíon with intravenous 
streptokinase. In One case uveitis was assodateđ with 
serum ãckness3 and in all oỉ them hypersensitivity to 
sneptokinase was suspected.
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Effects on the Iddneys. Transient proteinuria has been 
reported aíter use of streptokinase. In some patients pro- 
teinuria and renal impairment have developed about 7 
days after thrombolytic therapy and have beén assodated 
with a syndrome resembling serum sickness,1-2 suggesting 
a delayed hypersensitivity reaction; a similar case in a 
padent recrivúig anistreplase was assodated with Henoch- 
Sđỉõnlein-Iike vasculitis.3 These delayed reactíons should 
be distinguished &om the transỉent and apparently self- 
limiting proteinuria that has been reported in some 
patients in the first 24 to 72 hours after beginning sttepto- 
kinase.4'5 Proteinuria Tvithin the ũist 24 hours has been 
attributed to deposition oí an immune complex in the glo- 
meruli,6 although haemodynamic and neurohonnonal 
changes assodated with acute myocardial ìnỉarction may 
be responsible since proteinuria has occurred in patients 
not receiving thrombolytic therapy.7’*

Streptokinase inỉusion has also been assodated with 
acute oliguric renal íailure due to acute tubular necrosis, 
apparently as a result of hypotension during the infusion, in 
a patient with existứig renovascular naITOvvmg., Interest- 
ingly, it has been pointed out that a varìant streptokinase 
may be the pathogenic agent in glomerulonephritis 
occurring aíter Strtptococcus pyogcnts inlection.10

Renal lailure has developed as a consequence of 
streptokúiase-induced cholesterol embolism, see under 
Embolism, below.
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Effects on the liver. Raised senim-alanine aminotransỉer- 
ase values, and in some cases raised aspartate aminotrans- 
ỉerase activity, were seen more ửequently in 95 patients 
who received streptokinase than in 94 given placebo as 
part of a study in patíents with myocardial iníarctíon.1 The 
mechanism for the raised aminotransỉerase activity was

not dean a concomitant rise in Ỵ-glutamyltiansỉerase 
actívity and bilirubin concentration suggested an hepatic 
source. Overt Ịaundice has been reported rarely.2

For reíerences to rupture of the liver occurring during 
treatment with streptokinase, see Haemorrhage, belovv.

1. Madennan AC. eĩ aL Activitles ot aminoưansferase5 alter ưeaưnem wỉth 
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Effecfc on the nervous System. There have been a few 
reports oỉ Guillain-Bané syndrome aỉter treatment with 
sneptotdnase.1'4 Whether streptokinase was the cause is 
not certain aỉthough its antigenic propeitỉes do suggest 
that inductíon oỉ an immunological reaction might be 
responsible.3

For discussion oỉ cerebrovascular effects oỉ streptokinase, 
see Haemoưhage, beiow.
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Effecte on the respiratory System. Fatal acute respiratory 
disttess syndrome occuưed in a patient given sơepto- 
kinase for pulmonary embolism.1 It was suggested that 
streptokinase may have caused the pulmonary injury by 
alteìing vascular permeability đue to generation of Abnno- 
Iytìc Products or vỉa repertusion oedema.

1. Martin TR. tí ai. Aduỉt respiratory (ũsưess syndrome fbQowing 
thromboỉytỉc therapy fòr pulmonary emboỉỉsm. Chat 1983; 83: 151-3.

ãfeds on 6e skin. Rashes may occur as an allergic reac- 
tíon to streptokỉnase. For a repon of skin necrosis possibly 
assoõated with cholesterol embolisation, see Embolism, 
below.

EmboCsm. Thrombolytic therapy has occasionally and 
paradoxically been assodated with hirther embolism. This 
may be duẽ to clots that break away from the treated 
thrõmbus, or to cholesterol crystals relẽased aíter removal 
of Sbrin ỉrom atheromatous plaques by thrombolysis.

Fatal pulmonary embolism has been reported,1 
apparently due to breakaway from a deep-vein thrombus 
under treatment. Hovvever, comparatìve studỉes have 
suggested that there is no evidence of a higher rate of such 
complỉcations with streptokinase than with heparin.2 When 
they do occur a good dinical response is usually seen to 
continued sneptokinase.2 Complications due to multiple 
microemboli were reported5 in 7 of 475 consecutive patíents 
treated with streptokinase or anisưepiase ỉor acute 
myocardial iníarcáon. The sites of embolism were the legs 
(in 4) and brain (in 3); one patient apparendy had systemic 
eỉỉects vvith skin iníarction and renal impainnent. Five of 
the 7 patients died. There has also been a report4 of acute 
peripheral aneríal thromboembolism in a patient given 
ãiteplase for ischaemic stroke.

Cholesterol embolisation can have many dinỉcal 
manưestations depending on the location of the emboli. A 
dassic presentation is livedo reticularis, gangrenous lovver 
extremities, and acute renal íailure.5-6 Symptoms may 
appear vvithin a few hours oỉ starting thrombolytic 
ưeatmenL7 although in some cases they may not become 
evident for several days.8' 11
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Haemorrhage. Haemorrhage is a common adverse eífea 
of thrombolytic therapy, and the problem and its manage- 
ment ha ve been reviewed.1 Thrombolytics are used to lyse 
pathologicai thrombi, but can also produce a 'lytíc State' 
due to depletion of the natural plasmin inhibitor a2-anti- 
plasmin by excess plasmin productíon. thus predisposing 
to severe bleeding; they may also cause lysis of thrombi 
reqúired for haemostasis.

Haemorrhage is a paiticular risk vvhere there is existing 
or concomitant trauma. More than 70% of bleedlng
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episodẻs occur at vascular puncrure ãtes,1 so invasive 
procedures should be avoided ư possible; ư catheterisation is 
considered essenrial metículous care oỉ the vascular 
puncture site is necessary. Bleedỉng or severe bruising in 
patíents receiving thrombolytic therapy have also be en 
assoõated with intramuscular ưýection oỉ analgesics,2 the 
use oỉ an automatic blood-pressure measuring machine,J a 
pre-existing prosthetic abdomỉnal aortie graít4 and recent 
dental extractìon.5 Other disease States may also contribute: 
haemospennia has been reponed after thrombolysis in a 
padent with mild prostatic symptoms,6 haemorrhagic bullae 
have been reported in a patỉent with lichen sderosus et 
atrophicus,7 and diabetic patients are at riỉk oỉ rennal 
haemorrhage if they have diabetic reúnopathy,' although 
any increase in risk seems to be small.9 A review of the 
GUSTO-I Study10 (40903 patients) identiBed older age, low 
body-weight, ỉemale sex and Aỉrican ancestry as other 
faaors that increased the risk of haemorrhage.

Intraơanial haemotrhage leadỉng to snroke is the ưiost 
serious bleeding complication wlth thrombolytics, and has a 
high mortality. Assessment of data ừom national regisưies 
and large-scale studies has idendhed several risk factors for 
intracranial haemoưhage, induding those mentioned 
above for overal) haemorrhage, hypenension on admission, 
a history of stroke, and thrombolysis with airrent alteplase 
regimens.11' 14 The beneBts and risks must be assessed for 
each patíent and thrombolytíc therapy should still be given 
to the elderiy and to those with hypertension ư the expected 
beneBts are great. Inưacranial haemoưhage is a panicular 
concem with the use oỉ thrombolytics lor the ưeatment of 
ischaemic stroke. In the NINDS study. using alteplase, 
clinical outcome appeared to be ũnproved despite an 
increased inddence oỉ symptomadc intracerebral haemorr- 
hage. Subgroup analysis15 suggested that severe neurolo- 
gical deAcit, brain oedema, and mass effen, beỉore 
ưeatment, were risks associated with the increased 
incidence of haemorrhage.

Fibrin-spedfic thrombolytícs such as alteplase were 
developed in the hope that they would have less systemic 
effea than fibrin-nonspeci8c thrombolytics such as 
sưeptokỉnase and thereỉore cause less bleeding. HoweveT, 
studies that ha ve assessed comparatìve bleeding rates have 
laiỉed to conHnn this, although the use of adjunctìve 
antíthrombotícs and diílerent dose regimens makes 
comparison diỉBcult. In GUSTO-I.10 the bleeding rate with 
alteplase plus intravenous heparin was lower than wlth 
streptokinase plus intravenous heparin. but was súnilar to 
that with sưeptokínase plus subcutaneous heparin. 
Hotvever, the rate of intracranial haemorrhage was hỉgher 
with alteplase.14 In ASSENT-2.17 which compared bolus 
doses oỉ the highly fibrin-speđfic thrombolytic tenecteplase 
with front-loaded alteplase, tenecteplase produced ỉevver 
major non-cerebial bleeds than alteplase but the rates of 
intracranial haemorrhage were nearly identícal. Although a 
meta-analysis11 suggested that rates oí ìntracranial 
haemonhage may be higher vvith bolus thrombolytìcs, 
others have suggested that this may not be a problem vvith 
nevver bolus regứnens.19

Other bleeding complicatíons reported with thrombo- 
lytìcs indude rupture of the spleen20-21 and liver,22 and 
rupture of a foQide has been reported in a menstruadng 
vvoman.23 Rupture oỉ the heart with ỉatal consequences has 
been reported, although thrombolytícs do not appear to 
increase the overall risk of cardiac rupture foUowing 
myocaidial inlarctìon,24 except possibly íor eariy nipture in 
vvomen.25

Diỉhise aỉveolar haemorrhage,24 ventricular waU hae- 
matoma,27 and spinaỉ epidurai. haematoma2* have been 
reported in patíents treated with streptokinase aỉter 
myocarđial iníarctìon. Intrapleural use was assodated with 
Uíe-threatenlng haemonhage in empyema aỉter cardiac 
surgery,29 and with ỉatal haemorrhage in a case of aortíc 
dissection misdiagnosed as empyema.30
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ỉnỉurion thrombolydc ỉherapy; a meta-anaỉysis. L a n a t 2000; 356: 449- 
54.

19. Armstrong PW. t l  ai. Boỉus Qbrínolysiỉ: risk. beneíit. and opponuniĩies. 
Circulútion 2001; 103: 1171-3.

20. Wiener RS, Ong LS. Streptokinase and splenic rupture. A m  J  M ed Ỉ989; 
86: 249.

21. Blankenship JC Indedc M. Spontaneous splenỉc rupture compỉỉcating 
antỉcoaguỉant or thromboỉytic therapy. A m  J  M ed 1993; 94; 433-7.

22. Eklỗỉ B, eí al. Sponuneous rupture o( tiver and spleen wifh severe imra- 
abdominal bleeding durỉng streptokinase treatmem of deep venous 
thrombosis. Vasa 1977; 6: 369-71.

23. Milller C-H. eí ai. Near-íaial inira-abdominai bleeding írom a ruptured 
íollide during thrombolyiic therapy. L a n a t 1996; 347: 1697.

24. Massd OR. How sound is the cvidence ihat ihrombolysU incrcastt the 
risk of cardiac rupiure? Br H tart J  1993; 69: 284-7.

25. Becker RC et ai. Faiaỉ cardỉac rupture among patìems treateđ with 
thrombolytic agents and adjunciive thrombin antagonists: nbservatỉons 
írom the Thrombolysii and Thrombin Inhibiùon in Myocardial 
Iníarctỉon 9 Study. J  A m  Cott CantioỊ 1999; 33: 479-87.

26. Yigla M, eí a i  Dìííuse alveoỉar hemorrhage íoỉlowlng ihrombolyiic 
therapy for acute myocardỉal íníarction. R ap iraùcn  2000; 67: 445-8.

27. Mohámed HA. r t ai. Rỉght venưỉcular w*n hemaioma due to 
thrombolytỉc therapy presenting as carđiac tamponade: a case rvpon 
and review oỉ literature. Can J  Cardioi 2003; 19: 58Ỉ-4.

28. Ozgocmen s. t í  ai. Spinal epỉdural hematoma assodated with 
streptokịnase treaunem for myocardiai íníarctỉon. sp ina i Cữrd 2004; 
42: 374-7.

29. Porter J. Banning AP. Intrapleural streptokínase. Thorax 1998; 53: 720.
30. Srivasuva p. t í  ứl. Patal baemorrhage ừom aortic disseaion íollowing 

instUlatíon o ỉ intrapleuraỉ streptokỉnase. Scott M ed J  2000; 45: 86-7.

Hypersensitivity,. Streptokinase is a baaerial protein and 
has antigenic activity. The lormation of streptokinase-neu- 
tralising antibodies may reduce the efficacy oi subsequent 
doses and increase the risk oỉ hypersensỉtiviry reactions.

In a series of 25 patients gi ven intravenous streptokinase 
for myocardial inlarcrion, dtres of sơeptokinase-neutralis- 
ing antibodies rose from a mean neutralisation capacity of
O.lómillionunits beíore treaunent to a mean of 25.54mil- 
lion units 2 weeks aíter treatment, the highest individual 
títre being 93 million units. Aỉter 12 weeks the neutralỉsa- 
don capadty was stìU suíGdent in 24 patíents to have 
neutralised a Standard 1.5-millionunit dose oi strepto- 
kinase. Aỉter 17 to 34 weeks títres were still high enough in 
18 oi 20 patíents examined to neutralise at least halí a 
Standard dose.1 As these results indicate, givúig Standard 
doses of streptokỉnase within several months o( a previous 
couise may ĩead to reduced efled. Thus, the recommended 
period in which it should not be repeated iỉ usuaily betvveen 
5 days and 1 year aỉter the initíal dose (see Precautions. 
below). Hovvever, high tines oí neutralising antibodies 
persisting for up to 7.5 years after use oí streptokinase have 
been rcported.2"4 Since repeated dosage also increases the 
risk of hypersensitìvity reactíons, it has been suggested2-’ 
that repeat courses should not be given vvithin 4 or more 
years. and that ií a repeat course is needed a non-antigenic 
thrombolytic such as alteplase or urokinase should be used 
undl it ỉs knovvn whether or not high i n - v i t r o  titres a£fea 
eíBcacy. Increased tìưes oỉ sưeptokinase-neutialising 
andbodies have aỉso been measured in patíents given 
topical streptokinase for wounds.4

Anisưeplase also appeais susceptìble to neuưalisatíon by 
streptokinase antíbodies.7

Plasmacytosis,'•,  serum-sidkness,*-10-u rhabdomyolysis,12 
renal impairment (see ESects on the Kidneys, p. 1505.2), 
uveitis and iritis (see Eữects on the Eyes, p. 1505.2), 
arthritis,lỉ and anaphylaxis14"17 have been reported in 
patíents given streptokinase and are thought to represent 
hypenensitìvity reactíons, in some cases perhaps due to 
previous exposure to streptococcai antigens during 
íníecdon. Back pain (see p. 1505.1) may also represent a 
hypersensitivity reactíon. In some patients there may be a 
delay oí bervveen 1 and 10 days beíore the reactìon 
appears.1* The inddence oí severe hypersensidvity reactìons 
is probably íaữly low, howeven in the GISSI study 
anaphylaxis was reported in only 7 oi 5860 patíents 
although other hypersensitivity reaCTions leading to 
withdrawal of sưeptokinase were reponed in 99 patíents. 
with a hirther 42 such reactíons after compledon oi the 
ũưuỉion.,s Some episodes oi apparent anaphylaxis seen 
wlth streptoỉõnase may be hbrinolysũi-mediated rather 
than andbody-antígen reactions. Alteplase, vvhich is 
considered non-antìgenic has produced an anaphylactoid 
reactìon in patients with a history of atopy.19-20 Angioedema 
also occurred21 in a patíent with a history oí SLE and 
pẹpicillin aỉlergy who vvas given alteplase for deep-vein 
thrombosis. FU>rinolysin, which activates complement 
Cascade and the kinin System, is íormed in quantity aỉter

the use o i  a íhromboỉytic. In m ost patients these etíects are 
dinically insignihcant, but the possibility of predpitating an 
anaphyladoid reaction exists, espedally in those who are 
strongly atopic. The risk of angioedema with alteplase may 
also be increased in those taking ACE inhibitors—see under 
Interactìons oỉ Alteplase, p. 1298.1.
. 1. JalUul s, Morris GX. Aatistreptoldnase díros ahcr innavenous 

soeptokliuse. L m at 1990; 335: 1*4-5.
2. Elllõn JM. It al. Neutralizing antibodla IO sưeptokinase íour ye«n after 

Innavenous ĩhrombolysỉc therapy. Am J Carấioí 1993; 71: 640-5.
3. Lee HS, al. Raiséd leveli oi antlstreptoklnase andbody and 

neuDaUaation dtres írom 4 days IO 54 monĩhs afier admìnbnadon oỉ 
ỉtreptoldnaae or antsưrplase. Èur Heart J 1993; 14:84-9.

4. Squỉre tB. ti al. Humoral and cellular inunune responscs up to 7.5 yearc 
after admỉnísưation oí streptokínase for acute myocardial iniarctíon. ẼUT 
Han J 1999; 20: 1245-52.

5. Jennings K. Antibodies to sưeptoklnase. 3MJ 1996: 312: 393-4.
6. Green c  Antistreptoldnase tttrea atier topical ỉtreptoldnase. Lancet 1993: 

34Ỉ: 1602-3.
7. Binetce MJ, Agnone FA. Pailure oí APSAC ihrombolysis. Ann bttem Med 

1993; 119: 637.
8. Straub FW. a  al. Masmoaytose na ch Ihrombolytiỉdier Therapie mít 

Slieptokỉnase. SàmrừMtd Wocheruchr 1974; 104: 1891-2.
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717-18.
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12. Monigomery HE. ti ai. Rhabdomyotysiỉ and mulũple System urgan 
tailure with strepiukinase. BMJ 1995; 311: 1472.

13. Kelly MP. Blclawska c. Recurrcnce of a rcactive arthrltis following 
sueptokinase therapy. PcsỉỊrad Mtd J 1991; 67: 402.
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JAMÁ 1984: 252: 1314-17.

15. Gruppo Italiano per lo Studio della Streptochỉnasi neiriníario 
Miocardico. ElTeciiveness o( intravenous thrombolytic ưeatment in 
acute myocardial inlarction. Lancct 1986: i: 397-401.

16. Bednarceyk EM. a  al. Anaphylactic reactton to sưcptokinase with first 
exposure: ca se repon and review ol the liierature. DICP Ann 
phanvacothrr 1989; 23: 869-72.

17. Tlsdale JE. a  ai. ỉireptokinase-induced anaphylaxis. DICP Am 
rharmatahtr 1989; 23: 984-7.

18. Setbert WJ. ei aL Sưeptokũtase moibidỉty—more common than 
previously recognised. Aun N Z J Mtd 1992; 22: 129-33.

19. Purvis JA. tị al. Anaphylaaoid rcaction alter injection o( alteplase. Lanctl 
1993: 341: 966-7.

20. Massel D. tí ai. Anaphytacioíd reactỉon during an inỉusion of 
recombtnant ttssue-type plasmìnogen activator for acute myocardial 
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Treatment of Adverse Ettecỉs
Allergic reactions to streptokinase may require ưeatment 
with antihistamines and corticosteroids, which have 
sometimes bcen given prophyiadically. Anaphylaxis 
requires the use of adrenaline (íor íurther details. see 
p. 1293.2).

Severe haemoưhage not conttolled by local pressure 
requires the streptokinase iníusion to be stopped. Tranex- 
amic add, aminocaproic add, or aprotinin may be of beneBt. 
Padced red blood cẽlls may be preíerable to vvhole blood for 
replacement therapy; laaor v in  preparations may also be 
given. Volume expansỉon may be necessary. but the use of 
dextrans shouỉd be avoided becausề. oí their platelet- 
inhibỉting properties.

Precautions
Sưeptokinase should be used wỉth great care. ư at all, in 
patients at increased risk of bleeding, or those in whom 
haemorrhage is likely to prove particularly dangerous. It 
should thus be avoided in patients with active intemal 
bleeding or a recent history of peptìc ulcer disease. 
oesopỉiageal varices, ulcerative colitis or other bleeding 
gastromtestinal leáons. in patients with pancreatitis, in 
patients with subacute bacterial endocarditis, in patients 
with coagulaúon deĩects induding those due to liver or 
kidney disease, or aíter recent surgery, childbữth, or 
trauma. It should not be given to patients at increased risk oỉ 
cerebral bleeding ừiduding those with severe hypertension, 
haemorrhage or recent stroke, or to patients with cerebral 
neoplasm. It should not be given in pregnancy, particularly 
in the first 18 weeks because of the risk oỉ placental 
separation and it has been suggested that it should not be 
used during heavy vaginal bleeding.

Invasive procedures, induding inưamuscular ŨỊỈections, 
should be avoided during, and immediately beỉore and 
after, sưeptoldnase therapy as thev may increase the rìsk of 
bleeding; care should be taken when physically handling 
patients. Streptokinase should also be used vvith care in 
elderly patients. Patíents with miưal stenosis assodated 
with atríaỉ Sbrillation are more likely to have !eft heart 
thrombus which may lead to cerebral embolism after 
thrombolytic therapy. Although there is a theoretical risk of 
retinaỉ bleeding ỉn patients with diabetic retinopathy the 
beneũts of treatment generally outweigh the risk.

Anti-streptokinase antibodies are lormed after strepto- 
kĩnase use, yyith antibody tittes rising abruptìy after about 5 
days. These antibodies may cause resistance or hypersensi- 
tivity to subsequent doses of streptokinase. Thereíore,

All cross-reíerences reíer to entries in Volume A
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hirther doses oỉ streptokinase should not be given in the 
period bervveen ỉ  days and 12 months aỉter the initial dose 
(even longer periods have been suggested, see Hypersená- 
tivity, under Adverse Eíỉects, p. 1506.2); if thrombolytic 
therapy is required in this period an altemative 
non-antígenic drug should be used. High titres oỉ 
anti-sưeptokinase antibodies may also occur ÚI patients 
aher some streptococcal ỉníectỉons such as streptococcal 
pharyngitis or acute rheumatic íever or in those with acute 
glomerulonephritis secondary to streptococcal iníections; in 
such patients there may be resistance to sưeptokinase or a 
reduced eỉíect.

Administratioo. Overìníusion of streptokinase may OCCUT 
ư a drop-counting iiứusion pump is used.1 This arises as a 
result of Uocculation of the streptokinase solution produ- 
dng translucent hbres that aSect the drop-ỉorming 
mecharúsm so increasing the drop SÍ2C.

For a comment on the inõdence oỉ Socculation in 
sưeptokinase Solutions, see Stability, p. 1503.1.

1. Schad RF. iennings RH. Overinlusions oí strcptolcinase. Am J Hosp 
Pkarm 1982: 39: 1850.

Aorlic dissedion. A report o( 4 cases oỉ the inappropriate 
use oỉ streptokinase in patientswith aortic dissection mis- 
diagnosed as myocardial inĩarction.1 Thrombolytics are 
likely to extend aortic dissectíọn and adversely ãữect the 
outcôme. Of the 2 patients iýho died, one, who would 
have been suitable for early operation, died through the 
deỉay caused by impaired clotnng. Aỉthough early inter- 
ventíon with thrombolytics may be of major beneũt in 
acute myocardial iníarction it is important that accurate 
diííerentìal diagnosis takes place to exdude conditions 
such as aortic dissection and prevent avoidable deaths.

For a report of ỉatal haemonhage with sơeptokinase used 
in aortic dissection misdiagnosed as empyema, see 
Haemorrhage undeY Adverse Eííects, p. 1505.3.

1. Butỉer J, tí al. Streptoỉúnase in acute aortic đissection. BMJ 1990; 300: 
517-19.

Cardiopubnonary resusdtation. Thrombolytics are not 
recommended after prolonged or traumatic cardiopulmo- 
nary resuscitation because of the risk of haemorrhage. 
However, studies1-2 in patients given cardiopulmonary re- 
suscitation for cardiac arrest associated with acute myo- 
cardỉal iníarction have suggested that thrombolytícs are 
generally safe and that any increase in bleeding complica- 
tions is outweighed by the benehts of thrombolysis.

1. Cross SJ. tí aL Saíety of thromboỉyàs in assodaũon with cardỉopuỉmo- 
nary resusdtation. BMJ 1991; 303: 1242.

2. Kurkdyan L et ai. Major bleedỉng compUcations aítcr cárdiopuỉmonary 
resustíution: impact of thrombolytic rreatmcnL J Intem Mtd 2003; 253: 
128-35.

Porphyria. The Drug Database for Acute Poiphyria, com- 
piled by the Norwegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Sweden, dassữìes streptokinase as 
not porphyrinogenic it may be used as a drug of first 
choice and no precautions are needed.1

1. The Drug Database ỉor Acute Porphyria. Avaiỉable ac htĩp://www. 
dmgs-porphyria.org (accessed 18/10/11)

Pregnancy. Thrombolyãcs are generalỉy contra-indicated 
in pregnancy. However there are a few reports oí theừ use 
and these have been brieũy reviewed.‘ In most cases, 
thrombolytics were given at 28 weeks of pregnancy or 
later to patients with deep-veũi thrombosis, pulmonary 
embolism, or prosthetic valve thrombosis. There were 
some reports of tavourable materaal and fetal outcomes 
although therapy was assodated with matemal haemoư- 
hage. induding spontaneous abortion and minor vaginal 
bleeding, espedally when given near the tíme oi delivery. 
There was one report of placental abruption with íetal 
death. A later revievv1 noted about 200 successhil cases of 
thrombolytic ưeatment in pregnancy. with a mateméd 
mortality of about 1%, fetal mortality of about 6%, and 
premature dellvery of about 6%. us guidelines3 recom- 
tnend reserving thrombolytic therapy in pregnant patients 
for life-threatening instances of thromboembolism.

1. Rorh A. BHcayam Ư. Acute myocardỉaỉ infarctìon assodated wiib 
pregnancy. Amt Intem Med 1996; 125: 751-62.

2. Aheam GS, tí ai. Massỉve pulmonary embolism during pregnancy 
successíuUy treated vvíth recombinanc ússue plasminogen activaton a 
(3se report and review of treatment ỡptions. Árdt ừttem Med 2002; 162: 
1221-7.

3. Bates SM. tí a i American College oỉ Chest Phystdans. Venous 
thromboembolisra, thrombophilỉa, antỉthrombotìc therapy, and 
pregnancy: American Colỉege of Chest Physỉdans Evidence-Based 
Clỉnicaỉ Practice Guỉdelỉnes (8dt Edỉtion). ơ ta t 2008; 133 (suppỉ): 844S- 
886S. Also avaỉỉable at: http://www.chest)oujnaLorg/contenưl 33/6_ 
suppỉ/844SJulLpdỉ (accessed 14/10/09)

Interactions
Oral anticoagulants, heparin, and antiplatelet drugs such as 
aspirín are often used with sơeptokinase, but may increase 
the risk oi haemorrhage. The risk may also be increased with 
dexưans, and with other drugs that affed coagulation or 
plateỉet function.

Reíerences.
1. Harder s, Kỉinkhardt u. Thromboỉytics: drug ỉnteracrions of dinỉcaỉ 

sỉgnỉílcance. Drug Saftíy 2000; 23: 391-9.

Pharmơcokinetics
Streptokinase is rapidly deared from the drculation aỉter 
intravenous use. Clearance is biphasic with the initial and 
more rapid phase being due to spedhc antibodies. A halỉ-Iỉỉe 
of 23 minutes has been reported for the streptokinase- 
activator complex.
Reíerences.
. 1. Grieison DS. Bjomsson TD. Pharmacoldnetics ot streptalcinaỉe in 

patiens based on amidolytíc actívator complex actívity. ơàt Ptiarmacoi 
Thcr 1987; 41: 304-13.

2. GemmíU JD, tí aL A comparison of the phansacokinetỉc propertỉes oí 
streptữkỉnase and anỉstreplase ỉn acute myocardỉaỉ inỉarction. Br J  Qin 
Phàrmacol 1991; 31: 143-7.

Preparations
Proprietary Preporarions (details are given in Volume B)
Single-ingredìent PrepOTotions. Arg.: Streptase: AnstráL:
Sưẽptasẽt; Betg.: Streptaset; Braz.: Solustrep; Streptase: Strep- 
tokin; Streptonaset; CaruuL: Sưeptasẹh ơnle: ThromboAux; 
Orínar. Sikaìtong {®SUẵ); Streptase (9 3 ) ; Xin Tong 
Cz.: Streptase; D en m Streptase; Fr.: Streptase; Ger.: Streptase; 
G r Kabikinase; Strepuse; Hong Kong. Sưeptase; Hung.: 
Streptase; Ịnđũr. Caidiostrep; Eskinasc; Fibrokinase; Haemoki- 
nase; Idkmase; Kabikỉnase; Myokinase; Nỉskinase; STpase; 
Stteptase; Zykinase; Indon.: Streptase; Israel: Sneptase; Mac.: 
Streptase; Netk.: Sưeptase; NZ: Streptase; Pkữipp.: ST-Pase; 
Stteptokin; ThromboSux; PoL: Sưeptase; PorL: Sưeptase; Rus.: 
Streptase (Ctpeirra3a); Thromboũũx (TpoMổo4unoẼc); S-Afr.: 
Streptase; singapore: Streptase; Spain: Sttẹptaset: Swei: 
Streptase; Switz.: Streptaset; Thai.: Streptase; Thromboũux; 
Turk.: Kabikinase; Streptase; UK: Stteptase: Ukr.: Fannakinase 
(<X>apuaKHBa3a); USA: Streptase; Venez.. Streptase.
Mulri-ingredient Preporotions. Austria: Varidase; Pùí.: Varídaset; 
Ger.: Vandase; Mex.: Varidasa; Norw.: Varidaset; PoL: Biostrep- 
taxa; Distreptaza; spain: Emodasa; Varidasa; Ukr.: Biostrepta 
(EHOCTpana); Disaeptaza ưiHcipenraaa).
Phannocopoeiol Preporations
BP 2014: Streptokinase Injection.

S t r o p h a n t h in - K
'Efljr<^n ^ v Ị|Ị^ .b é  Strophanthin; Strophanthin; 'Strọ- 
pRẩnthbside-KÌCTpòệaHTMH-K.
CAS— 11005̂ 53-3. ■

NOTE. Do not coníuse with K-sttophanthin-o which is 
Cymarin.
Ptiarmacopoeias. In Chín.

Proĩile
Sưophanthin-K is a cardiac giycoside or a mixture oí cardiac 
glycosides hom strophanthus, the seeds of Strophantkus 
kombe (Apocynaceae) or other spp., adjusted by admixture 
with a suitable diluent such as laaose so as generally to 
possess 40% of the activity of anhydrous ouabain.

Strophanthin-K is a positive inotrope with general 
properties similar to those of digoxin (p. 1353.3). It is pooriy 
absorbed ta m  the gastrointestinal traa  but may be given 
intravenously in maintenance doses of 125 to 250 mter- 
ograms daily in the management of heart {aiỉure 
(p. 1262.3).

Preparatíons
Propnetary PreporoHons (details are given in Volume B) 
Single-ỉngredient Preparations. ItaL: Kombetin.
Homoeopathic Preparaiions. Austria: Barium Med Complex: 
Corasan: Lakrima; Fr.: Soludon Ger.: Cor Plus: Con Corvipas 
SL; Habstai-Cor N; Myonasan.

S u le p a r o id  ỊriNNMi
^ ễ i^ Ì ! |ụ ^ ; 'H e g á i^ n . ' Sulphal;?; HepãraộsuHac Hepẫritin 
Suifatẽ''.ậàraan Heparanù; Sulepároidé;. Sulépároĩde; 
-Suíeị t̂iOicÌúrTí SulỄatẹdTHéparane^ynenaponÀỉ ■ ■ '
CAS t -̂ 9Ọ5Ọ-3Ọ-0. . . : . ■
VNII —:47959853RSr

S u le p a r o id  S o d iu m  iriNN)
Hepàran^Sulíate^.^odlurrK^-SodKVTt; Hepantin. Sulphatè 
•Sufeparò’i(je’ ̂ dico;^5u(ễparoĩde ‘Sòdíqúê;'-Sulễpãroiduin 
Nấtncum^CynenaponÃ HaTpnũ -7^1;, 1 4,-
CAS— '57459-72-0 * ' '  '  ' J ;*  ’

Profìle
Suleparoid is a naturally occurring glycosaminoglycan used 
topically in the management oí haematomas and superhdal

thromboses. and for the relieỉ of sprains and contusions. It 
has also been given orally. Suleparoid sodium is a 
component ol danaparoid sodium (p. 1349.2).

Preparations
Propiietary Praparalions (details are given in Volume B)

Single-ingmSent Praparationỉ. ItaL: Aremin; CLarema; Hemova- 
sal: Vast
Mu(K-ingrecfient Praparotions. ItaL: Osmogeỉ.

SulodexideicỊNNì
.KRX-IỌÚ Sulodeksyd; Suìbdéxĩda; Sụlodexidum; CynoqeK- 
CMp _

íGlucurono-2-amino-2Hjeoxyglucọglijcari.5ulfàt£- ... . „  
CAS — 57821-29-1. , [ .
ATC — B01A8ỈĨ.
ATCVet — Q80ỈAB11.

PnoỊịle
Suỉodexide is a heparinoid consisting of a mỉxture oi low- 
molecular-vveight heparin and dermatan sulỉate. It is used 
as a hypolipidaemic and antithrombotic and has been given 
orally and parenteialỉy ỉor peiipheral vascular disease and 
cerebrovasculéư disease. It is also induded in preparations 
used topically for local vascular inflamjnation and soft- 
tỉssue disorders. Sulodexide has also been investigated for 
other disorders including the treatment of dỉabetic 
nephropathy.
Reíerences.

1. Oỉosu FA. Phannacologịcal actíoas of suỉodexide. Semin Thromb Hemosĩ 
1998; 24: 127-38.

2. Weiss K t í  aL The roỉe of soỉodexỉde in thè treatment of dlabetỉc 
nepbropathy. Drvgs 2007; 67: 2681-96.

3. Neri G, tía l. Management oítìnnitus: oral CTeatment vrlth melatonin and 
sulodexỉde. J  Bicl Regul Hơmeoít Agents 2009; 23: 103-10.

Preparatíons
Proprietary Preporations (details are given in Voỉume B)
Single-ingrecBent PreporoHons. ơtina: Vessel Due F (^ĨR); Cz: 
Vessel Due F; Hung.: Vessel Due F; í  tai: Angioũux; clarens; 
Provenat Ravenol’ Tteparin; Vessel; MáLaysitr. Vessel Due F; 
Phũipp.: Vessel Due F; Pot: Vessel Due F; PorL: Vessel; Sai.: 
AngioAux (AaTHOỘnxiKc); Vessel Due F (Bcccen ilya $); Spain: 
Aterina; Thai.: Vessel; Turk.: Anjioflux: Venex.: Vessel Due.

Sympathomimetics ®
Actions and Uses
Sympathomimetics have actions that mimic the eííects of 
stimulation of postganglionic (adrenergic) nerves. They 
include the endogenous catechólamines adrenaline, 
noradrenaline, and dopamine, and other drugs that directỉy 
stimulate adrenergíc receptors, as vvell as drugs that have an 
indirect action by stứnulaóng the release of noradrenaline 
hom storage vesides in adrenergic nerve endings. Phenyl- 
ephrine is an example of a direa-acting sympathomimetíc, 
whereas ephedrine and many other sympathomimetìcs 
have both direa and indirect ehects.

The endogenous sympathomimetics are catecholamines, 
consisting of a catechol portion (characterised by hydroxy 
groups at adjacent positions on a benzene ring) and an 
aliphatic amine portion. Adrenaline and noradrenaline both
h a v e  d ire c t ac tio n s  o n  a d re n e rg ic  re c e p to rs , w h e re a s  
dopamine has direct and indirect actions, as well as 
stimulating spedhc dopamine receptors. Aỉthough sympa- 
thetic nerves are generally tenned adrenergic, the prìndpal 
neurotransmitter á  actually noradrenaline; it also acts as a 
neurotransmitter m the CNS. The major physiological role 
of adrenaline is metabolic. Dopamine is an important 
neurotransmitter vvithin the CNS, but also has a role 
peripherally within the renal, mesenteric, and coronary 
vasculature.

Adrenergic receptors are dassihed as either alpha or beta 
receptors, and these are subdivided into several types. 
Dopamine receptors are a distinct group of receptors tbat are 
mainly íound in the CNS, and at least 5 subtypes are known 
(see p. 889.1); Di receptors also occur in some vascukưbeds. 
The eữects of adrenergic stimulatíon depend on the location 
and activity of the receptors:
• alphai receptors are lound mainly in blood vessels, as 

well as in the skin, eye, bladder, uterus, and liver. 
Stimulation leads to vasoconstriction, particularly in the 
vessels of the skin and mucosa, abdominal viscera, and 
kidney; this resuỉts in an incxease in blood pressure, 
sometimes vvith compensatory reflex bradycardla. 
Alphai stimulation also results in contraction of other 
smooth musde, ỉnduding the urinary sphincter and the 
uterus, and induces mydriasis in the eye

The Symbol 0  denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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• alpha2 receptors are mainỉy tound presynaptically. 
Stímulatìon appears to play a role in leeđback inhihitinn 
oỉ neurotransmitter release and may be involved in the 
inhlbition òỉ intestínal activlty; it also plays a role in the 
inhibitíon oỉ insulỉn secretion

• betai receptors are ỉound mainly in the heart. 
Stỉmulation prođuces an increase in the rate and force 
of contraction. increased conduction velodty, and 
greater automatídty

• beta2 receptors are mainly ỉound in blood vessels and the 
lung, as weQ as in the uteius, the gastrointestinal tract, 
the liver, and the dliary body oi the eye. Sthnulation 
leads to vasodỉlatation. bronchodilatatỉon, uteiine 
relaxation. and a decrease in gastroimestínal motilỉty; it 
also resultỉ in release of ínsulin and enhances 
gluconeogeneãs and glycogenolysis

• beta3 receptors are found in íat ceDỉ and are thought to 
have a role in lipolysis and thermogenesis; they have also 
been ỉound in the heart, uterus.and bladder but theữ 
role is not dear

• Di receptors are ỉound in the renal. mesenteric and 
coronary vascular beds. Sttmulatíon leads to vasodilata- 
tìon

Sympathomimetics diher in theữ relative attinity !or each 
type of receptor, and also in whether they have direct or 
indirect actions (see Table 5, below). Theữ eữects generally 
reUect these charaaeristìcs, aỉthough both may depend on 
the dose. Feeđback mechanisxns and the homoeostatic 
response of the body are also important. The spedíỉc eữects 
of the different sympathomimetics are described ìn more 
detail in the inđỉvidual monographs.

The endogenous catecholamines an have a very short 
action and are inactive orally; they are also highly polar and 
do not cross the blood-brain banier. Other sympatho- 
mimedcs aie analogues oí catecholamines but generally 
have a longer duration of action and are orally active; many 
also cross the blood-braìn barrier and have Central eữects. 
For example, dexamỉetamỉne has marked Central stimulant 
eổects, while the seemingly paradoxical antìhypertensive 
actỉon oỉ alpha2 agonists such as donidine may be due to 
Central eSects that outvveigh theữ eữects in vascular smooth 
musde.

The differing characteristìcs oỉ the sympathomimetics 
mean that they are used in a wide range oí disorders. Those 
with aỊphai-agonist eữects are maìnly used to increase the 
bỉood pressure in hypotensive disorders and in shock 
(p. 1279.3). Some alpha agonists, su ch as phenylephrine 
(p. 1672.2), are also applied topicaUy to produce 
vasoconstriction oí mucosal suríaces and are used for the 
symptomatic rclieí oỉ nasal congestion and in eye disorders; 
they may also be used as mydriaács. Alpha2 agonists are 
used as cenưal antihypertensives (see Clonidine, 
p. 1339.1), or in the treatment oi glaucoma (see 
Apradoniđine, p. 2003.3). Betai agonìsts are mainly used 
ỉor thõr inotropic actìons in acute heart íailure and shock. 
while beta2 agonists such as saỉbutamol (p. 1220.2) are used 
for theự bronchođilator ehects and as uterine relaxants in 
premature labour. Sympathomimetics with mainly CNS 
eSects may be used as Central stimulants (see Dexamíeta- 
mine, p. 2319.1).

Adverse Eữects
Sympathomimetics may produce a wide range of adverse 
effects, generally resembling the eữect of excessive 
stimulation oỉ the sympathetic nervous System. These 
eữects are medỉated by the diổerent types oỉ adrenergic 
receptor, and the eãects of indỉvìdual drugs depend to a 
largẽ extern on theừ relative activity at the different 
recẽptors, as well as the body's homõeostadc response. 
While many sympathomimedcs are relatívely selectíve for 
spedhc receptors, thỉs depends on the dose, and at higher 
doses most have eữects on all receptors.

Central eổects may occur with aU sympathomimetícs and 
indude anxiety, fear, restlessness, insomnia, coníusion, 
irritability, headache, and psychotic States; dyspnoea, 
vveakness, anorexia, nausea, and vomỉtìng are also 
common. Although some sympathomimetics have direa 
eữects. others do not cross the blood-brain barrier and their 
Central eữects appear to be a somatíc response.

The most important adverse eữects of the sympatho- 
mimetìcs are those that affect the cardỉovascular System. 
Palpitatíons, tachycardia, and axrhythmias mainly result 
hom stimulatíon of cardiac beta receptors, and there is also 
an increase in cardiac contractílity; this may result in angina 
or cardiac arrest.

The ehects on blood vessels depend on the relative ettects 
at alpha and beta receptors, since most blood vessels have 
both. Sdmulatíon of alpha receptors produces vasoconstric- 
tíon, wlth resultant hypertension, and this may be severe 
enough to Iead to cẽrebral haemorrhage or pulmonary 
oedema, partículaiiy in overdosage. There may also be 
reOex bradycardia. Conversely, hypotension, with dizziness 
and ỉaintíng, and ũushing, may occur due to beta2-induced 
vasodilatatìon, and may contribute to tachycardìa.

Alpha-mediated vasoconstrictíon causes cold extremi- 
des, since blood vessels supplying the skin and mucosa have 
only aípha receptors; thls may lead to gangrene, partìcularly 
when sympathomimetics are iníilơated into digits. 
Extravasatíon similarly may cause tissue necrosis and 
sloughing. Topical applicatìon to mucosal suríaces also 
causcs vasoconstriction, pain, and irritadon; hypoxia may 
lead to rebound mucosal congestion.

Other eSects indude mydrìasis, diỉScuỉty in micturìtìon 
and urinary retention, piỉoerection, stveadng, and increased 
salivatíon, all of which result hom alphai stímulatìon. 
Hypokalaemia and musde ơemor may occur as a result oỉ 
beta2 stimulatìon, although tremor may also occur as a 
somatìc response. Eỉfects on the uterus are complex and 
depend on the stage oỉ the menstrual cyde; labour may be 
inhibited by beta2 stìmulatíon. Hyperglycaemia may occur 
due to complex metabolic eữects, and lactìc addosis has also 
been reported.

Effeds on ihe heart. The heart has mainly betai adreno- 
ceptors and cardiac arrhythmias are most likely with be ta Ị 
agonists; increased mortality has been reported with the 
use of beta agonỉsts ỉn heart íailure (see Ibopamine. 
p. 1407.2). A review‘ of vasopressor sympathomimetics, 
which are mainly used ỉor theứ aỉpha-agonist properties, 
conduded that dopamine and adrenalỉne were assodated 
with the highest risk, mainỉy of dose-related sinus tachy- 
cardia and ventricular anhythmias. However, the dinical

Table 5. Actions o f sympathomimetics.

Action Receptor specificity

D ừect Indirect a Pi h DA*

Adrenalỉne + + + +
Dobutamine + + + +
Dopamine + + + + +
Dopexamine + + + +
Ephedrine + + + + +
Etiỉeírine + + + +
Ibọpamine + + + + +
Isoprenaline + + +
Mephentermine + + + +
Metaraminol + + + +
Methoxamine + +
Midodrine + +
Noradrenaline + + +
Phenylephrine + +

* = Dopaminergic

signihcance oỉ most arrhythmias occurring with dopamine 
was considered questionable; supravẹntricular or ventri- 
cular arrhythmías with adrenaline were most likely in 
patíents receiving general anaesthesia or with underỉying 
disorders of cardiac conduction. The risk with 
noradrenalỉne was uncertain, though there are íew dinical 
reports, whlle phenylephrine and methoxamỉne vvere 
thought unlikely to cause problems. Overall the hequency 
oỉ serious problems with this dass of drugs dỉd not seem 
to be high, and beneSts outweighed the risks in most 
patients.

Sympathomimetícs may cause myocardial ischaemia, 
particularly in patients with ischaemic heart disease, and 
severe cardiovascular eãects have occurred with the use oí 
dobutamine for cardiac stress testing (see Diagnosis and 
Testing, p. 1366.2). In addition, myocardial inỉarction has 
been reported in an 11 -year-old boy treated with nebulỉsed 
racepinehine Iot symptoms of croup.2 and there have also 
been reports of myocardỉal ischaemia assodated vvith 
adrenaline overdosage (see p. 1294.2).

1. Tỉsdale JE, a  a i Proarrhythmtc eữeciỉ of intravenous vasopmson. Ann 
Pharmacother 1995: 29: 269-«].

2. Buttt MJ, etai. Pediatríc myocardial iníarcrion aíter racemỉc cpinephríne 
adminisiratíon. Absiraa: Pediaaia 1999; 104: 103-4. FuU vemon: 
htip://pcdỉếtrics.aappublicattons.org/cgi/conienf/fuU /104/1 ic9  
(acccssed 07/10/05)

Topkal use. Systemic eílects may óccasionally ỉollow the 
Iocal or topical use of sympathomimetics, for example as 
eye drops íor the tteatment of glaucoma.1 Psychiatric 
effects induding halludnations and paranoia have also 
occurred after both proper and improper use of sympatho- 
mimetics in decongestant preparations.2

!. Everiit DE. Avom J. Sysiemic eỉíecu of medỉcations used ro treat 
gỉaucoma. Am  Interrt Med 1990: 112: 120-5.

2. Anonymous. Dnigs ibat cause psychiacric symptoms. M tề Lett Drugs Ther 
1993; 35: 65-70

Treaừnent oỉAdverse Effects
Most sympathomimetics have a short duration of action and 
treatment of adverse eííects is mainly supportive; ư given by 
iníusion, stopping it or redudng the rate will be suhìdent in 
many cases. A rapidly-acting alpha blocker, such as 
phentolamine, may be given to reverse alphai-mediated 
eííects su ch as hypertension. while a beta blocker may be 
given for beta,-mediated effeas such as cardiac arrhyth- 
mias. In severe hypertension, rapidly-acting vasodilators 
such as glyceryl trinitrate have also been used.

In the case oí extravasation of an alpha agonist, or 
injection into a digit, an alpha blocker such as phentolamine 
shouỉd be given as soon as possible to prevent tissue neơosis 
and ischaemic damage.

Non-catecholamine sympathomùnetics may have a 
longer duration oỉ actìon and adverse eĩỉects, particularly 
hypenensioa may be prolonged.

Precautíons
Sympathomimetics should be used vvith cautìon in patients 
with cardỉovascular disorders, who may. ha ve an increased 
susceptibility to their eữects. Partìcular care is needed in 
patients with cardiac arrhythmias, ischaemic heart disease, 
or hypertenáon. All sympathomimetics should generally be 
avoided in severe hypertension, although alpha agonists are 
particularly hazardous; they should also be used with 
caution in patients wlth ocduáve vascular disease, who are 
at increased risk of peripheral ischaemia. Betâ| agonists are a 
particular haxard in tachycardia. Sympathomimetics with 
beta2 eSects should be used with caution in obstructive 
cardiomyopathy and other disorders where a reductíon in 
totai peripheral resistance could be harmíul.

Sympathomimetics should be avoided in phaeochromo- 
cytoma. Caution is also needed in patients vvith hyper- 
thyroidism, who may be at increased risk of eữects on the 
hearc elevated thyroid hormone concentrations may also 
enhance adrenoceptor sensitivity. Diabetics and elderiy 
patients ha ve a high índdence of atherosclerotic disease and 
may also be at higher risk; the eữects of sympathomimetics 
on blood glucose should also be considered.

Alpha agonists in particular should be used with caution 
in angle-dosure glaucoma, as well as in patỉents with 
prostate disorders, who may be at increased risk of urinary 
retention. Sympathomimencs with vasoconstrlctor eSects 
may ređuce placental pertusion and should possibly be 
avoided in pregnancy; adrenaline and others with beta2- 
mediated effects may also inhibit labour.

If sympathomimetics are used ỉor drculatory support. 
hypovolaemia, metabolic addosis, and hypoxia or 
hypercapnia should be corrected either beíore starting the 
sympathomimetic or while it is being given. Blood pressure 
should be monitored regularly during treatment

Interactions
Interactions with sympathomimetics are complex and may 
be hazardous; they result mainly hom theữ pharmacol- 
ogical actions at alpha and beta receptors.

All cross-rtíerences reíer to entries in Volume A
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ỉncreased cardiac effects may occur with drugs that 
increase the sensitivity of the myocardium to betai agonists; 
hazardous arrhythmias may occur with volatile anaes- 
thetics, particularly cydopropane or haỉothane. Caudon is 
also required with thyroid hormones, and with drugs that 
a£fect cardiac conducúon, such as cardiac glycosides and 
antỉarrhythmics.

All sympathomimetics aữect blood pressure and should 
be used with cautìon with antihypertensive drugs or đrugs 
that cause hypotension, particularly those whose action 
involves the sympathetic nervous System. Direct-acting 
sympathomimetics with aỉpha-agonist actions speđhcally 
reverse the hypotensive effect of adrenergic neurone 
blockers such as guanethidine, and severe hypeitension 
may result. There are also complex interacdoĩũ between 
both alpha and beta blockers and sympathomimetics, 
partícularly those that have actions at both types oỉ 
receptor. Alpha blockers antagonise the eữects at alpha 
receptors but leave the beta-mediated eổects unopposed, 
leading to an increased risk of hypotension and tachycaidia. 
Beta blockers, espedally those that are non-selective, 
antagonise the eííects at beta receptors but leave the aỉpha- 
mediated eữects unopposed, increasing the risk of hyper- 
tension and reflex bradycardia. They also antagonỉse the 
bronchodilating eỉfects of beta2 ạgonists. Severe anaphylaxis 
in patients taking non-cardioseỊectìve beta blockers may not 
respond to ađrenaline (see below).

Hazardous interactions resuỉtmg in severe hypertension 
may occur vvith MAOIs (indudỉng RIMAs) and sympatho- 
mimetics, espedally those that have indữect acdons, since 
MAOIs increase the amount of noradrenaline stored in 
adrenetgic nerve endings. Sympathomimetics {or vvhich the 
rìsk is partỉcularly hỉgh indude dexamíetamine, dopamine, 
dopexamine, ephedrine, isometheptene, mephentennine, 
metaraminol, methylphenidate, phentermine, phenyleph- 
rine, phenylpropaqolamine, and pseudoephedrine. The 
eííects of direct-acting sympathomimetics su ch as adrena- 
line and noradrenaline may also be slightly enhanced. For 
additìonal wamings see under Phenelzine (p. 445.1) and 
Modobemide (p. 438.1).

Tricyclic antidepressants block the inactivation of 
adrenaline and noradrenaline by uptake into the nerve 
endings and may increase their eííect; hypertension and 
arrhythmias may occur. Conversely, the effea of ỉndirectly- 
acting sympathomimetics could theoreticaUy be reduced by 
tricydics, although there is little dinical evidence that this 
occurs. There is also no evidence that an interaction occurs 
when local anaesthetic Solutions containing adrenaline or 
noradrenalỉne are ụsed in patients taking MAOIs or 
tricyclics, although great care needs to be taken to avoid 
inadvertent intravenous injection of these local anaesthetíc 
preparations.

Interactions may also occur between sympathomimetìcs 
and drugs that have similar or opposing effects through 
non-adrenergic mechanisms. Sympathomimetics with 
Central actions may potentiate the eữects of CNS stimulants, 
while the vasoconstrictor and pressor eHects of alpha 
agonists may be enhanced by drugs with similar eữects, 
such as ergot alkaloids or oxytodn. Beta2-mediated 
hypokalaemia may be potentíated by other drugs that 
cause potassium loss, induding corticosteroids, potassium- 
depleting diuretics, and aminophylline or theophylline; 
patients given high doses of beta2 agonỉsts vvith such drugs 
should have their plasma-potassium concentration mon- 
itored (see Interactions of SalbutamoL p. 1223.1). Hypo- 
kalaemia may also contribute to the increased susceptibility 
to cardiac arrhythmias caused by digoxin and other cardiac 
glycosides.

Antiparkinsonian drugs. Additive cardiovascular toxidty 
may occur when some sympathomimetics are given with 
antiparkinsonian drugs such as levadapa (see p. 908.L) and 
bromocriptine (see p. 899.1). Severe hypertension may also 
occur with some sympathomimetics and ỉelegilint (see 
p. 916.2), possibly due to inhibition of peripheral monoa- 
mine oxidase.

Beta blockers. The interactions between beta blockers and 
sympathomimetics are complex and depend on the selec- 
tivity of both drugs. Patients given adrenaline (ỉnduding 
the low doses used with local anaesthedcs) vvhỉle taking 
non-selective beta blockers such as propranalol can develop 
raised blood pressure due to alpha-mediated vasoconstric- 
tion, followed by reflex bradycardia, and occasionally car- 
diac arrest;1 the bronchodilator eữects of adrenalinẽ and 
other beta2 agonists are also inhibited. ỉn contrast cardio- 
selective beta blockers such as metoprolol, have minimal 
eííects on blood pressure and heart rate since they only 
inhibit the beta,- mediated eííects, leaving the beta2- 
mediated vasodilatation to balance the vasoconstrìctor 
eííect. However, beta blockers that also have alpha-block- 
ing eííects, su ch as carvedìbl, may cause hypotension since 
only the beta2-induced vasodilataúon remains; such an 
interactíon has been reported with dobutamine.2 Low 
doses of cardioselective beta blockers do not appear to

interíere with sympathomũnetỉc (isoprenaline)-induced 
bronchodilataúon,5 although the eíiect oỉ larger doses is 
uncertain.

Propianolol has also been shovm to inhibit the 
ỉavourable pressor and bronchodilator responses to 
adrenaline when given for anaphylaxis.4 Thus, patients on 
long-term ưeatment with some non-cardioselectỉve beta 
blockers who devẹlop anaphylaxis may be relatively 
reíractory to adrenalinẽ.

1. Jay GT, Cbow MSS. Interaction of epinephrine and 3 -blockers. JAMA 
1995: 274: 1830-2.

2. Lindeníeld J. a  al. Hypotcnsion trith dobutamine: 3 -adrenergic 
antagonisl selectỉvlty ar low đoses of carveđỉloL Ann ?harmacother 1999; 
33: 1264-9.

3. Decalmer PBS. rt aỉ. Beta blockerc and asdima. 3r HcartJ 1978:40:184-
9.

4. Newman BR. Schuỉtz LK. Epỉnephríne-rcsistanl anaphylaxia in a patìent 
taking propranolol hydrochlorỉde. A m  Aỉỉergy 1981; 47: 35-7.

General anaesthetícs. Anaesthesia may sensitise the myo- 
cardium to the eHects of sympathomimetics, increasing 
the risk of arrhythmias, and ỉatalities have been attributed 
to the use of adrenaỉine with haỉotkane anaesthesia.1 ỉt has 
been suggested2 that the use oỉ adrenaline for haemostasis 
during surgery is a particular risk, aỉthough use of a Iow 
dose may be saỉe in patients anaesthetised with cydopro- 
parte, halothane, or sũnilar volaóle anaesthetics;. other fac- 
tors likeỉy to increase the initabiỉity oỉ the myocardium, 
such as carbon-dioxide retention, hypoxia, or the use oỉ 
cocaine, should be avoided.13 For halothane or trichỉoroethy- 
lene anaesthesia a maxũnum strength ỉor the adrenaline 
solution of 1 in 100000, given at a ra te not exceeding 
lOmL in any 10-minute period or 30mL in l  hour, has 
been recommended;5 this may also apply for cydopro- 
pane, although the rìsk oỉ arrhythmias is higher.3 Other 
volatile anaesthetics generally appear to carry less risk. 

ỉ. Buãk $c. Paial ỉnteractỉon? Haỉoth&ne, epinephrine and tooch ỉmplant 
surgery. Can Pkarm J  1990; 123: 68-9 and 81.

2. Ànonymous. Anacsthetics and the hean. lana t 1967; U 484-5.
3. Katz RL. Epstdn RA. The ỉnceraction of anestbetíc agents and ađrenergỉc 

drugs to produce cardỉac arrhythmias. Anesthaioỉogy 1968; 29:763.

TheophyAine. For discussion oi possible interactíons 
betvveen sympathomimeứcs with beta-agonist actions and 
theophylline, see p. 1236.3.

Vasodilators. Paradoxicaỉ hypotension may occur when 
sympathomimetics vvith both alpha-and beta-agonist prop- 
erdes are given with tolazolirư, and there has been a 
report' of íatal hypotension in a patient given tolazolỉne 
and dopamine together. The mechanism of the interaction 
appears to be antagonism oí the alpha-mediated vasocon- 
strictor effect of the sympathomimetic by the alpha-block- 
ing eãects oí tolazo!ine, leaving the vasodilator eSects 
unopposed.

I. Carlon GC. Fataỉ assodaúon oí tolazoỉỉne and dopamine. Chat 1979; 76: 
336.
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Prọ/ị7e
Talinolol is a cardioselective beta blocker (p. 1316.3). It is 
given orally in the management of hypertension (p. 1251.1) 
and other cardiovascular disorders, in doses of up to 300 mg 
daily. It has also been given intravenously.
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Single-ingredient Preparatiom. Ger.: Cordanum; Rus.: Corda-
num (KopaaHỴM).
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Profíle
Tedothìaáde potassium is a thiaãde diuretic (see Hydro- 
chlorothiaáde, p. 1403.2) used in the treatment oỉ oedema.
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Tedisamil is an antíanhythmic under investigation for the 
tteatment of atrial arrhythmias.
Reíerences.

1. Hohnloser SH, đ  ai. Saỉety and efficacy oỉ intravenousỉy admỉnistered 
tedỉsamQ for rapíd conveision of recent-onset atrỉaỉ Sbnỉỉatíon or âtrial 
Qutter. J Am Coli Cantíữi 2004; 44: 99-104.

2. Krishnamoonhy s, Lỉp GY. Noveỉ antíanhythmỉc drugs in atriaỉ 
ũbiỉllation: focus on teriisamil. Expert Opin ỉnvct Drugs 2009; 18:1191-6.

T e l m i s a r t a n  /BAN, USAN, riNNi
.‘BIBft-277; ỂBft27I-SÉ"'teímianạ'anr; ielriìisartán; ìelmỉsar- 
tanum; TenbMioapTaH.
4' -{[4-MethyỊ:6-(l -methỵl-2-benzirríÌdazolyl)-2-pro py I-1 -ben- 
zimidazolyl]methyl}r2-biphẹnylcarboxylĩc acid.
C a H Í N ^ S Ĩ Í Ì '
G4S — 14470Ì-48-4. ‘
ATC — C09CA07 , t
A ĩtve t —  QC09CÃ07. " ■ ;
UNII —  U5SYW473RQ. . ..,.£ ■

Pharmacopoeias. In Eưr. (see p. vii) and us.
Ph. Eur. 8: (Telmisartan). A white or slightly yellovvish, 
crystaỉline powder. Practically insoluble in vvater; slighdy 
soluble in methyl alcohol; sparingly soluble in dichlor- 
omethane. it dissolves in IM sodium hydroxide. It exhibits 
polymorphism.
USP 36: (Teimisartan). A white or slightly yellovyish, 
crystalline powder. Practically insoluble in waten slightly 
soluble in methyl alcohol; sparingly soluble in dichlor- 
omethane; it dissolves in IM sodium hydroxide. Store in 
airtight containers. Protect ỉrom light.

Uses and Administration
Telmisartan is an angịotensin n  receptor antagonist with 
actions sứnilar to thoỉe oí losartan (p. 1422.2). It is used in 
the management oỉ hypertension (p. 1251.1) and ỉor the 
prophylaxis of cardiovascular events in patients with certain 
risk ỉaaors (see Cardiovascular Risk Reduction, p. 1246.1).

Telmisartan is given orally. After a dose the hypotensive 
eữea peaks vvithin 3 hours and persists for at least 24 hours. 
The maximum hypotensive effea occurs vvithin about 4 to 8 
weeks after starting therapy.

In hypertenslon. telmisartan is given in an initial dose 
oi 40 mg once daily. This may be adjusted, if necessary, 
vvithin the range of 20 to 80 mg once daily. Low doses 
should be considered in patients vvith hepatic or renal 
impairment (see p. 1510.1).

For cardiovascular risk reduction, telmisartan may be 
given in a dose of 80 mg once daily.

The hydrochloride salt has also been used.
Reviews.

1. Sharpe M. eta l. Tdmisanan: a revỉevv of its use ỉn hypertension. ũrugs 
2001;61: 1501-29.

2. BattenhỉU AJ, Scott u .  Tdmisartan: a review oí iu  use in ihe 
management oí hypertensỉon. Drugs 2006; 66: 51-83.

3. Gosse p. A revỉew oí telmỉsartan in the treatment of hypertension: blood 
pĩessure conưol in the eariy momỉng houn. Vasc Htũừh Risk Manaỹ 
2006; 2: 195-201.

4. Yamagũhi s ,etaL  Potentíaỉ utilỉty of telmisartaa an angiotensin n  type 
1 recẽptor bỉocker wtth peroxỉsoine proUferator-activated receptor- Y 
(PPAR- Y )-modulatỉng actívỉty for the treatment of cardỉocnetabolỉc 
disorders. Cun Moi Med 2007; 7:463-9.

5. Prandschettỉ EA. tí  ai. Treatment of hypercensỉon ỉn indỉvỉduaỉs with the 
cardlometaboỉỉc syndrome: roỉe o i an angiotensin n  receptor blodcer, 
telmỉsanxn. Expert Rev Cardúnaae Ther 2008; 6: 289-303.

6. Rosaiỉo BH, Hendn TJ. Tdmỉsartan ỉn the ữeatmỉent oí hypertensỉon. 
Expcrt opin Dru$ Mtíab Taxùoỉ 2008; 4: 485-92.

7. XI GU tí aL Meta-analysis oí randonứred controỉỉed txỉaỉs comparỉng 
teỉmisartan wỉth ỉỡsaitan ỉn the treatment of padenu wỉth hypertõưlon. 
Am J Hypertm12008; 21: 546-52.

8. Baumhỉkel M. Bỗhm M. Telmỉsartan prevenu cardiovascuỉar evenu ỉn 
a broad group of at-rỉsk patíents. Sxpert opirt Pharmacother 2009; 10: 
3113-17.

The Symbol t  denotes a preparation no longer actively marketed The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)
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9. Bumlcr M. Tdmisartan: t  diữerent anglotensin n  receptar bỉocker 
protectỉng * đUlerent popubtkm? J ĩnt M tề R a  2009; 37:1662-79,

10. Gaỉxenno D, tt aL New suncUrds ỉn hypertension and cardỉovascular 
rỉsk managexneat: ỉocus on telmỉsartan. Vasc Heatíh Râk Manag 2010; 6:
113-33.

11. Zheng z» đ  aL A systematic revỉew and meta-anaỉysỉs of tdmhartan 
versus vahartan ỉn the manegement of essentíal hypertensỉan. J ơ bt 
Hypertem (Gnatwủhị 2010; 12: 414-21.

Adminislration in hepátic or rend impainnent. Doses of 
teỉmỉsartan may neẹd to be adjusted in patients witb 
hepatíc or renal impairment.
• Giving telmisartan to patients with hepatic impaìrment 

resulted in an increase in bioavaỉlability and a reductìon 
in dearance compaied with healthy subjects.‘ Although 
telmisartan was well tolerated, it was suggested that 
ỉower doses should be conádered. In the UK teỉmisartan 
is contra-indicated in severe hepatic impaữment and a 
maviTnnm dose oỉ 40 mg once daily is recommended ỉor 
patients with mild to moderate impairment.

• Telmũartan appears to be weU tolerated in patients with 
rencứ ừnpairment, induding those on dialysis.3 However, 
in the UK, an initial dose o{ 20 mg once daily is 
recommended for patients vvith severe renal impairment 
or on haemodỉalysis.

1. Stangier J, ti ai. Pharmacokineiícỉ and saíety oí intravenous and oral 
teỉmisartan 20 mg and Ỉ20mg in subjects wiih hepatỉc impaỉrmem 
compared vviih heaỉthy voiunteers. J ơ in  Pharmacol 2000; 40: 1353-64.

2. Sharma AM. a  a i Teỉmìsarun in patỉents with mũd/moderate 
hypenensíon and dưonỉc ỉảdney dỉsease. ơin Nephrọl 2005; 63:250-7.

Adverse Eữects and Precautìons
As for Losartan Potassium. p. 1424.1. Telmisartan should be 
used with cautíon in patients with hepatic ỉmpairment or 
biliary obstruction.
Reíerences.

1. Mỉ che] MC. el al. Satety oí lelmúartan in patiems vvilh arterial 
hypenension: an open-labd observadonal study. Dru) 2004; 27: 
335-44.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Poiphyria Cemre (NAPOS) and 
the Porphyria Centre Sweden, dassiũes tebnisartan as pos- 
ábly porphyrinogenic it should be used only when no 
saíer altemative is available and precautions should be 
considered in vulnerable patients.1

1. The Dnig Database ỉor Acute Porphyrỉa. AvaiUbỉe au htrp://www. 
dmgs-porphyria.org (accessed 13/10/11)

Interactions
As for Losartan Potassium, p. 1424.3.

Digoxin. Telmisartan may increase serum concenơations 
oỉ digoxin (see Angiotensin n  Receptor Antagonistỉ under 
Interacúons of Digoxin, p. 1356.1) but the interactíon is 
probably not clinically signi&cant.

Pharmacokinetics
Telmisartan is tapidly absorbed ỉrom the gastiointestìnal 
tract the absolute oral bioavailability is dose-dependent and 
is about 42% aher a 40-mg dose and 58% aỉter a 160-mg 
dose. Peak plasma concentratíons oi telmisartan are reached 
about 0.5 to 1 hour aỉter an oral dose. Telmữartan iỉ over 
99% boimd to plasma proteins. It is excreted almost entirely 
in the ỉaeces Via bile, mainly as u n c h a n g e d  drug. The 
tenninal eliminatíon halỉ-liíe of telmisamn is about 24 
hours.
References.

ỉ. Stangicr J, tía l. Absorptkm. metibottsm. and exeretion o tIntrarcnously 
and oralỉy adminỉsiered Il4C]telmisanan ỉn heaỉlhy volunteers. J ơ in  
Mmrnaool 2000; 40:1312-22.

2. Dẹppe s, tt aL Telmisarun: a revỉew oỉ its phannacodynamic and 
pharmacoểdnetic propenies. Bxpert Opm Dntg Mttab Taxịcol 2010; 6ỉ $63- 
71.

Preparations
Propríetary Prnpanutions (details arr given in Volume B)
Singld ãigredĨTt Preporgtiom. Arg.: Deprevex; Gliosartan; 
Micarđis; AustraL: Micardiỉ; Aitstria: Micardís; Belg.: Kinzal- 
mono; Micardis: Braz.: Mỉcardis; PritOR CatuuL: Micardis; 
Ckữr. Corđiax; Micardis; Samenant; ơtúut An Ya ($ £ ); An 
Yì Nlng (Sịt&Ị*); Bang Tan (»Ị§b Bei Di Ning Bo
Xỉn Shu (HIRÌĨ); Chang Plng (%¥); Da Shu Ya (iẺff3E); DI 
Sai Ping (iâlH 1); Di Yĩ Nmg_(ÌỊlt,7*); Pan Tan (ÀÉ); Heng 
BeỊ (tìỉỉ); Heng Xue Su ('BSII); Huo Ping (ĨHF); Jia Se in 
(» S S ); Kang_Chu (* * ) ; l i  Lai Ke < «**); u  Wen (3:30; 
Long Shu Ya (SKHt); Luo Ge Le ( * # * ) ;  Luo Sha Nỉng (&ỈP 
T); Mel SI (JI1R); Micardis (H-MỊ); ỈTideshu Nuo
JŨ1 Ping (9ỈỀT); Nụo Shị Mõ Ou Mei Ning (RU
?); PíngKeYaXin (TĨÍ3ER); Pu M á Te (* * # ) ;  Qu Ya (Ã 
3E); Sai Ka (#-£); Saitan (H ầ); Sha Tai Qi Sha ling
NỊng (ữ n Ỷ ); Shang Br ĩflng Shi JỊ (* * ); Shu Luo
Nịng ((MỊ1?): Si Tai Lẹ ()0fif3í); Sonia (ff)Ẽ3E); Su Ding (R 
$); Tan 30n Sụo ( « s * ) ;  Te ú  Kang (#S;jt); Tị Yu (ă ít) ; 
Tĩan He Heng TianỴl (^a>; J3n Rui (R35); Xiù Yi Ér
(RM^); Xuẽ Ying Ping (SR3ỊI); Ýa Ping (JÌJ»); Ya Tan <3E 
à ); Yatveiyi (3E#>); Ã Ya Ping ( f iI fV Y u  Le Ning ( l ì*  
'?); zhi Xin Peng (SÍÍR); Cz.: Dinones; Kúưalmono; Micar-

dis; Mirpresoc Priton Tezeo; Tolura; ZanacodaR Dam.: Micar- 
dls; Pritort; Pin.: Kinzalmono; Micardis; Fr.: Mlcaxđis; Piitor, 
Ger.: Kinzálmono; Micardis; Gr.: Micardis; Prìton Bong Xong: 
Mlcardũ; Bung.: Micaỉdte Priton InJio: Anãtel; Aibitel; Cor- 
td; Ciesar; Etela; Hytel; Lovetel; Mistra; MyteL’ Nevvtel; Oditel; 
Telma; Telịues; ínđon.: Mìcardú; h i: Actelsar; Dinones; Kin- 
talmono; Micardis; Miipresoc Priton Telma; Toluia; Zanacodan 
Iiraeb Micardiỉt; Micardis; Pritor; Jpn: Mlcardis; Malay- 
sùr. Micardis: Mac.: Mlcardis; Predxak Neth.: Dinortes Kinzal- 
mono; Micardlỉ; Mìrpresoq PritoR Telma; Toluia; Zanacodan 
Norw.: Micardis NZ: Micardist; Phiỉipp.: Micardis Priton PoL: 
Kbưalmono; Micaidis; Pritor; Toluia; PorL: ỉũnzalmono; 
Micaidis Pritor Rus.: Micardiỉ (Mmapmc); Pritor (Ilpaírop); s. 
Afr.: Micardit; Priton Singapore: Micardis; Spain: Micardis; Pri- 
tOR Swtd.: Micardis: Switz.: Kinzal; Micardứ; Thai. : Micardis; 
Turk.: Micardis; Priton UK: Micardis; ukr.: Micardis
(MmapaRc); Pritor (IlpaftTop); USA: Micardis; Veneĩ.: Micardis; 
Pritor.
Mulh-aigradhnl Praporakons. Arg.: Gliosartan Plus; Micardis 
Amlo; Micardis Plus; AustraL: Micardũ Plus; Tvvynỉta; Austria: 
MicardisPlus; Betg.: Kũualkomb; Micardứ Plus; Twynsta; Braz.: 
Micardis Anlo; Micardis HCT; Pritor HCTt; Canad.: Micardis 
Plus; Tvvynsta; Chữe-. Cordiax D; Micardis Plus; Chincr. Micardis 
Plus (Ỉ$SR); Cz: Kìnxalkomb; MicardisPlus; PmorPlus: Twyn- 
sta; Denm.: MicardisPlus; PritorPlus; Pin.: Kinzalkomb; Micar- 
diỉPlus; Fr.: MicardisPlus; PritorPlus; Tvvynsta; Ger.: Kinzalk- 
omb; MicardisPlus; Tvvynsu; Gr.: Micardis Plus: Pritor plus; 
Twynsta; Bong Kong: Micardiỉ Plus; Bung.: MicardisPlus; Pri- 
torPlus; Indũr. Anntel-H; Aibitel-H; Conel-A; Conel-H; Etela- 
H; Hytel-H; Lovetel-H; Mytel-H; Nemel-H; Oditel-H; Telma-H; 
Telpres-H; Indon.: Micardis plus; IrL: KũuaUcomb; Micardis- 
Plus; Onduarp; PritorPlus; Tvvynsta; ItaL: Micardis Plus; Pritor- 
Plus; Malaysia: Micardis Plus; Mac.: Micardis Plus; Predxal Plus; 
Neth.1 Kinzalkomb; Micardiỉ PIuỉ; Onduarp; PritorPlus; Tardi- 
paxu Twynsu; Norw.: MicardlsPlus; phũipp.: Micardis Plus; Pri- 
torPlus; Pot.: KinzaIkomb; Micardis Ptus; Pritor Plus; Tvvynsta; 
Port: Kứualkomb; Micardiỉ Plus; PrltorPlus; Twynsta: Rus.: 
MicardisPlus (MHKapaHcIInioc); S.Afr.: Co-Micardis; Singapore: 
Micardis Plus; Twynsta; Spaim Mlcardls Plus; Pritor Ptus; 
Ttrynsta; SwttL: Micarđiỉ Plus; Switz.: Kinzalplus; Micardis 
Amlo; MicardlsPlus: Thai.: Micardiỉ Plus; Twynsu; Turk.: 
Micardiỉ Plus; Pritor Plus; UK: MicardisPius; ukr.: MicardisPlus 
(MHKapaBcIlmoc); USA: Micardis HCT; Venei: Micaidis Plus; 
Pritor Plus.
Phonnocopo tol Pteporations
usp 36: Telmisartan and Hydrochlorothiaáde Tablets; Telmi- 
sartan Tableti.

T e m o c a p r i l  H y d r o c h lo r id e  IBANM, USAN, riNNMi 
CS-622; Hidrodoruro de temocapril; Témocapril, Chtorhy- 
drate de; Temocapril, hidrocloruro de; Temocaprili 
Hydrochlondúm; TeMOKanpnna rtinpoxnopnfl. 
(+H2S,ổ/?)-6-{Kl Sh 1 -£thoxycartx3nyl-3-phenylpropyí]amino) 
tetrahỵdro-5-oxo-2-(2-thienyl)-1,4-thiazepine-4(5H)-acetic 
add hydrochloride. ■ ■ ■
C23ÍH 28^S2.H CI=5V 3,1 ..
CAS — Ũ ì902-57-9 (temocaprìl); 110221-44-8 (temocapril 
hydroờibride).
ÁTC —  C09ÀA14. :
AĨC Vét — QC09AA14.
UNII —  9G820I9SVP.

Proỉile
Temocapril is an ACE inhibitor (p. 1282.2) that has been 
used in the treatment oỉ hypertension (p. 1251.1). It owes 
its activity to the dỉadd temocaprilat to which it is converted 
aíter oral doses.
Rderences.

1. Nakashỉma M. et aỉ. Phannacoỉdnetịo of temocapiỉỉ hydrochỉoride. * 
noveỉ angỉotensin ODDvertỉng euym e ỉnhlbỉior. in renil insulBcỉency. 
Ettr J  ơ ù ĩ  Phantuụol 1992; 43: 657-9.

2. Oguchỉ H. cí d/. Phannacokỉnetỉcs oỉ temocaprỉl and enalapxlỉ in patknu 
with vuỉous degrees oỉ renâỉ insufBcienqf. ơùĩ Pharmacữiânet 1993; 24: 
421-7.

3. Funita s. a  ai. Ph«nn«coỉđnetK3 o i temocaprỉL an ACE ỉnhỉMtor m th 
preícrendal Uliary excretkm. in patỉents with impaired liver hmctíon. 
Ẽ vrJQ in PharmâcoỊ 1993; 44: 3S3-5.

4. Armkawa M. a  aL Pharmacokỉnetics and phaimacodynamics oí 
temocspriỉ during repeated dosing ỉn eỉderỉy hypertensỉve patỉeDts. 
Eur J Ỡm Pharmaai 2001; 56: 775-9.

5. Song JC. White CM. Qinỉcal phannacokỉnetỉo and selectíve 
pharmacodynamics oi new angiotensin convertỉng enzyme inhibỉtors: 
an update. Cỉin armaeatínet 2002: 41:207-24.

6. Yasunaiỉ K e ta i. Pharroacoỉogỉca] and dinical studỉes with temocaprỉl 
an angkxensỈĐ converttng enzyme inhỉbỉior that ỉs excreted ỉn the bUe. 
Cardiovasc Dnt$ Rev 2004; 22: 189-98.

Preparations
Propriatary Preparations (details are given in Volume B)
Sùigla ingradhnt Prapuiuliuia. Jpnr. Acecol.

Tenecteplase (BAN, USAN, riNNi
Tenecteplasa; Tẻnectéplase; Tenecteplasum; TNK-tPA; 
TeHeKtennac -

D0ă-L-Asparagine-117-L-glutamine296-L-alanine-297-L-ála- 
'mne-298-c-alanihe-299LL-alanine]plasminogen 'activator 
(human tissuetype) r

.Ờ s — 'Ị91588-94-0.
"ATƠ— B01AŨ1 ỉ 
"ẠTC Vet — QB01AD11.'
■ ÙNỊỊ —  WGD229Ọ42W. . - ?
Descriptíon. Tenecteplase is a 527 amino add glycoprotein 
produced by recombinant DNA technology. Ít is a modiSed 
lorm oí human tissue plasminogen activator.

Uses and Administration
Tenecteplase is a thrombolytic drug. It converts plasmino- 
gen to its active íorm plasmin, resulting in Bbrinolysis and 
dissolution oỉ blood clots. The mechanisms oỉ Sbrinoỉysỉs 
are discussed huther under Haemostasis and Fibrinolysis on 
p. 1124.3. Tenecteplase is a &brin-spedfĩc thrombolytic (see 
p. 1245.3).

Tenecteplase ỉs used similarly to streptokinase 
(p. 1503.1) in acute myocardial inlarction (p. 1257.1). It ìs 
given intravenously as a single boius dose over 5 to 10 
seconds as soon as possible aher the onset of symptoms. The 
dose is based on body-weight and ranges (rom 30 mg in 
patienis less than 60 kg to a maximum of 50 mg in those 
90 kg or above.
References.

1. Cannon CP. tt ai. TNK-tíssue piasminogen actỉvator compared vvith 
íront-loaded aỉtepỉase in acute myocardúl inỉaraỉon: results oỉ the T1MỈ 
Ỉ0B rriaL araiíàũon 1998: 98: 2805-14.

2. Assessment of the Saíety and BĨDcacy of a New Thrombolytic (ASSENT- 
2) Invesdgators. Single-bohỉS teneaeplase compared wiih ỉront-ỉoaded 
alteplase in acute myocardial iníarcúon: the ASSENT-2 double-btind 
randomỉsed o ia l Lancet 1999; 354:716-22.

3. The Assessment of the Saíety and EÍCcacy of a New Throtnbolytic 
Regỉmen <ASSEKT)-3 Investỉgaton. EÍBcacy and saíety oí teneaeplase 
in combinaôon wiih enoxaparín. abdximab. or unữaaỉonated heparin: 
the ASSBNT-3 randomised trial in acuie myocardial inỉarcũon. lancet 
2001; 358: 605-13.

4. Melzer c. ti aỉ. Rbrinolysis of acute peripberal arterial ocdusỉon vrith 
teneaeỊ^ase—* new weỉght-oprimized treacment regimen. J Thromb 
ThromMyỉù 2004; 18: 43-6.

5. Spỏhr p. a  ai. Intematỉonaỉ muỉtìcemre trìaỉ protocol to assess the 
eẻRcacy and saỉety of tenectepỉase duríng cardỉopũừnonary resuscỉtatíon 
in patỉents with oui-of-hospitaỉ cardiac arrest: the Thrombolysis ỉn 
Cardỉac Airest (TROICA) Study. Bttr J  Qin ỉnvat 2005; 35: 315-23.

6. Kelly RV. a  ai. Saỉety oí adjunctỉve ỉntracoronary thrombolytic therapy 
duxing complex percutaneous coronary intervention: initỉal experỉence 
wỉtb intracoronary tenecteplase. CathtUT Carđiovasc Inỉtrv 2005; 66: 327- 
32.

7. Assessment of the Saỉety and Efficacy of a New Treatment Sưategy with 
Percutaneous Coronarỵ Imerventỉon (ASSENT-4 PO) invesdgatOR. 
M au rỵ  versus ĩenecĩepỉase-ỉadhĩated percuianeous coronary inter- 
vendon in patients wỉth ST-segment elevaiion acute myocarđỉaỉ 
íníarctỉoĐ (ASSENT-4 PCI): nmdomised triaL. lanaa 2006; 367: 569-78.

8. HuU JE  et al. Tenecteplase ìn acute lower-leg ischemia: eỉBcacy. dose. 
and adverse events. J Vasc inurv Radioì 2006; 17: 629-36.

9. Kỉỉne JA* ti ai. Tenectepỉase ỈO treat pulmonary emboỉỉsm ỉn the 
emergency deparunent. J Thromb Thrombotyĩừ 2007; 23: 101-5.

10. Johnson KK. tt ai. Teneaeplase ÍOT malignant pericardial effuãon. 
Pharmacoứtrrapy 2007; 27: 303-5.

11. Melandri G, et a i Revỉew oỉ tenecteplase (TNKase) in the treatmem oỉ 
acute myocardUl iníarctỉon. Vasc Health Risk Manag 2009; 5:249-56.

12. Becattỉnỉ c  tt ai. HFES Study Group. Boỉus tenectepỉase for righi 
▼entride dysỉunctíon ỉn hemodyna mỉcal^y stable patỉents with 
puỉmonary embohsm. Thromb Ra 2010; 125: e82-«86.

13. Tumỉin J, a  a l A phase m  randomixecL douhỉe-blỉnd. pỉacebo- 
controũed stndy of teneaeplase íor improvement oỉ hemodỉaỉysịs 
catheter functỉon: TROPICS 3. Clirt J Am Soc Ntphroi 2010; 5: 631-6.

Adverse Efíeds, Treatment, and Precautìons
As íor Streptokinase, p. 1505.1

Porphyria. The Drug Database ỉor Acute Porphyria, com- 
piled by the Nonvegian Porphyĩia Cenơe (NAPOS) and 
the Porphyria Cenơe Sísreden, dassihes tenecteplase as 
not poiphyrinogenic it may be used as a drug of fiist 
choice and no precautions are needed.1

1. The Dnig Database toe Acuie Porphyria. Avaiiable ac http://www. 
drup-porphyna.org (accrsscd 1S/10/U)

ìnteractìons
As for Streptokúiase, p. 1507.1

Pharmacokinetics
Aíter intravenous injection in patients with acute 
myocardial iníarction, teneaeplase has a biphaác dearance 
from plasma with an initia] halí-liỉe of 20 to 24 minutes and 
a tenninal phase haỉỉ-Uỉe oí 90 to 130 minutes. It is deared 
mainly by hepatic metabolũm.
Reviews.

1. TannreU p, a  tl. PhannacokineHa and phannacodynamia of 
tenectcplaK in Rbrinoỉytic therapy of acute myocaxdiai iníarction. ơht 
Phenrumkmtt 200% 41:1229-45.

Preparatíons
Proprietary PrBparatioos (detailỉ are given in Volume B)
Single ingretBent Praparotions. AustraL: Metalyse; Austrùr. 
Metalyse, Beỉg.: Metalyse; Braz.: Metalyse: Canađ.: TNKase; 
Chữa Metalyse; Cz.: Metalyse; Denm.: Metalyse; Pin.: Meta-

All cioss-reíerences reíer to entries in Volume A
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lyse- Fr.: Metalyse; Ger.: Metalyse; Gr.: Metalyse; Rong Song: 
Mciályse; Bung.: Metalyse; IrL: Metalyse; ItaL: Metalysẽ; 
Malaỳsùc. Mecáíyse; Mac.: Metalyse; Neth.: Metalyse; Non*.: 
Metaíyse; NZ: Metalyse; PoL: Metalyse; PorL: Metãlyse; Rus.: 
Metalyse (Merrainoe); S-Afr.: Metalysc Singapore. MetaỊyse: 
Spaừr. Metalyse: Swtd.: Metalyse; Switz.: Metalyse; Thà.: 
Metaĩyse; n ớ i.:  Metalyse; ưk: Metalyse; Ukr.: Metalize 
(M msax); USA: TNKase.

Terazosin Hydrochloride
ÍBANM.USANHNNMI
íẤbbott!45975; Hidrcdonira: de terarôsina: TẹỊraị̂ stnịhy- 
:droWOTỊ;TẹrWỉ^nHkiroldorũnTerazosina,hidroc]c^rQdẹ;. 
,Tèramsin^ch|ọrhydratede:.fera^sínhỵdrpkỊorid;Teira20sinr 
ị^ roẶlpridum ; Íepa303uụa rnflpoxnópMfl. i  ;> ỉ '7Ậ 'ị
4-(4-Àmít>ò-6,7-dimethoxyquìnazDlicv-2-7fl-4-(teừahydrch2-) 
:furoyf)piperaãne hydrochlorlde dihydrate; ỗ/rĐimethoxyi 
.^ t^ hyd tofijrạó-2-;carbọnỵf)pjpera2in-fcyQq«)nazoỊirMrr 
^ am néí^ K ^ Ìọrid e dihydrâte: 
•CiàH^5ÓjraíM2Ọ=459.9 • ;  ■ ;
'CÁS ~-r- 63590-64-7 (terazũsin); 63Q74-08-& (ơntiydrous: 
'tèaãsri hydrixhhride); 70024-40-7 (teraỉosin hydrochloride 
dihydrate).
ATC— ~G04CA03. '■ •
A ĩủ vể t—  QGỘ4Ời03. ;•* ■' ' - ^
UNIi—  D32S14F082 (terazosin hydrochtoride); 8QPP8Z99Sị 
(anhydmuỉtèrcaasinhỵdnxhloride). ,

Phartnacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Terazosin Hydrochỉoiide Dihydrate). White or 
slighdy yellovv, arystalline povvder. Sparingly solublc ỉn 
vvaten véry slighdý soluble in alcohoũ slightĩy solnble ỉn 
methyl alcohol' pracdcally insoluble in acetone. A 2% 
sohidon in water has a pH ol 3.0 to 5.0. Protect Erom lighL 
USP 36: (Teraxosin Hydrochloride). A white to pale yellow, 
crystalline povvder. solubỉe in water and in methyì alcohot 
Ễreely soluble in isotonic saline solutíon; slỉghtly soluble in 
alcohol and in 0.1 N hydrochloric add; practicafly ỉnsohible 
in acetone and in hexanes; very slighdy soluble in 
chloroỉonn. Store in airtíght containen at a temperature 
betvveen 20 degrees and 25 degrees.

Uses andAdministratiọn
Terazosin is an alphapadrenoceptor blodcer (p. 1243.1) 
with actions <iTnilar to those oỉ prazosin (p. 1474.1), but a 
longcr duration of action.

It is used in the management of hypertenãon (p. 1251.1) 
and in benign prostatic hyperplasia (p. 2347.1) to relieve 
symptoms of urinary obstruction.

Terazosin is given oraUy as the hydrochloride, but doses 
aie usually expressed in tenns of the base. Terazosin 
hydrochlonde 1.2mg is equỉvaỉent to about lm g of 
teiaiosin. After oral doses its hypotensive eSects are seen 
within 15 minutes and may last for up to 24 hours, 
permitting once daily dosage.

To avoid the risk of coQapse which may occur in some 
patíents aíter the first dose the initiai dose ỉor both 
hypenenãon and benign prostatic hypeiplasia is 1 mg of 
tẽiãzosin at bedrime, increasỉng gradũălly at intervals oỉ 7 
days according to the patìent's response. Forhypertension 
the usual maintenance dose is 2 to 10 mg once daily and the 
usual maxũnum dose is 20 mg daily in a single dose or tvvo 
divíded doses. For benign prostatic  hyperplasia the usual 
maintenance dose is 5 to lOmg once daily.
R e v ie w s ,

1. Tltmarsh s. Monk JP. Tcmosin: a rcview of ÍIS pharmacodynamíc and 
phannacokinedc propertio. and thcrapetiric e/Hcacy in cssential 
hypertendon. D nip 1957: 33: 461-77.

2. Achari R.LadduA.Terazodn:a ncwalphaadrenooptorblocklngdni( .J  
d iu  Pharmaal 1992: 32: 320-3.

3. WU(TJ, cra/. Teraaosỉn torbcnỉgn prostatic hyperplada. Avatlableỉndie 
Cochnne Database o( Synanailc Seviem; bsuẽ 1. C hldiotec John 
VVOcy: 2000 (accescd 01/02/06).

Adverse Eữeds, Treatment, and Precautìons
Aỉ lor Prazosin Hydrochloride, p. 1474.3.

Overdosoge. A report ol sinus bradycardỉa and hypo- 
tension assodated with ingestion oỉ 300mg oỉ terazosin 
wĩth suỉtídal in ten t1 The patient recovered with no 
sequelae aỉter supportive neatment with atropine and 
intravenous Quidỉ.
1. s«ak C-J. Lỉn C-C Acute Inioxicatloa whb caa20dn. Am J SntBỊ Mtd 

2008:26:117.e3-117.c6.

Poq>liyria. The Drug Database for Acute Poiphyria, com- 
pfled by the Nomegian Poiphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassihes terazosin as prob- 
ably not potphyrinogenic it may be used as a-drug o! Ễrst 
choice and no precautionỉ are needed.1

1. th e  Dniị Database (or Acute Poiphyiia. AvailaUe ac hnp-.//www. 
drup-poephyna.oij (accosed 13/10/11)

Urinary incontinence, For teỉerence to udnary incont- 
inence assoáatcd wìth teraTOsin, see under Advene ESects 
oỉ Prazosin Hydrochloride, p. 1475.1.

Interaơỉons
As for Prazosta Hydrochloride, p. 1475.1.

Pharmacokinetics
Teiazoán is rapidly and almndr compỉetely absorbed hom 
the gastrointeỉtinal traa  aỉter oral doses; the bioavaũabilỉty 
is leported to be about 90%. Peak plasma concentratìons are 
achieved in about 1 hour. Terazosin is 90 to 94% protein 
bound. It is metabolised in the livec one ot the metabolites 
is reported to possess andhypertensive activity. The hatf-lỉfe 
in plasma is about 12 houis. Terazosin is excreted in ỉaeces 
vỉa the biỉe, and in the uiine, as unchanged drug and 
metabolites.

PreparaHons
Propriatary Preparolions (detailỉ are given in Volume B)

Single ingredient Preparotiam. Arg.: Andiin; Benaprosc Blavũi: 
Eglidon; Flumarc Fosfomik; Geriprost; Isontyn; Panaptosc 
Proxatan; Rotìaxt; Teril; AustraL: Hytrin; Aiâtria: Urocard; 
Uroũo; Vĩcard; Bdg.: Hytrln; Tetazo$âbb; Uro-Hytrint; Braz.: 
Hytrin; Canađ,: Hytrin; Chile. Adecun Hytrin; Ckina: Hyrrin 
(® Ịf %.): Jun Yi (i&it); Ke Pai (ÕT*); Luo Di Er (ỹ aâ t); Mei 
u  Chang (Hffi«); Ou De Man ( » » jlt); Pai Su (* â ) ;  Shi Ai 
Te (H3t#); Tai Le {**); Yue Ke (&%); zheng ShuJĩEẩff); 
Cz:: Hytrin; Komam; Dernn.: Sinalía; Fr.: Dysalía; Hytrine; 
Ger.: Hottin; Heitrin: Tera; Terablodc Teianat; Terazidf: Tera- 
zoflot: Qr.: Hytrin; Vlanodiin; Rong Kong: Hytrin; Rung.: 
Hytrin; Setegiỉ; /nd&c Goteia; Hytrin; olyster; Zyodn; btdon.: 
Hytrin; IrL: Benph: Hytrin: Israel: Hytrin: ItaL: Extetsỉn; Ezosi- 
na; Itrin; ProstadL' TeraAuss: Teraprosc Unoprosc Urodie: 
Malaysia: Conmy: Hytrin; Ralsin; Terasin; Mac.: Adecui; 
Hytrin; Romaken; Neth.: Hynin: Non*.: Sinalía; NZ: Hytrin; 
Phũipp.: Conmy; Hykon Hytrtn; Hyzin; Lotendn; PoỊ: Hytrin; 
Komam; Setegis: Tesin-h Port: Hytrin; Kĩu.: Komam (Kbpaax); 
Setegls (CerenK); SẠ/r.: Hytrin; Singapore: Hytrin; Terasin; 
Spain: AUaprost; Deflox; Magnurol; Mayul; Sutìh Teraumon: 
Zayasel; Swed.: Hytrinex; Sinalỉa; Switz.: Hytrin BPH; Thai.: 
Hytrin; Turk^ Hytrin; Teranan Teraumon; Tezoteva; UK: 
Hytnn; Ukr.: AUater (Amịaiep); Komam (KopHaM)f; Setegis 
(Cererac); USA: 'Hytrin; Venez.: Adecun Hyưin.

Phcrmocopoeni Praporations
USP 36: Terazosin Capsules; Teraxosin Tablets.

Tertatolol H ydrochioride (BANH riNNM Ị 0  
;.H iệ i^ W ^ d e  .^ a to (ố f  ̂ ^ ^ ^ (te ịta ịa lo l ọir !tertatọfoij
hý*< xhậridẹ);'.SẸ 2395 i^ ^ toịo l^ ỉ^ tertato ló l: hỹdtCK 
c±ilọndejt; TeTQtpíôi, ạiìọrttydrate de; ỳẽrệacoíól, hidrodoruro 
de;. ịertptọÌỊốlí-. ̂ rochlpridum ; TepTạTonona rkựỊpoxnopvvL 
0±flr{tertréutyiamino)-3-(thiochrofTian-8-yfõxỹ)propanr2-iil: 
hydrochloride-7-i- , ^
G)6HãN02Sdda=33T.9

:GẠS ^-ử7St% *Õ  (tertatotol); 3358Ữ-30-2 (tertatoiol hydro- 
cbloride). ■ ! ' '-■■■■- ■■■ ’ r '
ATC—  C07AA16.
ATC Vet — QC07AA16.

Profile
Tertatolol is a non-cardioselective beta blocker (p. 1316.3). 
It is reported to lack intrinsic sympathomimetic activity.

Tertatolol iĩ given oraliy as the hydrochloride in the 
management of hypertension (p. 1251.1) in a dose of 5 mg 
lenatolol hydrochloride once daily, increased to 10 mg once 
daily if required.

Reíerences.
ỉ . Tone-Amỉone G. rí aL Eemodynamỉc eSects ol  rrrn tm nn. an 

incravenaiư dual endothdỉn recepior aũỉagonist. in patíena wỉth dan  
m  to IV congeativg  h eu t tdhiR. c ừm itáan 2001:103:973-80.

2. TovarJM .ChinuJ6.Texoxnaninthetreatm entcdacuteheantallnre. 
Am  tomTtuadưrìOOÌ: 37:1877-83.

3. Cotter G , e d .  The hemodynamic and oeurohonnonal eHeea of lim 
doiei ủt tennentan (an endothdln A/B receptor antaỊonig) ln padenq 
with acute heait tailure. BurJ H tart F*a 2004; 6:601-9.

4. McMunay u v ,  t í  tL  ggeett ó t n m trrttm  on synptoms and dlnlnl 
ou taxna in pademi wtth acute hean  M nre: the VÕtlTAS nndnmlTrd 
controAed triab. JAMA 2007; 298:2009-19.

T k id e n o l  ỊríNNi
'4ir-T558;Tiadéno)rnadenolbrn;Ti4afleHO/i. ■ 
;2i2*-(Đeamethy(éneditf)ibJdiethànoÌ: -- í • ■'-■■■' :l . • : V 
ỉC,4HaoOỉS2=29Í5 •’■■■ -■ -  ■ •
£A 5,^6964-20-T. '• ; ; '■ ■' " • ■
-AỊỊC — CĨOAXÕÌ
ATC Vet — QCIOAXQĨ, 7 ' ' r >'-J ' - --
UNỊI — 2225ỉ270CX . .' - - .

Proỉiìe
Hadenol is a Iipid regulating drug used in the treatment of 
hyperiipidaemias (p. 1248.1). The usual oraỉ dose is 1.6 to 
2.4 g daily in dỉvỉded doses.

Preparatíons
Propnetary Preporolioni (details are given in Volume B) 
Sóigie-tngredient Preperolions. Mon.: Ponlipol.

Tkagreior /BAN, USAN, 4NN)
,^ỊtCÌ26532XX; AZD-61 Tỉagréĩoìr Tĩcàgrerorum; TMKa-' 
^aặbop.
^5^3/yS)-3-{7-flớ/l25)-ÍH[3>4^p9fluóroj3heny0c^:l9prppyG 

[ạiminolT^^rọpyỊsụỊíạn^-S^Ụ^ltnãỊdótAí-dlpynmidin- 
'ị^5:(24Tydroxyethoiv)cỹẽÌopẹntãnẹ^l4ĩdioJ.Ị-' V 
. .c á ^ y F 2 ^ s p 4 $ = 5 2 i6  í r  . . .  .
G4S -̂ 274653-27-1 '
ATC — B01AC24.
ATC Vẹr — Q80ỈẠC24. ■ - •
m iẶGỤm i4fíVC ’

Usesand Administration
Tỉcagrelor ỉs an adenosine triphosphate analogue and acts aỉ 
a reversible purinoreceptor P2Y12-antagonỉst in a ehnilar 
manner to dopidogtel (p. 1342.3), inhíbiting adenosine 
diphosphate-medỉateđ platelet aggregation. It Is given 
orally, usually with low-dose aspiiin. for the preventíon of 
thromboembolism in patientỉ with acute coronary 
syndromes. A single loadỉng dose of 180 mg is gịven, 
lollovved by a maintenance dose oỉ 90 mg twice daily. 
Reíerences.

1. Waflendn I* ita L  PLÁTO Investigators.ĩicagrdorversusdopidogrdia 
patíentswUhacutecorooarysyndiocaeỉ.N£^/JMc!rf2009;3élỉ Ỉ04S- 
57.

2. Andenoo SD, et aL Efficacy and saíety of dcagreỉor a rtvexsỉbk P2Y12 
recepcor antagonisL A m  Phtmnaeữtíttr 201Ọ: 44:524-37.

3. Gurbd PA. Ã  aỉ. Tlcagreỉor ỉor the treatment oỉ arterial thRMnbosiỉ. 
Experỉ Opin Pharmaatktr 2010: 11: 2251—9.

4. Abergeỉ E. Nỉkoỉsiqr E* Hcagreỉor an ĩnvestígatỉonaỉ oraỉ antípiatdet 
treaoneot ỉor reduỏkm oímạỉor adverse cardỉacevents ỉn patíencs wỉth 
acute CDronary spndrooe. vête Health Risk Ềiarutg 2010:4e 943-77.

5. Hawatskas JJ. c ã rk  SM. Tỉcigrelon a novd revẽnỉbỉe otaỉ antỉpỉatekt 
agent. Cantíol Rrv 2011; 19: 9S-100.

6. JĨmes SK. <r a l. Tlagrdor versus dopidogrd In patíena with acute
coronary syndromes imended íòr non-ỉnvastve managemenc subsmdy 
írom prospectỉve cmdomỉsed PLATdet ỉnhỉbitioa and padenc Outcomes 
(PLATO) triaL BMJ 2011; 342: d3527.

7. NỈCE Tỉcagreỉor ỉor the treatment ol acuie CDtonary syndromes (ỉssucd 
October 2011). Availabỉe ah http://www.nlce.Ofg.ok/guỉdaoce/TA236/ 
Guỉdance/pdf (accesed 04/03/12)

Preparations
Propriekưy Preparations (detaíls are given ỉn Volume B)

Sỉngle ingradĩiiư Proporolions. Fr.: Artex; Gr.: Artexalt; IrL: 
Arìéxalt: Netíu: Aitàc Port: Artex.

Tezosentan b  an endothelin receptor antagonist that bas 
been studied in acute heart íailuré.

Adverse Effects and Precautìons
The most common ađvene eãea  assodated vvith the use oi 
ãcagrelor (as vvith other reverâble purinoreceptor P2YU- 
antagonist) is bleeding dỉsorders (ỉee ESects on the Blood, 
under Adverse ESects and Precautions of Tỉdopidine, 
p. 1512.3). Tỉcagrelor should not be given to pátỉents with 
haematopoietic disorders such as neutropenỉa or thrombo- 
cytopenia, haemonhagic dỉathesis or other haemonhagic 
disorden assodated with a prolonged bleedỉng time, or 
oondidon with an inaeased risk oỉ bleeding sudi as peptic 
uicer disease, intracranial haemonhage, or moderate to 
severe liver dysfunction. To avoid excessive bleedỉng, 
treatment with ticagrelor should be stopped 5 to 7 days 
beíore electíve suigeiy. Treatment should not othcrwise be 
prematurely stoppéd or interrupted; hovvever, u  this is 
necessary becausé oỉbleeding, ticagrelor shonld be testarted 
as soon as possible to avoid the risk oỉ stent thrombosis, 
cardiovascuỉar death, or myocatdiaỉ ìnỉaicúon.'

Mild to moderate dyspnoea, that often resolved vvithout 
the need lor treatment, ỹvas also commonly assodated wỉth

The Symbol t  denotes a preparation no longer actívely marketed The Symbol Qs> denotes a substance vvhose use may be restricted in certain sports (see p. viii)
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the use oỉ ticagrelor. It should be used with caution in 
patìents with a hỉstory ol asthma or chronic obstructive 
puimonary disease; nõ spedtic treatment is suggested íor 
those who develop new, prolongcd. or vrorsened dyspnoea, 
hovvever, u  dyspnoea is not tolerated u x  licensed produa 
iníonnatìon iccommends that treatment with ticagrelor be 
stopped.

Ãsymptomadc ventricular pauses have been repoited 
bom eariy đinicãl studỉes and dcagrelor shouỉd be used with 
cautìon in patỉents with an increased risk oỉ bradycardic 
events and in those taking drugs knovvn to induce 
bradycardia (see below).

Serum creatinine levels may inarease during treatment 
with ticagrelon renal hmction should be cbeckeđ One 
month aftẽr stanỉng treatment and tbereaỉter at appropriate 
intervals. Serum urỉc add levelỉ may also inãêasê and 
ticagrelor ỉhould be used with caution in patients Yvtth a 
history of hyperuricaemia or gouty anhritis; use in uric add 
nephropathy iỉ not recommended.
Reíerences.

1. GafU* MA. Wiksman R. OvcrvievK of the 2010 Food and Drtig
Adnúninmiun Cardlovaseular and Renal Drujs Ađvúury Comminee
meeting rcgarding ticagrelor. ơrailation 2011: 123: 431-6.

Interactions
Ticagrelor is mainly metabolised by cytochrome P450 
isoenzyme CYP3A4 and to a lesser extern by CYP3A5. The 
use o( both sưong inhibitors and inducers of CYP3A should 
thereỉore be avoided at the same time a$ ticagrelor use. 
Ticagrelor. itselí. iỉ a mild inhibitor of CYP3A4 and as ru ch 
should not be given with CYP3A4 substrates that have a 
narrow therapeutic index. such as dsapride or ergot 
alkaloids. It also inhibitỉ the p-glycoprotein ơansponer 
System and thus digoxin and ddosporin levels shouid be 
monitored ư starting or changing ticagrelor theiapy.

UK produCT inỉocmatỉon advises caution in the use oi 
ticagrelor with diugs known to cause bradycardia, such as 
beta blockers, caldum-channel blockerr, and digoxin. 
Additionally, caution is needed when used with drugs 
knovra to alter haemostasis. Due to reports oỉ cutaneous 
bléeding with SSRIs, cautìon is advised when giving these 
anddepressants with tìcagrelor.

Pharmacokinetícs
Ttcagrelor is rapidly absorbed frotn the gastrointestinal tract 
with a mean absolute bioavailability of about 36%. Both 
ticagrelor and ìts active metabolite are extensively bound to 
plasma proteins (>99.7%). The systemic exposure to the 
actỉve metabolite is about 30 to 40% oí the exposure to 
tìcagrelor. The steady State volume of distributìon ỉor 
tícagrelor is about 80 litres and the mean haU-Uỉe is ạbout 7 
hours ỉor tỉcagrelor and 8.5 to 9 hours ỉor the active 
metabolỉte. Tĩcagrelor is mainly metabolỉsed in the liver by 
the cytochrome P450 isoenzymes CYP3A4 and, to a lesser 
extent, CYP3A5. The primary route of elimination of the 
major metabolite of dcagrelor is likely to be biliary secredon. 
Recoverỵ oỉ tícagrelor and its major metaboliie in the urine 
were len than 1% oỉ the dose.

Preparotíons
Propòeấory Praparatiora (details are given in Volume B)
Singếe ingrtBart Prtporotiona. Bdg.: Brilique: Braz.: Brilinta; 
Denm.1 BriHque; Fr.: Biỉlique: Gtr.1 Brilique; Gr.: Brilique: IrL: 
Brilỉque; Possía; ĩsraet. Brilinta; Neth.: Brilique; Nbnv.: Brili- 
que; PoLĩ Bnlique Possia; PurL: Brilique; Possia; singapore, 
Biĩlinta: Spaùv, Brilique; Sweđ.: Brilique; Switz.-. Brilique; 
ThaL: Bdlinta; tac BriEque: USA: Brilinta.

Tĩdopidine Hydrochloride
ỊBANM, USAN, HNNMỊ
'53-32Q?:4<>3^ yidtpdpruro' de. tidopidina; Tìdopidina, 
hjdrodoairo.de: Tịdopidĩne, Chlorhydrate de; Tĩdopidinhy- 
'drôchlorid; JidOpkíưii i^rõchk5ndúm; Tiklopidiinihydrok- 
h n d ị .  TỊỊdọi^ò.ịịidrotìorữr: .Tìktopidinhitíroldorid; Tìktopỉ- 
din^ydĩọộhlpri^Tiklop.idinhydroklorid; Tikiopidino 
ĩíidróchlondasClBKÍidrMÁviHạ rvụựxaxnopna. 
5X2<liìạroberayí}r43,6^etrahydrothiẽno[3.2-c]pyridine 
.hydróàtóộde.^.-r/-:% V '. :' : .. . •
C ^ g ^ H d ^ O O Ì ' ' ,  - - - ' -
£AS\ — 55/42-85-3 :Ịtìdopiđne); 53885-35-1 (tidopidine 
.hydrochloride).''-- 
ATC ̂ -tiOlACQÍ I ' - 

Ýèi_—  QBOI AC05. ~ '  .
ỵ m — AÙ49i4fMF:--- - -

Pharmocopoeias. In Chới.. Eur. (see p. vii), Jprt. and us. 
Ph. Eur. 8; (Tỉdopiđine Hydrochloride). A white or aỉmost 
white, crystalline powder. Spaiingly soluble in water and in 
dehydrated alcohol; very slighdy soluble in ethyl acetate. A 
2.5% soludon in water has a pH of 3.5 to 4.0.

USP 36: (Tidopidine Hydrochloride). A white or aỉmost 
white, crystalline powder. Sparingly solnble in water and in 
alcohol; very slighdy soluble in ethyỉ acetate. Store in 
aỉrdght contaỉneis at a temperattne below 30 degrees.

Uses and Administration
Tidopidlne hydrochloride ỉs a thỉenopyridỉne antíplatelet 
drug used In thromboembolic đisordeis (p. 1273-2). It is a 
platelet P2Yt]-receptor antagonist that acts by inhlbiting 
adenosine dlphosphate-medỉated platelet aggregatíon. It 
may be given prophylactìcally as an altematíve to aspirin ỉn 
padents at risk of thrombotíc stroke (p. 1269.2) and in the 
management of intermittent daudicadon (see Chronic 
Ocdusive Peiipheral Arterial Disease. p. 1272.3) and 
ischaemic heart dỉsease. It is also Iicensed as an ađjunct to 
aspidn for the pteventíon of subacute stent ocdusion aỉter 
intncoronary stendng (but see Reperỉusion and Revascu- 
larỉsadon Procedures,'below). Tỉdopidỉne may also be used 
to prevent ocdusion and platelet loss during extracorporeal 
drculatory procedures.

In the prevention of thrombotic stroke, and in 
in term itten t claudỉcatỉon. ttdopidine hydrochloride is 
givcn orally in a dose oi 250 mg tvvice daily, with meals. For 
the prevention oí subacute stent ocdusion aíter intracor- 
onary stenting tidopidine hydrochloride is given in a dose 
of 250 mg twice daily (or 4 weeks. starting at the time oi 
stent placement

Regular haematological monitoring is required duríng 
tidopidine therapy (see Adverse ESects ạnd Precaudons. 
below).
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Reperfusion and revasadarìsation procedures. Coronary 
stents are vvidely used as an adjunct to angioplasty to pre- 
vent acute vessel dosure and to reduce restenosis (see 
Reperíusion and Revasculaậsatỉon Procedures, p. 1259.2). 
Subacute thrombosiỉ is a major complicadon of their use 
and patients were initially treated with an aggressive com- 
bination of anticoagulants and antiplatelets. However, it is 
now geneially recognised that antiplatelet drugs alone aie 
adequate in most patients.

Early studies'"4 ỉound that tìdopidine for 4 to 6 weeks 
aỉter stenting, given with long-teim aspirin, was at least as 
eSective as an oral antícoagulant with aspirin. with some 
stutSes shovving bcne&t in tenns oỉ thrombosis1'4 or bleeding 
complicatíons.1 However, the risk oỉ neutropenia limits the 
use oi tidopidine, and dopidogrd is now generaQy 
preíerred. although there Is some evidence5 that shorter 
courses oỉ tidopỉdine (2 weeks) may be acceptable.

Hdopidine has also been reponed* to improve the long- 
tenn patency oi saphenous vón bypass giaỉts used to treat 
peripheral vascular disease in the ỉegs.
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Adverse Eữects and Precautìons
Bleedỉng is the most commonly repotted advene eữeCT with 
thienopyridines; skin rashes may also occur, and gastro- 
intestinal distuibances a n  common with tidopidine. Blood 
dyscrasias, induding neutropenia, thrombotic thrombo- 
cytopenic purpura. and aplastic anaemia, have occurred. 
There have be en reportr of hepadtis and cholestatic 
jaundice. Blood-lipid concentradons may increase during 
ĩong-term therapỹ.

Tidopidine and other thienopyridines ỉhould not be 
given to padents with haematopoietíc disorders su ch as 
neuưopenia or thrombocytopenia, haemotThagic diathesis 
or other haemonhagic disorders assodaied wỉth a 
prolonged bleeding time, or condidons vvith an increased 
risk of bleedmg such as pẹptíc ulcer disease. acute cerebral 
haemoưhage, or severe Iiver dysíuncdon. Full blood coonts

should be peiỉonned beỉore starting treatment with 
ddopidine and every 2 weeks during the first 3 months oỉ 
therapy. If tìdopiđine is stopped duiỉng this pcriod, a full 
blood count should be pẽiỉonned vvithin 2 weeks of 
stopping treatment. Condderadon should be given to 
stopping ddcpỉdine therapy 10 to 14 days beỉOK electíve 
sutgèry"

ữkcb on the biood. Severe neutropenia or agranulocytoỉis 
may OCCUT in about 1% o{ padents gỉven tìdopidine1 and 
ỉatal inỉecdon has been reported.2 Neuưopenia usually 
develops vvithin the fiist 3 months of theiapy and is rever- 
sible on stopping ddopidine. but there has been a report3 
oỉ a delayed reacdon that occurred 18 days aỉter tídopi- 
dine was stopped. Isolated thrombocytopenia occun in about
0. 4 .  oỉ padents and thrombotíc tkrombocytoperãe purpura 
(TTP), somedmes fatal, has occurred.1-44 The rate 0i  TTP 
assodated wỉth ddopidine use in padents with stents has 
been estímated at between 1 in 1600 and 1 in 5000.* Con- 
versely, good results have been achỉeved with ddopidine 
as a ưeatment for thrombodc thrombocytopenic 
purpura,’-10 but it should only be used with extreme cau- 
tíon." Aplastíc ạnaemia has also occurred rarely vvith 
tíclopidine.1'12

Clopidogrel has also been assodated vvith blood 
dyscrasias. Up to August 2004, the Ausưalian Adverse 
Drug Reactions Advisory Committee (ADRAC)IJ had 
received 80 reports o( blood dyscrasias assodated vvith 
dopidogrel, although tídopidine was assodated with a 
much higher rate ol reports. Individual cases oỉ thrombotíc 
thrombocytopenic purpura and haemolytic uraemic 
syndrome,M,M7 aplastìc anaemia," leucopenia.1’ and 
acquứed haemophilia A,20 have also been reported. 
HoWever the mõst ửequendy reported adverse effea of 
dopidogrel, as with other antithrombotics such as prasugrel 
and tìcagrelor, is bleeding, particulariy when given with 
other drugs aííecting coagulatíon; ADRAC had received 130 
reports of haemorrhagic events, leading to latalitíes in 18 
cases following the use of dopidogrel.'3 The ra te of major 
bleeding events vvith tícagrdor is similar to that with 
dopidogreL21
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EBtds on the gastroỉntestinal trad. Diarrhoea is a com- 
mon adverse eíĩect of tidopidine therapy; it usually OCCUIS 
during the first ỉew months of therapy and resoỉves vvithin 
1 to 2 weeks vvithout stopping therapy. Hovvever, there 
has been a repon' oỉ diarrhoea and weight loss of 2 
months duration that first presttited 2 years aíter tidopi-

All cross-reíerences reíer to entries in Volume A
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dine was started; diarrhoea resolved when ndopidine was 
wỉthdrawn.

1. Man$oor GA. Aàz K. DeUyed chronic dỉarrbea and wdght ỉoss possỉbỉy 
đue to ddopidtae therapy. A m  Pharmaeoứttr 1997; 31: 870-2.

Effeds on fhe Ịoinis. Acute anhritis assođated with a dif- 
{use rash develóped in a patient shortly after starting treat- 
ment with tìdopidine.1 Both the rash and the arthritù 
resolved on withdrawal, and it vvas suggested that a 
hypersensitìvity reaction might be involved. One case of 
polyarthritis and 3 cases of arthralgia assodated with tído- 
pidine had been reported to the UK CSM up to March 
2001. Two cases of acute arthritis have also been reported2 
with clopidogrel; symptoms developed 2 to 3 weeks aíter 
starting tteatment and resolved aíter stopping.

1. Daldk HA. rt aL tldopidlne usodated with acute inhrtth. BMJ 2002: 
32* 27.

2. Garg A. t í  ai. Clopỉdogrel assotíated with acute arthritis. BMJ 2000; 320: 
483.

Ettects on the Iddneys. A reversible deterìoratìon in renal 
lunctìon has been reported in patients given ddopidine 
after coronary stent implantation. 1-2 There has also be en a 
report1 of membranous nephropathy with nephrotic 
syndrome in a patient receiving dopidogrel.

1. Elsman p, Zỉjlstra F. Tldopidinc and renaỉ hinctỉoa. Lanctt 1996; 348; 
273-4.

2. vtrdee M. tí ai. Hcỉopỉdine and renal ỉunctíon. Lanat ỉ 996; 348:1031-2.
3. Tholl u, tí ai. Clopidogrel and membranous nepbropathy. Lanctí 1999; 

354: 1443-4.

Effects on the liver. Cholestatìc hepatitis has been reponed 
in patients receiving tidopidine and is usually reversible 
when tidopidine is stopped.1'2 However, there have been 
reports of persistent cholestasis after tidopidine with- 
drawal.° A case of granulomatous hepatitís has also been 
reported.6 Clopidogrẽl was substìtuted for tídopidine in a 
patient who had developed raised liver enrymes during 
tidopidine treatment-7 liver en2yme values retumed to 
normal duiing contínued dopidữgrel therapy. However, 
there has been a report* of hepatotoxidty with dopido- 
grel.

1. Casâdy u ,  tí ai. Probabỉe tìdopấdine-induced chotesutíc hepatitỉs. A m  
Pharmacotíưr 1995; 29: 30-2.

2. Pérex-Balsa AM, tí aỉ. Hepatotoxỉtíty đue co tídopidine. Ann 
Pharmaather 1998; 32: 1250-1.

3. Skumỉk YD, tí ai. Tỉdopidine-induced choỉesutỉc hepatiús. A m  
Pharmaather 2003; 37: 371-5.

4. Collvicchỉ p. tí ai. Tĩdopỉdlne-induced chronic choỉestatỉc hepatítis: a 
case report. Cun Ther Ra 1994; 55: 929-31.

5. Mambdli E  tí ai. Severe ridopidine-induced cholestaóc syndrocne. 
Bỉood Purif2007; 25:441-5.

6. Ruiz-Valverde p, tí ai. Tỉdopidine-induced granuiomatous hepatíds. A m  
Pharmacother 1995; 29: 633-4.

7. Zeolỉa MM. Carson JJ. Successíul use of dopidogrel for cerebrovascular 
acddent in a padent with suspected tídopidine-induced hepatữtoxidty. 
AmI Pkarmacotítcr 1999; 33: 939-41.
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Uver injury. Am J Thtr 2000; 7: 317-18.

Effectỉ on the lungs. Bronchiolitis obliterans-organising 
pneumonia developed in a 76-year-oId woman receiving 
tidopidine and prednisone for temporal aneriós. 1 The con- 
dition resolved over several months when tidopidlne was 
withdrawn.

1. Alonso-Martỉnex JL, tí ai. Broncbiolỉtis obỉíterans-orgaaisng pneu- 
monla caused by áđopidine. Arm tntem Med 1998; 129: 71-2.

Porphyria. The Drug Database for Acute Potphyria, com- 
piled by the Nonvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Cenơe Sweden, dassihes tidopidine as 
probably porphyrinogenĩc it should be prescribed only for 
compelling reasons and precaudons should be considered 
in all parients. 1

1. The Drug Oatabase for Acute Porphyria. Available a t  http://www. 
drugs-porphyrta.org {accessed 19/10/U)

Interactions
Tidopidine should be used with caution in patientỉ 
receiving other drugs, such as anticoagulants and 
antiplatelet drugs, that increase the risk of bleeding. 
Tỉdopidine ỉs an inhibitor of cytochrome P450, induding 
the isoenzymes CYP2C19, CYP2D6, and CYP2B6, and may 
inhibit the metabolism of other drugs that are metabolised 
by this route. The dearance of tidopidine may be reduced 
by cỉmetídine. Corticosteroids may antagonise the effect of 
tìdopidine on bleeding tíme.

Antkoagulants. Use of tidopidine with antícoagulants 
may increase the risk of bleeding. However, tidopidine 
has been reported to antagonise the eSẹa of acenoaum arol 
(see Antiplatelets under Interactions of Warfarin, 
p. 1532.3).

Ạntiepileptícs. For a report of acute phenytom  toxidty in a 
well-stabiỉísed patíent foIỉowing addition of tidopidme, see 
p. 545.1.

Codergocrine. A study1 in healthy subjects ỉound that 
codergocrine mesiỉate reduced the plasma concentration

of ddopidine, probably by inhibiting its uptake bom the 
gastrointestina] tract by organic anlon transporting poly- 
peptide (OATP)-B.

1. Lu W-J, tí ai. The eữcas oi ergoỉoid mesylates and gỉnkgo biỉoba on dìe 
pharmacokinetícs of ddopiđỉne. J ơừỉ P ham uai 2006; 46: 628-34.

Xanlhines. For reỉerence to the eỉỉect of ddopidine on 
theophylline half-life and plasma dearance, see p. 1236.3.

Pharmacokinetics
Tídopidine is rapidly and almost completely absorbed bom 
the gastrointestínal tract It is about 98% bound to plasma 
proteins. The terminal haU-Uỉe duiìng chronic dosing is 
reported to be about 30 to 50 hours. Tỉdopiđine is 
extensively metabolised in the liver. About 60% oỉ a dose is 
excreted in the urine as metabolites and 25% in the ỉaeces. 
Reíerences.

ỉ . Desager J-P. Clỉnícaỉ pharmacoidnetỉcs of tỉdopỉdừie. Clin Phartnaakùưt 
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Preparations
Proprietary Preparatioos (details are given in Volume B)
Single-ingredient Praporations. Arg.: Dosier; Tidid; Trombenab 
AustraL: Tididt; Tỉlodene; Austrúr. Thrombodine; TUdid; Belg.: 
Tidid; Braz.: Desagreg; plaketar Plavasc Tidid: ndobab Chũr. 
Aterodan Plaquedl; Tldidt; Chitur. Ban Su Ợ&M); Bang Jie 
Qing (^ líỉS ); Cisen (MẪ)t); LÍD e(ýjfặ); Qi Luo ỢH&); Tailu- 
da (é m ằ );  Tlan Xin l i  Bo Tldld Yu
Chuan Tong (5JỈ|51); C i: Apo-Tỉc Ipaton; Tagren; Tididt; Fr.: 
Tidid; Ger.: Tiklyd; Gr.: Anghostan; Etíariol; IriAexin: Labortì- 
na; Neo Pulvigab Neo^mnipen: Ruxicolan; Tỉdid; Tĩdodone; 
H'ong Koty. Aplakec Tỉdid; Tỉpidin: Hung.: Adotin; Aplatíc 
Ipatoru Placor Tldỉd; Tídogab Inđia: Aplaket' Hdobest; Tldop; 
Tỉdopid; Tikleen; Tyklid; Indon.: Agulan; Cartrilet' Godid: 
Nutadapide; Pidodin; Platídine: Tícard; Tidid; Tldon: ndophan 
Ticuring; ItaL: Andgreg; Aplaket' Chia ro; clox; Fluilast Flupid; 
Pluxidin: Klodỉn; Opteron; Tidodone: TUdid; Jpn: Panaldine; 
Maỉaysia: Antígreg; Aplaket; Strokan: Tidid: Tldopinet; Tỉpí- 
din; Mex.: Tỉdidt; Norw.: Tldid; Phũipp.: Clotìdonef; Tidid; 
Tikpid; Vasopid; PoL: Adoón; Apo-Clodin; Idopid; Iíapidin; 
Tldld; Tído; PorL: Aplakec Betliíe; Klodipint: Movin; Plaque- 
tal; Previta; Tidodix: TidopaC Tiklyd; Tlropa; Trombopat; Rus.: 
Tidid (Traama); Ttdo (Tmoio); Tlkleen (TiouiHH)t; Sãtgapore. 
Antigreg; Aplaket: Ticlid; Tiodin; Tipidin; Spain: Tidodone; Tik- 
lid; Swed.: Tldldt; Thai.: Aplaket; Cenpidine; Sldott; Ticlid; 
Tido; Tidodin; Tidopine; Tilopin; Tĩpidine; Viladilt: Turk.: 
Agretik; Tidid; Tỉdocard: UAE: Ticopar; Ukr.: Adotin 
(AxnoTHH); Ipaton (HnaroH)t; USA: Tidid: Vena.: Tidid.
MuiH-ingredient Praparations. ỉndia. Astic.
Pbormocopoetd  Preparaiiovis
USP 36: Tỉdopidine Hydrochloride Tablets.

Tỉlisolol Hydrochloride ỊriNNM) ®
Hidrodoairo dẻ tilisolol; N-696;^Tilisọlol; Ghlorhydrate de: 
Tilisololi Hydfochlóddurn; T^H3oiạổĩìa rMtìpòxtìopidA-.. v 
(±)~4-[3-(íe/T-Butylárritno)^2-hỵdroxypropoxyJ'2'-mẹthỵliso- 
arixistynlhýdi^tộìidế. ■
C17H24NJ03.HCri3ito:8
C4S —  85136-71-6 (tilisobl); 62774-96-3 (tìlịsọlol hydro- 
chloride). '

Proỉile
Tilisolol hydrochloride is a non-cardioselective beta blocker 
(p. 1316.3) w ith  direct vasodilator activity. It is used  in  the 
managemenc of angina pectoris (p. 1254.3) and hyper- 
tension (p. 1251.1) in oral doses of 1 0  to 2 0  mg once daily; 
up to a maximum of 30 mg once daily may be used if 
nẽcessary.

Preparations
Proprietary Praparaiians (details are given in Volume B) 
Sũigle-ỉngredient Preparaiions. Jpn: SelecaL

Timolol Maleate ÍBANM, USAN. HNNMI ®
, Maíeáto 'de, Xin^tolÍMalẹa^-Timolol,
maléate de;rĩìmq[oi ^l^K>d.eVtiniolộkíríạfeióát: Tìmolọli, 

iMàieasr TlfhofolimạíeaattỊji71íĩiolôiro‘imáleatay,i Timololma-
leab, Tìmộlbl-píiareáỉ:nrỄiMÓnona Manear. „ ..... .
(S)-í-fe/T-8uty(amitid-ă-(4morpholino-l,2,S-thiadiazol-3-
yloxy)propàri"2'-of mafeate. ■ . .... - ■■■■■' • ,:v ;.,
C,SHỈ4N4CI1S A H 40 4=432J
CẨS -26S39-75-8 (timolol); 9ỉ524-16-2(ti'molol hemihydrate);
26Ộ2Ĩ-17-5 (tìmolpl maleatè).......
ATC^- C07M06; SOI EDO!.
ẠTC Vet —  QC07AA06; Q501ED01. -
J M t— P8Y54F7ÒtR.

NOTE. TIM is a code approved by the BP 2014 for use on 
single unit doses oỉ eye drops containing timolol maleate 
where the ũỉdividual Container may be too small to bear all 
the appropriate labelling iníormatíõn.
Pharmocopoeias. In Oàn., Eur. (see p. vii), Int., Jpn, and us. 
Ph. Eur. 8 : (Tũnolol Maleate). A white or almost vvhite, 
crystalline povvder or colourless crystals. Soluble in water 
and in alcohol. A 2% soludon in vvater has a pH oỉ 3.8 to 4.3. 
Protect hom lighL
USP 36: (Timolol Maleate). A white to practically white, 
odourless orpractìcaDy odourless powder. Soluble in water 
in alcohol and in methyl alcohol; sparingly soluble in 
chloroíorm and in propylene glycol; insoluble in 
cydohexane and in ether. A 2% solution in water has a 
pH of 3.8 to 4.3.

Uses and Administration
Tĩmolol is a non-cardioselective beta blocker (p. 1316.3). It 
is reported to lack intrinsic sympathomimetìc and 
membrane-stabilismg activity.

Tĩmolol is used as the maleate in the management of 
glaucoma (p. 1999.1), hypertension (p. 1251.1), angina 
peaoris (p. 1254.3), and myocardiaỉ iníarctìon (p. 1257.1). 
It is also used in the prophylactic treatment oí mỉgraine 
(p. 670.3). The hemihydrate is aỉso used.

Eye drops containing timolol maỉeate or hemihydrate 
equivalent to 0.25 and 0.5% of tímolol are instilỉed twice 
dãily to reduce raỉsed intra-ocolar pressure in open- 
angle gỉaucoma and ocular hypertension. Once-daily use 
may suffice when the ừitra-ocular pressure has been 
controQed. Gel-foiming eye drops are also available that are 
instilỉed once daiỉy.

For other inđicatìons timolol is given oralỉy. In 
hypertension timoloi maleate is usually given in initial 
doses 0f 10 mg daily, increased accordỉng to response at 
intervals of 7 or more days. Ụsual maintenance doses are 10 
to 40 mg daiỉy, but doses up to 60 mg daily may be requừed 
in some padents; doses above 30 mg daily should be given in 
2 equally dỉvided doses.

In angina pectorỉs the initial dose is 5 mg twice daily, 
increased at ỉntervals of 3 or more days by 10 mg daily. Most 
patients respond to 35 to 45 mg dailỳ in divided doses, but 
some patients may require up to 60 mg daily.

In padents who have had a myocardỉal iníarctlon 
tìmoloỉ maleate ũ  given in initial doses oí 5 mg twice daiỉy 
for 2 days, starting 7 to 28 days after iníarction, and 
increased subsequently in the absence of any 
contra-indicating adverse eữects, to lOmg tvvice daily.

Doses aílOto 20mg daily oí timolol maleate are used in 
the prophylaxis óf mỉgraine.

Reduced doses may be required in renal or hepaúc 
impairment.

Adverse Effects, Treaừnent, and Precautions
As for Beta Blodcers. p. 1319.1.

Breast feeding. Tỉmolol is distrìbuted into breast milk. 
After instillation of tìmolol 0.5% eye drops twice daily, 
concentrations of ámolol in breast milk of a Tvoman vvere 
about 6 times greater than those in serum, the values 
being 5.6 and 0.93 nanograms/mL respectively.1 In a 
study2 in patients given oral túnoLol 5mg three times 
daiỉy, the mean concentration in breast miỉk was
15.9 nanograms/mL. and the ratio of milk to plasma con- 
cenưatíons was 0 .8 ; a similar ratio was íound at higher 
doses, and the authors considered that the amount 
ingested by an inỉant would not be important. No adverse 
eSects were seen in these studies and the American Acad- 
emy of Pediatrics considers* that timolol is thereíore usual- 
ly compatible with breast ỉeeding.

1. Lustgarten JS. Podos SM. Topical tìmoloi and the nursing mother. Arch 
Ophtkalmol 1983; 101: 1381-2.

2. Hdỉer ỉ. t í  ai. Exerecỉon oi oxpnnoìol and úmoỉoì in breast miiic. Br J 
Obsut Gynaecoí 1983; 90: 961-5.

3. American Academy of Pedỉacrtcs. The cransỉer of drugs and other 
Chemicals ỉmo human milk. Ptdiatria 2001; 108: 776-89. [Retữed May 
20Ỉ0I Conection. tbi<b 1029. Aỉso available ac: http://aappolỉcy. 
33ppublỉcatỉons.org/cgi/ccmten£/funypediacriC3%3bl0Ỗ/3/776 (áccessed 
10/01/08)

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassihes timolol as not por- 
phyrinogenic it may be used as a drug of Srst choice and 
no precaudons are needed.1

1. The Dntg Daubase for Acute Porphyria. Availabỉe ac: http://www. 
drugs-porphyrỉa.org (accessed 19/10/11)

Interaờions
The interactions assodated with beta blockers are discussed 
on p. 1321.2.

Antivirals. u s  licensed product iníormation for ritonaviT 
vrams that ritonavir may increase concenơaáons oí timo-

The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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ỉoỉ and that the dose of tímoỉol may need to be reduced if 
used together.

Pharmacoldnetics
Tỉmolol is aỉmost completely absorbed hom the gastro- 
intestinal tract but is subject to moderate flrst-pass 
metabolism. Peak plasma concentradons occur about ỉ to 
2  hours after a dose. Low concentrations are also ỉound in 
plasma after use as eye drops. ĩĩmolol has low to moderate 
lipid solubility. Protein bindỉng is reported to be low. 
Timolol crosses the placentaand is distributed into bieast 
milk. A plasma halĩ-Hỉe of 4 hours has been reported. 
Tlmolol is extenávely metabolised in the liver, the 
metabolites being excreted in the urine with some 
unchanged tímolol. Tưnolol is not removed by haemodia- 
lysis.

AbsorpHon. Reỉerence to the systemic absorptìon oỉ 
ophthalmic tũnoloL'

1. Nỉemínen T, a  aL Ophthaỉmỉc tỉmoỉol’ plasma concentration and 
systemic cardỉopulinonary eíĩecti. Scanẩ J Cìin Lab ỉnvat 2007; 47; 237- 
45.

Metaboỉism. Tlmolol appears to be metabolised1 by the 
cytochrome P450 isoenzyme CYP2D6 and studies*"4 have 
shovvn that it is inũuenced by genetíc polymorphism.

1. Voiotinen M. et ai. Tlmolol meubolúm in human ỉỉver mỉcrosomeỉ ì$ 
mediated prindpalỉy by CYP2D6. DruỊMtiữb Dâpas 2007; 35: 1Ỉ35-4Ỉ.

2. McGourty JC. a  ÒL Pharmacoldnetia and beta-bloddng eỉíects oỉ 
timoỉoỉ in poor and enensive raettboliien oỉ debròoquin. Qin 
Phanruuoỉ Thar 1985; 3Sỉ 409-13.

3. Lewiỉ RV, et a i Hmolol and atenoỉoỉ: relanonships between oàdatỉon 
phenotype, phannacoìđnetics and pharmacodynamics. Br J ơin  
Pharmaaỉ 1985; 19: 329-33.

4. Lennard MS, a  ai. Tĩmolol xnetaboỉỉsm and debrisoquine oxidarion 
polymorphism: a popuỉatíon snidy. B rJơùI Pharmaaỉ 1989; 27:429-34.

Preparotions
Proprialory Preparotiore (details aie given in Volume B)
Single ingrBcBent Preparations. Arg.: Atiglauc Glatim; Ingeúmt; 
Klonalol; Oíab Plostún; PoentứnoL ProOax; Proteviỉ; Timed; 
Tunolert; Timolpres; Tỉmoptic ZopiroL' AustraL: Nyogel; 
Tenopt; Hmoptol; Austrùr. Dispatim; Tím-Ophtal; Tỉmabakt; 
Hmo-COMODh Timoítal; TũnogeL' Timohexal; Hmoptic Belg.: 
Geltím; Nyogel; Nyolol; Timabak; Tímo-POS; Timoptol; Timop- 
tolgeb Braz.: Gỉaucotrat; GlautứnoL' Nyolol; Tenoỉtal; Tímabak; 
Tĩmoneo; Tỉmoptol; Canad.: Apo-Tímol; Apo-Hmop: Novo- 
TimoL' Tỉm-Alc Timoptic chũe Glausolets; Nyolol; Oculix; 
Tlmabakt; Timopt; Tưnoptol-XE:jnof; ơrìna: Chengnũ (®S); 
Di Li Jỉan (iâsciỉ.); Túnoptol (SMI‘7*); Cz.: Arurimol; Oftan; 
Ophthalmo-Timogalt; Timo-COMOD; Tỉmohexal; Hmoptol; 
Uni Ttmolob Denrn.: Aquanilt: Nyogek Optimol; Tưnacan 
Timogel; Tỉmoptol; Túnosan; Pin.: Betimolt; Biocanol; Timo- 
san; Fr.: Digaolt; Geltim; Nyogel; Ophdm; Tỉmabak; Tlmacon 
Timo-COMOD; TlmoptoL' Ger.: Arutimol; Chibro-Timoptob Diỉ- 
patim; Nyogelt; Ĩím-Ophtai; Tlmo-COMOD; Tỉmo-Snilln; 
Tỉmo-Vỉãon; TímoEDO; Timohexalt; Timomann; Gr.: Betim; 
Dacrysoline; Plumetol; Geltìm; Glalemak; Iithũnole; Novab 
Nyogel; Nyolol; Temserin; Thilotim; Tím-Alcon; Tỉmabak; 
Timodose; Waucosin; Yesan; Hong Kong: Nyolol' ottan; Ophta- 
molol; Optimolt; Timabak; Hmoptol; Hung.: Axutimol; Cusi- 
molol' Nyololỷ; Oftan TunoloL- bidia: Glucomol; Glucotim; 
Iotùn; Lopres; NyoloL' Q*Clean; Ocoban Ocu-Lol; Oculan; 
Ocupres; Ocutim; Opdlax' Timolot; Indon.-. Isotic Adreton 
Kendmolt; Nyolol; Opthil; Tĩm-Ophtai- Xìmex Opdcom; Irl: 
Nyogel; TimoQuid; Timoptol; Zanopro Plus; Israd: NyoloL' 
Tỉloptíc V-Optic ItđL: Blocadreru Cusimolob Drơptimol; Ialu- 
tím; Nyogeb Oỉtiinolo; Tỉmod; Tlmogel; Hmolabak; Timolux; 
TỉmoptoL' Jjpie Tlmoptol- Malaysùr. Cusimolol OptimoL' Tỉmo- 
COMOD; Timolast Tlmoptob Mac.: Blocadren; Horex; Imot 
Jertz; Nyolob shemob Tenglamob Timoptol; Tỉmortard; Mon.: 
Gaoptol; Nyolob Neth.: Nyoget Tũno-COMOD; Timogel; 
Timoptol; Norw.: Blocadren; Oỉtan; Tímosan; NZ: Apo-Timol; 
Apo-Ttmop; Hypennolt; Tỉlmat' Tỉmolux; TimoptoL Phũipp.: 
BĨevex; GĨaucarẽ; Glocure-Opta; I-Supres; Nonnopres; Nyolob 
Ocuper oítan; OptamoL' Hmabak; ■nmoptol; PoL: Cusimolol; 
NyoloL Oỉtant; Oítensln; Hmo-COMODt; Hmohexalt; Timop- 
tlc PorL: Nyóget NyoloL' Tlmabak; Tlmogel; Tlmogiau; Timó- 
Ien; TlmoptoL- Rus.: Amtúnol (ApyTHMoa); Glautam (TaaynM); 
Glymol (TaHMoa); Nyolol (Hhokui); Ocucer (Orỵap); oõuned 
(Oaynea); Ocumol (Oxyxrni); Ocupres-E (Oaynpec-E); Oftan 
Thnolol (Ô rraH Thmosoji); Optúnol (Oirrnnon); Tĩmadren 
(Tmoapea); Timo-Komod (Thmo-Komoa); Timohexal 
(THMoroccaa); iẠ/r.: Glaucosan; Nyogeb Tímoptol; Singapore: 
Nyolob Tíamol; Hmabak; Hmo-COMOD; Tunoptol* Spain: 
CusimoloL- Timabak; Tímoítol; Timoge]; SwecL: Blocadrea' Optí- 
mob Timosan; Switz.: Nyolol; Tiĩĩiisol: Hmo-COMOD; Timogel; 
Timoptíc; Thai.: Archimol; Glauco-Oph; Nyo!oI+; Opsaitimol: 
TTmo-optal; Ttmodrop; Tlmolasct; Timoptol; Tlmosil; Turk.: 
Cusimololt; Nyolol; Tĩmabak; Hmo-COMOD; Timoítab Timop- 
tic Tlmosol; Ihnotem; UK: Betũn; Nyogelt; Timoptol; Tlopex; 
UỊcr.: AruómoL (ApyTHMon); Nonnatin (Hopionmb Nyolol 
(HHOJjon)t; Ocumed (Oxyxeit); USA: Betimol; Blocadren; Isatol; 
Istalol- Timoptíc Veneỉ.: Globitan; Matigel; MatiloL* NyoloL’ 
TỉmoptoL
Muhi-tngracEent Praparotions. Arg.: Alỉviapres; Azarga; Combi- 
gan; Cosopt' Dor-Tưnolol; Dorlaxnida T; DuoTrav; Ganỉort: 
Glaucostat T; Glaucotensil TD; Glaucotensil; Laòmodori: Louten 
T; Ocuprosdm; Pilotún,- Tuned D; ĩlmobrim; Xaiacom; Zopirol

DM; AustraL: Azarga; Combigan; Cosopt; Ganỉorc Hmpilot; 
Xalacom; Austrủr. Aaarga; Combigan; Cosopt; DuoTrav; FotiI; 
Ganỉort; Moduaint; Xalacom; Bdg.: Azarga; Combigam 
Cosopt; DuoTrav; Xalacom; Braz.: Comblgan; Cosopc Ganíort; 
Glaucottal; Xalacom; Canatt: Azaiga; Combigan: Cosopt; Duo- 
Trav; Xalacom; Otữe. Azatga; Combigan; Cosopt Dorsoỉ Tì 
Dordne; DuoTrav; Gaax T; Ganỉort; Glaucotensil T; Glausolets 
Plus; Latof-T; Hoi Plus; Xalacom; Otùut. Xalacom (ã?<Jjln); Cc.: 
Atarga; Combigan; Cosopt; DuoTrav; FotiL* Ganỉort; Xalacom; 
Denm.: Alatopran; Azarga; Combigan; Cosopt; DuoTrav; PotìL 
Ganíort; Latánostad Comp; Latíotím; Tlmosoptt; Xalacomt; 
Xalcom; p/n.: Combigan: Cosopt; PotU; Glaukostad; Latíotíni; 
Oftastad Comp: Xalcom; Fr.: Azarga: Combigan; Cosopt; Duo- 
Trav; Ganỉort; Moducren; Pílobloqt: Xaỉacõm; Ger.: Azarga; 
Combigan; Cosopt; Dorzo Plus T; DoRolamid comp; DuoTrav; 
Potil; Ganíort; Moducrin; TP-OphtaL' Xalacom: Gr.: Azarga; 
Combigan; Cosopt’ Dorzoptíc PIus; Donotim: Dotiz; Dropiltún; 
DuoTrav; Fotil; Ganỉort; Optodrop-Co; T+P; TesoL’ Tlmpilo; 
Hnoprost; Xalacom; Yvano; Hong Kong: Combigan; Cosopt 
DuoTrav; Ganíort; Moducrent: TtmpiloỶ: Xalacom: Hung.: 
'Azarga; Combigan; Cosopp DuoTtav; Fotil; Ganíort; Glanuoỉid; 
Xalacom; India: Brimochek-T; Brimocom; Brimolol; Careprost 
Plus; Combigan; Ganíort; Iotím-Ptus; Laprost Plus; Latim; Lato- 
chek-T; Latocom; Misopt Ocudor-T; Indon.: Xalacom; írỉ.: 
Azarga: claropt: Codalux; Combigan; Cosopt; Dortim; DuoTrav; 
Ganíort; Glaucotima; Lataneau Plus; Moducrent; Prestim; Tim- 
latan; Xalacom; Xaloptic Combi; Israel: Combigan; Cosopt: 
DuoTrav; Gantort; Timpilot: Xalacom; ItaL: Aiarga: Combigan: 
Cosopt; DuoTrav; Equiton: Ganíon; Glautimol: Pilobloc; Tavu; 
Timicon; Xalacomt; Malaysia: Azarga; Combigan; Cosopt: Duo- 
Trav; Ganfon; Xalacom; Mac.: Antaigot; Combigan-D; Cosopt; 
Ganíortì; Krytantek; Trovost: Xa la com: Neth.: Azarga; Combi- 
gan; Cosopt; Dortim; DuoTrav; Fodlt: Gantort; Laúm-POS; 
Xalacom; Norur.: Azarga; Combigan; Cosopt; DuoTrav; Fotil; 
Ganíon; Latiotím; Xalcom; NZ: Azarga; Combigan; Cosopt; 
DuoTrav; Ganíort; TimpUo; Xalacom; Phũipp.: Combigan; 
Cosopt; DuoTrav; Fotil; Ganíort; Xalacom: PoL: Azarga; Combi- 
gan; Cosopc Dotiteva; DuoTrav; Fotilt; Ganíort; Rozacom; 
Xalacom; Port.: Azarga; Combigan; Cosopt; DuoTrav; Ganíort; 
Ta vu; Timoglau Plũst: Timosoptt; Xaiacom; Rus.: Azarga 
(A3apra); Cosopt (Koconr); Fotil (4>onin); Pilotimol 
(HiuiữiHMoa); Xalacom (KcaaaKOM); S-Afr.: Combigan; Cosopt; 
DuoTrav; Moducrent; Servatrin; Xalacom; singapore. Azarga; 
Combigan; Cosopt; DuoTrav; Ganỉort' Xalacom; Spain: Azarga: 
Combigan: Cosopt; DuoTrav; Ganíort; Larimvista; Xalacom: 
SwecL: Azarga; Combigan; Cosopt; Costad; DuoTrav; Fotil; Gan- 
fon; Latiotún; Xalcom; Switz.: Azaiga; Co-Donolamid; Co-Lata- 
noprost; Combigan; Cosopt; DuoTrav; Ganloit; Xalacom; Thai.: 
Azacga; Combigan; Cosopt; DuoTrav; GaníorC Xalacom; Turk.: 
Azarga; Combigan; Cosopt; DuoTrav; Ganỉort; Xalacom; UK: 
Azarga; Combigan; Cosopt DuoTrav; Ganíort; Prestim; Xala- 
com; Ukr.: Combigan (KoMỄHTaH); Ganlort (raHỘopr); Lanotan 
T (JIaH0T3H T); Xalacom (Kcuiikom); USA: Combigan; Cosopt' 
Timolidet; Veneí: Cosopt; Dobet* Glaucotensil T; Xalacom.

Pliơnnocopoeid Pippuiulions
BP 2014: Dorzolamỉde and Timoỉol Eye Drops; Tỉmolol Eye 
Drops; Timolol Tablets;
VSP 36: Tlmolol Maleate and Hydrochlorothiadde Tablets; 
Tlmolol Maieate Ophthalmic Soluúon; Tỉmolol Maleate Tablets.

Tĩnzaparín Sodium /BAN, USAN. riNNi

Tìntsapariininatrium; Tinzaparin-Natrium; Tinzaparin sodná 
sủl; Tinzaparin Sodyum; Tinzaparina sódica: Tirưaparine 
Sodique; Tìnzaparinnaừium; Tìrưaparirvnátriùm; Tinzaparino 
natrio druska; Tinzaparinum Natricum; ĨMH3anapnH HaTpnii. 
G4S — 9041-03-1.
ATC —  B01AB10.
ATC Vet — QB01A8Ỉ0.
UNỊI — 3S182ET3UA.

PSarmacopoeias. In Eur. (see p. vii).
Ph. Eur. 8: (Tinzaparin Sodium). It ũ  piepared by enzymatíc 
depolymexisatìon, using heparinase hom Flavobaứeríum 
hcparinum, of heparin obtained from the intestinal mucosa 
of pigs. The mạjority oỉ the components have a 2-0-SUƯO-4- 
enepyranostnomc add structure at the non-redudng end 
and a 2-N,6-0-disulfo-D-g]ucosamine structure at the 
redudng end of theữ Chain. The mass-average ielatíve 
molecular mass ranges betvveen 5500 and 7500, with a 
charaaeristìc value of about 6500. The mass percentage oỉ 
chains lower than 2000 is not more than 10%. The degree of 
sulíatìon is 1.8 to 2.5 per disaccharide nnit.
The potency is not less than 70unit$ and not more than 
120 units of antí-tactor Xa actívity per mg with reỉerence to 
the dried substance and the rado oỉ antí-íactor Xa actívity to 
anti-factor na (antithrombin) actívity is betvveen 1.5 and 
2.5.

Unịts
As for Low-molecular-weight Heparins, p. 1426.2.

Uses and Administration
Tuuaparin sodium is a low-molecular-weight heparin 
(p. 1426.1) with antìcoagulant properties. It is used in the

prevention and treatment ol venous thxomboembolìsir 
(p. 1274.1) and to prevent clotting during extracorporea 
drculation.

For prophylaxú o i venous thromboembolism tinza- 
parin sodỉum ỉs given by subcutaneous injection in a variet) 
oỉ dosage regimens. In each case, the duration of treatmeni 
is 7 to 10 days.
• Fot patients at low or intennediate risk, su ch as those 

undergoing general surgical procedures, 3500units oí 
tinzaparin sodium are given 2 hours beỉore the 
procedure, followed by 3500units once daily.

• In patients at high risk, such as those undergoing 
orthopaedic surgery, an initíal dose is either 50units/kg 
given 2  hours beíore surgery, or a flxed dose of 

• 4500 units given 12 hours betore surgery. The same dose 
is then given as a once-daily maintenance dose. 
Altematively, prophylaxis may be started after surgery 
at a dose of 75 units/kg once daily.

For the treatment o i venous thromboembolism nnzaparin 
sodium is gi ven in a dose oỉ 175 units/kg by subcutaneous 
injection once daily ỉor at least 6 days and until adequate 
oral anticoagulation is established. (In pregnant patients, 
early-pregnancy body-weight should be used to calculate 
doses.)

For prevention of clotting in the extracorporeal 
drculation during haemodialysis. tinzaparin sodium may 
be given into the arterial side of the dialyser or 
intravenously. The dialyser may be primed with 500 to 
1000 mL sodium chloride 0.9% contaỉning 5000units 
tùuaparìn sodiumyliưe. For dialysis sessions lasting less 
than 4 hours a single dose of 2000 to 2500 units tinzaparin 
sodium is given; for longer sessions an initial dose oí 
2500units is íollovved by an iníusion of 750 units/hour.

For doses in children, see belovv.
Reíerences.

1. Priedel HA. Baỉỉour JA. Tuuaparin: a revicvv of iiỉ pharmacology and 
dinical poteniỉal in ihe prevcmion and treaimcm oí ihrombo-cmbolic 
đsordeRL DntỊS 1994; 48: 638-60.

2. Nedy JL et ai. T1nzaparin sodium: a low-molecular-weight heparín. Am 
J Heáiưt Syst Pharm 2002; 59: 1426-36.

3. Nutescu EA. et ai. Tĩnuparin: consideratíons íor use in dinicaỉ praciice. 
Afin pkarmaeother 2003; 37: 1831-40.

4. Cheer SM. et aì. Tỉnzaparỉn sodỉum: a review of iB pharmacology and 
dỉnỉcal use in the pTophylaxis and ưeatmenr of thromboembolic disease. 
D ntp 2004; 64: 1479-502.

5. Hoy SM. et ai. Tlnzaparin sodium: a review of its use in (he prevention 
and ơeatment oí deep ve in thrombosữ and pulmonary emboỉism. and ín 
tbe preventíon of dottỉng in the exưacorporeal drcuiỉ duríng 
haemodỉalysỉs. Drugs 2010; 70: 1319-47.

Adminiỉtratíon in children. Although tìnzaparin iỉ not 
licensed for use in chìldren in the UK the BNFC suggests 
that it may be given to children by subcutaneous injecúon 
for the prophylaxis and treatment of venous thiomboem- 
bolism.

For prophylaxừ ot venous thromboembolism. children 
aged 1 month to 18 yeais may be given a dose o í 50 units/kg 
once daily.

For ữeatment of venous thromboembolism. the foUowing 
suggested doses are given according to age:
• 1 to 2 months: 275 units/kg once daily
• 2 months to 1 year 250units/kg oncedaily
• 1 to 5 years: 240 units/kg once daily
• 5 to 10 years: 200 units/kg once daily
• 10 years and over 175units/kg once daily

Adverse Eíkds, Treaừnent, and Precautìons
As for Low-moleculai-weight Heparins, p. 1426.3.

Tlnzaparin should be avoided in elderly patients vvith 
renal íallure (see below).

Severe bleeding vvith tỉnzaparin sodium may be reduced 
by the slow intravenous ỉnjection of protamine sulíate; 1 mg 
of protamine sulíate is stated to inhibit the e&ects of about 
ỈOOunits of tinzapaiin sodium.

Porphyría. The Drug Database íor Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centte (NAPOS) and 
the Porphyria Centte Sweden, dassihes tinzaparin as not 
porphytlnogenic ít may be used as a drug o( Brst choice 
and no precautions are needed. 1

1. The Drug Database for Acute Porphyria. Availabỉe an http://www. 
dnigs>poiphyrU.org (accessed 28/10/11)

Use in the ekierly. An increase in all-cause mortality was 
se en in patients aged 70 years or older vvith impaỉred 
renal function who were given tinzaparin for the ưeat- 
ment oi deep-vein thrombosis or pulmonary embolism. As 
a result, the FDA recommended that altematives be con- 
sidered in these patíents vvhile the revievv of da ta contin- 
ued.1

ỉ . FDA. Communlcatỉon about an ongoing saíety revỉew of Innohep 
{ónraparin sodium injectìon) (ỉssued 2ndDecember 2008). Avaỉỉable an 
http://www.fda.gov/Drugs/DrugSaíety/Postma rkeUDrugSaíety Iníonna- 
tíoníorPatíentsandProvỉdeis/ucinỉ36254.htDi (accessed 03/08/10)

Inỉeradỉons
As for Low-molecular-weight Heparins, p. 1427.2.

All cross-reíerences reíer to entries in Volume A
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Pharmacokinetìcs
Tin2aparin sodium is absorbed after subcutaneous injectíon 
with a bioavailability of about 90%. Peak plasma activity 
occurs within 4 to 6 hours. The elỉminatxon haU-Uíe is about 
90 ưúnutes but detectable anti-íactor Xa activity may persist 
for up to 24 hours.
General reíerences.

1. Kuhle s. a  al. Dose-andtag and phannacokinetics ơf cherapeutic doses of 
dntaparin in pcdiatrlc patients nith thromboembolk evems. Thnmb 
Hatmoa 2005; 94; 1164-71.

Preparations
Propnetary Praporotions (details are given in Volume B)
Singie-ingradient Praparations. Beỉg.: Innohep; CanatL: Innohep; 
Denm.: Innohep; Fin.: Innohep; Fr.: Innohep; Ger.: Innohep; 
Gr.: Innohep; Logiparin; Hong Kong-. Innohep; Indìa:
Logiparin; /ri: Innohep; Malaysia: Innohep; Neth.: Innohep; 
Norìv.: Innohep; N2: Innohep; Phũipp.: Innohep; Port.: 
Innohep; singapore: Innohep; Spain: Innohcp; SwetL:
Innohep; Thai: Innohep; Turk.: Innohep; UK: Innohep; USA: 
Innohept-
PbarmcKopoeid Preparations
BP 2014: Tĩiưaparm Sodium Injection.

T i r i l c u á d  M e s i l a t e  IBANM, HNNMỊ
Mésilảw'dề.ửriSẳa(í; lĩrilatsadiinimésilaàtti; Tỉrilazad, Mésilate 
de;Tirilazạd, mesilato de;Tirilazad Mesylate (USAN);Tirilazadi 
Mesilas; Tìrilazadini Mesiỉas; Tĩrilazadinmesi'lat U-74006F 
(tirilazad or tìrilazad mesilate); Tnpwia3afla Me3WiaT.
21 -C4-(2,6-Oi-1 -pyrrolidinyl-4-pyrimidinyl)-T-piperazinyl]-16a- 
methylpregna-1,4,9(l1)-ơìene-3,20-dione monomethane- 
sulíonate hydrate. ■ ■ -  
CmHs2N Á .C H  A S X 20=721.0 (anhyđrous)
CAS — 110101 -6& 1 (tirìlazad); 111793-42-1 (tirìkưad mesilate); 
149042-61-5 (tirìlazad mesilate).
ATC—  N07XX0L ' ,• r  '
ATCVet—  QN07XX01. - ' Ọ
UNII —  HXS259UWKW (tirilazad mesytate hydrate); 
198418DV39 (anhydrous tirilazad mesylate).

Profi'/e .
Hrilazad, a Iararoid, is an inhibitor oỉ lỉpid peroxidation 
thought to have a cytoprotective effect against radicals 
produced in response to tissue trauma. It has been used in 
the prevention oi secondary dssue damage in subarachnoid 
haemorrhage. It has also been investigated in spinal cord 
injuries, head injuries, and ischaemic stroke.
Reíerences.

1. The TUilaud International Steering Committee. Tlrdaxad lor acute 
ischaemic stroke. Availabie ỉn The Cữchrane Database of Systematlc 
Reviews; Issue 4. Chichesten John WUey; 2001 (accessed 24/06/05).

2. Jang YG. tí ai. Metaanaỉysis oi đriỉazad mesyỉate ỉn patknts with 
aneurysmal subarachnoid hemorrhage. Neurotrit Can 2009; 10:141-7.

3. S u n g  s. tí ai. Tỉrỉlazad fòr aneuiysmal subarachnoìd haemorrhage. 
AvaiUbỉe in The Cochrane Database oí Systematìc Revterrs; bsue 2. 
Chidiesten John Wỉley; 2010 (accesscd 20/04/10).

Preparutions
Proprietcry Preparationỉ (details are given in Volume B) 
Single-ingredienl Preparations. Rui.: Freedox (®PHflOKC).

Tirofiban Hydrochloride
IBANM. USAN. HNNMI
Hidrocloruro de tiroAbán; L-700462' MK-0383; MK-383; 
Tìroíiban, Chlorhydrate de; tìroíibán, hidrodoruro de; 
Tirofìban Hidroklorũr, Tiroíìbani Hydroehloridum,- TnpoộHT 
ỗaHa rnapoxnopMữ. . . í. :
/V-(Butylsulfonyl)-4-[4-(4-piperidyl)butoxyJ-L-phenylalanine. 
:hydrochloride rrionohydrate. t" V' -
^22̂ 3̂ 2055^ 0 ^ 2 0 =495:1

■CĂSr— -■ T44494-65-5 :(tírofíỊxin};' 142373-60-2 (anhydnpụs 
ti'rofìban hydrọdiloríde);11509ỉ5~4Ch5 (tìrodban hydrõchloride

mọnohydrateị. ' 7 :   .........
[ÀTC— B01AỌ7. ■■ :
ẬTC Vẻ — QB0ÍACI7. \  ;
■ÙN!! — 6H925F805J. . . . "

Uses and Administration
Tíroăban hydrochloride is an antìplatelet drug that 
reversibly inhibits binding oỉ Bbrinogen to the glycoprotein 
Hb/HLa receptots of platelets. It is given with heparin and 
aspữin for the management 0í unstable angúia, both in 
patients managed medically and in those undergoing 
percutaneous cõronary procedures. TlroBban is used ãs the 
hydrochloride, but the dose is expressed in terms of the 
base; UOhanograms of tíroBban hydrochloride mono- 
hydrate is equivalent to lOOnanograms of tiroũban base.

Từohban is given intravenously, at an initial rate oỉ 
400 nanograms/kg per minute for 30 minutes, and then 
continued at 100 nanograms/kg per minute. The recom- 
mended duration of treatment is at least 48 hours. HroSban 
inỉuãon may be continued during coronary angiography, 
and should be maintained ỉor 12 to 24 hours after 
angioplasty or atherectomy. The entíre duratíon oỉ 
treătment should not exceed 108 hours.

The dose oỉ tữoBban should be reduced in patients with 
renal impainnent (see below).

General reíerences.
1. McClellan KJ. Goa KL. TlroBban: a review of its use In acute cotonaiy 

syndtomes. D niỊi 1998; 56:1067-60.
2. Menozzỉ A. a  ãl. TlroBban in acnte coronary syndroraes. Bxptrt Rtv 

CardiữVứx Ther 2005; 3: 193-206.
3. Shanmugam G. TlroSban and anergency eoronary luigeiy. Svr 3 

CãnSothane Sutị 2005; 28: 546-50.
4. Bukow s c  etaL nraBban for the treatment ot iiehaemic sooke. Bxptrt 

Opin Phantucothcr 2006; 7: 73-9.
5. MukheiỊce D, RotB M. Cunent strategies wtth high-dose tboSban. 

Bxpert Opin DntỊ M tttb T ià a l 2007; 3:275-60.
6. winter JP, luergem CP. The tole o( droBban in the management ai 

coronary artery dbease. Cơntùmuc Hanatol D bori D niỊ TãTỊta 2008; 8: 
138-46.

7. van 't  Ho£ AWJ, ValgimigU M. Deíining the roỊe oỉ pỉatelet glycoptoteỉn 
receptor inhibitois in STẼMI: íocus on droBban. Drũgs 2009; 69; 85-100.

8. Juwãna YB. X a i TlnSban for myocardial ỉníarctỉon. Ẽxptrt Opin
Phantueather 2010; 11: 861-6.

Adminiỉtration in renal hnpairment. Patients with renal 
impairment (creatinine dearance less than 30mL/minute) 
should receive half the usual iníusion dose oỉ tứoẼban.

ischaemic heart disease. Patients with acute coronary 
syndromes may be ơeated either medically or with percu- 
taneous coronary interventions such as angioplaỉty or 
stentỉng. TỉroBban, given with heparin and aspirin, has 
been tried as adjunctive therapy. A stuđy1 comparing tìro- 
fiban with heparín in the m edical m anagem ent of unstable 
angina (p. 1254.3) or non-Q-wave myocardial iníarction 
reported an initial beneBt, at 2  days, of reduced risk oỉ 
reỉractory ischaemia, myocardial iníarction. or death with 
tíroBbạn. This benefit was not maintained at 7 or 30 days 
aher treatment. although a hirther analysis2 íound that 
the risk of death or myocardial iníarction at 30 days was 
reduced in patients with raised troponin I concentrations 
who receivẽd tiroBban. In another study, 5 the combina- 
tíon of heparin and tứoữban also reduced the risk of 
refractory ischaemỊa, myocardial iníarction, or death, com- 
pared with heparin alone, and beneSt was maintained at 6 
months. About haU of these patients also undement 
revascularisation procedures or surgery ư required.

TỉroSban has also been studied in patients undergoing 
in terven tiorm l ứ terapy  (see Reperỉusion and Revascularũatỉon 
Procedures, p. 1259.2), but results have been mixed. The 
RESTORE study4 found short-term beneBt with tìroBban as 
an adjunct to heparín in patíents undergoing angioplasty or 
atherẽctomy for acute coronary syndromes (unstãble 
angina or myocardial inỉarction), but this was not 
maintained at 30 days and there was no eỉfect on restenosis 
aíter 6 months. Hovvever, an observational study’ in 
patients with acute myocardỉal iníarction íound improved 
outcomes and studies4-* using a higher bolus dose of 
25 miCTOgrams/kg have been more promising, índuding on 
longer-term follow-up.6 Preơeatment with tiroBban for 24 
to 48 hours beíore intervention was íound to improve 
angiographic outcomes compared with periprocedural 
ưeatment,9 but there vvas no diííerence in dinical events 
at 30 days. In patients undergoing planned interventions, 
tiroBban vvas ỉound to improve outcomes compared with 
placebo; 10 another study found that it was less e ữ e c tiv e  than 
abdximab at 30 days," although this di&erence was no 
Ionger apparent alter 6 months. 12

1. The Plateiet Recepior Ỉnhíbiỉion in ỉschemỉc Syndrome Management 
(PRISM) Study ỉnvestigators. A comparison <rf aspỉrin pius ửroíiban with 
aspirỉn pius heparin for unsiabỉe angina. N En$ỊJ Med 1998; 338: 1498- 
1505.

2. Heescben c  et ai. Troponin concencratíons for stratỉlỉcatỉon of patỉents 
wiỉh acute coronary syndromes in reỉatỉon to therapeudc efflcacy oí 
drofiban. Lanat 1999; 354: 1757-62.

3. The Platelet Receptor Inhibttíon in Ischemic Syndrome Management ỉn 
Patíems Limited by Unstable Slgm and Symptoms (PRISM-PLUS) Study 
Investigators. Inhibttíon of the plateỉet glýcoproteỉn nb/ma receptor 
with drohban ỉn unsuble angỉna and non-Q-wave myocardỉaỉ 
inỉarctỉon. N Ertgi J Mtd 1998; 338: 1488-97.

4. Gibson CM. a  ai. Sỉx-month angỉographỉc and cUnỉcal ỉoỉỉovr-up oỉ 
patỉents ỊMTMpectively randotnỉzed to receive eỉther tironban or placebo 
during angỉopiasty in the R£STORE trỉaL J Am Coil Cardiol 1998; 32:28- 
34.

5. De Luca 0 , ứ  ai. ỉmpact o{ adịunctỉve tiroữban admỉnistradoa OQ 
myocardỉaỉ perỉuỉỉon and mortaỉỉty ỉn patỉents undergoing primary 
angỉữplasty for ST-segment elevatìon myocardỉaỉ inỉarctỉon. Thromb 
Hứémosr 2005; 93: 820-3.

6. ValgiỉDỈgliM .etaL Theaddỉtỉvevaỉueoftỉrohbanadmỉnỉsteredvviththe 
hlgh-dose bolus in the preventíon of ischemic compỉỉcatỉons đurìng 
high*rísk coronary angỉoplasty: the ADVANCE Trỉầl. J Am CoU Cardioi 
2004; 44: 14-19.

7. Vaỉgimiglỉ M ^etaL Comparỉson of ạngioplasty vrỉth inhiỉion oỉ tỉroõban 
or abdxỉmab and vviih implantation oỉ sirolimus-elutỉng or uncoated 
stents for acute myocardỉaỉ ỉnỉarction: the MULT1STRATBGY 
randomixed trỉal JAMA 2008; 299:1788-99.

8. van't Hoỉ AWJ, tí ai. Prehospỉtaỉ initlation of drofíban in patỉents wỉth 
ST-elevatlon myocardiaỉ ỉníarctỉon undergoỉng prỉmáry angỉopỉasty

(On-TIME 2); a muỉtỉcentre, double-bỉỉnd. randomised conơolled ưiaL 
lcơtcet 2008; 372: 537-46.

9. van'tHofAWJ, tíaL  A comparỉson oỉ two invasỉve strategỉes ỉn patỉents 
wỉtb non-ST eỉevatíon acote cortmary syndromes: results oỉ the Earỉy or 
Late ỉntervenâon ỉn unStable Angina (EUSA) pỉỉot ĩtudy. Eur Heârt J 
2003; 24: 1401-5.

10. Bonz AW, tt oL BSea oỉ addirionii temporaiy glycoprotein nb/nxa 
receptoc tnhtbltion on troponỉn reỉease ỉn dẽcdve percutaneous 
coconary Ỉnterventíonỉ aỉter peetreatment wỉth aspỉrin and dopidogreỉ 
(TOPSTÂR trial). JAm  Coữ Cardiỡỉ 2002; 40: 662-8.

11. Topoỉ Eĩ, đ  ÒL Comparỉson ai two plateỉet glycoproteỉn nb/ma 
inhỉbỉBRS. dxoSban and abcixỉmab, for the prevèntíon oí Ischemic 
events wỉth percucaneous coronary revascuUưỉxatíon. N Engl J  Mtd 
2001;344:1888-94.

12. MoUtemo Dỉ. tíaL  Outcomes at 6 months for the dỉrect companson oỉ 
drofĩban and abdrỉmab during percutaneous coronary revascòỉaiisatỉon 
with stent placement: the TARGET ỉoũow up study. Lanctí 2002; 360: 
355-60.

Adverse Effects
B le e d in g  is th e  m o s t c o m m o n  a d v e rs e  e ĩ le c t  o ỉ  tứ o B b a n ; 
o th e r s  in d u d e  n a u s e a ,  h e a d a c h e , íe v e r ,  ra s h e s  a n d  o th e r  
h y p e rse n s itiv ity  re a c tio n s , a n d  th ro m b o c y to p e n ia .

E ffects o n  ih e  b io o d . R e ỉe re n c e s  to  t iro fib a n -a s so c ia te d  
th ro m b o c y to p c D ia 1’9 a n d  a n a e m ia .8

1. Muỉot A, đ a i. Practỉcaỉ approach to the đỉagnosỉs and management of 
thrombocytopenia assodated wỉth tỉroũban treatment Am J Hematol 
2004; 77: 67-71.

2. Pateỉ s, tí al. Proỉound thrombocytopenỉa assodated wỉth droSban: case 
report and review oỉ lỉterature. Angiology 2005; 56: 351-5.

3. Dunkley s , tí ai. Two dỉstỉnct subgroups oỉ tiroAban-induced 
thromboqoopenỉa exỉst due to đrug dependent antibodies that cause 
platelet actỉvadon and ỉnaeased ischaemỉc events. Plateitữ 2005; 16: 
462-8.

4. Tuhta AG. tí aỉ. Tĩroãban-assodated acute thrombocytopenia. Ađa 
Cardioi 2006; 61: 577-9.

5. Cloíent-Sanchei G, tí ai. A case of proíound and prolonged ửroũban- 
ỉnduced thrombocytopenia and its coirectìoQ by ỉntravenous ĩmmuno- 
gỉobuỉỉn G. J Thromb Haemơtí 2007; 5: 1068-70.

6. AgneUi 0, Ottanỉ F. Trombodtopenia grave assodata a tìroũban: 
approcdo Hlnim aDa dlagnosỉ e aũa gettìone terapeutỉca. G ừaỉ Cardioỉ 
2008; *  137-43.

7. Beỉras>Femandez A. a  aL Acute proỉound thrombỡcytopenia after 
treatment whh ủro&ban and oS-pump coronary aitery bypảss graỉdng. 
Ann Tharac Sưry 2009; 87: 629-31.

8. SakeUaiỉou D, tí ai. R m  report of tỉronban-lnđuced anemỉa (íound ỉn 
combination wỉth severe thrmĐbocytopenla). TeX Heart ỉnst J  2009; 36: 
55-7.

9. Rahman N, Jaỉary PH. Vanỉshỉng plateỉets: rapỉd and extreme droũban- 
ỉnduced thnxnbòcytopenỉa aftỡ percutaneôus coronary ỉnterventíon 
for acute myocardỉaỉ Iníarction. róc Heart ỉm t J  2010; 37: 109-12.

Precautions
As for Abóximab, p. 1282.1.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, classiBes tiroBban as not 
porphyrinogenic; it may be used as a drug oi Brst choice 
and no ptecautions are needed.1

1. The Dni| Databue íor Acute Porphyria. Available au tmp:f/www. 
dnigj-ponihytta.org (accessed 19/10/11)

Pharmacokinetics
After stopping an inỉusion of tứoBban, the antiplatelet eSect 
persists ỉor about 4 to 8 hours. The plasma half-Ufe is about 2 
hours. TưoBban is not highly bound to plasma proteins; the 
unbound tracnon in plasma ũ  about 35%. TưoBban is 
eUmỉnated largely unchanged in the urine, with some 
biliary exaetion in the íaeces. TiroBban is removed by 
haemodialysis.
Reviews.

I. Kondo K. Utnemun K. Clinícaỉ pharmacokinetỉcs oí droAban. a 
nonpepúde gỉycoprotein nb/ma tccèptor antagonisc comparúon with 
che m o n o d o n a l a n tỉb o d y  abcỉx im ab. Clin Pharm acokin tt 2002; 41 : 1 8 7 - 
95.

Preparations
Propriekvy Preparationt (details are given in Volume B)
Single-ingradient Preparalions. Arg.: Agrastat; AustraL: Aggra- 
stat; Austria: Aggrastat; Betg.: Aggrastat* Braz.: Ạgrastac; 
Canad.: Aggrastac Chũer. Agrastac Cktna: Aggrasut 
Xin Weí Ning (ISS'?); Cz.: Aggrastatỷ; Pin.: Aggrastat; Pr.: 
Agrastat; Ger.: Aggrastat; Gr.: Aggrastat; Avastan Hung.: Aggra- 
stac Indỉa: Aggramed; Aggrastac Aggribloc Aggritor GP-2 
Ban; IrL: Aggrastat; Israel: Aggrastat; Iừđ.: Aggrastac Malaysũr. 
Aggrasutỷ; Mex.: Agrastat' sẽth.: Aggrastat; Norw.: Aggrastatt; 
NZ: Aggrastat Phữipp.: Aggrastat; PoL: Aggrastat; Port: Aggra- 
stat; Ŝ fr.: Aggrastet; singapore: Aggrastat; Spain: Agrastat; 
Swed.: Aggrastat; Switz.: Aggrastat; Thai.: Aggrastat; Turk.: 
Aggrastat; UK: Aggrastat; USA: Aggrastat; Venez.: Agrastat.

Tocainide (BAN, USAN, rlNNI
Toấlnida; Tocaĩmde; Tocamidum; Tokaimd; Tokarmdi; W-
36095; ToKaMHnq.
2'Aminopropiono-2',6,-xyiidide. :
CnH 6^20=1923 . ...........  -
CAS — 41708-72-9.' . ;
ATC — CÓĨ8BÓ3. ■

The Symbol t  denotes a preparation no longer actively marketed
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ATC Vét — QC01BB03. ■
UNII — 27DX059SAN

Tocainide Hydrochloríde IBANM, HNNMI
Hidrodoruro' de tocainida; 'Tocainida,' ■hidrbdĐriirơ de; 
Tocainide, Chlortaydrata de, .Tõcainlđl 'Hydrochíôriclum, 
ĨOKanHHAa rvụỊ '̂^òpivi . ĩ ĩ :- f í  •' 
Cn H,6N20,Ha=228 7 > ■ *■ / ^  t  ,>-> ~
CAS — 35891-93-1 ............  - V?.- * 1 c ;
ATC —  COIB803 ' ■
ATC Vet — QCỌỈBB03. - '
UNII — 2K7I38CKN5. « ” ■

Pbarmacopoeias. In Chín, and us.
USP 36: (Tocainide Hydrochioride). A fine, white, odourless 
powder. Freely soluble in water and in alcohol; practically 
ỉnsoluble in chloroỉorm and in ether.

ProíiỊe
Tocainide is a dass Ib antiarrhythmic (p. 1243.1) with 
similar propenies to mexiletine (p. 1436.2); like mexiletine 
it is structurally related to lidocaine (p. 1992.1). Tocainide 
hydrochloride has been given orally and intravenously in 
the management of ventricular arrhythmias but severe 
haematological and pulmonary toxidty limit its use.

General reíerences.
1. Hohnes B. tí ai. Tocainỉde: a review oỉ its pharmacological properties and 

therapeutic efficacy. Dtuịs 1983; 26: 93-123.

Preparations
Pharmacopoeiai Preparations
USP 36: Tocaũũde Hydrochloride Tablets.

T o c o fe ri l  N ic o t in a t e
Tocoíerilo, nicotinato de; Tòcopherol Nicọtinàte; Tocopheryl 
Nicotinate; Vitamin E Nlcotinate; ĨOKOỘepona HHKOTMHaT. 
(±)-a-Tocopherol nicotinate.
^ 3 5 ^ 0 3 = 5 3 5 . 8
CAS — 51898-34-1; 16676-75-8
UNII —  WI1J5UCY5C

NOTE. The names Kenton, NE, Nichi E nate, NÍCO200, 
Nicobita-E, Toconijust, Vanarl N, and VE-nicotinate have 
been used as trade marks íor tocoíeril nicotmate. 
Ptxirmacopoeias. ỉn Jpn.

Profìle
Tocoỉeril nicotinate is a lipid regulating drug and a 
vasodilator. It is used in the treatment oí hyperlipidaemias 
(p. 1248.1), and in peripheral (p. 1272.3) and cerebral 
vascular disorders (p. 1269.2). The usual oral dose is 100 to 
2 0 0  mg three túnes daily.

Preparations
Proprietary Prepcirulions (details are given in Volume B)

Singie-ingredient Preparotions. China: Ding Rong (13Ĩ5Ỉ); Qing 
Zhi Wei (# 2 .ít); Wei Er Xm (#£Sr); wéi Maĩ Mn (» * k ) ;  
Weishike (ÍÉEcSl); Hong Kong\ Hijuvent; Indon.: Enico; Jpn: 
Juvela; Malaysia: Hijuven; phũipp.: ffijuvent; Port: Reolerol.

MukHngrad»nt Praporations. Arg.\ Anaphase; Otữc. Anaphase; 
Anastim; Pr.: Anaphase; ItaL: Evitex: singapore: Pedimed Poot 
Care Cream; Spain: Evitex A E Puerte; Venez.: Anaphase; Ana- 
stim.

Todralaxine Hydrochloríde ỊBANM, piNNMì
BT-621; CEPH;' Écaraàne Hydrochlonde; Hidrodororo de' 
todralazina;' Todralazinẵ, ‘nidrọdoruro de; Todralaziné, 
ChtoEhydraíẽ de; ỊodralaánT Hydrochbridum; Todralazyny

i-GhlorovvodorekriToApanaaMHa TMflpojơiopMfl,
Ethyi 3-(phthalazirí-1-yl)carbazate hydrochloride monio- 
hydrate. ' -
C„H12NA,HCI,H2Oi286.7
CAS —  14679-73-3 (todralcane); 3778-76-5 (anhydrous 
todralazine hydrochlorịde).
UNII - r  5998D6OYO0.

Pharmocopoeias. In Jpn and Pol.

Proỉile
Todralazine hydrochloride is an antihypertennve structu- 
rally related to hyđralaáne (p. 1401.2) and with sứnilar 
properties.

Preparations
Proprietary Preporatìons (details are given ỉn Volume B)
Singla ngradisnỉ Preparabons* Jpn: ApiracohlỶ; PoL: Binazint.

T o k n o l in e  H y d r o c h lo r íd e  IBANM, riNNMì
BerazoJine<i,;l^ydroèÌìloride;- Hidrodoruro de -tolazolina; 
Tolazol. Hydrochlor; Tola2olÍDa, hidrodoruro de; Tolazoline, 
Chỉorhydraté; de; Tolarollni Hydrochlondum; Tolazolinium 
ữiloratum; TQna30nMha rMflpoxnopMfl. . '
2-BerizyÌ-2-imidazoline hydrochloride. .
QoHi2Nj,HCÎ 1 96.7' ' - •
CAS -—■ 59-98-3 (tolazoline); 59-97-2 (tokaolìne hydrodìloride). 
ATC — C04ÀBQ2; M02AXÓ2.
ATC Vet — QC04AB02; QM02AX02; QV03AB94.
UNII — E669Z6S1JG ;

NOTE. Do not coníuse with benazoline, vvhich is a 
sympathomimetic vasoconstrictor, or with benazolin, 
vvhich iỉ a herbicide.
Pharmacopoeias. In Chín, and us.
USP 36: (Tolazoline Hydrochloride). A white to oữ-vvhite, 
crystalline powder. Its Solutions are slightly acid to litmus. 
Soluble 1 in less than 1 of water, 1 in 2 of alcohol, 1 in 3 of 
chloroíorm, and 1 in 10 000 of ether. Store at a temperarure 
of 25 degrees, excursions permitted bervveen 15 degrees and 
30 degrẽes.

Pro/ì/e
Tolazoline hydrochloride is a vasodiỉator that has a direct 
dilator action on the peripheral blood vessels. It has some 
alpha-adrenoceptor blocking activity and also stimulates 
smooth musde ìn the gastrointestinal tract, increases 
gasưointestinal seơetion, can cause mydriasis, and has a 
snmulant eỉỉect on the heart.

Tolazoline hydrochloride has been used intravenously to 
reduce pulmonary artery pressure in persistent pulmonaty 
hypenension in neonates with persistent fetal drculatìon 
(see below). It has been used orãlly and by subcutaneous. 
intramuscular, intravenous, or slow mữa-arterial injection 
in the neatment oỉ peripheral vascular disease. It has also 
been given in some ophthalmic conditions.

Adverse eííects of tolazo!ine indude piloerection, 
headache, Dushing, tachycardia, cardiac arrhythmias, 
tingling, chUliness, shivering, nveating, nausea, vomitìng, 
điarrhoea, and epigastrìc pain. Orthostatic hypotenslon or 
marked hypertenãon may occur, espedally with large 
doses. Tolazoline stúnulates gastric add and may exaceibate 
peptic ulcer disease. Oliguria, haematuría, myocardial 
iníarction, gastrointestinal haemorrhage, thrombocytope- 
nia and other blood đyscrasias have been reported.

Ịnteradions. Tolazoline should not be used with 
sympathomimetícs such as adrenalừư since the hypoten- 
sive eỉtea may be potentiated due 10 unopposed beta- 
adrenoceptor stimulation. For a report of íatal hypotension 
assodated with the use oỉ tolazoline with dopamine, see 
Vasodilators under the Interacdons of Sympathomimetics, 
p. 1509^.

Pulmonary hypertension. Tolazoline and other vaso- 
dilators have been tried in persistent pulmonary hyper- 
tension in the newbom (p. 1278.2) in an attempt to 
induce selective pulmonary vasodilatation and improve 
gas exchange. The response iỉ variable and oíten unsuc- 
cessíul due to concomitant systemic hypotension, a ỉailure 
to achieve or sustain pulmonary vasodilatation, and 
adverse eữects, and other therapies su ch as high-fre- 
quency osdUatory venólation, extracorporeal membrane 
oxygenation, and inhaled nitric oxide are now more 
widely used.

The dose íor pulmonary hypertension in neonates that 
was recommended by licensed produa iníormation was an 
intravenously iníused loading dose of 1 to 2 mg/kg, tollovved 
by an inhision oỉ 1 to 2 mg/kg per hour. The high inddence 
of adveise eííects, however, led to several studies 
investigating the use of lower doses. One group suggested 
that a loading dose of 500micrograms/kg given in tra ve- 
nously followed by a continuous inhision of 500 micro- 
grams/kg per hour was more appropriate and saỉer than 
Standard doses. 1 In a retrospective study2 of extremely 
preterm iníants (mean gestational age 24 weeks) with 
severe hypoxaemìa (possibly attributable to persistent 
puỉmonary hypertension), tolazoline was given as a slow 
bolus inhision, with most patients receivứig a dose of 0.5 to 
1 mg/kg; some required hưther doses.

Tolazoline has also been given Via the endotracheal 
route,3-4 although as it is add in solution it may contribute to 
alveolar injury. In a stuđy4 of 12  neonates with gestational 
age ranging ừom 25 to 42 weeks, endoưacheal tolazoline at 
dõses bom 1 to 2.5mg/kg was íound to cause no adverse 
systemic effects.

The BNFC gives a dose of 1 mg/kg by slow intravenous 
ừýection, foIlowed by 200 micrograms/kg per hour by 
iníusion if necessary. It wams that doses in excess of 
300micrograms/kg per hour are assodated vvith cardlo- 
toxldty and renal ỉailure. A suggested dose ỉor endotracheal 
use is 200micrograms/kg diluted ứi 0.5 to 1 mL of sodium 
chloride 0.9%.

ỉ .  Monỉn p, et ai. T m tm cm  oi persỉstent fetaỉ drculatỉan syndrome of the 
newbom: comparisop oí dỉữerent doses oi  toỉa2oline. Evr J ơin  
Phđrmaai 1987; 31: 569-73.

2. Nunmarumh p, ữ  al. £fficacy and saỉety crf toUxolỉne ỉor treaanent oỉ 
severe bypoxeroỉa ỉn exưemeỉy preterm ỉnỉáms. Ptdùitĩia 2002; 109: 
852-6.

3. Welch JCr et ai. Hndoưacheaỉ tolazoỉỉne for scverc persistent pulmonary 
bypertensỉon ỡỉ ứie newbom. Br Heart J 1995; 73: 99-100.

4. Parida SK ữ ai. Endooacheal toỉazoline admỉnisoatíon ỉn neonaỉes vvith 
pemstent pnỉmonary hypertensỉon. J Perinatoi 1997; 17:461—4.

Preparations
Proprietary Preporalions (details are given in Volume B) 

Singleingređenl PreparoHonỉ. Cz.: Divascol.

MuhHngredienl Preporolions. 5witz.: Lunadont-

Pharmocopoeial Preparationỉ
USP 36: Tolazoline Hydrochloride Injeaion.

T o r a s e m i d e  IBAN, riN N i ®

AC-4464; BM-0201S; Torasemid; Torasemid bezvodý; 
Torasemid, vaữeníri; Torasemida; Torasémide; Torasémide 
anhydre; Torasemidi; Torasemidi, vedetõn; ToraserrHdum; 
Torasemidum Anhydricum; Torazemidas, bevandenís; 
Torsemide (USAN); TopaceMMfl. 
l-l50propyl-3-(4-m-toluidinopyridine-3-sulphonyl)urea. 
C,6Ha)NAS=348.4
CAS —  56211-40-6 (torasemide); 72810-59-4 (torasémide 
sodium).
ATC— C03CA04.
ATC Vet — QQ33CA04.
UNII — W31X2H97FB. ,

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8 : (Torasemide, Anhydrous). A white or almost 
white powder. It exhibits polymorphism. Pracdcally 
insoluble in vvater; slightly soluble in alcohol. It is sparingly 
soluble in dilute Solutions of alkali hydroxides and slightiy 
soluble in dỉlute adds. Protect bom light.
USP 36: (Torsemide). A white to off-white, crystallỉne 
powder. Practically insoluble in water and in ether; slightly 
soluble in alcohol, in methyl alcohoL ìn 0.1N sodium 
hydroxide, and in 0.1N hydrọchloric acid; very slightly 
soluble in acetone and in chloroíorm.

Uses and Administation
Torasemide is a loop diuretic with actions similar to those of 
hirosemide (p. 1387.1). \

Torasemide is used for oedema assodated with heart 
lailure (p. 1262.3), induding pulmonary oedema, and with 
renal and hepatic disorders. It is also used in the treatment 
of hypertensỉon (p. 1251.1), either alone or with other 
antìhypertensives.

Diuresis aỉter oral use starts vvithin 1 hour, reaches a peak 
in about 1 to 2  hours, and lasts ỉor up to 8  hours; aher 
intravenous injection its effects are evident vvithin 10 
minutes but like oral use can last up to 8 houis.

In the ơeatment oỉ oedem a the usual oral dose is 5 mg 
once daily increased according to response to 2 0  mg once 
daily; doses oỉ up to 40 mg đaily have been required in some 
patients. Torasemide may also be given intravenously in 
usual in itia l doses oỉ 10 to 20 mg daily. Higher doses may 
sometimes be necessary, espedally in oedema of renal 
origin; the dose should be increased stepvvise as necessary to 
a m aY im n m  oí 2 0 0  mg daily, although doses should not 
exceed 40 mg daily in patients with hepatic drrhosis.

In the treătment oỉ hypertension torasemide is given in 
initial oral doses oỉ 2.5 to 5 mg daily; u s  licensed product 
inỉormation allovvs the dose to be increased to 1 0  mg daily ií 
requìred, although UK licensed product iníormation 
suggests that doses above 5mg are unlikely to produce 
additional beneht.

Revievvs. 1' 5 A comparative review of the loop diuretics5 
concluded that torasemide might be more eílective and saíer 
than furosemide in the ơeatment of patients with heart 
íailure, although there was little evidence to support one 
loop diuretic over another in other oedematous disease 
States.

1. Bỉose JS, ữ  aL Torsemỉde: a pyridlne-sulíonyiurea loop (ttiuTtỉc Am  
rharmacother 1995; 29: 396-402.

2. Dann CJ, tí  ai. Tonseodde: an update of ÌC5 phannaadogỉcaỉ properties 
and therapeutic efficaqr. Drugs 1995; 49: 121-42.

3. Brater ỉ>c. BeneBts and rìskỉ oí torasemỉde in congcsdvc hcart ỉaãuie 
and essential bypmcnsion. Drug Safety 1996; 14:104-120.

4. Ishido H. Senxald H. Torascmidc for the rreatment of hean íailure. 
Cardừnmc Hematol Dừơrd Dntg Targtís 2008: 8: 127-32.

All cross-refercnccs reíer to entrìcs in Volume A
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5. Wargo KA. Ban ta WM. A comprehenàve rcview oí the loop diarrács: 
shoùíd ỉurosemide be first ỉine? Ann Pharmacother 2009; 43: 1836-47.

Administrarion in children. Oraỉ torasemide was shown' 
to be saíe and effective in a group oi children vvith heart 
íailure, 62 of whom were newly diagnosed and 40 of 
vvhom were switched from hirosemide. The children were 
aged ừom 3 weeks to 17 years and doses ranged from 180 
to 800 micrograms/kg. In those who svvitched therapy, 
1 mg oỉ hirosemide was replaced vvith 2 0 0  micrograms of 
torasemide.

1. Senxaki H, n a i. Efficacy and sadety ot torasemide in chỉldren *rith heart 
taíluK. Á nh Dã ChiU 2008; 93: 768-71.

Adverse Eíkcts and Precautìons
As for Furosemide, p. 1388.3.

Porphyria. The Drug Database for Acute Poiphyria, com- 
piỉed by the Nonvegian Porphyria c  en tre (NAPOS) and 
the Potphyria Centre Syveden, dassihes torasemide as pos- 
ábly porphyrinogenic it should be used only when no 
saíer aỉtemative is available and precautìons should be 
considered in vulnerable patients. 1

1. The Drug Database tor Acute Porphyria. Avaìỉable au http://www. 
dnigs-porphyzia.org (accessed 19/10/11)

ínteractìons
As for Purosemide, p. 1389.3.

Anticoagulants. For a report oỉ an interactíon benveen 
torasemide and warfarin, see Diuretícs under Interactlons 
of Warfarin, p. 1533.3.

Pharmacokinetiẹs
Torasemide is well absorbed írom the gastroimestinal tract. 
Peak serum concentratìons occur within 1 hour of oral 
doses. Torasemide is metabolised by the cytochrome P450 
isoenzyme CYP2C9, which shows genetic polymorphism. 
Metabolism takes place in the liver and inactive metabolites 
are excreted in the urine. The eliminatíon half-life of 
torasemide is about 3.5 hours. Torasemide is extensively 
bound to plasma proteins. In patients vvith heart íailure both 
hepatic and renal dearance are reduced. In patients with 
renal impairment, the renal clearance is reduced but total 
plasma dearance is not signiticantly altered.
References.

1. Knauí H. Mutschỉer E. CUnicaỉ pharmacolãnetỉo and pharmacody- 
namks ữỉ torasemỉde. Qùỉ Pharmaakòut 1998; 34: 1-24.

2. Vormỉelde sv, tí ai. CYP2C9 polymorphisms and the imerindividuaỉ 
variabiliry in pharmacokinctía and pharmacođynamỉcs oí the ỉoop 
dhiTttic drug torsemide. Qin Pharmacol Ther 2004; 76: 557-66.

3. Wemer D. et ai. Detenninants of steady-state torasemỉde pharmacold- 
netics im paa oỉ pharmacogeneóc íaaors. gender and angỉotenstn ũ  
receptor blockets. Qirt Pharmaakừttí 2008; 47: 323-32.

Gender. An open-label study1 in 90 patiems íound that 
the area under the concentration-time curve for torase- 
tnide was signilicantly higher, and oral dearance ágnifi- 
candy lovver, in ỉemales compared vvith males.

ỉ . Wemer u. tí ai. Gender is an important determỉnam oí the dlspoátioa of 
the ỉoop dỉuretíc torasemíde. J ơ in  Pharmacoỉ 2010; 50: 160-8.

Preparatíons
Praprietary PreparaNons (details are given in Volume B)

Single-ingredient Preporalions. Arg.: Torera; Belg.: Torrem; 
Chĩnar. Ũ Quan u  zhi (Bẳl); Te Su Min (# £ « ) ;  Te
Su Ni (4f Tuosai (lEH); Unat Yi Mai Ge (fíìătS-);
Ze Tong (ííii); Cz.: Diuvert; Cer.: Toracardt; Toragammat; 
Torasidt; Torem; Unat; Gr.\ Unat; Hong Kong. Unat; Indùr. 
Dematon Diuraton Oyamide; Dyton Dytro-Kem; Edeto; ỉtaL: 
Diuremid; Diuresix; Toradiun Jpn: Luprac Poỉ.: Diured; Oiu- 
ven Trifas; Rus.: Diuver UlHyaep); Trigrũn (TpHrpHM); S.Afr.: 
ToraHexal; Unatf; spain: Dilutob Filantort; Isodiun Sutril; 
Tadegant; SwetL: Torem; Switz.: Toramidet; Torasem; Torasist: 
Torem; Thai.: Unatf; UK: Torera; Ukr.: Britomar (Epnronap); 
Diuver UlHyBep); Torixal (TopHxcan); Torsid (TopcHA); Triías 
(TpHỘac); Trígrim (TpHrpHM); USA: Demadex.

Mubi-ingredient Preporotioni. ĩnditc Dyamide Plus; Dytor Plus.

Phormocopoeio) Preponrtions
USP 36: Torsemide Tablets.

T o r c e t r a p ib  IUSAN, riNNỊ

Ợ-5294-ị4ÌTorcétrapb;TotìSápÌBuráF.foỂỵẹrpanM6. 
ậthyl (2/?,4SH-{[33-bis(trifluororTiethyDberizỵlÌ(methoxycar- 
bònyl)arriinoỊ-2-ethýÍHS-(ừifluoro"rriethỳl)-3<4-(ỉih'ydroquino- 
linẽ-1 QH)-arboxylate. ' * ' V  — ’ ;  ‘ ' ’
C26H25F9N2ơ4=6005 ’ \  '- Í ' v1 '■
ũ s :4:?62352-ì '7-o: ••••’ , r  - ■■ ..'--V : '4 r -  *'■ ■- "
.LỊNH ̂ ;4N4457MV2Ú.

ProỊịle
Torcetrapib is a cholesteryl ester transíerprotein inhibitor. It 
inaeases plasma concentradons of high-density lỉpoprotein 
(HDL)-cholesterol and has been investỉgated in the 
management oi lipid disorders. Development was stopped 
after the finding oỉ increased mortalỉty assodated with 
torcetrapib in randomised, conơolled studies.
Reíerences.

ỉ . Funder JW. The oỉĩ-target eflects oi  torcetrapib. SndocrinoloỊy 2009; 150: 
2024-6.

T r a n d o l a p r i l  íBAN . riN N i 

RU-44570; Trandolapriili; Trándolaprilum; .Trandolapryl; 
>TpaHflonanpnn. -
Ệthyị (2S3a/?.7a5)-1 -((S)-W-[(SM<arboxy-3-phenylpropy0ala- 
nỷl}hexahydro-2-indolinecarboxylate; (2S^a/?,7aSH-{Wr[(S)- 
I.Ẽứioxycarbonyl-3-phenylpropyO-L-alanyOperhydroindole- 
2-carboxylic aãd.
C24Hj ,N2O5= 4 3 0 5  
CAS — 87679-37-6.
ATC— C09M10.
ÀTC Vet —  ŨC09M10.
um — 1T0N3G9OC . ; ' ■ ■ ■ ‘ ‘ , .r ̂

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8 : (Trandolapril). A vvhite or almost white powder. 
Practically insoluble in vvater; sparingly soluble in 
dehydrated alcohol; ửeely soluble in dichloromethane. 
Protea from lighL
USP 36: (Trandolapril). A white ot almost whitc powder. 
Practically insoluble in water; sparingly soluble in absolute 
alcohol; ừeely soluble in dichloromethane. Store in airtight 
containen. Protect ỉrom light.

Uses and Administration
Trandolapril is an ACE inhibitor (p. 1282.2). It is used ũn the 
treatment ot hypertension (p. 1251.1) and in left ventricular 
dyshinction ỉollovving myocardial iníarction (p. 1257.1).

Trandolapriỉ owes its activity to trandolaprilat to vvhich it 
ỉs convened after oral doses. The haemodynamic eSects are 
seen about 1 hour aíter an oral dose and the maximnm 
eãea  OCCUIS aíter 8 to 12 houis. The haemodynanũc action 
lasts for at least 24 hoụrs, allotving once-daily dosing.

In the ưeatment of hypertension the initial oral dose is 
500 micrograms once daily. Since there may be a predpitous 
fall ỉn blood pressure in some paúents when startữig therapy 
vvith an ACE inhibitor, the Qrst dose shouid preỉerably be 
given at bedtime. In pacients already taking a diuretic. the 
diuretic should be stopped, if possible, 2 to 3 days beíore 
starting ơandolapril and resumed later if necessary. ỉn 
patientỉ with co-existing heart ỉailure ơeatment with 
trandolapril should begìn under dose medical supervision. 
The usual maintenance dose for hypertension is 1 to 2 mg 
once daily. although up to 4mg daily may be given. as a 
single dose or in 2  divided doses.

In myocardial iníarction, treatment with trandolapril 
may be started 3 days after the iníarctioR in an inỉtial dose of 
500 micrograms once daily, gradually increased to a 
maximum of 4mg once daily.

A reduction in dosage may be necessary in patíents with 
renal impairment (see below).
Reíerences.

1. Zannad F. Trandolapriỉ: How does it differ ừom other angỉotensỉn 
convenỉng enzyme ínhỉbỉton? Drvgs 1993; 46 (suppỉ 2): 172-82.

2. VViseman LR, MCTavish D- Trandolapríỉ: a revlcvr of its pharmacody- 
namic and pharmacokỉnetỉc propcrtỉes. and therapeutỉc use in essentỉai 
hypertension. Dntỹs 1994; 48: 71-90.

3. Kebcr L. er al. A dinical trial of the anglotensin*a>oveĩtiQg’enzyme 
inhibitor trandỡlapríĩ in patíents with left ventrỉcuỉar dyshinctỉcm after 
myocardial inỉarctỉon. N Engl J  Med 1995; 333: 1670-6.

4. Peiers DC. tí ai. TrandolaprU; an updare oí ỉts pharmacoỉogỴ and 
therapeutỉc use in cardỉovascular disorders. Drup 1998; 56: 871-93.

$. Dỉaz A. Ducharme A. update on the use of txandoỉapKil ỉn the 
management of cardiovascuỉar dỉsorders. Vasc Htttỉứỉ Rừk Manag 2008; 4: 
1147-58.

6. Ruggenenti p. tí ai. Effea oỉ trandoỉapnl on regresdon oí cettnopathy in 
hypertensỉve patỉents with type 2 diabetes: a prespedãed anaỉysiỉ oí the 
Bencdỉct txỉaL J Ophthalmoi 2010; 2010: 106384.

Adminisiration in renal impairment. The initial dose of 
trandolapril in patients with renal impaiiment should not 
exceed 500 micrograms daily. UK licensed product inỉor- 
mation States that the maxứnum maintenance dóse should 
be 2  mg daily in patients with a creatinine dearance oỉ less 
than lOmL/minute.

Adverse Effeờs, Treahnent, and Precautìons
As fot ACE inhibitors, p. 1285.2.

Porphyrki. The Drug Datạbase for Acute Porphyria, com- 
piỉed by the Nonvegian Porphyria Centre (NAPOS) and 
the Potphyria Cenưe Svveden, classiBes trandolapril as

probably not porphyrinogenic it may be used as a drug oi 
fim  choice and no precautìons are needed. 1

1. The Drag Database for Acute Porphyrla. Available ac http://www. 
drugs-porphyria.org (accessed 11/10/11)

Interadions
As for ACE inỉúbitors, p. 1288.2.

Pharmacokinetics
Trandolapril acts as a prodrug of the diatid trandolaprilat, its 
actíve metabolite. Aíter oral doses oi trandolapriỉ the 
bioavailability of trandolaprilat is 40 to 60%. Trandolapril is 
metabolised in the lỉver to trandolaprìlat and to some 
inactive metabolites. Peak plasma. concentratíons of 
trandolaprilat occur 4 to 6 hours after an oraỉ dose oỉ 
trandolapriL Trandolaprilat iỉ more than 80% bo and to 
plasma proteins. About 33% ot an oral dose oi trandolapril is 
excreted in the urine, mainly as trandolaprilat; the rest is 
excreted in the íaeces. The eííective haU-níe for 
accumulatíon of trandolaprilat is 16 to 24 hours aỉter 
multiple doses oỉ trandolapriỉ.

Impaired renal hinction decreases the excretion of 
trandolaprilat. Trandolaprilat is removed by haemodialysis.
Reíerences.

1. Bevan 80. tí ai. Effea of renal hmctìon on the phamucoidnetỉcs and 
phannacodynamics oỉ trandoỉaprìl. BrJQ in Pham aal 1993; 35; 128-35.

Preparations
Proprietary Prepqmlions (details are given in Volume B)

Single-ingredient Preparotions. AustraL: DolaprìL- Gopten; 
Odrik: Tranaỉpha: Braz.: Gopten; caruuL: MavQc: Cz.: Fezzor; 
Gopten; Tanapt: Denm.: Fezzor Odrik; Prilotrand; Pr.: Odrik; 
Ger.: udrik; Gr.: Aỉenil; Daman; Odrik; Hung.: Gopten; Indon.: 
Gopten; IrL: Gopten; Odrik; ItaL: Gopten; Jpn: Odric Preran; 
Neth.: Gopten; Norw.: Gopten; NZ: Gopten; Odrikt; PoL: Gop- 
ten: Tensotrand: TrandoGen; Port: Gopten; odrik, Rus.: Gop- 
ten (Toinea); SAfr.: Mavữ; Spaitt: Gopten; Odrikt; Switz.: 
Gopten; Turk.: Gopten; UK: Gopten; USA: Mavlk.

Muht-ingredienl Prepgroliotis. AustraL: Tarka; OmtuL: Tarka; 
Cz.: Tarka; Denm.: Tarka; Fr.: Tarka; Ger.: Taika; Gr.: Tarka; 
Zjaxeb Hong Kong: Tarka; Hung.: Tarka; índcm .: Tarka; ItaL: 
Tarka; Mcx.; Tarka; Neth.: Tarka; Ziaxel; NZ: Ziaxelt; Phũipp.: 
Tarka; PoL: Tarka; Port: Tarka; Ziaxel; Sus.: Tarka (Tapxa); 5. 
Afr.: Tartca; spaàc Tarka; Tricent; Stved.: Tarkat: Switz.: 
Tarka; Turk.: Tarka; UK: Tarka; ukr.: Tarlca (Tapira); USA: 
Tarka; Venez.: Tarica.

PhcuìiiucopoeKil Preparabons
BP 2014: Trandolapril Capsules;
ƯSP 36: Trandolapril Tablets.

Trapidil IBAN, rlNNỊ
ARrl 2008; Tarpìdil; Trapidiili; Trapidilis; T-rapidilum; TpannflWi.
7-Oiethylamino-5-iífẽè)ỵi:i:12,4-tnazóló[lí-ữ]pyrinni(dine.
'c /oHịsNs= 2 ơ5 3 , ,  ' :.;V  . ■
'CAS'— JS421.-ạ4-8.': '
ATC — CữìDXU. X
AKVet.— ỌCũlDXỊì. '
UNÍt EYG5Ỵ6355Ệ.

Pharmacopoeias. In Eur. (see p. vii) and Jpn.
Ph. Eur. 8 : (TTapidil). A vvhite or almost white crystalline 
powder. Preely soluble in vvater; soluble in dehydrated 
alcohol and in dichloromethane. Protea írom lỉghL

ProẠVẹ
Trapidil is a vasodilator and an inhibitor oỉ platelet 
aggregation. It is also an antagonist oi platelet-derived 
grovvth íactor. It is used orally in the management of 
ischaemic heart disease (p. 1254.2) in doses of 400 to 600 mg 
daily, in divided doses; doses of up to 600 mg daily may be 
used to prevent restenosis aíter angioplasty (but seẽ belõtv). 
Trapidil-eluting stents have also been developcd. 

Reỉerences to and-platelet activity.
1. Yasue H. tí  ai. BBects oỉ aspirỉn and trapỉdỉl OQ cardỉovascuỉar events 

aíter acute myocarđỉaỉ ỉníarctíoa: Japartese Antípỉateỉets Myocardỉaỉ 
ỉnỉarctíon Study (JAMIS) ỈĐvestigaton. Am J  Cardiol 1999; 83:1308-13.

Reỉerences to pharmacokinetics.
I. Harder s. tí aL Pharmacoỉdnetics of trapỉdU. an antagonỉst oi plateỉet 

derived growth ỉactor. ỉn heaỉtby subjẽcts and ỉn pãtỉents wỉth ỉỉver 
điThosis. B rJ Oin Pharmacoi 1996; 42: 443-9.

Angioplasty and ỉtenting. Although angiographic stu- 
dies1' 5 have found that trapidil reduces the rate of resteno- 
sis aíter balloon angioplasty (see Repeiỉusion and Revas- 
cularisatíon Procedures, p. 1259.2). no effect on dinical 
outcomes3 has been shown. Studies investigating the use 
of trapldil after coronary stenting3-4 have shown no beneht 
in terms oi restenosis or dinical events, and it was con- 
duded that trapidil is not indicated for this purpose. Trapi- 
dil-elunng stents have bcen developed. VTÍth some sugges-

The Symbol t  denotes a preparadon no longer actively marketed The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)
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don oỉ benefit in preventing restenoás,5 although robust 
evidence is scanty and studies are ongoing.5-6

1. Okamoto s, tí ữl. Eữects oí trspỉdũ (trỉazolopyriraỉđÌne), a platelet- 
derived gromh ỉacror amagonỉst ỉn prcventíng restenosỉs after 
percutaneous oansỉumỉnai coronary angiopỉasty. Am Htart J  1992; 
123: 1439-44.

2. Maresta K tía l. Trapidỉỉ (triazolopyrimidine), a platelet-derỉved gromh 
ỉactor antagonỉst rẽduces restenosis after percutaneouỉ ưanslumỉnal 
coronary angỉopUsty: resuỉts of the nndomhed, dờuble-blind STARC 
study. araiUứiôn 1994; 90:2710-15.

3. Maresta K  tí al. Surc n  a muhỉcenter randomỉzed pUcebo-controIled 
double-blỉnd dỉnỉcal trỉaỉ of trapidỉl for 1-year dinical events and 
angỉographỉc restenosis reductỉos after coronary angỉoplasty and 
stenting. Cathtíer Cardiovax Interv 2005; 64; 375-82.

4. Serruys PW. tí ai. The TRAPIST smđy: a muỉtỉcentre randomỉzed pỉacebo 
controHed đỉnical triaỉ oí trapỉdỉl ỉor preventỉon oi restenosỉs aher 
coronary stentỉng, measured by 3-D intravascuỉar uỉtrasound. EurHeart 
J  2001; 22; 1938-47.

5. Khan M, tí ai. ỉntrepide; Tnpidỉỉ eluthìg stent. Eurolmerventừm 2008; 4: 
405-11.

6. Uccarỉno D, tí al. Ratỉonaỉe and stuđy desỉgn oỉ the OỈSTER trỉak Optícaỉ 
coherence tomography evaỉuatỉon of ỉtent struts re-endotheiỉ&Uzatỉon 
in patíents with non-ST-eỉevation acute eoronary syndromes—a 
comparỉson ỡf the ỉnưEpide tRapỉdỉỉ eluting $tent vs. taxus drug- 
eỉutíngstent implantatỉon. J CữTdiơYasc Med (Hagerstơwn) 2010; 11: 536- 
43.

Preparations
Proprietary Preparotions (details are given in Volume B)

Single ingredient PreporoHons. Braz.: Travisco; Ger.: Rocomal; 
/toi: Travisco; Jpn: Rocomal.

T rep ro stin il IUSAN, riNNỊ
15ÁU81; BW-15AU; BW-15AU81; LRX-Í5; Tréprostinil; 
Treprostinilo; Treprostinilum;: Treprostinol; U-62840; UT-15; 
TpenpoCTviHMn.
({(Tfl,2/?3a5,9a5)-23.3a,4,9,9a-Hexahydro-2-Hydroxy-H(35)-3- 
hydroxỵocty!]-1H-benzMinden-5-ỵl}oxy)acetic add. 
03^05=3905 :
CAS — 81846-19-7.
ATC — B01AC21. [
ATC Vet — QB01AC21.
um — RUM6K67ẺSG. ;

Treprostinil Sodium iriNNMi
Natrii Treprbstinilum; Tréprostinil Sodique; Treprostinilo 
sódico; HaTpnií TpenpocTMHMn.
Ca H33Na05=412Ì .
CAS — 289480-64-4.
ATC — B01AC21.
ATC Vet — QB01AC2Ỉ.
UNII — 7JZ7SN2NT6. ........ .

Uses and Administration
TrcprostiniL a vasodilator and platelet aggregatíon inhibitor, 
is an analogue oỉ the prostaglandin epoprostenol (prosta- 
cydin; p. 1374.3) and is given in ửie treatment of 
pulmonary hypenension (p. 1278.2). Treprostinil sodium is 
given by continuous subcutaneous m ỷusion; ư this route 
cannot be toỉerated, ưeprostinỉl sodlum may be glven by 
contỉnuous iníusion through a Central venous catheter. 
Doses are caỉculated ỉn tenns of ưeprostỉnil: treprostinil 
sodỉum 1.32nanograms is equivalent to about 1.25 nan- 
ograms oỉ treprostỉniL The iníusion is started with a dose 
equivalent to treprostinU 1.25 nanograms/kg per mỉnute; if 
thls ỉs not tolerated the dose shoulđ be haỉved. The infusion 
rate can be ỉncreased accordùig to patient response, by 
increments oỉ up to 1.25 nanograms/kg per mlnute each 
weekfor the first 4 weeks, ỉollowed by increases of up to 
2.5 nanograms/kg per minute each week. There is limited 
expeiience wỉth đoses above 40 nanograms/kg per mỉnute.

Treprostínlỉ may aỉso be given by ừ ih a la tio n  ỉn an initial 
dose oỉ 18 micrograms inhaled 4 times daily, reduced tò 6 or 
12 mỉcrograms inhaled 4 times daỉly ư the hỉgher dose is not 
toierated. Dosage shouỉd then be increased in increments of 
18mỉcrograms every ỉ to 2  weeks as tolerated, to a 
maxrnium maỉntenance dose of 54 mlcrograins ỉnhaỉed 4 
times daily.

The dose oỉ treprostiniỉ should be reduced in hepatic 
impaứment see below.

Intravenous ưeprostinil has been ỉnvestỉgated ỉor 
intermittent dauđỉcation.
Reíerences.

ỉ. MoQer ER. tí ai. Trial of i  Dovel prostacydỉn anaỉog. UT-15. in patỉents 
with severe ỉmennỉnem đaudicatkra. Vasc Meắ 2000; 5:231-7.

2. Sỉmonneau G, tí al. Conúnuous subcutaneouỉ ỉnhision oỉ treprostiniL a 
prostacydỉn anaỉữgue. ỉn patỉents with pulmonary artehaỉ hyper- 
tensỉoiL a doable-bitnd. randomized pỉacebo-coatroũed tiiaL Am J  Respir 
Crit Can Mtd 2002; 165: 800-804.

3. Vachiéry J-L tí ai. Tnnsỉtionỉng from IV epoprostenoỉ to subcutaneouỉ 
treprostỉnỉl in pulmonaiy anerỉtỉ bypertension. Chai 2002; 121:1561-
5.

4. Oudỉz RJ. tí ai. Treprostỉnỉl a prostacydin anaỉogue. ĩn pubnonary
arterial hypertensicm assodated with connectíve óssue dỉsease. Chat 
2004; 126: 420-7. I

5. Gomberg-Maitỉand M. tí ái. EIDcacy ând saíety of siỉdenaSl added ỈO 
treprostínH ỉn puỉmonary hypenension. Am J Cardioỉ 2005; 96:1334-6.

6. Pemandez B, Sưootman D. ih e  prottacydin analog, treprostinil sodhim. 
provỉdes symptom reỉỉel in sevôe Buerger^s (Bsease—a case report and 
revỉew oỉ ỉiteratme. Angioỉogy 2006; 57: 99-102.

7. Vonvỉnckeỉ R. tí aL ĩnhaled treprottlnil for treatment cf chronic 
pulmonary arterial hypertenslon. Ả m  ĨHíem Meắ 2006; 144:149-50.

8. Chan nỉ ck RN, tí ai. Saíety and efficacy of ừỉhaỉed ưeprosdnil as add-OQ 
thenpy to boseman in pulmonary arteriaỉ hypertensỉon. J  Am CaU 
Cardiol 2006; 4& 1433-7.

9. Vofwỉndceỉ R. ữ  aL Pavorabỉe effeco of inhaled treprostỉnn ỉn severe 
puỉmonary hypenensỉon: results from ĩanđomhed controỉỉed pỉỉot 
studies. J Am á ữ  Cart&ol 2006; 48: 1672-81.

10. Skoro-Sạịer N. Lang L Tỉeprostỉnỉl for the treaanesỉ o( puhnonaiy 
hypertensỉon. Expert opin Pharmaeotker 2008; 9: 1415-20.

1 ỉ . Voswỉndceỉ R, tí al. Metered dose inhaler deUvery oí treprosúnỉỉ for the 
treaanent of puỉmonary hypertensỉon. Puỉm Pharmaeoỉ Ther 2009; 22: 
50-6.

12. Hireniath J, tí ai. TRUST Study Group. Exerdse improvemem and 
pỉasma btomarker changes with ỉntravénous treprostinỉỉ therapy ỉor 
pulmonary arterỉaỉ hypertension: a pỉacebo-controĐed triaL J Heart Lung 
Tnmsplant 2010; 29: 137-49.

13. McLaughlỉn w .  tí  ai. Addỉtỉon ci ỉnhaỉed treprostỉnỉl to oraỉ therapy ÍOT 
puỉmonary arterỉaỉ hypertension: a randomỉzed comroỉled dỉnicaỉ trỉaỉ. 
ỉ  Am Cứữ Ctrdioi 2010; 55: 1915-22.

Administrotioỉi. A study' in 23 patients with pulmonary 
hypcrtension who were tteated with subcutaneous infu- 
sion oỉ treprostinil ỉound that a rapid dose-escalation regi- 
men (weekly or twice-weekly increments of 2.5nano- 
grams/kg per minute) lowered iníusion-site pain and 
improved 1 2-week exerdse outcomes vvithout increasing 
adverse events when compared with a slovver dose-escala- 
tìon regimen (weekly inaremems of 1.25 to 2nano- 
grams/kg per minute).

1. Skoro-Sajer N. a  al. A d irúal comparison of slow- and rapid-cscalation 
treprostini] dosing rcgĩmcns in paticnts with pulmonary hypenenáon. 
ũin Pharmữcokmit 2008; 47; 61Ỉ-Ỉ8.

Administrotíon in hepatic impainnent. Clearance oỉ ưe- 
prostinil is reduced in patients with hepatíc impairmcnL 
Licensed product infoimation recommendỉ that the initial 
dose of the inỷusion should be 0.625 nanograms/kg per 
minute, and should be increased cautiously, in mild to 
moderate impairment. No licensed dosage recommenda- 
tions are given for severe hepatic impairment. However, 
intravenous treprostmil inỉusion was reported' to be safe 
and eữectìve in 3 patientỉ with end-stage liver disease, 
induding 1 patíent who was given 106nanograms/kg per 
minute for 2  years.

Caution is also advocated when titratừig upwards from 
the initial dose oỉ inhaltd treprostinil in patients vvith mild to 
moderate hepatic impairment.

1. Sakai T, tí ai. Initiaỉ experỉence usỉng contỉnuous intravenous 
treprostinil to maxuge puỉmonary arteríaỉ hypcrtension in patỉents 
with end-suge lỉver dúease. Transpi Irtt 2009; 22: 554-61.

Peripheral voscular disease. Prostaglandins have been 
used ỉor their vasodilating eíỉect in the ưeatment of per- 
ipheral vascular disorders (p. 1272.3), although their role 
remains undear. They may be of beneht in severe Ray- 
naud's syndrome (see Vasospastic Anerìaỉ Disorders, 
p. 1275.3) that is complicated by ulceratìon, and subcuta- 
neous ơeprostinil was used1 successhiUy to ưeat severe 
re&actory digital necrosis in a patìent with Raynaud's dis- 
ease and sderodeima.

1. Engeỉ G, Rockson SG. Treprostỉnỉỉ íor the ưeatment of severe dỉgỉtal 
necroãs ỉn systemic sderosU. Vax Mai 2005; 10*. 29-32.

Adverse Effects and Precautions
As íor Epoprostenol, p. 1375.3; inlusion-áte reactions are 
common. Inhaled ơeprostínil has been assodated with signs 
oỉ local irritation induding haemoptysis (ỉatal in one case), 
and pneumonia. Treprostinil should be used with caunon in 
hepatic impaứment.

Interadions
Since ưeprostinil is a vasodilator and inhibỉtor oỉ platelet 
aggregation, care should be taken in patients receiving other 
vasodilators or anticoagulants.

Pharmacokinetics
Treprostinil sodium is rapidly and completely absorbed aỉter 
subcutaneous injectíon. It is metabolised by the liver and 
eliminated with a tenninal halỉ-liíe oỉ about 4 hours. About 
80% oí a dose is excreted in the uiìne, mainly as. 
metabolites. The systemic absolute bioavailability oỉ inhaled 
ưeprostìnil is about 64% after an 18 microgram dose and 
about 72% aỉter a 36microgram dose.
Reíerences.

1. Wade M, tí ai. Absoỉute bỉoavaiỉabíỉỉty and phaimacoitínetỉcs of 
treprostinil sodlum adminỉstered by acute subcutaneous inhiỉíoo. J Cỉin 
Pharmaai 2004; 44: 83-8.

2. Wade M.tí ai. Pharmacokínetícs oỉ treprostínỉl sodỉum admỉnístered by 
28-day chrooic continuous subcutaneous iníuáoĐ. J ơ in  Phamaeoi 
2004; 44: 503-9.

3. Laỉỉbene K  tí ai. Pharmacokỉnetícs and steady-nate bỉoequỉvalence of 
treprostìnỉỉ sodỉum (Remoduỉin) ađmỉnỉstered by the ỉntravenous and 
robcutaneous route to normal vohinteers. J Cardiơvasc Phamuưoi 2004; 
4 4  209-14.

4. McSwaỉn cs, tí al. Dose proportỉonaỉỉty oi treprostínỉl sodỉum 
admỉnỉstered by comỉnuous sũbcutaneous and ỉntravenous ỉníusỉon. J 
Oin Pharmacol 2008; 48: 19-25.

Preparotions
Propriatary Preparotionỉ (detailỉ are given in Voiume B)

Sngle-ìngradiant Preporotions. Arg.: Remodulin; AustraL: 
Remodulin; Austrủr. Remodulin; Belg.: Remodulin; Canad.: 
Remodulin; Chũei Remodulin; Cz.: Remodulin; Denm.: Remo- 
dulin; Pin.-. Remodulin; Fr.: Remodulin; Ger.: Remodulin; Gr.: 
Remodulin; Israel: Remodulin; Tyvaso; ItaL: Remodulin; Neth.: 
Remodulin; Norw.: Remodulin; PorL: Remodulin; Swed.: 
Remodulin; Switz.: Remodulin; USA: Remodulin; Tyvaso.

T r i a m t e r e n e  IBAN, USAN, riNNỊ ®
NSC-77625; SKF-8542; Triámtereeni; Triamteren; Triamterén; 
Triamterenas; Triamtérène; Triamtereno; Triamterenum; 
Triantéreno; TpnaMTepeH.
6-Phenylpteridine-2,4,7-triamine; 2,4,7-Triamino-6-phenylp- 
teridine.
C,2H„N7=2533 
CAS — 396-01-0.
ATC —  C03D802.
ẠTC Vet —  QC03D802.
UNII— WS821Z52LQ.

NOTE. Compounded preparations of triamterene may be 
represented by the following names:
• Co-triamteráde (BAN)—triamterene 2 pans and hydro- 

chlorothiaáde 1 part (w/w)
• Co-triamteráde (PEN)—triamterene and hydrochloro- 

thiadde.
Pharmacopoeias. In Chín., Eur. (see p. vii), Jpn, and us. 
Ph. Eur. 8 : (Triamterene). A yellow, crystalline powder. 
Very slightly soluble in water and in alcohol. Protea from 
light.
USP 36: (Triamterene). A yellow, odourless, crystalline 
povvder. Practically insoluble in water, in chloroỉorm, in 
ether, in benzene, and út dilute alkali hydroxides; very 
slightly soluble in alcohol, in acetic add, and in dilute 
mineral adds; soiuble 1 in 30 of íormic add and 1 in 85 of 2- 
methoxyethanol. Store in airtight containers. Protect from 
light.

Uses and Administration
Tíiamterene is a weak diuretic with potassium-sparing 
properties which has actions and uses sứnilar to those oỉ 
amiloride (p. 1299.1). It produces a diuresis in about 2 to 4 
hours, vvith a duration of 7 to 9 hours. The full therapeutic 
eỉfect may be delayed until after several days of ữeatment.

Triamterene adds to the natriuietic but diminishes the 
kaliuretic eíỉects of other diurencs. It is mainly used, as an 
ađjunct to thiazide diuretics ru ch as hydrochlorothiaáde 
and loop diuretics such as furosemide, to conserve 
potassium in those at risk bom hypokalaemia during the 
treatment of reữactory oedema assodated with hepatic 
drrhosis, heart íailure (p. 1262.3), and the nephrotic 
syndrome. It is also used with other diuretics in the
treatment of hypertension (p. 1251.1).

When triamterene is given alone in the ữeatment oỉ 
oedema, the oraỉ dosage range is 150 to 250 mg daỉly, given 
in 2 divided doses, aíter breakíast and lunch. Doses may be 
given on altemate days ỉor maintenance therapy. More 
than 300 mg daily should not be given.

Smaller doses are used initiaUy when other diuretics are 
also given. When used with hydrochlorothiaáde, for 
example, in the treatment of hypertension. an initỉal dose 
oỉ 50 mg of triamterene daily may be used.

Potassium supplements should not be given.

Advẹrse
As for Amiloride Hydrochloride, p. 1299.2. Triamterene has 
also been reported to cause photosensiDvity reactìons, 
increases in urìc add concenưatìons, and blood dyscrasias. 
Renal calculi may occur in susceptible patients, and 
megaloblastic anaemia has been reported in patients with 
depleted ỉolic add Stores such as those with hepatic 
drrhosỉs. Reversible renal {ailure, due either to acute 
interstitial nephritis or to an interactíon with NSAIDs (see 
under Interactions, p. 1519.2) has occurred.

inddence o f adverse effects. In a postmarketing surveil- 
lance study oí 70898 patients1 taking triamterene with 
hydrochlorothiazide the most common adverse eãects 
were ỉatigue, dữáness, and nausea. Adverse eỉỉects neces- 
sitated withdrawal in 8 .1 % oỉ patients. A subgroup analy- 
sis oỉ 21731 patients2 indicated that hyperkalaemia was

AU cross-reíerences reíer to entries in Volume A
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more conunon in elderly patíents and in those with dia- 
betes meũims.

1. HoQenberg NK, Micldewtcz c w . Posonarketing surveUUnce in 70.898 
patỉencs treated vvith a triamterene/hyđroch lorothiaririe combinatìon 
(Mmaide). Am J Cardioỉ 1989; 63: 37B-4ỈB.

2. Hoilenberg NK, Mickiewicz cw . Hypericaỉemỉa in diabetes meUitus: 
effect oi a ưiamterene*hydrochlorothiizide combinadon. Ardt ỉntent 
iểed 1989; 169: 1327-30.

Effects on the blood. There have been case reports of pan- 
cytopenia assoóatcd with triamterene therapy. 1,2 Some 
padents had hepatíc drrhosis and the andỉolate actìvity of 
triamterene was considered responáble.2

1. Cascelỉano G. rí ai. Pandtopenỉa aguda y megaloblastosỉs meduỉar 
du ran te eỉ tratemiento con aíimterene de ỉa asdtís causada por drroâs 
hepádca: aportadón de dos casos. Gứstroenterol Hqmtol 1983; 6ỉ 540-4.

2. Remacha A, rf aL Triamierene-inđuced megaỉobiastosis: report oỉ rwo 
new cases, and review oỉ the Uteracure. Biol Cỉừi Oematoi 1983; 5:127- 
34.

Effeds on the Iddneys. There have been reports1-4 of renal 
calculi containing niamterene or its metabolites, generally 
in patients also taking hydrochlorothiaáde. An abnormal 
urinary sediment, which was thought to represent predpi- 
tated triamterene, was described.5 These observations 
were expanded in a crossover study:4 abnonnal urinary 
sediment was seen in 14 of 26 patỉents takứig ữiatnterene 
but in nonc taking amiloride. Triamterene and its metab- 
olites were identiEed by otheis in 181 of 50 000 renal cal- 
culi.7 Triamterene either formed the nucleus of the stone 
or was deposited with caldum oxalate or uric add. One- 
thứd of the 181 stones were entirely or mainly composed 
of niamterene and its metabolites and it vvas suggested 
that supersaturatíon of the urine with these substances 
could provide suitable nuclei tor the crystallisation of cal- 
dum oxalate.5 However, other vvorkers were unable to 
confirm this and sỊỊggested that triamterene and its metab- 
olites could become incorporated into the protein matrix 
oỉ existing stones.9 In addióon. an epidemiological study10 
ỉound no evidence that triamterene use vvas assodated 
with an increased inddence oí renal stones. Some 
authors11 have thereíore considered that there was not 
enough evidence to contra-indicate the drug in patients 
with a history oí recurrent renai calculi.

Deposition of triamterene in the urine may also play a 
part in the development of interstitial nephritis, vvhich was 
diagnosed in 4 patients also taking hydrochlorothiaáde, 
over a period of 4 years.4

Triamterene has also been assodated vvith transient 
dedine in renal hmctìon and the development of renal 
tailure. 12,13 Several mechanisms may be responsible 
induding interstitial nephiitú. inữarenal obstruction by 
aystalline deposits. and an interaction with NSAIDs (see 
under Interactions, below) . 13 Elderly patients may be 
particuỉariy at risk. 12

1. Ettinger 8. et aì. Trũ m terene-ìnduced nephrollthiasis. Arm btíem Med 
1979;91:745-6.

2. Socokm EL. Triamierene-induced nephrolithlasis. Atm ỉntemMcd 1980; 
92: 437.

3. Gault MH. tí al. Triamterenc urolithiasỉs. Can Med Assoc J 1981; 124: 
1556-7.

4. Gmnberg RW. Silberg SJ. Triamterene-induced nephrolithỉasỉs. JAMA 
1981; 245: 2494-5.

5. Pairley KF, tí ai. Abnormal urinary sediment in patietus on triamterene. 
Umat 1983; I: 421-2.

6. Spence iD, tí ai. Eữects of triamterene and amilorìde on urinary 
sedỉment in hypertenâve patients takiĐg hydrochlorothuÉde. Lanaí 
1985; li: 73-5.

7. Enỉnger B, tí  aỉ. Triamterene nephroiỉthíasis. JAMA 1980; 244:2443-5.
8. White DJ. Nancollas GH. Triamterene and renai stone (ormadon. J Uroi 

(Baitimorrị 1982; 127: 593-7.
9. VVemess PG. tí ai. Triamterene urolỉthiasis: solubiUty, pK. effea on 

erystaỉ íormation. and matrìx bỉnding oi triamterene and it$ mecabolites. 
J U b Oin Meề 1982; 99: 254-62.

10. Jick H. tí at. Triamterene and ĩcnal sioncs. J Urol ffl«i/tímorr) 1932; Ỉ27: 
224-5.

11. VVooỉíson RG. Mansell MA. Ooes ỉriaimerene cause renal calculỉ? BMJ 
1991: 303; 1217-18.

12. Lynn KL.t í  ai. Renal íailure vvith poiassium-sparing diuretics. N z  Med J 
1985; 98: 629-33.

13. Sica DA. Gehr TWB. Tríarmerene and the kỉdney. Nephron 1989; 51: 
454-61.

Effects on the skin. Photodermatitis has been reponed in a 
padent taking triamterene.1 Pseudoporphyria, possibly 
assodated with exposure to sunlỉght, occurred in a padent 
with vitiligo during treatment with triamterene and 
hydrochlorothiaãde.2

1. Femández de Cones L a  ttl. Photodermatids (rom triamterene. Cmaaa 
Dtrmatitis 1987; 17:114-15.

2. Motley RJ. Pseudoporphyria due to Dy.áde in a patíent with viilliga 
BMJ 1990; 300: 14«8.

Precautions
As for Amiloride Hydrochloride, p. 1299.3. Triamterene 
should also be given with caution to patients • with 
hyperuricaemia or gout, or a history of renal calcuỊi. 
Padents with depleted íolic add Stores such as those with 
hepatic drrhosis may be at increased risk of megaloblastic 
anaemia.

Triamterene may interíere with the tluorescent 
measurement of quinidine. It may slightly colour the 
urine blue.

Interactions
As for Amiloride Hydrochloride, p. 1299.3.

Digoxin. For a report o i the eữect of triamterene on 
digoxin concentrations, see p. 1357.2.

Dopaminergics. For a report oỉ increased amantadinc toxi- 
dty assodated with hydrochlorothiaãde and triamterene, 
seé p. 892.2.

NSAlDs. There have be en several reports oí renal íailure 
in patients taking triamterene and NSAIDs. 1,2 Both types 
oí drug are nephrotoxic and in combinatíon the eãect 
appears to be additive.3' , It has been suggested that the 
suppression of urinary prostaglandins by NSAEDs could 
potentiate the nephrotoxic eữects of triamterene.1

NSAIDs may also antagonise the diuretic action o i 
triamterene.*

1. Favre L  tí ai. Rcversỉble acute renaỉ íaỉlure hom combtned oiamterene 
and indomethadn: a smdy in healthy subjeca. A m  bưrm Mtd 1982; 96: 
317-20.

2. Hlrkỏncn M. Ekbtom-Kuũberg s. Reversỉble deteriocatỉon of renal 
hinctíon aỉter đỉdoíenac in patỉem receỉving oỉamterene. BMJ 1986; 
293: 698-9.

3. Bailey RR. Adverse renal reactìons to non-steroỉdal antí-inỉUmRiatory 
drugs and potassium-sparỉng dỉuretics. Advene Dntg Riact SuU 1988; 
(Aug.): 492-5.

4. Lynn KL. tía i. Renal ỉallure wỉth potassỉum-spadng dỉuretỉcs. N ZM idJ 
1985; 98: 629-33.

5. Sica DA. Gehr TWB. Trỉamterene and the kỉdney. Ntphron 1989; 51: 
454-61.

6. Webster J. ỉmeractions oỉ NSAIDỉ with diuretỉcs and 3 -bỉocken: 
mecbanisms and dỉnỉcaỉ implicaóons. Drugs 1985; 30: 32-41.

Pharmacokinetìcs
Triamterene is variably but tairly rapidly absorbed from the 
gastrointestinaỉ tracL The bioavailability has been reported 
to be about 50%. The plasma haU-hfe has been reported to 
be about 2  hours. It is estúnated to be about 60% bound to 
plasma proteins. It á  extensively metabolised. apparently 
Via the cytochrome P450 isoenzyme CYP1A2, and is mainly 
excreted in the urine in the form of metabolites with some 
unchanged triamterene. Triamterene crosses the placenta 
and may be distributed into breast milk.
Reíerences.

1. Pruin AW. tí ai. Variadons in the ỉate of trỉamterene. ơin Pharmacoi Thrr 
1977; 21:610-19.

2. Gundert-Remy u. tí ai. Plasma and urinary leveỉs of trỉamterene and 
certain metabolltes after oral administratíon to man. EurJ Qùt Pharmaai 
1979; 16: 39-44.

3. Gilừich Kĩ. tí aỉ. Pharmacokỉnetics of triamterene aỉter ỉv adminỉstratỉon 
to man: detemùnatíon of bỉoavailabilỉty. SurJ Qin Pharmacoi 1983; 25:
237-41.

4. Sôrget F. tí ai. O nỉ trỉamtereoe diỉpositíon. Qin Pharmaai Ther ỉ 985; 38:
306-12.

5. Fuhr u. tí ai. Rate-ỉỉmitỉng bíotraũsỉormadon oí tríamterene is medỉated 
by CYP1A2. ĩn tJ ơ in  Pharmaal Ther 2005; 43: 327-34.

Hepatk impairment. Triamterene dearanee was markedỉy 
decreased in 7 patients with aỉcoholic drrhosis and 
ascites. 1 The diuretic eííea lasted for up to 48 hours in dr- 
rhotic patients compared with 8 houis in healthy Controls.

1. Villeneuve JP, a  al. Trtamterene kinetia and dyrumics in đrrhosis. ữm 
pharmacol Thtr 19*4; 35: 831-7.

Renal impairmenl. Urinary excretion of triamterene and 
its metabolite, hydroxytriamterene suUate, was signiũ- 
cantly reduced in patients with renal impairment' and Ũ1 
the elderly whose renal (unction was reduced.2 Accumula- 
tion of the active metabolite vvas possible in patients with 
renal impairment. 1

1. Knauf H. a  al. Delayed climinaiion of ưlamtcrcnc and its aciìve 
mctabolite in chronic renal (ailure. EurJQ in pharmacol 1983; 24:453-4.

2. Willìams RU a  al. Absorpiion and disposidon o( iwo combinarion 
(ormulacions of hydrodiloroihiaáde and tríamrcrenc: induence of age 
and renal (unction. Qin Pharmacol Ther 1986; 40: 224-32.

Preparatìons
ProprieteHy  Prsparations (details are given in Volume B)
Sngle-ỉngredierd PraporaHons. Belg.: Oytac UK: Dytact; USA: 
Dyrenium.
Muki-mgradient Preporations. AustraL: Hydrene; Austrũì: Con- 
Bt; Dytide H; Triamteren comp; Triastad HCT; Belg.: Dyta- 
Urese; Dytenáde; Braz.: Diurana; Iguassina: Canati,: Apo-Tria- 
ãde; Novo-Triamàdet; Nu-Triazide+; Pro-Triazide; Riva-Zide; 
ơtữe: Drinamil; Hidroronoí T; Uren; ơtừia: No 0 (0*$)•, Pin.: 
Furesis comp; Uretren Comp; Fr.: Isobar Prestole; Gcr.: Beta- 
Turfaf; dehydro sanol txú Diu Venostasin; Diucomb; Diured- 
kum Verla; Dodteren; Dytide H; Neo tri; Nephral; Propra comp; 
Tri-Thiaád; Triampur Compositum; Triamteren comp; Triamte- 
ren HCTf; Triamteren tri-compt; Triareset; Turia; Veraddet; 
Gr.: Dyberride; Hong Kong: Apo-Triazide; Dyaride; Indút: 
Ditide; Frusemene; IrL: Dyaáde; ItaL: Fluss; Mex.: Dyaádet; 
Neth.: Dyta-Urese; Dytenãde; NZ: Triamiádet; Port.: Dyaáde; 
Triam Tỉarida R; Rus.: Apo-Triazide (Ano-TpHaann); Triam-Co

(TpHaM-Ko)t: Triampur Compositum (TpHSMnyp KoMno3HTyi(); 
Triamtel (TpHatnen); S~Afr.: Dyaride; Reneáde; singapore: 
Apo-Triaãde; spaùi: Salidur Switz.: Dyrenium compositumt; 
Thai.: Dinaáde; Dyaãde; Turk.: Triamrrr il;  UK: Dyaxide; 
Dytidet; Frusene; Kalspare; Triamco; Ukr.: Triampur Composi- 
tum (TpmMnyp KoMno3HTyM); USA: Dyaáde; Maxride.

Pharmacopoaid Praparations
BP 2014: Co-triamterãde Tablets; Triamterene Capsules;
ŨSP 36: Triamterene and Hydrochlorothiaáde Capsules; 
Triamterene and Hydrochlorothiaãde Tablets; Triamterene 
Capsules.

T r íc h lo rm e th ia x id e  ỊriNNi ®
tncWorrnéthiazide; TrichloiTOethiaídũirv^ọđQỊTTCtíaáda; 
'Trildoorimetiatsidi; Tnklormetíaad; TpnxnopMerna3Hfl. . -  .r 
6-Chloro-3-dichloromeứiyl-3,4-dihyđrb-2H-Ị!2.4'beiì2othra- 
diazine-7-suÌphonamide í,l-dioxídé_' - f V
QH<ajNiOÀ«»38<Ì6 - ' • > ■ >
CÃS — 133-67-5.
ATC — C03M06. ~ ■' ^ ‘ r" ' ì  ‘
ATC Vạ — QC03AA06. r *'
um — Q58C92TUN0. ■ , .

PSarmacopoeias. In Jpn and us.
USP 36: (Trichlormethiaãde). A white or practically white, 
crystalline powder, odourless or with a slight characteristic 
odour. Soluble 1 in 1100 of water, 1 in 48 of alcohol, 1 in 
5000 oỉ chloroỉotm. 1 in about 4 of dũnethyUonnamide, 1 in 
about 9 of dioxan, and 1 in 1400 of ether; Ếreely soluble in 
acetone; soluble in methyl alcohol.

Proỉile
Trichlonnethiaáde is a thiaáde diuretìc with properàes 
similar to those of hydrochlorothiaáde (p. 1404.2). It ỉs 
gìven orally ỉor oedema, including that assodated with 
heart Eailure (p. 1262.3), and tor hypertension {p. 1251.1).

Diuresis begins about 2  hours after an oral dose, and Iasts 
about 24 hours.

In the treatment of oedema a usual dose has been 1 to 
4mg daỉly or intermittently. In the ơeatment oi hyper- 
tension a usual dose has been 2 to 4mg daily, either alone, 
or with other antihypertensives. In some patients 1 mg daily 
has been adéquate.

Preparatíons
Proprietary PraparaHons (details are given in Volume B)

Muki-ingradiant Praparations. Pin.: Uretren Comp; Gr.: Tená- 
plex; Iptc. Irtra.

Pharmooopoeial PraporoHons
USP 36: Trichlormethiazide Tablets.

T r iA u sa l (BAN, ríNNi
TriAusaalỉ; Tiiflusalìs; TriflụsaỊ(jm; :Trifluzál; UR-1501; Tpn- 
ộnycan; : V
2-Ácetoxy-4-ơifluorbmethylfaenzoic acid; 0-Acetyl-4-(tri- 
fluoromethỵl)saỊicylic ạdd," .
0 .  0 1 1 .3 0 4 = 2 4 8 2  • '
Ờs — 322-79-2.
ATC  —  B01ACÌ8.
ATC Vet — QB01AC18. ......... „v •
UNII —  1Z0ỸFI05OO.

Pharmacopoeias. In Eur. (see p. vii).
Ph. Eur. 8: (TriĐusal). A white or aimost white crystaUine 
povvder. Practically insoluble in waten very soluble in 
dehydrated alcohol; freely soluble in dichloromethane. 
Store in airtỉght containers at a temperature not exceedỉng 
25 degrees.

Profíle
TriĐusal reduces piatelet aggregation by inhibiting cydo- 
oxygenase-1 and phosphodiesterases. It is used in the 
management oi thromboembolic disorders (p. 1273.2) in 
usual oral doses oỉ 300 to 900 mg daily.

Reĩerences.
1. Murdoch D, Ptosker Gỉ~ TriAusal: a tevỉew of ỉts use ln cerebraỉ 

inỉarctỉoa and myocardỉai inỉarcdon. and as thromboprophyỉaxís ỉn 
atrlal QbiUlatÌoa. Drugs 2006; 66« 671-9X

2. Gonzẩlez-Correa JA  De La Cruz JP. TriHusaỉ: an antíplatelet drug vrỉth a 
neuroprotecdve eỉfea? Cardiovasc Dru$ Rrv 2006; 24: ỉ 1-24.

3. Gómez*ỉsỉa T, tí  ai. TRIMCI Study Group. A randoraỉxed. double-bỉind, 
pỉacebo controlled-trial of trUlusai in mỉld cognỉtỉve impaiiment: the 
TRIMCI study. Abhâm tr Dừ Assoc Dừorẩ 2008; 22: 21-9.

4. Annỉnos H. tí  ai. Triíỉusai: an old dnig ỉn modera andplatelet therapy. 
Revỉew of itỉ actỉon. use. saỉety and eữecổveness. H tlỉfítkJ Cardioi 2009; 
50: 199-207.

The Symbol <8> denotes a substance whose use may be restricted in certain sports (see p. viil)The Symbol f denotes a prepararion no longer actively marketed
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Preparatìons
Proprielary PrBporolions (details arc given in Vohụne B)
Single ingređent Praparations. Arg.: Disgren; Braz.: Disgren; 
Gr.ĩ Aỉlèn; ReoQen: Hung.: Disgren; Indon.: Grendis; ItaLĨ Tri- 
flux; Malayĩúe. Giendis; Mex.: Disgren; Phttipp.: Grendis; T- 
Bren; PorL: TecnosaL' Spain: Anpevalt; Disgren; Thai.: Gren- 
dls; Ukr.. Disgren ỢỊHCTPEH); vẽner.: Disgrm.

Trímetaâdine Hydrochloríde ỊBANM, riNNM} 
HidrodorurO' d ẽ  ứÌmet^dina;-Trimet3 tsịdiinidihỵdroldoridi; 
Trimẽịaádin • JdldrokIorũrr. Trirnetazidina, hídrocioruro de; 
Trimeĩaãdindihidroklorid; - Trimetaãdindihydrochloiid;; Trỉ- 
metaádin-dihyđrođÌỊorid; trimetaadindihydroídorld; frimé- 
tazidine; Chlorhydrate de; Tnraétaadine, dichlòrhỵdrate de; 
Trimetaãdine Ộihỵđrochlọrlde.- Trimetaádini dihýdrochlor- 
idum; TrimeỂiẵdinl Hydtochbridum; Trimetaadino hidro- 
chloridas;Trimetazine Hydrochloriđé; TpnMeTa3MflMHa 
rnapoxnopnA.
1 -(23,4-Trimethaxybenzyl)piperazine dihydrochloride. 
CmH22Nj0 3̂ HCI=3393
CAS — 5011-34-7 (trimetcádĩne); 13171-25-0 (trimetazidine 
hydrochbride).
ÁĩC — Ũ0ỈE815.
ATC Vet — OCOỈEB15.
UNII — 48V6723Z1P ,  , .

Pharmacopoeias. In Eur. (see p. vii) and Jpn.
Ph. Eur. 8 : (Trimetaádine Dihydrochloride; Trimetaádine 
Hydrochloride BP 2014). A slighdy hygroscopic, white or 
almost white crystallỉne powder. Freely soluble in vvaten 
sparingly soluble in alcohol. Store in airtight containers.

Profìle
Trimetaàdine hydrochloride is used in angina pectoris 
(p. 1254.3); hovvever, íollovving concems over its 
questíonable eỉBcacy and reports of movement disorders 
sù ch as parkinsonism, restless legs syndrome, tremor. and 
gait instability (see EHects on the Nervous System, below), 
the EMEA in Europe has recommended that trimetaãdine 
should only be used as second-line, add-on therapy in the 
treatment oỉ stable angina pectoris. The usual dose is 40 to 
60 mg given daily in divided oral doses, although hlgher 
doses have been used in some countries (as modihed-release 
preparaóons). It shouid be given wlth caution to the elderly 
and to patìents with renaỉ impainnent. Therapy should be 
stopped peimanently in patients who develop movement 
disorders and neurologìcal consultation sought ư su ch 
adverse eữects persist for more than 4 months aỉter stopping 
the drug.

Trimetaádine has also be en used in the symptomatic 
ơeatment of vertigo, tinnitus. and Ménière's disease. 
However, its benefit in these indications has not been 
shown and the EMEA recommends against su ch use. 
Reíerences.

1. McCỉeOan KJ, Plosker GL. Tttxnetuỉđỉne: a revievv oí ỉts use in subỉe 
angtna peaoris and other coronary conditions. Drugs 1999; 58:143-57.

2. Cỉapponỉ A, tí al. Ttimetaâdlne for stable angina. Avaỉỉable in The 
Cochrane Database oí Systematỉc Reviem; Issue 4. Chichester John 
Wỉỉey; 2005 (accessed 24/01/06).

3. DancbinN. GỉnicalbenefitsofametaboIicapproacbwỉihtiimetazỉdme 
ỉn revascuỉarixed patỉems wỉth angỉna. Am J  Cardioỉ2006; 98 (suppl): 8J-
13J.

4. Banach M. tí aL The roỉe of rrinu»taTiriift» aíter acuie myocardiaỉ 
iníarakm. Cutt Vac Pharmaeoi 2008; 6: 282-91.

5. Di Napoỉỉ p. Taccudỉ AA. Trimetazk£ne: the future of cardỉac hmctian? 
Ftaun Cardìoỉ 2009; 5:421-4.

6. Gao D, tí aL Trtmctaridỉne: a meta-analysis oí randomỉsed controDed 
txiaỉs ỉn heart ỉũlure. Btđrt 201 ỉ; 97:278-86.

7. Zbangu  tí ai. Addỉtỉonal use of trimetaridine ỉnpatíents with chronic 
heart ỉaỉhire: a meta-anaỉysỉs. J  Am Colì Cardioỉ 2012; 59: 913-22.

EHeds on the nervous System. Eight elderly patients aged 
between 72 and 94 yeaĩs were reported1 to have devel- 
oped signs oí paddnsonỉsm vvhile taklng trimetaádine; the 
paddnsonism regressed completely when the drug was 
stopped. A retrospective study2 lound that adveise eítects 
on motoi hmction, induding parkinsonism, gait disorders, 
and tremor, occurred in 56 oỉ 130 patients taking trimeta- 
ãdỉne and were more common in older patients.

In June 2012, the EMEA in Europe recommended new 
contra-indications and wamings to reduce the risk of 
movement disorders with trimetaádine.3 The agency was 
aware oi reports of movement disorders such as 
Parkinsonian symptoms, restless legs syndrome. ơemor, 
and abnonnal gait with trimetaádine and advised against its 
use in patìents with a history oí such disorders. It was also 
recommended that treatment with trimetazidine be 
pennanently stopped in those who develop movement 
disorders.

1. Marti Massó JF. Paridnsonisno par trimetaxỉdỉna. Neuroỉogia 2004; 19: 
392-5.

2. Marti Massó J-F, tí aL TrỊmetarktinc inđuces parkỉnsonỉsm. gaỉt 
disorden and tremor. ĩhtm pie 2005; 60:419-22.

3. EMEA. European Medỉõnes Agency recommendỉ resuỉctỉng use oí 
ưlmeraãdỉne-coniainỉng medỉtínes (ỉssued 22nd June, 2012). Avaiỉable

au http://vrww.ema.europa.eu/docs/en_GB/documenClIbrary/Press_ 
rdease/20ỉ2/06/WC500129070.pdỉ (accessed 11/10/12)

Preparations
Propríotary PrBporotions (detaiỉs a re  gỉvcn in  V oỉum e B)

SíngU-tngrocỄent Pnpomtiore. Arg.: VastareL' Àustria: Vastar- 
elt: Braz.: Ỵastarel; Chile. Vastạrel; China: Aiyiling (Stă-#’); 
vàsorel ỢH&Ĩ): Ze Wei Er Cz.: Adexort; Portora;
Preductai ZUutra; Dam.: Vastarel; Fr.: Vastarel; Gr.: AtanoL 
Imovexil; Intervein; LaDỉmet; Liomagen; Novaridine; Trimedin; 
Trimedon Trimevert; Vastarel; 2din; Hong Kong: Matenol; Tri- 
vedon; Vastarek Hung.: Adexon Mrâun; Mođuxín; Preductal; 
India: Cardimax; Carvddon; Cytogard; Flavedon; Invidon; Isve- 
don; Kardin; Mayozest' Metacaidt; Metagaid; Myovedon; Tri- 
vedon; lndon.: Triĩedon; Irt: Vasurel; ItaL: Vastareb Malaysia. 
Metagardt; Metazine; Vastarel; Phũipp.: Angimax; Angirel; 
Carvidoa' Longityt; Tazinett; Tazz; Ttũnereb Vassapro; Vastar- 
el; Vestar PoL: Cyto-Protectìn; Meuzydyna; PreducuL' Prote- 
vasc Setal; Trimetaratio; Port: Tadrel; Trímepharmat; Vastar- 
el* Rus.: Angionl (Ahth03kji); Angital (Aimrran); Antisten 
(AtmicreH); Carditrim (KapaHTpHM); Oeprenorm (HenpeHopM); 
Medarum (MeaapyM); Metagard (MenrapA); Prebraaal 
(IĩpeBPyxtaa); Predixin (ĨIpeOHiHH); Preductal (lIpeayKian); 
Rimecor (PHMeaop); Trimektal (TpHMexraa); Tnmet (TpHMCT); 
Trimetazide (TpHMeraaiui); Singapore. Mejadin; Metagard; Vas- 
[arel; Spain: Idaptan; Thai.: Matenol; Metagem: Trizidine; Vas- 
tarel; Vastinol; Turk.: Sitorel' Vastarel; ukr.: Cardimax 
(KapAHMaxc)t; Carduaal (KapAyKTax); Energoton pHeproTOH); 
Metazidin (MeiaannHH); Predizin (ĨIpCAinHH); Preductal 
(npeayicrai); Tricard (Tpmcapa); Tríductan (TpiuynaH); Vencz.: 
Vastarel.
Muhi-ingredient Preparations. Ukr.: C ardasin (KapoaaHu).

Tripamide ÍUSAN, riNNi ®
ADR-033; E-614; Tripamida; Tripamidum; TpnnaMMfl.
4-Chloro-AHendo-hexahydro-4,7-methanoisoindolin-2-yl)-3-
sulphamoy)benzamide.
c,̂ ^3035=369.9.
C4S — 73803-48-2. .
um — G36A0E9CVT.

Profíle
Tripamide is a diuretic struaurally related to indapamide. It 
is used in the ơeatment oí hypertension.

Preparations
Propríetary Preporatiom (details are gi ven in Volume B)
Sãigle-ingredient Preparotioos. Jpn: Normonal; Thai.: Normo- 
nal.

U ra p id ỉ l  IBAN, rlNNI 
B-66256M; Urapĩdiili; Urapidilum; ypanufli«i. 
6-[3-(4-0-Methõxyphenylpiperazin-1-yDpropylamino]-1,3- 
dimethyluracil.
C2oH29Ns03=3873
045 — 34661-75-1.
ATC — C02CA06. ....
ATC Vet — QC02CA06. 
um — A78GF17HJS.

Pharmacopoeias. In Jpn.

U ra p id i l  H y d r o c h io r id e  IBANM. riNNMỊ 
Hidrodoruro dế urapidil; Ưrapidil; Chlorhydrate d‘; Urapidil, 
hidrodõruro de;: Urapidíli Hydrochloridum; ypantự)M/ia 

Tnflpoxnopnfl.
C2oH29N503,HCI=423.9 1 /
CÃS — 64887-14-5. ......
ATC — C02CA06.
ATC Vet — QC02CA06.

Uses and Administration
ưrapidil ỉs an antihypertensive drug that is reponed to block 
peripheral alpha) adrenoceptors (see Alpha Blockers. 
p. 1243.1) and to have Central actions. It produces a 
reduction in peripheral resistance and a ỉall in systolic and 
diastolic blood pressure, usually vvithout reflex tachycardia.

Urapidil is used in the management of hypertension 
(p. 1251.1), induding hypertensive crises.

Urapidil is given orally as the base and intravenously as 
the hydrochloride, but doses are usually expressed in terms 
of the base. Urapidiỉ hydrochloride 10.94mg is equivalent to 
about lOmg oỉ urapidil. Urapidil ỉumarate has also been 
given orally.

In hypertension oral doses of 30 to 90 mg are given tvvice 
daily. In hypertensive crises a suggested regúnen is to give 
an initial dose of 25 mg by slow intravenous injecdon over 
20 seconds, repeated u necessary after 5 minutes. This may

be lollowed by a dose oỉ 50 mg aíter a íurther 5 minutes iỉ 
the response is still inadequate. Treatment should continue 
vvith a maintenance inỉusion oí 9 to 30mg/hour once the 
blood pressure is suỉBdently réduced.
Revlevvs.

1. Dooỉey M, Got KL. UrapídiL 1  reappraỉsal oí its use in the management 
of hypertensỉOĐ. Drugs 1998; 56: 929-55.

2. Buch J. UrapỉdỉL a dual-actỉng antỉhypertensỉve agenu current usage 
consldentỉcms. Adv Therapy 2010; 27: 426-43.

A c ^ r s e E ỉ í e & a n d P i ^ a u t i o n s

Urapidil is reported to be vvell-tolerated, with adverse eữects 
generally transient and most ừequent at the beginning oỉ 
therapy. Dizziness. nausea, headache, ỉatigue. orthostaric 
hypotension, palpitations, nervousness, pruritus, and 
allergic skin reactions have been reponed.

It should be used with care in elderly patients and those 
vvith severe hepatic impairment. Intravenous urapidil 
should not be used in patients with aortic stenosis.

Urínary incontinence. Enuresis in 2 eỉderly patients was 
reported' to be assodated with the use oỉ urapidil.

ỉ. Jonvlỉle À-P. tí ai. Urapidiỉ and enuresỉs. Lanctí 1992; 339: 688.

Pharmacokinetics
Aíter oral doses urapidil is rapidly absorbed vvith a reported 
bioavailability of 70 to 80%. It is reported to be about 80% 
bound to plasma proteins. Urapidil is extensively 
metabolised in the liver, mainly by hydroxylation, and 
excreted mostly in urine, as metabolites and 10 to 2 0 % oỉ 
unchanged drug. The eliminaãon hall-Uíe is reported to be 
about 4.7 hours when given orally as capsules and about 2.7 
hours aíter inưavenous dosage.
Revievvs.

1. Kỉrsten K  tí ai. Clinỉcal pharmacoidnetỉcs of urapidỉl. ơin Pharmaakùưt 
1988; 14: 129-40.

Preparotions
Proprietary Preparationỉ (details ate given in Volume B)
Single-ingredient Pieparations. Austría. EbrandỊ; Hypotrit; Bdĝ : 
Ebranúl; china: Ebranúl (ỈEỸS); Jie PỊng (S42); Jie Tong (ă  
Ì9); Lao Mai Na Lixiding; (ÍỊ|®^); LuoHao (?)§); Ya
Li Di (3EfỊlSfc); Yu You Ding (ÍSDtS); Cỉ.: Ebranril; Fr.: Eupres- 
syl; Mediatensyl' Ger.: Ebrantil; Hung.: Ebrandl; Ịtal.: Ebranúl; 
Neth.: Ebranúl; PoL: Ebrantil; Port.: Ebrantil; Rus.: Ebrantil 
(36p»Hmr); Spain: Elgadil; Switz.: Ebrantil; vkr.: Ebrantii 
(36paHTiui).

Urokỉnase /SAN, USAN, riNNi 
Urokinaasi; Urokinas; Urokinasa; Urokinasum; ũrokinaỉ 
Urokinazè; Urokináĩ Uroquinasa; ypoKMHa3a.
C45 — 9039-53-6.
ATC — B01AD04.
ATCVet—0801AD04.
UNII — 83G67E21X1.

\

Pharmocopoeias. In Chín., Eur. (see p. viỉ), and Jpn.
Ph. Eur. 8 : (Urokinase). An enxyme isolated ta m  human 
urine that actívates plasminogen. It consists oí a mixture of 
low (33000) and high (54000) molecular mass íonns, the 
high molecular mass ỉorm being predominant. The potency 
is not less than 70 000 intematìonal units per mg oỉ protein. 
A vvhite or almost white, amorphous powder. Soluble in 
vvater. Store in airtight containers at a temperature not 
exceeding 8 degrees. Protea ta m  light.

StabiBty. Solutions oí urokinase containing 2500 to 
25 OOOunits/mL were ỉound to be stable in single-use syr- 
inges vvhen stored at -30 degrees for 30 days and also 
when stored frozen for 7 days, thavved, and refrozen for a 
hrnher 23 days.1

1. Dediick sc. Samim-Rico J. Poccncy and subility of frozcn uiokinaie 
Solutions ỉn syringes. Am J Heaỉth-Sytí Pharm 2004; 6 1 :1586-9.

Uniis
The potency oỉ urokinase is expressed in intematìonal units. 
Preparations are assayed using the Srst International 
Reỉerence Preparation (1968), a mixture of low-molecular- 
vveight and hỉgh-molecular-weight urokinases. The first 
International Standard for high-molecular-weight uro- 
(ónase was established in 1989 for use with preparationỉ oí 
this type of urokinase.

Potency used to be expressed in Ploug or Plough units or 
in CTA units, but these now appear to be obsolete.

Uses and Administration
Urokinase is a thrombolytic produced by the kidney and 
ỉound in human uríne. It directỉy converts plasminogen to 
its active form plasmin, resulting in Ễbrinolysis and 
dissolution oỉ blood dots. The mechanisms of Sbrinolysis 
are discussed turther under Haemostasis and Pibrinolysis on

All cross-reỉerences reíer to entries in Volume A
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p. 1124.3. Urokinase aííects drculating, unboundplasmino- 
gen as well as Qbrin-bound plasminogen and thus may be 
termed a fibrin-nonspedfic thrombolytic (see p. 1245.3).

Urokinase is used similarly to streptokinase (p. 1503.1) in 
the management of thromboembolic disorders indudỉng 
venous thromboemboliỉm (puỉmonary embolism and deep- 
vein thrombosis; p. 1274.1) and peripheral arterial 
thromboembolism (p. 1273.3). It is also used to dear 
ocduded catheters and cannulas. Urokinase has been used 
in myocardial inỉarction and for dearing dots after 
haemorrhage vvithin the eye.

In the ưeatment o ỉ v e n o u s  th r o m b o e m b o lỉsm ,  
urokữiase is given by intravenous inhision in an Initial 
dose of 4400units/kg given over 10 to 20 minutes. This is 
followed by maintenance of 4400 units/kg per hour for 12 
hours in pulmonary embolism, and ỉor 12 to 24 houis in 
deep-vein thrombosis; 100 000 units/hour for 2 to 3 days is 
an altemative maintenance dose ỉor deep-vein thrombosis. 
Patients with pulmonary embolism may be gỉven urokinase 
by bolus injection instead, in a dose ol 15 000 units/kg Into 
the puhnonary artery. The injection may be given, with the 
dose adjusted according to plasma-Bbrinogen concentra- 
don, up to 3 times in 24 hours.

In the ưeatment oỉ p er lp h era l arterial th r o m b o e m -  
b o lism . asolution containing urokinase 2000units/mL ũ 
iníused' ihto the dot Via a catheter at a rate oỉ 
4000 units/minute for 2 hours. Angiography should then 
be períormed and. ư flow has not resumed, the catheter 
should be advanced into the ocduded vessel and the 
inhision continued at the same rate for a hirther 2  hours. 
The procedure may be repeated, ư necessary, up to 4 times. 
Once blood flow is re-established, the catheter should be 
partially mthdravvn and ínỉusion continued at a rate oỉ 
1 0 0 0  unitỉ/minute until the remaining dot has lysed; a dose 
of 500 000 units given over 8  hours is usually suỉBdent.

For d e a r in g  a c c lu d ed  ỉn tr a v e n o u s  c a th ete r s  or 
ca n n u la s . 5000 to 25 000 units of urokinase ỉs dissolved in 
the volume oỉ sodium chloride 0.9% that will completely fi.II 
the catheter or cannula. Tvhich is then damped off for 2 0  to 
60 minutes; the lysate is then aspirated and the procedure 
repeated ư necessary. Altematìvely, up to 250 000 units may 
be inỉused into the device over a period oỉ 90 to 180 minutes 
using a solution of 1000 to 2500units/mL in sodium 
chloride 0.9%.

For doses in children, see belovv.

Administration in children. Urokinase may be used to 
dear ocduded intravenous catheters and Central lines in 
children in the same dose as for adults, see Uses and 
Adminiỉtration. p. 1520.3.

Cotheters and cannuias. For reỉerence to the use of uro- 
kinase to maintain patency of long-term venous access 
devices, sce under Uses for Alteplase, p. 1297.2.

Adverse Effect$, Treaừnent, and Precautions
As for Streptokinase, p. 1505.1. Seiious allergic reactions 
may be less likely to occur with urokinase than vvith 
sưeptokinase.

Hypersensitivity. Allergic reactions are considered to be 
less írequent with urokứiase than with streptokinase. 
Hovvever, in a series of 6 patients who had previously 
been treated vvith sueptokinase, 1 thrombolytic therapy 
with urokinase for recurrent myocardial inỉarction was 
assodated vvith ngors in 4 patientỉ, 2 of vvhom also devel- 
oped bronchospasm. None of the patients had any history 
of atopy.

1. Maisis p. Mann s. Rigors and bronchospasm vvith urokinase ahcr 
sireptokinase. Lancet 1992; MO: 1552.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyría Centre (NAPOS) and 
the Porphyria Cenue Svveden, dassiũes uroldnase as not 
potphyiinogenic; it may be used as a drug of Hrst choice 
and no precautions are needed. 1

1. The Drug Database for Acute Porphyiia. Avallable at: htrp://www. 
drugs-poiphyria.org (accessed 18/10/11)

Transmission oỉ infedion. Some preparations of urokinase 
are produced in cultures of human cells and there is a risk 
oỉ transmission oỉ iníection assodated with their use.

Interactions
As for Streptokinase, p. 1507.1.

Pharmacokinetics
After intravenous iníusion urokinase is deared rapidly tom  
the drculation by the liver. A plasma hah-liíe of up to 20 
minutes has been reported.

Preparations
Proprietory PreporoHons (details are given in Volume B)
Siiiqla ingrediant Pnaporotions. BeỊg.: Actosolv; China: LuoXỉn 
(%%); Sairong (£&); Youkai ({£91); ct: Rheotrombt; Fr.: 
Actosolv; Ukidan; Ger.: Corase-Ị-1 Rheotromb; Gr.i Abboltínase; 
Syner-Kinase; ulddan; Urochinasi; Hung.: Rheotromb; btdia: 
Dukinase; KD-Unase; Medinase; Solokinase; Uni-Kinase; Israel: 
Abbokinaset; ỉpnr. Uronase; Neth.: Medadnase; Singapore: 
Abbokúiase; spain: Uroquidant; UK: Syner-Kinase.

V a l s a r t a n  /BAN. U SAN , riN N Ị

CGíMẳ933,rValsartaani; Vaísartán; Valsartanum; Banb3apraH. 
N-|p-(o-1 W-Tetrazol-5-ylphenyl)benzy!]-Af-valeryk-valíne; N- 
Pentanoyl-W-[2'-(l H-tetrazol-5-yí)biphenyl-4-ylmethyl]-i- 
valine. .
C24H 29̂ 5̂ 0 3 = 4 3  5.5 - -v*s'
.CAS'— 137862-53-4.
ẠĨC — C09CA03. .
ÃrcVet — QC09CA03. . . ■ ,,,
UNil — 8ỌM03YXJ7l’ . A

Pharmacopoeias. In us.
USP 36: (Valsartan). A white or alinost white, hygroscopic 
powder. Practically insoluble in waten freely soluble in 
anhyđrous ethanol; sparingly soluble in dichloromethane. 
Store in airtight containers at a temperature of 25 degrees, 
excursions permitted between 15 degrees and 30 degrees.

Suspension. The u s  licensed product iníormation provides 
the foUowing method ỉor making 160mL of a suspension 
containing valsartan 4mg/mL:
• add 80 tnL of Ora-Pỉus (Paddock. USA) to an amber glass 

bottle containing eight 80-mg tabỉets (Diữvan, Novartừ) 
and shake íor at least 2  mỉnutes

• allow to stand for at least 1 hour then shake again for at 
least 1 minute

• add 80 mL of Ora-Sweet SF (Paddock. USA) to the bottle 
and shake ỉor at least 1 0  seconds

The suspension can be stored for 30 days at or belovv 30 
degrees or for up to 75 days at 2 degrees to 8  degrees.

In the UK a licensed oral solution oỉ valsartan 3 mg/mL is 
available.

Uses and Administration
Valsartan is an angiotensin ư receptor antagonist with 
actíons similar to those of losartan (p. 1422.2). It iỉ used in 
the management of hypertension (p. 1251.1), to reduce 
cardiovascular mortality in paúents with left ventricular 
dyshmction after myocardial iníarction (p. 1257.1), and in 
the management of heart ỉaỉlure (see under Losartan 
Potassium, p. 1423.2).

Valsartan is given orally. Aiter a dose the hypotensive 
e£fect occurs vvithin 2 hours, reaches a peak vvithin 4 to 6 
hours, and persists for over 24 hours. The maximum 
hypotensive effect is achieved vvithin 2 to 4 weeks. The 
doses given below are for tablet and capsule íormulations of 
valsartan; oral liquids are also available (either as a 
commerdal preparation or an extemporaneous prepara- 
tion) for use in children who have difficulty swallowing 
tablets (see Administration ỉn Chỉldren, be!ow). The 
bioavailabilities of solid and liquid {ormulations are not 
equivalent.

In hypertensỉon. valsartan is given in an initial dose of 
80 mg once daily. This may be increased, ư necessary, to 
160 mg once daily; the maxímum dose is 320 mg once daily.

In heart íailure, valsartan is given in an initial dose of 
40 mg tvvice daily. The dose should be increased, as 
tolerated, to 160mg tvvice daily.

In patients who have had myocardial iníarction, 
valsartãn may be started as early as 12  hours after the 
infarction in dinically stable patientỉ, in an initial dose of 
2 0  mg tvvice daily; the dose may be doubled at intervals over 
the next few weeks up to 160 mg twice daily if tolerated. 

For doses in children, see belovv.
Valsartan should be used vvith caudon in patients with 

renal or hepatíc ũnpairment and dose reduction may be 
required in the latter (see below).
Revievvs.

1 . Markham A  Goa KL. Valsanan: a review o{ its phannacology and 
therapeutic usc in essential bypertension. DruỊỊ 1997; 14:299-311.

2. RipleyTL. Valsartan in chronicheart ỉailure. Aitn phnrmaatker 2O0Ĩ: 39: 
460-9.

3. MistryNB. a tl. The angiotensinreceptorantagonlstvalsartan:areview. 
oỉ the lherature vrith a locus on dinical trials. Exptrt Opái pkarmacmhrr 
2006; 7: 575-81.

4. Bissessor N. vvhite H. Valsartan in the treatment of heart tailure or leít 
ventricular dyshinction after myocardial ỉníarcrion. V tu  Health Rhk 
ManaỊ 2007: 3:421-30.

5. BlackHR. eta i. Valsartan: mote than a decade of experience. Drugt 2009: 
69: 2393-2414.

Administration in children. Valsartan may be used for 
hypertension in children aged 6 years and older.

UK licensed produa iníonnation for tablet ỉonnuỉations 
indudes an initíal oral dose of 40 mg once daily ỉor children 
weighing less than 35 kg. which may be increased to a 
maximum of 80 mg once daily ư necessary. For dũldren 
weighing 35 kg and over, the suggested initial dose is 80 mg 
once daily; recommended maximum doses ỉor those 
vveighlng 35 to 80 kg are 160mg once daily, while those 
weighing 80 kg and over may be given 320 mg once daily. 
An oral liquld formulation is also avaiỉable; because oỉ its 
higher bioavailability thú totmulation should be started at 
halỉ the equivalent tablet dose in valỉartan-naive patíents. ư 
smtdúng hom tablets to the oral solution is necessary then 
the dose should be halved; iỉ svvitching to m  the solution to 
tablets the same dose should be used inltíally. The dose 
should be tìtrated ỉurther accordỉng to patient response.

u s licensed produa inỉotmation ỉôr valsartan tablets 
recommends an initial dose oỉ 1.3 mg/kg once daily (up to a 
maxúmim of 40 mg). The dose shouỉd be adjusted accorđing 
to response, but doses above 2.7 mg/kg daỉly have not been 
studied. An extemporaneous suspension ỉonnulatìon may 
be used (see Suspensioa above) in chilđren who have 
diíBculty swallowing tablets but exposure to valsartan may 
be higher with the suspension than with tablets.

There is no experience with valsartan in children with 
renal impaiiment (creatinine dearance belovy 30mL/mi- 
nute per 1.73 m1) and it shóuld thereỉore not be used in 
su ch children .

Administration in hepatic impairment. The elimination oí 
valsartan may be reduced in patỉents with hepatíc impaừ- 
ment or biliary obstructíon and it should be used with 
caution, u at aỉl, in such patíents. In the UK, valsartan is 
contra-indicated in patients with severe hepatlc impair- 
ment, drrhosis, or biliary obstruction. In mild to moderate 
hepatic impairment, the total daily dose shouỉd not exceed 
80mg.

Adverse Eữects and Precautions
As (or Losartan Potasiiiim. p. 1424.1. Valsartan should not 
be used in those with severe hepatic impairment or when 
creatinine dearance is less than lOmL/min, and should be 
used wíth caution in patíents with mild or moderate renal or 
hepatíc impainnent, in órrhosis. and in biliary obstructíon.

Porphyria. The Drug Database for Acute Poiphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassiBes valsartan as not 
porphyrinogenic it may be used as a đrug oỉ first choice 
and no precautions are needed. 1

1. The Drug Dattbase for Acute Porphyrta. Avaiỉabỉe iV  http://www. 
drugs-porphyria.org (accessed 13/10/11)

Interactions
As ỉor Losartan Potassium. p. 1424.3.

PharmacokineEcs
Valsartan is rapidly absorbed aher oral doses, with a 
bioavailability oỉ about 23% when given as a tablet and 
about 39% when given as an oral sólution. Peak plasma 
concentrations oỉ valsartan occur 2 to 4 hours aíter tablets 
and 1 to 2 hours aỉter oral solution. It is betvveen 94 and 
97% bound to plasma proteins. Valsartan is not signiBcantly 
metabolised and is exaeted mainly Via the bile as 
unchanged drug. The terminal elimination halỉ-Uỉe is 
about 6 hours. Following an oral dose about 83% is excreted 
in the laeces and 13% in urine.
References.

1. Brookman u ,  et ai. Pharmacokinetỉcs of vabartan ỉn patìems with llver 
disease. ơin Pharmacoi Thtr 1997; 62: 272-5.

2. Prasad pp. et ai. Phannacokỉnetics of mulnple doses of vaỉsanan in 
patíents wíth hean [aiỉure. J Cardiovasc Pharmacoi 2002; 40: 801-7.

3. BlumerJ. etaỉ. Pharxnacokỉnetỉcs oí valsartan in pediatricand adolesceni 
subjects with hypertension. J ơờ t Pharmacoi 2009; 49:235-41.

Preparations
Proprietory Prapurntioos (details are given in Volume B)
Single-ingredient Preparations. Arg.: Alpertan; Corosaru Diovan; 
Medicoran; Racorval; Sarval; Simultan; AustraL: Diovan; Aus- 
trừr. Diovan: Belg.: Diovane; Bros.: Angio H; Brasart; Diovan; 
Valsacon CanatL: Diovan; Chữe: Banyass; Dosara; Tareg; Vala- 
con Valaplex; Valax Vartalan; Veralpres; China: Da Le (&9t); 
Diọvan (-ftjC); Jía Fd (# $ ); Lizhu Weike Ping Mn
(¥ft); Sui Yue (« « ) ;  Tuo Ping (WF): Wei Er Tạn (Ị t^ fi); 
Xíe Ke (lf£); Y1 Pang (1Ô^); Cz.: Blessin; Cezoryn; Diovan; 
Kylotan; Valaric Valmed; Valsacon Valsanorm; .Valsargamma; 
Valzap; Vanatex; Denm.: Cuenca-h Diovan; Diovanet; Salar- 
vant; Saldanan Tareg; ValHelen; Valsartamyl-h Valsavil; Pin.: 
Dlovan; Valsaistad; Fr.: Nlsis; Tareg; Ger.: córdinate; Diovan; 
Provas; Valsacon Gr.: Avalsan; Daízad; Diovan; Hong Kong: 
Diovan; Hung.: Alvastran; Diovan; Nortìvan; Tensart; Valsacor; 
Valsotens; Varexant; Vexuran; India: Diovan; StarvaL Indon.: 
Diovaa /ri: Cuenca; Diotevt; Diovan; Saldanar; Valsotenst; 
Valtan; Vamadrid; Vatan,- Israel: Diovan; Vecton ItaL: Alsartan: 
Cortan; Rixil; Tareg; Valpression; Valsacor; Jpn: Diovam Malay-

The Symbol t  denotes a preparation no longer actively marketed The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)
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siac Diovan; Mac.: Diovan; Neth.: Diovan; Lartavan; Saldanan 
Simaldon Tlỉival; Vagrecor; Valcattma; Valsabiot; Valsanonn; 
Valsartamibb Valsavilt; Vamadrid; Norw.: Diovan; Phữipp.: 
Diovan; PoL: Anartan; Bespres; Diovan; Nortivan; Tensart; Val- 
sacon Valsotens; Valtap; Valzek; Vanatex; Zelvartan; PorL: Dio- 
van; Talsaret; Tanvalirt; Tareg; Variitant; Vasantert; Vatant: 
Rus.: Diovan (#HOBaH); Nortivan (Hopnaan); Valsacor
(Banscaxop); Valsaíorce (Bancaịopc); Valz (B&m); S.Afr.: Dio- 
van; Migroben; Tareg; Zomevek; Singapore. Diovan; Spain: 
Aialtei; Diovan; Kalpress; Miten; Vals; Sweí: Diovan; Switz.: 
Diovan; Thai.: Dlovan; Valatan; Turk.: Cardopan; Diovan; 
Premium; Tamgard; VK: Diơvan; ukr.: Diocor Solo ưtroxop 
Ctuio); Diovan (Ahohh); Valsacor (Bamcaxop); Valĩap (Banaan); 
Vasar (Ba3ap); USA: Diovan; Veneỉ.: Alsarc Diovan; Vasaten.

Muhi-tngredMnt Praporartons. Arg.: Alpertan D; Diovan A; Dio- 
van D; Dìovan Triple; Exíorge D; Exỉorge; Racorval D; Sarval D; 
Simultan A; Simultan D; AustraL: Co-Diơvan; Exỉorge HCT; 
Exíorge; Austrùr. Co-Angiosant; Co-Diovan; Exíorge HCT; 
Exíorge; Belg.: Co-Diovane; Exỉorge HCT; Exíoige; Braz.: Dio- 
comb SE Diovan Amlo; Diovan HCT; Diovan Triplo; Canad. 
Diovan HCT; Chile. Oosara-D; Exíorge; Tareg-D; Valacor D; 
Valaplex-D; Vaỉaxam: Vartalan AM; Vartaian D; Veraipres D; 
china. Co-Diovaa Eriorge Feng Hai Tan

FuTan («fi); FuXm (*J0O; Jia Ze (<É*); Jinxieke {±is  
3S); Lan Pu Cĩ.: Blesnn PIus H; Co-Diovant; Copalia
HCT; Copalia; Dafiro HCT; DaGro; Exíorge HCT; Exíorge; Impri- 
da HCT; Imprida; Janartan; Kyloun Plus H; Teval Plus Ht; Val- 
sacombi; Valsaratio Ptus H; Valzap Combi; Vanatex HCT; Zel- 
vartancombo; Denm.: Co-Diovan; Corixil; Cotareg; Diovan 
Comp; Extorge HCT; Exíorge; Tevavaltan comp; Valsavil HCT; 
Valtension comp; Fin.: Diovan Comp; Valsaistad Corap; Fr.: 
Cotareg; Exíorge HCT; Exíorge; Nisisco; Ger.: Co-Diovan; Cor- 
dinate plus; Dafiro HCT; DaSro; Exỉorge HCT; Exíoige; Provas 
comp; Vaisacor comp; Valsaitan comp; Valsartan plus HCT; Val- 
sartan/HCT; Gr.: Co-Dalzad; Co-Diovan; Copalia HCT; Copalla; 
Dafiro HCT; Dafiro; Exforge HCT; Exíorge; Hong Xong: Co-Dio- 
van; Exíorge; Hung.: Aỉvastran HCT; Co-Valsacor Diovan HCT; 
Exíorge; Nortivan HCT; Tensart HCT; Vai sanan HCT; Vaiíotens 
HCT; Varexan HCTf; India: Nebicard-V; ĩndon.: Co-Diovan; 
Exỉorge; IrL: Co-Diovan; Co-Vatan; Copalia HCT; Copalia; 
Dafiro HCT; Dafiro; Exíorge HCT; Exỉorge; Imprida HCT; Impri- 
da; Valsol Plus; Valtan comp; Israel: Co-Diovan; Exíorge; Vec- 
tor Pỉus; ItaL: Combisanan; Corixil; Cotareg; Valbacomp; Vali- 
droc Malaysia: Co-Diovan; Exíorge; Mex.: Co-Diovan; Neth.: 
Co-Oiovan; Copalia HCT; Copalia; Cotareg; DaGro HCT; Dafiro; 
Exíorge HCT; Eriorge; Imprida HCTf; Imprida; Valsacell HCT; 
Norw.: Diovan Comp; Exíorge HCT; Exíorge; Phũipp.: Co-Dio- 
van; Exíorge; PoL: Anartan HCT; Co-Bespres: Co-Diovan; Co- 
Nortìvan; Co-Valsacon Copalia; Daũro HCT; Dafiro; Exíorge 
HCT; Exforge; Imprida HCT; Imprida; Tensart HCT; Valtap HCT; 
PorL: Co-Angiosan; Co-Diovan; Co-Novasan; Co-Tareg; Copalia 
HCT; Copalia; Dafiro HCT; DaBro; ExÍQTge HCT; Exỉorge; Higot; 
Imprida HCT; Imprida; Rus.: Co-Diovan (Ko-̂ HOBaH); Exíorge 
(3xcộcpac); Vaisacor H (Ban&cairop H); Valsacor HD {Bamcaxop 
HJỊ); Valz H (Bajn H); S~Afr.: Co-Diovan; Co-Migroben; Co- 
Tareg; Co-Zomevek; Exíorge; Singapore. Co-Diovan; Exíorge 
HCT; Exíorge; Spain: Aralter Plus; Co-Diovan; Co-Vals; Copalia; 
Dafiro HCT; Dafiro; Exíorge HCT; Exíorge; Imprída; Kalpress 
Plus; LeũuartiL' Miten Plus; Swed.: Diovan Comp; Exỉorge; 
Suritỉ.: Co-Diovan; Exíorge HCT; Exíorge; Thai: Co-Diovan; 
Extorge HCT; Exíorge; Turk.: Cardolcx; Cardopan Pius; Co-Dio- 
van; Cữ-Tamgaid; Exíorge HCT; Exíorge; Premỉum Plus UK: 
Co-Diovan; Exíorgc; Ukr.: Co-Diovan (Ko-̂ HOBaH); Diocor 
CShokop); Exíorge (Sxcộopx); Valsacor H (Baúcarop H); Valsa- 
cor HD (Bamcaxop HD); Valzap Plus (Ban3an Hmoc); Vasar H 
(Baaap H); USA: Diovan HCT; Extorge HCT; Exíorge; Venez.: 
Điovan HCT; Diovan/Amlibon; Vasaten HCT.

Phormocopoatal Pbaparaiions
ŨSF 36: Valsartan and Hydrochlorothiadde Tablets; Valsartan 
Tablets.

Verapamil Hydrochlorỉde
ỊBANM, USẠN, liNNMI
CP-1Ể533-1 Cverapămií}; D-365 {verapamil); Hidrocloairo de 
verapamilo; IproveratnL Hyờrochlorídề; Verapamũlihydroklor- 
idi; Vérapamil,. -Ghlortìỵdrate de; Verapamil Hidroklorũn 
Verapamilrhỉdroklòrld^ríverapamilhydrcxrhlond; Verapamll-' 
hydrochlond; Verapạrailhỵdroklorid; Verapamili hydrochlor- 
idum, Verapamiliq.hidrochlondas, Ỷerapamiỉo, hidrocloruro 
dè;.BepanaMMná. drtnpoỉoiồpMẠ. ■ 
5-[A/-(3j4-Dimethoxyphenẽthỵl)-N-methylamInol-2-(3,4- 
dirnethoxyphenyl)-2--isopropyháleroniữile hydrochloride. 
C27H38N2OlHCI=491:1 ■ , ■
CAS ■■—  52-53-9* (vérapamil); 152-Ỉ1-4 ịvefapamil hydro- 
chlonde) ’ i
ÂTC —  C08DAŨ.1, ’
ATCVet..^QCCèDẤÒ1. ” '  •
UNII —  V38880EY5R

Pharmocopoeias. In Chin.. Bur. (see p. vũ), lnt, Jpn. and us. 
Ph. Eur. 8 : (Verapanũl Hydrochloride). A vvhite or almost 
white, crystallỉne povvder. Solubỉe in waten' sparingly 
soluble in alcohoỉ; ừeely soluble in meứiyl alcohol. A 5% 
solutìon m water has a pH of 4.5 to 6.0. Protect from light

USP 36: (Verapanũl Hydrochloiide). A white or practicaUy 
white, practìcally odourless, crystallìne powder. Soluble in 
water; sparingly soluble in alcohol; ửeely soluble in 
chloroỉorm; practically insoluble in ethei. A 5% solution in 
water has a pH oỉ 4.5 to 6.5. Store in airtight containers at a 
temperature oỉ 25 degrees, excutsỉons pennitted betvveen 
15 degrees and 30 degrees. Protea from light.

Incompatibiiity. Verapamil hydrochlorìde will precipitate 
in alkaline Solutions. There have been reports of ỉncom- 
patibility with Solutions oí aminophylline, 1 nafcillìn sod- 
ium,2 and sodium bicarbonate.3

1. iohnson CE. et aỉ. Compttỉbũity of amỉnophyllỉne and verapamỉl ỉn 
intravenou* admixrurcs. Am J  Hosp Pharm 1989; 44 :97-Ỉ00.

2. Tuckcr R. Gentíle JP. Pređpỉtatỉon of verapamỉl in an ỉntravenous Une. 
Aỉtĩt ìnttm  M aí 1984; Ỉ01: 880.

3. Cutíe MR. Verapamil predpỉtaiíon. A m  Inttm  iắed 1983; 98: 672.

Uses and  Adm inistration
Verapamil is a pbenylalkylamine caldum-channel blocker 
(p. 1244.2) and a dass rv antiaiThythmic (p. 1243.1). It 
slows conduction through the AV node, and thus slovvs the 
inaeased ventricular response rate that occurs in atrial 
ãbnllation and Autter. Its anti-anginal eỉíea is mainly due 
10 coronary and perípheral vasodilatation. although it also 
inhibits coronary artery spasm; the deerease in peripheral 
vascular resistance reduces the work of the heart, which has 
a sparing eíỉea on myocardial intracellular oxygen 
consumption. The decrease in peripheral vascular resistance 
may also explain its antihypenensive elíect. Verapamil is 
used in the control of supraventricular aưhythmias and in 
the management of angina peaoris and hypertension. It 
may also be used in the management of myocardial 
iníarction.

Verapamil may be given intravenously or orally, as the 
hydrochloiide; doses are expressed in terms of verapamil 
hydrochloride.

In the acute management of supraventrìcular arrhyth- 
mias it is given intravenously, preíerably under continuous 
ECG and blood pressure monitoring. The initíal dose is 5 to 
lOmg by slow intravenous injection over 2 to 3 minutes. u 
necessary, licensed product informanon in the UK allows a 
second dose of 5mg to be given 5 to 10 minutes aỉter the 
first; in the USA, a second đose o( lOmg may be given after 
30 minutes.

Oral doses for the ơeatment of supraventricular 
aưhythmias are 120 to 480 mg daily in 3 or 4 divided 
doses, according to the severity o i the condition and the 
patíent's response.

In the management of angína pectoris, the usual oral 
dose is 1 2 0 mg three times daily; some patients with angina 
of eỉíort may respond to 80 mg three times daily, but this 
lower dose is not likely to be eữectíve in angina at rest or 
PiiiưmetaTs variant angina. Modihed-release preparations 
may be given in doses of up to 480 mg daily.

ỉn hypertension the usual initial oral dose is 240 mg 
daily, in 2 OT 3 divided doses, adjusted according to 
response; doses oí up to 480 mg daily have been used. 
ModiCed-release preparatíons may be given in sứnilar daily 
doses.

In the secondary preventìon oỉ myocardial iníarction, 
verapamil hydrochloiide is given as a mođiĐed-release oral 
preparation, started at least 1 vveek aíter acute iníarction (in 
patients without heart ỉailure), in a dose o i 360 mg daily in 
divided doses.

Doses of verapamil should be reduced in patients with 
hepatic impainnent (see below).

For doses oỉ verapamil in chỉldren with supraventricular 
arrhythmias or hypertension, see below.

The Ẵ-enantiomer o í verapamiL arverapamil is under 
investigation ỉor the treatment of diéirrhoea.
General reviews.

ỉ. Brogden RN, Benfield p. Verapamil: a revỉew oí ìts pharmacoỉogỉcal 
propenỉes and therapeutic use in coronary anery diseãse. Dnigs 1996; 
51: 792-819.

2. Prisant ỈM. Verapamỉl revisited: a ưanáúCMa in novd drug deHvery 
Systems and outcomes. Heort Dừ 2001; 3: 55-62.

Administration ìn children. Verapamil may be used for the 
treatment of supraventrìcular arrhythmias and hyper- 
tension in children, although great care is needed, espe- 
dally in inỉants (see Precautionỉ, p. 1524.3).

Intravenous doses of verapamil hydrochloride for 
supraventricular arrhythmias are as follows:
.  children up to 1 year of age, 1 0 0  to 2 0 0  mỉcrograins/kg
• 1 to 15 years, 100 to 300 miơograms/kg (to a maximum 

dose of 5 mg)
The dose should be given over at least 2 minutes and may be 
repeated after 30 minutes ií necessary; doses at the lower 
end of the range may be adequate and the injection should 
be stopped when a response has been obtained.

Oral doses for supraventricular arrhythmias or for 
hypertension are:
• children up to 2 years of age, 2 0  mg two or three times 

daily

• 2 years and over, 40 to 120 mg two or three times daỉly 
according to age and response

Administration in ihe elderiy. For a discussion of the 
eỉỉects of increasing age on verapamil, see under Pharma- 
cokinetics, p. 1526.1.

Adminisiration in hepatic impdrmenl. Verapamil is 
extensively metabolised in the liver and should be used 
with caution in hepatic impairment; u s  licensed product 
inỉormation recommendỉ that oral doses ỉor patients with 
severe hepatỉc impaỉrment should be reduced to about 
one-third oỉ the usuaỉ dose (see Uses and Administration, 
above).

In a study1 of patients with liver órrhosis steady-state 
plasma concentrarions oí verapamil were double those seen 
in patients with normal liver hmctíon aỉter inưavenous 
doses and 5 times the normal concentradon when given 
orally. The elimination halỉ-lUe was prolonged about 
íouriold aíter oral or intravenous doses, suggesting that 
steady-state plasma concentration will not be reached in 
patients vvith liver drrhosis until about 56 hours aíter 
therapy has started.

1. Somogyỉ A. eí ai. Pharmacokỉnetics. bioavailabiliry and ECG response oỉ 
verapamil in patients vviih liver árrhosis. Br J Qin Pharmacol 1981; 12: 
31-60.

Administratíon in renal impairment. The pharmacoki- 
netics and phaimacodynamic effects of verapamil are not 
signiScantiy altered by renal impairment1 and dosage 
adjustment is not considered to be necessary. The elimina- 
tion of verapamil is not altered by haemodialysis, 1-2 hae- 
moỉiltration.2 or peritoneal dialysis2 and no dosage supple- 
ment is required in patients undergoing these procedures.

1. Mooy X et a i Pharmacokinetics oí verapamil ín parients vvith renal 
íailuré. B urJơ in  Ptiarmacol 1985; 28: 405-10.

2. Beyerỉeỉn c  a ai. Verapamiỉ in antỉbypenenstve Eieatraent oỉ padents 
on renaỉ rẹpUcement therapy—dinicai ũnpỉicaũons and pharmacokỉ' 
netỉcs. Eur J ctin Pharmocol 1990; 39 (suppl 1): S35-S37.

Amaurosis Kigax. For a report of the use of verapamil in 
patients with amaurosis fugax, see under Uses and Admin- 
istration oí Niỉedipine, p. 1448.1.

Bipolar disorder. Although lithỉum and valproate are the 
maúistays of therapy in bipolar disorder (p. 397.2) many 
other drugs have been tried, induding verapamil. 1 Benefi- 
dal icsponses to verapamil at doses up to 480 mg daily 
have been reported,2"4 although a revietv5 conduded that 
there is limited support íor its use. Verapamil has also 
been used with lithium, but there may be an inaeased 
risk of neurotoxidty (see under Interactions, p. 1525.3).

1. HOschỉ c. Do caltíum antagonists have a piace in the treatment of mood 
disorden? Drugs 1991; 42: 721-29.

2. Dubovsky SL tt ol. Calđum antagonists in ma nia: a double-biind study 
oí veraparoỉỉ. Psychiaơy R a  1986; 18: 309-20.

3. Giannỉni AJ. et aL Verapamil and lhhỉum in maỉntenance therapy of 
manic patỉems. J Qin Pharmacol 1987; 27: 980-2.

4. Wỉsner KL. et ai. Verapamỉl treatment for women with bỉpolar dỉsorder. 
Bbl Psydiiứơy 2002; 51: 745-52.

5. Levy NA. Janicak PG. Caỉdum channeỉ antagonists íor the treaunent of 
bìpotar dỉsorder. Bipolar ữisord 2000; 2:108-19.

Box ịeflyfish sỉing. Stings by the box jellyfish (Chironac 
Ịlecken) (p. 2397.1) can be ỉatal becausẽ of the effects oỉ 
the venom on the cardiovascular and respiratory Systems 
and on the kidneys. Studies in rodents have reported a 
benefidal effect of intravenous verapamil in the treatment 
of box jeUyfish envenomaóon, and use in patỉents with 
serỉous box-jellyfish stings has been recommended.1 How- 
ever, it has also been suggested2 that the Iack of evỉdence 
for benefit and the potential for adverse effects meaiis that 
use of verapamil should be limited to extreme cases only.

1. Bumen JW. The use o( verapamil to cre« box-jellyfish sdngs. M aU Atat 
1990; 153: 363.

2. Baỉỉey PM. eí ai. Jellyfiỉh envenoming syndromes: unknown toxỉc 
medianỉsms and unproven therapies. Med J Aust 2003; 178: 34-7.

CanỄae arrhythmias. Verapamiỉ has an established role in 
the management of supraventricular cardiac arrhythmias 
(p. 1266.1). It is used ỉor rate control in atríal õbrillatíon 
and ílutter, and may also be used in paroxysmal supraven- 
tricular tachycardia. It has been successhilly used with 
digoxin for transplacental therapy in íetal atrial ũutter or 
supraventricular tachycardia, 12 although caution is neces- 
sary ư it is used in iníants since they may be particularly 
susceptíble to its adverse eổects (see Precautions, 
p. 1524.3)

1. Maxwell DX đ  ai. Obstetric importance. diagnosỉs. and management oí 
íetaỉ uchycardias. BMJ 1988; 297: 107-10.

2. Sỉmpson JM. Sharỉaod GK. Petai tachycardỉas; managemem and 
otnôome of 127 comecutỉve cases. Hearí 1998; 79: 576-81.

Cardiomyopathies. Verapamil has an established role as a 
negative inotrope in thê management of patíents with 
hypertrophic cardiomycrpathy,u although it is usuaỉly 
reserved for paúents in whom be ta blockers either fail to 
control symptoms or are not tolerated. It may improve 
symptoms and exerdse tolerance; although a crossover 
study3 íailed to show an improvement in exerdse capadty

All cross-reíerences reíer to entries in Volume A
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with verapamil or the beta biocker nadolol most patients 
preíerred drug treatment to placebo and there was an 
apparent improvement in quaỉity of lUe with verapamiL 
Verapamil may aỉso be useỉul ỉor rate conttol in padents 
with hypertrophic cardiomyopathy and chronic atrial 
hbrillatìon. However, there is no evidence that it reduces 
the inâdence of sudden cardlac death, and serious ađverse 
effects have been reported/ espedaQy in patỉents with 
severe outflow obstruction. Patients with hypertrophic 
cardiomyopathy appear to be particuỉarly susceptible to 
conducdon distuibances assodated with verapamil, and 
this may svorsen hypotension and outỉlow obstruction.

Diỉated carắừmyopathy is ưeated sũnilaiiy to heart ỉailure 
and caláum-channel blockers are not usualỉy used. 
although some benefit has been reported with diltia2em 
(seep. 1359.3).

For a discussion of the management oi cardiomyopathies 
in general, see p. 1261.3.

1. Maron BJ. Hypcnrophic cardlomyopathy: a systemadc review. JAMA 
2002; 2S7: 1308-20.

2. Maron BJ, rt a l American College of Cardioỉogy/European Society of 
Cardỉology dỉnicaỉ expert consensus document an hypertrophic 
cardlomyopathy: a rcport ỡf the American CoUege oỉ Carđoiogy 
Foundatíon Task Force on Cỉỉnicaỉ Expert Consensos ữocumeQts and 
the Europeạn Sodety of Cardỉology Commỉnee torPractlce Guỉddines. J 
Am Coll CardÌoLlOOV, 42: 1687-713. Aỉso publỉshed ỉn Sur Ham J 2003; 
24: Ỉ965-9Ị). Aỉso avaỉỉable au http://eurfaeani.oxfordjoumais.org/ 
content/24/Zl/1965.fuil.pdí+htinJ (accesscd 28/07/10) and au hưp:7/ 
www.escafdib;brg/guỉdeÌines-surveys/esc>guideỉỉnes/GuỉdeỉlnesDocu- 
ments/guidetirieS'HCM-FT.pđf (accessed 14/08/08)

3. GiQỉgan DbC eta l.K  double-blind, placebo-controlled crossover triaỉ oí 
nadoiol and verapamỉl ỉn miỉd and moderately sympiomatỉc hyper* 
trophỉc cardỉomyopathy. J  Am CữU Cardíol 1993; 21: 1672-9.

4. Epsteỉn SE. Rosỉng DR. Verapamỉỉ: its potentỉaỉ ỉor causỉng serious 
compUcaủons ỉn patỉents vrith hyperưophic cardỉomyopathy. Cirailatùm 
1981; 64: 437-41.

Epilepsy. There are reports1' 1 of the successíul use of 
verapamil in drug-^esistant epilepsy (p. 506.1). The 
mechanism is utiknovm: modulation of caláum may play 
a role, although evidence for other caldum-channel block- 
ers as adjuncts in epilepsy has been unconvỉndng (see 
under Flunarizine, p. 630.1). An altemative suggestion, 
that inhibition of P-glycoprotein by verapamil boosts the 
eííect oí antiepileptics, remains to be conũrmed.

1. Summers MA. et ai. Use oỉ verapamil as a potentỉaỉ P-gỉycoprocein 
inhibỉtor ỉn a patient wỉth reừactory epiỉepsy. Ann Pharmaaứĩtr 2004; 
38: 1631-4.

2. ĩannettỉ p. ữ ai. Calcium-channel blocker venpamiỉ admỉnisưatloQ ỉn 
proỉonged and reỉractory status epỉỉeptìcus. Bpikpàa 2005; 46:967-9.

3. Iannettỉ p, et ai. AddiQOO of verapamil in the treatment of severc 
mỴQdonỉc epilepsy in iníancy. Eựiỉtpry Ra 2009; 85:89-95.

IGdney disorders. Caldum-channel blockers may be oi 
beneSt in various forms oí kidney disorder (see Niíedipine, 
p. 1449.1), although studies with verapamil have sug- 
gested that it is less eữective than the ACH inhibitor tran* 
dolapril in patientỉ with non-diabetic renal disease, 1 and 
that it does not prevent the deveiopment oí renal disease 
in type 2 diabetics.2 There is some evidence that verapamil 
may reduce the nephrotoxidty assoáated with certain 
drugs, induding ddosporin (see Transplantation, below), 
and the aminoglycoside gentamidn.3

1. Hemmeỉder MH. et ai. Amỉproteỉnuric eíBcacy of verapamỉl ỉn 
comparison to trandolapril ỉn non-dỉabetic renaỉ dỉsease. Nepkrol Diaỉ 
Traìàpiant 1999; 14: 98-104.

2. Ruggénend p. et at. íor the Bergamo Kephroiogic Oỉabetes CompHcatíons 
Trial (BENEDICT) ínvestigators. Preventíng mỉaoaỉbumỉnuria in type 2 
dỉabetes. N Ertgí J Mtd 2004; 351: 1941-51.

3. Karierad DJ, et ai. The effea of verapamỉỉ on the nephrotoxỉc potendaỉ of 
gencamỉdn aỉ raeasured by urtnary enxyme excretion in heaỉthy 
voluntecrs. J ƠÔI Rhamacoi 1995; 35: 196-201.

Malignant rteoplasms. Verapamil has been shown to 
reverse multidrug resistance to antíneoplastics in cultured 
cells and in animal studies, 1 but studies in which verapamỉl 
was added to therapy for small cell lung cancer2 or multi- 
ple myeloma3 lailed to show any beneíic. See p. 734.2 for 
a discussion of resistance to antineoplastics.

1. Ford JM, Hait WN. Pharmacology of drugs that alter nuiỉtídrug 
resistance in cancer. Pharmacol Rev 1990: 42: 155-99.

2. Milroy R. tí al. A randomỉsed dỉnicai study of venpamỉỉ in addldon to 
combination chemotherapy in smaỉỉ ceỉỉ lung cancer. Br J Cancer 1993; 
68: 813-18.

3. Dalton ws. et a i A pha se m randomứed study of oral verapamiỉ a$ a 
chemosen$itỉzer to reverse drug resistance ỉn padents with reỉnaory 
myeloma: 9 South west Oncologỹ Group Study. Canar 1995; 75:815-20.

Migraine and duster headache. For reíerence to the use
oỉ caldum-channel blockers, induding verapamil, in the 
management oỉ migraine and duster headache, see under 
Niỉedipine, p. 1449.1.

Movement disorders. Verapamil has been assodated with 
the development oi various movement dỉsorders (see 
Extrapyramidal Disorders under Adverse Eữects oỉ NUe- 
dipine, p. 1452.2) but there have also been case reports1-2 
oỉ its successtuỉ use in refractory movement disorders, 
induding severe tardỉve dysltíneâa. However, a systematic 
revietv3 conduded that evidence for the use of verapamil 
or other caldum-channel blocken in tardive dyskinesia is 
limited and they are not generally recommended.

The usual management of tardive dyskinesia is discussed 
under the Adverse Effects of Chỉotpromazine, p. 1049.3.
ỉ. Abad V. Ovsỉew p. Treatment of penistenỉ myodonic tardỉve dystonỉa 

wỉth ▼exapamiL 8r JTỉydàatry 1993; 162: 554-6.
2. Ovsỉew F,etaL Verapamil for severe byperkinetíc movemenỉ dỉsmden. 

May Disord 1998; 13: 341-4.
3. Soares-Weỉser K. Rathbone J. Caldum channeỉ bỉockeiỊ for neuroỉeptỉc- 

induced tardive dyskỉnesia. Avaỉlabỉe ỉn The Coduane Databasé oỉ 
Systematic Revíews; ỉssue 1. Chỉchesten John Wỉỉey; 2004 (accessed
14/03/07).

Myocardiai inỉarction. Caldum-channel blodters are not 
routinely used in either the acute or long-term treatm ent 
oí myocardial inĩarction (p. 1257.1), although some bene- 
fit has been reported w ith non-dihydropyriđines. Diltỉ- 
azem, started w ithin 24 to 72 houis of the onset oí inỉarc- 
tion and continued for up to 14 days, has been reported to 
protect against re-iníarction and re&actory angina in 
patients recovering from acute non-Q-wave iníarctíon.1 A 
pilot study2 of intravenous diỉtiazem as an adjunct to 
thrombolysis in acute myocardiaỉ inỉarctỉon also suggested 
a reductìon in recurrent ischaemia; diltiazem was given 
intravenously for 48 hours, beginning a t the same dme as 
the thrombolytìc, then continued orally for 4  weeks. How- 
ever, a study3 with verapamiL started on admission to hos- 
pital, found no eỉíect on mortality at 6 months, and there 
was a suggestion tha t very early use (within 6 hours oỉ 
symptom õnset) was detriĩnentai. A later study4 reported 
that eady use of verapamil in patients receiving thrombo- 
lysis improved outcome at 90 days. Benefit has also been 
shown5 with use oỉ intracoroníiry verapamil to terminate 
post-reperhision anhythm ias. For use of verapamil in 
patients receiving percutaneous coronary intervention see 
Reperíusion and Revascularisation Procedures, below.

Although they are not Standard therapy, diltiazem and 
verapamil may be used ỉor long-term management in 
selected padents w íthout h ea n  íailure. In  a study by the 
MuỉticenterDiltiazemPostiníarctionTrial (MDPIĨ) research 
group,4 dỉltiazem (target dose 240 mg daily) reduced 1-year 
mortalỉty and re-infarction rates in patients w ithout left 
ventrìcuỉar dyshmctíon, but increased su ch adverse events 
in those with left ventricular dy shmction. Re-analysis of the 
study provided ỉurther evidence that diltiazem should be 
avoided in  postinỉarction patients w ith left ventricular 
dysỉunction.7 Another study4 in patients w ith acute 
myocardial inỉarction ơeated vvith thrombolysis íound no 
reduction in  mortality with diltìazem started 36 to 96 hours 
after iníarction and continued for up to 6 months, although 
the inddence of non-ỉatal cardiac events was reduced. 
Patíents w ith heart ỉailure werc exduded bom  the study. In 
the DAVIT n  study’ late intervention w ith verapamil 
(staned in  the second week aíter admission) reduced oveiall 
mortality, cardiac events, and re-infarctìon although 
another study10 íound only a beneũt in re-infarctíon rate 
and no t in  overalỉ mortality.

1. Gibsoa RS, et aL Dỉltỉazeni and reừưarctỉou iu parienis wíth oon-Q-wave 
myữcardỉaỉ inỉarctỉonỉ results of a double-blỉnd. randomìxed. multi- 
center triaL N En$l J Med 1986; 315: 423-9.

2. Théroux p, a ai Intnvenous <fiỉtỉazem in acute myocardỉal inỉarcdon: 
dHtiazem as adỉunctìve therapy to acdvase (DATA) triaL J  Am Coữ Carttiol 
1998; 32: 620-8.

3. The Danỉsh Study Group on Verapamil in Myocanhaỉ ỉníarctton. The 
Danỉsh Ỉtudỉes oa verapamiỉ ỉn acute myocardỉal inỉaraúm. Br J ơỉn  
Pharmaeoi 1986; 21: 197S-204S.

4. Marangeỉli V. et ai. Eariy admỉniscratíon oí verapamil aỉter thrombolyris 
ỉn acute anterior myocardỉaỉ ỉníarctỉon: eílect on Ieft ventricuỉar 
remodelỉng and dỉnicaỉ outcome. Itai Heart J 2000; 1: 336-43.

5. Kato M. et aL ỉntracoronary verapamlỉ rapidỉy termỉnates reperhisỉon 
tachyarrhythmỉas ỉn acute myocardỉaỉ inỉaraion. Chai 2004; 126:702-
8.

6. The Multícenter DUtỉaxem Postínỉarcrion Trial Research Group. The 
eSect of dỉỉtỉazem on mortaỉỉty and reỉrưarction ifter myocardỉal 
ỉn ỉa rc tỉo n . N  SrtỊÍ J  Meẳ 1988; 3 1 9 : 38 5 -9 2 .

7. Goldỉtein RE. a ai. Dỉltỉaxem ỉncreases ỉate-onset congestỉve heart 
faỉlure ỉn post-inỉarction patíentỉ wíth earỉy reduction ỉn ejectíon 
ừaaion. Circulaĩiơn 1991; 83: 52-60.

8. Boden WE. et ai. Diltỉazem ỉn acute cnyocardUl iníarction treaied vvúh 
Ihrombolytỉc agents: a randomỉsed placebo-controllcd triaL La/tcet 2000; 
355: 1751-6.

9. The Danish Study Group on Verapamỉi in Myocardiai ỉnỉarction. Eííect 
of verapamil on morulỉty and major events aỉter acute myocardỉal 
inỉarcũon (the Danỉỉh Verapamiỉ ỉnỉarctỉon Triaỉ O-DAVIT II). Am J 
Cardiol 1990; 66: 779-85.

10. Rengo F, et ai. K controQed uỉaỉ oỉ verapamU in patients aiter acute 
myòcardỉal iníarctỉon: resuỉts oí the caỉdinn antagonỉst reỉnỉarction 
Iỉálian study (CRIS). Am J Cardiol 1996; 77: 365-9.

Peyrorũe's disease. Verapamil has been used by intrapla- 
que injection for the treatm ent of Peyronie's disease.1-2 
Pain, curvature, and erectile dyshmction w ere all 
improved. A systematic revievv2 of 19 studies involvmg 
plaque injection therapy ỉor Peyronie's disease, of which 4 
used verapamỉl, noted tha t although the results of these 
suggested tha t injection was saỉe and eỉỉective in  miỉd to 
moderate Peyronie's disease, the quality of studies was 
generally poor and its efficacy needed to be: veriBed. 
Verapamil has also been given by iontophoresis, bu t again 
benehts remain unclear. A study3 comparing verapamil 
and dexamethasone wìth lidocaine reported considerable 
improvement in  plaque volume, penile curvature, and 
pain in the group given verapamil and dexamethasone, 
while patients given lidocaine had a transient improve-

ment in pain but no change in plaque volume or curva- 
ture. However, a study4 comparỉng verapamil with sodỉum 
chloride as placebo reported some improvement wìth both 
treatments, with no diữerence bemeen the groups.

1. Levinc LA. a a l. Eiperience Hith intrapbque in]«ction of veiapamil tbr 
Feyronie's dbease. J  Uroi (Baỉtànortị 2002:16f t  621-3.

2. RuskII s. tt aL Synenutỉc evidenoe-based nulyiis c i pbque injecck>n 
therapy Eor Peyiónle'5 diseue. Bitr ơroi 2007; 51:640-7.

3. Oi Stãd SM. ã  íl. A prospectivẹ, nndoraized stuđy using orasdennal 
electromotíve adminỉsxration of verapimíl and dexaméibasone for 
Pryronle'! discase. J  U nt (Btữám rt) 2004; 171:1605-8.

4. GreenSeld JM, ít «1. Venpunil versus saline ỉn tk cg o moứre đrug 
adminiỉaatíoa for Peyronie's dheasc a doubk-blind, placebo conoolled 
triaL }  Uni ÍSaltímon) 2007; 177: 972-5.

Reperfuỉion and revascularisatioo procsdures. Pencuta- 
neous coronary intervention is vridely used in the man- 
agement of padents with acute myocardial iníarction and 
angina pectoris, and adjunctive drug treatment has an 
important role in reduõng complications and ũnproving 
outcome (see p. 1259.2). Intracoronary verapamil may be 
used to treat vasospasm1 and has aỉso been ũsed to treat1'3 
and prevent0  thê 'no-reflow' phenomenon. However, 
ữansient heart block occurred in some patíents given 
verapamil prophylactically, 5 and this may Umit its use. .

There is also some evỉdence that verapamil may ieduce 
the inddence of restenosis aíter coronary4 or peripheral7 
percutaneous interventions.

1. The Task Porce for percuuuieoui Coronaiy Interrentỉons 01 the 
Eutopean Sodety of Cardiology. Guideỉines Eor percutaneoiu coionary 
interventìons. Eur Heart J  2005; 26: 804-47. Also m ilab le at: http:// 
1vww.escardio.org/guidclincj-survey5ycsc-guidellne5/Guiddine5Docu- 
mentí/guideUnes-pă-FT.pdf (accessed 14/08/08)

2. Pỉana RN, ít  aí. Inddesce and treatmest of 'no-reílovr' aỉter 
peicutaneous coronary interventlon. Circuỉaãon 1994; 89:2514-18.

3. DemirLctal.Treauneãco(no-teflowphenomenonv>ithveiapamỉlafter 
primaty stem deployment duiing myocanUal tnỉarcdon. jjm  Heart J 
2002; 43: 573-80.

4. Hang C-U er aỉ. Early admlnlsnatlon 0í  intracoroĐary verapamil 
hnproves myocardlal peĩíusìon duiỉng percutaneoin corânaiy ỉnter- 
vendons ỉor acme myocaidial inlarrrion. Ctet 2005; 128:2593-8.

5. yijayalakahml K,tta L  Prospecĩive. randomited. coptroũed orial to gudy 
the eSect of intraconmaiy injectioo af vetapandl and adenmtne on 
coronaiy bỉood Bow during percutaneoui oorooary huerventlon in 
padents with acute ooionary sỹndrotnes. H ttrt 2006; 92: 1278-84.

6. Bestehorn H-P, eĩ aL Evaluatìon of the eữect oi oral verapamll on dlnical 
□utconie and angiographic restenods aíter percutaneous coronaiy 
intervendon: the randomóed. double-bllnd. placebo-CDatioIled. tnulti- 
center Venpamil Slow-Rdease lor Preventỉon ot Cardiovasciilar Events 
Aher AngiopUsty (VESPA) Tlial. ÍA m C tlỉ Cantiol 2004; 43:2160-3.

7. Schvveữer í  a  ai. ESect of high dose verapamil on restenods after 
petiphenl angloplasty. JAm  0>u Carắiol 1998; 31: 1299-1305.

Transpỉantaíion. Cidosporin is widely used in transplanta- 
tíon to prevent rejecdon but its use is limited by its 
nephrotoxidty. Dihydropyridine caldum-channel blockers 
(see under Uses of Nưedipine, p. 1450.2) and diltiazem 
(p. 1360.1) have been reported to reduce ddosporin-asso- 
dated nephrotoxidty, and there ỉs some evidence that 
verapamil may have a similar e ữ e c t Studies in renal1'2 
and heart or lung3 transplant redpients ỉuggested that 
verapamil can ũnprove outcomes in patients receiving 
ddosporin. Most studies have íound that verapamil pre- 
vents ddosporỉn-induced deterioration in renal ỉunction, 
despite increasing plasma -ddosporin concentrations,ư  
and there is also evidence2 that graft survival may be 
improved. The benefidal c ữ e c t o í verapamil may be 
related to its ability to protea cells bom ischaemia, selec- 
tive vasodilatatlon of the aữerent renal arterioles, or 
inherent immunosuppressive properties; its eữect on 
plasma-ddosporin concentrations may also be involved, 
either directly'-2 or by alỉovving reduction of the ddospor- 
in dose.3 However, one study4 íound that use of verapamil 
with ddosporin resulted in higher serum-creatinine con- 
centraúons in patients given verapamil. with no reduction 
in the inddence o( rejection, and careỉul monitoring is 
necessary if the drugs are -used together. A higher ind- 
dence of severe iníeaions has also been reported3 in renal 
ưansplant patients given verapamil and ddosporin; the 
authon suggested thai ií a rapid increase in plasma-ddos- 
porin concentrations was required, improved formulations 
of ddosporin should be used rather than verapamỉl.
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Adverse Ettects
Treatment with verapamil is generally well tolerated, but 
adverse eỉlects connected with its pharmacological eííects 
on cardiac conduction can arise and may be parúcularly 
severe in patíents with previous myocardial damage or 
hypertrophic cardiomyopathies. Adverse eHects 0 0  the 
heart indude bradycardia, AV block, worsening heart

The Symbol t  denotes a preparation no longer actively marketed




