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Orgon and fissue fransplontation. Cardiovascular disease
is an important cause of morbidity and mortality after

organ transplantation and statins are useful for cardiovas-
cular risk reduction in these patients. They may also have
immunomodulatory effects and have reduced the risk of
rejection in some studies.! Some evidence also suggests
that they may reduce the risk of sepsis and post-transplan-
tation infections.? A meta-analysis of patients who had
undergone heart transplantation (p. 1938.2) considered
that treatinent with a statin within 3 months of transplan-
tation reduced allograft rejection with haemodynamic
compromise and reduced 1-year montality;? it was calcu-
lated that one life was saved for every 8.5 treated heart
transplant padents. There is some tentative evidence that
statin therapy may alse reduce acute rejection and the
development of obliterative bronchiolitis in patients who
have undergone lung transplantation (p. 1941.3)4
although prospective controlled studies are lacking.
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Osleoporosis. Statins appear to have effects on bone
metabolism and preliminary studies!-? have suggested that
some statins may increase bone minera! density. However,
the clinical relevance of any effect is unclear.> Several
case-control studies*¢ have also suggested that use of sta-
tins may protect against fractures, but another case-control
study’ and an observatonal study*® failed to support such
an association. A review® of 4 further observational studies
found that the risk of fracture was lower in women taking
statins, but analysis of data from randomised studies of
statins for cardiovascular disease!®!! failed to confirm any
effect, and controlled studies are needed*!? 10 confirm the
role of statins in the management of osteoporosis
(p. 1168.1).
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Incidence of adverse effects. By February 1992 the UK
CSM had received 738 reports of adverse effects assodiated
with simvastatin,' from an estimated 257000 prescrip-
tons. Abnormal hepatic function and myalgia were 2 of
the most frequently reported reactions, with 36 and 48
reports respectively, including 5 reports of hepatitis and 2
of jaundice. Other muscle effects included 3 reporns of
myositis, 10 of myopathy, and 7 reports of asymptomatic
increases in serum creatine kinase concentrations. Gastro-
intestinal adverse effects accounted for 20% of the reports;
skin, neurological and musculoskeletal effects for 15%
each; psychiatric effects for 10%; liver effects for 7%; and
visual effects for 4%. A systematic review? of data from
clinical studies confirmed that the risk of liver transami-
nase elevation was increased by statins but there was no
significant increase in the incidence of myaigia (reported
in about 15% of patients), creatne kinase elevation
{0.9%). or rhabdomyolysis {0.2%}), compared with place-
bo. The incidence of adverse effects may be greater with
high-dose therapy.>4
1. CSM. Simvastatin. Current Problems 33 1992. Available at: hip://www.
mbra.gov. uklhomelldcpl[?ldcservmesGET FILE&dDocName-
CON2024451 isk
30/05/08)
2. Kashani A. e al. Risks associated with atin therapy: a systematic
overview of randomized dinical trials. Ciraulasion 2006; 134: 2788-97.
3. MH JG. Safery of aggressive lipid s

L)

statins may have beneficial effects: in one study* there
was no effect on the overall incidence of cataract but the
risk of developing nuclear cataract appeared to be
decreased, while another study® reported a reduction in
the overall incidence but this was not significant for any
specific cataract type.
For mention of ocular haemorrhage in patients taking
stanns see Etfects on the Blood, above.
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Effects on the hair. Between its introduction in Australia
and 1993, 16 cases of alopecia associated with the use of
simvastatin had been reported to the Adverse Drug Reac-
tions Advisory Commitice.! Most cases involved either
excessive hair loss or hair thinning, although 2 cases of
hair loss in patches and | resembling alopecia areata were
reported. Onser occurred between 3 days and 15 months
after starting therapy. Progressive hair loss has also been
reported? in a woman within 6 weeks of starting atorvas-
tatin; the hair regrew when atorvastatin was stopped but
alopecia recurred when therapy was restarted 5 months
later.
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Effects on the kidneys. Proteinuria was reported in 10
patients taking simvastatin 40 mg daily.! The protein loss
was of a pattern typical for increased glomerular perme-
ability. In 2 patients proteinuria disappeared when simva-
statin was withdrawn and recurred on its subsequent rein-
troduction. Proteinuria has also been seen with
Tosuv: in, and was found to be dose-dependent.? How-

Am Coll Cardio! 2007; 49: 1733-62.
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Carcinogenicily. For discussion of the effects of statins on
the risk of cancer, see Malignant Neoplasms under Uses,
p. 1491.3.

Effects on the blood. Thrombogytopenia has been reported
rarely with statin therapy. Serious thrombocytopenic
purpura has occurred with simvastatin, with the onset
ranging from 1 or 2 days'? t0 11 or 12 months** after
starting treatment. Platelet counts improved after stopping
sim in in each case, although most patients were
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Adverse Effects

The commonest adverse effects of therapy with simvastatin
and other statins are gastrointestinal disturbances. Other
adverse effects are generally rare but include headache,
rash, dizziness, insomnia, hyperglycaemia and diabetes
mellitus, peripheral neuropathy, reversible cognitive
impairment, depression, interstitial lung disease, sexual
dysfunction, and alopecia. Hypersensitivity reactions have
occurred, including anaphylaxis, angioedema, urticaria,
photosensitivity, fever, flushing, dyspnoea, thrombocyto-
penia, toxic epidernal necrolysis, dermatomyositis, vascu-
litis, and lupus-like syndrome. Reversible increases in
serum-transaminase concentrations may occur. Hepatitis,
bepatic failure, and pancreatitis have been reported. Dose-
related myopathy, characterised by myalgia and muscle
weakness and assodated with increased creatine phospho-
kinase concentrations, has been reported. Drug interactions
may increase the risk of myopathy, see Interactions,
p. 1494.2. Rarely, rhabdomyolysis with acute renal failure
may develop.
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given corticosteroids, immunoglobulins, or plasma
exchange. There has also been a similar report with ator-
vastatin,” which recurred on rechallenge; the patient had
previously taken simvastatin without developing thrombo-
cytopenia, suggesting an idiosyncratic reaction.

A case of haemolytic anaemia has been reported® in a
patient taking lovastatin; no adverse effect was seen when
the patient was given simvastatin.

Statins have effects on coagulation and fibrinolysis but
these are generally benefidal (see Action under Uses,
p. 1489.3); there have been rare reports of ocular
haemorrhage,” but the association with statins is not
established.
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Effects on the eyes. Studies in animals have suggested that
some statins could cause cataracts, but this has not been
confirmed in humans. Although a study’ with lovastatin
found lens opacities in 13 of 101 patients after weatment
for 18 weeks, no deterioration in visual function was
found in 11 of these who continued Jovastatin and were
followed up for an average of 26 months from the start of
teatment. Similarly, no differences were found in the
development of lens opadities or in changes in visual acui-
ty between patients treated with lovastatin for 48 weeks
and patdents taking placebo in a study of 8245 patients.2 A
large case-conuol study’ found no evidence that use of
therapeutic statin doses was associated with the develop-
ment of cataracts, although the risk did appear to be
increased in padents taking simvastatin with erythro-
mycin. Further observational studies have suggested that

ever, there is also some evidence that statins may improve
proteinuria (see Kidney Disorders under Uses, p. 1491.3).
Acute tubulointerstitial nephritis developed? in a patient
receiving high-dose therapy with rosuvastatin. It resolved
over 3 weeks when rosuvastatin was stopped, but recurred 2
weeks after rechallenge. A similar reaction was noted with
atorvastatin, but improved with dose reduction, and the
patient was finally stabilised on simvastatin without a
further recurrence.
Renal failure due to rhabdomyolysis has been reported
rarely {see under Effects on Skelexal Muscle, p. 1493.2).
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Effects on the liver. Statins cause dose~elated increases in
liver enzymes but the incidence appears to be low with
low to moderate doses' and serious hepatic effects appear
to be rare.? Although monitoring of liver function tests is
advised, the value of routine assessment has been ques-
toned.> There is some evidence* that the inddence of
hepatic reactions may be higher with fluvastatin than
with other statins, but this is not yet established.

There have also been case reports*® of cholestasis and
acute hepatitis in patients receiving statins.
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Effects on the lungs. Interstitial lung disorders, including

hypersensitivity pneumonitis, have been reported with

several statins.!”’ In some cases the condition improved

when the statin was stopped? but trearment with corticos-

teroids and i was required in some

patients'# and progresnve disease and fatalides have

occurred.*
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Effects on menial function. There have been conflicting
reports of the effects of statins on mental function, and
adverse psychiatric reactions have been reported with sta-
tins and with other lipid regulating drugs, although the
exact association is unclear.

There have been a few case reports of depressive symptoms
developing in patients treated with pravastatn'! or
simvastatin.? The symptoms appeared during the first few
weeks or months of treatment. However, randomised
studies investigating the effects of lowering cholesterol on
mental function have found no effect on mood disorders
(with simvastatin®) or psychological well-being (with
lovastatin® or pravastatin®), and epidemiological studies
have suggested that use of statins may be associated with
improved psychological status® and a reduction in the risk of
depression and suicide.”

Impairment of cognitive function has been reported with
statins. In. the study using lovastatin,* reductions in some
measures. of cognitive function were noted, and similar
results were found in a study using simvastatin.® New onset
cognitive. impairment in a patient a week after starting
simvastatin resolved when the drug was stopped but
recurred on rechallenge with a lower dose,® while analyses
of reports to adverse drug reaction reporting databases'®!!
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Effects on the pancreas. Statins may cause pancreatitis
but the incidence appears to be low,' and a case-control
study? failed to support a strong assoclation.
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Effects on sexval function. There have been reports of
erectile dysfunction in some men receiving statins. Five men
receiving simvastatin developed impotence,! which
resolved when fluvastatin was substituted in 4 of them. In
another case,? impotence occurred in a patient receiving
lovastatin, and recurred when therapy was changed to

have found several cases of memory loss in patients
receiving statins, some of which were confirned by
rechallenge. However, clinical studies have not found
statins to have an adverse effect on cognition, and there is
epidemiological evidence that use of statins may reduce the
incddence of dementia (see under Uses, p. 1491.2). A study
with atorvastatin'? also found beneficial effects on cognitive
function.

Other psychiatric effects that have been noted in reports
to another adverse drug reaction reporting database!?
indude 5 cases of aggressive reactions, all of which resolved

when the statin was stopped.
See also Effects on Sleep Patterns, below
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Effects on the nervous system. Treatment with statins
may be associated with the development of peripheral
neuropathy.' aithough the reaction appears to be rare. Up
to 2005, the Australian Adverse Drug Reactions Advisory
Committee had received 281 reports® of both sensory and
sensorimotor peripheral neuropathies associated with sta-
tins. Time to onset of symptoms ranged from after the first
dose to 4.5 years. Recovery was seen on withdrawal in
about half of the cases, including in some diabetics, and
there were some reports of positive rechallenge. In 21
cases symptoms persisted at the time of reporting, up to 8
months after the statin was stopped, and in a further 2
reports the symptoms were unresolved after 3 and 5 years
respectively. Similar patterns have been noted elsewhere.?
A case-control study* found that the risk of neuropathy
was substantially increased in users of statins although the
number of cases was small, and the authors concluded
that the benefits of therapy generally outweighed the
risks.

Reports® of upper motor neurone lesions similar to
amyotrophic lateral sclerosis (ALS) in patients taking statins
prompted the FDA to analyse data from their spontaneous
adverse event reporting system; however, the incidence of
ALS with statins and placebo was similar.®

1. Backes JM, Howard PA. of HMG-CoA red hibi
with neuropathy. Amn Pharmacother 2003; 37: 274-8.

P in. Up to 1995, the Australian Adverse Drug
Reactions Advisory Committee? had received 28 reports of
impotence associated with simvastatin, which had
recurted on rechallenge in 4 cases. A report* from the
French and Spanish drug monitoring systems, and an
observational study’ in high-risk cardiovascular patients,
supported the association between statins and erectile dys-
function, and a systematic review® came to similar conclu-
sions. However, it has been pointed out” that the
increased risk of sexual dysfunction with statins in the
Scandinavian Simvastatin Survival Study was not statisti-
cally significant, and there has also been a small study®
suggesting that atorvastatin may improve erectile function
in men with hyperlipidaemia as the only risk factor.

Decreased libido has also been reported with statins.
Serum-testosterone concentrations were measured in 2 of 8
patients reported to the Netherlands Pharmacovigilance
Centre and were found to be low:? they rose after the statin
was stopped.

Testicular pain has been reported'® in a 54-year-old
patient 7 months after starting lovasiatin. The pain resolved
when lovastatin was stopped, but recurred with both
simvastatin and atorvastatin. The mechanism for the
reaction was unclear.

There has also been a report'' of a low sperm count in a
patent receiving lovastatin.

Gynaecomastia occurred in "a patient 6 momhs after

problems, induding renal impairment and possibly endo-
crine disorders such as hypothyroidism, may be at
increased riskyof muscle toxicity; drug interactions may
also contribute (see p. 1494.2). Myopathy has been
reported with other lipid reguladng drugs, particularly
fibrates, and the risk may be increased in patients with
severe hyperlipidaemia who require combination therapy;
careful monitoring is required if statins and fibrates are
used together.%!* The UK CSM! and a joint committee of
the American College of Cardiology, American Heart Asso-
ciation, and National Heart, Lung and Blood Institute,®
have both advised that patients treated with statins should
consult their doctor if they develop musde pain, tender-
ness, or weakness and that teamment should be stopped if
muscle toxicity occurs or is suspected dlinically or if crea-
tine phosphokinase is markedly raised or progressively ris-
ing. If continued therapy is required, the dose may be
reduced or another statin or alternative lipid regulating
drug may be tried, although the risk of recurrent musde
problems appears quite high.!" An algorithm for diagnosis
and management of statin-assoclated myalgia has been
suggested. ' )

The mechanism by which statins cause muscle toxidty is
not clear, but it has been suggested that depletion of
ubidecarenone concentrations may be involved.!* Although
positive results have been reported with ubidecarenone
supplementation'é evidence of benefit is limited and it is not
generally recommended.!”

Other muscular disorders that have been reported in
pauents recewmg stauns indude dermatomyositis and
? itis, '8 and b gravis 9 .
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changing from simvastatin to ator Symptom:
improved when atorvastatin was stopped and d:d not recur
when treatment with simvastatin was restarted.
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Effects on sleep paitems. Changes to sleep patterns have
been reported with lipophilic statins such as lovastatin!-?
and simvastatin, but appear to be less common with
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Effects on skeletal musde. The association between
musde disorders and statins is well known.'® Mild myalgia
is relatively cc but itis and myop with ele-
vation of creatine kinase, may also- occur. Rhabdomyoly-
sis, 1911 which involves severe muscle damage, substantial
elevation of creatine kinase and myoglobinuria leading to
renal impairment, occurs more rarely, but has resulted in
fatalities. Muscle toxicity is dose-related and the risk
appears to be broadly similar with all of the currently-
marketed statins;>%!? the incidence with cerivastatin was
found to be considerably higher and this led to its with-
drawal worldwide in 2001. Patients with complex medical

pra in,! possibly because it is hydrophilic and less
likely to cross the blood-brain barrier. However, a large
placebo-controlled study® found that simvastatin had no
effect on sleep patterns, and smaller studies that assessed
sleep using questionnaires® or polysomnography’ found
no significant effects with any of the statins, although
some patients appeared to have underlymg slce'p disor-
ders.

Nightmares and sleep disturbances in a patient taking
simvastatin and metoprolol resolved when treatment was
changed to pravastatin and atenolol.!® There has been a
report of nightmares with atorvastatin, which resolved
when the drug was stopped but recurred on rcchallcnge n

1. Schaefer EJ, AMG-CoA for hyperchol N
Engl J Med 1988: 319: 1222,
2. RS, NL. L 1t d sleep and mood

disturbances. Am J Med 1993; 95: 548-9.
3. Slozinger H, et al, Sleep disturbance and appetite loss after Iovasmun
Lancet 1994; 343: 973,
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Precautions

Statins should not be given to patients with active liver
disease (but see also Hepatic Impairment, below). Liver
function should be assessed before starting treatment and
subsequently when dinically indicated; additional assess-
ment after 3 months and before and after dosage increases
has been advised for some statins, particularly when high
doses are given. Statins should not be used in patients who
already have unexplained persistently raised serum-
aminotransferase concentrations and should be stopped if
marked or persistent increases in serum-aminotransferase
concentrations occur. They should be avoided during
pregnancy since there is a possibility that they could
interfere with fetal sterol synthesis; there have been reports
of congenital abnormalities associated with statins (see

Pregnancy, below).

All statns may cause myopathy and rhabdomyolysis,

especially at higher doses. High doses of statns should
therefore be limited to those patients with severe
hypercholesterolaemia and high cardiovascular risk, who
do not achieve their target cholesterol concentration at
lower doses, provided benefits outweigh the potential risk.
They should be used with caution in patients at risk of
rhabdomyolysis, and particularly in patients taking drugs
that increase plasma concentrations of the statin (see
Interactions, below); the statin should be stopped if creatine
phosphokinase increases significantly or if myopathy is
diagnosed.

Statins should be used with caution in patients with renal

impairment as the risk of myopathy is increased. Dose
reduction may be required for statins that are excreted by
the kidney and for those with a particularly high risk of
myopathy (see Administration in Renal Impairment under
Uses of the individual drugs for further details).

Children. For discussion of concems relating to the use of

statins in children, see Ad

istration in Child under

Uses, p. 1490.2.

impairment. Although licensed product informa-

tdon contra-indicates the use of statins in patients with
active liver disease, there is some interest in the possibility
of using them in selected patients with chronic liver dis-

ease such as non-alcoholic fatty liver

4 or

It was noted that patients with end-stage liver disease often
have low total cholesterol due to poor hepatic synthesis, and
as such rarely require statin therapy.?

L

Cohen DE, & al. National Lipid Association Statin Safety Task Force Liver
Expert Panel. An astessment of sutin safety by hepatologists. Am J
Cardiol 2006; 97: T7C-81C.

. Cash J, et al. Statin safety and chronic liver discase. Int J (in Pract 2008;

62; 1831-5.

. Tandra S, Yuppalanchi R. Use of statins in patients with liver disease.

Cuxr Treat Options Cardiovase Med 2009; 11: 272-8.

ia. The Drug Database for Acute Porphyria, com-

Porphyria.

piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies simvastatin as
probably porphyrinogenic; it should be prescribed only for
compelling reasons and precautions should be considered
in all patients.!

1.

The Drug Database ior Acuie Porphyria. Available at: hup://www.
drugs-porphyria.org {accessed 19710/11)

Pregnancy. Statins are generally contra-indicated in
pregnancy since there is a possibility that they might affect
fetal sterol synthesis whereas the risk to the mother from
stopping treatment temporarily is usually very low. Evi-
dence that statins have adverse effects on the fetus, how-
ever, is limited. Studies based on posunarketing surveil-
lance!? or pregnancy registry data® have generally found
that the frequency and range of congenital anomalies
reported was similar to that expected in the general popu-
lation. However, reviews of case reports*® found that the
incidence of CNS defects and limb anomalies was higher
than expected, suggesting a possible adverse effect of statin
exposure; 1 of the 5 cases reported as a CNS defect was
later found to have cardiac anomalies only.¢

1

Manson JM. & al. Posumarkering surveillance of lovastatin and

6.

7.

Aniarrithen

Neuvonen PJ, & al. Dru' interactions with lipid-lowering drugs:
and dinical Clin Pharmacol Ther 2006; 80z 565-

81,
Prishman WH, Horn J. Staiin-drug Interacdons: not a dass effect. Cardiol
Rev 2008; 16 203-12.

Amiodarone is an inhibitor of the cyto-

chrome P450 isoenzyme CYP3A4 and may increase plasma
concentrations of statins metabolised by this enzyme,
increasing the risk of toxicity. There have been reports!-?
of myopathy and rhabdomyolysis in patients taking amio-
darone and simvastatin (in some cases with other CYP3A4
inhibitors), and a pharmacokinetic study* found that
amiodarone increased plasma-simvastatin concentrations
in healthy subjects mgh doses of simvastatn are not

3nd

taking {see Uses

and Adnumstnﬂon, p. 1489.3).

An asymptomatic increase in serum aminotransferases in
a patient receiving rosuvastatin and amiodarone may have
been the result of an interaction bctween the drugs.?

1

2.

3.

Roten L, o al. domy in with and
amiodarone. Anm Phtmualhﬂ 2004 a8: 975—81
Chouhan UM, e al. Si with and

amivdarone causing myaositis. Ann Phnnumlw 2008; 39: 1760-1.
Rlnun: B, a al. Si jon resulting in
. Ann Pharmac-

and possible h
other 2006; 40: 753~7.

. Becguemont L. & al. Amiodarone interacts with sirovasiatin but not with

pravastatin disposition kinetics, Clin Pharmaco! Ther 2007; 81: 679-84.

. Merz T, Puller SH. Elevated serum transaminase levels resuliing from

use of and Am J Health-Syst

Pharm 2007; 64: 1818-2(.

Antibacterials. Erythromycin and other macrolides are inhi-
bitors of the cytochrome P450 isoenzyme CYP3A4 and
may increase plasma concentrations and the risk of myo-
pathy with some statins. Increased plasma concentrations
of simvastatin have been reported with erythromycin,’
and increased plasma concentrations of atorvastatin have
been found with erythromycin? and darithromycin,® but
not with azithromycin.® There have been reports of myopa-

yolysis in p receiving simvastatin

with clarithromycin,* and in patients receiving lovastatin
with azn.hxomyczn ? clarithromycin,® or erythromycin.®

an inducer of CYP2CY and CYP3A4, may

reduce t}rle bioavailability of fluvastatin, and has also been
reported to reduce the plasma concentration of simvastatin’

There have been reports of rhabdomyolysis in patents
receiving atorvastatin® or simvastatin'® with fusidic acd.

P during Rl’ml Texicol 1996 10: 43946,
2. Pollack PS, o1 ol Preg 10
simvastatin and lovastatin. Blrlll Defects Rls A Ctm Mol Teratol 2005; 73:
888-96.
3. Ofori B, & al. Risk of congenital anomalies in pregnant users of satin
drugs. 8r J Clin Pharmacol 2007; 64: 496~509.
4. Edison RJ; Muenke M. Central nervous system and limb anomalies in thy or rhabd
case reports of frst-trimester satin exposure. N Sngl J Med 2004; 350:
1579-82.
5. Edison RJ, Muenke M. Mech and epidemi; jons in
the evaluation of adverse birth g g P
0 statins. Am J Med Genrt 2004; 131A: 287-98.
6. Edison RJ, Mumke M. Gnuuoml exposure 10 lovastatin followed by
cardlac as haly. N Engl J Med PP
2008; 352: 2759. and atorvastatin.
Inferactions

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 include fibric add derivatives
(fibrates or gemfibrozil), and nicotinic add. The risk of
myopathy is also increased by drugs that increase the
plasma concentrations of statins, by inhibiting their
metabolism or by inhibiting their uptake into the liver.
Since the statins have different metabolic pathways, these
interactions depend on the individual drug concemed.
Simvastatin is metabolised by the cytochrome P450
isoenzyme CYP3A4, as are atorvastatin and lovastatin, and
interactions may occur with drugs that inhibit this enzyme,
including dclosporin, fluconazole, itraconazole, ketocon-
azole, posaconazole, voriconazole, erythromycm, damhro-

mycm, telnh.romyun. HIV

ranolazine.

non-alcoholic steatohepatitis.!"* The Liver Expert Panel of
the National Lipid Association in the USA assessed the
safety of statins, and concluded that although they should
remain contra-indicated in patients with decompensated
cirrhosis or acute liver failure {in whom, given the gravity
of their illness, they were unlikely to be a relevant option
in any case), there was no reason to do so in patients with
chronic liver disease or compensated cirrhosis.!

A subsequent comment by UK experts® noted that use in

patients with chronic liver disease and elevated wransami-
nase values remained contentious. Those with AST and ALT
concentrations less than 3 times above the normal upper
limit could be offered statin therapy but at the lowest
possible dose, and liver enzymes should be reassessed
within 4 weeks; if no major change occurred, reatment
could continue and values be monitored every 6 weeks for
the next 3 months, and every 3 months thereafter. If values
doubled from their original readings, treatment should be

pped, although rechall was possible once they

retumed to normal baseline values. They recommended
that treatment should not be given to the following groups:

those with transaminase values more than 3 times above
the normal upper limit (although this was an arbitrary
limit rather than an evidence-based one)

those with evidence of impaired liver synthesis, ¢.g. low
serum albumin or increased prothrombin time

those with acute hepatitis of any cause

those with Child B or C cirrhosis

All cross-references refer to entries in Volume A

ne pri dilti

and verapamil; there may also 'be a similar interaction with
grapefruit juice. Such combinations should be used with
caution, if at all, and dose reduction may be advised (see
Uses and Administration, p. 1489.3); UK licensed product
information contra-indicates the use of simvastatin in
patients receiving potent CYP3A4 inhibitors. Fluvastatin is
metabolised mainly by CYP2C9 and pitavastatin by
glucuronidation, while pravastatin and rosuvastatin are
not significantly metabolised; interactions specific to these
starins are discussed on p. 1385.2, p. 1471.2, p. 1473.2, and
p. 1488.3, respectively.

Statins may also have effects on other drugs. Bleeding

and increases in prothrombin time have been reported in
patients taking simvastatin or other statins with coumarin
anticoagulants.

General reviews.
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Anficoagulants. For reports of bleeding and increased
prothrombin time in patients receiving oral anticoagulants
with statins, see Lipid Regulating Drugs, p. 1534.3.

nfs. Myositis and rhabdomyolysis, with

Antidepressa
raised liver enzyme values, have been reported’* in

patients given simvastatin with nefazodone; in one case’
the reaction appeared to be precipitated by the addition of
azithromycin. Increased creatine kinase concentrations
also occurred in a patient given pravastatin with nefazo-
done.?

A study® in healthy subjects found that St John's wort
reduced the plasma concentration of simvastatin but had no
effect on pravastatin.
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Antidiabetics. Rhabdomyolysis and acute renal failure
developed about 6 weeks after sitagliptin was started in an
elderly patient already stabilised on several drugs includ-
ing simvastatin.! The condition resolved when both were
stopped and did not recur when lovastatin was started. In
this case, the patient already had chronic renal impair-
ment, and it was noted that the dosc of sitaglipin was
double that recommended for his renal function. In
another patient taking lovastatin, rhabdomyolysis devel-
oped after about 2 weeks of sitaglipdn treatment, and
recovery occurred after the statin was stopped.? In this
case, although the patient was 75 years old, she was
reported to have a calculated renal function within normal
limits. The possible mechanism of an interaction between
sitagliptin and statins is unclear. In a study in healthy
young subjects, steady-state sitagliptin achieved after 5
days had no significant effect on the pharmacokinetics of a
single dose of simvastatin.’
1. Kao DP, e al. Renal failure and rhabdomyolysis associated with
sitagiiptin and simvastatin use. Du:lm‘ Med 2008; 25: 1229-30.
2, RV, il ‘l ysis caused by a potential
i Ph 2009; 29: 352-6.
3. Bergman AJ, et af. Effec of on the of
smvastatin. J Clin Pharmacl 2009: 49: 483-8.

Antifungals. 1 le and k le are inhibi of
the cytochrome P450 isoenzyme CYP3A4 and may
increase plasma concentrations and the risk of myopathy
with some statins. Raised plasma concentrations of stmva-
statin, 2 Jovastatin, ** and atorvastatin® have been reported
with itraconazole, whereas the effect on pravastatn,'
rosuvastatin,® or fluvastatin* appears to be minimal. Myo-
pathy and rhabdomyolysis have been reported with
simvastatin and itraconazole®” or ketoconazole,® and with
lovastatin and itraconazole.® Fluconazole inhibits CYP2C9
and has been reported'® to increase the plasma concentra-

van der l.u M, et al. Ph and ics of
bined use of lopi and in HIV-infecred”

patients. Amtivir Ther 2007:12: 1127-32.

Kiser JI, et al. g berween and

in healthy 1 Acqueir Imonune Defic Syndr 2008; 47:

570-8.

Caso JG, GndgxmLRhabdomynlyﬂsml.h:cu:emulhﬂm

probably related to the and i AmJ

Med 2002; 113: 505,

Gerber JG. & ai. Bffect of oo the

and pi resuhs of AIDS Cllniul'mals
Group 5108 Study. J Acquir Emmne Defic Syndr 2005; 39: 307-12,

Calcium-channel blockers. Calcum-channel blockers may
increase plasma concentrations of some statins, probably

by

inhibition of the cytochrome P450 isoenzyme CYP3A4.

Pharmacokinetic studies have reported increased plasma
concentrations of simvastatin with verapamil,' and with
diltiazem, and of lovastatin with diltiazem;® the small
increase with si tin and lacidipine was not considered
clinjcally relevant.*

Simvastatin 1495
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3. Bailey DG, Dresser GK. Clin

6. Ando H, « 4l Bifects of fuice on the
pitavastatin and atorvastatin. Br J Clin Pharmacol 2005; 60: 494-7.
7. Lilja 1, # al. Bifects of regular consumption of grapefruit juice on the
of Br JClin P 2004; 33: 56-60.
8. Dreier JP, Endres M. Satn-associated thabdomyelysis triggered by
grapefruit consumprtion. Naaology 2004: 62: 670.

9. Fukazawma L & al. Bffeas of Juice on
and p in M Br J Clin Pharmacol 2004; 57
44835,
10. Sorokin AV, e af. Rbab with p juice
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Immunosuppressants. Myopathy and rhabdomyolysis
havc been reported in panems recewmg atorvastatin,!
in, 4 or sim 7 with i

The interaction between statins and diltiazem has also

been reported in patients. A retrospective study® found that
the cholesterol-lowering effect of simvastatin was greater in
patients who were also receiving diltiazem, and there have
also been reports*® of rhabdomyolysis, assodated with
hepatitis in 1 case,® in patients receiving simvastatin and
diltiazem together. Rhabdomyolysis®? and hepatitis® have
also been reported in patients receiving atorvastatin with
diltiazemn.

For reference to increased bioavailability of verapamil

with lovastatin see p. 1525.3.
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Antineoplastics. For mention of a potential reduction of
cytotoxic effect when rituximab is given with statins, see
p. 855.1.
i drugs. For discussion of a possible interaction
between statins and clopidogrel, see p. 1344.3

Antivirals. HIV-protease inhibitors are inhibitors of the cyto-
chrome P450 isoenzyme CYP3A4 and may affect the
metabolism of simvastatin and other statins. Studies have
shown increased plasma concentrations of both simva-
statin and atorvastatin with relfinavir,' and with ritonavir-
boosted saquinavir,® whereas the plasma concentration of
pravastatin was reduced with ritonavir-boosted saquina-
vir.2 Rhabdomyolysis has been reported® in a patient tak-
ing simvastatin when ritonavir was added to her therapy.
Although rosuvastatin is not significantly metabolised,
increased plasma concentrations have been reported with
ritonavir-boosted lopinavir 43

There has also been a report® of rhabdomyolysis in a
patient receiving atorvastatin with the non-nucleoside
reverse transcriptase inhibitor delavirdine.

Efavirenz is an inducer of CYP3A4 and a study in healthy
subjects? found that it could reduce plasma concentrations
of atorvastatin and simvastatin; plasma concentrations of
pravastatin were also reduced, although it is not

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

L

J oaal igation of the mutual pharmacokinetic
i between adual iin receptor
and simvastatin. Clin Pharmacokinet 2003; 42: 293-301.

Fruit juices. Grapefruit juice inhibits the cytochrome P450
isoenzyme CYP3A4 and studies using concentrated grape-
fruit juice have reported increased plasma concentrations

of

simvastatin,' lovastatin,? and atorvastatin.’> A study*

using less concentrated grapefruit juice found only mini-
mal effect on the activity of lovastatin, but the conclusions

of

this study have been criticised;® studies using normal

strength grapefruit juice have found considerable increases
in plasma concentrations of atorvastatin® and simvastatin.”
There is also a case report® of a woman receiving simva-
statin who developed symptoms of rhabdomyolysis 4 days
after she started cating one grapefruit each day. Statins
that are not significantly metabolised by CYP3A4, such as
pitavastatin® and pravastatin,>® do not appear to be
affected.

Rhabdomyolysis has also been reported'® in a patient

taking rosuvastatin and ezetimibe when he started drinking

metabolised by CYP3A4. pomegranate juice regularly.
1 Esyu?a.aul between nelfl and 3- 1. Llja 33, eral. Jub effect on serum
d i of acid, and HMG-CoA
lnd slmvlsudn. A:wmrvb mus Ommlllﬂ 2001; 45: 3445-50. reductase inhibitors. Clin Pharmecol Ther 1998; 64: 477-83.
CJ, et al. Ph between protease 2. Kantola T, et al it juice greatly serum
inhibitors and statins in HIV seronegative voluntcers: ACTG Study of I and acid. Clin Ther 1998; 63: 397402,
AS047. AIDS 2002; 16: 569-77. 3, Lilja I, et al juice serum of

3. Cheng CH. et al. Rhabdomyolysis due to probable interaction between
simvastatin and ritonavir. Am J Health-Syst Pharm 2002; 59: 728-30.

J
atorvastatin and has no effect on pravastatin. Clin Pharmacol Ther 1999;
66: 118-27.

s including dclesporin. The mechanism of the
interaction may be additive toxicity, since both statns and
ciclosporin are known to cause myopathy, but effects on
plasma concentrations may also be involved. Pharmacoki-
netic studies have shown that ciclosporini increases the
plasma concentrations of atorvastatin,®® fluvastatin,'®!!
lovastatin,'? pra: tn,'2¥ posu n,'4 and simva-
statin.'® For the effects of statins on blood-ciclosporin con-
centrations, see p. 1958.1.

1. Maluz HC, « al. Rhabdomyolysis assoclated with concomitant use of
atorvasutin and cydosporine. Ann Pharmacother 1999; 33: 1176-9.

2. Norman DJ, e L. Myolysis and acute renal failure in a heart-transplant
recipicnt receiving lovastatin, N Bngl J Med 1988; 318 46-7.

3. East C, o« «L Rhabdomyolysis in patients receiving lovastatn after
cardiac ransplantation. N Bngl J Med 1988; 318: 47-8.

4. Corpier CL, #t al. Rhabdomyolysis and renal injury with lovastatn use:
report of two cases in cardiac transplant redpients. JAMA 1968 260:
239-41.

3. Blaison G, er al. Rhlbdmynlyx causée par la simvastatine chez un

Rev Med Interne 1992; 13: 61-3.

6. Meier C, o al. yse bei mit und Cl i
behandeiten Patienten: Roile der akevitdt des Cytochrom-P430-
Enzymsymm:derubu Schweiz Med Wndmudv 1995; 125: 1342-6.

7. o al. induced ysis In & CsA-
reated renal lensphnu:upiﬂn_ Med Sci Mot 2003. 9: CS89-Cs91.

8. Asberg A, & al Bilseral pbarmacokinetic interaction between
cye A and in renal am J
Transplant 200); 1: 382~6.

9. H:zmmnM.a-LSubnnﬂaﬂyelzvued!:v:huf:mmmunmd

ated renal

Phﬂlunl‘ﬂzrm 76 383-91.

10. Goidberg R. Roth D. of in in the of
hy in renal fents taking cycl
1996; 62: 1539-64.
11. Park J-W, st al. P ki and of
in heart taking cyd A. J Cardisvasc
Pharmacol Ther 2001; &351—61
12. Olbricht C, et al. of | but not in, in the

blood of cyclosporine-treated kidney graft patients a{ter multiple doses.
Clin Pharmacol Ther 1997; €3: 311-21.

13.Regazri MB, et ol Altered dt of p i L
concomitant drug therapy with cyd Aln
Transplant Proc 1993; 3%: 2732—4.
14. Si 5G. o al. h in heart
i an ion regimen including cyclosporine.

Clin Pharmocol Ther 2004; 76z 167-77.
lS.Arnadmﬂr M, et al Phsm- mcemrarion profiles of simvastatin 3-
3 hyl-gl inhibitory activity in
hdney \nnsphm mﬂﬂmu with and without ddosporin. Nepkron
1993; 65: 410-13.

Levothyroxine. For reference to the effect of lovastatin
and simvastatin in patients receiving levothyroxine, see
Lipid Regulating Drugs, p. 2342.1.

Lipid regulating drugs. Myopathy and myositis are recog-
nised adverse effects of both statins and fibric acid deriva-
tives, including fibrates and gemfibrozil, and the risk is
increased if they are given together. There has also been a
report! of both hepatotoxicity and rhabdomyolysis in a
patient given a statin and gemfibrozil together. The inter-
action between gemfibrozil and statins may also have a
pharmacokinetic basis; studies have shown increased
plasma concentrations of atorvastatin,? lovastatin,’> prava-
statin,* rosuvastatin,® and simvastatin® when given with
gemfibrozii.

Myopathy has also been reported’® in patients given
statins with nicotinic acid, although a study® of adverse effects
reported to the FDA found no increase in reports for
lovastatin given with nicotinic acid compared with either
drug alone.

For reports of increased hepatotoxicity when statins were
given with ezetimibe see Effects on the Liver, p. 1380.1.

1. Akoglu H, et al. Combined organ failure with combination

trestment: 3 case of hepatic injury and acute renal
fmlnxc.Anl Pharmacsther 2007; 41: 143-7.

2. JT. ot al and
the plasma of and its
Clin Pharmacol Ther 2005; 78: 154-67.
3. Kyrklund('.n‘-LHama of active | add are

d by but not by Clin Pharmacol
Ther 2001; 69: 340-3.
4. Kyrklund C, et al. Gemfibrozil increases plasma pnvasmin concentra-

tions and reduces renal d . Clin Ph | Ther 2003;
73: 53844,
5. Schneck DW, ¢t al. The efiect of on the ph k of
rosuvastatin. Clin Pharmacol Ther 2004; 75: 455-63.
6. B:dmnn JT, et al. Plasma of active acid are
Clin P i Ther 2000; 68: 122-9.
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7. Reaven P, Witztum JL. Lovasuatin, aicotinic acid, and rhabdomyolysis.
Ann Interns Med 1988; 109: 597-8.

8. Hill MD, Bilbao JM. Case of the momth: February 1999--54 year old man
with severe muscle weakness. Brain Pathol 1999; 9: 607-8.

9. mwmmmmm«mw«:mmmmdn

Zocor; Denm.: Penchol, Sm:ar SIIIIVBCOP‘I' Simvahallt; Simva-

hotf; Simvaklei d; Vasilip; Zocor: Fin.:
Lipcut; Zocor; Fr.: Lodales; Zocor; Ger.: BeL; Simva; Sim-
vaAPS{; Simvab dt; Simvadoct; Sim

Simvahexalt; Simvalip; Zocor: Gr.: Antichol; Arstarin; Avatra-

alone, alone, slone,
mddmvamaku(ﬁunmwmdsutammomg
adverse cvent rep g system). Am J Cardiol 2007; 99:

379-81.

Profon pump inhibitors. There is a report! of rhabdomyo-
lysis causing AV block in a patient receiving atorvastatin
when esomeprazole and clarithromycin were added to her
treatment. As symptoms started before the introduction of
dlarithromycin, it was thought that a possible contributory
mechanism for the interaction was a reduction in the first-
pass metabolism of atorvastatin due to the inhibition of p-
glycoprotein by esomeprazole.

1. Sipe BE o ol Rhlbdomynlym ausing AV blockade due w possible
Ann

Pharmacother 2003; 37‘&0&11

Ranolazine. A study' in healthy subjects showed that
ranolazine moderately increased plasma concentrations of
simvastatin but it was not thought that the interaction
would be clinically significant.

nn. Bevostatin; Christatin; Doctiverine; Extrastatin;  Glipal;
id; Ky l; Lepur; Lip-Down;
Upml. Upomm. Llpopress, Liporex; Lipozid: Lowcholid;
Normotherin; Placol:
Prelon. Priadn; Prizelip; Raptor Ravostan Redusu:ml Simpla-
qor; Simvachol; Sim k; Sii
Slmvapml. Slmvasuml. Sunvasul Sunvaun. Sivinar; Soneto;
Stativer; Stato-
san; Slazor Sterylip; Trenuul. Vassor; Vastatn; Velkastatin;
Veristin: Veritrat; Zocor: Zurocid; Hong Kong: Avastinee; Cor-
stat; Covastin: Qualicor; Simcard; Simplagor; Simtin; Simva-
cort; Simvell; Simvor; Stavid; Vasilip: Vick- Zx)costann. Vidastat;

s — 784036—3443 (s:raxeman), 210421-74:2 (s:raxenran
-sodium).
UNH — 6V9IH46E20:

Uses and Adminisiration

Sitaxentan is an endothelin receptor antagonist (p. 1245.1)
with similar actions to bosentan (p. 1327.1), although it has
a higher selectivity for the endothelin ET,-receptor. It was
used in the management of pulmonary hypertension
functional class II (p. 1278.2) in an oral dose of 100 mg once
daily, but was withdrawn due to reports of fatal liver
toxiciry.

Zocor; Hung.: Andever; Awestatin; Sicor; Simvacol; §i
ma; Simvep: Simvor; Vasilip; Zocor; India: Biosim; $|mard
Simchol; Simlo; Simvotin; Indon.: Cholestat; Cholexin; Detro-

vel; Esvar; Ethicol; Lesvatin; Lipinorm; Mersivas: Normofat !

: Adverse Effects

Phalol; Pontizoc; Preschol; Rechol; Rendapid: Rocoz: Selvim:
Simbado; Simchol; Simcorf; Sinova: Sintrol; Valemia; Vaster;
Vazim{; Vidastat; Zapurol; Zocor; Zovast; Irl: Ritechol: Simator;
Simcovas; Simtan; Simzor; Sivatin; Zocor; Israel: Simovil; Sim-
vacor: Simvaxon; Ifal: Alpheus; Krusiai; Lipenil; Liponorm;

1. Jeding M, et al, smdksm iga lh: ki
between i di or sii in during P
combined idmmxstnutm in healthy subjects. J Clirr Pharmacol 2005; 45:
422-33.
Mex.: Ap
Pharmacokinefics

Simvastatin is absorbed from the gastrointestinal tract and
must be hydrolysed to its active B-hydroxyadd form. Other
active metabolites have been detected and several inactive
metabolites are also formed. Simvastatin is a substrate for
the cytochrome P450 isoenzyme CYP3A4 and undergoes
extensive first-pass metabolism in the liver, its primary site
of action. Less than 5% of the oral dose has been rtpon:d to
reach the circul asactive bolites. Both si in
and its B-hydroxyadd metabolite are about 95% bound to
plasma proteins. Simvastatin is mainly excreted in the
faeces via the bile as metabolites. About 10 to 15% is
recovered in the urine, mainly in inactive forms. The haif-
life of the active B-hydroxyadd metabolite is 1.9 hours.
General reviews.

1. Mauro VF. Clinical ph k and practical i of
simvasatin. Cin Pharmacmkinet 1993; 24: 195-202.

vag Sivastin; Vasigen; Xipocol; Zocor; Malaysia: Covastin; Lipa-
Colesk Cotritev; Diskol Fansiat;
!mbxstad Nafatab; Nodolip; Pulsar-AT Dual; Ranvort; Simpla-
qor; Smccord SnaunaL 'I‘ulxpf- Xintilan; Zeid; Zocor; Zorced:
Neth.: imit; p: d: Simvastainet; Vabadint:
Zocor: Norw.: Zocor; NZ: Lipex: SimStatin: Simva; SimvaRex:
Philipp.: Afordel; Altovast; Astin; Avastat; Buztint; Cardiosim:
Cholestad; Cholevas; Cholevast; Cholevist; Ecosta: Endovaz:
Eurocor; Euvasten; Forcad: Ivast; Lipitn-S: Lipivas; Lipix:
Lochol: Normastin; Orovas; Qualistat; Reduscole: Regumet
Saveor; Simbathree: Simlip; Simtn; Simvacor; Simvahex; Sim-
vastin; Simvasyn; Simvaz: Simvoget; Sivatin; Stadex; Stavid;
Stlz; Uni-Per; Vamstat; Vastat; Vastichol; Vastilan; Vazz; Vida-
sat; Vivastin; Wilsim; Ximvast; Zimcor; Zimvacor; Zivas; Zocor;
Zolestat; Zolvastin; Zostatin; Zovasi; Pol.: Apo-Simva; Cardin;
Egilipid; Simcovas; Simgal: Simratio; Simredint; Simvacard:
Simvachol: Simvacor; Simvagen: Simvahexal: Simvalip: Sim-
vasterol: Simvor; Vasilip; Vastan; Ximve; Zifam: Zocor: Port.:
Actalipid: Biolipe; Ceabisin; Ceasint; Colvastina; Dislipina:
Jabastatina; Lipaz; Simvacol; Simvasim; Sinpor; Sinvastil; Vas-
corim; Zapil: Zera; Zocor: Rus.: Actalipid (Axtannnun); Aterostat

2. Desager J-P, Horsmans Y. Cl.inlnl pharmacokinetics u! 3-] hydxvxy -3- | (Arep ), Cholvasim (X ); Levomir (JlesOMHP): Sim-
Cin gal (Cumran); Simlo (Cumno); Simplacor (Cummtaxop); Simva-

1996; 31: }48-71. card  (Cumpaxaps); Simvacol  (Cumsaxosn);  Simvahexal
3L B, Fager G. Ph ics and ph ofthe [ (c, ¢ ) )Si_ limi 4:‘( ). i i

HMG-CoA reductase inhibitors: stmilaritfes and differences. Clin
Pharmacokinet 1997; 32: 403-25.

4. Pl eaal of dx potential over-
th satns and
Clin Pharmacokinet 2008; 47: 463-74.

Genetic varigfion. The pharmacokinetics of statins are
influenced not only by metabolising enzymes but also by
their affinity for organ-specific transporter proteins
responsible for their uptake and efflux from cells, in parti-
cular in the intestine and liver.! Statins differ not only in
their affinity for cytochrome P450 isoenzymes, but also in
their affinity for ransporter proteins such as organic anion
transporting polypeptides (OATPs) and P-glycoprotein
{multidrug resistance 1; MDR1). Both metabolising
enzymes and transporter proteins may be subject to ethnic
and genetic variation, and it has been suggested that this
may explain some of the variability in the efficacy and the
risk of adverse effects in different populanons
1. Kim RR. 3-Hydroxy-3 y

(Cimmacton); Simvor (Cummop): Synkard (Cummapn); Vasilip
(Basumim); Zocor (3oxop); Zorstat (3opcrat); Zovatin (Bou-mn).

Reviews.
1 bubakar A. Si for of pulm Y
h ion. A Phy her 2007; 41: 100-103.
2. Benedia NJ. in the of pul y arterial
hypenension. Am J Health-Syst Pharm 2007; 64: 363-8.
3. Scont LJ. Si in Y arterial Drugs 2007:
67: 761-70.

As for Bosentan, p. 1327.3. Liver toxicity. while a known

Ormistat; Quibus; Serorilin; Simbatrix; Sinvacor; Sin- : adverse effect of all endothelin receptor antagonists, has
: been more severe with sitaxentan and it has consequently

co; Simcardt; Simtin; Simvacor: Simvor; Stavid; Vascor; Zocor; | Deen withdrawn worldwide—see below. Increases in INR
i and prolongation of the prothrombin time have also been

reported.
Sitaxentan is teratogenic in rats.

Effects on the liver. Rare, idiosyncratic and severe liver
toxicity, which sometimes worsened despite stopping the
drug has been reported with sitaxentan,“? and after 3
fatal cases it was withdrawn worldwide.>* The EMEA
announced that it would review the hepatotoxicity of the
other endothelin receptor antagonists (see under Bosen-
tan, p. 1327.3).

1. Hoeper MM, e al. Severc hepalilis associated with sitaxenian and
response 10 glucocorticoid therapy. Eur Respir J 2009; 33: 1518-19.

2. Lavelle A, & al. Sitaxenun-induced hepatic failure in rwo patients with
pulmonary anerial hypertension. Eur Respir J 2009; 34: 770-1.

3. EMEA. Thelin (sitaxeman) to be withdrawn due 10 cases of
unprediaable sericus liver injury {issued 10/12/10). Available ar:
hitp:/Iwww.ema.curopa.eu/docs/en_GB/document_library/Press_
release/2010/1 {accessed 13/01/11)

4. EMEA. Update on the withdrawal of Thelin (issued 16/1212010).
Available ar  hup://www.ema.europa.eu/docs/en_GB/document,
library/Press_release/2010/12/WC500099940.pdf {accessed 13/01/11}

Precautions

As for Bosentan, p. 1327.3. Sitaxentan is contra-indicated in
with mild to severe hepatic impairment (Child-

S.Afr.: Choleste: Lipidex: Michol; Redicor; Simaspent:

Simvacor; Simvotin; Simzor: Zocor; Zysim; SIn_qapovr Chole-
stat; Covastin; Ifistatin; Priacin; Simtin: Simvacor: Simvas; Sim-
vor; Simzal; Vascor; Vasilip; Zocor; Spain: Alcosin; Arudelt;
Belmalip; Colemin; Glutasey; Histop; Lipociden: Pantok; Zocor;
Swed.: Simidon; Vabadin; Zocord: Switz.: Simcora; Simvasine:
Simvastt; Simvastin; Zocor; Thai.: Bestatin; Eucor; Lochol
Simvas; Simvor: Torio; Vascor; Zimmex; Zimva; Zocor; Turk.:
Lipovas; Simacor, Simastinteva; Simvakol: Zocor; Zovatin:
UAE: Simvast; UK: Simvador; Zocor, Ukr.: Simgal (Cumran);

Simstat  (Cumcrar);  Simvachol (Cummaxon);  Simvacor
{CmunaKOP); Simvahexal {Cummarexcan)t; Simvastat
P i G . Vabadin (B, Vasilip

Pugh Class A to C).

Although, like bosentan, sitaxentan is teratogenic in rats
and similar precautions apply, its effects on combined oral
contraceptives may differ {see Interactions below).

Inferactions .

Sitaxentan is both an inhibitor of and a substrate for the
cytochrome P450 isoenzyme CYP2C9 and interactions may
therefore occur with other drugs that are either metabolised
by, or inhibit, this isoenzyme. Plasma concentrations of oral

(B { 1+; Zosta (3octa): USA: Zocor;
Venez: Cynt: Kavelor; Simplaqor; Sinvaz; Tavor; Tinasin; Vaso-
tenal; Vastan: Zocor.

- Ary.: Alipas Duo; Coleflux Duo:
Labistatin Duo; Red 1 Duo; Salvaxil Plus; Sinterol Com-

{statins) lndm (single i ina
heparic drug uptake transporter: what's it all about? Clin Phermecol Ther
2004; 75: 381-5,

2. Tirona RG. Bthnic differences in statin disposiion. Clin Pharmacol Ther
2005; 78: 311-16.

Prepardtions

Propriefary Preparalions (dctails are given in Volume B)
Single-ingredient Preporafions. Arg.:. Coleflux: Colcstcrmmol.
D tie G Kl Labi ib
Lipoblock; Lipomax; Lisac; Nivelipol; Nosterol: Red'us(crol, Sal-
vaxil; Sevacol; Several; Simvastec; Sistatin; Tanavat; Vasotenal;
Zocor; Austral.: Invast; Lipex; Ransim; Simvabellt: Simvahexal;
Simvar; Zimstat; Zocor; Austria: Gerosim: Nyzoc; Simvarcana;

pucsto; Vasotenal EZ; Vytorin; Zimetek: Awstral.: Vyrorin; Aus-
tria: Inegy: Belg.: Inegy; Braz.: Diocomb SI; Prevencor; Vytor-
in; Zewsim; Chile: Adacai; Vytorin: Zintrepid; China: Vytorin (%
E#): Cz: Inegy; Denm.: Inegy; Fin.: Inegy; Pr.: Inegy; Vytor-
in; Ger.: Inegy; Gr.: Inegy; Vytorin; Homg Kong: Vytorin;
Hung.: Inegy: Indon.: Vytorin; Irl.: Inegy; Israck Inegy; Ital:
Goltor: Inegy; Vytorin; Zeklen; Malaysia: Vytorin; Mex.: Amli-
dual: Vytorin; Zintrepid; Neth.: Inegy; Norw.: Inegy; NZ: Vytor-
in: Philipp.: SafeStat; Vytorin; Port.: Inegy; Vytorin; Rus.:
Inegy (Mnexmm); Simgapore: Vytorin; Spaim: Inegy; Vytorin:
Swed.. Inegy: Switz.: Inegy; Thai.: Vytorin; Turk.: Inegy; UK:
Inegy: USA: Juvisync; Simcor; Vytorin; Vemez.: Adacai; Vytorin;
Zintrepid.
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Simvastad; Simvatin; Zocord: Belg.: Chol d; Docsim:

Simvafour; Simvastamedt; Zocor, Braz.. Androlip; Cl.lnfzr
Lipistatina; Lipotex{; Liprat; Menocol; Mivalen; Revastin; Sin-
valip; Sinvanet; Simvascor; Sinvastacor; Sinvastamed; Sinvas-
ton; Sinvatrox; Sinvax; Vaslip; Vastatil; Zocor; Camad.: Zocor;
Chile: Nimicor; Simvass; Vasomed; Vasotenalt; Zocor; China:
Bo Zhan Tong ({84 R); Jian Zhi Ting ($12%); Jie Zhi (EX);
Ka Di Ke (FMR): Li Shu Da (B#Fik); Lizhishu (F2%):
Luogi (F#); Mi Xi Lun (X#4L); Sai Pu Ding (¥XT): Simcor
(F¥); Su Zhi (%2); Xi Sai (%) Xi Zhi Da (M 2iX); Xin Da
Su ($i5%); Xin You Zhi (¥4LR); Xing Lu (£]M); Yixin (1
¥); Zheng Zhi (IEX); Zhi Tai (B #); Zocor (#FM#2); Cz.: Apo-
Simva; Coralip; Corsim; Egilipid; Gensi; Sim: Simbelat; Simgal:
Simirex; Simvat; Simvacard: Simvax: Simvor: Vabadin; Vasilip;

All cross-references refer to entries in Volume A

BP 2014: Slmvasut:n Tablets;
USP 36: Simvastatin Tablets.

Sitaxentan Sodium usan, iNNw

Natrii Snaxentanum Sntaxentén sodico; Sitaxentan Sodique;
Sitaxsentari Sodium; TBC-11251 (sitaxentan or sitaxentan
sodium); TBC-11251-z; Havpuii CrakcenTan,
NH4-Chloro-3-methyl-5-isoxazolyl)- 2-{[4,5—(methylened|oxy)-
' o-tolyllacetyil-3-thiophenesulfonamide sodium.,
CigHhaCINNa0S5;=476.9

such as warfarin may be increased.

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

Sitaxentan has increased exposure to ethinylestradiol
and norethisterone in those taking oral contraceptives and
may possibly increase the associated risk of thromboembo-
lism.

Cidosporin. Licensed product information for sitaxentan
stated that its concentration was increased sixfold when
given with ddosporin 3.5 mg/kg twice daily. Although the
mechanism of action is unknown, it has been postulated
that sitaxentan sodium is a substrate for the organic anion
transporting polypeptide (OATP) transporter protein and
should therefore be used with caution with other, more
potent, OATP inhibitors.
Pharmacokinefics
Peak plasma concentrations occur within 1 to 4 hours of an
oral dose of sitaxentan sodium. Its absolute bioavailability is
70 to 100%. A high-fat meal delays the rate of absorption
but does not affect the extent. Snaxeman is more than 99%
bound to p p mainly al

Sitaxentan is highly metabolised by the cytochrome P450
isoenzymes CYP2C9 and CYP3A4 to weakly active
metabolites. About 50 to 60% of a dose is excreted in the
urine with the remainder appearing in the faeces; less than
1% is excreted unchanged. Sitaxentan has a terminal
climination half-life of 10 hours and steady state is achieved
within about 6 days.
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Preparations

Proprietary Preparations (delails are given in Volume B)
Single-ingredient Austral.. Thelint; Austria: The-
lint; Belg.: Thelint; Canad.: Thelint; Cz.: Thelint; Denm.: The-
lint; Fr.: Thelin{; Ger.: Thelint; Gr.: Thelint; Irl: Thelint:
Ital.: Theling; Neth.: Thelint; Port.: Thelint; Spain: Thelint;
Swed.: Thelint; UK: Thelint.

protected with foil. but an amber giving set may be used, to
allow visual monitoring.*3

Various substances have been reported to increase the
stability of nitroprusside solutions, including dimethyl
sulfoxide,® glycerol,! sodium citrate,! and other salts with
anionic chelating potential such as sodium acetate or
phosphate.! In contrast sodium bisulfite and the hydro
xybenzoates are reported to reduce stability.

Sdem Apolcie {BAN ANNY

de Sodio; Lyapolate’ Sodion
(USAN); Natrii Apolas Natnumapolaam Natnumapolar.
Sodium Lyapolate; Hatpun Arionar. -

Poly(sodium ethylenesulphonate)

- {CH3Na0sS),

CAS ~ 25053-274. e :
ATC — CO58402 IR S o
ATC Vet — QCOSBAO2., - . o s
UNI —946140509F ‘ b

Profile

Sodium apolate is a synthetic heparinoid anticoagulant. It
has been used in the topical reatment of haematomas and
superficial thromboses and for the relief of sprains and
contusions.

Preparations’
Proprietary Preparafions {details are given in Volume B)
Multi-ingrediant Prep Ary.: Pergal

1. GE. Soditm injection. Am J Hosp Pharm 1966;
23: 532,

2. Hargrave RE.
Pharm 1974; 32: 188-91.

- 3. Mahony C, ¢ al. In vitro stability of sodium nitroprusside solutlons for

intravenous administration. J Pherm Sd 1984; 73: 838-9.

4, Davidson SW, Lyall D. Sedium ni de stability in tight-p
administration sets. Pharm J 1987; 239: 599-601.

5. Lyall D. Sodium nitroprusside stability. Pharm J 1988; 240: S.

6. Asker AF. Gragg R. Dimethyl sulloxide as a photoprotective agent for
sodium nitroprusside solutions. Drug Dev Ind Pharm 1983; 9: 83748,

of of sodlum de: J Hosp

Uses and Administration

Sodium nitroprusside is a short-acting hypotensive drug
with a duradon of action of 1 to 10 minutes. It produces
peripheral vasodilatation and reduces peripheral resistance
by a direct action on both veins and arterioles. It has been
termed a nitrovasodilator because it releases nitric oxide in
vivo. Its effects appear within a few seconds of intravenous
infusion. Sodiurn nitroprusside is used in the treatment of
hypertensive crises (p. 1251.1) and to produce controlled
hypotension during general anaesthesia. It has also been
used to reduce preload and afterload in severe heart failure
{p. 1262.3) incdluding that associated with myocardial
infarction (p. 1257.1).

It is given by continuous intravenous infusion of a
solution cor 50 to 200 micrograms/mL. A controlled

Sodlum Nﬂ:roprusslde

Natm Nmoprussucum. nm'oprusndas Natriumnitro-
. prussid; Namumnltroprussldi Nitroprusiato- sédico; Nitro-
‘prussid sodny dihydrdt; Nitroprussidnatrium; Nitroprusszid-
:patrium; - Sodium. . Nitroferficyanide : Dihydrate; Sodium
Nitroprussiate; Sodium, nitroprussiate de; Sodu nitroprusy-
.dek; Sodyum Nitroprusid; Hirponpyccun Harpus,
‘Sodium nitrosylpentacyanoferrate(ll) dlhydmte
HaFe(CNNO2H0=2980 -
CAS — 14402-89-2 (anhydrous sodium n/tropmss:de), 13755~
38-9 (sodium nitroprusside dlhydrare)
LATC — €020001, ..
ATC Vet — QCOZDDOI
‘UNIl —. EAOO3PEITC. -

Pharmacopoeias. In Chin., Eur. (see p. vii), Int., and US.
Ph. Eur. 8: (Sodium Nitroprusside). Reddish-brown crystals
or powder. Freely soluble in water; slightly soluble in
alcohel. Protect from light.

USP 36: {Sodium Nitroprusside). Reddlsh brown, practi-
cally odourless crystals or powder. Freely soluble in water;
slightly soluble in alcohol; very slightly soluble in
chloroform; insoluble in benzene. Store in airtight
containers at a temperature of 25 degrees, excursions
permitied between 15 degrees and 30 degrees. Protect from
light.

Incompatibility. Sodium nitroprusside has been reported
to be visually incompatible with cisatracurium besilate!
and with levofloxacin? during simulated Y-site administra-
tion.
1. Trissel LA. « al. Compatibility of dsatracurium besylate with selected
drugs during simulated Y-site administration. Am J Health-Syst Pharm

1997; 54: 173541

2. CL. ¢ al. C of in with 34
during simulated Y-site id.rmmsxrmon Am J Health-Syst Pharm 1999; 56:
1458-9.

Stability in solution. Solutions of sodium nitroprusside
decompose when exposed to light and must be protected
during infusion by wrapping the container with alumin-
ium foil or some other light-proof material. Nitroprusside
will react with minute quantities of organic and inorganic
substances forming highly coloured products. If this occurs
the sotution 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 investigation. Alt.hough
stated to be more stable in acid than in alkaline solution,! a
later study? found that whereas the initial light-induced
darkening of a 1% solution was independent of pH, further
degradation leading to the develoy of ablue predipitate
required an acid pH. If protected from light by wrapping in
aluminium foil, sodium nitroprusside 50 or 100 micro-
grams/mL was found to be stable in 5% glucose, lactated
Ringer’s, and normal saline solutions for 48 hours. In
dlinical practice the infusion container should be opaque or

infusion device must be used. The solution should be
prepared immediately before use by dissolving sodium
nitroprusside in glucose 5% and then diluting with glucose
5%; the solution must be protected from light during
infusion. Blood pressure should be monitored closely and
care should be taken to prevent extravasation. In general,
treaunent should not continue for more than 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 concentrations in
blood should also be measured if infusion continues for
more than 72 hours and should not exceed 100micro-
grams/mL. Since rebound hypertension has been reported
when sodium nitroprusside is withdrawn, the infusion
should be tailed off gradually over 10 to 30 minutes.

For hypertensive crises in patients not receiving
antihypertensive drugs, an initial dose of 0.3 to
1.5 micrograms/kg per minute may be given, increasing
gradually under close supervision until the desired
reduction in blood pressure is achieved. The average dose
required to maintain the blood pressure 30 to 40% below
the pretreatment diastolic blood pressure is 3 micrograms/kg
per minute and the usual dose range is 0.5 to
6 micrograms/kg per minute. Lower doses shouid be used
in patients already receiving other antihypertensives. The
maximum tecommended 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. If there is a response,. sodium
nitroprusside should ideally be given for only a few hours to
avoid the risk of cyanide toxicity. Treatment with an oral
antihypertensive should be introduced as soon as possnble

- For the induction of hypot during ar
a maximum dose of 1.5 micrograms/kg per minute is
recornmended.

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

Sodium nitroprusside has also been used as a reagent for
deteciing ketones in urine.

Admin il

tration in ¢ Although experience is more
limited than with adults, sodium nitroprusside has been
successfully used in infants and children. Continuous infu-
sion of nitroprusside at a rate of 2 to 4 micrograms’kg per
minute for 28 days was reported! in an 11-year-old child
with refractory hypertension, without any signs of thio-
cyanate toxicity. In a series of 58 neonates with cardiovas-
cular disorders or respiratory distress syndrome,? sodium
nitroprusside was given in a usual inigal dose of 250 to
500 g /kg per and the rate was then
repeatedly doubled at intervals of 15 to 20 minutes until
the desired effect was achieved, adverse effects super-
vened, or it was judged ineffective. The maximum rate did
not exceed 6 micrograms/kg per minute. Infusion of sod-
fum nitroprusside in doses of 0.5 to 8 micrograms/kg per
minute to produce controtled reduction of blood pressure

The symbol t denotes a preparation no longer actively marketed

has also been reported® in 28 children with hypertensive
crises; 16 had also received labetalol.? The risks of toxicity
in paediatric patients have been reviewed.** One review*
of sodium nitroprusside use in paediatric surgical patients
found that infusions of 1.8 micrograms/kg or more per
minute were associated with a greater risk of cyanide toxi-
city.

Although sodium nitroprusside is unlicensed in the UK
for use in children, the BNFC suggests that neonates, infants,
and children may be given an initial continuous
intravenous infusion of 500nanograms/kg per minute,
which may be increased in steps of 200 nanograms/kg per
minute to a maximum of 8 micrograms/kg per minute (or a
maximum of 4 micrograms/kg per minute if given for longer
than 24 hours).

For the use of inhaled sodium nizoprusside in neonates
with pulmonary hypertension see below.

1. Luderer JR, ef ol Long-term of sodium in
childhood. J Pediatr 1977; 9L: 490-1.
2. Beniz WE, ¢t al. Use of sodium nitropeusside in neonates: efficacy and

. safery. J Pediatr 1985; 106: 103-10.

3. DealJE, aal. of hy Arch Dis Child
1992; 67: 1089-92.
4. Moffer BS, Price JF. ] of sodium toxicity in

pediatric cardiac surgical patients. Ann Pharmacother 2008; 42: 1600-4.
S. Thomas C. et al. Sodium-nitroprusside-induced cyanide toxicity in
pediaaic patients. Expert Opin Drug Safety 2009; 8: 599-602.

ine poisoning. For the use of sodium nitro-
prusside in the treamment of cyanosis of the extremities
due to ergotamine overdosage, see Cardiovascular Effects,
p- 674.3. . .

jion. Inhaled sodium nitroprusside
has been used’2 as an alternative to inhaled nitric oxide
in the weatment of hypoxic neonates with pulmonary
hypertension (p. 1278.2).
1. Paibares DB. et al. End: heal sadium ai ide i
severely hypoxic newboms. J Perinat Med 1998; 36: 219-24.
2. Mesun KKL & dl. ( effects of d sodium
nizoprusside in term infants with hypaxic respiratory failure. J Pediarr
2003; 143: 640-3.

Adverse Effects

Sodium nitroprusside rapidly reduces blood pressure and is
converted in the body to cyanide and then thiocyanate. Its
adverse effects can be auributed mainly to excessive
hypotension and excessive cyanide accumulation; thiocya-
nate toxicdty may also occur, espedally in patents with
renal impairment. Intravenous infusion of sodium nitro-
prusside may produce nausea and vomiting, apprehension,
headache, dizziness, restlessness, perspiration, palpitations,
retrosternal discomfort, abdominal pain, and muscle
twitching, but these effects may be reduced by slowing the
infusion rate.

An excessive amount of cyanide in plasma (more than
80 nanograms/mL), because of overdosage or depletion of
endogenous thiosulfate (which converts cyanide to
thiocyanate in viw), may result in tachycardia, sweating,
hyperventilaton, arthythmias, and profound metabolic
acidosis. Metabolic acidosis may be the first sign of cyanide
toxidty. Methaemoglobinaemia may also occur.

Adverse effects attributed to thiocyanate indude head-
ache, tinnitus, miosis, arthralgia, muscle cramps, and
hypemeflexia; confusion, hallucinations, and convulsions
have also been reported.

Other adverse effects include thrombocytopenia and
phlebids.

Effects on the blood. THROMBOCYTOPENIA. Platelet counts
decreased in 7 of 8 patients with heart failure 1 to 6 hours
after intravenous infusion of nitroprusside was started.!
The counts began to return to normal 24 hours after the
infusion was stopped.

1. Mehia P, & al. Nitroprusside lowers platelet counr. N Eng/ J Med 1978;
299: 1134,

Effects on the gastrointestinal fract. Five out of 38
patients who were given sodium nitroprusside intrave-
nously for controlled hypotension during surgery devel-
oped symptoms of adynamic ileus postoperatively.! 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 sympathetic stimulaton®? or the concomitant use of

opioid analgesics.*

1. Chen JW, o al. Adynamic tleus following induced hyp JAMA
1985;253: 633.

2. Gelman S. Adynamic ileus g induced hyp JAMA 1985;
2541721, . )

3. Lampert BA. Adynamic ileus foll induced hyp JAMA
1983; 254: 1721,

4. Lemmo J, Karnes J. Ady ic ifeus following induced hy

JAMA 1985; 254: 1721.

Effects on infracranial pressure. A significant increase in
intracranial pressure while the mean blood pressure was
80 or 90% of initial values was reported' in 14 normocap-
nic patients given an infusion of sodium nitroprusside to
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produec' controlled hypotension before neurosurgery;

Interactions

values reverted towards normal at mean blood p
of 70% of controls. A similar but insignificant trend
occurred in 5 hypocapnic patients. In another report* a
rise in intracranial pressure was noted after the use of
nitroprusside in a patient with Reye’s syndrome.

1. Tumner JM, ot al. Intracranial pressure changes in ncurosurgical patients

. during hypotension induced with sodium nitroprusside o trimetaphan.
Br ] Anscsth 1977; 49: 419-24.
2. WR, ot al. induced |

JAMA 1981; 246: 2679-80.

Phlebitis. Acute transient phlebitis has occurred after infu-
sion of sodium nitroprusside.’
1. Miller B, Stark DCC. Acute phlebitis from nitroprusside. Anesthesiology
1978; 49: 372.

Treaiment of Adverse Effects

Adverse effects due to excessive hypotension may be treated
by slowing or stopping the infusion.

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

Precavtions

Sodium nitroprusside should not be used in the presence of
compensatory hypertension (for example, in arteriovenous
shunts or coarctation of the aorta). It should be used with
caution, if at all, in patients with hepatic impairment, and in
patients with low plasma-cobalamin concentrations or
Leber's optic atrophy. It should also be used with caution in
patients with impaired renal or pulmonary functdon and
with particular caution in patients with impaired cerebro-
vascular circulation. Thiocyanate, a metabolite of sodium
nitroprusside, inhibits iodine binding and uptake and
sodium nitroprusside should be used with caurion in
patients with hypothyroidism. The blood-thiocyanate
concentration should be monitored if treatment continues
for more than 3 days and should not exceed 100 micro-
grams/mL although toxidty may be apparent at lower
thiocyanate concentrations. Thiocyanate concentrations do
not reflect cyanide toxicity and cyanide concentrations
should also be monitored; the blood concentration of
cyanide should not exceed 1 microgram/mL and the serum
concentration should not exceed 80nanograms/mL. The
acid-base balance should also be monitored. Care should be
taken to ensure that extravasation does not occur. Sodium
.- nitroprusside should not be withdrawn abruptly due to the
risk of rebound effects.

Aortic stenosis. Vasodilators such as sodium nitroprusside
are usually conta-indicated in conditions where cardiac
outflow is obstructed since cardiac output cannot increase
to compensate for the fall in blood pressure. However, a
study! in patients with aortic stenosis and severe left
ventricular dysfunction found that sodium nitroprusside
was well tolerated and that it rapidly and markedly
improved cardiac function.

1. Kbot UN, ot al. Niroprusside in criticaily ifl patients with lefr ventricular

dysfunciion and aortic stenosis. N Engl J Med 2003; 348: 1756-63.

Pregnancy. Although there are concerns that nitro-
prusside given to the mother might produce cyanide toxi-
dty in the fetus, a systematic review' was unable to find
sufficient evidence to determine the risk.

1. Sass N, et /. Does sodium Idll babies? A review.
Sao Paulo Med J 2007; 125; 108-11.

Tachyphylaxis. Tachyphylaxis to sodium nitroprusside
was associated with high plasma concentrations of cyanide
without metabolic acidosis in 3 patients undergoing hypo-
tensive anaesthesia.!
1. Cottrell JE, ot al Nitroprusside wchyphylaxis without acidosis.
Ancsthesiology 1978; 4%: 141-2.

Withdrawal. Rebound haemodynamic changes, including
hypertension and increased heart rate, occurred 10 to 30
minutes after stopping intravenous sodium nitroprusside
infusion in 20 patents with heart failure.’ The changes
generally resolved spontaneously within 1 to 3 hours and
produced only minimal exacerbauon of symptoms in most
patients, although 3 develop: pl Y oed 20 0
30 minutes after stopping the infusi ding restarting
of nitroprusside in 2 cases. A study? mvesugaung a possi-
ble mechanism for this effect found that plasma-renin
concentrations were increased during infusion of nitro-
prusside and remained elevated for 30 minutes after the
infusion was stopped. It was suggested that this persistence
of elevated plasma-renin concentrations after dearance of
short-lived nitroprusside may be responsible for the
rebound effects.

1. Packer M, & al. Rebound hemodynamic events after the abrupt

withdrawal of e in patients with severe chronic heart failure.
N Bngl J Med 1979; 301: 1193-7.
2. Cottrell JE. ot al. after sodium
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Enhanced hypotension should be expected if sodium
nitroprusside is used with other antihypertensives or drugs
that produce hypotension.

Sodium nitroprusside Lnfns:on prolonged the
ﬂbrinolyﬂc activity of alteplase when given to animals; use
of nitrovasodilators with alteplase may be responsible for
the enhanced bleeding tendency seen in some padents on
thrombolytic therapy.t

1. Kotbut R, o al. Prolongation of fibrinotytic activity of tissue plasminogen
activator by nitrovasodilators. Lancer 1990; 335: 669.

Pharmacokinetics

Sodium nitroprusside is rapidly metabolised to cyanide in
erythrocytes and smooth muscle and, in vivo, this is followed
by the release of nitric oxide, the active metabolite. Cyanide
is further metabolised in the liver to thiocyanate, which is
slowly excreted in the urine; this metabolism is mediated by
the enzyme rhodanase and requires the presence of
thiosulfate. The plasma half-life of thiocyanate is reported to
be about 3 days, but may be much longer in patients with
renal impairment.

Reviews.

I. Schulz V. Clinical pharmacokinetics of nitroprusside, cyanide, thiosul-
phate and thiocyanate. Clin Pharmacokiner 1984; 9: 239-51.

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingredient Preporah Arg.: Doketrol; Niprusodio;
Nitroprus; Braz.: Nipride; Nitropresabbot; Nitroprus; Canad.:
Nipride; Cz.: Nipruss; Fr.: Nitriate; Ger.: Nipruss; Gr.: Nitriate;
India: Nipress; Sonide; Israel: Nipruss; Jpm: Nitopro; Rus.:
Naniprus (Hasumpyc); S.Afr.: Hypoten: SNPY: Spain: Nitroprus-
siat; Turk.: Nipruss; USA: Nitropress.

ol P "
BP 2014: Sodium Nitroprusside Infusion;
USP 36: Sodium Niroprusside for Injection.

Sotalol Hydrochloride
[BANM, USAN, dNNM) @

d/Sotalol Hydrochlonde Hidrodloruro de sotalof MJ-1999;
Sotalol, chlorhydrate de;” Sotalol, hidrocloruro de;. Sotalol
Hidroklordr; Sotalolhydrochlorid; Sotalol-hydrochlorid; Sota-
lolhydroklorid; Sotaloli Hydrochloridum; Sotalolihydrokloridi;
Sotalolio hidrochloridas; Szotalol—h:droidond CoTanona
Twapoxnopua. -

{1 Hydroxy-z-|sopropylammoethyf)methanesulphonam—
fide hydrochloride.

CipkoN;0:5 HCI=3088. X

CAS — 3930-20-9 (sotalolr 959-24-0-(sotalol hydmd':londe)
ATC — C07AA07: )

"ATC Vet — QCO7AAD7.

UNI — HEC37C700C

Pharmacopoelas 1In Bur. (see p- vu) and Us.

Ph. Eur. 8: (Sotalol Hydrochloride). A white or almost white
powder. Freely soluble in water; soluble in alcohol:
practically insoluble in dichlor h A 5% solution in
water has a pH of 4.0 to 5.0. Protect from light.

USP 36: (Sotalol Hydrochloride). A white to off-white
powder. Freely soluble in water; soluble in alcohol; very
slightly soluble in chioroform.

Stability. Suspensions of sotalol hydrochloride 5mg/mL

these indications because of the risk of predpitating

arrhythmias.
Sotalol is gwcn as the hydmchloﬂde Treatment should
be started in hospital with bl itoring facilities. The

QT interval should be assessed before the start of treatment
and whenever the dosage is adjusted (see Precautions
p. 1499.2); plasma-electrolyte concentrations and renal
function 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 hydrochloride is
80mg daily, as a single dose or in two divided doses. The
dosage is then individualised according to response, and
doses are increased gradually allowing 2 or 3 days between
increments. US licensed product information recommends a
higher initial dose of 80 mg twice 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 daily.

Sotalol may be given intravenously to conuol acute
arthythmias, to substtute for oral therapy. and for
programmed electrical stimulation. To control acute
arrhythmias, sotalol hydrochloride is given in a dose of 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
infusion 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 75mg infused over 5 hours is recommended 0
replace an oral dose of 80 mg.) For programmed electrical
stimulation (to test antiarrhythmic efficacy) an initial dose
of 1.5mg/kg is given over 10 to 20 minutes, followed by an
intravenous infusion of 200 to 500 micrograms/kg per hour.

Sotalol is used as a racemic mixture; d-sotalol {(dexsotaiol;
(+)-sotalol) has also been investigated as an antiarrhythmic
but development was stopped when it was found 10 increase
mortality (see Action, below).

General references.

1. Finton A, Sorkin EM. Soualol: an updated review of its pharmacological
properties and therapeutic use in cardiac arthythmias. Drugs 1993; 4&
678-719.

2. Nappi JM, McCollam PL. Soulol: a breakthrough antiarrhythmic? Amm
Fharmecother 1993; 27: 1359-68.

3. Zanett LAF. Sotalol: a new dass T antiarchythmic agent. Clin Pharm

1993; 12: 883-91.
. Hohnloser SH. Woosley RL. Soialol. N Engl J Med 1994; 331; 31-8.
. Anderson JL, Prystowsky EN. Sotalol: an imponant aew antiarthythmic.
Am Heart J 1999: 137: 388-409. .
6. Chaki AL e al Sowlol as adjuncuve therapy 10 implantable
ardiovener-deflbrillators in heart failure patienis. Congest Reart Fail
2009; 15: 144-7.

v

Action. Sotalol is used as the racemic mixture of the two
stereoi rs, d-sotalol {d lol; {+)-sotalol) and I-sota-
lol (({-)-sotalol). A comparison of the effects of d-sotalol
and racemic sotalol in 6 healthy subjects' showed that the
beta-blocking activity resided almost entirely in the iso-
mer, while the effects on the QT interval, which are con-
sistent with type Il andarrhythmic activity, appear to be
due to both isomers. A study in 8 healthy subjects also
showed a lack of beta blockade by d-sotalol? This would
suggest that the electrophysiological effects of sotalol are
unrelated to its beta-blocking properties. d-Sotalol has
been investigated as an antiarrhythmic.> However, a preli-
minary placebo-controlled study in patients with myo-
cardial infarction at high risk of arrhythmia due to
impaired left ventricular function was terminated early
when increased mortality was seen in the treatment
group. 43
1. Joh GD. etal A of the effects of (+)-
sotalol and (z)-sotalol n e in normal
volunteers. Br J Clin Pharmacol 1985 20: 507-10.

2. Yasuda SU. e al. d- Snalol reduces heart rate in vivo through a 8-
Clin Pharmacol Ther 1993:

made using either ¢ cially available or ex

neously prepared vehides were found! to be stable for up
to 3 months when stored at 4 degrees or 25 degrees. Pro-
longed storage at 25 degrees was not rec ded, how-
ever, because of the risk of microbial growth.

1. Nahata MC, Morosco RS. Stability of sotalol in rwo liquid formulations at
two temperatures. Ay Pharmacother 2003; 37: 506-9.

Uses and Administration

Sotalol is a non-cardioselective beta blocker (p. 1316.3). Itis
reported to lack both intrinsic sympathomimetic and
membrane-stabilising properties. In addition to the class T
antiarrhythmic activity of beta blockers, sotalol lengthens
the duration of the action potential resulting in class M
antiarrhythmic activity. For a classification and explanation
of antiarrhythmic activity, see p. 1243.1.
Sotalol is used in the management of ventricular and
icular arrhythmias (p. 1266.1). Because of its
proanhythmxc effects, it is usually reserved for severe or
life- !hmtemng arrhythmias, and it should not be used in
ic ventricular arrhythmias.
Althaugh it was formerly used for its beta-blocking effects
in the management of angina pectoris, hypertension, and
myocardial infarction, it is no longer recommended for

33: 43642,

3. Advani SV. Singh BN. Ph and
antarrhythmic properties of d-soalol, the dextro-isomer of sotaiol
Drugs 1995 49: 664-79.

4 Choo V. SWORD slashed. Lancer 1994; 344: 1358.

. Waldo AL e 4f. Effect of d-soulol on moruality in patients with left
ventricular dysfunction after recent and remote m infarction.
Lancet 1996; 348: 7-12. Correction. ibid.; 416.

inistration, Reference to the devel of an intra-
venous dosage regimen for sotalol.’

1. Somberg JC, ef al Developing a safe inwavenous sotalol dosing regimen.
Am J Ther 2010; 17: 365-72.

Administration in children. Sotalol has been used 1o treat
both ventricular and supraventricular arrhythmias in chil-
dren aged from newborn to adolescent;!*? it appears to be
effective and well-tolerated, although proarrhythmic
effects may occur. Neonates may be more sensitive to the
QT-prolonging effects of sotalol® and lower doses may be
appropriate. In the UK, the BNFC recommends the follow-
ing oral doses of sotalol hydrochloride:
» Neonates: initial dose 1 mg/kg twice daily, increased as
necessary every 3 to 4 days to a maximum of 4mg/kg
twice daily



o Children aged 1 month to 12 years: initial dose 1 mgrkg
twice daily, increased as necessary every 2 to 3 daystoa
maximum of 4mg/kg twice daily (maximurm total dose
80 mg twice daily)

Licensed product information in the USA recommends
doses of sotalol hydrochloride based on body surface area.
Children aged 2 years and over may be given an initial dose
of 30mg/m? three times daily, increased as necessary at
intervals of at least 36 hours to a maximum of 60mg/m?
three times daily. For children under 2 years of age the dose
should be further reduced. and nomograms are available
providing age-specific recommendations.

In children with refractory supraventricular tachycardia,
sotalol has been given with flecainide; in a study* in
children aged under 1 year, doses used ranged from 100 to
250 mg/m? daily of sotalol and from 40 to 150 mg/m? daily
of flecainide.

Sotalol has also been used transplacentally to treat fetal
tachycardias, including atdal Qurter and supraventricular
tachycardia. It may be effective as second-line therapy in
addition to digoxin,® and has also been used first-line.%?
However, one retrospective study® of 21 fetuses given
sotalol transplacentally found that it was more effective in
atrial flutter than in supraventricular tachycardia; mortality
was also higher in fetuses with supraventricular tachy-
cardia, and the authors therefore suggested that sotalol
should only be used in resistant cases.

1. Geliker A, e al. Sotalol in weatment of pediatric cardiac arrhythmias.
Pediatr Int 2001; 43: 624-30,

2. Beaufort-Krol GCM. Bink-Boelkens MTE. of sotalol for
atrial Butter in children after surgery for congenital heart disease. Am J
Cardiol 1997; 79 924.

3. Lier S. « al. Development of a safe and effective pediatric dosing
regimen for soulol based on populaton phumaeoldmﬂa and

Adverse Effects, Treatment, and Precautions

As for Beta Blockers, p. 1319.1.

Torsade de pointes has been reported in patients given
sotalol, usually due to prolongation of the QT interval. The
QT interval should be monitored: extreme caution is
required if the QT interval exceeds 500 milliseconds and
sotalol should be stopped or the dose n:duced if the QT
mterval exceeds 550 milliseconds. As hypokalaemia or

Sotalol Hydrochloride/ Spironolactone 1499

accu din the ic fluid but not in the fetus; it was

not assodated with fetal growth restriction.
1. O'Hare MF, et al. Pharmacokinetics of sotalol during pregnancy. Eur J
Clin Pharmacol 1983; 24: 521-4.
2 OudijkMA. dal.‘lmmemolmalnchyardhwnhmlol
and ics. J Am Coll

Cardiol 2003; 42: 765-70.

Preparations

hyp may predispose patients to arrhythmias,
serum- elemlyte concentrations should be monitored
before and during weatment with sotalol.

" Sotaloi should be used with caution in renal impairment
(see under Uses and Administration, above) and is
contra-indicated in patients whose creatinine clearance is
less than 10 mL/minute.

Breast feeding. Sotalol is distributed into breast milk and

milk to serum ratios have been reported'- to range from
2.2 to 8.8. In one report? it was calculated that a breast-
fed infant might ingest 20 to 23% of a matemnal dose;
however, no bradycardia was noted in the infant in this
study. The American Academy of Pediatrics states* that
there have been no reports of clinical effects in breast-fed
infants whose mothers were receiving sotalol and that
therefore it may be considered to be usually compatible
with breast feeding.
1. O’Hare MF, e al. Sotalol as a hypotensive agent in pregnancy. BrJ Obster
Gynaecol 1980; 87: 814-20.
2. Hackert LP, ef al. Excretion of sotalol in breast milk. Br 7 Clin Pharmacol
1990; 29: 277-8.
3. Wagner X, & dl. Coadministration of flecainide acetate and sotalol during
pregnancy: lack of teratogenic effects. passage across the placenta, and
excretion m humn breast milk. Am Heart J 1990; 119: 700-2.

pharma in children with supi di
Am Coll Cardiol 2003; 46: 1322-30.
4. Price JF, et al. malnldemdmuhtaummmbmadunmuapym
in children <! year of age. J 4m

Coil Card‘wl 2002. 39: 517-20.

5. Sonesson S-E, & al. Foctal supraventricular tachycardia weated with
sotalol. Acta Paediaer 1998; 87: 584-7.

6. Oudijk MA. et /. Sotalot in the treaument of fetal dysrhythmias,
Ciraulation 2000; 101: 2721-6.

7. Rebelo M, e ol Sotlol in the
Port Cardiol 2006; 15: 477-81.
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Administration in renal impairment. Sotalol is excreted

mainly unchanged by the kidneys and may accumulate in

renal impairment. The usual daily dosage (see Uses and

Administration, p. 1498.2) should therefore be reduced,

either by decreasing the size of each dose, or by increasing

the interval between doses. UK licensed product informa-

tion for oral or intravenous sotalol recommends the fol-

lowing doses based on creatinine clearance (CC):

* CC 30 to 60 mL/minute: half usual dose

¢ CC 10 to 30 mL/minute: quarter usual dose

e CC less than 10 mL/minute: not recommended

Oral dosage recommendations in the USA depend on both

the indication and CC, and incremental increases should not

be made until 5 or 6 doses have been given. In the treatment

of ventricular arthythmias, licensed product information

recomumends that in rena! impairment doses should be

given at the following intervals:

e CC 30 to 59 mL/minute: every 24 hours

¢ CC 10 to 29 mL/minute: every 36 to 48 hours

s CC less than lOmL/minute: dosage should be
individualised

For the meatment of atrial fibrillation, the same dosage

intervals are recommended but sotalol is contra-indicated if

CC is less than 40 mL/minute.

In patients who require intravenous sotalol hydro-
chloride, US recommendations are that the dosage
frequency be reduced to once daily in those with CC
between 60 and 40 mL/minute; a recommended initial dose
is 75 mg daily, infused over 5 hours. It should be avoided
completely (regardless of indication) in those with CC less
than 40 mL/minute.

In a study of 10 hypertensive patients with varying
degrees of renal impairment,'! the apparent first-order
elimination rate constant and plasma clearance of orai
sotalol correlated with glomerular filtration rate. Another
study? compared the kinetics of oral sotalol in patients with
normal renal function, renal impairment, and renal failure.
Elimination half-lives of 8.1 and 24.2 hours were reported
in patients with CC above 39 mL/minute and between 8 and
38 mL/minute, respectively. It was suggested that an
increase in the dosage interval to 48 or 72 hours may be
necessary to compensate for longer half-lives. Caution is
required when sotalol is used in patients on dialysis; a half-
life of 33.9 hours was reported in patients with renal failure
but this fell to 5.8 hours during dialysis wluch removed
about 43% of sotalol.

1. Berglund G, et ol. Pharmacokinetics of sotalol after chronic
administration to patients with renal insufficiency. Eur J Clin Pharmacol
1980; 18: 321-6.

2. Blair AD, #t al. Sotalol kinetics in renal insufficiency. Clin Pharmaco! Ther
1981; 2% 457-63.

The symbol { denotes a preparation no longer actively marketed

4. of The oansfer of drugs and other
chemicals into human milk. Pediatrics 2001: 108: 776-39. [Retired May
2010] Ccmcuan. lhd.. 1029. Also available a: bup://aappolicy.

ics% 3b108/3/776 (accessed

10/07/07)

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphytia Centre Sweden, dassifies sotalol as not por-
phyrinogenic; it may be used as a drug of first choice and
no precautions are needed.!
1. The Drug Dawmbase for Acute Porphyria. Available at: hup://iwww.
drugs-porphyria.org (accessed 26/10/11)

Interactions

There is an increased risk of precipitating ventricular
arrhythmias if sotalol is given with other drugs that prolong
the QT interval, and use with the following drugs is
therefore not recommended: dass la antiarrhythmics
(including disopyramide, procainamide, and quinidine),
amiodarone, phenothiazine antipsychotics, tricyclic
antidepressants, certain antihistamines (astemizole or
terfenadine), dsapride, erythromycin, halofantrine, pent-
amidine, quinolones, sultopride, and vincamine. Caution is
required if sotalol is given with drugs that cause electrolyte
disturbances, such as diuretics, since this also increases the
risk of arrhythmias.

Other interactions associated with beta blockers are
discussed on p. 1321.2.

Pharmacokinetics

Sotalol is almost completely absorbed from the gastro-
intestinal tract and peak plasma concentrations occur about
2 to 4 hours after a dose. The plasma elimination half-life is
about 10 to 20 hours. Sotalol has low lipid solubility. Very
little is metabolised and it is excreted unchanged in the
urine. Binding to piasma 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
maternal serum (see Breast Feeding, above). Only small
amounts are reported to cross the blood-brain barrier and
enter the CSF. Sotalol is removed by dialysis.

General references.
1. Singh BN, # al. Sotalol: a review of its pharmacodynamic and
prop and use. Drugs 1987; 34: 311~

49.

Pregnancy. The systemic clearance of sotalol in 6 healthy
women after an intravenous dose was significantly higher
during pregnancy than in the postmatal period. and the
mean eliminadon half-lifte was shorter (6.6 versus 9.3
hours), although the latter difference was not significant.!
Clearance after an oral dose was also higher during
pregnancy than afterwards, but half-lives (10.9 versus
10.3 hours) and mean bioavailability -were similar. The
changes were probably due to alterations in renal function
in the antenatal period.

In astudy? of wansplacental therapy, sotalol was found to

cross the placenta easily and completely, with steady-state

plasma concentrations similar in mother and fetus. Sotalol

Proprielary Preparations (details are given in Volume B)

Single-ingredient Ary.: Sotacor; Austral: Cardol;
Solavert; Sotacor: Sotahexalt; Austriz: Sotacor; Sotahexal;
Sotamed; Sotastad; Belg.: Sotalex; Braz.: Sotacor; Sotahexal;
Canad.: Rylosol; Chile: Hipecor: China: Ji Di (5Fift); Jin Lv Xin
(£B7X); Sowcor (MAT); Tan Shi () Wei Te (f5%): Xi
An Lin (B54); Yt Huan (#4); Yuan Qi (5TF); Cz: Sotahex-
al: Sotalext; Fin.: Sotacor; Sotalint: Fr.: Sotalex; Ger.: Darobt:
Jutalexr Renubloc Sota-Puren«r Sou-saarf‘ Sotat; Sotabeta;
dt: Gr.:
Sotalex; Hong Kong: Sotacor{— Hung.: Sotahexal, Soulex; Irl:
Sowacor; Sotoger; Ital: Ryumobeta; Sotalex; Jpm: Sotacor;
Malaysia: Sotacor; Mex.: Sotaper; Neth.: Sotacort; Norw.:
Sotacort; NZ: Sotacor; Sotahexalt; Philipp.: Sotalext; Pol.: Bio-
sotal; Darob; Sotahexal; Port: Darob; Rus.: Sotahexal
(Corarexcan); Sotalex (Coranexc); S.Afr.: Sotacor; Sotahexal;
Singapore: Sotacor; SotaHexal; Spaim: Sotapor; Swed.: Sotacor;
Switz: Sotalex; Turk.: Darob; Sotarit; Talozin; UK: Beta-Car-
done; Sotacor: Ukr.. Soritmik (Copemiix); Sotahexal
(Corarexcan); USA: Betapace.

Multi-ingredient Prep S.Afr.: Sotazidet.

ol

Pharmacopoeial Preparations

BP 2014 Sotalol Injection; Sotalol Tablets;
USP 36: Sotalol Hydrochloride Oral Si
Hydrochloride Tablets.

Sotalol

Spirapril Hydrochlonde BANM.USAN, NNV

81 7-NISY 1 -Ethoxycar 3-phenylpropyiFc-alanyll-1,4-
dlthla-7-azasp|ro[44]nonane-8—carboxyllc acid hydro-
_chioride. .50 . )
CnH”NzO;SzHG—SOS l
CAS — 83647- 97—6 (splmpnl) 9484! 175 (sptrapnl hydlo—
iChioride). -~ i

"ATC— CO9AAIL -
“ATC Vet — QCO9AATT. *
UNII—OCQSLM897

Phannaoopoelcs Eur. (see P. vii) mcludes t.he mono-
hydrate.

Ph. Eur. 8: {Spirapril Hydrochloride Monohydrate). A white
or almost white, fine crystalline powder. Very slightly
soluble in water; slightly soluble in acetonitrile; practically
insoluble in dichloromethane; soluble in methyl alcohol.
Store in airtight containers. Protect from light.

Profile

Spirapril is an ACE inhibitor (p. 1282.2) that is used in the
management of hypertension (p. 1251.1). It owes its activity
to the diacid spiraprilat, to which it is converted after oral
doses, It is given orally as the hydrochloride in a usual
maintenance dose of 6 mg once daily.

References.

1 Nnblc S, Sorkin EM. Spirapril: a pr:llmnnry review of its pharmacology
efficacy in the Drugs 1995;

19' 750-66.

2. widimsky J, & al. Czech and Slovak spiupril intervention study
{CASSIS): a placebo and ac fled, double-blind
multicentre trial in patients with congestive heart failure. Eur J Clin
Pharmacol 1995; 49: 95~102.

Preparations

Proprisfary Preporations (details are given in Volume B)
Preporations. Austria: Quadropril; Cz: Ren-

press; Ger.: Quadropril; Hung.: Quadroprilt: Ital: Renormax:

Setrilan; Rus.: Quadropril (Ksampompun); Spain: Renormaxt;

Renpresst; Ukr.: Quadropril (Ksazpompr).

Sj?lronoladone (AN, NN ®

The symbol & denotes a substance whose use may be restricted in certain sports (see p. viii)
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NOTE. Compoundcd preparations of spironolactone may be

represented by the following names:

¢ Co-flumactone (BAN)—spironolactone and hydroflu-
methiazide in equal parts (w/w)

« Co-spironozide (PEN)—spironolactone and bydro-
chlorothiazide.

Pharmacopoeias. In Chin., Bxr. (see p. vil), Int., Jpn, and US.

Ph. Bur. 8: (Spironolactone). A white or yellowish-white

der. Practically insoluble in water; soluble in alcohol. It

r.xlnlnts polymorphism. Protect from light.

USP 36: (Spironolactone). A light cream-coloured 10 light

tan, crystalline powder with a faint to mild mercaptan-like

odour. Practically insoluble in water; soluble in alcobol and

in ethyl acetate; freely soluble in chioroform and in

benzene; slightly soluble in methyl alcohol and in fixed oils.

Stobility. There was no appreciable loss of spironolactone
from ex yusly prepared suspensions of spirono-
lactone, 2. 5. 5 and 10mg/mL, in a cherry syrup after sto-
rage for 2 weeks at 5 degrees or 30 degrees or at ambient
room temperature under intense {luorescent light.! Degra-
dation was less than 5% for samples stored for 4 weeks,
but was more noticeable in suspensions with a higher
initial concenmration. There were no changes in colour or
odour. Bacterial and fungal counts were well within
acceptable limits after 4 weeks at 30 degrees.

1. Marhur LK, Wickman A. Stability of extemporancously compounded
spironolactone suspensions. Am J Hosp Pharm 1989; 46: 2040-2.

Uses and Administration

Spironolactone, a steroid with a structure resembling that of
the natural adrenocortical hormone aldosterone. actson zhe

6. Williams J5. H

lypertension: spitonolacione and resistant hypertension.
Nat Rev Bndocrinol 2010; 6: 248-50.

Administration in children. Spironolactone may be given

to neonates, infants, and ¢

Rild

for the tr of

heart failure, oedema, and ascites. The BNFC recommends
the following oral doses, based on age:

neonates: 1 to 2mg/kg daily in 1 or 2 divided doses; up to
7 mg/kg daily may be given in resistant ascites

1 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
ascites

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

The BNFCalso suggests that these doses may be given for the
reduction of hypokalaemia induced by diuretics or

amphotericin.

References.

1. Buck ML. Clinical with wone in Ann
Pharmacother 2005; 39: 823-8.

Acne.  Spironolactone has been used for its

anti-androgenic properties in some cases of acne

{p. 1682.2) where standard therapy is unsuccessful. Bene- !

fidal responses 1o oral therapy have been reported in
patients with acne from both open' and placebo-con-
trolled?? studies, although a systemartic review* considered
that there was insufficient evidence for its efficacy. Topical
application has been tried®® but response has been vari-
able. It is possible that the vehicle may affect the response.
In women, spironolactone may be useful when treatment
with an oestrogen is contra-indicated.

1. Burke BM, Cunliffe WJ. Oral spironolacone therapy for [emale paticats
with acne, hirsutism or androgenic alopeda. 8r J Dermatol 1985 112:
124-5.

2. Goodfellow A, er ai. Oral spironolactone improves acne vulgaris and

reduces sebum excreon. Br 7 Dermatol 1984; 111: 209-14.

distal portion of the renal tubule as a comp

3 MF. et al. Oral spironolacione: an eflective trearmem for

of aldosterone. It acts as a p ing di
increasing sodium and water excretion and redudng
potassium excretion.

Spironolactone is reported to have a relatively slow onset
of action, requiring 2 or 3 days for maximum effect, and a
similarly slow diminishment of action over 2 or 3 days on
stopping.

Spironolactone is used in the management of heart
failure, both to treat refractory oedema and in lower doses
as an adjunct w standard therapy (see below). It is also used
for refractory oedema associated with cirrhosis of the liver
{with or without ascites, p. 1276.2), or the nephrotic
syndrome, and in ascites associated with malignancy. It is
frequently given with the thiazides, furosemide, or similar
diuretics, where it adds to their natriuretic but diminishes
their kaliuretic effects, hence conserving potassium in those
at risk from hypokalaemia. Diuretic-induced hy-pokalaemu

acne vulgaris in women. 8r J Dermatol 1986; 115: 227-32.

4. Brown J, ¢ al. Spironolacione versus placebo or in combination with

steroids for hirsutism and/or acne. Available in The Cochrane Database
of Systematic Reviews: Issue 2. Chichester: John Wiley: 2009 (accessed
26102/10).
. Messina M, et al. A ncw zh:npeum: approach (o acne: an andandrogen
Curr Ther Res 1983: 34

v

319-24.

&, Walton S, & al. Lack of effect of topical spironolacione on scbum

excretion. Br J Dermatol 1986; 114: 261-4.

. Anti-androgens have a role in the treatment of

hirsutism (see below) but have also been used in patients
with androgenetic alopecia (p. 1682.3), and there is some
evidence that spironolactone may be effective.!?

1. Sindair R, et al. Treatment of female patern hair loss with oral
antandrogens. 8r J Dermatel 2005; 132: 46673,

2. Hoedcmlku [+ n ai. Treaument of lmule pattern hair loss with a

of and L. Awstralas J Dermatol 2007;

48 43-5.
3 A ctal of female-pautern hair loss with

and its management, incuding the role of
sparing diuretics, is discussed under Effects on the
Electrolyte Balance in the Adverse Effects of Hydrochloro-
thiazide, p. 1404.2. It has been used in the treatment of
essential hypertension (in lower doses than for oedema),
but in the UK is no longer recommended for use in either
essential hypertension or idiopathic oedema; doubts have
been expressed over its safety during long-term adminis-
tration.

Spironolactone is also used in the diagnosis and
reatment of primary hyperaldosteromsm {p- 1501.1).

Other conditions in which tone has been tried
on the basis of its ami-androgenic properties include
hirsutism, particularly in the polycystic ovary syndrome.

In the treaunent of oedema, spironolactone is usually
given in an initial oral dose of 100 mg daily, subsequently
adjusted as necessary; some patients may require doses of
up to 400mg daily. In hepatic drrhosis with ascites and
oedema, patients with a urinary sodium/potassium ratio
greater than 1 may be given an initial dose of spironolactone
100 mg daily while patients with a ratio of less than 1 may
be given initial doses of 200 to 400 mg daily.

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

For doses in children, see below.

Potassium supplements should not be given with
spironolactone.

Referenccs and reviews.
1. Skiuth HA, Gums JG. Spi a
Pharmacother 1990; 24 52-9.
2. Doggrell SA, Brown L The spironolactone renaissance. Expert Opin fnvest
Drugs 2001; 10: 943--34.
3. Sica DA. Spironolactone: an old friend rediscovered. J Clin Hypertens
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spironolactone in a 9-year-old girl. Australas J Dermatol 2009; 50: 113—
14

Bariter’s syndrome. Spironolactone may be used to
reduce potassium wasting in patients with Bartter's
syndrome (p. 1779.3).

kmonary dysplasia. Bronchopulmonary dys-

plasia (p. 1602.1) is a major cause of chronic lung disease
in infants. Treatment often involves the use of corticoster-
oids. Additional supportive therapy has included the use

of diuretics such as f id

(p. 1387.3); results with

hydrochlorothiazide or spironolactone have been more
ambiguous (p. 1403.3).

Heart failure. Drug therapy of heart failure (p. 1262.3) is
based on the use of diuretics. ACE inhibitors, cardiac
glycosides, beta blockers, and vasodilators. Spironolactone
has been used as a diuretic for refractory oedema, but it
also has an additional role as an aldosterone antagonist.'?
Although the precise neurohormonal mechanisms leading
to the development of heart failure are still not clear,
there is evidence that raised levels of aldosterone may
contribute to the pathophysiology.>* ACE inhibitor ther-
apy suppresses aldosterone production but this effect is
not complete and the use of spironolactone with ACE
inhibitors has therefore been studied. In the Randomized
Aldactone Bvaluation Study (RALES)® in patients with
severe heart failure, addition of spironolactone in a dose
of 25 to 50mg daily to therapy with ACE inhibitors and
loop diuretics reduced the risk of death or hospitalisation.?
The use of spironolactone may be considered in patients
with moderate 10 severe heart failure.*® The benefit may
be a dass effect: a systematic review'® found a 20% reduc-
tion in all-cause mortality when spironolactone, eplere-
none, Or canrencne were given to patients with left-
ventricular dysfunction or after myocardial infarction. A
small study'' has also shown benefit in patients with less
milder heart failure. However, use of spironolactone with
ACE inhibitors may lead 1o hyperkalacmia and careful

monitoring of potassium concentrations is required!>!*
(see Interactions, p. 1502.2). Retrospective analyses'!® of
heart failure patients found that some 10 to 15% had to
stop spironolactone because of hyperkalaemia, and a simi-
lar proportion stopped because of worsening renal func-
tion. -Risk factors were advanced age and higher baseline
plasma-potassium concentrations.

2.

3

5
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High-altitude disorders. Acetazolamide is generally the
drug of choice for prophylaxis of high-altitude disorders

p-

1276.2). Anecdotal reponis’™ and a small-scale double-

blind study® suggested that spironolactone could be useful
in preventing acute mountain sickness, although a dete-
rioration in pulmonary function despite spironolactone
prophylaxis has been noted in a patient.®

2

3.

Curic TT. ef al. and acute in sickness. Med J Aust
1976; 2= 168-70. .
Snell JA. Cordner EP. Sp and acute in sickness. Med
J Ausi 1977; 1: 828.
Tumnbull G. Spi p is in sickness. BMJ
1980; 280: 1453,
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. Brown GV, o al. in acute sickness. Lanart
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. Meyers DH. Spi is of sickness. BMJ
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Hirsufism. Hirsutism (p. 2262.1) is frequently treated with
anti-androgens, usually cyproterone or spironolactone.
Spironolactone in doses of 50 to 200mg daily has pro-
duced both subjective and objective improvement in
hirsudsm in patients with idiopathic hirsutism or polycys-
tic ovary syndrome, " and its use has been reviewed.’ It is
preferably used with oral contraceptives,*’ to improve effi-
cacy and menstrual irregularity and to avoid the risk of
feminisation to a male fetus. Most studies have involved
premenopausal women and it has been suggested*® that
spironolactone would be useful in women in whom
cyproterone is contra-indicated or not tolerated. A rando-
mised study (not placebo-controlled) found spironolactone
100mg daily and cyproterone 100 mg daily to be equally
effective,? while a systematic review'® of the use of
spironolactone in hirsutism concluded that it was signifi-
cantly more effective than both cyproterone and finas-
teride for up to 12 months after treatment.

For reference to the use of spironolactone in alopecia, see
above.
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ldosteronism. Hyperaldosteronism (aldosteronism)
146 is a disorder of mineralocorticoid excess characterised

by high drculating levels of aldosterone. It is a common-

cause of secondary hypertension, and is frequently diag-
nosed in those with resistant hypertension. The cardiovas-
cular risks associated with hyperaldosteronism are far
greater than for those with primary hypertension.” there-
fore correct identification and weatment is important.

Hyperaldosteronism may be primary or secondary, the
latter resulting from conditions in which there is activation
of the renin-angiotensin-aldosterone system, including
diuretic therapy, and oedematous conditions such as heart
failure, hepatic cirthosis, and nephrotic syndrome. Bartter’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-producing adenoma {Conn’s syndrome). Rarer
causes of primary hyperaldosteronism include aldosterone-
secreting adrenal carcinoma and familial forms such as
glucocorticoid-remediable aldosteronism.

The classic presentation of hyperaldosteronism is of
hypertension, hypokalaemia, and alkalosis, but most
patients are normokalaemic, with symptomatic hypokal-
aemia present only in the most severe cases or in those
taking diuretics. In general, those with severe or resistant
hypertension, spontaneous or diuretic-induced hypokal-
aemia, or juvenile hypertension or stroke should be
screened for primary hyperaldosteronism.>* This is usually
done by ing the pl aldc renin ratio. In
primary hyperaldosteronism the aldosterone concentration
is raised but renin is suppressed, although this does not
necessarily prove the diagnosis; in secondary hyperaldo-
steronism both are raised. The test may be confounded by
circadian rhythm, posture, and drugs. Hypokalaemia should
first be corrected, sodium intake increased, and spirono-
lactone or eplerenone therapy stopped for at least 4 10 6
weeks beforehand. Antihypertensives that may be
continued with a minimal effect on the aldosterone:renin
ratio are the alpha-blockers and calcium-channel blockers.
The diagnosis must be confirmed with suppression testing.
either with volume expansion using sedium or fludrocorti-
sone, or by blocking the renin-angiotensin-aldosterone
system with an ACE inhibitor, usually captopril. Computed
tomography imaging and adrenal vein sampling are used to
identify adenoma from hyperplasia, and exclude carcinoma.

Unilateral laparoscopic adrenalectomy is the preferred
treatment for unilateral adenoma,'*¢ improving hyper-
tension and hypokalaemia in most patients although about
half will need to continue anthypertensive therapy. An
aldosterone antagonist such as spironolactone may be given
pre-operatively to lower the blood pressure and nonnalise
the serum potassium, In those not suitable for surgery, life-
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,"* initially in high doses, reduced to
the lowest effective dose for maintenance; eplerenone is an
alternative if adverse effects are a problem. Amiloride has
also been used, but high doses are required. A thiazide may
be added to therapy to maximise the antihypertensive effect
and minimise hyperkalaemia.*

Glucocorticoid-remediable hyperaldosteronism (GRA),
also known as familial hyperaldosteronism type I (FH-1),% is
a rare autosomal dominant form. It has been diagnosed
using a dexamethasone-suppression test, but direct
identification with genetic testing is now preferred. It is
treated with a long-acting glucocorticoid such as dexa-
methasone or prednisone, with the addition of spirono-
lactone, eplerenone, or amiloride if hypertension remains
uncontrolled.

In secondary hyperaldosteronism the underlying condi-
tion should be treated, but diuretics such as spironolactone
may be of benefit as part of the therapy.

1. Pimenta B, Calhoun DA. Primary aidosteronism: diagnosis and

Clin ] zm 8: 287-93.

2. Rossi GP. eral, Primary i and
selection of cases for adrenal vein sampllnz. J Neplm)l 2008; 21: 447-54.

3. Rossi GP. & al. Primary aldosteronism: part II: subtype differentiation
and treatment. J Nephrof 2008; 21: 455-62.

4. Funder JW, o al. Endocrine Sodety. Case detection, diagnosis, and
treatment of patients with primary aidosteronism: an Endocrine Sodiety
clinical practice guideline. J Clin Endoerinol Metah 2008; 93: 3266-81.

after Arch Intern Med 2008; 168: 50-5.
8. McMahon GT. Diuhy RG. Gh d bl Arg
Bras Endocrinol Metabol 2004; 48: 632-6. .

Kidney disorders. There is evidence that aldosterone may
play a role in the development of chronic kidney disease;
although patients musi be carefully monitored because of
the risk of hyperkalaemia (see also Precautions, p. 1502.1)
low-dose spironolactone has been investigated for its
potential as an adjunct to reduce proteinuria and poten-
tially retard the development of renal impairment in both
diabetic and non-diabetic patients.'*

1. Purumatsu Y. et al. Effect of renin-angiotensin-aidosterone system wiple

longed periods® although it was suggested? that the asso-
ciation with spironolactone therapy was unlikely to be
causal.

Although the rat may not be an appropriate model for
determining long-term safety in man,’* evidence of
carcinogenicity in this species prompted the UK CSM to
limit the product licences of spironolactone-containing
products to exclude use in essential hypertension or
idiopathic oedema.?

. Loube SD, Quirk RA. Breast cancer associated with administration of
spironolactone. Lanuxt 1975; I: 1428-9.
2. Jick H Armstrang B. Breast cancer and spironolactone. Lancrt 1975; ik:
. 3689
3. Lumb G. o al Bffeas in animals of chronic administration of
spironolactone—a review. J Brviron Pathol Toxicol 1978; I 641-60.

blockade on nan-d.hbcm: renal addition of an

blocker, with an

converting enzyme lnhlblwr and angiotensin II receptor blocker.
Hypertens Res 2008; 31: 59-67.

2. Saklayen MG. et al. Effeas of additive therapy with spironolactone on
proteinuria in dlabetic patients already on ACE inhibitor or ARB
therapy: results of a randomized. placebo-controlled, double-blind,
crossover trial. J Investig Med 2008; 56: 714-19.

3. Sengul E & al. Effect of spironolactone on urinary protein excretion in
padients with chronic kidney disease. Ren Faif 2009; 31: 923-32.

4. Bomback AS. ef al. Renal aspirin: will all padents with chronic kidney
disease one day take spironolactone? Nat Clin Pract Nephrol 2009; 5: 74—
5.

Precocious puberty. Spironolactone (as an anti-androgen)
and testolactone were given to boys with familial preco-
cious puberty {p. 2254.1) for periods of up to 18 months.
Rates of growth and bone maturarion were restored to
normal during combination therapy but not with either
drug given alone.! However, after further treatment for 2
to 4.2 years there was a diminishing response manifested
by the recurrence of clinical features of puberty and an
increase in the bone maturation rate.? Addition of deslore-
lin appeared to restore the control of puberty,? and in a
long-term study’> growth rate remained normal for 6
years.
1. Laue L, & al. Treaument of famillal male precocious puberty with
spironolactone and testolactone. N Engl J Med 1989; 320: 496-302.
2. Laue L, o al. Treaunemt of familial male precocious puberty with
ironol: i and 7 Clin inol Metab

1993; 76: 151-5.
3. Leschek EW, et al. Six-year results of spironolactone and iestolactone
of familial male-limited puberty with addition of
deslorelin after central puberty onset. J Clin Endocrinol Metab 1999; 54:
175-8,

Premensirual syndrome. Spironolactone has been used
for its diuretic and anti-androgenic properties in premen-
strual syndrome (p. 2272.3).

Adverse Effects

Spironclactone may give rise to headache and drowsiness,
and gastrointestinal disturbances. including cramp and
diarthoea. Ataxia, mental confusion, and rashes have been
reported as adverse effects. Gynaecomastia is not
uncommon and in rare cases breast enlargement may
persist. Other endocrine disorders include hirsutism,
deepening of the voice, menstrual imregularities, and
impotence. Transient increases in blood-urea-nitrogen
concentrations may occur and mild acidosis has been
reported. Spironolactone has been shown to cause tumours
in rats.

Spironolactone may cause hyponatraemia and hyper-
kalaemia.

Incidence of adverse effects. A survey found that of 788
patients given spironolactone 164 developed adverse
effects.! These includéd hyperkalaemia in 8.6%, dehydra-
tion in 3.4%, hyponatraemia in 2.4%, gastrointestinal dis-
orders in 2.3%, neurological disorders in 2%, rash, and
gynaecomastia. Hyperkalaemia was associated 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 study® of 54 patients (53 female, | male) taking
spironolactone 200mg daily for hirsutism or acne adverse
effects were reported in 91%.2 Menstrual disturbances
occurred in 72% of patients, breast tenderness in 39%, dry
skin in 39%, and breast enlargement in 24%. Other adverse
effects included and vomiting, dizzi headache,
drowsiness, and rashes. Two patients developed a chloasma-
like pigmentation of the face. The.gynaecological effects
were reduced in patients taking oral contraceptives.

1. Greenblatt DJ, Koch-Weser J. Adverse reactions to spironolactone: a
report from the Boston: Collaborative Drug Surveillance Program. JAMA
1973; 22%: 40-3.

2. Hughes BR, Cunliffe WJ. Tolerance of spironolactone. Br J Dermatol
1988; 118: 687-91.

Carcinogenicily. Breast cancer was reported in 5 patients
taking spironolactone and hydrochlorothiazide for pro-

4. Wagner BM. Long studies of in animals
and wnh P J Drug Dev 1987; 1 {suppl
2): 7-11.

5. CSM. Spi Current Problems 1983; 21. Available at: hup://
www.mhra.gov.. i ET_FILEGdD: 3
CON20244285 L

25/07/08)

Effects on the blood. Agranulocytosis has been reported!
in association with the use of spironolactone.

1. Stricker BHC, Oei TT. A i is caused by spi BMJ
1984; 289: 731.
2. Whitling AM, e al. tnduced I Am

Pharmacother 1997; 31: 582-5.

Effects on balance. caiaum. A report! sug-
gested that spironolactone may have a calcdium-sparing
effect, in addidon to its well known potassium-sparing
properties.
1. Puig JG, et al. i long-term
metabolic uuxﬂﬂadons in padents wlth sendal hyperiension. J Clin
Pharmarol 1991; 31: 455-61.

POTASSIUM. There have been reports'- of severe hyperkal-
aemia in patients taking spironolactone, induding patients
with renal impairment and those with a high potassium
intake from either dietary sources or potassium supple-
ments. In the Boston Collaborative Drug Surveillance Pro-
gram* hyperkalaemia was reported in 42.1% of patients
with uraemia taking spironolactone and receiving potas-
sium supplements compared with 2.8% of those without
uraemia and not receiving potassium supplements. Two
deaths were attributed to hyperkalaemia in patients taking
spironolactone and pc i chioride. P i supple-
ments should be avoided in patients receiving spirono-
lactone, and plasma-potassium concentrations should be
carefully monitored in those with renal impairment. An
analysis® of spironolactone prescriptions in a Scotdsh
population between 1994 and 2007, however, noted that
despite an increase in prescription after 1999 following the
results of the RALES study, there was no concomitant
increase in hospital admissi for hyperkalaemia, and
instances of measured hyperkalaemia in outpatients actu-
ally fell, suggesting that careful monitoring enabled suc-
cessful use of the drug.
1. Pongpaew C, e al. Hy ic cardiac Y o
spironolactone. Chest 1973; 63: 1023-5,
2. Udezue EQ, Harrold BP. Hyperkalacmic paralysis due to spironolactone.
Pastgrad Med J 1980; 56: 254-5.
3. OReilly PH e al. Life-threatening hyperkalaemia afier bladder
decompn:ﬂon for high pressure chronic reiention. Lancer 1987; 1i: 839.
4. Greenblatt DJ, Koch-Weser ). Adverse reactions to spironolactone: a
tepon from the Baston Collaborative Drug Surveillance Program. JAMA
1973; 229: 40-3.
5. Wei L o al. Spironolactone use and renal toxidty: population based
longitudinal analysis. BMJ 2010; 340: c1768.

Effects on endocrine funcfion. Spironolactone has been
associated with disturbances of endocrine function. The
most prominent in men is gynaecomastia which appears
to be related to both dose and duration of treatment. Indi-
dences of 62%' and 100%? have been reported. Gynaeco-
mastia has also been accompanied by impotence.** The
effects are generally reversible on stopping treatment.
Reversal of male-pattem baldness has also been reported.*

In women symptoms include breast enlargement and
tenderness.® The incidence of menstrual abnormalities may
be high: unspecified disturbances have been reported in 33
of 53 women,® secondary amenorrhoea in 6 of 9,7 and
secondary and primary amenorrhoea in 1 and 2 patients,
respectively.® The incidence of gynaecological disturbances
has been found to be lower in women taking oral
contraceptives.

The mechanism of the effects of spironolactone on the
endoctine system is unclear. Some workers® suggested that
although spironolactone affects testosterone synthesis, the
more likely explanation was its dnti-androgenic action, and
reduction in 17-hydroxylase actvity. Others'® found an
alteration in the testosterone/oestrogen ratio due to an
increase in testosterone clearance and increased peripheral
conversion to estradiol. In addition, spironolactone is
reported to inhibit binding of dihydrotestosterone to
receptors. :

1. Huffman DH, e al. Gynecomasts induced in normal males by
spironolactone. Clin Pharmacol Ther 1978; 24 465~73.
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3. Greenblant DJ, Koch-Weser J. Gynecomastia and impotence complica-
uomdqﬁmolmdmm JAMA 1973; 223: 82,
induced

4 & case report. Drug
Dntell Gmﬂwﬂ 1977; 11: 70-3.
5. Thomas PS. Hair: wanted and unwanted. BAU 1986 293: 695.
6. Hughes BR, Cunliffe WJ. Tolerance of spironolactone. 37 J Dermatol
1988; 118: 687-31.
7. Levin JL therapy and JAMA 1970; 212
2014-15.
8. Poter C, o al Primary and secondary amenorthea assocated with
splronohaanuhenpyhchrvnkliv:rdlsus J Pediatr 1992; 121: 141~
9. Lorlnlx Dl.dal. md Ann Intern
Med 1976; B5: 630-6.
10. Rose LI, et al. Puth, o induced gy
Ann butern Med 1977; 87; 398-403.
Effects on the frod. Population-based stu-

dies'? have identified a dose-dependent increased risk of
gastrointestinal bleeding and ulcers in those taking
spironolactone. The mechanism was thought to be inhibi-
tion of aldosterone-induced formation of fibrous tissue,
thus impairing the healing of gastric and duodenal ero-
sion.

that spironolactone is therefore usually compatible with
breast feeding.

1. Pheips DL. Karim A. between
tions of dethioacetylaied metabolite in buman serum and milk. J Pharm
Sd 1977; 66 1203,

2. Ameri d of F The transier of drugs and other
chemicals into human milk. Pediatrics 2001; 108 776~39. [Retired May
2010) Correction. ibid: 1029 Ako available ar: hrep: Ilnppollq

dl %3b108/3/776

06107 104)

Diabetes mellius. Severe hyperkalaemia was reported in
a type 1 diabetic woman with hyporeninaemic hypoaldos-

teronism given spironolactone.!
1. Large DM, t al. in diabetes melliny hazards
of Y Postgrad Med J 1984;
60: 370-3.
Inferference with ld estimations. Spironolactone

and canrenoate can interfere with some assays f{or plasma-
digoxin conceritrations.'* However, spironolactone may
also produce actual changes in digoxin concentrations (see
p. 1357.2) and resulis of assays should be interpreted with
caution.

1. KMC. o al. Spi L and risk of upper gastroi I8 . ine S, Drug i with plasma assays in
events: population based case-control study. Abridged version: 8MJ drug Clin ’ 1954; 9= 6787,
2006; 333: 330-333. Full version: hup:  bmj.com/cgilrep: 2 GN. of sp and its
333/7563/330.pdf (accessed 10,03“0) canrenone on serum digoxin assays. Ther Orug Monit I990 12: 824.

and e Tati 3. Steimer W, ot al. i due 10 negative in

2. Russo A, atal a
based study. Pharmacoepidemiol Drug Safery 2008; 17: 495-500.

3. Gulmez SE d nl. Spimnnhﬂune use and the risk of upper

| swdy. Br J

Clin Pharmacal 2008; 66: 194—9

Effects on lipid Unlike thiazide diuretics,
spironolactone appeared not to increase serum-cholesterol
concentrations in a study of 23 patients.’
1. Ames RP, Peacock PB. Serum cholesierol during weaument of
hypertension with diuretic drugs. Arch Intern Med 1984; 144: 710-14.

el

Effects on the liver. Hepatotoxicity characterised by chole-
static lesions has been reported in a patient receiving
spironolactone.! Only one other published case of spirono-
lactone-associated hepatotoxicity was known to the
authors.
1. Renkes P, ¢f al. Spironolactane and hepatic toxicity. JAMA 1995; 273:
376-7.

Effects on the skin. Lichen-planus-like skin eruptons
developed in a 62-year-old woman who was taking
digoxin, propranolol, diazepam, spironolactone, and iron
tablets.! Flares of the lichen-planus-like eruption seemed
to be associated with use of spironolactone and there was
evidence of resolution when spironolactone was with-
drawn. Cutaneous vasculitis was assocdated with spirono-
lactone on 3 occasions in an 80-year-old man.? A chloas-
ma-like pigmentaton of the face was reported in 2
patients recemng spironolactone for hirsutism or acne.?

1. D TP, ! nduced lichen planus. JAMA 1978; 240:
1138.

2. Phillips GWL, Willlams AJ. Spi L induced i BMJ
1984; 288: 368.

3. Hughes BR, Cunliffe WJ. Tolerance of spironolsctone. Br J Dermael
1988; 118: 687-91.

. Bosinophilia and a rash developed in 2
patients with alcoholic cirrhosis while taking spirono-
lactone.! A report of the DRESS syndrome (drug rash with
eosinophilia and systemic symptoms) has also been asso-
ciated® with spu-onohaone

L. Wathen CG. o ol. iated with
1986; & 919-20.
2. Ghislain FD, & «l. Drug-induced

Lancer

digoxin drug monitoring. Lancet 1999; 354: 1176-7.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS)} and
the Porphyria Centre Sweden, classifies spironolactone as
porphyrinogenic; it should be prescribed only for compel-
ling reasons and precaudons should be taken in all
patients.!

1. The Drug Dawabase for Acute Porphyria. Availabie ai: hup:/iwww.

drugs-porphyria.org (accessed 11710/11}

Interactions

There is an increased risk of hyperkalaemia if spironolactone
is given with potassium supplements or with other
potassium-sparing diuretics. Hyperkalaemia may occur as
well in patients also given ACE inhibitors, angiotensin I
receptor antagonists, NSAIDs, ciclosporin, or trilostane. In
patients given spironolactone with NSAIDs or ciclosporin
the risk of nephrotoxicity may also be increased. Diuretics
may reduce the excretion of lithium and increase the risk of
lithium toxicity. Hyponatraemia may occur in patients
taking a potassium-sparing diuretic with a thiazide; this risk
may. be increased in patients given chiorpropamide.
Spironolactone may reduce the ulcer-healing properties of
carbenoxolone. As with other diuretics, spironolactone may
enhance the effects of other antihypertensive drugs and
may reduce vascular responses to noradrenaline.

ACE inhibitors and angiofensin Il receplor anfagonists.
Severe hyperkalaemia has been reported in patients given
spironolactone with ACE inhibitors or angiotensin II
receptor antagonists and fatalities have occurred. In a
study' of 44 patients taking such combinations for heart
failure who were admitted to hospital with life-threaten-
ing hyperkal ia, 37 ired h dialysis and 2
developed {fata] comphcauons In another group® of 25
patients given spironolactone with ACE inhibitors who
were 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 hyperkalaemia in both studies. It was suggested

P. 1353.3, respectively. See also Interference with Labora-
tory Estimations, under Precautions, above.

Mitolane. For a report of the inhibition of the action of
mitotane by spironolactone, see p. 833.1.

Warfarin, For reference to the interaction between warf-
arin and spironolactone, see p. 1533.3.

Pharmacokinetics

Spironolactone is well absorbed from the gastrointestinal
tract, with a bicavailability of about 90%. It is about 90%
bound to plasma proteins.

Spironolactone is metabolised extensively to several
metabolites including canrenone and 7u-thiomethylspir-
olactone, both of which are pharmacologically active. The
major metabolite may be 7Za-thiomethylspirolactone,
although it is uncertain to what extent the actions of
spironolactone are dependent on the parent compound or
its metabolites.

Spironolactone is excreted mainly in the urine and also
in the faeces, in the form of metabolites. Spironolactone or
its metabolites may cross the placental barrier, and
canrenone is distributed into breast milk.
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Preparations

Proprietary Preparations {details are given in Volume B)

i Preporations. Arg.: Aldactone; Drimux A; Espi-
max; Expal; Lanx; Modulactone; Normital; Osiren; Rediun-E;
Austral.: Aldactone; Spiractin; Austria: Aldacione; Spirobene;
Spirohexal; Spirono; Belg.: Aldactone; Docspironot; Spirotopt;
Braz.: Aldactone; Diacqua; Espirolona; Spiroctan; Canad.:
Aldacione; Novo-Spirotont; Chile: Alizar; Cardactona; China:
Shi Er Tong ((#/Rill); Cz.: V Denm.: Hexal ; Spir-
ix; Spiron; Fim.: Spiresist; Spirix; Fr.: Aldactone; Flumacht:
Practont: Spiroctan; Splmnonef Ger.: Aldactone; Jenasplron-
Osyrolt: Spiro; Spi pirog: Spironot; Verosp
Gr.: Ald R L Spi i; Uridactone: Hong Kong:
Aldactone; Spiractint; Hlmg Huma-Spiroton; Spiron; Veros-
piron; India: Aldactone; Indon.: Aldactone; Carpiaion; Letonal;
Spirola; Spirolacton; Irl.: Aldactone; Israel: Aldacione; Aldos-
pironet; Spironol; Ital: Aldactone: Spirolang: Uractone; Malay-
sta. Spirolon; Mex.: Aldactone; Biolactona; Nolasque; Vivitar;
Norw.: Aldactone; Spirix: NZ: Spirotone; Philipp.: Aldactone;
Pol.: Spironol: Verospiron: Port.: Aldactone; Aldonart; Rus.:

il ): Verospiron (B S
Afr.: Aldactone; Splracnn. Singapore: Aldactone; Spu'olon-
Uractonum: Spaim: Aldactone; Swed.: Aldactone; Switz:
Aldactone; Primactont; Xenalon; Thai.. Aldactone; Altone;
Hyles; Pondactone; Spironex: Turk.: Aldactone: UK: Aldactone;
Ukr.: Verospiron (Bepoummpon); USA: Aldactone; Vemez:
Aldactone.

tone (B

Multi-ingredient Preparations. Arg.: Aldactone HCT; Aldactone-
D: Aldazida; Lasilacton; Austria: Aldactone Saltudn; Furo-Spir-
obene; Lasilacton; Sali-Aldopur; Spirono comp; Belg.: Aldacta-
zine; Docspirochl 't Braz. Aldazida; Lasilactona; Canad.:
Aldactaﬁde, Apo-Spirozidet; No i +: Fr.. Aldaca-
zine; Aldalix; Practazint; Spiroctazine; Ger.: Furo-Aldopurt:
Fummse Compt; Osyrol Lasixt; Spiro comp; Spiro-D+: Spiro-

id: Gr.: Ald ide; Aldactazine; India: Aldactde;

that combinations of spironolactone with ACE i

mmm-ummmhnmomsm
Aca Derm Venereol 2004; 84 65-8.

Precautions ..

Spironolactone should not be used in patients with

hyperkalaemia or severe renal impairment, It should be
used with care m pancms who are at increased risk of
developing hyperk such indude the
elderly, those with diabetes mellitus, and those with some
degree of renal or hepatic impairment. It should also be
given with care to patients likely to develop acidosis. Serum
clectrolytes and blood-urea-nitrogen should be measured
periodically.

Breast feeding. The conc n of ¢ was mea-
sured' in the serum and milk of a breast-feeding woman
taking 25 mg of spironolactone four times daily. The milk
10 serum concentration ratios of canrenone at 2 and 14.5
hours after a dose of spironolactone were 0.72 and 0.51
respectively, and it was esti d that the of can-
renone ingested by the infant would be 0.2% of the
mother’s daily dose of spironolactone. The serum potas-
sium and sodium levels of the infant were in the normal
range. The American Academy of Pediatrics? consid

or angiotensin II receptor antagonists should be used with
caution in such patients and that they should not be given
doses of spironolactone above 25 mg daily.

1. Wrenger E, o al. of with ACE i or
angiotensin receptor blockers: analysis of 44 cases. BMJ 2003; 337: 147
9.

2. Schepkens H, o al Life-th P ia_during
therapy with and spirono-

ting enzyme i
lactone: an analysis of 25 cases. MJAHZDOl 110: 438341,

Aspirin. Aspirin has been shown to produce substantial
reductions in sodjum excretion’ in healthy subjects taking
spironolactone and to reduce the excretion of spironolac-
tone’s active metabolite, canrenone.? However, use of

aspirin in hypertensive patients® did not alter the effect of

spironolactone on blood pressure, serum elecwolytes,
blood urea nitrogen, or plasma-renin activity.
1. Tweeddale MG, Ogilvic RL of spironol
natriuresis by aspitin in man. N Engl J Med 1973; 289: 198-200.
2. Ramsay LE, « al. Influence of acetylsalicylic acid on the renal handling of
a spironolactone metabolite in healthy subjects. Bur J Clin Pharmacol

induced

1976; 10: 43-8.

3. Hollifield JW. Fu‘lnre of aspirin w-nnmhnnunn.hypemnﬂn effect
of spi South Med J 1976; 69:
1034-6.

Cardiac glycosides. For discussions of the effects of

7
lactone on digaxin and digitoxin, see p. 1357.2 and

All cross-references refer to entries in Volume A

Y

Aldostix; Amifru-S; Aquamide; Dyamide Plus; Dytor Plus; Fru-
selac; Lasilactone; Minilactone: Spirom:de Indan Aldznd:,

Irl.: Aldactidet; Ital: Ald 3 de; Spiro-
fur; Mex.: Aldazida; Lasilacton; Pln'llpp Aldazide: Port.: Aldac-
tazine; Ondolen: S.Afr.: Aldazide; Spain: Ald cdne; Aldoieo;

Switz.: Aldozonet; Furospir; Lasilactone; Turk.: Aldactazide;
UK: Aldactide; Lasilactone; USA: Aldactazide; Venez.: Aldacta-
zida.

tone Oral

P par tone

BP 2014:

Tablets;
USP 36: Spi lactone and Hydroch hiazide Oral Suspen-
sion; Spi lactone and Hydrochlorothiazide Tabiets; Sp

hmne Oral Suspension; Spironolactone Tablets.

Staphylokinase

Estafilocinasa; Estafilokinasa; Estaﬁloqulnasa Staphylokmasa

Profile

Staphylokinase is a thrombolytic derived from Staphylococcus
aureus. Recombinant and modified forms are under
investigation for the treatment of thromboembolic
disorders, including acute myocardial infarction.
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Preparations
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Preporations. China: Shi Ai Ke (MFX); Yi Li

Single-ingredient
Tong (K Hill).

;Estreptolunasa B‘treptoqumasa, Plasmmoklnase: Sterptokr
nasumm; Streptokinaasi, Streptokinas; Strep(olunasum, Sztrep-
‘tokindz, CtpentoxmHasa, * -~
1 CAS = 9002-0}-1.
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Pharmacopoeias. Eur. (see p. vii) includes a concentrated
solution.

Ph. Eur. 8: (Streptokinase Concentrated Solution;
Streptokinasi Solutio Concentrata). A preparation of a
protein obtained from culture filtrates of certain strains of
haemolytic Streptococcus group C. It has the property of
combining with human plasminogen to form p 1
activator. The potency is not less than 510 international
units per microgram of nitrogen. A clear, colourless liquid.
PH 6.8 to 7.5. Store in airtight containers at a temperature of
-20 degrees. Protect from light.

Stability. The incorporation of albumin in commercial pre-
parations of streptokinase has reduced the incidence of
flocculation with streptokinase solutions. However, floccu-
lation has occurred with small volumes prepared with sod-
tum chloride 0.9% in sterilised glass containers apparently
because of residual add buffers that remain in empty
evacuated containers after sterilisation.!

1. Thibault L. in
Hosp Pharm 1985; 42: 278.

Units

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

The Christensen unit is the quantity of streptokinase that
will lyse a standard blood dot completely in 10 minutes and
is equivalent to the international unit.
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Uses and Administration

Streptokinase is a thrombolytic drug derived from various
streptococci. It rapidly converts endogenous plasminogen,
indirectly by means of a streptokinase-plasminogen
complex, to its active form plasmin (see PFibrinolysin,
p. 1382.3), resulting in fibrinolysis and dissolution of clots.
The mechanisms of fibrinolysis are discussed further under
Haemostasis and Fibrinolysis on p. 1124.3. Streptokinase
aftects circulating, unbound plasminogen as well as fibrin-
bound plasminogen and thus may be termed a fibrin-
nonspecific thrombolytic {see p. 1245.3).

Streptokinase is given by intravenous or sometimes
intra-arterial infusion in the treatment of thromboembolic
disorders such as myocardial infarcrion (p. 1257.1),
peripheral arterial thromboembolism (p. 1504.1), and
venous thromboembolism (deep-vein thrombosis and
pulmonary embolismn) (p. 1274.1). It has also been tried in
ischaemic stroke (p. 1504.2), although aiteplase is generaily
preferred. Streptokinase may be used to clear cannulas and
shunts and is used topically with streptodornase to clear
clots and purulent matter.

In acute myocardial infarction streptokinase is usually
given intravenously as a single dose of 1.5 miilion units
infused over 1 hour as soon as possible after the onset of
symptoms. Streptokinase has also been given in a suitable
dose by intracoronary infusion but coronary catheterisation
with the aid of angiography is required, thus restricting use
to suitably equipped centres.

In the treatment of pulmonary embolism and other
arteriovenous occlusions an initial loading dose of
streptokinase, normally 250 000 units infused intravenously
over 30 minutes, is given to overcome any resistance due to
circulating antibodies. This is followed by infusion of a
maintenance dose of 100 000 units/hour for 24 to 72 hours,
depending on the condition to be treated; for central retinal

thrombosis, 12 hours may be adequate. Treatment should
be controlled by monitoring the thrombin dotting time,
which shouid be maintained at 2 to 4 times normal values.
Since thrombolytic activity rapidly fades when the infusion
stops, streptokinase treatment is generally followed after 3
to 4 hours by intravenous heparin infusion, and then oral
anticoagulation, to prevent re-ocdusion.
Streptokinase, as a solution containing 250 000 units in
2mL is used to clear occluded cannulas.
For doses in children, see below.
General references.
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2. Stringer KA. Beyond thrombolysis: other effeas of thrombolytic drugs.
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Administration in children. There are limited data on the
use of systenuc thrombolytic therapy for arterial or venous
thromb in children and various dosage - regi-
mens have been used, based on case studies. The most
widely used drugs are streptokinase and alteplase. For
streptokinase, the Eighth American College of Chest Phy-
sicians (ACCP) Consensus Conference on Antithrombotic
Therapy! suggests a loading dose of 2000 units/kg to be
given intravenously, followed by continuous infusion of
2000 units/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 of 2500 to 4000 units/kg over 30 min-
utes, followed by infusion of 500 to 1000 units/kg per
hour, continued undl reperfusion 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 fibrin specificity
and low immunogenicity. The dose of alteplase suggested by
the ACCP is 100 to 600micrograms/kg per hour by
continuous intravenous infusion 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 of 100 mg).
The use of alteplase to clear occluded catheters in children is
discussed on p. 1297.2.

L. Monagle P, « al. Aniith ic therapy in and child
American Coilege of Chest Physicians evidence-based dlinical practice
guidelines (8th edmnn) Chest 2008; 133 {suppl): 8875-9685. Also

ilable a: hup:/ b: ontent/133/6_suppl/
8875.full. pd! (amd 23/10/09)

Empyema and pleural effusion. Thoracic empyema is
treated with antibacterials and pleural drainage. Efficient
removal of fluid may be impaired by fibrinous clots within
the pleural cavity. Intrapleural instillation of streptokinase
(100000 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 patients' and there have been reports of the successful
use of alteplase®” and urokinase.*® However, a double-
blind study® involving 454 patients found no benefit with
streptokinase, and the role of thrombolytics remains
unclear. A meta-analysis'® found no evidence of benefit,
although a systematic review'! suggested that thrombo-
lytics may reduce the need for surgical intervention. Intra-
pleural streptokinase has also been used successfully in a
few patients with malignant multiloculated pleural effu-
sion resistant to standard pleural drainage.'?

Intrapericardial instillation of thrombolytics has been
tried in a few patients with pericardial empyema to prevent
the development of constrictive pericarditis.'>!*

For reports of haemorrhage associated with intrapleural
use of streptokinase, seec Haemorrhage, under Adverse
Effects, p. 1505.3.
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Infracardiac thrombosis. Thrombosis of prosthetic heart
valves (see p. 1264.3) is usually treated surgically, but
thrombolytics have also been used. In a study® of patients
with left-sided prosthetic valve thrombosis, thrombolytc
therapy was found to be more successful than surgery,
especially in those who were citically ill; most patients
were given streptokinase. Another retrospective study? in
which patients were given streptokinase, urokinase, or
aiteplase, conduded that thrombolytics were effective but
embolic and haemorrhagic compllcat!ons might limit their
use. Tr 1t with  ter 3 has  successfully
resolved intracardiac t.hrombosis in a patient implanted
with a ventricular assist device.

1. Lengyel M, Vindor L. The role of thrombolysis in the managemeat of
left-sided prosthetic valve thrombosis: a study of 85 cases diagnosed by
transesophageal :dlouxdhlnphy J Heart Vaive m 2001 10: 636—49.

2. RoudautR, etal. valve
iﬂndz-cmtamdyol!ﬂasalmallmdwlzom. 41: 653~8,

3. HayesH dal. assist device
vemximhnhmmhuvmhmu:tmequhse Heart Lung Circ 2008;
17: 253-5.

lschaemic heart disease. Thrombolytics such as alteplase,
streptokinase, and urokinase have an established role in
the early management of acute myocardial infarction
(p- 1257.1). Myocardial infarction is caused by coronary
artery occlusion, usually due to thrombosis, and thrombo-
lytics are given intravenously to break up the thrombus or
clot and restore the patency of the coronary artery, there-
by limiting infarct size and irreversible damage to the
myocardium. Reduction of ECG abnormalities and modifi-
cation of ventricular remodelling may also contribute to
their effect. Other antithrombotics, in particular aspirin
and heparin, are given as adjunctive therapy.

Several large studies have established that thrombolytics
can preserve left ventricular function and improve short-
term and 1-year mortality figures;!? benefit has been
maintained in 5-year® and 10-year*® follow-up studies.
Benefit is greatest with early treatment. Studies such as
GISSI-1¢ and ISIS-27 helped to establish that mortality is
reduced if thrombolytics are given within 6 hours of the
onset of symptoms® and further studies provided
evidence®!® that patients presenting within 12 hours
should receive a thrombolytic. Use after 12 hours has been
associated with an inerease in adverse effects,® and is usually
reserved for patients with evidence of ongoing ischaemia.
Prehospital thrombolysis is feasible and reduces the time to
thrombolysis and short-term mortality.!! Five-year follow-
up of one study'? has suggested that there is also a beneficial
effect on long-term mortality.

Choice of thrombolytic depends on factors such as cost,
method of administration, and contra-indications.
Although streptokinase has been the most widely used,
several large studies have compared clinical benefit in terms
of improved left ventricular function and mortality and
have shown no difference between streptokinase and other
thrombolytics, including saruplase,!? the tissue plasmino-
gen activator alteplase,'* anistreplase,’® and reteplase' in
overall efficacy. In the GUSTO-I study,'” accelerated or
‘front loaded’ alteplase (that is, rapid intravenous dosage
over 1% hours rather than the conventional 3 hours) was
more effective than streptokinase, although the study was
criticised for not comparing like with like. On the other
hand, alteplase might be associated with a greater risk of
stroke than streptokinase.'® Studies comparing bolus
injections of reteplase with accelerated alteplase (GUSTO-
)" and tenecteplase with aiteplase (ASSENT-2)* have
also found no difference in mortality rate.

The overall efficacy of thrombolytics is limited by
persistent coronary ocdusion, re-occusion, and bleeding
complications. Different thrombolytic regimens, such as
bolus injections of lase, and combinations of thrombo-
Iytics, for example alteplase with streptokinase and alteplase
with saruplase, have been investigated in attempts to
improve patency rates. However, there has been concern
that adverse effects may be higher with bolus injection. A
study’l comparing doub]e-bolus alteplase with accelerated

Abstract: Pediatric 2004; 113: 610. Full version:
113/3/e182 d )
8. Thomson AR, e al. trial of

in the

was termi d early when excess deaths were
found in the group receiving bolus injections, and a

treatment of childhood empyema. Thorax 2002; 57‘ 343-7.
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10. ‘l'olmdn Y. o al. lmnpkunl fibrinolytic agents for empyema and
a meta-analysis. Chest 2006; 129:

783-90.

The symbol { denotes a preparation no longer actively marketed

1.

ubseq t ysis2 found a higher incidence of
intracranial haemorrhage associated with bolus doses of
various thrombolytics. Although use of thrombolytics
before percutaneous coronary intervention (PCI) does not
appear to be beneficial, a small study?* has suggested that

intracoronary streptokinase given immediately after PCI
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may ixhprove microvascular reperfusion; subsequent
results** have suggested this may produce dlinical benefit.

Thrombolytics have also been tried in other acute
coronary syndromes, incduding unstable angina and non-ST
elevation myocardial infarcton {(p. 1254.3). Although
small-scale studies reported some benefit the results were
variable, and an overview® of studies in patients with
suspected myocardial infarction, which included some
patients with unstable angina, found that there was no
mortality benefit in patents without ST elevation. In 2
studies that investigated alteplase (the TIMI-IIB study®®
with 1473 patients) and anistreplase (the UNASEM study®
involving 159 patients), thrombolysis failed to improve
outcome and was assodated with an excess of bleeding
complications. Thrombolytic therapy is therefore not
recommended for patients with unstable angina or non-ST
elevation myocardial infarction.
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5. Pranzosi MG, et al. Ten-year follow-up of the first mmwl testing

to surgery or percutaneous interventions.! Sucptolcinaser

given intravenously, effectively restores arterial patency in
acute ocdusion, but the high rate of bleeding complica-
tions limits use of this route.? Direct intra-arterial infusion
(catheter-directed thrombolysis) appears to be more effec-
tive, particularly when the catheter is placed directly into
the thrombus, and this technique is now preferred. Alter-
patively, intra-arterial thrombolytics may be used as
adjunctive therapy to reduce the clot burden before or
during surgical or percutaneous intervention or to treat
distal clots.! The inravenous dose generally used is
250000 units over 30 minutes followed by 100000 uni-
ts/hour. A lower dose of 5000 units/hour has been used
intra-arterially direcdly into the clot,’ and for removal of
distal dots during surgery streptokinase has been given
intra-arteriaily in a dose of 100 000 units over 30 minutes
or as five bolus doses of 20000 units at 5-minute inter-
vals.*

Other thrombolytics are now more widely used than
streptokinase, although relative efficacy of the different
drugs is unclear.’ Alteplase and urokinase are both used,
and clinical practice now favours them over strepto-
kinase;>47 positive results have also been reported with
reteplase and tenecteplase.”
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CENTRAL RETINAL ARTERY OCCLUSION. Central retinal artery
ocdusion may result in severe and permanent visual loss
in the affected eye. The use of thrombolytics has been

investigated for treatment, with variable results.
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Stroke. Stroke (p. 1269.2) is normally considered a
contra-indication to the use of thrombolytics, and clearly

3a of vs lissue
activator vs anistreplase and of aspirin plus hgpann vs lspmn alone
among 41299 cases of acute my Lancer
1992; 339: 733-70.

16. International Joim Efficacy C of Th
double-blind of double-bolus inistration with

in acute dial infarcu {INJECT): wial to

imvestgate equivalence. uma 1993; 344 326-36.

17. The GUSTO ial
four lor-wm } i N EnglJ Med
1993; 329: 673-82.

18. Vaitkus PT. & of. Stroke ing acule my s ion: &
meta-analysis of risk by and

therapy. Arch Intern Med 1992; 152: 2020—.

19. The Global Use of Slnlqtu o Open Ocdudzd Coronary Aneries
(GUSTO I lase with alieplase for
mmpclxlhllnh::dvn.tlw.!ud 1997 337: 1118-23.

20. Asscsmment of the Safety and Efficacy of 2 New Thrombolytic (ASSENT-
2) Single-bohus with front-loaded
Iltephx in acute myocardial infarcrion: the ASSENT-2 double-blind

. randomised wial. Lamcet 1999; 354 716-22.
21, The Continuous Infusion versus Double-Bolus Administration of
Itepiase (COBALT) A of infusion
of alteplase with double-bolus istration for acute
infarction. N Ensl J Med 1997; 337: 1124-30.

22, Mchta SR, @ «l. Risk of inracranial haemorrhage with bolus versus

infusion thrombolytic therapy: a meta-analysis. Lancet 2000; 356: 449

54,

23. Sezer M, « al. Intracoronary streptokinase after primary percutaneous
coranary N Bngl J Mad 2007; 356: 1523-34

24. Sezer M. 2t al. Effect of
inmediately after primary percutaneous coronary interventon on long-
mk&mmmmhmmvuummdlnmﬁnmlmaﬂadial
2009; 54 1065-71.

25. The TIMI B Effects of isue activator and a
comparison of early invasive and conservative strategies in unstable
angins and pon-Q-wave myocardial infarction: results of the TIMI B
wial. Circulation 1994; 9%: 1545-56.

26. Bir FW, o al Thrombolysis in patents with unstable angina improves
MWMIMMermrquMUNASENLa

dinical wial with

anistreplase. Cingulation 1992; l‘. 131-7.

Peripheral orferial thromboembolism. Although surgery
has been the first-line therapy for peripheral arterial
thromboembolism (p. 1273.3), thrombolytics have an
increasingly important role, either alone or as an adjunct

All cross-references refer to entries in Volume A

they would be inappropriate in acute haemorrhagic stroke.
However, when stroke is associated with thrombotic
acdusion there is evidence, as with myocardial infarction,
that a degree of neuronal recovery is possible if the occlu-
sion is reversed sufficdently quickly, and thrombolytics
may therefore have a role in some patients with acute
ischaemnic stroke.

Early studies with intravenous thrombolytics in acute
ischaemic stroke suggested a reduction in early death,
although subsequent randomised trials produced disap-
pointing resuits, with the exception of one with aiteplase
given within 3 hours of the onset of stroke (NINDS—
National Institute of Neurological Disorders and Stroke rt-
PA Stroke Trial).! The studies using streptokinase—MAST-E
{Multicentre Acute Stroke Trial-Europe),? ASK (Australian
Streptokinase Trial),> and MAST-] (Multicentre Acute
Stroke Trial-Italy)4>—were terminated before completion
because of adverse outcornes {intracranial bleeding and
increased mortality) in the treatment groups, particularly in
those receiving therapy more than 3 hours after stroke
onset.? The study investigating alteplase given within 6
hours of the omset of symptoms (ECASS I—European
Cooperative Acute Stroke Study)® reported that, although
some patients might benefit, overall aiteplase was associated
with higher mortality rates and ‘an inaease in some
intracranial bleeding {parenchymal haemorrhage). In the
NINDS randomised study,' alteplase given within 3 hours of
the onset of ischaemic stroke appeared to improve dinical
outcome despite an increased incidence of symptomatic
intracerebral haemorrhage. Patients treated with alteplase
were more likely to have minimal or no disability 3 months

after stroke,! and this benefit was maintained at 12 months.”

However, there was no difference in mortality or rate of

recurrence of stroke. A second ECASS study (ECASS I)3

that hoped to confirm the early findings of the NINDS study

failed to confirm a statistical benefit for aiteplase over
placcbo and found no significant differences between

patients who received alteplase within 3 hours or between 3

and 6 hours. A review® of several studies confirmed that

alteplase needed to be given early, and preferably within 90

minutes, if it was to be effective.

On the basis of the NINDS study, alteplase given within 3
hours of the onset of ischaemic stroke is now recommended
for selected patients in most guidelines on stroke manage-
ment.!*!% Despite their own disappointing results, the
ECASS 1I investigators reached a similar condlusion.
However, these recommendations have been criticised.!61?

1t has been pointed out'®!® that very few patients will be
eligible for treatment with alteplase, since the time of onset
of symptoms is often uncertain and in many patients more
than 3 hours elapses before a definite diagnosis of ischaemic
stroke is made. A later analysis of results tmm 6 major
controlled studies found that benefits of altepl

were greater than risks (in terms of number nccdcd 10 treat

versus number needed 10 harm) up to 4.5 hours after

symptom onset; there was no evidence of net benefit in the
period from 4.5 to 6 hours after onset.?®

In addition, the NINDS study’' excluded patients with
severe stroke and those taking anticoagul The rational
for exclusion of patients with severe stroke is that
haemorrhagic wansformation is more likely to occur with
large areas of infarction.'® However, size of infarat is difficult
to identify by CT scanning.'® Anticoagulants or antiplatelets
are also contra-indicated in the first 24 hours after use of
alteplase. The poor results obtained in studies using
streptokinase have led to recommendations that strepto-
kinase should be avoided in ischaemic stroke. '* although an
overview of thrombolytic studies'? suggested that it may not
be worse than alteplase and that the apparent hazards of
streptokinase may be accounted for by differences in uial
design (for example use with anticoagulants) and in patient
population.

A systematic review?! therefore concluded that further
large studies are required to establish more dearly the
overall role of thrombolytics in acute ischaemic stroke.
Studies of the use of alteplase outside the setting of a clinical
trial have had mixed results.2-** However, an observational
study®® found that alteplase was safe and effective when
used in accordance with guidelines, while another study?
found that it could be used in elderly parients (80 years-of-
age and older), a group normally excluded from dinical
trials. Another observational study? suggested (in line with
the analysis of numbers needed to treat?® referred to above)
that alteplase was safe given up to 4.5 hours after stroke
onset, and a randomised study®* found that alteplase also
improved ouicomes when given after 3 to 4.5 hours,
although the authors stressed that treatment within 3 hours
was still preferred.

Intra-arterial thrombolytics may have advantages over
intravenous use and may be used in stlected patients.'>-*¢
Studies with nasaruplase?® and urokinase*® have suggested
benefit up to 6 hours after stroke due to middle cerebral
artery occlusion, and use of intra-arterial thrombolytics may
therefore be considered in such patients.!>* Intra-arterial
thrombolytics are also used in basilar artery ocdusion,
although evidence to support this is limited;!>133!
intravenous alteplase may be an alternative.’? Combined
use of intravenous and intra-arterial alteplase,3? as well as
use of adjunctive therapies such as therapeutic ultrasound
or antithrombotics, are under investigation but do not yet
have an established role.’?

Intravenous thrombolytics have no role in the manage-
ment of acute kaemorrhagic stroke, but they have been given
locally to facilitate the aspiration of haematomas in both
intracerebral®® and subarachnoid haemorrhage. Small
studies with urokinase have shown benefit in patients
with intraventricular haemorrhage.
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Adverse Effects

In common with other thrombolytics streptokinase may
cause haemorrhage, particularly from puncture sites; severe
internal bleeding has occurred and may be difficult to
control. Streptokinase is antigenic, and allergic reactions
ranging from rashes to rarer anaphylactoid and serum-
sickness-like symptoms have occurred. Fever, sometimes
high, and associated symptoms such as chills and back or
abdominal pain are quite frequent. Nausea and vomiting
may occur. There have been a few reports of Guillain-Barré
syndrome.

Streptokinase infusion may be associated with hypo-
tension, both direct or as a result of reperfusion; bradycardia
and arrhythmias may also occur due to reperfusion. The
break-up of existing clots may occasionally produce emboli
elsewhere; pulmonary embolism and acute renal failure due
to cholesterol embolisation have been reported.

Back pain. Streptokinase infusion has been associated
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 warrant opioid analge-

ible to comp the streptokinase infusion.*® Alterna-
tivc}y immediate substitution with a different thromboly-
tic has been suggested.®
There have also been a few reports of low back pain
associated with anistreplase infusion.™® .
1. Shah M, Taylor RT. Low back pain assodlated with streptokinase. M7
1990; 301: 1219.
2. Dickinson RJ. Rosser A. Low back pain associated with streptokinase.
BMJ 1991: 302: 111-12.
3. Porter NJ, Nikoletatos K. Low back pain associated with streptokinase.
BMJ 1991; 302: 112,
4. Pinheiro RF, et al. Low back pain during streptokinase infusion. Arg Bras
Cardiol 2002; 78: 233-5.
S. Lear J, et al. Low back pain associated with streptokinase. Lancet 1992;
340: 851,
6. PFishwick D. & al. Thrombolysis and low back pain. BMJ 1995; 310; 504.
7. Hannaford P. Kay CR. Back pain and thrombolysis. BMJ 1992; 304: 915,
8. Lear J, Rajapakse R. Low back pain associated with anistreplase. BMJ
1993; 306: 396.

Effects on the blood. Although falls in the haemoglobin
value of patients receiving thrombolytics are most likely to
be due to blood loss from haemorrhage, there has been a
report of a patient who had signs of haemolytic anaemia
after intravenous infusion of streptokinase.! In a subse-
quent test i vitro the patient’s serum caused strong agglu-
tinadon of sreptokinase-weated red blood cells, support-
ing the view that streptokinase was responsible for the
haemolysis.

1. Mathiesen O, Grunnet N.
Lancet 1989; iz 1016-17.

after

Effects on the eyes. Acute uveitis'? and iritis,* assodiated
with transient renal impairment in one patient,? have fol-
lowed treatment of myocardial infarction with intravenous
streptokinase. In one case uveitis was associated with
serum sickness® and in all of them hypersensitivity to
sueptokmase was suspected.

1. Kinshuck D. Bilateral hypopyon and smreptokinase. BMJ 1992: 303:
1332

2. Proczor BD, Joondeph BC. Bilateral anterior uveitis: a feature of
streptokinase-induced serum sickness. NBI;IJKM 1994; 330: 376-7.

3. Bimbaum Y, e al. Acute iritis and msltnl impm-mgm following
thros therapy for acute my
1993; 27; 1539-40.

4. Gray MY, Lazarus JH. Irigs after oeaument with streptokinase. BAMJ
1994; 309%: 97. :

Effects on the hdneys. Transient proteinuria has been
reported after use of streptokinase. In some patients pro-
teinuria and renal impairment have developed about 7
days after thrombolytic therapy and have been associated
with a syndrome resembling serum sickness,'? suggesting
a delayed hypersensitivity reaction; a similar case in a
patient receiving anistreplase was associated with Henoch-
Schdnlein-like vasculitis.® These delayed reactions should
be distinguished from the transient and apparently seli-
limiting proteinuria that has been reported in some
patients in the first 24 to 72 hours after beginning strepto-
kinase.** Proteinuria within the first 24 hours has been
attributed to deposition of an immune complex in the glo-
meruli,® although haemodynamic and neurohormonal
changes assodated with acute myocardial infarction may
be responsible since proteinuria has occurred in patients
not receiving thrombolytic therapy.”®

Streptokinase infusion has also been associated with
acute oliguric renal failure due to acute tubular necrosis,
apparently as a result of hypotension during the infusion, in
a patient with existing renovascular narrowing.? Interest-
ingly, it has been pointed out that a variant streptokinase
may be the pathogenic agent in glomerulonephritis
occurring after Streptococcus pyogenes infection.'®

Renal failure has developed as a consequence of
streptokinase-induced cholesterol embolism, see under
Embolism, below.
1. Payne ST, a ol Trnsicot impairment of renal function after

streptokinase therapy. Lancet 1989: if: 1398.
2, Callan MFC, et o!. Proteinuria and thrombolytic agents, Lancet 1990; 335:

106.

3. All A, ¢t al, Proteinuria and thrombolytic agents. Lancet 1990; 335: 106~

4. Axgznt N. Adams PC. Proteinuria and thrombelytic agents. Lancet 1990;
335: 106.

5. More RS, Peacock P. and after

not dear; a concomitant rtise in y-glutamyltranderase
activity and bilirubin concentration suggested an hepatic
source. Overt jaundice has been reported rarely.?
For references to rupture of the liver occurring during
weatment with streptokinase, see Haemorrhage, below.
I AG. eral. Activitles ol with
for acute myocard| BMJT 1990; 301: 321-2.

2. Gémez Guindal JA, of al. Icterica inducida por esrepiocinasa. Rev Esp
Cardiol 1999; 32: 1025-7.

Effects on the nervous system. There have been a few
reports of Guillain-Barré syndrome after treatment with
streptokinase.!* Whether streptokinase was the cause is
not certain although its antigenic properties do suggest
that induction of an immunological reaction might be
responsible.?
For discussion of cerebrovascular effects of streptokinase,
sec Haemorrhage, below.
1. Eden K. Possible assodation of Guillain-Barré syndrome with
. thrombotytc therapy. JAMA 1983; 249: 20201
2. Leaf DA, o ol Sweptokinase and the Guillain-Barré syndrome. A
Intern Med 1984; 100z 617.
3. Bames D, Bughes RAC. Guillain-Barré syndrome after treaument with
BMJ 1992; 304: 1225. -

& Taylor BV, ef al. Guillain-B:
sweptokinase. Med J Aust 1995; 162 214-15.
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Effects on the respiratory system. Fatal acute respiratory
distress syndrome occurred in a patient given strepto-
kinase for pulmonary embolism.! It was suggested that
streptokinase may have caused the pulmonary injury by
altering vascular permeability due to generation of fibrino-
lytic products or via reperfusion oedema. .
1. Martin TR, of al. Adult i distress d {foll
ic therapy for pul Chest 1982; 83: 151-3.

Effects on the skin. Rashes may occur as an allergic reac-
tion to streptokinase. For a report of skin necrosis possibly
associated with cholesterol embolisation, ‘see F.mbohsm,
below.

Embolism. Thrombolytic therapy has occasionally and
paradoxically been assocated with further embolism. This
may be due to clots that break away from the treated
thrombus, or to chol | arystals released after removal
of fibrin from atheromatous plaques by thrombolysis.

Patal pulmonary embolism has been reported,!
apparently due to breakaway from a deep-vein thrombus
under teatment. However, comparative studies have
suggested that there is no evidence of a higher rate of such
complications with streptokinase than with heparin.2 When
they do occur a good clinical response is usually seen to
continued streptokinase.? Complications due to multiple
microemboli were reported’ in 7 of 475 consecutive patients
treated with streptokinase or anistreplase for acute
myocardial infarction. The sites of embolism were the legs
(in 4) and brain (in 3); one patient apparently had systemic
effects with skin infarction and renal impairment. Five of
the 7 patients died. There has also been a report* of acute
peripheral arterial thromboembolism in a patient given
alteplase for ischaemic stroke.

Cholesterol embolisation can have many dinical
manifestations depending on the location of the emboli. A
classic presentation is livedo reticularis, gangrenous lower
extremities, and acute renal failure.’® Symptoms may
appear within a few hours of starting thrombolytic
treatment,’ although in some cases they may not become
evident for several days.?!!
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9. Kalra PA, & al. Acute tabular necrosis mduced by coronary thrombolytie
therapy. Postgrad Med J 1991; 6T: 212,

10. ham M. and k

Effects on the liver. Raised serum-alanine aminotransfer-
ase values, and in some cases raised aspartate aminotrans-
ferase activity, were seen more frequently in 95 patients
who received streptokinase than in 94 given placebo as
part of a study in patients with myocardial infarction.! The
mechanism for the raised aminotransferase activity was

Lancet 1990; 335: 538.

BMJ 1988: 296: 394~5.

10, Dass H, Fescharek R. Skin necrosis induced by streptokinase. BMJ 1994;
309: 1513-14.

11. Penswick J, Wright AL. Skin necrosis induced by sweptokinase. BMJ
1994; 309: 378.

. Haemorrhage is a common adverse effect
of thrombolytic therapy, and the problem and its manage-
ment have been reviewed.! Thrombolytics are used to lyse
pathological thrombi, but can also produce a ‘lytic state’
due to depletion of the natural plasmin inhibitor a;-and-

lasmin by excess in producton, thus predisposing
to severe bleeding: thcy may also cause lysis of thrombi
required for haemostasis.
Haemorrhage is a particular risk where there is existing
or concomitant trauma. More than 70% of bleeding
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episodes occur at vascular puncture sites,' so invasive
procedures should be avoided if possible; if catheterisation is
considered essential metimlous care of the vascular
puncture site is necessary. Bleeding or severe bruising in
patients receiving thrombolytic therapy have also been
associated with inramuscular injection of analgesics,? the
use of an automatic blood-pressure measuring machine,? a
pre-existing prosthetic abdominal aortic graft,* and recent
dental extraction.’ Other disease states may also contribute:
haemospermia has been reported after thrombolysis in a
patient with mild prostatic symptoms,® haemorrhagic bullae
have been reported in a patient with lichen sclerosus et
atrophicus,” and diabetic patients are ar risk of retinal
haemorrhage if they have diabetic retinopathy,* although
any increase in risk seems to be small.? A review of the
GUSTO-1 Study'® {40 903 patients) identified older age, low
body-weight, female sex, and African ancestry as other
factors that increased the risk of haemorrhage.

Intracranial haemorrhage leading to stroke is the most
serious bleeding complication with thrombolytics, and has a
high mortality. Assessment of data from national registries
and large-scale studies has identified several risk factors for
intracranial haemorrhage, induding those mentioned
above for overall haemorrhage, hypertension on admission,
a history of stroke, and thrombolysis with current alieplase
regimens.’!'* The benefits and risks must be assessed for
each patient and thrombolytic therapy should still be given
to the elderly and to those with hypertension if the expected
benefits are great. Intracranial haemorrhage is a particular
concern with the use of thrombolytics for the treatment of
ischaemic suoke. In the NINDS study, using alteplase,
clinical outcome appeared to be improved despite an
increased incidence of symptomatic intracerebral haemorr-
hage. Subgroup analysis'® suggested that severe neurolo-
gical deficit, brain oedema, and mass effect, before
reatment, were risks associated with the increased
incidence of haemorrhage.

. Fibrin-spedific thrombolytics such as alteplase were
developed in the hope that they would have less systemic
effect than fibrin-nonspecific thrombolytics such as
streptokinase and therefore cause less bleeding. However,
studies that have d ive bleeding rates have
failed to confirm this, alt.hough the use of adjunctive
antithrombotics and different dose regimens makes
comparison difficult. In GUSTO-L'® the bleeding rate with
alteplase plus intravenous heparin was lower than with
streptokinase plus intravenous heparin, but was similar to
that with streptokinase pius subcutaneous heparin.
However, the rate of intracranial haemorrhage was higher
with alteplase.'® In ASSENT-2,'” which compared bolus
doses of the highly fibrin-specific thrombolytic tenecteplase
with front-loaded alteplase, tenecteplase produced fewer
major non-cerebral bleeds than alteplase but the rates of
intracranial haemorrhage were nearly identical. Although a
meta-analysis'® suggested that rates of intracranial
haemorrhage may be higher with bolus thrombolytics,
others have suggested that this may not be a problem with
newer bolus regimens.!?

Other bleeding complications reported with thrombo-
lytics include rupture of the spleen®3 and liver,”? and
rupture of a follicle has been reported in a menstruating
woman.? Rupture of the heart with fatal consequences has
been reported, although thrombolytics do not appear to
increase the overall risk of cardiac rupture following
myocardial infarction, except possibly for early rupture in
women.

Diffuse alveolar haemorrhage,?® ventricular wall hae-
matoma,” and spinal epidural .haematoma® “have been
reported in patients d with streptol after
myocardial infarction. Intrapleural use was assodiated with
life-threatening haemorrhage in empyema after cardiac
surgery,” and with fatal haemorrhage in a case of aortic
dissection misdiagnosed as empyema.®
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ity. Streptokinase is a bacterial protein and
has antigenic activity. The formation of streptokinase-neu-
tralising antibodies may reduce the efficacy of subsequent
doses and increase the risk of hypersensitivity reactions.

In a series of 25 patients given intravenous streptokinase
for myocardiai infarction, ttres of streptokinase-neutralis-
ing antibodies rose from a mean neutralisation capacity of
0.16 million units before treatment to a mean of 25.54 mil-
lion units 2 weeks after treatment, the highest individual
titre being 93 million units. After 12 weeks the neutralisa-
tion capacity was stll suffident in 24 patients to have
neutralised a standard 1.5-million unit dose of strepto-
kinase. After 17 to 34 weeks titres were still high enough in
18 of 20 patients examined to neutralise at least half a
standard dose.! As. these results indicate, giving standard
doses of streptokinase within several months of a previous
course may lead to reduced effect. Thus, the recommended
period in which it should not be repeated is usually between
5 days and 1 year after the initial dose (see Precautions,
below). However, high titres of neutralising antibodies
persisting for up to 7.5 years after use of streptokinase have
been reported.? Since repeated dosage also increases the
risk of hypersensitivity reactions, it has been suggested®?
that repeat courses should not be given within 4 or more
years, and that if a repeat course is needed a non-antigenic
thrombolytic such as alteplase or urokinase should be used
undl it is known whether or not high in-vitro titres affect
efficacy. Increased titres of streptokinase-neutralising
antibodies have aiso been measured in patients given
topical streptokinase for wounds.®

Anistreplase also appears susceptible to neutralisation by
streptokinase antbodies.”

Plasmacytosis,*? serum-sickness,*'%! thabdomyolysis, 2
renal impairment (see Effects on the Kidneys, p. 1505.2),
uveitis and iritis (see Effects on the BEyes, p. 1505.2),
arthritis,’* and anaphylaxis'*'? have been reported in

14. McGrath KG, Patterson R. Anaphylactic reaqivily 10 streptokinase.
JAMA 1984: 252: 1314-17.
5. Gruppo laliano per lo Studio della S(replod‘lnasn nell'Infarto

Miocardico. Effectiveness of i in
acute myocardial infarction. Lancer 1986 i: 397—401
16, EM, et al. hylacric reaction 10 i with first

exposure: case report and review of the literature. DICP Amn
Pharmacother 1989 23: “9—71

17. Tisdale JE, o al duced
Pharmacother 1989; 13: 9847,

18. Seibent W), «t al. Strepiokinase morbidity—more common than
previously recognised. Aust N 2 J Med 1992; 22: 129-33.

19. Purvis JA, ¢ al. Anaphylacioid reaction after injection of alteplase, Lancet
1993; 341: 9%66-7.

20. Massel D a ol. Amphyhcmud reacdon during an infusion of

activator for acute myocardial

infarcion. Can J f‘!dul 1991; 7: 298-302.

. Francis CW, ¢f al. Angioederna during therapy with recombinant tissue

plasminogen activator. Br J Haenawl 1991; 77: 562-3.

Treatment of Adverse Effects

Allergic reactions to streptokinase may require reaument
with anthistamines and corticosteroids, which have
sometimes been given prophylactically. Anaphylaxis
requires the use of adrenaline (for further details, see
p. 1293.2).

Severe haemorrhage not controlled by local pressure
requires the streptokinase infusion to be stopped. Tranex-
amic acid, aminocaproic adid, or aprotinin may be of benefit.
Packed red blood cells may be preferable to whole biood for
replacement therapy; factor VIII preparations may also be
given. Volume expansion may be necessary, but the use of
dextrans should be avoided becaus®. of their platelet-
inhibiting properties.

phylaxis. DICP Ann

[

Precautions

Streptokinase should be used with great care, if at ail, in
patients at increased risk of bleeding or those in whom
haemonhage is likely 1o prove paricularly dangerous. It
should thus be avoided in patients with active internal
bleeding or a recent history of peptic ulcer disease.
oesophageal varices, ulcerative colitis or other bleeding
gastrointestinal lesions, in patients with pancreatitis, in
patdents with subacute bacterial endocarditis, in patients
with coagulation defects including those due to liver or
kidney disease, or after recent surgery, childbirth, or
trauma. It should not be given to patients at inareased risk of
cerebral bieeding including those with severe hypertension,

patients given streptokinase and are thought to rep
hypersensitivity reactions, in sorme cases perhaps due to

previous exposure to streptococcal antigens during

infection. Back pain (see p. 1505.1) may also represent a

Landon NJM. etal. causing around
& prosthetic abdominal aordc graft. BMJ 1993; 306 1530-1.

5. Lustig JP, e al Thrombolytic therapy for acute myocardial infarction
after oral surgery. MSmoMMOmIHM]”J,?! 547-8.

6. Keeling PJ, Lawson CS. K a of bolyti
therapy. Br J Hosp Med 1990; 44: 244.

7. Dunn HM, Puhion RA. Haemorrhagic bullac in a patient with lichen
sclerosus et awrophicus weated with streplokinase. Heart 1996; 76: 448,

8. Caramelli B, of al. Retinal hacmorrhage alter thromboiytic therapy.
Lanart 1991; 337: 1356-7.

9. ward B, Yudkin JS. Thrombolysis in patients with diabetes. SMJ 1995;
310: 34,

10. Berkowitz SD, of . l.nudmc:andptedhusdblzedmlahn

ytic therapy for my ion. Cireula-

tion 1997; 93: 2508-16.
11. Simoons ML, o al Indi risk for
haemorrhage during thrombaiytic therapy. Lamoet 1993: 342: 1523-8.
12. Aylward PE, & al. Relation of increased arterial blood pressure to
mortality and stroke in the context of mnmonxy thrombolytic
therapy for acure my a wial. Anm Intern
Med 1996; 125: 891900,

All cross-references refer to entries in Volume A

hyp sitivity reaction. In some patients there may be a
delay of between 1 and 10 days before the reaction
appears.’* The incidence of severe hypersensitivity reactions
is probably fairly low, however; in the GISSI study
anaphylaxis was reported in only 7 of 5860 patients
although other hypersensitivity reactions leading to
withdrawal of streptokinase were reported in 99 patients,
with a further 42 such reactions afier completion of the
infusion.'® Some episodes of apparent anaphylaxis seen
with streptokinase may be fibrinolysin-mediated rather
than antibody-antigen reactions. Alteplase, which is
considered non-antigenic, has produced an anaphylactoid
reaction in patients with a history of atopy.’*3® Angioedema
also occurred®’ in a patient with a history of SLE and
penicillin allergy who was given alteplase for deep-vein
thrombosis. Fibrinolysin, which activates complement
cascade and the kinin system, is formed in quantity after

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 of placental
separation and it has been suggested that it should not be
used during heavy vaginal bleeding.

Invasive procedures, including intramuscular injections,
should be avoided during, and immediately before and
after, streptokinase therapy as they may increase the risk of
bleeding: care should be taken when physically handling
patients. Streptokinase should also be used with care in
clderly patients. Padents with mitral stenosis associated
with atrial fibrillation are more likely 10 have left heart
thrombus which may lead to cerebral ‘embolism after
t.hrombolytlc therapy. Although there is a theoretical risk of
retinal b g in p with diabetic retinopathy the
benefits of treatment generally outweigh the risk.

Anti-streptokinase antibodies are formed after strepto-
kinase use, with antibody titres rising abruptly after about 5
days. These antibodies may cause resistance or hypersensi-
tivity 10 subsequent doses of streptokinase. Therefore,
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further doses of streptokinase should not be given in the
period berween 5 days and 12 months after the initial dose
{even longer periods have been suggested, see Hypersensi-
tivity, under Adverse Effects, p. 1506.2); if thrombolytic
therapy is required in this period an alternative
non-antigenic drug should be used. High titres of
anti-soeptokinase antibodies may also occur in patients
after some streptococcal infections such as streptococcal
pharyngits or acute rheumatic fever or in those with acute
glomerulonephritis secondary to streptococcal infections; in
such patients there may be resistance to streptokinase or a
reduced effect.

Administration. Overinfusion of streptokinase may occur
if a drop-counting infusion pump is used.! This arises as a
result of flocculation of the streptokinase solution produ-
cing translucent fibres that affect the drop-forming
mechanism so increasing the drop size.

For a comment on the incddence of flocculaton in
streptokinase solutions, see Stability, p. 1503.1.

1. Schad RF, Jennings RH. Overinfusions of streptokinase. Am J Hosp
Pharm 1982; 39: 1850.

Aortic dissection. A report of 4 cases of the inappropriate
use of streptokinase in patients.with aortic dissection mis-
diagnosed as myocardial infarction.! Thrombolytics are
likely to extend aortic dissecion and adversely affect the
outcome. Of the 2 patients who died, one, who would
have been suitable for early -operation, died through the
delay caused by impaired dotting. Although early inter-
vention with thrombolytics may be of major benefit in
acute myocardial infarction it is important that accurate
differental diagnosis takes place to exclude conditions
such as aortic dissection and prevent avoidable deaths.

For a report of fatal haemorrhage with streptokinase used
in aoruc dissection misdiagnosed as empyema, see
Haemorrhage undér Adverse Effects, p. 1505.3.

1. Butler J, & al. Streprokinase in acute aorric dissection. BMJ 1990; 300:
517~19.

Cardiopulmonary resuscitation. Thrombolytics are not
recommended after prolonged or traumatic cardiopulmo-
nary resuscitation because of the risk of haemorrhage.
However, studies'? in patients given cardiopulmonary re-
suscitation lor cardiac arrest associated with acute myo-
cardial infarction have suggested that thrombolytics .are
generally safe and that any increase in bleeding complica-
tions is outweighed by the beneﬂts of thrombolyns

1. Cross SJ. e al. Safety of i with
nary resuscitation. BMJ 1991; 303: 1142
2. Kurkuyan L e al. Major bleeding U after cardiopul
ion: impact of J Intern Med 2003; 253:

12835,

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

References.
1. Harder §. Kiinkhardt U. Thromb drug
significance. Drug Safety 2000; 23: 3919,

of clinical

Pharmacokinetics

Streptokinase is rapidly cleared from the circulation after
intravenous use. Clearance is biphasic with the initial and
more rapid phase being due to specific antibodies. A half-life
of 23 minutes has been reported for the streptokinase-
activator complex.
Refer:noes
1. Grierson DS, Bjomnsson TD. P k of
patients based on amidolytic activator complex activity. Clin Pharmnuvl
Ther 1987; 41: 304-13.
2. Gemmﬂl JD, etal A

of the ph kinetic properties of
in acute my Br I Clin

and
Pharmacol 1991; 31: 143-7.

Preparations

Propriefary Propavﬁons (dctails are given in Volume B)
Single-ingredient Arg.: Austral.:
Streptaset; Belg.: Strcptzser Braz. Solusr:ep szptase Strzp-
tokin; Strep Canad.: S Chile: Th

China; Stkaitong (EM) Stmptase (ﬂﬁ) Xin 'l‘ong (Fil);

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

Proprieiory Preporations (details are given in Volume B)
Preparations. Ital.: Aremin; Clarera; Hemova-

sal; Vast.
Multi-ingredient Preparations. Ital.: Osmogel.

Sulodgx:de {rWN}

ATC Vet QBO1ABTY:

Profile

Culnd,

Cz.: Streptase; Denme.: P Fr.: Strep

Gr.: Kabikinase; Streptase; Hong Kong: Su'cptase Hung
Strepiase; India: Cardiostrep; Eskinase; F -

ide is a heparinoid consisting of a mixture of low-
molecular-weight heparin and dermatan sulfate. It is used
as a hypolipi ic and antithrombotic and has been given

nase; Ickinase; Kabikinase; Myokinase: Niskinase; STpase;
Streptase; Zykinase; Indon.: Streptase; Israel Streprase; Mex.:
Streprasc Neth. Strepzasc NZ: Streptase; Philipp.: ST-Pase;

Strep Pol.: Port.: p Rus.:

P ." P ); Thromboflux (TpomGog: S.Afr.:
Streptase; Singapore: ; Spain: Strep : Swed.:
Streptase; Switz.: ptaset; Thai.: Thromboflux

Twurk.: Kabikinase; Streptase: UK: Streptase Ukr.: Farmakinase
{Dapmarumasa); USA: Sueptase: Vemez.: Streptase.
Mutti-ingredient Preparations. Austria: Varidase; Fin.: Varidaset:
Ger.: Varidase; Mex.: Varidasa; Norw.: Varidaset; Pol.: Biostrep-
tzza Dmptaza Spam Ernodasa; Varidasa; Ukr.: Bi

orally and parenterally for peripheral vascular disease and
cerebrovascular disease. It is also included in preparations
used topically for local vascular inflammation and soft-
tissue disorders. Sulodexide has also been investigated for
other disorders including the treatrnent of diabetic
nephrepathy.
References.
1. Ofosu FA.
1998; 24: 127-38.
2. Weiss R, « al. The role of sulodexide in the treatment of diabetic
nephropathy. Drugs 2007; 67: 2681-96.
3. NaiG.etal. of tinnitus: oral with melatonin and

actions of Semin Thromb Hemost

P!

a (I
( P ? P

Pharmacoposial
BP 2014: Sreprokinase Injection.

Strophanthin-K 7
Btrofannna ‘Kombé Strophanthm. Strophanth’ ;s
pﬁanthos:de—& Crpogantun-K
CAS — 11005-63-3. -
~ote. Do not confusc with K- strophantlun-u wlnch is
Cymarin.

Pharmacopoeias. In Chin.

Profile

Strophanthin-K is a cardiac glycoside or a mixture of cardiac
glycosides from strophanthus, the seeds of Strophanthus
kombe (Apocynaceae) or other spp., adjusted by admixture

Stro-

1. The Drug Dawbasc for Acute P Hable ac: hrp:
drugs-porphyria.org (accessed 18/10/11)

Pregnancy. Thrombolytics are generally contra-indicated
in pregnancy. However there are a few reports of their use
and these have been briefly reviewed.! In most cases,
thrombolytics were given at 28 weeks of pregnancy or
later to patients with deep-vein thrombosis, pulmonary
embolism, or prosthetic valve thrombosis. There were
some reports of favourable maternal and fetal outcomes
although therapy was associated with maternal h T-

with a suitable diluent such as lactose so as gcncrally w0
possess 40% of the activity of anhydrous ouab

J Biol Regul Homeost Agerts 2009; 23: 103-10.

Preparations
Proprietary Preparations (details are given in Volume B)

i H Preparations. China: Vessel Due F {{§%); Cz.:
Vessel Due B; Hung.: Vessel Due F; Ital.: Angioflux: Clarens;
Provenal; Ravenol; Treparin; Vessel; Malaysia: Vessel Due F;
Philipp.: Vessel Due F; Pol.: Vessel Due F: Port.: Vessel; Rus.:
Angioflux (Aarmogmoxe); Vessel Due F (Beccen Jys &); Spain:
Aterina; Thai.: Vessel: Turk.: Anjioflux; Venez: Vessel Due.

Sympathomimetics ©

Actions and Uses

Sympathomimetics have actions that mimic the effects of
stimulation of postganglionic (adrenergic) nerves. They
include the endogenous catecholamines adrenaline,

drenaline, and dopamine, and other drugs that directly

Strophanthin-K is a positive inotrope with general
properties similar to those of digoxin (p. 1353.3). It is poorly
absorbed from the gastrointestinal tract but may be given
intravenously in maintenance doses of 125 to 250 micr-
ograms daily in the management of heart failure
(p- 1262.3).

Preparations

hage, including spontaneous abortion and minor 1
bleeding, especially when given near the time of delivery.
There was one report of placental abruption with fetal
death. A later review? noted about 200 successful cases of
thrombolytic treatment in pregnancy. with a maternal
mortality of about 1%, fetal monality of about 6%, and
premature delivery of about 6%. US guidelines® recom-
mend reserving thrombolytic therapy in pregnant patients
for life-threatening instances of thromboembolism.

1. Roth A. Elkayam U. Acute myocardial infarction assocated with

pregnancy. Ame Internt Med 1996; 125: 751-62.
2. Ahearn GS, of al. Massive Y
treated with tssue
case repont and review of mmen(aptions.Ardllandzooz, 161.
1221-7.

3. Bnes SM, e al. American Collcge of ch:sl Physldam. Venous
therapy, and
pregnancy: American Cnllege of Chest Evidence-Based
Clinical Practice Guidelines (§th Edition). Chest 2008; 133 {suppl): s«s—
886S. Also available at: hutp:/h 133/6.
suppl/844S full. pdf (accessed 14/10/09)

during

Interactions

Oral anticoagulants, heparin, and antiplatelet drugs such as
aspirin are often used with streptokinase, but may increase
the risk of haemorrhage. The risk may also be increased with
dextrans, and with other drugs that affect coagulation or
platelet function.

The symbol t denotes a preparation no longer actively marketed

Proprietary Prep {details are given in Volume B)
Single-ingredient Preparations. Ital.: Kombetin.

Homoeopothic rafions. Austriz: Barium Med Complex;
Corasan: Lakrima; Fr.: Soludor; Ger.: Cor Plus; Cor; Corvipas
SL: Habstal-Cor N: Myonasaa.

Sulepuyond NN

Profile

Suleparoid is a naturally occurring glycosaminoglycan used
topically in the management of haematomas and superficial

stimulate adrenergic receptors, as well as drugs that have an
indirect action by stimulating the release of noradrenaline
from storage vesicles in adrenergic nerve endings. Phenyl-
ephrine is an example of a direct-acting sympathomimetic,
whereas ephedrine and many other sympathomimetics
have both direct and indirect effects.

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
have direct actons on adrenergic receptors, whereas
dopamine has direct and indirect actions, as well as
stimulating specific dopamine receptors. Although sympa-
thetic nerves are generally termed adrenergic, the principal
neurotransmitter is actually noradrenaline; it also acts as a
neurotransmitter in the CNS. The major physiological role
of adrenaline is metabolic Dopamine is an important
neurotransmitter within the CNS, but also has a role
peripherally within the renal, mesenteric, and coronary
vasculature.

Adrenergic receptors are classified as either alpha or beta
receptors, and these are subdivided into several types.
Dopamine receptors are a distinct group of receptors that are
mainly found in the CNS, and at least 5 subtypes are known
(see p. 889.1); D, receptors also occur in some vascular beds.
The effects of adrenergic stimulation depend on the location
and activity of the receptors:

» alpha, receptors are found 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 results in an increase in blood pressure,
sometimes with compensatory reflex bradycardia.
Alpha, stimulation also results in contraction of other
smooth musde, including the urinary sphincter and the
uterus, and induces mydriasis in the eye

The symbol ® denotes a substance whose use may be restricted in certain sports (see p. viii}
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¢ alpha, receptors are mainly found presynaptically.

Stimulation appears to play a role in feedback inhibition

of neurotransmitter release and may be involved in the

inhibition of intestinal activity; it also plays a role in the
inhibition of insulin secretion

e beta, receptors are found mainly in the heart
Stimulation produces an increase in the rate and force

- of contraction, increased conduction velodty, and

greater automaticity

* beta, receptors are mainly found in blood vesseis and the
lung, as well as in the uterus, the gastrointestinal wact,
the liver, and the dliary body of the eye. Stimulaton
leads to vasodilatation, bronchodilatation, uterine
relaxation, and a decrease in gastrointestinal motility; it
also results in release of insulin and enbances
gluconeogenesis and glycogenolysis

« beta, receptors are found in fat cells and are thought to
have a role in lipolysis and thermogenesis; they have also
been found in the heart, uterus,-and bladder but their
role is not clear

e D, receptors are found in the renal, mesenteric, and
coronary vascular beds. Stimulation leads to vasodilata-
tion

Sympathomimetics differ in their relative affinity for each

type of receptor, and also in whether they have direct or

indirect actions (see Table 5, below). Their effects generally

reflect these characteristics, although both may depend on

the dose. Feedback mechani and the hc ic

response of the body are also important. The spedific effects

of the different sympathomimetics are desaibed in more

detail in the individual monographs.

The endogenous catecholamines all have a very short
action and are inactive orally: they are also highly polar and
do not cross the blood-brain barrier. Other sympatho-
mimetics are analogues of catecholamines but g lly
have a longer duration of action and are orally active; many
also cross the blood-brain barrier and have central effects.
For example, dexamfetamine has marked central stimulant
effects, while the seemingly paradoxical antihypertensive
action of alpha, agonists such as clonidine may be due to
central effects that outweigh their effects in vascular smooth
muscle.

The differing characteristics of the sympathomimetics
mean that they are used in a wide range of disorders. Those
with alpha,-agonist effects are mainly used to increase the
blood pressure in hypotensive disorders and in shock
(p- 1279.3). Some alpha agonists, such as phenylephrine
(p. 1672.2), are also applied topically to produce
vasoconstriction of mucosal surfaces and are used for the
symptomatic relief of nasal congestion and in eye disorders;
they may also be used as mydriatics. Alpha, agonists are
used as central antihypertensives (see Clonidine,
p. 1339.1), or in the treatment of glaucoma (see
Apraclonidine, p. 2003.3). Beta; agonists are mainly used
for their inotropic actions in acute heart failure and shock,
while beta; agonists such as salb 1 (p. 1220.2) are used
for their bronchodilator effects a.nd as uterine relaxants in

labour. Sy h jcs with mainly CNS
eﬁeas may be used as cenml stimulants {see Dexamfeta-
mine, p. 2319.1). .

Table 5. Actions of sympathomimetics.

Adverse Effects

Sympathomimetics may produce a wide range of adverse
effects, generally resembling the effect of excessive
stimulation of the sympathetic nervous system. These
effects are mediated by the different types of adrenergic
receptor, and the effects of individual drugs depend to a
large extent on their relative activity at the different
receptors, as well as the body’s homoeostatic response.
‘While many sympathomimetics are relatively selective for
spedific receptors, this depends on the dose, and at higher
doses most have effects on all receptors.

Central effects may occur with all sympathomimetics and
include anxiety, fear, restlessness, insomnia, confusion,
irritability, headache, and psychotic states; dyspnoea,
weakness, anorexia, nausea, and vomiting are also
common. Although some sympathomimetics have direct
effects, others do not cross the blood-brain barrier and their
central effects appear 10 be a somatic response.

The most important adverse effects of the sympatho-
mimetics are those that affect the cardiovascular system.
Palpitations, tachycardia, and arrhythmias mainly result
from stimulation of cardiac beta receptors, and there is also
an increase in cardiac contractility; this may result in angina
or cardiac arrest.

The effects on blood vessels depend on the relative effects
at alpha and beta receptors, since most blood vessels have
both. Stimulation of alpha receptors produces vasoconstric-
don, with resultant hypertension, and this may be scvete
enough to lead to cerebral h thage or pul
oedema, paniicularly in overdosage. There may also bc
reflex bradycardia. Conversely, hypotension, with dizziness
and fainting, and flushing, may occur due to beta,-induced
vasodilatation, and may contribute to tachycardia.

Alpha-mediated vasoconstriction causes cold extremi-
ties, since blood vessels supplying the skin and mucosa have
only alpha receptors; this may lead to gangrene, particularly
when sympathomimetics are infiltrated into digits.
Extravasation similarly may cause tissue necrosis and
sloughing. Topical application to mucosal surfaces also
causes vasoconsmcuon, pain, and irritation; hypoxia may
lead to rebound mucosa! cong

Other effects incdlude mydriasis, difficulty in micturition
and urinary retention, piloerection, sweating, and increased
salivadon, all of which result from alpha; stimulation.
Hypokalaemia and muscle tremor may occur as a result of
beta; stimulation, aithough tremor may also occur as a
somatic response. Effects on the uterus are complex and
depend on the stage of the menstrual cycle; labour may be
inhibited by beta, stimulation. Hyperglycaemia may occur
due to complex metabolic effects, and lactic acldosis has also
been reported.

Effects on the heart. The heart has mainly beta, adreno-
ceptors and cardiac arrhythmias are most likely with beta,
agonists; increased mortality has been reported with the

significance of most arrhythmias occurring with dopamine
was considered questionable; supraventricular or ventri-
cular an’hy(hmias with adrenab.ne were most likely in
patients i hesia or with underlying
disorders of cardiac conduction The rsk with
noradrenaline was uncertain, though there are few clinical
reports, while phenylephrine and methoxamine were
thought unlikely to cause problems. Overall the frequency
of serious problems with this dass of drugs did not seem
o be high, and benefits outweighed the risks in most
patients.

Sympathomimetics may cause myocardial ischaemia,
particularly in patients with ischaemic heart disease, and
severe cardiovascular effects have occurred with the use of
dobutamine for cardiac stress testing (see Diagnosis and
Testing, p. 1366.2). In addition, myocardial infarction has
been reported in an 11-year-old boy treated with nebulised
racepinefrine for symptoms of croup.? and there have also
been reports of myocardial ischaemia assodated with
adrenaline overdosage (see p. 1294.2).

1. Tisdale JE. etal. F Y effeas of P Ann
Pharmacother 1995; 29: 269-81.

2. Buue MJ, er 4. Pedlatric myocardiat infarction after racemic epinephrine

administration. Absiract: Pediatric 1999; 104 103—4. Full version:

full710471/¢9

htrp://pediatric
(accessed 07/10/05)

tions.org/cgi/

Topical use. Systemic effects may occasionally follow the
local or topical use of sympathomimetics, for example as
eye drops for the treatment of glaucoma.! Psychiatric
effects including hallucinations and paranoia have also
occurred after both proper and improper use of sympatho-
mimetics in decongestant preparations.?
1. Everitt DE, Avorn J. Systemic effects of medications used ro treat
glaucoma. Ann Infern Med 1990; 112: 120~5.
2. Anonymous. Drugs ihat cause psychiatric symptoms. Med Lett Drugs Ther
1993; 35: 65~70.

Treatment of Adverse Effects

Most sympathomimetics have a short duration of action and
wreatment of adverse effects is mainly supportive; if given by
infusion, stopping it or redudng the rate will be sufficient in
many cases. A rapidly-acting alpha blocker, such as
phentolamine, may be given to reverse alpha,-mediated
effects such as hypertension, while a beta biocker may be
given for beta,-mediated effects such as cardiac arrhyth-
mias. In severe hypertension, rapidly-acting vasodilators
such as glyceryl wrinitrate have also been used.

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

Non-catecholamine sympathomimetics may have a
longer duration of action and adverse effects, particularly
hypertension, may be prolonged.

Precautions

use of beta agonists in heart failure (see Ibop

Sy h

ics should be used with caution in patients

p. 1407.2). A review! of vasopressor sympathomimetic

which are mainly used for their alpha-agonist properties,
concluded that dopamine and adrenaline were associated
with the highest risk, mainly of dose-related sinus tachy-
cardia and ventricular arthythmias. However, the dinical

wnh cardiovascular disorders, who may have an increased
susceptibility to their effects. Particular ‘care is needed in
patients with cardiac arthythmias, ischaemic heant disease,
or hypertension. All sympathomimetics should g lly be
avoided in severe hypertension, although alpha agonists are
particnlarly hazardous: they should also be used with
caution in patients with occlusive vascular disease, who are
at increased risk of peripheral ischaemia. Beta; agonists arc a
particular hazard in tachycardia- Sympathomimetics with
beta, effects should be used with caution in obstructive
cardiomyopathy and other disorders where a reduction in
total penpheml resistance could be harmful.

imetics should be avoided in phaeochromo-

cytoma Caution is also needed in patients with hyper-
thyroidism, who may be at increased risk of effects on the
hearr; elevated thyroid hormone concentrations may also
enhance adrenoceptor sensitivity. Diabetics and elderly
patients have a high incidence of atherosclerotic disease and
may also be at higher risk; the effects of sympathomimetics
on blood glucose should also be considered.

Alpha agonists in particular should be used with caution
in angle-closure glaucoma, as well as in patients with
prostate disorders who may be at increased risk of urinary
with vasoconstrictor effects
may reduce placental perfusion and should possibly be
avoided in pregnancy; adrenaline and others with beta;-
mediated effects may also inhibit labour.

If sympathomimetics are used for circulatory support,
hypovolaemia, metabolic acidosis, and hypoxia or
hypercapnia should be corrected either before starting the
sympathomimetic or while it is being given. Blood pressure
should be monitored regularly during treatment.

Interactions with sympathomimetics are complex and may
be hazardous; they result mainly from their pharmacol-

Action Receptor specificity
Direct Indirect a By [ DA*

Adrenaline + + + +

Dobutamine + + +

Dopamine + + + + +

Dopexamine + + + +

Ephedrine + + + + +

Etilefrine + + + +

Tbopamine - + + + + + Sympath e
. Isoprenaline . + + +

Mephentermine + + + +

Metaraminol + + + +

Methoxamine + +

Midodrine + +

Noradrenaline + + + .

Pheaylephrine . N Inferactions

* = Dopaminergic

All cross-references refer 10 entries in Yolume A

ogical actions at alpha and beta receptors.
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Increased cardiac effects may occur with drugs that
increase the sensitivity of the myocardium to beta; agonists;
hazardous arrhythmias may occur with volatile anaes-
thetics, particularly cyclopropane or halothane. Caution is
also required with thyroid hormones, and with drugs that
affect cardiac conduction, such as cardiac glycosides and
antiarthythmics.

All sympathomimetics affect blood pressure and should
be used with caution with antihypertensive drugs or drugs
that cause hypotension, particularly those whose action
involves the sympathetic nervous system. Direct-acting
sympathomimetics with alpha-agonist actions specifically

interfere with sympathomimetic (isoprenaline)-induced
bronchodilatation,? a]though the effect of larger doses is
uncertain.

Propranolol has also been shown to inhibit the
favourable pressor and bronchodilator responses to
adrenaline when given for anaphylaxis.* Thus, patients on
long-term treatment with some non-cardioselective beta
blockers who develop anaphylaxis may be relatively
refractory to adrenaline.

1. Jay GT, Chow MSS. Interaction of epinephrine and B -blockers. JAMA

199%; 274: 1830-2,
1. Lind ‘“J ot al with dob

B -udry
,atlmvdnsesoiamdﬂoLAmP’mnMwlm

reverse the hypotensive effect of adrenergic
blockers such as guanethidine, and severe hypertension
may result. There are also complex interactions between
both alpha and beta blockers and sympathomimetics,
particularly those that have actions at both types of
receptor. Alpha blockers antagonise the effects at alpha
receptors but leave the beta-mediated effects unopposed,
leading to an increased risk of hypotension and tachycardia.
Beta blockers, especially those that are non-selective,
antagonise the effects at beta receptors but leave the alpha-
mediated effects unopposed, increasing the risk of hyper-
tension and reflex bradycardia. They also antagonise the
bronchodilating effects of beta, agonists. Severe anaphylaxis
in patients taking non-cardioselective beta blockers may not
respond to adrenaline (see below).

Hazardous interactions resulting in severe hypertension
may occur with MAOIs (indudi.ng RIMAs) and sympatho-
mimetics, especially those that have indirect actions, since
MAQOQIs increase the amount of noradrenaline stored in
adrenergic nerve endings. Sympathmmmeuc for whmh the

33: 1266-9.
3. Dealmer?ﬂs et al. Beta blockers and asthma. Br Heart J 1978; 40: 184~

4. Ncwnun BR, SchulizLK. resi!
taking propranolol hydrochloride. Ann Allergy 1981; 47 35-7.

in a padent

General anaesthefics. Anaesthesia may sensitise the myo-
cardium to the effects of sympathomimetics, increasing
the risk of arrhythmias, and fatalities have been attributed
to the use of adrenaline with haloth hesia.! It has
been suggested? that the use of adrenaline for haemostasis
during surgery is a particular risk, although use of a low
dose may be safe in patients anaesthetised with cyclopro-
pane, halothane, or similar volatile anaesthetics; other fac-
tors likely to increase the irritability of the myocardium,
such as carbon-dioxide retention, hypoxia, or the use of
cocaine, should be avoided.>? For halothane or trichloroethy-
lene anaesthesia a maximum strength for the adrenaline
solution of 1 in 100000, given at a rate not exceeding
10mL in any 10-minute period or 30ml in 1 hour, has
been rec ded;® this may also apply for cyclopro-

risk is particularly high include d ine, dop
dopexamine, ephedrine, isomethep h
metaraminol, methylphenidate, phememnne, phenyleph-
tine, phenylpropanolamine, and pseudoephedrine. The
effects of direct-acting sympathomimetics such as adrena-
line and noradrenaline may also be slightly enhanced. For
additional warnings see under Phenelzine (p. 445.1) and
Moclobemide (p. 438.1).
Tricyclic antdepressants block the inactivation of
1i d line by uptake into the nerve

mine,

adr and nor
endings and may increase their effect; hypertension and
arrthythmias may occur. Conversely, the effect of indirectly-
acting sympathomimetics could theoretically be reduced by
tricyclics, although there is little clinical evidence that this
occurs. There is also no evidence that an interaction occurs
when local anaesthetic solutions containing adrenaline or
noradrenaline are used in patients taking MAOIs or
tricydlics, although great care needs to be taken to avoid
inadvertent intravenous injection of these local anaesthetic
preparations.

Interactions may also occur between sympathomimetics
and drugs that have sumlar or opposmg eﬁecls through
non-adrenergic mechani Sy ics with
central actions may potentiate the eﬁem of CNS stimulants,
while the vasoconstrictor and pressor effects of alpha
agonists may be enhanced by drugs with similar effects,
such as ergot alkaloids or oxytocin. Beta;-mediated
hypokalaemia may be potentiated by other drugs that
cause potassium loss, including corticosteroids, potassium-
depleting diuretics, and aminophylline or theophylline;
patients given high doses of beta; agonists with such drugs
should have their plasma-potassium concentration mon-
itored (see Interactions of Salbutamol, p. 1223.1). Hypo-
kalaemia may also contribute 10 the increased susceptibility
to cardiac arthythmias caused by digoxin and other cardjac
glycosides.

Antiparkinsonian drugs. Additive cardiovascular toxidty
may occur when some sympathomimetics are given with
antiparkinsonian drugs such as levadopa (see p. 908.1) and
bromocriptine (see p. 899.1). Severe hypertension may also
occur with some sympathomimetics and selegiline (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 {including
the low doses used with local anaesthetics) while taking
non-selective beta blockers such as propranolol can develop
raised blood pressure due to alpha-mediated vasoconstric-
tion, followed by reflex bradycardia, and occasionally car-
diac arrest;' the bronchodilator effects of adrenaline and
other beta, agonists are also inhibited. In contrast, cardio-
selective beta blockers such as metoprolol, have minimal
effects on blood pressure and heart rate since they only
inhibit the beta,- mediated effecis, leaving the beta,-
mediated vasodilatation to balance the vasocomstictor
effect. However, beta blockers that also have alpha-block-
ing effects, such as carvedilol, may cause hypotension since
only the beta;-induced vasodilatation remains; such an
interaction has been reported with dobutamine.? Low
doses of cardioselective beta blockers do not appear to

The symbol 1 denotes a preparation no longer actively marketed

pane, although the risk of arrhythmias is higher.> Other
volatile anaesthetics general]y appcar to carry less risk.
1. Buzik SC. Fatal i hrine and tooth implant
surgery. L‘an”umllm, 123: 689 and 81.
2. Anonymous. Anaesthetics and the heart. Lancet 1967; {: 484-5.
3. KauzRL Epstein RA. The interaction of anesthetic agents and adrenergic
drugs to produce cardlac arrhythmias, Amesthesiology 1968; 29: 763.

Theophylline. For discussion of possible interactions
between sympathomimetics with beta-agonist actions and
theophylline, see p. 1236.3.

Vasodilators. Paradoxical hypotension may occur when
sympathomimetics with both alpha-and beta-agonist prop-
erdes are given with wlazline, and there has been a
report! of fatal hypotension in a patient given tolazoline
and dopamine together. The mechanism of the interaction
appears to be antagonism of the alpha-mediated vasocon-
strictor effect of the sympathomimetic by the alpha-block-
ing effects of tolazoline, leaving the vasodilator effects
unopposed.

1. Carlon GC. Fatal
336.

of tolazoline and

Chest 1979; 76:

Talinolol inv ®

Tallnok)lum Tanwuonon
(1)-14{p-3-{tert-Butylamino)-2-| hydroxypropoxy]phenyl}-3—
cyclohexylurea.
CaoHsNy05=3635
CAS — 57460-41-0.

QCo7ABI3. -
UNIE — 3582268BKG.

Profile

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.

Preparations
Proprietory Preparations (details are given in Volume B)

ient Preparati Ger.: Cord Rus.: Corda-
num (Kopganym).

Tecloihnayde Fohssmm IBAMM ANNAY ®

(UNIE = SOSYZRV80

Profile

Teclothiazide pc is a thiazide diuretic (see Hydro-
ch.loroth:azlde, P. 1403.2) used in the treatment of oedema.

Preparations
Proprietery Preparctions (details are given in Volume B)
Mubi-ingredient Prep Spain: Quimodril

Tedlsomnl IBAN, USAN, dNN)

Profile
Tedisamil is an antiarrhythmic under investigation for the
treatment of atrial arrhythmias.
References.
1. Hohnloser SH, e al. Safety and cﬂmq of mmv:nously administered
tedisamil for rapid trial fbrillation or atrial

flurter. JM&IIWIM“”—IM
2. Krishnamoorthy S, Lip ‘GY. Novel andamh in atrial
fibrillation: focus on tedisamil. Expert Opin invest Drugs 2009; 18: 1191-6.

Telmlsurtqn [BAN, USAN, iNN|
iBR-2 elmlsarmw Telmtsar—

AT Vet — QCOICAD?. :
UND == USSYWA7IRQ. ..y .

Pharmacopoeias. In Eur. (see p. vu) and Us.

Ph. Eur. 8: (Telmisartan). A white or slightly yellowish,
cystailine powder. Practically insoluble in water; slightly
soluble in methyl alcohol; sparingly soluble in dichlor-
omethane. it dissolves in 1M sodium hydroxide. It exhlhxts
polymorphism.

USP 36: (Telmisartan). A white or slightly yellowish,
crystalline powder. Practically insoluble in water; slighdy
soluble in methyl alcobol; sparingly soluble in dichlor-
omethane; it dissolves in 1M sodium hydroxide. Store in
airtight containers. Protect from light.

Uses and Administration

Telmisartan is an angiotensin II receptor antagonist with
actions similar to those of losartan (p. 1422.2). It is used in
the management of hypertension (p. 1251.1) and for the

. prophylaxis of cardiovascular events in patients with certain

risk factors (see Cardiovascular Risk Reduction, p. 1246.1).

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

In hypertension. telmisartan is given in an initial dose
of 40mg once daily. This may be adjusted, if necessary.
within the range of 20 to 80 mg once daily. Low doses
should be considered in patients with 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.

Rcviews
1. Sharpe M, o ai. Telmisartan: a review of its use in hypertension. Drugr
2001; 61: 1501-29.

2. Batteshill AJ, Scott L. Telmisartan: a review of its use in the
management of hypertension. Drues 2006; 66: 51—63

3. GosseP. A review of inthe blood
pressure contro) in the early moming hours. Vm‘ Health Risk Manag
2006; 2: 195-201.

4. Yamagishi S, et al. Potential utility of telmisartan, an angiotensin II type
1 receptor blocker with peroxisome proliferator-activated receptor- v
(PPAR- ¥ )-modulating activity for the treamment of cardiometabolic
disorders. Curr Mol Med 2007; 7: 463-9.

5. BA etal. of hy in individuais with the

di roie of an 1 receptor blocker,
telmisartan. mmmmmmoa.aus—;o;

6. Rosario BH, Hendra TJ. in the ent of b
Expert Opint Drug Metab Taxicol 2008; Ld&s—?l

7. Xt GL, &t el Mew-analysis of
telmisartan with losartan in the treatment of patients with hyp:nm:lon.
Am J Hypertens 2008; 31: 546-32.

8. Baumhikel M, BShm M. prevents evems in
-bm-dmupofatﬂskp-nmu.ixpmmrhnmamdwm 10:
3113-17.

The symbol ® denotes a substance whose use may be restricted in certain sports (see p. viii)
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9. Bumi:ru. a different 1 receptor
Mgad&m(powh&n?JhtuduzmlTlm-n
10. Galrerano D, & 4. New dards in

dsk {focus an Vnﬂnnhmmmo&
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1. m.zaiAwm-dcmkwmdmmMmdtdmmn
versus of essential hyp J Clin
Hypnm(amwu,)zowu.uc-u

Administration in hepatic or renal impairment. Doses of
telmisartan may need to be adjusted in patients with
hepatic or renal impairment.

Mirpresoc; Pritor; Tezeo; Tolura; Zanacodar; Denm.: Micar-
Pritort; Fin.: Kinzalmono; Micaxdis: Fr.: Micardis; Pritor;
.: Kinzal dis; Gr.: ; Pritor; Hong Kong:
cardis; Hung.: Micardis; Pritor; India: Anzitel; Arbitel; Cor-
; Cresar; Etela; Hytel; Lovetel; Mistra: Mytel; Newtel; Oditel;
; Telpres; Indon.: Micardis; FrL: Actelsar; Dinortes; Kin-
ulmnno. Mlmxdis. Mi.rpnsoc Pritor; Telma; Tolura; Zanacodar;

Ital.: A dis; Pritor; Jpm: dis; Malay-
dc Micardis; Mex.: Micardis: Predxal; Neth.: Dinortes; Kinzal-
mono. M.iun-lls. Mn'prsoc Prltor Telma; Tolura; Zanacodar;
Norw. di: t: Philipp.: Micardis; Pritor; Pol.:

ERFE

E’,ﬁ-

[103—1. Asparaglne-l 17-L-qlutamlne-296-t~alanine-29
I3

Dacrtptlon. Tcnecteplas: isa 527 ammo aud glycoprotem
produced by recombinant DNA technology. It is a modified
form of h tissue plasmi activator.

Kinzal jcardi Pmor Tolura; Port.: K

¢ Giving telmisartan to patients with hepatic imy
resulted in an increase in bioavailability and a reduction
m clearance compared wn.h healthy subjects.! Although

isartan was well tc d, it was suggested that
lower doses should be considered. In the UK telmisartan
is contra-indicated in severe hepatic impairment and a
maximum dose of 40 mg once daily is recommended for
patients with mild to moderate irnpairment.

» Telmisartan appears to be well tolerated in patients with
renal impairment, incuding those on dialysis.? However,
in the UK, an inital dose of 20mg once daily is
recommended for patients with severe renal impairment
or on haemodialysis.

1. Stangier J. o al. P} and safety of i and oral
telmisartan 20mg and 120mg in subjects with hepatic impairment
with healthy J Clin 2000; 40: 1355-64.

2. Sharma AM. & o/ Telmisartan in patiens with mild/moderate
hypenension and donic kidney disease. Clin Nephrol 2005; 63: 250-7.

Adverse Effects and Precautions

As for Losartan Potassium. p. 1424.1. Telmisartan should be
used with caution in patients with hepatic impairment or
biliary obstruction.
References.
1. Mkhel MC, « al. Safety of telmisanan in patients with anerial
hypertension: an open-label observationai study. Drug Sofety 2004; 27:
33544,

ia. The Drug Database for Acute Porphyria, com-

piled by the Norwegian Porphyria Centre (NAPOS) and

the Porphyria Centre Sweden, dassifies isartan as pos-

sibly porphyrinogenic; it should be used only when no

safer alternative is available and precautions should be
considered in vulnerable patients.!

1. The Drug Dambase for Acute Porphyria. Available ai: hup:/iwww.
drugs-porphyria.org (accessed 13/10/11)

Interactions
As for Losartan Potassium, p. 1424.3.

Digoxin. Telmisartan may increase serum concentrations
of digoxin (see Angiotensin I Receptor Antagonists under
Interactions of Digoxin, p. 1356.1) but the interaction is
probably not dinically significant.

Pharmacokinetics

Telmisartan is rapidly absorbed from the gastrointestinal
tract; the absolute oral bi ilability is dose-dependent and
is about 42% after a 40-mg dose and 58% after a 160-mg
dose. Peak plasma concentrations of telmisartan are reached
about 0.5 to 1 hour after an oral dose. Telmisartan is over
99% bound to plasma proteins. It is excreted almost entirely
in the faeces via bile, mainly as unchanged drug. The
terminal elimination half-life of telmisartan is about 24
hours.

of.
and orally administered ("Chelminmn in beslthy vohmteers. J am
Pharmocol 2000; 40: 1312-22.
2. Deppe S, of al Telmisaruan: a review of its pharmacodynamic and
pharmacoldnerk properties. Expert Opin Drug Metab Taxicol 2010; 6: 863
71

Preparations

Proprisiary Preporafions {details are given in Volume B)
Single-ingredioni Preparalions. Arg.: Deprevex; Gliosartan:
Micardis; Austral: Micardis; Austria: Micardis; Belg.: Kinzal-
mono; Micardis; Braz.. Micardis; Pritor: Camad.: Micardis;
Chile: Cordiax; Micardis; Samertair}; China: An Ya (£%); An
Yi Ning {£489); Bang Tan (#$48); Bei Di Ning ({5i#F): Bo
Xin Shu (/ik4¥); Chang Ping (®F); Da Shu Ya (i5&FIE); Di
Sai Ping (i 3%F); Di Yi Ning (#35); Fan Tan (A8); Heng
Bei ({7); Heng Xue Su ({EX%); Huo Ping ($F); Jia Se Yi
(JZH); Kang Chu (HM8); Li Lai Ke (FIRZE); Li Wen (LI0);
Long Shu Ya (RESFM); Luo Ge Le (¥ K); Luo Sha Ning (%35
F); Mei Si (W) Micardis (%+XK); Nideshu (E%#F); Nuo
Jin Ping (i¥4&F); Nuo Shi Mei ($&%); Ou Mei Ning (%%
¥); Ping Ke Ya Xin ('FIIERK); Pu Mei Tc (B34F): Qu Ya (8
); Sai Ka (#-F); Saitan (%48); Sha Tai Qi (¥ ¥3F); Sha Ting
Ning (2¥T5"); Shang Br Ning (M/R%"); Shi Ji (M#&); Shu Luo
Ning (#F#%5"); Si Tai Le (W% 5K); Sonia (#2¥); Su Ding (¥
E); Tan Xin Suo (BEXE); Te Li Kang (§1L8); T1 Yu (8);
Tian He Heng (FRk{H); TianYi (X8); Xin Rui (%Z); Xin Yi Er
(fkER); Xue Ying Ping (MEF); Ya Ping (BS); Ya Tan (¥
18); Yawelyi (E#?); Yi Ya Ping (M ¥ F); Yu Le Ning ('K
): Zhi Xin Feng (E{¥MA.); Cz: Dinortes; Kinzalmono; Micar-

All cross-references refer to entries in Volume A

Micardis; Pritor; Rus.: A dis (Ms Pritor (I, p); S.
Afr.: Micardis; Pritor; Singapore: Micardis; Spair: Micardis; Pri-
tor: Swed.: Micardis; Switz.: Kinzal; Micardis; Thai.: Micardis;
Turk.: Micardls; Pritor; UK: Micardis; Ukr.: Micardis
{Mmxspanc); Pritor ([Tp USA: Micardis; Venez.: Micardis;
Pritor.

i Preporalions. Arg.: Gliosartan Plus; Micardis
Amlo; Micardis Plus; Austral.: Micardis Pius; Twynsta; Austria:
MicardisPlus; Belg.: Kinzalkomb; Micardis Plus; Twynsta: Braz.:
Micardis Anlo; Micardis HCT; Pritor HCT+; Canad.: Micardis
Plus; Twynsta; Chile: Cordiax D; Micardis Plus; China: Micardis
Plus (X X): Cz: Kinzalkomb; MicardisPlus; PritorPlus; Twyn-
sta; Denm.: MicardisPlus; PritorPlus; Fin.: Kinzalkomb: Micar-
disPlus; Fr.: MicardisPlus; PritorPlus: Twynsta; Ger.: Kinzalk-
omb; MicardisPlus; Twynsta: Gr.: Micardis Plus; Pritor Plus:
Twynsta; Hong Kong: Micardis Plus; Humg.: MicardisPlus; Pri-
torPlus; India: Anzitel-H; Arbitel-H; Cortel-A; Conel-H: Etela-
H; Hytel-H; Lovetel-H: Mytel-H: Newtel-H; Oditel-H: 'l‘elmz-H.

Uses and Administration

Tenecteplase is a thrombolytic drug. It converts plasmino-
gen to its active form plasmin, resulting in fibrinolysis and
dissolution of blood clots. The mechanisms of fibrinolysis
are discussed further under Haemostasis and Fibrinolysis on
P- 1124.3, Tenecteplase is a fibrin-specific thrombolytic (see
p. 1245.3). ’

Tenecteplase is used similarly 1o streptokinase
(p. 1503.1) in acute myocardial infarction (p. 1257.1). It is
given intravenously as a single bolus dose over 5 to 10
seconds as soon as possible after the onset of symptoms. The
dose is based on body-weight and ranges from 30mg in
patients less than 60kg to a maximum of 50 mg in those
90kg or above.

References.

1. Cannon CP. ¢t &i. TNK-tissue plasminogen activator compared with
[ ioaded alteplase in acute myocardial infarction: results of the TIM!

Telpres-H; Indon.: Micardis Plus; Iri: Kinzalkomb

Plus; Onduarp; PritorPlus; Twynsta; Ital: Micardis Plus: Pmor-
Plus; Malaysia: Micardis Plus; Mex.: Micardis Plus; Predxal Plus;
Neth.: Kinzal dis Plus: Onduarp; PritorPlus; Tardi-
pan; ; Norw.: MicardisPlus; Philipp.: Micardis Plus; Pri-
torPlus; Pol.: Kinzalkomb: Micardis Plus; Pritor Plus; Twynsta:
Port.: Kinzalkomb; Micardis Plus; PritorPlus; Twynsta; Rus.:
MicardisPlus (Mwurapmicllmoc); S.Afr.: Co-Micardis; Singapore:
Micardis Plus; Twynsta; Spair: Micardis Plus; Pritor Plus;
Twynsta; Swed.: Micardis Plus; Switz: Kinzalplus; Micardis
Amlo; Mi Plus: Thai.: dis Plus: Twynsta; Turk.:
Micardis Plus; Pritor Plus; UK: MicardisPlus; Ukr.: MicardisPlus
{Muxapaucilnoc); USA: Micardis HCT; Vemez.: Micardis Plus;
Pritor Plus.

Pharmacoposial Preparations
USP 36: Telmisartan and Hydrochlorothiazide Tablets; Telmi-
sartan Tablets.

Temocapril Hydrochloride Banm, Usan, annw

'C5-622; Hidrocloruro ‘de temocapril; Témocapril, Chiorhy-
drate de;. Temocapril, hidrocloruro. de; Temocaprili
Hydrochloridum; Temoxanpwia Tugpoxnopua.
{(+]-(25,6R-6-{[{1 5)- 1-Ethoxycarbonyl-3-phenyipropyflamino}’
tetrahydro-5-oxo-2-(2-thienyl)-1,4- thxazeptne-4(5/-f)~acetlc
acid tydrochloride. * - *

CasHogN20sSHCI=513.7

CAS — 111902-57-9 (remocapnl) 110221-44-8 (temocaprﬂ

Profile

108 wial. Circulation 1998; 98: 2805-14.

2. Assessment of the Safety and Efficacy of a New Thrombolytic (ASSENT-
2) Investigators. Singie-bolus tencaieplase compared with front-loaded
alteplase in acute myocardial infarcdon: the ASSENT-2 double-blind
rndomised gial. Lancet 1999; 354: 716-22.

3. The Assessment of the Safety and Efficacy of a New Thrombolytic
Reﬁm- (ASSEN'D 3 lnvesuulon. Eﬂ!ucy md safety of tenecteplase

d heparin:
lhz ASSENT-) nndnmlscd wfal in acute myoardial infarcion. Lamcer
200); 358: 605-13.

4. Melzer C, et al. Fibrinolysis of acute peripb arterial with

pl new weight imized regimen. J Thromb
Thrembolysis 2004; 18: 43-6.

5. Spohr B, & 4l Intemational multicentre wial pmo:ol w0 assess the
efficacy and safery of fase during
in padents with our-ol-hospital cardiac arrest: the Thmmbolym
Cardiac Arrest (TROICA) Study. Eur J Clin Invest 2005; 35: 315-23.

6. Kelly RV. eral. Safery of Y bolytic therapy
during complex p coronary i ion: initial
with intracoronary tenecteplase. Catheter Cardiovase interv 2003; 66: 327—
32.

7. Assesmum of the Safety and Efficacy of a New Treatment Swrategy with

Coronary n (ASSENT—4 PCI) investigators.
Primary versus L coronary inter-

vention in patienis with st-s:pnmv. clevalion acute myocardial
infarction (ASSENT-4 PCI): randomised trial. Lancet 2006: 367: 569-78.

8. Hull JE e ol lase in acute ) 1 efficacy, dose.
and adverse events. J Vasc interv Radiol 2006; 17 629-~36.
9. Kline JA, o al. lase 0 treat p in the
J Thromb f 2007; 23:101-5.
10. Johnson KK, et al. lase for mali dial

Pharmacotherapy 2007; 27; 303-5.
11. Melandri G. e al Review ol ienecteplase (TNKase) in the meaanent of
acute myocardia! infarcrion. Vasc Heaith Risk Manag 2009; 5; 249-56.
12. Becattini C o al TIPES Smdy Group. Bolus ienecteplase for right
stable patients with
wlmon.rymlbo!hn. nnmtnazmo- 125: e82-c86.
13. Tumlin J, & . A phase Il randomized, double-blind, piacebo-
of

study of or imp:
catheter function: TROPICS 3. Cli J Am Sec Nephrol 2010; 5: 631-6.

Adverse Effects, Trectment, and Precautions

Temocapril is an ACE inhibitor (p. 1282.2) that has been
used in the treatment of hypertension (p. 1251.1). It owes
its activity to the diadid temeocaprilat 1o which it is converted
after oral doses.

Refcrences.

M ealP
novel angiotensin converting enzyme mhlhlwr m mml lnsum-:lmq
EBur J Clin Pharmacal 1992; 43: 637-9.

2. Oguchi E. ef a/. Pharmacokinetics of temocapril and enalapri) in patients
‘with various degrees of renal insufficiency. Clin Pharmacokinet 1993; 24:
421-7.

3. Puruta S, ef al. Pharmacokinetics of temocapril, an ACE inhiditor with
preferential biliary excaretion. in patients with impaired liver function.
Bur J Clin Pharmacol 1993: 44: 383-5.

4. Arakawa M, o al P h of
temocapril during repeated dosing in elderly hypertensive patients.
Eur J Clin Pharmacol 2001; 36: 775-9.

5. Song JC, White CM. Clinical pharmacokinetcs and selective

dynamics of new angi : "
an update. Clin Pharmacokinet 2002; 41: 207-24.

6. Yasunari X, e 2l. Pharmacological and dinical studies with temocapril,
an angiotensin converting enzyme inhibitor that is excreted in the bile.
Cardiovesc Drug Rev 2004; 22: 189-98.

Preparations
Propristary Preporaions (details are given in Volume B)

Single-ingredient Preporations. Jpm: Acecol
Tenecteplase mw, usan,

Tenecteplasa; Ténectéplase, Tenecteplasum, TNK tPA.
Tenexrennac. - S

As for Streptokinase, p. 1505.1

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

1. The Drug Dawmabase for Acue P ilable at: hup:
drugs-porphyria.org (accessed 18/10/11)

Inferactions
As for Streptokinase, p. 1507.1
Pharmacokinetics
After intravenous injection in patients with acute
myocardial infarction, tenecteplase has a biphasic clearance
from plasma with an initial half-life of 20 to 24 minutes and
a terminal phase half-life of 90 to 130 minutes. It is deared
mainly by hepatic metabolism.
Reviews.

L. Tanswell P, @ ol P i of

Wuhmdmmmdmwwwm
Pharmacokinet 2002; 41 1229-45.

Preparations
Proprielery Preparafions (details are given in Volume B)

Single-ingredient  Preparofions. Austral: Metalyse; Austria:
Metalyse; Belg.: Meulyse; Braz.: Metalyse: Canad.: TNKase;
Chile: Metalyse; Cz: Metalyse; Denm.: Metalyse; Fin.: Meta-
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lyse; Pr. Meualyse; Ger.: M:mlyxe Gr.: MYIS;L Htmgxmg-

Urmury inconfinence. For reference to urinary imcont-

Hung.: yse:
Malawa: Mculyse, ua. Meulyse' Neth.: M:lalyse Nm
NZ. yse; Pol: D :

el s;wiM. -: LS b=
Spaim: Meuly : Metalyse; Switz:

Iyse; Turk: Metalyse; UK: lyse; Ukr: I
(Meramne); USA: TNKase.

Terazosin Hydrochlonde
{BANM. USAN, dNNMJ_

Téramsme, d'\lorhydme “de; Terazosinhydrol
;Hydrachlaridum; Tepasosura Fuppoxnopua.
t-{4-Amito-6.7-dimethoxyquinazolin: 24
ifuroyfipiperazine hydrochloride dihydrate:. 6,7-Dimeﬂsoxy=
a{t—(tetrahydrofuran-z-carbonyl)plperazn-kyl]qulnazol
-ylamine hydrochioride dihydrate

Cwl'fzstO.HG,ZH;O=459.9 5 :

ydro
(anh,wdmux rzrazosm hydmd)loride)

Pharmacopoeias. In Eur. (see p. vif) and uUs.

Ph. Eur. 8: (Terazosin Hydrochloride Dihydrate). White or
slightly yellow, crystalline powder. Sparingly soluble in
water; very slightdly soluble in alcohol: slightly soluble in
methyl alcohol: practically insoluble in acetone. A 2%
solutlon in water has a pH of 3.0 to 5.0. Protect from light

USP 36: (Terazosin Hydrochloride). A white to pale yellow,

ine powder. soluble in water and {n methyl alcohol;
freely soluble in isotonic saline solution; slightly soluble in
alcohol and in 0.1N hydrochloric acid; practically insotuble
in acetone and in hexanes; very slightly soluble in
chloroform. Store in alrtight containers at a temperature
between 20 degrees and 25 degrees.

Uses and Administration

Terazosin is an alpha,-adrenoceptor blocker (p. 1243.1)
with actions similar to those of prazosin (p. 1474.1), but 2
longer duradon of action.

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

Terazosin is given orally as the hydrochioride, but doses
are usually expressed in terms of the base. Terazosin
hydrochloride 1.2mg is equivalent tw about 1mg of
terazosin. After oral doses its hypotensive effects are seen
within 15 minutes and may last for up to 24 hours,
permitting once daily dosage.

To avoid the risk of collapse which may occur in some
patients after the first dose the initial dose for both
hypertension and benign prostatic hyperplasia is 1 mg of
terazosin at bedtime, increasing gradually at intetvals of 7
days according to the patient’s response. For hypertension
the usual maintenance dose is 2 to 10 mg once daily and the
usual maximum dose is 20 mg daily in a single dose or two
divided doses. For benign prostatic hyperplasia the usual
maintenance dose is 5 to 10 mg once daily.

Reviews.
1 11mnnh S. Monl: JP.

hypertension. Dmg 1987 33: 461-77.

1 AchariR, Laddu A. T = 2 new alpha gdrug. J
Clin Pharmacol 1992; 32: 520-3.

3. Wit TJ, &t al. Terazosin lor benign proswdic hyperplasia. Avallable in the
Cochrane of Issue 1. Chich, Joha
Wiley: 2000 {accessed 01/02/06).

Adverse Effects, Treatment, and Precautions

As lor Prazosin Hydrochloride, p. 1474.3.

A report of sinus bradycardia and hypo-
tension assodated with ingestion of 300mg of terazosin
with suicidal intent.! The patient recovered with no
sequelae after supportive treatment with atropine and
inaravenous fuids.

L. Seak C-J, Lin C-C. Acute Inwoxication with terazosin. Am J Emerg Med
12008; 26 117.e5~117.26.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies terazosin as prob-
ably not porphyrinogenic; it may be used as a-drug of first
choice and no precautions are needed.!

1. The Drug Dewabase for Acute Porphyria. Available at: hup:/iwww.

associated with terazosin, see under Adverse Effects
of Prazosin Hydrochloride, p. 1475.1.

Interactions
As for Prazosin Hydrochloride, p. 1475.1.

Pharmacokinetics .

effects of
receptor hpdemswld:das

mmlvmxsﬂvehanwme.muMmml 103: 973-80.

1 TovarJM, Gums JG. Tezosentan in the treatment of acute heart hitore.
mnmzoos.:ﬂm—sz

3. Couer G, of ol The b i effecs of low
doses of tezosentan {an endothelin A/B receptor in patients
with acute heart failure. Bur J Heart Fail 2004; & 601-9.

4 McMuray OV, e ol Bffects of teznsentan on symptoms and clinical

lled trials. JAMA 2007; 298: 2009-19.

Terazosin is rapidly and almost completely absorbed from
the gastrointestinal ract after oral doses; the bioavailability
is reported to be about 90%. Peak plasma concentrations are
achieved in about 1 hour. Terazosin is 90 to 94% protein
bound. It is metabolised in the liver; one of the metabolites
is reported to possess andhypertensive activity. The baif-life
in plasma is about 12 hours. Terazosin is excreted in facces
via the bile, and in the urine, as unchanged drug and
metabolites.

Preparations
Proprielary Preparafions (details are given in Volume B)

S‘-M Prwuﬁuu. Arg Andrin: Benaprost; Blavin;
Isontyn: Panap
Proxatan; Rotiazf Teﬂl. Austral.: Hyu'l.n. Austria: Urocard;
Uroflo; Vicard; Bedg.: Hyuin; Terazosabb; Uro-Hywint: Braz:
Hytrin; Camad.: Bytrin; Chile: Adecur; Hytrin; China: Hytrin
(W$FR); Jun Yi (338); Ke Pai (F/#); Luo Di Er {FillR); Mei
Li Chang (3%if#); Ou De Man (Bx788); Pai Su (#H); Shi Ai
Te (W3XW); Tai Le (¥F); Yue Ke ($337); Zheng Shu (EF):
Cz: Bywin; Kornam; Demm.: Sinalfa; Fr.: Dysalfs; Hyuine:
Ger.: Flotrin; Reitrin; Tera; Terablock; Teranar; Terazidt; Tera-
zoflof; Gr.: Hywin: Vianodrin: Homg Komg: Hynin; Hung.:
Hytrin: Setegis; India: Gotera; Hywrin; Olyster; Zytrin; Indom.:
Hytrin; Irl.: Benph: Bytrin: Israef: Bywin; Ital.: Extersin; Ezosi-
na; Imin; Prostadl: Terafl Unop Urodie;
Malaysiez Coumy:; BHytrin; Ralsin; ‘rerasin. Mex: Adecur;
Hyuin; Romaken: Neth.: Hymin; Norw.: Sinalfa; NZ: Hywin;
Philipp.: Conmy; Hykor; Byuin; Hyzin; Lotencin: Pol: Hytrin:
Komam; Setegis; Tesin{; Port.: Hytrin; Rus.: Kornam (Kapsam);
Sctegls {Cerernc); SAfr Hyﬂ'in. Sulgaporr Hytrin; Terasin;
i Al Mayui; Sutif; Teraumnon;
Zayasel; Swed: Hyninex Sinalfa; Switz.: Hytin BPH; Thai:
Hytrin; Turk: Hywin; Tevanar; Teraumon; Tezoteva; UK:
Hyuin; Ukr.: Alfater (Amgarep); Kornam (Kapm)f Setegis
{Cerernc); USA: Hytrin; Venez: Adecur; Hyain.

Pharmacoposial
USP36: T in C les; Te in Tablets.

outcomes in patients with acute heart failure: the VERITAS modomized

UNIl — 22251270CX. .

Profile

Tladenol is a lipid regulating drug used in the treatment of
hypertipidaemias (p. 1248.1). The usual oral dose is 1. 6to
2.4g daily in divided doses.

Preparations
Proprielary Preparalions (detalls are given in Volume B)
Single-ingredient Preparafions. Mon.: Fonlipol.

Uses and Admmlshuhon

ATG 07AA16.
ATC Vet'~ QCO7AAI6.

Profile

Ticagrelor is an adenosine triphosphate analogue and acts as
a reversible purinoreceptor P2Y|;-antagonist in a similar
manner to clopidogrel {p. 1342.3), inhibiting adenosine
diphosphate-mediated platelet aggregation. It is given
orally, usually with low-dose aspirin, for the prevention of
thromboembolism in panems with acute coronary
dn A single 1 dose of 180mg is given,
tollowed by a maintenance dose of 90 mg twice daily.

. WxnenunLnaLPu'To i wversus copid in
paticats with acute corunary syndromes. N Engl J Mad 2009; 361: (045
57.

M;denonSD.ﬂnLBMmdnfeqof

deagreloc: 2 reversible P2Y12
teceptor antagonist. Axn Pharmacother 2010; 44 324-37.

3. Gurbel PA. ¢ al. lor for the of arterial thromb
Expert Opin Pharmarother 2010; 13 2131-9
4. Abergel B, Nikolsky E. oral

mmmmmdmmmmmmpmm
mmmmv-uummmmw:euz-n

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

Tertatolol is given orally as the hydrochloride In the
management of hypertension (p. 1251.1) in a dose of 5mg
tertatolol hydrochloride once daily, increased to 10mg once
daily if required.

Preparations
Proprielary Preparations {details are given in Volume B)

Singgle-ingrodient Fr.: Antex; Gr.: Antexalf: Irl.:
Artexalt: Neth.: Anex; Port.: Artex.

Profile

Tezosentan is an endothelin receptor antagonist that bas

drugs-porphyris.org (accessed 13/10711)

The symbol + denotes a preparation no longer actively marketed

been studied in acute heart failure.

s. kas JJ. Clark SM. T 2 noved
agent. Cardiel Rev 2011; 19: 95-100.

6. James SK. o al. nu;rzlorvumdop‘durdlnpaﬁmuwuhmle
coronary intended for substudy

from PLATelet inhibitica and patient Outcomes
(PLATO} lﬂlL BMJ 2011; 342: 43327,
7. NICE for the ol acute (issued

October 2011). Availsble at: hetp://www.gice. m;.ukmmmrrnw
Guidance/pd! {accessed 08/03/12)

. Adverse Effects and Precautions

The most common adverse effect assodated with the use of
ticagrelor (as with other reversible purinoreceptor P2Y,;-
antagonist) is bleeding disorders (see Effects on the Blood,
under Adverse Effects and Precautions of Tidopidine,
p- 1512.3). Ticagrelor should not be given to padents with
haematopoietic disorders such as neutropenia or thrombo-
cytopenia, haemorrhagic diathesis or other haemorrhagic
disorders assodiated with a prolonged bleeding time, or
condition with an increased risk of bleeding such as peptic
ulcer disease, intracranial haemorrhage, or moderate to
severe liver dysfunction. To avoid excessive bleeding
treatment with ticagrelor should be stopped $ to 7 days
before elective surgery. Treatment should not otherwise be
prematurely stopped or interrupted; however, if this is
necessary because of bleeding, tcagrelor should be restarted
as soon as possible to0 avoid the risk of stent thrombosis,
cardiovascular death, or myocardial infarcdon.

Mild to moderate dyspnoea, that often resolved without.
the need for treatment, was also commonly assodated with

The symbol ® denotes a substance whose use may be restricted in certain sports (see p. viii)
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the use of dcagrelor. It should be used with caution in
patients with a history of asthma or chronic obstructive
pulmonary dismse; no specific treatment is suggcsv.ed for
those who d p new, prol d, or wc dd

however, if dyspnoea is not tolerated UK Bcensed producz
ds that treatment with ticagrelor be

information rec
stopped.

Asymptomatic ventricular pauses have been reported
from early dlinical studies and ticagrelor should be used with
caudon in patients with an inceased risk of bradycardic
events and in those taking drugs known to induce
bradycardia (see below).

Serum creatinine levels may increase during teatment
with ticagrelor; remal function should be checked one
month after starting treatment and thereafter at appropriate

USP 36: (Tidopidine Hydrochloride). A white or almost
white, crystalline powder. i soluble in water and in
alcohol; very slightdy soluble in ethyl acetate. Store in
airtight containers at a below 30 degr

Uses and Adminisiration

Ticlopidine hydrochloride is a thi yridine antiplatel
drug used in thromboembolic dison'kts (p. 1273.2). It is a
platelet P2Y,;-receptor antagonist that acts by inhlbinng
adenosine diphosphate-mediated platelet aggregation. It
may be given prophylactically as an alternative to aspirin in
patients at risk of thrombotic stroke (p. 1269.2) and in the
management of intermittent daudicadon (see Chronic
Ocdusive Peripheral Arterial Disease, P 1272.3) and
haemic heart di It is also I df

d as an adjunct to

intervals. Serum uric acid levels may also i and
tcagrelor should be used with caution in padents with a
history of hyperuricaernia or gouty arthritis; use in uric acid
nephropathy is not recommended.
References.

1. Gagile MA. Waksman R. Overview of the 2010 Food and Drug

Administration Cardiovascuiar and Renal Drugs Advisury Committer
meeting regarding ticagrelor. Grulation 201 1: 123: 451-6.

Inferactions

Ticagrelor is mainly metabolised by cytochrome P450
isoenzyme CYP3A4 and to a lesser extent by CYP3AS. The
use of both strong inhibitors and inducers of CYP3A should
therefore be avoided at the same time as ticagrelor use.
Ticagrelor, itself, is a mild inhibitor of CYP3A4 and as such
should not be given with CYP3A4 substrates that have a
parrow therapeutic index. such as cisapride or ergot
- alkaloids. It also inhibits the p-glycoprotein wansporter
system and thus digoxin and ciclosporin levels should be
monitored if starting or changing ticagrelor therapy.
UK product information advises caution in the use of
ticagrelor with drugs known to cause bradycardia, such as

aspirin for the prevention of subamu stent occlusion after
intracoronary ing (but see Reperfusion and Revascu-
larisation Procedures, below). ‘ndopidine may also be used
to prevent ocdusion and platelet loss during extracorporeal
circulatory procedures.

In the prevention of thrombotic stroke, and in
intermittent claudication, ticdopidine hydrochloride is
given orally in a dose of 250 mg twice daily, with meals. For
the prevention of subacute stent occlusion after intracor-
onary stenting ticlopidine hydrochloride is given in a dose
of 250 mg twice daily for 4 weeks, starting at the time of
stent placement.

Regular haematological monitoring is required during
tidopidine therapy (see Adverse Effects and Precautions,
below).

References.
1. McTavish D, a1 ol Tidopidine: an updal:d review of is pharmacology
and use in platels Drugs 1990; 40:
238-59,

2. Floces-Runk P, Raasch RA. Ticlopidine and anciplatelet therapy. Ann
Pharmacther 1993:; 27: 1090-8.

3. SharisPJ, etal. The effects of ticlopidine and clopidogrel. Ann
Intern Med 1998; 2% )94-405

beta blockers, ca!dum-channd blockers, and digoxi
Additionally, is ded when used with drugs
known to alter haemostasis. Due to reports of cutaneous
bleed.ing with SSRIs, caudnn is advised when giving these
with ticagrelor.

Pharmacokinetics

Ticagrelor is rapidly absorbed from the gastrointestinal tract
with a mean absolute biocavailability of about 36%. Both
ticagrelor and its active metabolite are extensively bound to
plasina proteins (> 99.7%). The systemic exposure to the
active metabolite is about 30 to 40% of the exposure to
ticagrelor. The steady state volume of distibution for
ticagrelor is about 88 litres and the mean half-life is about 7
hours for ticagrelor and 8.5 to 9 hours for the active
metabolite. Ticagrelor is mainly metabolised in the liver by
the cytochrome P450 isoenzymes CYP3A4 and, to a lesser
extent, CYP3AS. The primary route of eli ion of the

4. LY, ies and
of action and pamnul consequences for dlniul use. Eur Heart J 2009;
30: 1964-77.

Reperfusion and revaseularisation Coronary
stents are widely used as an adjunct to angioplasty to pre-
vent acute vessel cosure and to reduce restenosis (see
Reperfusion and Revascularisadon Procedures, p. 1259.2).
Subacute thrombosis is a major complication of their use
and patients were initially treated with an aggressive com-
bination of anticoagulants and antiplatelets. Bowever, it is
now generally recognised that antiplatelet drugs alone are
adequate in most patients.

Early studies' found that tidopidine for 4 to 6 weeks
after stenting, given with long-term aspirin, was at least as
effective as an oral anticoagulant with aspirin, with some
studies showing benefit in terms of thrombosis'# or bleeding
complicadons.! However, the risk of neutropenia limits the

use of tclopidi and dopidogrel is now generally

major metabolite of ticagrelor is likely to be biliary secredon.
Recovery of ticagrelor and its major metabolite in the urine
were less than 1% of the dose.

Preparations

Proprietory Preparafions (details are given in Volume B)
Single-ingredient Preparations. Beig.: Brilique; Braz.: Brilinta;
Deron.: Brilique; Pr.: Brilique; Ger.: Brilique; Gr.: Brilique; Irl:
Brilique; Possia; Isrgel: Brilinta; Neth.: Brilique; Norw.: Brili-
que; Pol: Brilique; Possia; Port: Brilique; Possia; Singapore:
Brilinta; Spaim: Brilique; Swed.: Brlique; Switz: Brilique;
Thai.: Brilinta; UK: Brilique; USA: Brilinta.

Ticlopidine Hydrochloride
{BANM, USAN, Nﬂw
32;‘ Eiidrqdorurq de.. tldopidlna, Tdopncrna,

Hunmonpoem. In Grm., Eur. (see p. vii), Jpn. and Us
Ph. Bur. 8 (Tidopidine Hydrochloride). A white or almost
white, arystalline powder. Sparingly soluble in water and in
dehydrated alcohol; very slightly soluble in ethyl acetate. A
2.5% solution in water has a pH of 3.5 10 4.0.

All cross-references refer to entries in Volume A

ferred, although there is some evidence® that shorter
courses of tidopidine {2 weeks) may be acceptable.

Tidopidine has also been reported® 1o improve the long-
term patency of saphenous vein bypass grafts used to treat
peripheral vascular disease in t.he Iegs.

1. Schdmig A o ol A of aond
anticoagulant v.hatyyalxzzheplmmofmmmrqu stenes. N
BnglJ Med 1996; 334 1084-9. ¢

2. Kastrad A, @ al. Restenosis afidd™ coronary nenx phcemem and

should be performed before starting treaument with
ddopidine and every 2 weeks during the first 3 months of
therapy. If ticlopidine is stopped during this period, a full
blood count should be performed within 2 weeks of
stopping treatment. Consideration should be given to
stopping tidopidine therapy 10 to 14 days before elective
surgery.

Effects on the blood. Severe neutropenia or agranulocytosis
may occur in about 1% of patients given ticlopidine' and
fatal infection has been reported.? Neutopenia usually
develops within the first 3 months of therapy and is rever-
sible on stopping ticlopidine, but there has been a report®
of ‘a delayed reacuon that occurred 18 days after ticlopi-
dine was PP d. I peni ocmrsinabout
0.4% of and thrombotic thromb purpura
(TTP), sometimes fatal, has occurred.!*$ The rate of TTP
assoclated with dclopidine use in patients with stents has
been estimated at berween 1 in 1600 and 1 in 5000.% Con-
versely, good results have been achieved with ticlopidine
as a wmeamment for thrombotdc thrombocytopenic
purpura,®!? but it should only be used with extreme cau-
tion."! Aplastic anaemia has also occurred rarely with
ticlopidine. 2
Clopidogrel has also been assodated with blood
dyscrasias. Up 1o August 2004, the Australian Adverse
Drug Reactions Advisory Committee (ADRAC)!’ had
received 80 reports of blood dyscrasias associated with
dopidogrel, although tidopidine was associated with a
much higher rate of reports. Individual cases of thrombotc
thrombocytopenic purpura and haemolytic uraemic
syndrome,*!+!7 aplastic anaemia,'® leucopenta.'” and
acquired haemophilia A,* have also been reported,
However the most frequenty reported adverse effect of
clopidogrel, as with other 1botics such as p
and ticagrelor, is bleeding particularly when glven with
other drugs affecting coagulation; ADRAC had received 130
reports of h thagic events, leading to fatalides in 18
cases following the use of clopidogrel.'? The rate of major
bleeding events with ticagrelor is similar to that with
clopidogrel.3!
1. Love®B. &tal. Adverse h 1 effects of
recognition and management. Drug Sefety 1998: 19 l9—9&.
2. Carison JA. Macsner JE. Faul penia and thromb P
with ticopidine. Am 1994; 28: 1236-3.
3. Parver DK, Hansen LA. Delayed neutropenia with ticlopidine. Ann
Pharmazsther 1994: 28: 1344-6.
4. Bennen CL. et . T thromb purpun
with tidopidine: a review of 50 cases. Amr Intern Med 1998; 128: 541-4.
$. Bennen CL. o a/. Thrombotic thrombocytopenic purpura aker stenting
and ddopidine. Lancet 1998; 352: 1036-7.
4. Steinhubl SR, # aL Incidence and dinical course of thrombotic
thrombocytopenic purpura due to tdopidine following coronary
stenting. JAMA 1999; 281: 806-10.
7. Bennett Cl. #f 4. Throt bocytop purpum
with ticopidine in the setting of cotonary artery steno and stroke
prevention. Arch intern Med 1999; 159' 1!24—!.
8. Zakarlja A, ot ol i and d
lhmmbocympem: purpura (TTP): review of dinical, laboratory.
d p findings (1969-2008). Kidney

an B
Int 2009; 73 {suppd llls) 520-524.

9. Viaoell N, # a/. Thrombotdc lhmmbocylvpemc purpura and ticlopidine.
Lancet 1991: 337: 1219.

10. Bobbio-Pallavidni B, e ol Anciplatelet agents in thrombotic thrombo-
<Cytopenic purpurs (TTP): results of a randomized multicenter trial by the
Inlian Coopetative Group for TTP. Hmmbgim 1997: B2: 429-33.

11. Rock G, ot al purpura in year
2000. Haonatologias 2000: 85 410-19

12. A etal i induced aplasuc anemia: two new case

randomization to a 4-week
therapy: six-month angiographic follow-up of the Inzacoronary

repors. review, and meta-analysis of 55 additional cases. Am J Hematol

Stenting and Anuthrombotic Regimen {ISAR) wial. Cirulation 1991 2002; 71: 24-32,
96 462-7. 13. Adverse Drug Advisory C {ADRAC]. C! 1
3. Bertrand ME, o, d of 1 and Aust Adverse Drug React Bull

anticoagulation versus antiplatelet menw in unplanned and elective
coronary stentng: the Pull Aniicoaguladon versus Aspirin and
Tidopidine (FANTASTIC) study. Ciradation 1998; 98: 1597-1603.

4. leon MB, o al. A dinical uial three
r:mens after coronary-artery stenting. N Engl J Med 1998; 33%: 1665-

s. nerurra . s.luymdeﬂlaqolddupldlnalornnlylw:dmaller
y stent 1999; 99: 248-33,

6. Becguemin J-P. Effea of tdopidine on the long-term patency of
saphenous-vein bypass grafts in the legs. N Engl J Med 1997; 337: 1726-
3L

Adverse Effects and Precautions

2004: 23: 14-15. Also available ac hup://www.igabeaith.gov.au/adr!
aadrb/ssdr0408.bom {accessed 17/08/03)
14. Bennent CL. & o penic purpurs
with dopidogrel. N Eng/ J Med 2000; 342: 177)-7
13. Comen PHN, «t al. Remolytic uremic syndrome in a patient treated with
dopidogrel. Anm intern Med 2000; 1332 1006.
16 F.aal
uraemic syndrome assodated with dopldopd. n dmxwules
Abstrac: Heart 2004; 90: ¢57. Pull version: hup://heartbmijournals.

0/9/e57 d 17/08/03)
17. mMmMLa-LSMmmmﬂmMmlnaﬂm
developing clopidi
purpura. Abstract: Han 2005, oL: eld. Full vm lmpzllhnn.
2te14 d 17/08/0%)

Bleeding is the most cc ly reported adverse effect with
thienopyridines; skin rashes may also occur, and

imest.inal disturbances are common with tldopldlne. Blood'

dy ias, induding neutrop

cytopenic purpura, and aplastic anaemia, have occurred
There bave been reports of hepatitis and cholestatic
jaundice. Blood-lipid concentrations may increase during
long-term therapy.

Tidopidine and other thlenopyndms should not be
given to patients with haematopoietic disorders such as
neugopenia or thrombocytopenia, haemorrhagic diathesis
or other haemouhagxc disorders associated with a

ding time, or. conditions with an increased
risk of bleedmg such as peptic ulcer disease, acute cerebral
haemorrhage, or severe liver dysfunction. Full blood counts

18. Trivier J-M, ¢1 ol Fatal apiastic anaemis associated with dopidogrel.
Lawnart 2001; 357: 446. )

19. McCanhy MW, Kockler DR. Clopidogrel-associated leukopenia. Az
Phermacether 2003; 37: 216-19.

20. Haj M. et al. Acquired philia A may de
BMJ 2004; 32%: 323.

21. Gaglia MA. Waksman R. Overview of the 2010 Food and Drug
Administradon Cardiovascular and Renal Drugs Advisory Commitiee
meetng regarding ticagrelor. Ciradation 2011; 123: 431-6.

& with i dogrel,
with clop:

Effects on the inol tract. Diarthoea is a com-
moon adverse effect of ticlopidine therapy; it usually occurs
during the first few months of therapy and resolves within
1 to 2 weeks without stopping therapy. However, there
has been a repont! of diarthoea and weight loss of 2
months d: that first pr d 2 years after ticlopi-
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dine was started; diarrhoea resolved when ticlopidine was
withdrawn.

1. Mansoor GA, Aziz K. Delayed chronic diarthea and weighr loss possibly
due w ddopidine therapy. Amn Pharmacother 1997; 31: §70-2.

Effects on the joints. Acute arthritis associated with a dif-
fuse rash developed in a patient shortly after starting treat-
ment with tidopidine.! Both the rash and the arthritis
resolved on withdrawal, and it was suggested that a
hypersensitivity reaction might be involved. One case of
polyarthritis and 3 cases of arthralgia associated with ticlo-
pidine had been reported to the UK CSM up to March
2001. Two cases of acute arthritis have also been reported?
with clopidogrel; symptoms developed 2 to 3 weeks after
starting treatment and resolved after stopping.

1. Dakik HA, et al. Ticlopidine assoclated with acute anhrms BMJ 2002;

2 ::z:'z& et al. Clopidogrel associated with acute arthritis. !MJ 2000; 320:

483.

Effects on the kidneys. A reversible deterioration in renal
function has been reported in patients given ticlopidine
after coronary stent implantation.? There has also been a
report* of membranous nephropathy with nephrotic
syndrome in a patient receiving clopidogrel.
1. Elsman P, Zjlstra F. Ticlopidine and renal function. Lamcet 1996; 348:
2734,
2. Virdee M. et al. Ticlopidine and renal funcrion. Lancrt 1996; 348 1031-2.
3. Tholt U, et al. C] and . Lancet 1999;
354: 14434,

Effects on the liver. Cholestatic hepatitis has been reported
in patients receiving ticlopidine and is usually reversible
when ticlopidine is stopped.'> However, there have been
reports of persistent cholestasis after ticlopidine with-
drawal.*® A case of granulomatous hepatitis has also been
reported.® Clopidogrel was substituted for ticlopidine in a
patient who had developed raised liver enzymes during
ticlopidine treatment;” liver enzyme values retumed to
normal during continued clopidogrel therapy. However,
there has been a report® of hepatotoxicity with dopido-
grel.
1. Cassidy LJ, et al. Probable ticlopidine-induced cholestatic hepatitis. Ann
Pharmacother 1995; 19: 30-2.
2. Pérez-Balsa AM, et al.
Pharmacother 1998; 32: 1250-1.
3. Skumik YD, et /. Ticlopidine-induced cholestatic hepatitis. Amm
Pharmacocher 2003; 37: 3715,

due i Ann

of ticopidine, probably by inhibiting its uptake from the

gaswointestinal tract by organic anion transporting poly-

peptide (OATP)-B.

1. LuW-J etal meeﬂzmolmdoﬂmmhmmﬁnkgobﬂoblnnme
of J Clin Ph, | 2006: 46: 628-34.

Xanthines. For reference to the effect of tclopidine on
theophylline half-life and plasma dearance, see p. 1236.3.

Pharmacokinetics
Tidlopidine is rapidly and almost completely absorbed from

-the gastrointestinal tract, It is about 98% bound to plasma

proteins. The terminal half-life during chronic dosing is
reported to be about 30 to 50 hours. Tidopidine is
extensively metabolised in the liver. About 60% of a dose is
excreted in the urine as metabolites and 25% in the faeces.

Rcferencs.

L. Desager J-P. Clinicai of Clin

NOTE. TIM is a code approved by the BP 2014 for use on
single unit doses of eye drops containing timolol maleate
where the individual container may be too small to bear all
the appropriate labelling information.

Pharmacopoeics. In Chin., Eur. (see p. vii), Int., Jpn, and US.
Ph. Eur. 8: (Timolol Maleate). A white or almost white,
crystalline powder or colourless crystals. Soluble in water
and in alcohol. A 2% solution in waterhasapHof 3.8 104.3.
Protect from light.

USP 36: (Timolol Maleate). A white to practically white,
odourless or practically adourless powder. Soluble in water,
in alcohol, and in methyl alcohol; sparingly soluble in
chloroform and in propylene glycol; insoluble in
cyclohexane and in ether. A 2% solution in water has a
pHof 3.8t0 4.3.

Uses and Administration

1994; 26: 347-53.

2. Buur T, et al. Pharmacokinetics and effect of ridopidine on platwiet
aggregation in subjects with normai and impaired renal function. J Clin
Pharmacol 1997; 37: 108~15.

Preparations
Proprietary Preparations (dctails are given in Volume B)

Singh—mgadul Preparations. Arg.: Dosxer Ticlid: Trombenal;

Austral.: Ticlidt: Tilod bodine; Tiklid; Belg.:
Ticlid; Braz.: Desagreg; Plaketar; Plavasc Ticlid; Ticlobal; Chile:
Ateroclar; Plaquedl; Tididf; China: Ban Su (i27F); Bang Jie
Qing (JEAFM); Cisen (JRAEX); LiDe (7 7); Qi Luo (F#); Tailu-
da (##¥X); Tian Xin Li Bo (XHAM); Ticid EXLM): Yu
Chuan Tong (XJUi); Cz: Ape-Tic: Ipaton; Tagren; Ticlid$; Fr.:
Ticlid; Ger.: Tiklyd; Gr.: Anghostan; Etfariol; Iriflexin; Laborti-
na; Neo Pulvigal; Neo-omnipen; Ruxicolan; Ticlid; Ticlodone;
Hong Kong: Aplaket: Ticlid; Tipidin: Hung.: Adotin: Aplatic
Ipaton; Placor; Tidid; Ticlogal; India: Aplaket; Ticlobest; Ticlop;
Ticlopid; Tikleen; Tyklid; Indom.: Agulan; Cartrile; Goclid;
Nufaclapide; Piclodin; Platidine; Ticard; Ticlid; Ticlon; Tidlophar;
Ticuring: ftal: Andgreg: Aplaket; Chiaro; Clox; Fluilast; Flupid;
Fluxidin: K]odm. Opteron: Ticlodone: Tiklid; Jpm: Panaldine;
Malaysia: Ant; Aplaket; Ticlid: Ticlopinet; Tipi-
din; Mex.: 'l‘ldidf— Norw.: Tidid; Philipp.: Clotidonet; Ticlid;
Tikpid; Vasopid; Pol: Aclotin; Apo-Clodin; Iclopid; Ifapidin:
Ticlid: Ticlo; Port.: Aplaket; Betlife; Klodipint; Movin; Plaque-
tal; Previta; Ticdodix: Ticlopat; Tiklyd; Tiropa; Trombopat; Rus.:
Ticlid (Twema); Ticlo (Taxno); Tikleen (Taxmm)t; Singapore:

4. Colivicchi F, ef al. induced hepatitis a | Antigreg: Aplaket; Ticlid: Tiodin; Tipidin; Spain: Tidodone; Tik-
case report. Curr Ther Rey 1994; 53: 91&-31 lid; Swed.: Ticlid}; Thai.: Aplaket; Cenpidine; Sidott; Tictid;
5. Mambelli B, et al. Severe d ced ic synd Ticlo; Tidlodin; Ticlopine; Tllopin: Tipidine; Viladilt; Turk:
o o . ncinduced N— Agretlk: Ticlid: Ticlocard: UAE: Ticopar; Ukr: Adotin
" Eharmocther 1995 1% 6334, & IR AnT 1 (Axnomn); Ipaton (Mmatow)t: USA: Ticlid: Venez.: Tickd.
7. Zeolla MM, Carson JJ. use of i for ce Mulsi-i ngr fient P P Indix: Astic.
accident in a padent with iclopis d
Ann Pharmacother 1999; 33: 939~41. Pharmacopoeial
8. Willens HI. C induced mixed and chol USP 36: Ticlopidine Hydrochloride Tablets.

liver injury. Am J Ther 2000; 7: 317-18.

Effects on the lungs. Bronchiolitis obliterans-organising
pneurmnonia developed in a 76-year-old woman receiving
ticlopidine and prednisone for temporal anteritis.! The con-
dition resolved over several months when ticlopidine was
withdrawn.

1. Alonso-Martinez JL, ef al. iz
monia caused by ticlopidine. Ann Intern Med 1998; 129: 71-2.

pneu-

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Cenwre Sweden, classifies ticlopidine as
probably porphyrinogenic; it should be prescribed only for
compelling reasons and precautions should be considered
in all patients.!

1. The Drug Database for Acute Porphyria. Available au: hrp://www.

drugs-porphyria.arg (accessed 19/10/11)

Interactions

Ticlopidine should be used with caution in patients
receiving other drugs, such as anticoagulants and
antiplatelet drugs, that increase the risk of bleeding.
Ticlopidine is 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 dlearance of ticlopidine may be reduced
by cimetidine. Corticosteroids may antagonise the effect of
ticlopidine on bleeding time.

Anticoagulants. Use of tclopidine with anticoagulants
may increase the risk of bleeding. However, ticlopidine
has been reported to antagonise the effect of acenocoumarol
(see Antiplatelets under Interactions of Warfarin,
p. 1532.3).

Antiepileptics. For a report of acute phemytoin toxidity in a
weli-stabilised patient following addition of ticlopidine, see
p. 545.1. .

Codergocrine. A study! in healthy subjects found that
codergocrine mesilate reduced the plasma concentration

The symbol t denotes a preparation no longer actively marketed

Tilisolol Hydrochloride /innmv ®

Hidrocloruro dé tilisolol;, N-696; Tilisolol; Chlorhydrate de,
Tilisololi-Hydrochloridum; THRM3OAEHa. rugpoimpun
(:t)-4-[3—({err—autyla' in®):2- hydroxypropoxy} 2~menhyllso-
carbostyril hyd
€ 7H14N103HU=34°3 )
CAS' — ‘85136716 (nllsolol) 62774-96-3 (r/hso/o/ hydro-
chlonde)

Profile

Tilisoloi hydrochloride is a non-cardioselective beta blocker
(p- 1316.3) with direct vasodilator activity. It is used in the
management of angina pectoris (p. 1254.3) and hyper-
tension (p. 1251.1) in oral doses of 10 to 20 mg once daily;
up to a maximum of 30mg once daily may be used if
necessary.

Preparations
Proprietary Preparations (details are given in Yolume B)
Single-ingredient Preparations. Jpn: Selecal.

Timolol is a2 non-cardioselective beta blocker (p. 1316.3). It
is reported to lack intrinsic sympathomxmcuc and
membrane-stabilising activity.

Timolol is used as the mal in the gement of
glaucoma (p. 1999.1), hypertension (p. 1251.1), angina
pectors (p. 1254.3), and myocardial infarction (p. 1257.1).
It is also used in the prophylactic treatment of migraine
(p- 670.3). The hemibydrate is also used.

Eye drops c timolol mal or hemihydrate
equivalent to 0.25 and 0.5% of timolol are instilled twice
daily to reduce raised intra-ocular pressure in open-
angle glaucoma and ocular hypertension. Once-daily use
may suffice when the intra-ocular pressure has been
controlled. Gel-forming eye drops are also available that are
instilled once daily.

For other indications timolol is given orally. In
hypertension timolol maleate is usually given in initial
doses of 10mg daily, increased according to response at
intervals of 7 or more days. Usual maintenance doses are 10
to 40 mg daily, but doses up to 60 mg daily may be required
in some patients; doses above 30 mg daily should be given in
2 equally divided doses.

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

In patients who have had a myocardial infarction
timolol maleate is given in initial doses of 5 mg twice daily
for 2 days, starting 7 to 28 days after infarction, and
increased subsequently in the absence of any
contra-indicating adverse effects, to 10 mg twice daily.

Doses of 10 to 20 mg daily of dmolol maleate are used in
the prophylaxis 6f migraine.

Reduced doses may be requu'ed in renal or hepatic
impairment.

Adverse Effects, Treatment, and Precautions

As for Beta Blockers, p. 1319.1.

Breast feeding. Timolol is distributed into breast milk.
After instillation-of timolol 0.5% eye drops twice daily,
concentrations of timolol in breast milk of a woman were
about 6 times greater than those in serum, the values
being 5.6 and 0.93nanograms/ml respectively.! In a
study? in patients given oral timolol 5mg three times
daily, the mean concentration in breast milk was
15.9 nanograms/mL, and the ratio of milk to plasma con-
centrations was 0.8; a similar ratio was found at higher
doses, and the authors considered that the amount
ingested by an infant would not be important. No adverse
effects were ‘seen in these studies and the American Acad-
emy of Pediatrics considers? that timolol is therefore usual-
ly compatible with breast feeding.

1. Lusiganien JS, Podos SM. Topical dmolol and the nursing mother. Arch
Ophthalmol 1983; 101: 13812,

2. Fdler J, &t al. Bxcretion of oxprenolol and tmolol in breast milk. 8- J
Obstet Gynaceol 1983; 90 961-5,

3. American Academy of Pediamrics. The transter of drugs and other
chemicals into human milk, Pediatrizs 2001; 108: 776-89. [Retired May
2010] Correction. ibid: 1029. Also available at: http://aappolicy.

%3b108/3/776 (accessed

,Tlmolol Mdleal'e (BANM, USAN, dNNM) ®

10/01/08)

Porphyriu. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dlassifies timolol as not por-
phyrinogenic; it may be used as a drug of first choice and
no precautions are needed.!

1. The Drug for Acute ilable at: hup://www.
drugs-porphyria.org (accessed 19/10/1!)
Interoctions

The interactions associated with beta blockers are discussed
on p. 1321.2.

Antivirals. US licensed product information for ritonavir
warns that ritonavir may increase concentrations of timo-

The symbol ® denotes a substance whose use may be restricted in certain sports (see p. viii)
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1ol and that the dose of timoloi may need 1o be reduced if
used together.

Pharmacokinetics

DM: Austral.: Azarga; Combigan; Cosopt; Ganfort; Timpilot;
Xalacom; Austria: Azarga; Combigan; Cosopt; DuoTrav; Foul;
Ganfort; Moducrint; Xalacom; Belg.: Azarga; Colnblgm;

prevention and treaunent of venous thromboembolisr
(p. 1274.1) and to prevent clotting during extracorporea
drculation.

Cosopt; DuoTray; Xal Braz.: Comb Cosopt;
Gl ftal; Xalacom; Camad.: Azarga; Combigm. Cosopt: Duo-

Timolol is almost completely absorbed from the gastro-
intestinal tract but is subject to moderate first-pass
metabolism. Peak plasma concentrations occur about 1 to
2 hours after a dose. Low concentrations are also found in
plasma after use as eye drops. Timolol has low to moderate
lipid solubility. Protein binding is reported to be low.
Timolol crosses the placenta and is distributed into breast
milk. A plasma half-life of 4 hours has been reported.
Timolol is extensively metabolised in the liver, the
metabolites being excreted in the urine with some

Trav; Xalacom: Chile: Azarga; Combigan; Cosopt; Dorsof T
Dorzine; DuoTrav; Gaax T: Ganfort; Glaucotensil T; Glausolﬂs
Plus; Latof-T; Tiof Plus; Xalacom; China: Xalacom (SEH/M); Cz.

Azarga; Combigm, Cosopt; DuoTrav; Foul; Ganfort; x;!mom.
Denrm.: Alatop Azarga; Combi Cosopt. DuoTrav; Fotil;

For prophylaxis of u‘u b bolism tinza-
parin sodium is given hy subcutaneous injection in a variety
of dosage regimens. In each case, the duration of treatment
is7t 10 days
+ For p at low or intermediate risk, such as those

undcrgolng general surgical procedures, 3500 units of
in sodium are given 2 hours before the

Ganfort; L d Comp; L Xal o
Xalcom: Fin.: Combigan; Cosopt; Fotil; Glaukostad. Ladotim;
Oftastad Cornp; Xalcom: Fr.: Azarga; Combigan; Cosopt; Duo-
Trav: Ganfort; Moducren; Plloblogt; Xalacom; Ger.: Azarga;
Combigan; Cosopt; Dorzo Plus T; Dorzolamid comp; DuoTrav;
Poul. Ganfort; Moducrin; TP-Ophtal; Xalacom: Gr.: Azarga:

unchanged dmolol. Timolol is not removed by h di
lysis.

Reference to the systemic absorption of
ophthalmic timolol.!

1. Nieminen T, & 2. Ophthalmic tdmoiol: plasma concentration and
systemic cardiopulmonary effects. Sand J Clin Lab invest 2007: 6%: 237-
45,

‘Metabolism. Timolol appears 10 be metabolised! by the
cytochrome P450 isoenzyme CYP2D6 and studies* have
shown that it is influenced by genetic polymorphism.
1. Volotinen M. e al. Timolol metabolism in human liver microsomes is
mediated principally by cmns Drug Metab Dispos 2007: 35: 1135-41.
2 JC e al ¥ and btu-bloddnl effects of
dmolol in poor and of Q! Clin
Pharmacol Ther 1985; 38: 409-13.
3. Lewis RV, & aL Timolol and atenoloj: rdauonshlps between oxidation
L and pi y B J Clin
Plurmnwl 1935, 19%: 32%-33.
4. Lennard MS, o ¢l. Timolol and debri: i
polymorphism: a population study. 8rJ Clin Pharmaco! 1989; 27: 429-34.

Preparctions
Proprietory Preparations (details are given in Volume B)

Combi Cosopt: D ic Plus: Dorzotim: Dotiz; Dropiltim;
DuoTrav; Foul: Ganfort; Optodrop-Co; T+P; Tesol: Timpilo;
Tinopros; Xalacom; Yvano; Homg Komg: Combigan; Cosopt:
DuoTrav: Ganfort; Moducrent; Timpilet; Xalacom; Hung.:

‘Azarga; Combigan; Cosopt; DuoTrav; Fotl; Ganfort; Glamzolid;

Xalacom; India: Brimochek-T; Bri ; Brimolol; Carep

Plus; Combigan; Ganfort: lotim-Plus; Laprost Plus; Latim; Lato-
chek-T; Latocom; Misopt: Ocudor-T; Indom.: Xalacom; Irl.:
Azarga; Claropt: Codalux; Combigan: Cosopt; Dortim; DuoTrav;
Ganfort; Glaucotima; Lataneau Plus; Moducrent; Prestim; Tim-
latan: Xalacom; Xaloptic Combi; Israel: Combigan: Cosopt;
DuoTrav; Ganfort; Timpilot: Xalacom; Jial.: Azarga: Combigan;
Cosopt: DuoTrav; Equiton: Ganfort; Glautimol: Pilobloc; Tavu;
Timicon; Xal +; Malaysia: Azarga; C Cosopt: Duo-
Trav; Ganfor; Xalacom; Mex.: Anbigot; Combigan-D; Cosopt;
Ganforti; Krytantek; Trovost; Xalacom; Neth.: Azarga; Combi-
gan; Cosopt; Dortim; DuoTrav; Fotl4; Ganfort Latim-POS:
Xalacom; Norw.: Azarga; Combigan; Cosopt; DuoTrav: Foul
Gapforr; Latiotim; Xalcom; NZ: Azarga; Combigan; Cosopt
DuoTrav; Ganfor; Timpilo; Xalacom: Philipp.: Combigan;
Cosopt; DuoTrav; Fotil; Ganfort; Xalacom; Pol: Azarga; Combi-
gan; Cosopt: Dotiteva; DuoTrav; Fotily; Ganfort; Rozacom;
Xalacom; Port.: Azarga: Combigan; Cosopt; DuoTrav; Ganfory
Tavu; Timoglau Plust; Timosopty; Xalacom; Rus.: Azarga
{Asapra); Cosopt (Kocomr): Fotll (®omn); Pilotimol
{Th ); Xalacom (K ): S.Afr.: Combi Cosopt;

Single-ingredient Preparations. Arg.: Atiglauc; Glatim; Ingetimr:
Klonalol; Ofal; Plostim; Poentimol; Proflax; Protevis; Timed;
Tinolert; Timolpres: Timoptic Zopirol Awmstral. Nyogel
Tenopt; Timoptol; Awustria: Dispatim; Tim-Ophtal: Timabakt;
Timo-COMODY; Timoftal: Timoge): Timohexal; Timoptic Belg.:
Geltim; Nyogel; Nyolol; ’l‘imabak. Timo-POS; Timoptol; Timop-
tolgel; Braz.: Gl imol; Nyolok: Tenoftal; Timabak:
Timoneo; Timoptol Omad. Apo-Timol: Apo-Timop; Novo-
Timol; Tim-Ak; Timoptc Chile: Glausolets; Nyolol: Oculix;
Timabak{: Timopt; T 1-XE; Tiof; Ching: Chengrui (\3k);

Di Li Jian (##37R); Timoptol (FBT*); Cz: Arutimol; ohan.

DuoTrav; Moducrent; Servatrin; Xalacom; Singapore: Azarga:
Combigan; Cosopt; DuoTrav; Ganfort; Xalacom; Spain: Azarga;
Combigan; Cosopt: DuoTrav; Ganfort; Latimvista; Xalacom:
Swed.: Azarga; Combigan; Cosopt; Costad; DuoTrav; Potil; Gan-
fort; Latiotim; Xalcom: Switz.: Azarga; Co-Dorzolamid; Co-Lata-
noprost; Combigan; Cosopt; DuoTrav; Ganfort; Xalacom; Thati.:
Azarga; Combigan; Cosopt; DuoTrav; Ganfort: Xalacom; Turk.:
Azarga; Combigan; Cosopt: DuoTrav; Ganfort; Xalacom; UK:
Azarga; Combigan; Cosopt; DuoTrav; Ganfort: Prestim; Xala-
com; Ukr.: Combigan (KomGeran); Ganfort (I'andopr); Lanotan

procedure followed by 3500 units once daily.

» In patients at high risk, such as those undergoing
orthopaedic surgery, ap initial dose is either 50 units/kg
given 2 hours before surgery, or a fixed dose of
*4500 units given 12 hours before surgery. The same dose
is then given as a once-daily maintenance dose.
Alternatively, prophylaxis may be started after surgery
at a dose of 75 units/kg once daily.

Por the treatment of venous thromboembolism tinzaparin
sodium is given in a dose of 175 units/kg by subcutaneous
injection once daily {or 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 clomng m the :xuacorporeal
dreulation during h diatysis, i in sodium may
be given into the arterial side ol “the dialyser or
intravenously. The dialyser may be primed with 500 to
1000mL sodium chloride 0.9% containing 5000 units
tinzaparin sodium/litre. 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 of
2500 units is followed by an infusion of 750 units/hour.

For doses in children, see below.

References
L. Friedel AA, Balfour JA. Ti a review of s and
clinical potential in the pr ion and of thromb: boli
disorders. Druss 1994; 48: 638-60.
2. Neely JL, et al. Tii sodium: a I b ight heparin. Am

J Health-Syst Pharm 2002; 59: 1426-36.

3. Nutescu EA, ¢ al. Tinzaparin: considerations for use in clinical pracuice.
Ann Pharmacother 2003; 37: 183140,

4. Cheer SM, ef al. Tinzaparin sodium: a review of its pharmacology and
dinical use in the prophy and of disease.
Drugs 2004; 64: 1479-502.

5. Hoy SM. et al. Tinzaparin sodium: a review of its use in the prevention
and of deep vein th bosis and pul 4 andin
the prevendon of dotiing in the extracorporeal drcuit during
haemodialysis. Drugs 2010; 70: 1319-47,

Administration in children. Although tinzaparin is not
i d for use in children in the UK, the BNFC suggests

T (L T); Xalacom (K ); USA: Combi Cosopt:

Ophthaimo-Timogal; Timo-COMOD; Timohexal; Ti

Uni Tmolol; Demm.: Aquanilt; Nyogel: Optimok Timacar;
Timogel; Timoptol; Tt Fin.: Betimol}; Blocanol; Timo-
san; Fr.: Digaol; Geltim; Nyogel; Ophtim; Timabak; Tirnacor;
Timo-COMOD:; Timoptol; Ger.: Arutimol; Chibro-Timoptol; Dis-
patim; Nyogelt: Tim-Ophtal; Timo-COMOD; Timo-Stulln:
T:mo-VBwn. TunoEDO Timohexalt: Ti.mumann, Gr.: Betim;
Daarysoli : Geltim: Glafemak le; Noval:
NYDSCL Nyolol: Temserin; Thilotim; Tim-Alcon, Timabak;
Timodose: Waucosin: Yesan: Hong Kong: Nyolol; Oftan: Ophia-
molol; Optimoli; Timabak; Timoptol; Hung.: Arutimol; -Cusi-
molol; Nyolol; Oftan Timolol India: Glucomol Glucotim;
lotim; Lopres; Nyolol O’Clean; Ocobar; Ocu-Lol; Oculan;
Ocupres; Ocutim; Optilax; Timolot; Indom.: Isotic Adretor;
Kentimol4; Nyolol; Opthil; Tim-Ophtal; Ximex Opticom; Irl.:
Nyogel; Timofluid; Timoptol; Zanopro Plus; Israel: Nyolol
Tiloptic V-Optic Ital: Blocadren: Cusimolol: Droptimol; lalu-
dm. Nyog:l. Ofnmolo, ‘ri.mod. 'nmogel Timolabak: Timolux;

Iol. Opumol, Timo-
COMOD Timol Th L Mex.: Bl dren; Horex; Imot
Jertz; -Nyolol; Shemol: Tenglamol; T L T d: Mon.:
Gaopml. Nyolok Neth. Nyogd. Timo-COMOD: Timogel:
Timoptol; Norw.: ; Oftan; T NZ: Apo-Timol;

Apo-Timop; Hypermolt; Tilmat: Timolux: Timoptol; Philipp.:

Blevex: Glaucare; Glocure-Opta; 1-Supres; Normopres; Nyolol;
Ocuper; Oftan; Op Ll Timabak: Tt L Pol.: Cusimolol.

Nyolol; Oftant; Oftensin; Timo-COMODY; Timohexalt; Timop-
tiG; Port,: Nyogel; Nyolok: Timabak; Timogel; Timoglau; Timo-
len; Timoptol; Rus.: Arutimol (Apynneoa); Glautam (Tnasyran);
Glymol (Txmoen); Nyolol (Huoson); Ocucer (Oxyxsp); Ocumed
{Oxymen); Ocumol {Oxymon); Ocupres-E {Oxynpec-E); Oftan
Timolol (O¢ram Tamomon); Optimol (Omremon); Timadren
(Tmanpes); Timo-Komod {Tmao-Komoz); Timohexal
(Teneorexcan); S.Afr.: Glaucosan; Nyogel; Timoptol; Singapore:
Nyolol; Tiamol; Timabak: Timo-COMOD; Timoptol Spain:
Cusimolol; Timabak; Timoftol; Timogel; Swed.: Blocadren; Opu-
mol Timosan; Switz: Nyolol; Timisol; Time-COMOD; 'l'unogel.
Timoptic Thai.: Archimol; Glauco-Oph: Nyololt; O

Timolidet; Vemez: Cosopt; Dobet; Glaucotensil T: Xalacom.

Phormacopoeial Preparations

BP 2014: Dorzolamide and Timolol Eye Drops: Timolol Bye
Drops: Timolol Tablets:

USP 36: Timolol Malute md Hydrochlorothiazide Tablets;
Timolol Mal Ophthal ion; Timolol Mal Tablets.

that it may be given to children by subcutaneous injection
for the prophylaxis and treatment of venous thromboem-
bolism.

For prophylaxis of venous thromboembolism, children
aged 1 month to 18 years may be given a dose of 50 units/kg
once daily.

Fortr of venous thromboembolism, the following

Tinzaparin Sodium e, usan i

Tintsapariininatrium; Tnzapann-Natnum Tnzapann sodnd
st Tinzaparin Sodyum; Tinzaparina sédica; Tinzaparine
Sodique; Tinzaparinnatrium; Tinzaparin-natriim; Tinzaparino
natrio druska; Tinzaparinum Natricum; TuksanapuH Hatpun.
CAS — 9041-08-].

ATC — BO1AB10.

ATC Vet — QBO1ABI0.

UNil — 3S182ET3UA -

Pharmacopoeias, In Eur. (see p. vi).

Ph. Eur. 8: {Tinzaparin Sodium). It is prepared by enzymatic
depolymerisation, using heparinase from Flawobacterium
heparinum, of heparin obtained from the intestinal mucosa
of pigs. The majority of the components have a 2-0-sulfo-4-
enepyranosuronic acid structure at the non-reducing end
and a 2-N,6-O-disulfo-p-glucosamine structure at the
reducing end of their chain. The mass-average relative
molecular mass ranges between 5500 and 7500, with a
characteristic value of about 6500. The mass percentage of
chains lower than 2000 is not more than 10%. The degree of
sulfation is 1.8 to 2.5 per disaccharide unit.

The potency is not less than 70units and not more than
120 units of anti-factor Xa activity per mg with reference to
the dried sub e and the ratio of anti-factor Xa activity to

Timo-optal; Timodrop; Timolastt; Timoptol Timosil: Turk.:
Cusimololf; Nyolol; Timabak: Timo-COMOD; Timoftal; Timop-
tic Timosol Timotem; UK: Betim; Nyogelt; Timopiol; Tiopex;
Ukr.: Arutimol (Apytsmen); Normatin (Hopwarsst); Nyolol
(H +; Ocumed (Oxywmen); USA: Betimol; Blocadren: Isatol:
Istalol: Timopti; Vemez.: Globitan; Matigel: Matilok Nyolol
Timoptol.

Molt-ingredient Arg.; Aliviapres; Azarga; Combi-
gan; Cosopt; Dor-Timoiol; Dorlamida T: DuoTrav; Ganfort
Glaucostat T; GL il TD; Gl il; Latimodorf; Louten
T; Ocuprostim; Pilotim; Timed D: Timobrim; Xalacom: Zopirot

All cross-references refer to entries in Volume A

anti-factor Ila (antithrombin) activity is between 1.5 and
25,

Units
As for Low-molecular-weight Heparins, p. 1426.2.

Uses and Administration

Tinzaparin sodium is a low-molecular-weight heparin
(p. 1426.1) with anticoagulant properties. It is used in the

suggested doses are given according to age:

¢ 1 to 2 months: 275 units/kg once daily

* 2 months to 1 year: 250 units/kg once daily
¢ 1to 5 years: 240 units/kg once daily

¢ 5 to 10 years: 200 units/kg once daily

* 10 years and over: 175 units/kg once daily

Adverse Effects, Treatment, and Precautions

As for Low-molecular-weight Heparins, p. 1426.3.

Tinzaparin should be avoided in elderly patients with
renal failure (see below).

Severe bleeding with tinzaparin sodium may be reduced
by the slow intravenous injection of protamine sulfate; 1 mg
of protamnine sulfate is stated to inhibit the effects of about
100 units of tinzaparin sodium.

The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Cenue (NAPOS) and
the Porphyria Centre Sweden, dassifies i in as not
porphyrinogenic; it may be used as a drug of first choice
and no precautions are needed.’

1. The Drug Database for Acute lable at: hup:
drugs-porphyria.org (accessed 28/10711)

Use in the elderly. An increase in all-cause morality was
seen in patients aged 70 years or older with impaired
renal function who were given tinzaparin for the treat-
ment of deep-vein thrombosis or pulmonary embolism. As
a result, the FDA recommended that alternatives be con-
sndired in these patients while the review of data contin-
ue

1. FDA. Communication about an ongoing safety review of Innohep

sodium i {issued 2nd. 2008). lable at:
bitp: . fda.goviDrugs! g5
miorF 136254.tm d 03/08/10)
Inferactions

As for Low-molecular-weight Heparins, p. 1427.2.
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Pharmacokinetics

Tinzaparin sodium is absorbed after subcutaneous injection
with a bioavailability of about 90%. Peak plasma activity
occurs within 4 to 6 hours. The elimination half-life is about
90 minutes but detectable ant-factor Xa activity may persist
for up to 24 hours.
General references.
1. Kuhles, eral. Dose-finding and ph k doses of
tinzaparin in pediatric patients with rhmmboembulk events, Thromd
Haemest 2005; 94 1164-71.

Preparations

onpmhry Preparations (dctails are given in Volume B)

Single-ingredient Belg.: Innohep; Canad.: Innohep;
Deron.: Innohep; Fin.: Innohep; Fr.: Innohep; Ger.: Innohep;

Gr.. Innohep; Loglpam Hong xrmy lnnohcp India.
Logiparin; Irl.: 1 ; Neth.: Innohep,
Norw.: Innoh NZ: Innoh Philipp Innohep; - Port.:
Innohep; Smyaporr Innok Spain: h Swed.:

Innchep; Thai.: Innohep; Turk.: Innohep; UK: Innohep. USA:
Innohept.

BP 2014: Tinzaparin Sodium Injection.

Tirofiban is given intravenously, at an initial rate of
400 nanograms/kg per minute for 30 minutes, and then
C d at 100 g /kg per mi The recom-

ded duration of t is at least 48 hours. Tirofiban
infusion may be continued during coronary angiography,
and should be maintained for 12 to 24 hours after
angioplasty or atherectomy. The entire duration of
treatment should not exceed 108 hours.

The dose of tirofiban should be reduced in patients with
renal impairment (see below).

(On-TIME 2): 2 ised if
Lancer 2008; 372: 337-46.

9. van ‘'t Hof AWJ, ef al. A comparison of two invasive strategies in patents
with noa-ST elevation acute coronary syndromes: results of the Early or
Late Intervention in unStable Angina (!usm pilot study. Bur Heart J
2003; 24 1401-5.

10. Bonz AW, e af Effect of addl

double-blind, rand trial.

Ib/Ma

after
l’ﬂ‘Allulll) .IA-GJHWIDOI.W“H
11. Topol BJ, e al. Comparison of two plateler glycoprotein Hb/Ma
{nhibitors, drofiban and abciximab, for the prevention of ischemic

events with coronary N BEngl J Med
Gcncral references. 2001; 344 1838-54. " .
McClellan KJ, Goa KL. Tirofiban: a review of its use in acute Y u'um .&JE'I‘P & a 6 months for the comparison of
syndromes. Drugs 1998; 36: 1067-30. fiban and abciximab during p
2 M i A, et al. Tiroflban In acute dromes. 5 Rev ;r’u;;mtphcmmcxhefumhunw-upmdy I.mwmz 360:

Cardiovasc Ther 2005; 3: 193-206.

3. Shanmugam G. Tirofiban and emergency coronary surgery. Bwr J
Cardiothorac Surg 2005; 28: 546-50.

4. Bukow SC, # al. Tirofiban for the treatment of ischaemic stroke. Bxpert
Opin Pharmacother 2006; 7: 73-9.

5. Mukherjee D, Roff M. Cutrent strategies with high-dose tirofiban.
Expert Opin Drug Metab Texicol 2007; 3: 275-80.

6. Winter JP, Juergens CP. The role of drofiban in the management of
coronary anery disease. Cardiovasc Hematol Disord Drug Targets 2008; 8:
138-46.

7. van ‘t Hol AW, Vaigimigli M. Defining the role of piatelet gly

Adverse Effects

Bleeding is the most common adverse effect of tirofiban;
others include nausea, headache, fever, rashes and other
hypersensitivity reactions, and thrombocytopenia.

Efeds on the blood. Rc!erences to tirofiban-associated

. receptor inhibitors in STEMI: focus on tirofiban. Druggs 2009; 69: 85-100.
8. Jumnﬂ.diﬂmﬂbmbrmyonrdhlhﬁruhn.zvmm
h 2010; 11: 861-6.

de; Tirilazad, mesulato de; Tirilazad Mesylate (USAN)«Tn‘lazadn
Mesilas; * Tirilazadiini:-Mesilas; Tirifazadinmesilat; U TAOOGF

Administration in renal impairment. Patients with renal
impairment (creatinine clearance less than 30 mL/ )

ytopenia'*? and
1. MuhnA.duLPﬂcual ach (o the di and of
thros ia associated with tirofiban treatment. Am J Hematol
2004; T7: 67-71.

2. Patel S, et al. Profound thromb d with tirofiban: case
report and review of literature. Angiolnyms 36: 351-5,
3 Dunqus.ad Twe distinct subgroups of tiroflban-induced

should receive half the usual infusion dose of tirofiban.

Isch Y

heart disease. Patients with acute coronary

(tirilazad or tirilazad mesilate); Tupunasaga M
21-{4-(2,6-Di-1-pyrrolidinyl-4-pyrimidinyi)-T- plperaziny!]-160-
memylpregna-149(n)meneB,ZO—dnone monol thane-
sulfonate hydrate. - - o
CagHsaNgOy CHOW S XH;0=721. 0 (anhydrous)
CAS — 110101-66-1 (tirilazad); 111793-42-1 (tmtazad mefllate),
149042-61-5 (tirilazad mes:late)

ATC — NO7XX01.

ATC Vet — QNO7XX01. . :
UNIl — HXS259UWKW {tmlazad mesyrare hydrare)
1984180V39 {anhydrous tirilazad mesylate). - -

Profile

Tirilazad, a lazaroid, is an inhibitor of lipid peroxidation

thought to have a cytoprotective effect against radicals

produced in response to tissue trauma. It has been used in

the prevention of secondary tissue damage in subarachnoid

haemorrhage. It has also been investigated in spinal cord

injuries, head injuries, and ischaemic stroke.

References.

1. The Tirilazad Steering C Tirilazad for acute

ischaemic stroke. Availabie in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley: 2001 (accessed 24/06/05).

2. Jang YG, @ al. Meuamlysis of drilazad mesylate in patients with -

Nﬂmxm Care 2009 10: 141-7.

3. Uung S, et al. Tirilazad for

syndromes may be treated either medicaily or with percu-
taneous coronary interventions such as angioplasty or
stenting. Tirofiban, given with heparin and aspirin, has
been tried as ad]unctlvc therapy. A study! comparing uro—
fiban with heparin in the medic of
angina (p. 1254.3) or non-Q-wave myoardlal infarction
reported an initial benefit, at 2 days, of reduced risk of
refractory ischaemia, myocardial infarction, or death with
drofiban. This benefit was not maintained at 7 or 30 days
after treatment, although a further analysis? found that
the risk of death or myocardial infarction at 30 days was
reduced in patients with raised troponin I concentrations
who received tirofiban. In another study,’ the combina-
don of heparin and tirofiban also reduced the risk of
refractory ischaemia, myocardial infarction, or death, com-
pared with heparin alone, and benefit was maintained at 6
months. About half of these patients also underwent
revascularisation procedures or surgery if required.
Tirofiban has also been studied in patients undergoing
interventional therapy (see Reperfusion and Revascularisation
Procedures, p. 1259.2), but resuits have been mixed. The
RESTORE study* found short-term benefit with tirofiban as
an adjunct to heparin in patients underxomg angwplasty or

hy exist due w0 dmg dependent antibodies that cause

platelet and & events. Platelnts 2003; 16:
462-8.

4. Tuhta AG, & . Tiroflb: d acute b ia. Adqa
Cardiof 2006; 61: 577-~9.

5. Clofent-Sanchez G, et al. A case of and irofibs
induced thromb. penia and its by i

globulin G. J Throwb Haemost 2007; 3: 1068-70.

6. Agnelll D, Ottani F. Trombocitopenia grave associata a tirofiban:
approceio dinico alla diagnest ¢ alla gestione terapeutica. G Raf Cardiol
2008; %: 137-43.

7. Beiras-Femnandez A, o« al. Acute profound thrombocytopenia after
Teament with tirofiban and off-pump coronary artery bypass grafting.
Ansn Thoree Surg 2009: 87: 629-31.

8. Sakellariou D, et al. Pirst report of drofiban-induced anemia (found in

ion with severe Tex Heart Inst J 2009; 36:

35-7.

9. Rahmuan N, Jafary PH. Vanishing platelets rapld and extreme trofiban-
induced
for acute myomd.ul lnkrcunn Tex Heart st 7 2010; 37 109-12.

Precautions
As for Abciximab, p. 1282.1.

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

1 The Drug Database for Acute Porphyria, Available at: http:/iwww.

atherectomy for acute coronary sy
angma ot myocardial infarction), but this was not

Available in The Cochrane Database of Systemaiic Reviews; Issue 2.
Chichester: John Wiley: 2010 (accessed 20/04/10).

Preparations

d at 30 days and there was no effect on restenosis
after 6 months. However, an observational study® in
patients with acute myocardial infarction found improved
outcomes and studies®® using a higher bolus dose of
25 micrc /kg have been more promising, including on

Proprietary Preparations (details are given in Volume B)
Single-ingredient Preparations. Rus.: Freedox (OPHIOKC).

Tirofiban Hydrochloride

{BANM, USAN, ANNM)
Hidrocloruro de  tirofibdn; L-700462; MK-0383; MK-383;
Tirofiban, Chlorhydrate de; Tirofibdn, hidrocloruro. de;
Tirofiban, Hidroklorar; Tirofibani Hydrochlondum TMpO(IM
6aHa Muapoxnopua.

N- (Butylsulfonyl)-4—[4-(4-p|pendyl)butoxyh phenylalanlne
hydrochlonde mionchydrate.

“ATt Vet = osoucw .
LWII —_ 6H925F805]

Uses and Administration

longer-term follow-up.* Pretreatment with tirofiban for 24
to 48 hours before intervention was found to improve
angiographic outcomes compared with periprocedural
treatrnent,” but there was no difference in clinical events
at 30 days. In patents undergoing planned intervendons,
tirofiban was found to improve outcomes compared with
placebo;!® another study found that it was less effective than
abciximab at 30 days,'! although this difference was no
longer apparent after 6 months.'?

1. The Plaweler Receptor Inhibition in fschemic Syndrome Management
(PRISM) Study Investigators. A comparison of aspirin plus tirofiban with
aspirin plus heparin for unstable angina. N Engl J Med 1998; 338: 1498
1505,

2. Heeschen C, o al. Troponin concentrations for stratification of padents
with acute coronacy syndromes in relation to therapeutic efficacy of
tirofiban. Lancet 1999; 334: 1757-62.

3. The Platelet Receptor Inhibition in Ischemic Syndrome Management in
Patients Limited by Unstable Signs and Symptoms (PRISM-PLUS) Study
Investigators. Inhibition of the platelet glycoprotein b/Ma receptor
with trofiban in unstable angina and non-Q-wave myocardial
infarction. N Engl J Med 1998; 338: 14868-97.

4. Gibson CM. et 4l Six-month and clinical foll p of
patients prospectively randomized to receive either tirofiban or placebo
dunnlmglnpla!tylnml(!ﬂok!uhl.ldmaallWIWQ 32: 28~

S‘Deum&udmuuo( dxo(lbtn on

ugs org 19110/11)

Pharmacokinetics

After stopping an infusion of tirofiban, the antiplatelet effect
persists for about 4 to 8 hours. The plasma haif-life is about 2
hours. Tirofiban is not highly bound to plasma proteins; the
unbound fraction in plasma is about 35%. Tirofiban is
eliminated largely unchanged in the urine, with some
biliary excretion in the faeces. Tirofiban is removed by
haemodialysis.

Reviews.

1. Kondo K. Umemura K. Clinical pbarmacokinetics of drofiban, a

nnnpcpdd‘ giycoprotein Ib/Ma receptor antagonist: comparison with
amibody G Clin 2002: 41: 187~

95
Preparations
Proprietary Preparations (details are given in Volume B)
Single-ingrediant Preparations. Arg.: Agrastat; Austral.: Aggra-
stat; Austria: Aggrastat Belg.: Aggrastat; Braz.:. Agrastat;
Canad.: Aggrastat; Chile: Agrastat; China: Aggrastat (3L-F4);
Xin Wei Ning (FX#F*); Cz: Aggrastaty; Fin.: Aggrastat; Fr..
Agrastat; Ger.: Aggrastat; Gr.; Aggrastat; Avastar; Hung.: Aggra-
stat; India: Aggramed; Aggrastat Aggribloc; Aggritor; GP-2
Ban; Irl.: Aggrastat; Israel: Aggrastat; Ital.: Aggrastat; Malaysia:
Aggrastatt; Mex.: Agrastat; Neth.: Aggrastat; Norw.: Aggrastatt;
NZ: Aggrastat; Philipp.: Aggrastat; Pol.: Aggrastat; Port.: Aggra-
stat; S.Afr.: Aggrastet; Simgapore: Aggrastat; Spain: Agrastat
Swed.: Aggrastat; Switz.. Aggrastat; Thai.: Aggrastat; Twurk.:
Aggrastat; UK: Aggrastat; USA: Aggrastat; Vemez.: Agrastat.

n pat primary
L for s’t:qmem elevaton myoa(dhl Inkmlon. Thromb

Tirofiban hydrochloride is an andplatelet drug that
reversibly inhibits binding of ﬁbnnogen to the glycoprotein
Mb/Ma receptors of platelets. It is given with heparin and
aspirin for the management of unstable angina, bot.h in
patients managed medically and in those underg

Haemost 2005; 93: 820-3.
6. Valgimigll M, et al. The additive value of mvﬂban administered with the
high-dose bolus in the pi

Tocmmde [BAN, USAN, dNNJ

during
high-risk coronary angioplasty: the A.DVANC! Tal. J Am Coll Cardiol
2004; 44: 14~19.
7. M etal C of ar

percutaneous coronary procedures. Tirofiban is used as the
hydrochloride, but the dose is expressed in terms of the
base; 110nanograms of tirofiban hydrochloride mono-
hydrate is equivalent to 100 nar of tirofiban base.

or and with of luting
stents for acute myocardial infarction: the MUL‘nS‘rRA‘rEGY
randomized trial. JAMA 2008; 299: 1788-99.

8. vtho{ AW, et al. Pnehosplnl mumon of tirofiban tnpmgnswﬂ.h
ST-el ¥ primary angi

The symbol t denotes a preparation no longer actively marketed

ocamldum, Tokalnld Tokamldl W—
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ATC Vet — QCO1BB03.*

ATC:— C018B03.-
ATC Vet —QC01BEO.
UNI— 2K7B&CIWS

Hxannuoopoenus In Chm and US.

USP 36: (Tocainide Hydrochloride). A fine, white, odourless
powder. Freely soluble in water and in alcohol; practically
insoluble in chloroform and in ether.

Profile

Tocainide is a class Ib antarrhythmic (p. 1243.1) with
similar properties 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 venmricular arrhythmias but severe
haematological and pulmonary toxicity limit its use.

General references.
1. HolmesB, efal. i a review of its i and
therapeutic efficacy. Drugs 1982; 26: 93-123.

Preparations

ol P "
USP 36: Tocainide Hydrochloride Tablets.

Tocoferil Nicotinate

Tocofenlo, mcotinato de Tocopherol NICOIInaIE" Tocopheryi
Nicotinate; Vitamin £ Nicotinate; Tokodepona HukowHar.
{+)-a-Tocopherol nicotinate. -~ :
CysHssNO;=5358 ’

CAS — 51898-34-1; 16676-75-8.

UNIl — WilJSUCYSC. ) .

Note. The names Kenton, NE, Nichi E nate, Nico200,
Nicobita-E, Toconijust, Vanarl N, and VE-nicotinate have
been used as trade marks for tocoferil nicotinate.

Pharmacopoeias. In Jpn.
Profile

Tocoferil nicotinate is a lipid regulating drug and a
vasodilator. It is used in the treatment of hyperlipidaemias
(p. 1248.1), and in peripheral (p. 1272.3) and cerebral
vascular disorders (p. 1269.2). The usual oral dose is 100 to
200mg three times daily.

Preparations
Propriesory Preparations (details are given in Volume B)

Single-ingredient Preporations. China: Ding Rong (1%); Qing
Zhi Wei (2 H#); Wei Er Xan ($8K¥); Wei Mai Xin (S2/X);
Weishike (RKEKJX); Hong Kong: Hijuvent: Indon.: Enico; Jpm:
Juvela; Malaysia: Hijuven; Philipp.: Hijuvent; Port.: Reoferol.

Mulli-ingredient Preporations. Arg.: Anaphase; Chile: Anaph

Anastim; Fr.: Anaphase; Ital: Bvitex: Singapore: Pedimed Foot
Care Cream; Spain: Evitex A B Fuerte; Venez.: Anaphase; Ana-
stim. .

Toclrulnzme Hydrochlonde [BANM, pINNM)

_,tochlonde, Hidrocloruro de’
'eroruro de; Todralazme,

Pl'nnnooopoenas In Jpn and Pnl

Profile

Todralazine hydrochloride is an antihypertensive structu-
rally related to hydralazine (p. 1401.2) and with similar
- properties.

All cross-references refer to entries in Volume A

Preparations
Proprisfory Preparations (details are given in Volume B)
Single-ingredient Preparations. Jpn: Ap t; Pol.: Binazint.

Tolczollne Hydrochlorlde BANM, INNM

'Chfomydraté de; Tolazollm Hydrochlondum. Tolazollnlum
Chlommm,TonasonuHa fi uapoxnopun ‘ o

c,oH,,N,.HG-ws‘ et
= 59-98:3 (tolazoline); 59-97:2 (rorazo//ne hydrochlonde)

ATE Vet - QCO4AB0Z: QMO2AX0Z; Q Q03484
UNIF— E669265 l.IG.

NOTE. Do not confuse w:th benazoline, which is a
sympathomimetic vasoconstrictor, or with benazolin,
which is a herbicide.

Pharmacopoeias. In Chin. and US.

USP 36: (Tolazoline Hydrochloride). A white to off-white,
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
chloroform, and 1 in 10000 of ether. Store at a temperature
of 25 degrees, excursions permitted between 15 degrees and
30 degrees.

Profile

Tolazoline hydrochloride is 2 vasodilator that has a direct
dilator action on the peripheral blood vessels. It has some
alpha-adrenoceptor blocking activity and also stimulates
smooth muscle in the gastrointestinal tract, increases
gastrointestinal secretion, can cause mydriasis, and has a
stimulant effect on the heart.

Tolazoline hydrochloride has been used intravenously to
reduce pulmonary artery pressure in persistent pulmonary
hypertension in neonates with persistent fetal circulation
(see below). It has been used orally and by subcutaneous,
intramuscular, intravenous, or slow intra-arterial injection
in the treatment of peripheral vascular disease. It has also
been given in some ophthalmic conditions.

Adverse effects of tolazoline include piloerection,
headache, flushing tachycardia, cardiac arrhythmias,
tingling, chilliness, shivering sweating, nausea, vomiting,
diarrhoea, and epigastric pain. Orthostatic hypotension or
marked hypertension may occur, espedally with large
doses. Tolazoline stimulates gastric acid and may exacerbate
peptc ulcer disease. Oliguria, haematuria, myocardial
infarction, gastrointestinal haemorrhage, thrombocytope-
nia and other blood dyscrasias have been reported.

Inferoctions. Tolazoline should not be used with
sympathomimetics such as adrenaline since the hypoten-
sive effect may be potentiated due to unopposed beta-
adrenoceptor stimulation. For a report of fatal hypotension
associated with the use of tolazoline with dopamine, see
Vasodilators under the Interactions of Sympathomimetcs,
p. 1509.2.

Tolazoline and other vaso-
dilators have been tried in persistent pulmonary hyper-
tension in the newborn (p. 1278.2) in an attempt to
induce selective pulmonary vasodilatation and improve
gas exchange. The response is variable and often unsuc-
cessful due 10 concomitant systemic hypotensxon, a failure
to achieve or sustain pul Y and
adverse effects, and other therapies such as high-fre-
quency osdllatory ventilation, extracorporeal membrane
oxygenation, and inhaled nitric oxide are now more
widely used.

The dose for pulmonary hyper n that

The BNFC gives a dose of 1 mg/kg by slow intravenous
injection, followed by 200micrograms/kg per hour by
infusion if necessary. It warns that doses in excess of
300 micrograms/kg per hour are associated with cardio-
toxicity and renal failure. A suggested dose for endotracheal
use is 200 micrograms/kg diluted in 0.5 to 1 mL of sodium
chloride 0.9%.

1. MoninP, tal. of fetal drome of the
newbum.mmpnﬂsonoldiﬂemmdossn(ldmlmz Ewr J Clin
Pharmam! 1987; 31: 569-73.

2. Nunmarumit P, « al, Efficacy and safety of tolazoline for treatment of
severe hypoxemia in extremely preterm infants. Pediatricc 2002; 109:
852-6.

3. Welch JC, et al. End: heal for severe l Y
hypertension of the newbom BrHurlJlWS 73: 99-100.

4. Parida SK, etal. Endotrach in

vh J Perinatol 1997; 17: 461—4.

with

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingredient Preparations. Cz.: Divascol.
Muhi-ingredient Prep Switz.: Lunadont.

Pharmacopoeial
USP 36: Tolazoline Hydrochloride Injection.

Torasemide v, v ®

AC-4464 BM-OZOTS -Torasemid; Torasemid- bezvody
Torasemid, vattenfri; Torasemida; Torasémide; Torasémide
anhydre; Torasemidi; Torasemidi, vedeton; Torasemidumn;
Torasemidum  Anhydricum; Torazemidas, bevandems,
Torsemide (USAN); Topacemun.
1-Isopropyl-3-(4-m-toluidinopyridine-3-sulphonyl)urea.
CigHnNO;5=3484

CAS . —. 56211-40-6_ (torasemide); 72810-594  (toraseinide
sodium). -

ATC — CO3CA4,

ATC Vet — QCO3CAG4.

UNIf — W31)2HS7FB. -

Pharmacopoeios. In Eur. (see p. vii) and US.

Ph. Eur. 8: (Torasemide, Anhydrous}. A white or almost
white powder. It exhibits polymorphism. Practically
insoluble in water; slighdy soluble in alcohol. It is sparingly
soluble in dilute solutions of alkali hydroxides and slighdy
soluble in dilute acids. Protect from light.

USP 36: (Torsemide). A white to off-white, crystalline
powder. Practically insoluble in water and in ether: slightly
soluble in alcohol, in methyl alcohol, in 0.IN sodium
hydroxide, and in 0.1N hydrochloric acid; very slightly
soluble in acetone and in chloroform.

Uses and Administration

Torasemide is a loop diuretic with actjons similar o those of
furosemide (p. 1387.1).

Torasemide is used for oedema assocatcd with heart
failure (p. 1262.3), including pulmonary oedema, and with
renal and hepatic disorders. It is also used in the treatment
of hypertension (p. 1251.1), either alone or with other
antihypertensives.

Diuresis after oral use starts within ! hour, reaches a peak
in about 1 to 2 hours, and lasts for up to 8 hours; after
intravenous injection its effects are evident within 10
minutes but like oral use can last up to 8 hours.

In the treatment of oedema the usual oral dose is 5mg
once daily increased according to response to 20mg once
daily; doses of up to 40 mg daily have been required in some
patients. Torasemide may also be given inravenously in
usual initial doses of 10 to 20 mg daily. Higher doses may
sometimes be necessary, especially in oedema of renal
ongm, the dose should be increased stepwise as necessary to

was recommended by licensed product information was an
intravenously infused loading dose of 1 to 2 mg/kg, followed
by an infusion of 1 to 2 mgrkg per hour. The high incidence
of adverse effects, however, led to several studies
investigating the use of lower doses. One group suggested
that a loading dose of 500 micrograms/kg given intrave-
nously followed by a continuous infusion of 500micro-
grams/kg per hour was more appropriate and safer than
standard doses.! In a rewrospective study? of extremely
pretctm infants (mean gestanonal age. 24 weeks) with
severe hyp bly attrib

pulmonary hypemms:on) tolazoline was given as a slow
bolus infusion, with most patients receiving a dose of 0.5 to
1mgrkg; some required further doses.

Tolazoline has also been given via the endotracheal
route,># although as it is acid in solution it may contribute to
alveolar injury. In a study* of 12 neonates with gestational
age ranging from 25 to 42 weeks, endotracheal tolazoline at
doses from 1 to 2.5 mgrkg was found to cause no adverse
systemic effects.

a of 200mg daily, although doses should not
exceed 40 mg daily in padents with hepatic cirrhosis.

In the treatment of hypertension torasemide is given in
initial oral doses of 2.5 to 5mg daily; US licensed product
information allows the dose to be increased to 10 mg daily if
required, although UK licensed product information
suggests that doses above 5mg are unlikely to produce
additional benefit.

Reviews.!* A comparative review of the loop diuretics®
concluded that torasemide might be more effective and safer
than furosemide in the treatment of patdents with heart
failure, although there was little evidence to support one
loop diuretic over another in other oedematous disease
states.

1. Blose JS, o al a pyridt
Pharmacother 1995; 29: 396-402.

2. Dumn CJ, e al. Torasemide: an update of its pharmacological properties
and therapeutic efficacy. Drigs 1995; 49: 121-42.

3. Brater DC. Benefits and risks of torasemide in congestive hean failure
and essential hypertension. Drug Safety 1996: 14 104-120.

4. khido H. Senzaki H. Torasemide for the treatment of hear failure.
Cardiovasc Hematol Disord Drug Targets 2008; 8: 127-32.

loop diureric, Amt
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5. Wargo KA. Banta WM. A comprehensive review of the loop disretics:
should furosemide be first line? Ann Pharmacorher 2009; 43: 1836—47.

Administration in children. Oral torasemide was shown'
to be safe and effective in a group of children with heart
failure, 62 of whom were newly diagnosed and 40 of
whom were switched from furosemide. The children were
aged from 3 weeks 1o 17 years and doses ranged from 180
to 800 micrograms/kg. In those who switched therapy,
1mg of furosemide was replaced with 200 micrograms of
torasemide.

1. Senzaki H, 2t al. Efficacy and safety of torasemide in children vmh heant
Exilure. Arch Dis Child 2008; 93: 768-71.

Adverse Effects and Precautions

As for Furosemide, p. 1388.3.

ia. The Drug Database for Acute Porphyria, com-

piled by the Norwegian Porphyria Centre (NAPOS) and

the Porphyria Centre Sweden, dlassifies torasemide as pos-

sibly porphyrinogenic; it should be used only when no

safer alternative is available and precautions should be
considered in vulnerable patients.!

1. Th_epl_'u'l Damabase {or Acute if
drugs-porphyria.org (accessed 19/10/11)

ac hap:/

Interactions”
As for Purosemide, p. 1389.3.

Anficoagulants. For a report of an interaction between
torasemide and warfarin, see Diuretics under Interactions
of Warfarin, p. 1533.3.

Pharmacokinetics

Torasemide is well absorbed from the gastrointestinal tract.
Peak serum concentrations 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 climination half-life of
torasemide is about 3.5 hours. Torasemide is extensively
bound to plasma proteins. In patients with heart failure both
hepatic and renat clearance are reduced. In patients with
renal impairment, the renal dearance is reduced but total
plasma clearance is not significantly altered.

References.
1. Knauf H, Muwschler E. Clinical ki and d

namics of worasemide. Clin Pharmacokinet 1998; 34: 1-24.

2. Vormlelde sv o al. CYP2C9 p by isms and the i

ics of the loop
diuretic dml torsemide, Clin lenuml Ther 2004; 76: 557-66.
3. Wemer D, at al. of
netice impact of pharmacogenetic &ams. gender and angictensin lI
receptor blockers. Clinr Pharmacokinet 2008; 47: 323-32.

Gender. An open-label study! in 90 patients found that
the area under the concentraton-time curve for torase-
mide was significantly higher, and oral clearance signifi-
cantly lower, in females compared with males.

1. Wemer U, et al. Genderisan i of the di ition of
the loop diuretic tarasemide. J Clin Pharmacol 2010; 50: 160-8.

Preparations

Proprietory Preparations (details are given in Volume B)
Single-ingredient Preparafions, Arg.: Torem: Belg.: Torrem:
China: Li Quan (BR): Li Zhi (M%); Te Su Min (¥#¥); Te

Su Ni (#7%/E); Tuosai (#a¥¥); Unat (HM); Yi Mai Ge (ﬁ*iﬁﬁ)‘
Ze Tong (#Fill); Cz: Diuvert: Ger.: Toracardt; Tc

Profile

Torcetrapib is a cholesteryl ester transfer protein inhibitor. Ix
increases plasma concentrations of high-density lip

probably not porphyrinogenic; it may be used as a drug of
first choice and no precautions are needed.!
1. mnm. Dluhnse for Acute P Available at: hup:

(HDL)-cholesterol and has been mvesugated in the
management of lipid disorders. Development was stopped
after the finding of increased mortality assocated with
torcetrapib in randomised, controlled studies.

References.

1. Funder JW. The off-target ctlects of torcetrapib. Endocrinology 2009; 150:
2024~6.

Trandolapril s, iy

RU-44570 _ Trandolapriili; Trandolapnlu
Tpalu\onanpun

thyt (ZSSaRJaSH-{(S)—N—[(S)—!-carboxy—B—phenylpropyﬂala-
nyl}hexahydro-andohnecarboxylate .(253aR7aS-1-(N[(S)>
1-Ethoxycarbonyl-3- phenylpropyl]-baIanyl]perhydromdole—
2-carboxylic acid.

T Nj0s=4305 - . -~ o o oA
CAS — 87679-37-6. - i
ATC - CO9AAI0,

ATC Vet — QCO9AAIC.
UNif — 1TON3GICRC

Pharmccopoelas In Bur. (see p. vu) and Us.
Ph. Eur. 8: {Trandolapril). A white or almost white powder.
Practically insoluble in water; sparingly soluble in
dehydrated alcohol; freely soluble in dichloromethane.
Protect from light.

USP 36: (Trandolapril}. A white or almost white powder.
Practically insoluble in water; sparingly soluble in absolute
alcohol; freely soluble in dichloromethane. Store in airtight
containers. Protect from light.

Uses and Administration

Trandolapril is an ACE inhibitor (p. 1282.2). It is used in the
reatment of hypertension (p. 1251.1) and in left ventricular
dysfunction following myocardial infarction (p. 1257.1).

Trandolapril owes its activity to trandolaprilat to which it
is converted after oral doses. The haemodynamic effects are
seen about 1 hour after an oral dose and the maximum
effect occurs after 8 to 12 hours. The haemodynamic action
lasts for at least 24 hours, allowing once-daily dosing.

In the treatment of hypertension the initial oral dose is
500 micrograms once daily. Since there may be a predpitous
fall in blood pressure in some patients when starting therapy
with an ACE inhibitor, the first dose should preferably be
given at bedtime. In padents already taking a diuretic, the
diuretic should be stopped, if possible, 2 to 3 days before
starting trandolapril and resumed later if necessary. In
patients with co-existing heart failure treatment with
trandolapril should begin under close medical supervision.
The usual maintenance dose for hypertension is 1 to 2mg
once daily, although up to 4mg daily may be given, as a
single dose or in 2 divided doses.

In myocardial infarction, treatment with trandolapril
may be started 3 days after the infarction in an initial dose of
500 micrograms once daily, gradually increased to a
maximum of 4 mg once daily.

A reduction in dosage may be necessary in patients with
renal impairment (see below).

Refcxenccs.
I. Zannad F. Trandolapril: How does it differ [rom other angiotensin
converting enzyme mhiblwn’ Drugs 1993; 46 (suppl 2): 172-82.
2. pril: a review of its pharmacody-
namlc :nd h i and th use in essential

Torasid{; Torem: Unat; Gr.: Unat: Homg Komg: Unat; hldur
Demator; Diurator; Dyamide; Dytor; Dytro-Kem: Edeto; Ital.:
Diuremid; Diuresix; Toradiur; Jpn: Luprac; Pol.: Diured; Diu-
ver; Trifas: Rus.: Diuver (Huysep): Trigrim (Tpurpmm); S.Afr.:
ToraHexal; Unatt; Spain: Dilutol: Filantort; Isodiur; Sutril;
Tadegant; Swed.: Torem; Switz.: Toramidet; Torasem; Torasist;
Torem: Thai.: Unatt; UK: Torem; Ukr.: Britomar (Bpuxromap);
Diuver (Ouysep): Torixal (Top Torsid (Topeun); Trifas
(Tpudac); Trigrim (Tpurpum); USA: Demadex.

Multi-ingredient Preporations. India: Dyamide Plus; Dytor Plus.

USP 36: Torsemide Tablets.

To etral ib (USAN, NNy

AR A 5

Torcétrapib; Torcevapiﬁufn oﬁﬁejpa

The symbol t denotes a preparation no longer actively marketed

. Drugs 1994; 48: 71-90.

3 Kober L er al. A dinical trtal of the angiotensin-convering-enzyme
inhibitor trandolapril in patients with left ventricular dysfunction after
myocardial infarction. N Engl J Med 1995; 333: 1670-6.

4. Peters DC, et al. Tnnduhprﬂ an update of its pharmacology and

use in ular Drugs 1998: 56: 871-93.
5. Diaz A. Duchamme A. Update on the use of trandolapril in the
Vasc Health Risk Manag 2008; 4:

of ular
1147-58.
6. Ruggenenti P, et al. Effect of d il ou of
hypertensive patlents with type 2 dlabetes: a pnsp:dﬁed analysis of xhe
Benedict trial. J Ophthalmol 2010; 2010: 106384.

Administration in renal impairment. The initial dose of
trandolapril in patients with renal impairment should not
exceed 500 micrograms daily. UK licensed product infor-
mation states that the maximum maintenance dose should
be 2 mg daily in patients with a creatinine dearance of less
than 10 mL/minute.

Adverse Effects, Treatment, and Precautions
As for ACE inhibitors, p. 1285.2.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies trandolapril as

drugs: 11710711)

Inferactions
As for ACE inhibitors, p. 1288.2.

Pharmacokinetics

Trandolapril acts as a prodrug of the diacid rrandolaprilat, its
active metabolite. After oral doses of trandolapril the
bioavailability of trandolaprilat is 40 to 60%. Trandolapril is
metabolised in the liver to trandolaprilat and to some
inactive metabolites. Peak plasma. concentrations of
trandolaprilat occur 4 to 6 hours after an oral dose of
trandolapril. Trandolaprilat is more than 80% bound to
plasma proteins. About 33% of an oral dose of trandolapril is
excreted in the urine, mainly as randolaprilat; the rest is
excreted in the faeces. The effective half-hfe for
accumulation of trandolaprilat is 16 to 24 hours after
multiple doses of trandolapril. .

Impaired remal function decreases the excretion of
trandolaprilat. Trandolaprilat is removed by haemodialysis.
References.

1. Bevan BG, & al. Effect of renal function on the pharmacokinetics and
pharmacodynamics ot trandolapril. Br 7 Qi Pharmacol 1993; 35: 128-35.

Preparations
Proprietary Preparations (details are given in Yolume B)

Single-ingredient Preparafions. Austral: Dolapril; Gopten;
Qdrik; Tranalpha; Braz.: Gopten: Camad.: Mavik: Cz.: Rezzor
Gopten; Tanapt:; Demm.: Fezzor; Odrik; Prilotrand; Fr.: Odrik;
Ger.: Udrik; Gr.: Afenil; Daman; Odrik; Hung.: Gopten; Indon.:
Gopten; Irl: Gopten; Odrik; Ital: Gopten; Jpm: Odric; Preran;
Neth.: Gopten; Norw.: Gopten; NZ: Gopten; Odrikt; Pol: Gop-
ten; Tensotrand; TrandoGen; Port.: Gopten; Odrik; Rus.: Gop-
ten (Fonren); S.Afr.. Mavik; Spaim: Gopten; Odrikt; Switz.:
Gopten; Turk.: Gopten; UK: Gopten; USA: Mavik.

Multi-ingradient Austral.: Tarka; Canad.: Tarka;
Cz.: Tarka; Demm.: Tarka; Fr.: Tarka; Ger.: Tarka; Gr.: Tarka;
Ziaxel; Homg Kong: Tarka; Hung.: Tarka; Indon.: Tarka; Ital:
Tarka; Mex.: Tarka; Neth.: Tarka; Zlaxel; NZ: Ziaxelt; Philipp.:
Tarka; Pol.: Tarka; Port.: Tarka; Ziaxel; Rus: Tarka (Tapxa); S.
Afr.: Tarka; Spaim: Tarka; Tricent; Swed.: Tarkat; Switz.:
Tarka; Turk: Tarka; UK: Tarka; Ukr.:. Tarka (Tepxa); USA:
Tarka; Venez.: Tarka.

Pharmacopoeial Preparations
BP 2014: Trandolapril Capsules;
USP 36: Trandolapril Tablets.

Tl'cpldll {BAN ANN)

Phanmcopoeias In Eur. {see p. vii) and Jpn

Ph. Eur. 8: (Trapidil). A white or almost white aystalline
powder. Freely soluble in water; soluble in dehydrated
alcohol and in dichloromethane. Protect from light.

Profile

Trapidil is a vasodilator and an .inhibitor of platelet
aggregation. It is also an antagonist of platelet-derived
growth factor. 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 after angioplasty (but see below).
Trapidil-eluting stents have also been developed.
References to anti-platelet activity. .
1. Yasue H. et al. Eﬂeaso(aspmn and trapidll on mdmvascuhrevenu
alter acute Japanese A
Infarction Study (JAMIS) [nvestigators. Am J Cardiol 1999; 83: 1308-13.

References to pharmacokinetics.

1. Harder S, et al Pharmacokinetics of trapidll, an antagonist of platelet
derived growth factor, in healthy subjects and in padents with liver
drrhosis. Br J Clin Pharmacol 1996; 42: 443-9.

Angioplasty and . Although angiographic- stu-
dies'*? have found that trapidil reduces the rate of resteno-
sis after balloon angioplasty (see Reperfusion and Revas-
cularisation Procedures, p. 1259.2), no effect on clinical
outcomes® has been shown. Studies investigating the use
of trapidil after coronary stenting>* have shown no benefit
in terms of restenosis or clinical events, and it was con-
cluded that trapidil is not indicated for this purpose. Trapi-
dil-eluting stents have been developed, with some-sugges-

The symbol & denotes a substance whose use may be restricted in certain sports (see p. viii)
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tion of benefit in preventing restenosis,’ although robust

5. Gmnber;-mhhnd M, el Efficacy and safety of sidenafil added 10

4. McSwain CS, et al. Dose pmpurrﬂvmllry of treprostinil sodium

) . "  se Arx J Cardiol 2005; 96 1334-6. by infuston. J
evidence is scanty and studies are ongoing.™ 6 Y D. The pr analog. sodium, Glin Pharmacol 2008; 48: 19-23.
1. Okamoto S, e al. Effects of trapidil (triazolopyrimidine), IP""M' mmdswmmmudmmnumsmmmponmd
derived growth hcmr m pr Am s 1991, review of Uterature. Angiology 2006; 57: 99-102.
Y eart 7. Voswinckel R, ef al Inhaled treprostinil for treatment of chronic ™
123: 143944, pulmonary arcerial hypertension. Amn Intern Med 2006; 144 149-50, P ¥ rafions
2. Maresta A, e al. Trapidil (uhmlopyﬂmdiml. a platelet-detived growth 8. Channick RN, er o/, Safery and efficacy of inhaled asadd-on | p vy Pr {details are given in Vo[umg B)
factor reduces therapy to b in anterial J Am coll v -
coronary results of the double-blind STARC Cardiol 2006; 48: 1433-7. . ’
study. Clredation 1994; 90z 2710-15. 9. Vm&dluihmbkmdhhﬂdmmnmmm Sndrmwodim' Pnpumlm Am Remodulin. AustmL
3. Maresta A, et al. Starc I, a d d placebo lled results from rand piloy Remoduli Remoduli
doubl:bllnddlnmlu‘hlo(mpidﬂ for 1-year dmlal events and Mg,_]‘,,a,uwzm 48; 1672-81. R, T Gu'lr duiin; Cz: dulin: Denm.: R
aher coromary angioplasty and | 10, Skoro Sajer N, Lang L 1 for the of pul v Fim: sl Fr: ‘;.. Gor: Remoudi u:;f'
stenting. Catheter Cardiovasc Interv 2003; 64 375-82. Expers Opin ! 2008; 9: 1415-20. o ) Aol iy
4. SerruysPW. eral. The TRAPIST study: a multicentre randorized placebo | 11, Voswinckel R, er af. Metered dose inhaler delivery of for the Israel: iz ,:ry"a'“’ Ital.: Remodulin; Neth.:
controlled dinical trial of wrapidil for prevention of restenoss afier of Puim Ther 2009; 22 Remodulln. Norw.: Port.: Swed.:
coronary sienting, by 3-D Exr Heart dulin; Switz.: ; USA: R dulin; Tyvaso.
J 2001; 22: 1938-47. 12 mmnuh S, e al. TRUST Study Group. Exercise imp and
S. Khan M, # al. Intrepide: Trapidil eluting stent. Exrolitervention 2008; 4: plasma blomarker changes with intravenous treprostnil therapy for
403-11. y arterial hyp: a placebo wial. J Heart Lung

6. laccarino D, e al. Rammaka‘ndsmdyd:si;nofmzommal()pnal
of stent struts

Transplamt 2010; 29: 137-49.
13 M:uu;hlln Vv, n-l Addition nuuh-led treprostinil to oral therapy for

in padents with ST- acute Y d
comparison of the inuEpide tRapidil eluting stent vs. wxus drug-
eluting stent implantation. J Cardiovasc Med (Hagersiown) 2010; 11: 536~
43.

Preparations
Proprietary Preparations (details are given in Volume B)

Braz.: Travisco; Ger.: Rocornal;
Ital.: Travisco; Jpn: Rocornal.

Treprostinil usan,

15AUBY; BW-15AU; BW-15AU81; .LRX-15; -Tréprostinil;
Treprostinilo;: Treprosnnllum TJeprosunol U-62840; UT-15;
TpenpocHun: -
‘{{(TR.2R.325,9a5)-2,3,3a,4,9,9a-Hexahydro-2-| hydroxy- '[(35)-3-
_hydroxyoctyl- I‘i-benz{r]lnden-s-yl}oxy)acenc add.

"CaH3,05=3905-
045—81846-19-7 e
ATC — BOIAQ2I. °

ATC Ver — QBOTAC2!.
UNI — RUMGKE7ESG.

Treprostinil Sodium vy

Natrii Treprosunllum Tréprostinil Sodnque Treprosunulo
sodico; Hatpuit Tpenpoctwhwn.

CaatlsyNa0s=4125
CAS — 289480-64-4.
ATC — BOIAC21.

ATC Vet — QBOIAC21. RO
UNII — 7/Z75N2NT6. - - R

Uses and Administration

Treprostinil, a vasodilator and platelct aggregation lnhibltor,
is an logue of the prostagl pop: nol (prosta-
cyclin; p. 1374.3) and is given in the treatment of
pulmonary hypertension (p. 1278.2). Treprostinil sodium is
given by continuous subcutaneous infusions; if this route
cannot be tolerated, treprostinil sodium may be given by
continuous infusion through a central venous catheter.
Doses are calculated in terms of treprostinil: treprostinil
sodium 1.32nanograms is equivalent to about 1.25nan-
ograms of treprostinil. The infusion is started with a dose
equivalent to treprostinil 1.25 nanograms/kg per minute; if
this is not tolerated the dose should be halved. The infusion
rate can be increased according to patient resp by

lled clinical trial.
J Am Coll Cardiol 2010; 55: 1915-11

Adminisiration. A study! in 23 patienis with pulmonary
hypertension who were treated with subcutaneous infu-
sion of treprostinil found that a rapid dose-escalation regi-
men (weekly or twice-weekly increments of 2.5nano-
grams/kg per minute) lowered infusion-site pain and
improved 12-week exerdse outcomes without increasing
adverse events when compared with a slower dose-escala-
tion regimen (weekly increments of 1.25 to 2nano-
grams/kg per minute).

Triamierene pav, usany, NN ®

NSC-77625; SKF-8542; Triamtereeni; Triamteren; Triamterén;
Triamterenas; Triamtéréne; Triamtéreno; Triamterenum;
Triantéreno; Tpnamtepen.

6-Phenylpteridine-2,4,7-triamine; 2,4,7-Triamino-6-phenylp-
teridine.

CiaHuN=2533

CAS — 39%6-010.

ATC — C030802.

ATC Vet — QC03DB02.

UNIl — w582 IZSZLO

1. Skoro-Sajer N, et al, A dinical comparison of slow- and rapid-:
wreprostinil dosing regimens in patients with puimonary hypertension.
Clin Pharmacokinet 2008; 47: 611-18,

Administration in irment. Clearance of tre-
prostinil is reduced in patients with hepatdc impairment.
Licensed product information recommends that the initial
dose of the infusion should be 0.625nanograms/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 treprostinil infusion was reported’ to be safe
and effective in 3 patents with end-stage liver disease,
including 1 patient who was given 106 nanograms/kg per
minute for 2 years.

Caution is also advocated when titrating upwards from
the injtial dose of inhaled treprostinil in patients with mild to
moderate hepatic impairment.

1. Sakai T, n al. l.niml

using
arterial i
with cnd'sule Bv:rduease Transpl Int 2009; 22: 554-61.

Peripheral vascular disease. Prostaglandins have been
used for their vasodilating effect in the weatment of per-
ipheral vascular disorders (p. 1272.3), although their role
remains undear. They may be of benefit in severe Ray-
naud’s syndrome (see Vasospastic Arterial Disorders,
p. 1275.3) that is complicated by ulceration, and subcuta-
neous treprostnil was used' successfully to treat severe
refractory digital necrosis in a patient with Raynaud's dis-
ease and scleroderma.

1. Bngel G. Rockson SG. Treprostnil for the weaunent of severe digital
necrosis in systemic sclerosis. Vasc Med 2005; 10: 29-~32.

Adverse Effects and Precautions

As for Epoprosienol, p. 1375.3; infusion-site reactions are
common. Inhaled treprostinil has been associated with signs
of local irritation including haemoptysis (fatal in one case),
and ia. Treprostinil should be used with caution in

in padents

increments of up to 1.25 nanograms/kg per minute each
week for the first 4 weeks, followed by increases of up to
2.5 nanograms/kg per minute each week. There is limited

hepatic impairment.

Inferactions

NOTE. c p d preparations of triamterene may be

represented by lhe following names:

« Co-triamterzide (BAN)—triamterene 2 parts and hydro-
chlorothiazide 1 part {w/w)

o Co-triamterzide (PEN)—triamterene and hydrochloro-
thiazide.

Pharmacopoeias. In Chin., Eur. (see p. vii), Jpn, and US.

Ph. Eur. 8: (Triamterene). A yellow, crystalline powder.

Very slighily soluble in water and in alcohol. Protect from

light.

USP 36: (Triamterene). A yellow, odourless, crystalline
powder. Practically insoluble in water, in chloroform, in
ether, in benzene, and in dilute alkali hydroxides; very
slightly soluble in alcohol, in acetic acid, and in dilute
mineral acids; soluble 1 in 30 of formicacdid and 1 in 85 of 2-
methoxyethanol. Store in airtight containers. Protect from

light.

Uses and Administration

Triamterene is a weak diuretic with potassium-sparing
properties which has actions and uses similar to those of
amiloride (p. 1299.1). It produces a diuresis in about 2 to 4
hours, with a duration of 7 to 9 hours. The full therapeutic
effect may be delayed until after several days of treatment.

Triamterene adds to the natriuretic but diminishes the
kaliuretic effects of other diuretics. It is mainly used, as an
adjunct to thiazide diuretics such as fydrochlorothiazide
and loop diuretics such as furosemide, to conserve
potassium in those at risk from hypokalaemia during the
treatment of refractory oedema associated with hepatic
cirrhosis, heart failure (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 treatment of
oedema, the oral dosage range is 150 to 250 mg daily, given
in 2 divided doses, after breakfast and lunch. Doses may be
given on alternate days for maintenance therapy. More
than 300 mg daily should not be given.

Smaller doses are used initially when other diuretics are
also given. When used with hydrochlorothiazide, for

ple, in the treatment of hypertension, an initial dose

experience with doses above 40 /kg per
Treprostinil may also be given by inhalation in an initial
dose of 18 micrograms inhaled 4 times daily, reduced to 6 or
12 micrograms inhaled 4 times daily if the higher dose is not
tolerated. Dosage should then be increased in increments of
18 micrograms every 1 to 2 weeks as tolerated, t0 a

Since treprostinil is a vasodilator and inhibitor of platelet
aggregation, care should be taken in patients receiving other
vasodilators or anticoagulants.

Pharmacokinetics

of 50 mg of miamterene daily may be used.
Potassium supplements should not be given.

Adverse Effects

maximum 1 ice dose of 54 microgr inhaled 4
times daily.

The dose of treprostinil should be reduced in hepatic
impairment, see below.

Intravenous treprostinil has been investigated for
intermittent claudication.

References.

1. Moller ER, « ai. Trial of a novel prostacydin analog. UT-15, in patients
wnh severe intermiuent dnudxnnon Vase Med 2000; 5: 231-7.

2. G, etal. Conui infusion of i
prostacyclin analogue, in patients with pulmonary arterial hyp:r
tension: a double-blind. randomized placebo-controlled trial. Am J Respir
Crit Care Med 2002; 165: 300-304

Treprostinil sodium is rapidly and completely absorbed after
subcutaneous injection. It is metabolised by the liver and
eliminated with a terminal half-life of about 4 hours. About

80% of a dose is excreted in the urine, mainly as.

As for Amiloride Hydrochloride, p. 1299.2. Triamterene has
also been reported to cause photosensitvity reactions,
increases in uric acid concentrations, and blood dyscrasias.
Renal calculi may occur in susceptible patients, and

loblastic ja has been reported in patients with

metabolites. The systemic absolute bioavailability of inhal
treprostinil is about 64% after an 18 microgram dose and
about 72% after a 36 microgram dose.

References.

1. Wade M, o al. Absolute ilability and ph
inil sodium admi d by acute

Pharmacol 2004; 44: 83-8.
2. Wade M, et al. Ph of sodium by
28-day chronic continuous subcutancous infusion. J Clin Pharmacol

3. Vachm'yJ-Ldal- i from IV to
y anerial h Chest 2002; 121: 1561~ 2004; 44: 503-9.
3. Lalibenie K. ef al. P ics and sicady biveg of
4. Oudlz RJ. et al. hepmsmﬂ. a pvosucvdl 1! in Y inil sodium the i and
arterial hyp ssue disease. Chest subcutaneous route 10 normal volunteers. J Candiovase Pharmacol 2004;
2004; 126 420-7. 44: 209-14.

All cross-references refer to entries in Volume A

. o
infusion. J Clin

dcpler.ed folic acid stores such as those with hepatic
cirrhosis. Reversible renal failure, due either to acute
interstitial nephritis or to an interaction with NSAIDs (see
under Interactions, p. 1519.2) has occurred.

Incidence of adverse effects. In a postmarketing surveil-
lance study of 70898 patients' taking triamterene with
hydrochlorothiazide the most common adverse effects
were fatigue, dizziness, and nausea. Adverse effects neces-
sitated withdrawal in 8.1% of patents. A subgroup analy-
sis of 21731 patients® indicated that hyperkalaemia was
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more common in elderly patients and in those with dia-
betes mellims.

L NK, cw. il in 70.898
patients treated with a jazid i
{Maxzide). Am J Cardiol 1989; 63: 37B—41B.

1. Hollenberg NK. Cw. in diabetes meilitus:
effect of a hyd: Arch intern

Med 1989; 149: 1327-30.

Effects on the blood. There have been case reports of pan-

cytopenia associated with triamterene therapy.'? Some

padcnts had hepatic drrhosxs and r.he antlfolatc activity of

o 1e was consid

1. G G, et al. P, aguda y medular

durante el watemiento con wriamierene de h asditis causada por drrosis
hepdtica: aportacién de dos asos. chnmmul Hepatol 1983; 6: 5404.

2 cha A etal T duced is: report of two
new cases, mdrzv(ewollhellmnmﬂwlclmﬂumml 1983; 5: 127~
34

Effects on the hdneys. There have been reports'™ of renal
caleuli cc g or its b

in patients also mkmg hrydrochlorothiazide. An abnonnal
urinary sediment, which was thought to represent precipi-
tated miamterene, was described.’ These observations
were ‘expanded in a crossover study:® abnormal urinary
sediment was seen in 14 of 26 patients taking i

Triamterene may interfere with the fluorescent
measurement of quinidine. It may slightly colour the
urine blue.

Interactions

(Tpuam-x0)t: Triampur C itum (T K y™);
Triamtel (Tpuascren); S.Afr.: Dyazide; Renezide: Simgapore
Apo-Triazide; Spain: Salidur; Switz.: Dyrenium compositumt;
Thai.: Dinazide; Dyazide; Twrk.: Triamteril, UK: Dyazide;
Dytidet; Frusene; Kalspare; Triamco; Ukr.: Triampur Composi-
tum (T, P K yw); USA: Dyazide; Maxzide.

As for Amiloride Hydrochloride, p. 1299.3.

Digoxin. For a report of the effect of triamterene on
digoxin concentrations, see p. 1357.2.

Dopaminergics. For a report of increased amantadine toxi-

" dty associated with hydrochlorothiazide and triamterene,

see p. 892.2.

NSAIDs. There have been several reports of renal failure
in pati taking tri and NSAIDs.!? Both types
of drug are nephrotoxic and in combination the effect
appears to be additive.>* It has been suggested that the
suppression of urinary prostaglandins by NSAIDs could
potentiate the nephrotoxic effects of triamterene.!

NSAIDs may also antagonise the diuretic action of
triamterene.®

1. Favre L, et al. Reversible acute renal failure from combined triamterene
and indomethacin: a study in healthy subjects. Amrt fntern Med 1982; 96:

but in none-taking amiloride. Triamterene and its metab-
olites ‘were identified by others in 181 of 50000 renal cal-
culi.” Triamaterene either formed the nudleus of the stone
or was deposited with caldum oxalate or uric add. One-
third of the 181 stones were entirely or mainly composed
of triamterene and its metabolites and it was suggested
that supersaturation of the urine with these substances
could provide suitable nuclei for the crystallisation of cal-
cium oxalate.* However, other workers were unable to
confirm this and suggested that triamterene and its metab-
olites could become incorporated into the protein matrix
of existing stones.” In addition, an epidemiological study'®
found no evidence that triamterene use was associated
with an increased incidence of remal stones. Some
authors'! have therefore considered that there was not
enough evidence to conmra-indicate the drug in patients
with a history of recurrent renat calculi.

Deposition of triamterene in the urine may also play a
part in the development of interstitial nephritis, which was
diagnosed in 4 patients also taking hydrochlorothiazide,
over a period of 4 years.®

Triamterene has also been associated with transient
decline in renal function and the development of renal
failure.'*!* Several mechanisms may be responsible
incdluding interstitial nephritis, intrarenal obstruction by
crystalline deposits, and an interaction with NSAIDs (see
under Interactions, below).!* Elderly patients may be
particularly at risk.'?

1. Euinger B, eral. T tnduced hrolichiasis. Armmt intern Med
1979; 91: 743-6.

2. Socolow EL. Tri induced Ann intern Med 1980;
92: 437.

3. Gault MH, e al. Triamterene urolithiasis. Can Med Assoc J 1981; 124:
1556-7,

induced

4. Grunberg RW. Silberg SJ. Tri is. JAMA
1981; 245: 2494-5.

3. Fairley KF. ef al. Abnormal urinary sediment in patients on triamterene.
Lancet 1983; & 421-2.

6. Spence JD. e al. Effects of triamterene and amiloride on urinary
sediment in hypertensive patients taking hydrochlorothiazide. Lancet
1985; ii: 73-5,

7. Ettinger B, «f al. Triamterene nephrolithiasis. JAMA 1980; 244: 2443-5.

8. White DJ, Nancollas GH. Triamterene and renat stone formaron. J Urol
(Baltimore) 1982; 127: 593-7.

9. Wemess PG, ¢ al. Tri i ility, pK. effect on
aystal formation. and matrix binding of trlamterene and its metabolites.
J Lab Clin Med 1982; 99: 25462,

10. Jick R, er al. Triamicrene and renal sioncs. J Urof (Boltimore) 19382:; 127:
224-5.

11. Woolfson RG, Mansell MA. Does triamterenc cause renal calculi? BMJ
1991: 303: 1217-18.

12. Lynn KL et al. Renal failure with potassium-sparing diuretics. N 2 Med J
1985; 98: 629--33.

13. Sica DA, Gehr TWB. Triamterene and the kidney. Nephron 1989; S1:
454-61.

Effects on the skin. Photodermatitis has been reported in a
patient taking triamterene.! Pseudoporphyria, possibly
assodated with exposure to sunlight, occurred in a patient
with vitiligo during treatment with triamterene and
hydrochlorothiazide.
1. Ferndndez de Corres L, ef al. Photodermatitis from triamterene. Comtact
Dermatitis 1987: 17: 114-15.
2. Motley RJ. Pseudoporphyria due to Dyazide in a patient with vitiligo,
BMJ 1990; 300: 1468.

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 calculi
Patients with depleted folic acid stores such as those with
hepatic cirrhosis may be at i i risk of loblastic
anaemia. :

The symbol t denotes a preparation no longer actively marketed

317-20.

2. M, Ekblom-Kullberg S. Rwersihle deledauﬂon of renal
function atrer di in patient ng BMJ 1986;
293: 698-9.

3. Bailey RR. Adverse renal i idal and-infl
drugs and potassium-sparing d.iumiu. Adverse Drug React Bull |9u
(Aug.): 492-5.

4. Lynn KL. & al. Renal failure with potassium-sparing diuretics. N Z Med J
1983; 98: 629-33.
3. Sica DA, Gehr TWB. Triamterene and the kidney. Nephror 1989: 51
454-61.
6. Webster J. Interactions of NSAIDs with diurctics and B -blockers:
and dinical i ions. Drugs 1985; 30: 32-41.

Pharmacokinetics

Triamterene is variably but fairly rapidly absorbed from the
gastrointestinal tract. The bioavailability has been reported
to be about 50%. The plasma haif-life has been reported to
be about 2 hours. It is estimated to be about 60% bound to
plasma proteins. It is 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.

BP 2014: Co-triamterzide Tablets; Triamterene Capsules;

USP 36: Triamterene and Hydrochlorothiazide Capsules;
Triamterene and Hydmchloror.hxaztde Tablets; Triamterene
Capsules.

Tnchlormeihnqzude [dNNl‘ ®

dlaane-7-sulphonamnde H—dlo ld
CaHgCliN;0,5,=3806
CAS — 13367-5.

ATC — C03AA06. .
ATC Vet — QCO3AAC6. -
UNI— QS8C92TUNO. - - .

Pharmacopoeias. In Jpr and US.

USP 36: (Trichlormethiazide). 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 of chloroform, 1 in about 4 of dimethylformamide, 1 in
about 9 of dioxan, and 1 in 1400 of ether; freely soluble in
acetone; soluble in methyl alcohol.

Profile

Trichlormethiazide is a thiazide diuretic with properties
similar to those of hydrochlorothiazide (p. 1404.2). It is
given orally for oedema, induding that associated with
heart failure (p. 1262.3), and for hypertension {p. 1251.1).

Diuresis begins about 2 hours after an oral dose, and lasts
about 24 hours.

In the treatment of oedema a usual dose has been 1 to
4mg daily or intermittently. In the treatment of hyper-
tension a usual dose has been 2 to 4mg daily, cither alone,
or with other antthypertensives. In some patients 1 mg daily
has been adéquate.

References.
. Pruitt AW, eral. in the fate of i Clin Pharmacol Ther "
1977; 21: 610-19. Preparations

2. Gundernt-Reruy U, et of. Plasma and urinary levels of and : "
cernain after oral to man, ExrJ Clin Pharmac |  Proprieary Preparations (details are given in Volume B)

1979; 16: 39-44.

3. Gilfrich HJ, et al. Ph of ui; after it Multi-i > Do 9 TR . . -
to man: determination of bicavailability. Bur J Clin le'm( 1983; 23; lex: JP;: I, b Fin.: Uremen Comp; Gr.: Tensi
237-41. P d

4. SorgelF, eral. Oral trtamuerene disposition. Clin Pharmacol Ther 1985; 38:

306-12. Pharmacopoeial Preparations
$. Fubir U, et al. Rate-limiting bi of is USP 36: Trichlormethiazide Tablets.

by CYPLA2. Int J Clin Pharmacol Ther 2005: 43: 327-34.

Hepatic impairment. Triamterene clearance was markedly
decreased in 7 patients with alcoholic dirrhosis and
ascites.! The diuretic effect lasted for up to 48 hours in dr-
rhotic patients compared with 8 hours in healthy controls.

1. Villeneuve JP, ¢t al. Triamterene kinetics and dynamics in drrhosis. Clin
Pharmacol Ther 1984; 35: 831-7.

Renal impairment. Urinary excretion of triamterene and
its metabolite, hydroxywriamterene sulfate, was signifi-
cantly reduced in patients with renal impairment' and in
the elderly whose renai funmon was reduced.? Accumula-
tion of the active b was possible in p with
renal impairment.’

1. Knauf H, & al. Delayed elimination of triamcerene and its acuive

metabolite in chronic renal failure. Eur J Clin Pharmacol 1983; 24: 453~6.
2. w-llums RL, et al i and il of wo

of b and of age
and renal function, Clin Pharmacol Ther 1986; 40: 226-32,

Preparations

Propriefary Preparations (details are given in Volume B)
i Preparations. Belg.: Dytac; UK: Dytact: USA:

Dyrenium.

Multi-ingredient Austral.: Hydrene: Austria: Con-
fi Dytide H; Triamteren comp; Triastad HCT; Belg.: Dyta-
Urese; Dytenzide; Braz.: Di Canad.: Apo-Tria-
zide; Novo-Triamzidet; Nu-Triazidet: Pro-Triazide: Riva-Zide;
Chile: Drinamil; Hidroronol T; Uren; China: No 0 (09); Fin.
Furesis comp; Uretren Comp; Fr.: Isobar; Prestole; Ger.: Beta-
Turfad; dehydro sanol tri; Diu Venostasin; Diucomb; Diureti-
kum Verla; Dociteren; Dytide H: Neotri; Nephral: Propra comp;
Tri-Thiazid; Triampur Compositum; Triamteren comp; Triamte-
ren HCT; Triamteren tri-compt; Triareset; Turfa; Veratidet;
Gr.. Dyberzide: Homg Komg: Apo-Triazide; Dyazide; India:
Ditide; Frusemene; Irl.: Dyazide: Ital: Fluss; Mex.: Dyazidet;
Neth.: Dyta-Urese: Dytenzide; NZ: Triamizidet; Port.: Dyazide;
Triam Tiazida R; Rus.: Apo-Triazide (Ano-tpmamn); Triam-Co

'I'nﬂusal (BAN, NN _
Trftuzsl, UB-1501; Tpu-

5
&
g
%
.
ES
c
x:’,

pnycan..
2 Acetuxy~4—trlﬂuoromethy!benzo|c acnd O-Acetyl~4—(tn-
ﬂuommethyl)sahcyllc aci
CigHyF0,=2482
CAS == 322-79-2.
ATC — BOIACI8.
ATC Ver — QBOTACIS. PRI

UNIF — 120YFIDSOO. - E

Pharmacopoeias. In Eur. (see p. vii).

Ph. Eur. 8: (Triftusal). A white or almost white crystalline
powder. Practically insoluble in water; very soluble in
dehydrated alcohol; freely soluble in dichloromethane.
Store in airtight containers at a temperature not exceeding
25 degrees.

Profile

Triflusal reduces platelet aggregation by inhibiting cydo-
oxygenase-1 and phosphodxestexases. It is used in the

of thromboembolic disorders (p. 1273.2) in
usual oral doses of 300 to 900 mg daily.

References.
1 MuldnchD Plosker GL. Triflusal: amvkwolluuuhmzbnl
and and 23

atrial fibrillation. Dngszooe 66 671-92. .

2. Gonzilez-Correa JA, De La Cruz JP. Triflusal: an antiplatelet drug with a
neuroprotective effect? Cardiovasc Drug Rev 2006; 24 11-24.

3. Gémez-Isla T, et al. TRIMCI Study Group. A randomized, double-blind,
placebo controlled-trial of wiflusal in mild cognitive impairment: the
TRIMCI study. Algheimer Dis Assoc Disord 2008; 23: 21-9.

4. Anninos H, ¢ al. Triflusal: an old drug in modern antiplatelet therapy.
Review of Its action, use, safety and effectiveness. H:lknkJCndbl 009;
50: 199-207,

The symbol & denotes a substance whose use may be restricted in certain sports (see p. viil)
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Preparations

Proprietary Preparations (details are given in Volume B)
Preparcfions. Arg.: Disgren; Braz.: Disgren;

Gr.: Aflen; Reoflen; Hung.: Disgrery Indon.: Grendis; Hal.: Tri-

flux; Malaysia: Grendis; Mex.: Disgren: Philipp.: Grendis: T-

Bren: Port.: Tecnosal; Spaim: Anpevalt; Disgren; Thai.: Gren-

dis; Ukr.: Disgren {(IIACTPEH); Vemez.: Disgren.

Tnmeluzldme Hydrochloride panm, innw

ziding;.T nmetasldlimdlhydroldoﬂdn,
Tnmetazudlna. hldrodoruro de;

métazdme, dichlorhydrate de;’
ride; Trlmetazldlnr dihydrochlor-

ydrochloride; : Tpume'rasnnuna

l'unpoxnopwn-

142,34 Trimethoxybenzyl)piperazine dihydrochlonde
C1HpN;O,2HCI=3393

CAS — 5011-34-7 (trimetazidine); 13171-25-0 (trimetazidine
hydrochloride)... .

ATC — CO1£BIS.

ATC Vet — QCOIEBIS,

UNII forms 48V6723Z 1P

Phunnacopoelas. In Eur. (see p. vii) and Jpn.

Ph. Eur. 8: (Trimetazidine Dihydrochloride; Trimetazidine
Hydrochloride BP 2014). A slightly hygroscopic, white or
almost white crystalline powder. Freely soluble in water;
sparingly soluble in alcohol. Store in airtight containers.

Profile

Trimetazidine hydrochloride is used in angina pectoris
(p. 1254.3); however, following concerns over its
questionable efficacy and reports of movement disorders
such as parkinsonism, restless legs syndrome, tremor, and
gait instability (see Effects on the Nervous System, below),
the EMEA in Burope has rec ded that tri idine
should only be used as second-line, add-on therapy in the
treatrent of stable angina pectoris. The usual dose is 40 0
60mg given daily in divided oral doses, although higher
doses have been used in some countries (as modified-release
preparations). It should be given with caution to the elderly
and to patients with renal impairment. Therapy should be

at:  hap://iwww.cma.europs.eu/docs/en_GB/document library/Press_
release/2012/06/WC500)29070.pdf (accessed 11/10/12)

Preparations

Propristory Preporafions (details are given in Volume B)
Single-ingredient Preparolions. Arg.: Vastarel: Austria: Vastar-
el Braz.: Vastarel; Chile: Vastarel; China: Aiyiling (R184);
Vasorel (Ji¥h); Ze Wel Er (J4/K); Cz: Adexor}; Portora;
Preductal; Zilutra; Demm.: Vastarel; Fr.: Vaswel. Gr.: Atanol,
Imovexil; Intervein; L Li TH;

be followed by a dose of 50mg aher a further 5 minutes if
the response is still inad should conti
with a maintenance infusion of 9 to 30mg/hour once the
blood pressure is sufficientdy réduced.
Reviews.
1. Dooley M, Goa KL. Urapidil: a reappraisal of its use in the management
of hypertension. Drugs 1998; 36: 929-55.
2. Buch J. Urapidil. a dual-acting anthypertensive agent: current usage
considerations. Adv Therapy 2010; 27: 42643.

Adverse Effects and Precautions

Trimedor; Trimevert; Vastarel; Zidin; Hong Kong: I; Tri-
vedon; Vastarel; Hung.: Adexor; Mezitan; Moduxin; Preductal:
India: Cardimax; Carvidon; Cytogard; Flavedon. Invidon; Isve-

don; Kardin; Mayozest: M dt; Myovedon; Tri-
vedon; lndon. Tnzcdon Irl.; Vastarel; Ital.: Vaslarcl.Malayna'
M : Philipp.:. Angimax; Angirel;

Carvidon: I.onguyf- Tazinett; Tazz; Trimerel; Vassapro; Vastar-
el; Vestar; Pol.: Cyto-Protectin; Metazydyna; Preductal; Prote-
vasc; Setal; Trimetaratio; Port.: Tacirel: Trimepharmat: Vastar-
el; Rus.: Angiozil (Asrwoawn); Angitsl (Anrwman); Antisten
{Antucrex); Carditrim (Kapautpuu): Deprenomm {(lenpenopm):
Medarum  (Menapyn); Metagard (Merarspn);  Prebructal
(MpeBPyxran); Predizin (Tlpemnoun); Preductal ([lpemyxran);
Rimecor (Pumexop): Trimekial (Tpmzmn) Tnmet (Tpnnn)
Tri ide (Tp Smgnponr jadi gard; Vas-
tarel; Spain: ldap Thai.: 8! Tnzldme, Vas-
tarel; Vastinol: Turk.: Sitorel: Vastarel; Ukr.:. Cardimax
(Kapmimaxc)t: Carductal (Kapayxran); Energoton (3meproton);
Metazidin  (Metaounnn); Predizin  (Tlpemwsur);  Preductal
(Mpeayxran); Tricard (Tpuxapx); Triductan (Tpumywran); Vemez.:
Vasarel.

Urapidil is reported to be well-tolerated, with adverse effects
generally transient and most frequent at the beginning of
therapy. Dizziness, nausea, headache, fatigue, orthostatic
hypotension, palpitations, ner pruritus, and
allergic skin reactions have been reported.

It should be used with care in elderly patients and those
with severe hepatic impairment. Intravenous urapidil
should not be used in patients with aortic stenosis.

Urinary incontinence. Enuresis in 2 elderly patients was
reported' to be associated with the use of urapidil.
1. Jonville A-P, &1 ai. Urapidil and enuresis. Lancet 1992; 339 688

Pharmacokinetics

After oral doses urapidil is rapidly absorbed with 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 20% of

Multi-ingredient Preparations. Ukr.: Cardasin (K.

Tripamide [usan, NN ©

ADR-033; E-614; Tripamida; Tripamidum; Tpunamma.
4-Chloro-N-endo-hexahydro-4,7-methanoisoindolin-2-yi)-3-
sulphamoylbenzamide.

CigHaoCIN;0,5=369.9 ..

CAS — 73803-48-2

UNIl — G3G6AOESCVT.

Profile

unch d drug. The elimination hall-life is reported to be
about 4.7 hours when given orally as capsules and about 2.7
hours after intravenous dosage.
Reviews.
1. Kirsten R, et al. Clinical pharmacokinetics of urapidil. Clin Pharmewkinet
1988; 14: 129-40.

Preparations
Proprietary Preparations (details are given in Volume B)

i Preparations. Austria: Ebrantl; Hypouit; Belg.:
Ebrantil; China: Ebrantil (I 7%); Jie Ping (M#F); Jie Tong (&
#&); Lao Mai Na (3 ##); Lixiding (FI¥€); LuoHao (Fi); Ya
Li Di (EH#); Yu You Ding (#{L5E); Cz.: Ebrantil: Fr.: Eupres-
syl; Medi | Ger.. Ebrantil; Hung.: Ebranal: Ital.: Ebrandl;

Tripamnide is a diuretic structurally related to indapamide. It

is used in the weaunent of hypenension.

stopped permanently in patients who develop mo
disorders and neurological consultaton sought if such
adverse effects persist for more than 4 months after stopping
the drug.

Trimetazidine has also been used in the symptomatic
treattnent of vertigo, tinnitus, and Méniére's disease.
However, its benefit in these indications has not been
shown and the EMEA recommends against such use.
References.

1. McClellan KJ, Plosker GI- Trimetazidine: a review of its use in stable

pectoris and other corenary conditions. Drugs 1999; 58: 143-57.

2. Clappond A, & al. Trimewazidine for stable angina. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester: John
‘Wiley; 2003 (accessed 24/01/06).

3. Danchin N. Clinical benefits of a i
in revascularized patients with angina. Am.lanﬂolzooo 9l(suppl) 8)~
130.

4. Banach M. o 4l The role of trimetazidine afier acute myocardial
tnfarction. Qar Vax Pharmacol 2008: 6: 282-91.

5. Di Napoli P. Taccardi AA. Trimetazidine: the future of cardiac function?
Faaure Cardiol 2009; %: 421-4.

6. Gao D, of al. lysis of
makmhmhlmﬂwv]oll 97 278—66

7. Zhang L et al. Additional use of zimetazidine in patienis with chronic
heart failure: a meta-analysis. 7 Am Coll Cardiof 2012: $9: 913-22.

Effects on the nervous system. Eight elderly patients aged
between 72 and 94 years were reported! to have devel-
oped signs of parkinsonism while taking trimetazidine; the

insonism regressed completely when the drug was
stopped. A retrospective study? found that adverse effects
on motor functon, incduding parkinsonism, gait disorders,
and tremor, occurred in 56 of 130 patients taking trimeta-
zidine and were more common in older patients.

In June 2012, the EMEA in Europe recommended new
contra-indications and warnings to reduce the risk of
mo disorders with tri idine.’ The agency was
aware of reports of movement disorders such as
Parkinsonian symptoms, restless legs syndrome, tremor,
and abnormal gait with trimetazidine and advised against its
use in patients with a history of such disorders. It was also
recommended that treatment with trimetazidine be
permanently stopped in those who develop movement
disorders.

1. Marti Mass6 JF. i por dis ia 2004; 19:
392-8.
2. Mard Massé J-F. & al induces i gait
disotdas and wemor. Therapie 2005; 60: 419-22.
3. Agency se of
d {issued 22nd June. 2012). Avmhble

All cross-references refer to entries in Volume A

Preparations

Proprietory Prep: {details are given in Volume B)
Single-ingredient Preparations. Jpm: Normonal; Thai.: Normo-
nal.

Urapidil pan, i

B-66256M; Urapldull Urapidilum; Ypanuawn.

6-(3- (4-0-Methoxypheny(pnperazm— -yDpropylamino]-1,3-
dimethyluracil.

CooHaoNs05=3875

‘CAS — 34661-75-1.

ATC — C02CA06. . ..

ATC Vet — QCO2CA06,

UNIf — A78GF17HIS.

Pharmacopoeias. In Jpn.

Urapidil Hydrochlonde [BANM, dNNV

Hidrodorro de’ ump»dil Urapidil, Chlorhydrate d; Urapidi,
hidrocloniro “de;” Urapidili- Hydrochloridum; Ypanunvma
Tuppoxnopua. * -

CaoHagNsO3HC1=4239

CAS.— 64887-14-5.

ATC — CD2CA0E.

ATC Vet — QCO2CAQ6.

Uses and Administration

Urapidil is an antihypenensive drug that is reported 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 fall in systolic and
diastolic blood pressure, usually without reflex tachycardia.

Urapidil is used in the management of hypertension
(p. 1251.1). including hypertensive crises.

Urapidil is given orally as the base and intravenously as
the hydrochloride, but doses are usually expressed in terms
of the base. Urapidil hydrochloride 10.94 mg is equivalent to
about 10mg of urapidil. Urapidil fumarate has also been
glven orally.

In hypertension oral doses of 30 to 90 mg are given twice
daily. In hypertensive crises a suggested regimen is to give
an initial dose of 25 mg by slow intravenous injection over
20 seconds, repeated if necessary after 5 minutes. This may

Neth.: Bbrantil; Pol: Ebrantil; Port: Ebrantil: Rus.: Ebrandl
(J6pawtmn); Spaim: Elgadil; Switz.: Ebrantl: Ukr.: Ebrandl
(D0panTun).

Urokinuse [BAN, USAN, dNN)

Urok:naasn Urolunas Urokinasa; Urokinasum;. Urokinaz
Urokinazé; Urokinaz; Uroquinasa; Ypokuraza.

CAS — 9039-53-6,
ATC — BO1ADO4;
ATC Vet — QB01AD04. -

UNIt — 83G67E21X.

N =
Pharmacopoeias. In Chin., Eur. (see p. vii), and Jpn.

Ph. Eur. 8: (Urokinase). An enzyme isolated from human
urine that activates plasminogen. It consists of a mixture of
low (33 000) and high (54 000) molecular mass forms, the
high molecular mass form being predominant. The potency
is not less than 70 000 international units per mg of protein.
A white or almost white, amorphous powder. Soluble in
water. Store in airtight c at a np ure not
exceeding 8 degrees. Proteat from light.

Sicbifty. Solutions of urokinase comtaining 2500 to
25 000 units/mL were found to be stable in single-use syr-
inges when stored at -30 degrees for 30 days and also
when stored frozen for 7 days, thawed, and refrozen for a
further 23 days.!

1. Dedrick SC, Ramirez-Rico J. Patency and stability of frozen urokinase
solutions in syringes. Am J Health-Syst Pharm 2004; 61: 1586-9.

Units
The potency of urokinase is expressed in international units.
Preparations are assayed using the first International
Reference Preparation (1968), a mixture of low-molecular-
weight and high-molecular-weight urokinases. The first
International Standard for high-molecular-weight uro-
kinase was established in 1989 for use with preparations of
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
found in human urine. It directly converts plasminogen to
its active form plasmin, resulting in fibrinolysis and
dissolution of blood clots. The mechanisms of fibrinolysis
are discussed further under Haemostasis and Fibrinolysis on




Trimetazidine Hydrochloride/Valsartan 1521

p. 1124.3. Urokinase affects circulating, unbound plasmino-
gen as well as fibrin-bound plasminogen and thus may be
termed a fibrin-nonspecdific thrombolytic (see p. 1245.3).

Urokinase is used similarly to sm:ptokmase {p. 1503.1) in
the rent of thromb disorders induding
venous thromboembolism (pulmonary embolism and deep-
vein thrombosis; p. 1274.1) and peripheral arterial
thromboembolism (p. 1273.3). It is also used to clear
occluded catheters and cannulas. Urokinase has been used
in myocardial infarction and for clearing clots after
haemorrhage within the eye.

In the treatment of thr

urokinase is given by intravenous infusion in an initial
dose of 4400 units/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 for 12 to 24 hours in
deep-vein thrombosis; 100 000 units/hour for 2 to 3 days is
an alternative maintenance dose for deep-vein thrombosis.
Patients with pulmonary embolista may be given urokinase
by bolus injection instead, in a dose of 15 000 units/kg into
the pulmonary artery. The injection may be given, with the
dose adjusted according to plasma-fibrinogen concentra-
ton, up to 3 tmes in 24 hours.
In the treattment of peripheral arterial thromboem-
boli a‘solution containing urokinase 2000 units/mL is
infused- into the clot via a catheter at a rate of
4000 units/iinute for 2 hours. Angiography should then
be performéd and, if flow has pot resumed, the catheter
should be advanced into the occluded vessel and the
infusion continued at the same rate for a further 2 hours.
The procedure may be repeated, if necessary, up to 4 times.
Once blood flow is re-established, the catheter should be
partiaily withdrawn and infusion continued at a rate of
1000 units/minute until the remaining dot has lysed; a dose
of 500000 units given over 8 hours is usually sufficient.

For clearing accluded intravenous catheters or
cannulas, 5000 to 25 000 units of urokinase is dissolved in
the volume of sodium chloride 0.9% that will completely fill
the catheter or cannula, which is then damped off for 20 to
60 minutes; the lysate is then aspirated and the procedure
repeated if necessary. Alternatively, up to 250 000 units may
be infused into the device over a period of 90 to 180

! holi.

Preparations
Proprietory Preparafions {details are given in Volume B)

Single-ingredient Preparations. Belg.: Actosolv; China: LuoXin
(#fX); Sairong (¥E3B); Youkai (ﬂﬂ) Cz: Rh bt; Pr.:

UK licensed product information for tablet formulations
includes an initial oral dose of 40 mg once daily for children
weighing less than 35kg which may be increased to a
maximum of 830 mg once daily if necessary. For children

ighing 35kg and over, the suggested initial dose is 80 mg

Actosolv; Ukidan; Ger.: Coraset: Rheotromb; Gr.: Abbokinase;
Syner-Kinase; Ukidan; Urochinasi; Hung.: Rheotromb; India:
Dukinase: KD-Umse. Medinase; Solokinase; Uni-Kinase; Israei:
Abboki - Jpm: L Neth.:. Medadnase; Singapore:
Abboki: Spm'n:l quidant; UK: Syner-Kinase.

Valsartan g usan, ing

CGP~4893§ Valsanaanl. Va{sartén Valsartanum, Banbsapran
N-{p-{o-1H-Tetrazol-5-yipheryllbenzyll- Mvaleryi-r.-vahne, N-
.Pentanoyl-N-[2'-(1H-tetrazol-5- yl)blphenyM-yImethy!] -
valine,

" CoFigNsO5=4355
CAS'— 137862-534. - .
ATC — C09CAG3. -,
ATC Vet — QC09CAOJ
“UNIL— 8OMO3YXU7.

Pharmacopoeias. In US.

USP 36: (Valsartan). A white or almost white, hygroscopic
powder. Practically insoluble in water; freely soluble in
anhydrous 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 US licensed product information provides
the following method for making 160mL of a suspension
containing valsartan 4 mg/mL:

» add 80mL of Ora-Plus (Paddock, USA) to an amber glass
bottle containing eight 80-mg tabiets (Diovasn, Novartis)
and shake for at least 2 minutes

« allow to stand for at least 1 hour then shake again for at
least 1 minute '

o add 80 mL of Ora-Sweet SF (Paddock, USA) to the bottle
and shake for at least 10 seconds

using a solution of 1000 to 2500units/mL in sodium
chloride 0.9%.
For doses in children, see below.

Administration in children. Urokinase may be used to
clear occluded intravenous catheters and central lines in
children in the same dose as for adults, see Uses and
Administration, p. 1520.3.

Catheters and cannulas. For reference to the use of uro-
kinase to maintain patency of long-term venous access
devices, see under Uses for Alteplase, p. 1297.2.

Adverse Effects, Treatment, and Precautions

As for Streptokinase, p. 1505.1. Serious allergic reactions
may be less likely to occur with urokinase than with
streptokinase.

Hypersensitivily. Allergic reactions are considered to be
less frequent with urokinase than with streptokinase.
However, in a series of 6 patients who had previously
been treated with streptokinase,' thrombolytic therapy
with urokinase for recurrent myocardial infarction was
associated with tigors in 4 patients, 2 of whom also devel-
oped bronchospasm. None of the patients had any history
of atopy.

1. Maisis P, Mann S. Rigors and bronchospasm with urokinase after
streptokinase. Lancet 1992; 340: 1552,

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dlassifies urokinase as not
porphyrinogenic; it may be used as a drug of first choice
and no precautions are needed.!
1. The Drug Database for Acute (labi
drugs-porphyria.org {accessed mmlu)

at: hup:

Transmission of infection. Some preparations of urokinase
are produced in cultures of human cells and there is a risk
of transmission of infection assodiated with their use.
Inferactions

As for Streptokinase, p. 1507.1.

Pharmacokinetics

After intravenous infusion urokinase is cleared rapidly from
the drculation by the liver. A plasma half-life of up to 20
minutes has been reported.

The symbol t denotes a preparation no longer actively marketed

The suspension can be stored for 30 days at or below 30
degrees or for up 10 75 days at 2 degrees to 8 degrees.

In the UK a licensed oral solution of valsartan 3 mg/ml. is
available.

Uses and Administration

Valsartan is an angiotensin II receptor antagonist with
actions similar to those of losartan (p. 1422.2). It is used in
the management of hypertension (p. 1251.1), to reduce
cardiovascular montality in patients with left ventricular
dysfunction after myocardial infarction (p. 1257.1), and in
the management of heart failure (see under Losartan
Potassium, p. 1423.2). )

Valsartan is given orally. After a dose the hypotensive
effect occurs within 2 hours, reaches a peak within 4 to 6
hours, and persists for over 24 hours. The maximum
hypotensive effect is achieved within 2 10 4 weeks. The
doses given below are for tablet and capsule formulations of
valsartan; oral liquids are also available (either as a
commercial preparation or an extemporaneous prepara-
tion) for use in children who have difficulty swallowing
tablets {see Administration in Children, below). The
bioavailabilities of solid and liquid formulations are not
equivalent.

In hypertension, valsartan is given in an initial dose of
80mg once daily. This may be increased, if necessary, to
160 mg once daily; the maximum dose is 320 mg once daily.

In heart failure, valsartan is given in an initial dose of
40mg twice daily. The dose should be increased, as
tolerated, 10 160mg twice daily.

In patients who have had myocardial infarction,
valsartan may be started as ecarly as 12 hours after the
infarction in clinically stable patients, in an initial dose of
20 mg twice 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 below.

Valsartan should be used with caution in patients with
renal or hepatic impairment and dose reduction may be
required in the latter (see below).

Reviews.
1. Markham A, Goa KL. Vaisartan: a review of its pharmacology and
therapeutic use in essential hypertension. Drugs 1997; 54: 299-311.
2 RipleyTL Valsartan in chronic heart failure. Ann Pharmacother 2005; 39:

3. M.lsu'yNB.nalm
aimgummremthahquondmialm ExmemeMmam
2006; 7: 575-81.

4. BissessorN whh:lv:lnmnmmmmto(hunﬁuumorkﬁ

after my Vasc Health Risk
Manag 2007; 3: 425-30.
S. Black HR, et al, Valsartan: more than a decade of experience. Drigs 2009:

69: 2393-2414.

Administration in children. Valsartan may be used for
hypertension in children aged 6 years and older.

areview

once daily; recommended maximum' doses for thase
weighing 35 o 80kg are 160mg once daily, while those
weighing 80kg and over may be given 320 mg once daily.
An oral liquid formulation is also available; because of its
higher bioavailability this formulation should be started at
haif the equivalent tablet dose in valsartan-naive patients. If
switching from tablets to the oral solution is necessary then
the dose should be halved; if switching from the solution to
tablets the same dose should be used initially. The dose
should be titrated further according to patient response.

US licensed product informadon for, valsartan tablets
recommends an initial dose of 1.3 mg/kg once daily (up toa
maximun of 40 mg). The dose should be adjusted according
to response, but doses above 2.7 mg/kg daily have not been
studied. An extemporanecous suspension formulation may
be used (see Suspension, above) in children who have
difficulty 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 impairment (creatinine cearance below 30mL/mi-
nute per 1.73m?) and it should therefore not be used in
such children.

Administration in hepatic impairment. The elimination of
valsartan may be reduced in patients with hepatic impair-
ment or biliary obstruction and it should be used with
caution, if at all, in such patients. In the UK, valsartan is
contra-indicated in patients with severe hepatic impair-
ment, drrhosis, or biliary obstruction. In mild to moderate
hepatic impairment, the total daily dose should not exceed
80mg.

Adverse Effects and Precautions

As for Losartan Potassium, p. 1424.1. Valsartan should not
be used in those with severe hepatic impairment or when
creatinine dearance is less than 10 mL/min, and should be
used with caution in patients with mild or moderate renal or
hepatic impairment, in drrhosis, and in biliary obstruction.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies valsartan as not
porphyrinogenic; it may be used as a drug of first choice
and no precautions are needed.!
1. The Drug Database for Acute Porphyris. Available at: htp://www.
drugs-porphyria.org (accessed 13/10/11)

Interactions
As for Losartan Potassium, p. 1424.3.

Pharmacokinetics

Valsartan is rapidly absorbed after oral doses, with a
bioavailability of about 23% when given as a tablet and
about 39% when given as an oral solution. Peak plasma
concentrations of valsartan occur 2 to 4 hours after tablets
and 1 to 2 hours after oral solution. It is between 94 and
97% bound to plasma proteins. Valsartan is not significantly
metabolised and is excreted mainly via the bile as
unchanged drug. The terminal elimination half-life is
about 6 hours. Following an oral dose about 83% is excreted
in the faeces and 13% in urine.

References.

U, et al. Ph of valsartan in patients with liver
disease. Clin Pharmaco! Ther 1997: 62: 272-8.

2. Prasad PP, ef al. Pharmacokinetics of multiple doses of valsartan in
patients with heart failure. J Cardiovasc Pharmeacal 2002; 40: 801-7.

3. BlumerJ. et o/. Pharmacokinetics of vaisartan in pediatric and adolescent
subjects with bypertension. J Clin Pharmeci 2009; 49: 235-41.

Preparations
Proprietary Preparafions (details are given in Volume B)

Preparations. Arg.: Alpertan; Corosan; Diovan;
Medicoran; Racorval: Sarval; Simultan; Austral.: Diovan; Aus-
tria: Diovan; Belg.: Diovane; Braz.: Angio II; Brasart; Diovan;
Valsacor; Canad.: Diovan; Chile: Banyass; Dosara; Tareg; Vala-
cor; Valaplex; Valax; Vartalan; Veralpres; China: Da Le (i55F);
Diovan {fRX); Jia Fei (1#3F); Lizhu Weike (BZk$2); Ping Xin
(3FK); Sui Yue (M#R); Tuo Ping ($£5F); Wei Er Tan (#/RiE);
Xie Ke (#RX); Yi Fang ({87); Cz: Blessin; Cezoryn: Diovan;
Kylotan; Valaric; Valmed; Valsacor; Valsanorm: Vaisargamma;
Valzap; Vanatex; Demm.: Cuencat; Diovar; Diovanet; Salar-
vant; Saldanar; Tareg; ValHelen; Valsartarnyl}; Valsavil Fin.:
Dlovan; Valsarstad; Fr.: Nisis; Tareg; Ger.: Cordinate; Diovan;
Provas; Valsacor; Gr.:. Avalsan; Dalzad; Diovan; Homg Kong:
Diovan; Hung.: Alvastran; Diovan; Nortivan; Tensart; Valsacar;
Valsotens; Varexant; Vexuran; India: Diovan: Starval; Indon.:
Diovan; Irl: Cuenca; Diotevf; Diovan; Saldanar; Valsotenst;
Valtan; Yamadrid: Vatan; Israel: Diovan; Vector; Ital.: Alsartan;
Cornan; Rixil; Tareg: Valpression; Valsacor; Jpm: Diovan: Malay-

The symbol ® denotes a substance whose use may be restricted in certain sports (see p. viii)
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sia: Diovan; Mex.: Diovan; Neth.: Diovan; Lanavan; Saldanar;
Simaldoz; THival; Vagrecor; Valcatuna; Valsabiot; Valsanorm;
Valsartamiby; Valsavilt; Vamadrid; Norw.: Diovan; Philipp.:
Diovan; Pol: Anartan; Bespres; Diovan; Nortivan; Tensart; Val-
sacor: Valsotens; Valtap; Valzek; Vanatex; Zelvartan; Port.: Dio-
van; Talsaret; Tanvalirt; Tareg; Varintant: Vasantery; Vatant;
Rus.: Diovan (Juosar); Nortivan (Hoprumaw); Valsacor
(Bam.caxop); Valsaforce (Bancadope); Valz (Bam); S.Afr.: Dio-
van; Migroben; Tareg Zomevek: Singapore: Diovan: Spaim:
Aralter; Diovan; Kalpress; Miten; Vals; Swed.: Diovan; Switz.:
Diovan; Thal.: Diovan; Valatan: Turk.: Cardopan; Diovan;
Premium; Tamgard; UK: Diovan; Ukr.: Diocor Solo (Imoxop
Cano); Diovan {fluosag); Valsacor (Bamcaxop); Valzap (Buman);
Vasar (Basap); USA: Diovan; Venez.: Alsart; Diovan; Vasaten,

Multi-ingredient Preparafions. Arg.: Alpertan D; Diovan A; Dio-
van D; Diovan Triple; Exforge D; Exforge: Racorval D; Sarval D;
Simultan A; Simultan D; Awustral: Co-Diovan; Bxforge HCT;
Bxforge; Amstria: Co-Angim-r' Co-Diovan; Exforge HCT;
Exforge; Belg.: Co-Di ; HCT; Braz.: Dio-
comb SL Diovan Amlo; Diovan HCT; Diovan Triplo; Camad.:
Diovan HCT; Chile: Dosara-D; Exforge; Tareg-D; Valacor D;
Valaplex-D; Valaxam: Vartalan AM: Vartalan D; Veraipres D:
China: Co-Diovan (X {83X); Exiorge (% 144); Peng Hai Tan (¥
%18); FuTan (MIB); PuXin (MAK): Jia Ze (tEM); Jinxieke {5
¥); Lan Pu (£4); Cz: Blessin Plus H: Co-Diovant; Copalia
HCT; Copalia; Dafiro HCT; Dafiro: Exforge HCT; Exforge: Impri-
da HCT: Imprida; Janartan; Kylotan Plus H: Teval Plus H: Val-
sacombi; Valsaratio Plus H; Valzap Combi; Vanatex HCT; Zel-
vartancombo; Denm.: Co-Diovan; Corixil; Cotareg Diovan
Comp:; Exforge HCT; Exforge; Tevavaltan comp; Valsavil HCT;
Valtension comp; Fin.: Diovan Comp; Valsarstad Comp; Fr.:
Cotareg: Exforge HCT; Exforge; Nisisco; Ger.: Co-Diovan; Cor-
dinate plus; Dafiro HCT; Dafiro: Exforge HCT; Exforge; Provas
comp; Valsacor comp; Valsartan comp; Valsartan plus HCT; Val-
sartan/HCT; Gr.: Co-Dalzad; Co-Diovan; Copalia HCT; Copalia;
Dafiro HCT; Dafiro; Exforge HCT; Exforge; Hong Kong: Co-Dio-
van; Exforge; Hung.: Alvastran HCT; Co-Valsacor; Diovan HCT;
Exiorge; Nortivan HCT; Tensart HCT; Valsartan HCT; Valsotens
HCT; Varexan HCTt; Imdia: Nebicard-V: Indom.: Co-Diovan:
Exforge; Irl: Co-Diovan; Co-Vatan; Copalia HCT; Copalia;
Dafiro HCT; Dafiro; Exforge HCT; Exforge; Imprida HCT: Impri-
da; Valsol Plus; Valtan comp; Israel: Co-Diovan; Exforge; Vec-
tor Plus; Ital: Combisartan; Corixil; Cotareg: Valbacomp; Vali-
droc Malaysia: Co-Diovan; Exforge; Mex.: Co-Diovan; Neth.:
Co-Diovan; Copalia HCT; Copalia; Cotareg; Dafiro HCT; Dafiro;
Exforge HCT; Bxforge: Imprida HCT$; Imprida; Valsacell HCT;
Norw.: Diovan Comp; Exforge HCT: Exforge; Philipp.: Co-Djo-
van; Exforge; Pol: Anartan HCT: Co-Bespres: Co-Diovan; Co-
- Nortivan; Co-Valsacor; Copalta; Dafiro HCT; Dafiro; Exforge
HCT; BExforge: Imprida HCT: Imprida: Tensart HCT; Valtap HCT;
Port.: Co-Angiosan; Co-Diovan; Co-Novasan; Co-Tareg Copalia
HCT; Copalia; Dafiro HCT; Dafiro; Exforge HCT; Exforge; Higot:
Imprida HCT; Imprida; Rus.: Co-Diovan ({Ko-Iuosan); Exforge
{Sxodopx); Valsacor H (B p H); Valsacor HD (Bamcaxop
HJ); Valz H (Bam H); S.Afr.: Co-Diovan; Co-Migroben; Co-
Tareg: Co-Zomevek; Exforge; Simgapore: Co-Diovan; Exforge
HCT; Exdorge; Spain: Aralter Plus; Co-Diovan; Co-Vals; Copalia;
Dafiro HCT; Dafiro; Exforge HCT; Exforge; Imprida; Kalpress
Plus; Lefluanil: Miten Plus; Swed.. Diovan Comp; Exforge;
Switz: Co-Diovan; Exforge HCT: Exforge; Thai: Co-Diovan:
Exforge HCT; Exforge. Turk.: Cardolex, Cardopan Plus; Co-Dio-
van; Co-T HCT; ge; P Plus; UK:
Co-onvan, Erloxge, Ukr.: Co-Diovan {Ko-/wosan); Diocor
popx); Valsacor H (Bamcaxop H): Valsa-
cor HD (Blmxnp HD); Valzap Plus (Baman NImoc); Vasar H
(Bazxap H); USA: Diovan HCT; Exforge HCT: Exiorge; Venmez.:
Diovan HCT; Diovan/Amlibon; Vasaten HCT.

Pharmacoposial Preparations
USP 36: Valsartan and Hydrochlorothiazide Tablets; Valsartan
Tablets,

Verapumll Hydrochloﬂde

Pharmacopoeias. In Chin., Eur. (see p. vii), Int., Jon, and US.
Ph. Eur. 8: (Verapamil Hydrochloride). A white or almost
white, aystalline powder. Soluble in water; sparingly
soluble in alcohol; freely soluble in methyl alcohol. A 5%
solution in water has a pH of 4.5 to 6.0. Protect from light.

All cross-references refer to entries in Volume A

USP 36: (Verapamil Hydrochloride). A white or practically
white, practically odourless, crystalline powder. Soluble in
water; sparingly soluble in alcohol; freely soluble in
chloroform; practically insoluble in ether, A 5% solution in
water has a pH of 4.5 to 6.5. Store in airtight containers at a

p of 25 degr excursions permitted between
15 degrees and 30 degrees. Protect from light.

Incompotibility. Verapamil hydrochloride will precipitate
in alkaline solutions. There have been reports of incom-
patibility with solutions of aminophylline,! nafcillin sod-
jum,? and sodium bicarbonate.?

1. Johnson CE, et al. C of and pam in
inravenous admixrures. Am J Hosp Pharm | 989; 46: 97-100.
2. Tucker R, Genile JF. P of inan

Anr Intern Med 1984; 101: 880.
3. Cutie MR. Verapamil precipitation. Ann Intern Med 1983; 98: 672,

Uses and Administration

Verapamil is a pbenylalkylamine calcdum-channel blocker
{p. 1244.2) and a dass IV antiarrhythmic (p. 1243.1). I
slows conduction through the AV node, and thus slows the
increased ventricular response rate that occurs in atrial
fibrillation and flutter. Its and-anginal effect is mainly due
1o coronary and peripheral vasodilatation, although it also
inhibits coronary artery spasm; the decrease in peripheral
vascular resistance reduces the work of the heart, which has
a sparing effect on myocardial intracellular oxygen
consumption. The decrease in peripheral vascular resistance
may also explain its antihypertensive effect. Verapamil is
used in the control of supraventricular arrhythmias and in
the management of angina pectoris and hypertension. It
may also be used in the management of myocardial
infarction.

Verapamil may be given intravenously or orally, as the
hydrochloride; doses are expressed in terms of verapamil
hydrochloride.

In the acute management of supraventricular arrhyth-
mias it is given intravenously, preferably under continuous
ECG and blood pressure monitoring. The initial dose is 5 to
10 mg by slow intravenous injection over 2 to 3 minutes. If
necessary. licensed product information in the UK allows a
second dose of 5mg to be given 5 to 10 minutes after the
first; in the USA, a second dose of 10 mg may be given after
30 minutes.

Oral doses for the treatment of supraventricular
arthythmias are 120 to 480mg daily in 3 or 4 divided
doses. according to the severity of the condition and the
patient’s response.

In the management of angina pectoris, the usual oral
dose is 120mg three times daily; some patients with angina
of effort may respond to 80 mg three times daily, but this
lower dose is not likely to be effective in angina at rest or
Prinzmetal’s variant angina. Modified-release preparations
may be given in doses of up to 430 mg daily.

In hypertension the usual initial oral dose is 240 mg
daily, in 2 or 3 divided doses, adjusted according to
response; doses of up to 480mg daily have been used.
Modified-release preparations may be given in similar daily
doses.

In the secondary prevention of myocardial infarction,
verapamil hydrochloride is given as a modified-release oral
preparation, started at least 1 week after acute infarction (in
patients without heart failure), in a dose of 360 mg daily in
divided doses.

Doses of verapamil should be reduced in patents with
hepatic impairment (see below).

For doses of verapamil in children with supraventricular
arthythmias or hypertension, see below.

The R-enantdomer of verapamil, arverapamil, is under
investigation for the treattnent of diarrhoea.

General reviews.
1. Brogden RN, Bemfield P. V-lpunil. a review of is pharmacological
and th use In y artery discase. Drugs 1996;
51: 792-819.
2. Prisant LM. Verapami! revisited: 2 mansition in novel drug delivery
systems and outcomes. Heart Dis 2001; 3: 55-62.

Administration in children, Verapamil may be used for the
treatment of supraventricular arrhythmias and hyper-
tension in children. although great care is needed, espe-
dally in infants (see Precautions, p. 1524.3).

Intravenous doses of verapamil hydrochloride for
supraventricular arrhythmias are as follows:
» children up to 1 year of age. 100 to 200 micrograms/kg
« 1to 15 years, 100 to 300 microg /kg (10 a maxi

dose of 5mg)
The dose should be given over at least 2 minutes and may be
repeated after 30 minutes if 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 supravenmicular arrhythmias or for
hypertension are:
« children up to 2 years of age, 20mg two or three times

daily

o 2 years and over, 40 to 120mg two or three times daily

according to age and response
Administration in the eldedy. For a discussion of the
effects of increasing age on verapamil, see under Pharma-

cokinetics, p. 1526.1.

Administration in hepatic impairment. Verapamil is
extensively metabolised in the liver and should be used
with caution in hepatic impairment; US licensed product
information recommends that oral doses for patients with
severe hepatic impairment should be reduced to about
one-third of the usual dose (see Uses and Administration,
abave).

In a study' of patients with hvex crrhosis steady-state
plasma ¢ of mil were double those seen
in patients with normal liver function after intravenous
doses and 5 times the normal concentration when given
orally. The elimination half-life was prolonged about
fourfold after oral or intravenous doses, suggesting that
steady-state plasma concentration will not be reached in
patients with liver drrhosis until about 56 hours after
therapy has started.

1. Somogyi A, o of. Pharmacokinetics, bioavailabiliry and ECG response of
verapamil in patiens with liver cirthosis. 8r J Clin Pharmacol 1981; 12:
51-60.

Adminisiration in renal impairment. The pharmacoki-
netics and pharmacodynamic effects of verapamil are not
significantly altered by renal impairment' and dosage
adjustinent is not considered to be necessary. The elimina-
tion of verapamil is not altered by haemodialysis,? hae-
mofiltration,? or peritoneal dialysis* and no dosage supple-
ment is required in patients undergoing these procedures.
1. Mooy J, ef al. Pharmacokinetics of verapamil in parients with renal
failure. Eur J Chin Pharmeco! 198S; 28: 405-10.
2. Beyerlein C, et al. pami! in andb of patients
on renal ceplacement therapy—<linical implications and pharmacoki-
nevcs. Eur J Clin Pharmacol 1990; 39 (suppl 1): $35-537.

Amaurosis fugax. For a report of the use of verapamil in
patients with amaurosis fugax, see under Uses and Admin-
istration of Nifedipine, p. 1448.1.

Bipolar diserder. Although lithium and valproate are the
mainstays of therapy in bipolar disorder (p. 397.2) many
other drugs have been tried, including verapamil.! Benefi-
dal responses to verapamil at doses up to 480mg daily
have been reported.>* although a review® concluded that
there is limited support for its use. Verapamil has also
been used with lithium, but there may be an increased
risk of neurotoxicity {see under Interactions. p. 1525.3).
1. Hosch! C. Do calcium antagonists have a place in the treatnent of mood
disorders? Drugs 1991; &2: 721-29.
2. Dubovsky SL «f #l. Calcium antagonists in mania: a double-blind study
of veraparnil. Psychiarry Res 1986; 18: 309-20.
3. Giannini AJ, o al. Yerapamil and lithium iz maintenance therapy of
manic patiens. J Clin Pharmacol 1987; 27: 980--2.
4. Wisner KL, ef al. Verapamil treatment for women with bipolar disorder.
- Biol Psychiamy 2002; S1: 745-52.
S. Levy NA, Janicak PG. Calctum channel antagonists for the reatment of
bipolar disorder. Bipolar Disord 2000; 2: 108-19.

Box jeflyfish sting. Stings by the box jellyfish (Chironex
fleckeri) (p. 2397.1) can be fatal because of the effects of
the venom on the cardiovascular and respiratory systems
and on the kidneys. Studies in rodents have reported a
beneficial effect of intravenous verapamil in the treatment
of box jellyfish envenomation, and use in patients with
serious box-jellyfish stings has been recommended.! How-
ever, it has also been suggested? that the lack of evidence
for benefit and the potential for adverse effects means that
use of verapamil should be limited to extreme cases only.
1. Bumet: JW. The use of verapamil 10 eat box-jellyfish stings. Mad J Axst
1990; 153: 363.

2. Bailey PM, of el Jellyfish g y toxic
and unp: pies. Med J Aust 2003; 178: 34-7,

Cardiac arrhythmias. Verapamil has an established role in
the management of supraventricular cardiac arthythmias
{p. 1266.1}. It is used for rate control in atrial fibrillation
and flutter, and may also be used in paroxysmal supraven-
wicular tachycardia. It has been successfully used with
digoxin for wransplacental therapy in fetal atrial flutter or
supraventricular tachycardia, 12 although caution is neces-
sary if it is used in infants since they may be particularly
susceptible to its adverse effects (see Precautions,
p. 1524.3).
1. Maxwell DJ. a ai. Obstetric i
fetal tachycardias. BMJ 1988: 297: 107-10.
2. Simpson JM, GK. Petal tachy and
outcome of 127 consecutive cases. Heart 1998; T: 576-81.

Cardiomyopathies. Verapamil has an established role as a
negative inotrope in the management of patients with
hypertrophic  cardiomyopathy,"? although it is usually
reserved for patients in whom beta blockers either fail to
control symptoms or are not tolerated. It may improve
symptoms and exercise tolerance; although a crossover
study? failed to show an improvement in exercise capacity

and of
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with verapamil or the beta blocker nadolol, most patients
preferred drug treaunent to placebo and there was an
apparent improvement in quality of life with verapamil.
Verapamil may also be useful for rate control in patdents
with- hypertrophic cardiomyopathy and chronic atrial
fibrilladon. However, there is no evidence that it reduces
the inddence of sudden cardiac death, and serious adverse
effects have been reported,* especially in patients with
severe outflow obstruction. Patients with hypertrophic
cardiomyopathy appear to be particularly susceptible to
conduction disturbances associated with verapamil, and
this may worsen hypotension and outflow obstruction.

Dilated cardiomyopathy is reated similarly to heart filure

and caldum-channel blockers are not usually used,
although some benefit has been reported with diltiazem
(see p. 1359.3).

For a discussion of the management of mrdiomyopatlnes

in general, see p. 1261 3.

1.

2.

Maron BJ. yopathy: a review, JAMA
2002; 287: 1308-20.
Maron BJ, ¢ al. Ameri Collegeofl‘ diol Sodiety of

Cardiology dlinical expert
cardiomyopathy: a report of the American Collqe of Cardiclogy
Foundation Task Force on Clinical Expert Consensus Documents and
the European Sedety of Cardioiogy Committee for Practice Guidetines. J
Am Coll Cardiol 2003; 42: 1687-713, A.Iso puhllsh«l in anraunnom

241 1965291, Also available at:

mnwuuzuzxﬂ%’ !uﬂ pdl+h|ml (amzd 28107/10) md ar )m;rll
www.cscatdl

ideiiries-HCM-FT.pdf (accessed 14/08/08)

. Gilligan DM, e al. A double-blind, placebo-conuolled aossover trial of

padolol and verapamil in mild and moderately sympromatc nyper-
wophic cardiomyopathy. J Am Coll Cardiol 1993; 213 1672-9.
Epstein SE, Rosing DR. Verapamil: its potendal for causing setioug

The usual manag of tardive dyskinesia is di d
under the Adverse Effects of Chiorpromazine, p. 1049.3.
1. Abad V, Oviiew P. Treatment of persistent myocionic tardive dystonia
with verapamil. Br J Prycdriatry 1993; 162: 554-6.
2. OvsiewPF, et al. pamil for severe rk d
Mov Disord 1998; 13: 3414, )
3. Soares-Weiser K, Rathbone J, Caldum channe! blockers for neuroleptic-

Systematic Reviews: Isue 1. Chichester: John Wiley; 2004 (sccessed
14/03/07).

Myocardial infarction. Caicium-channel blockers are not
routinely used in either the acute or long-term treatment
of myocardial infarction (p. 1257.1), although some bene-
fit has been reported with non-dihydropyridines. Dild-
azem, started within 24 to 72 hours of the onset of infarc-
tion and continued for up to 14 days, has been reported to
protect against re-infarction and refractory angina in
patients recovering from acute non-Q-wave infarction.! A
pilot study? of intravenous diltiazem as an adjunct to
thrombolysis in acute myocardial infarction also suggested
a reduction in recurrent ischaemia; diltiazem was given
intravenously for 43 hours, beginning at the same time as
the thrombolytic, then continued orally for 4 weeks. How-
ever, a study® with verapamil, started on admission to hos-
pital, found no effect on mortality at 6 months, and there
was a suggestion that very early use {within 6 hours of
symptom onset) was detrimental. A later study* reported
that early use of verapamil in patients receiving thrombo-
lysis improved outcome at 90 days. Benefit has also been
shown® with use of intracoronary verapamil to terminate
post-reperfusion arrhythmias. For use of verapamil in

complicadons in patients with hyp

P yopatay.

1981; 64: 43741,

Epilepsy. There are reports'® of the successtul use of
verapamil in drug-gesistant cpilepsy (p. 506.1). The
mechanism is unknown: modulation of caldum may play
a role, although evidence for other caldum-channel block-
ers as adjuncts in epilepsy has been unconvindng (see
under Flunarizine, p. 630.1). An alternative suggestion,
that inhibitdon of P-glycoprotein by verapamil boosts the
effect of antiepileptics, remains to be confirmed.

1

Summers MA. e «f. Use of pa as a porendal P-gly
inhibitor in a patient with refracrory epilepsy. Annt Pharmacother 2004;
38: 16314

. lannetd P, & ai. Calcium-chanae! blocker verapamil administration in
and

status epil Bptigpsia 2005; 46: 967-9.

. Innnetti P, ¢ al. Additon of verapamil in the treatment of svere

myociouic epilepsy in infancy. Epilepsy Res 2009; 8%: 39-95.

Kidney disorders. Calcium-channel blockers may be of
benefit in various forrms of kidney disorder (see Nifedipine,
p. 1449.1), although studies with verapamil have sug-
gested that it is less effective than the ACE inhibitor tran-
dolapril in patients with non-diabetic renal disease,! and
that it does not prevent the development of renal discase

in type 2 diabetics.2 There is some evidence that v

1

receiving p 1eous coronary intervention see

Repexfusion and Revascularisation Procedures, below.
Although they are not standard therapy, diltiazem and
verapamil may be used for long-term management in
selected patients without heart failure. In a study by the
Multicenter Diltiazem Postinfarction Trial (MDPIT) research
group, s diltiazem (target dose 240 mg daily) reduced 1-year
mortality and re-infarction rates in patients without left
ventricular dysfunction, but increased such adverse events
in those with left ventricular dysfunction. Re-analysis of the
study provided further evidence that diltiazem should be
avoided in postinfarction patients with left ventricular
dysfunction.” Another study® in patients with acute
myocardial infarction treated with thrombolysis found no
reduction in mortality with diltiazem started 36 to 96 hours
after infarction and continued for up to 6 months, aithough
the incddence of non-fatal cardiac events was reduced.
Patients with heart failure were excluded from the study. In
the DAVIT I study’ late intervention with verapamil
{started in the second week after admission) reduced overall
mortality, cardiac events, and re-infarcion although
another study'® found only a benefit in re-infarction rate

and not in overall mortaliry.

1. Gibton RS, «uLDIMumundrdnhminnlnp-muwi&hmn—Q wave
dlal i results of a double-blind, muld-

ment in pain but no change in plaque volume or curva-
ture. However, a study* comparing verapamil with sodium
chloride as placebo reported some improvement with both
treatments, with no difference between the groups. -
1. LevinelA, aal. with Injection of verspamil for
Peyronie’s disease. J Urol (Baltiwore) 2002; 168 6213,
2. Rusell S, ¢ al. Syscemaric evidence-based analysis of plaque injection
therapy for Peyronle’s disease. Bur Urof 2007; 31: 640~7.
3. DlsnsiSM.dul Amwmmmﬁmd

Peyronic’s discase. Juw{uhmn)zrm, 111. 1605-8.

4. Greenfield /M. & al. Verapemil versus aline i electromotive drug
administradon for Peyronie’s disease: a double-blind, placebo cnnuul.led
ial. J Uro! (Baltimore) 2007: 177: 972-5.

Reperfusion and revascularisation procedures. Percuta-
neous coropary intervention is widely used in the man-
agement of patients with acute myocardial infarction and
angina pectoris, and adjunctive drug treatnent has an
important role in reducing complications and improving
outcome (see p. 1259.2). Intracoronary verapamil may be
used to treat vasospasm' and has also been used to treat®?
and prevent*’ the ‘no-reflow’ phenomenon. However,
transient heart block occurred in some patients given
verapamil prophylactically,’ and this may limit its use.
There is also some evidence that verapamil may reduce
the incidence of restenosis after coronary® or peripheral’
petc intervention:
1. The Task Force for Pet Coronary of the

for
interventions. Bur Hmu 2005; 26: 80447, Mso available at. hrqr//
www.escardio.

PCI-FT.pdf ed wounc)

2. Piana RN, & al. id and ‘no-rel after

coronary Clreulation 1994, #9: 251418,

3. bemktnimmmo!wmﬁwphmmwwithvmpmuaﬁa
primary sient depl during my Jpnt Heart J
2002; 43: 573-80.

4. Hang C-L o ol Eary ad o

¥ pamil

p coronary inter-
ventions for acute myocardial infarction. Chest 2005; 128: 2593-8.

5. y Keal uial to study
the effect of intracoronary injection of verapamil and adeposine on
coronary biood flow during coronary is
padents with acute coronary syndromes. Heart 2006; 92: 1278-84.

[ !mhm!-!,di!vﬂudcndlheeﬂmo{mlwmﬂmdhiﬂl

outcome and
interventon: the randomized, double-blind, ph@o—mmﬂed. mm
center Verspamil Slow-Rel for Bvents

After Angioplasty (VESPA) Trial. JMQ"WMB 2160-3.
7. Schweizer I, o al. Effect of high dose verapamil on restenosis after
peripheral angloplasty. J Am Coll Cardiol 1998; 31: 1299-1305.

Transplantation. Ciclosporin is widely used in ransplanta-
ton to prevent rejection but its use is limited by its
nephrotoxicity. Dihydropyridine caldum-channel blockers
{see under Uses of Nifedipine, p. 1450.2) and diltiazem
{p. 1360.1) have been reported to reduce ciclosporin-asso-
clated nephrotoxicity, and there is some evidence that
verapamil may have a similar effect. Studies in renalt?
and heart or lung® transplant recipients suggested that

pamil can improve outcomes in patients receiving

may reduce the nephrotoxicity associated with certain N ::BT-N E,n!l J Med 1986; 315: 413';’ adosporm Most studies have found that verapamil pre-
: . ) ux P, et ai acute dial -

drugs, mclqding dd?qunn (se_e _Tr?nsplamadon. below), dit as adiunctive therapy to activase (DATA) rial. J Am ol C ! vents rln lnduced detenomuon in renal funcuo::.
and the aminoglycoside gentamicin. 1998; 32: 620-8. iclosporin 35,12
Hemmelder MH, e al. efficacy of pamil in 3. The Danish Study Group on Verapamil in My | The and there is also evidence? that graft survival may be
comparisen (o trandolapril in non-diabetic renal disease. Nephro! Dial Danish studies on verapamil in acute myocardial ion. B J Clin | improved. The beneficial . effect of pamil may be
Transplant 1999; 14: 98-104. Pharmacol 1986; 31: 1975-204S. ; . ischaemia .

. Ruggenenti P, et af. for the Berga Diabetes Compli 4. V. et al. Barly of pamil after r.e lated to its ab%“w to protect cells from N selec
Trial (BENEDICT) ntype 2 in acue anterior myocardial infarction: effect on leh venmicular | UVE vasodilatation of the afferent renal arterioles, or

dlabetes. N Engl J Med 2004; 331 194&-51

. Kazierad DJ. et al. The effect of i on the of

genamicn as measured by urinary enzyme excretion in healthy
volunteers. J Clin Pharmacof 1995; 35: 196-201.

Malignont neoplasms. Verapamil has been shown to
reverse multidrug resi; € 10 ant fastics in cultured
cells and in animal studies,' but studies in which verapamil
was added to therapy for small cell lung cancer? or multi-
ple myeloma’® failed to show any benefit. See p. 734.2 for
a discussion of resistance to antineoplastics.

1

2.

Ford JM, Hait WN. Pharmacology of drugs that alter multidrug
resistance in cancer. Pharmaco! Rev 1990: 42: 155-99.

Milroy R. et ai. A randomised clinical study of verapamil in additon to
combination chemotherapy in small cell lung cancer. Br J Cancer 1993;
68: B13-18.

. Dalton WS. e al. A phase [T randosmized study of oral pamil as a

chemosensitizer to reverse drug resistance in padents with refractory
myeloma: 3 Southwest Oncology Group Study. Cancer 1995; 75: 815-20.

Migraine and duster headache. For reference to the use
of caldum-channel blockers, including verapamil, in the
management of migraine and cluster headache, see under
Nifedipine, p. 1449.1.

Movement disorders. Verapamil has been associated with
the development of various movement disorders (see
Extrapyramidal Disorders under Adverse Effects of Nife-
dipine, p. 1452.2) but there have also been case reports'-2
of its successful use in refractory movement dxsordexs

including severe tardive dyskinesia, However, a sy

remodeling and clinical outcome. [tal Heart J 2000; 1: 336-43.

inherent inununosuppressive properties; its effect on

s. Knlo Ma uL Intracoronary venpamd rapidly i
Y Y in acute my Chat 2004; 126: 702~

8.

6. The il jon Trial R h Group. The
effect of dil and Y dial
infarction. Nsn,t.l Mu 1988: 319: 383-92.

7. in RE, e af. heart

failure in post- inhn:don patients with early ceduction in ejection
fracion. Circulation 1991; 83: 52-60.

8. Boden WE. o af. Dilui in acute my dial jon treated with
bolytic agents: a placeb uial. Lancet 2000:

353: 1751-6.
9. The Danish Study Group on pamil in My Bffect

of verapamil on morulity and major events after acute myocardial
infarction (the Danish Verapamil Infarction Trial O-DAVIT Q). Am J
Cardiol 1990; 66: 779-85.

10. Rengo ¥, o al. A conmolled trial of verapamil in paents aher acute
myocardial infarction: results of the alciun antagonist reinfarction
Italian study (CRIS). Am J Cardiol 1996; 77: 365-9.

Peyronie’s disease. Verapamil has been used by intrapla-
que injection for the treatment of Peyronie’s disease.'?
Pain, curvature, and erectile dysfunction were all
improved. A systematic review? of 19 studies involving
plaque injection therapy for Peyronie’s disease, of which 4
used verapamil, noted that although the results of these
suggested that injection was safe and effective in mild to
moderate Peyronie’s disease, the quality of studies was
generally poor and its efficacy needed to be: verified.
Verapamil has also been given by iontophoresis, but again
benefits remain undlear. A study’ comparing verapamil

review? concluded that evidence for the use of verapamil
or other caldum-channel blockers in tardive dyskinesia is
limited and they are not generally recommended.

and d hasone with 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-

The symbol t denotes a preparation no longer actively marketed

1 iclosporin concentrations may also be involved,
cither directly’ or by allowing reduction of the diclospor-
in dose.’ However, one study* found that use of verapamil
with cidosporin resulted in higher serum-creatinine con-
centrations in patients given verapamil, with no reduction
in the incidence of rejection, and careful monitoring is
necessary if the drugs are .used together. A higher ind-
dence of severe infections has also been reported® in renal
transplant patients given verapamil and ciclosporin; the
authors suggested that if a rapid increase in plasma-cicios-
porin concentrations was required, improved formulations
of ciclosporin should be used rather than verapamil.

{. Dawidson I. Rooth P. Improvement of cadaver renal transplantation
outcomes with verapamil: a review. Am J Med 1991; 90 (suppl SA): 375~

41S.

2. idson L et ol the outcame after cadaver renal
transplantation. J Am S«Nq!lmal 1991; 2: 983-90.

3, ChanC eral A triat of ™ an cyclospr
nephroroxicity in heart and lung
1997; €3: 1435-40.

4. PrschlD, etal A fled, double-bitnd, tral of p
and cyclosporine in cadaver renal mansplant padents. Am J Kidney Dis
1993; 21: 18993,

S. Nanni G, o al. Increased incidence of infection in verapamil-trested
kidney transplant recipients. Transplant Proc 2000; 32: 551-3.

Adverse Effects

Treatment with verapamil is generally well tolerated, but
adverse effects connected with its pharmacological effects
on cardiac conduction can arise and may be particularly
severe in patients with previous myocardial damage or
hypertrophic cardiomyopathies. Adverse effects on the
heart include bradycardia, AV block, worsening heart







