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

Interactions
As for antimuscarinics in general (see Atropine Sul-
fate, p.1220).

Pharmacokinetics
After oral doses of trospium chloride, peak plasma
concentrations are reached at 4 to 6 hours. The bioa-
vailability of trospium chloride is reduced by the si-
multaneous intake of food, especially with a high fat
content. Plasma protein binding ranges from about
50% to about 80%. Trospium is excreted in the urine
mainly by active renal tubular secretion as unchanged
drug; about 10% appears as the spiroalcohol metabo-
lite. The plasma half-life has been reported to be be-
tween 10 and 20 hours for the immediate-release prep-
aration, and about 35 hours for the modified-release
preparation. The mean half-life has been reported to be
prolonged twofold in patients with severe renal impair-
ment (creatinine clearance between 8 and
32 mL/minute). Trospium has been reported to cross
the placenta and has been detected in the milk of rats.
◊ Reviews.
1. Doroshyenko O, et al. Clinical pharmacokinetics of trospium

chloride. Clin Pharmacokinet 2005; 44: 701–20.

◊ For reference to the bioavailability of trospium chloride after
intravesical instillation, see below.

Uses and Administration
Trospium chloride is a quaternary ammonium an-
timuscarinic with actions similar to those of atropine
(p.1220). It is used for the management of urinary fre-
quency, urgency, and incontinence in detrusor instabil-
ity or detrusor hyperreflexia. It has also been used as an
antispasmodic. 
The immediate-release preparation is given orally in
usual doses of 20 mg twice daily before meals on an
empty stomach. Lower doses of 20 mg once daily may
be warranted in patients aged 75 years and over. The
need for continued treatment should be assessed at reg-
ular intervals of 3 to 6 months. A modified-release
preparation is also available in some countries; the usu-
al oral dose is 60 mg once daily in the morning, at least
one hour before food. For use in patients with hepatic
or renal impairment, see below. 
Trospium chloride has also been given by slow intrave-
nous injection. An inhaled formulation of trospium
chloride for the treatment of chronic obstructive pul-
monary disease is also being developed.
◊ References.
1. Walter P, et al. Bioavailability of trospium chloride after intra-

vesical instillation in patients with neurogenic lower urinary
tract dysfunction: a pilot study. Neurourol Urodyn 1999; 18:
447–53. 

2. Frohlich G, et al. Trospium chloride in patients with detrusor
overactivity: meta-analysis of placebo-controlled, randomized,
double-blind, multi-center clinical trials on the efficacy and
safety of 20 mg trospium chloride twice daily. Int J Clin Phar-
macol Ther 2002; 40: 295–303. 

3. Halaska M, et al. Controlled, double-blind, multicentre clinical
trial to investigate long-term tolerability and efficacy of tros-
pium chloride in patients with detrusor instability. World J Urol
2003; 20: 392–9. 

4. Lopez Pereira P, et al. Trospium chloride for the treatment of
detrusor instability in children. J Urol (Baltimore) 2003; 170:
1978–81. 

5. Zinner N, et al. Trospium chloride improves overactive bladder
symptoms: a multicenter phase III trial. J Urol (Baltimore)
2004; 171: 2311–15. 

6. Rovner ES. Trospium chloride in the management of overactive
bladder. Drugs 2004; 64: 2433–46. 

7. Singh-Franco D, et al. Trospium chloride for the treatment of
overactive bladder with urge incontinence. Clin Ther 2005; 27:
511–30. 

8. Rudy D, et al. Multicenter phase III trial studying trospium
chloride in patients with overactive bladder. Urology 2006; 67:
275–80. 

9. Menarini M, et al. TcP128-Study Group. Trospium chloride in
patients with neurogenic detrusor overactivity: is dose titration
of benefit to the patients? Int J Clin Pharmacol Ther 2006; 44:
623–32. 

10. Staskin D, et al. Trospium Study Group. Once daily trospium
chloride is effective and well tolerated for the treatment of over-
active bladder: results from a multicenter phase III trial. J Urol
(Baltimore) 2007; 178: 978–83.

Administration in hepatic impairment. Licensed product
information for trospium chloride states that maximum plasma
concentrations and area under the concentration-time curve were
increased in patients with mild (Child-Pugh score 5 to 6) or mod-
erate (Child-Pugh score 7 to 12) hepatic impairment compared
with healthy subjects. There is no information regarding the use
of trospium chloride in patients with severe hepatic impairment. 

UK licensed product information advises caution in those with
mild to moderate impairment, and advises against treatment in
severe hepatic impairment. US licensed product information for
both the immediate-release and the modified-release prepara-
tions advises caution in those with moderate to severe hepatic
impairment. No specific dosage recommendations are given in
either the UK or US product information.

Administration in renal impairment. Trospium chloride is
mainly eliminated through active tubular secretion. Licensed
product information states that increases in maximum plasma
concentrations, area under the concentration-time curve, and
half-life have been seen in patients with severe renal impairment
given the immediate-release preparation; the pharmacokinetics
of trospium chloride have not been studied in those with mild or
moderate renal impairment. 
UK licensed product information for the immediate-release
preparation advises caution in those with mild to moderate renal
impairment, while allowing for an oral dose of trospium chloride
20 mg once daily, or every alternate day, in those with severe re-
nal impairment, defined as creatinine clearance (CC) of between
10 and 30 mL/minute per 1.73m2. 
US licensed product information for the immediate-release prep-
aration recommends a dose of 20 mg daily at bedtime for those
with severe renal impairment (defined as CC less than
30 mL/minute). The modified-release preparation is not recom-
mended for use in patients with severe renal impairment.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Spasmex; Austria: Inkontan; Rekont; Spasmolyt; Chile: Spasmex;
Cz.: Spasmed; Spasmex; Uraplex; Denm.: Spasmo-Lyt; Fin.: Spasmo-Lyt;
Fr.: Ceris; Ger.: Spasmex; Spasmo-Rhoival TC; Spasmo-Urgenin TC; Spas-
molyt; Trospi; Gr.: Uraplex; Irl.: Regurin; Israel: Spasmex; Ital.: Uraplex;
Port.: Spasmoplex; Rus.: Spasmex (Спазмекс); S.Afr.: Uricon; Spain:
Uraplex; Switz.: Spasmo-Urgenine Neo; Thai.: Spasmo-Lyt; Turk.: Spas-
mex; UK: Regurin; USA: Sanctura.

Multi-ingredient: Arg.: Keptan Compuesto†; Austria: Spasmo-Urgenin;
Port.: Spasmo-Urgenin†; S.Afr.: Spasmo-Urgenin†; Spain: Spasmo-Ur-
genin; Thai.: Spasmo-Urgenin.

Udenafil (rINN)

DA-8159; Udénafil; Udenafilo; Udenafilum. 3-(1-Methyl-7-oxo-
3-propyl-4,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-N-{2-
[(2RS)-1-methylpyrrolidin-2-yl]ethyl}-4-propoxybenzenesulfona-
mide.

Уденафил

C25H36N6O4S = 516.7.
CAS — 268203-93-6.

Profile
Udenafil is a phosphodiesterase type-5 inhibitor with actions and
uses similar to those of sildenafil (p.2195). It is used in the man-
agement of erectile dysfunction.

Vardenafil (rINN)

Vardénafil; Vardenafilum. 1-{[3-(3,4-Dihydro-5-methyl-4-oxo-7-
propylimidazo[5,1-f]-as-triazin-2-yl)-4-ethoxyphenyl]sulfonyl}-4-
ethylpiperazine.

Варденафил

C23H32N6O4S = 488.6.

CAS — 224785-90-4.

ATC — G04BE09.

ATC Vet — QG04BE09.

Vardenafil Dihydrochloride (USAN, rINNM)

Dihidrocloruro de vardenafil; Vardénafil, Dichlorhydrate de; Var-
denafili Dihydrochloridum.

Варденафила Дигидрохлорид
C23H32N6O4S,2HCl = 561.5.
CAS — 224789-15-5.
ATC — G04BE09.
ATC Vet — QG04BE09.

Vardenafil Hydrochloride (USAN, rINNM)

Bay-38-9456; Hidrocloruro de vardenafil; Vardénafil, Chlorhy-
drate de; Vardenafil Monohydrochloride; Vardenafili Hydrochlo-
ridum.

Варденафила Гидрохлорид
C23H32N6O4S,HCl = 525.1.
CAS — 224785-91-5.
ATC — G04BE09.
ATC Vet — QG04BE09.

Adverse Effects and Precautions
As for Sildenafil, p.2193. Photosensitivity has also
been reported. Vardenafil may prolong the QT interval
and is best avoided in patients with relevant risk factors
such as hypokalaemia, congenital QT prolongation, or
the use of antiarrhythmics of class Ia or class III. Dos-
age reductions may be required in patients with hepatic
or renal impairment.
Effects on the cardiovascular system. References.
1. Thadani U, et al. The effect of vardenafil, a potent and highly

selective phosphodiesterase-5 inhibitor for the treatment of erec-
tile dysfunction, on the cardiovascular response to exercise in
patients with coronary artery disease. J Am Coll Cardiol 2002;
40: 2006–12.

Interactions
As for Sildenafil, p.2194. The use of vardenafil with
potent inhibitors of the cytochrome P450 isoenzyme
CYP3A4 (such as HIV-protease inhibitors, some azole
antifungals, and macrolide antibacterials) is generally
best avoided; if thought to be essential, dosage of var-
denafil must be reduced and suggested doses are given
below (p.2199). Use with ketoconazole and itracona-
zole is contra-indicated in men older than 75 years of
age. An enhanced hypotensive effect may be seen if
vardenafil is taken with nifedipine. Vardenafil may
prolong the QT interval and its use with antiarrhyth-
mics of class Ia or class III should be avoided.

Pharmacokinetics
Vardenafil is rapidly absorbed after an oral dose, with
a bioavailability of about 15%. Peak plasma concentra-
tions are attained within 30 to 120 minutes; the rate of
absorption is reduced when vardenafil is given with a
high-fat meal. 
Vardenafil is widely distributed into tissues and is
about 95% bound to plasma proteins. It is metabolised
in the liver primarily by cytochrome P450 isoenzymes
CYP3A4 (the major route) as well as CYP3A5 and
CYP2C isoforms. The major metabolite produced by
desethylation of vardenafil also has some activity. The
terminal half-life is about 4 to 5 hours. 
Vardenafil is excreted as metabolites mainly in the fae-
ces (91 to 95%), and to a lesser extent in the urine (2 to
6%). Clearance may be reduced in the elderly and in
patients with hepatic or severe renal impairment.
◊ References.
1. Rajagopalan P, et al. Effect of high-fat breakfast and moderate-

fat evening meal on the pharmacokinetics of vardenafil, an oral
phosphodiesterase-5 inhibitor for the treatment of erectile dys-
function. J Clin Pharmacol 2003; 43: 260–7. 

2. Gupta M, et al. The clinical pharmacokinetics of phosphodieste-
rase-5 inhibitors for erectile dysfunction. J Clin Pharmacol
2005; 45: 987–1003.

Uses and Administration
Vardenafil is a phosphodiesterase type-5 inhibitor with
actions and uses similar to those of sildenafil (p.2195).
It is used in the management of erectile dysfunction
(p.2179). Vardenafil is given orally as the hydrochlo-
ride trihydrate although doses are expressed in terms of
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the base; vardenafil hydrochloride trihydrate 11.85 mg
is equivalent to about 10 mg of vardenafil. 
The usual dose is 10 mg taken about 25 minutes to one
hour before sexual intercourse. The dose may be in-
creased or decreased depending on response. The max-
imum recommended dose is 20 mg, and vardenafil
should not be taken more than once in 24 hours. The
dose may be taken with or without food, but onset of
activity may be delayed if taken with a high-fat meal. 
• An initial dose of 5 mg is recommended in elderly

patients, which may be increased to 10 mg and then
to 20 mg if necessary. 

• In patients stabilised on alpha blocker therapy, the
dose of vardenafil should be no more than 5 mg dai-
ly and it should not be taken within 6 hours of the
alpha blocker, although this interval may not be nec-
essary with tamsulosin. 

• A maximum daily dose of vardenafil 5 mg is advised
in patients taking erythromycin (dose not specified
in licensed product information), itraconazole
(200 mg daily), or ketoconazole (200 mg daily). A
daily dose of 2.5 mg is recommended for those tak-
ing clarithromycin (dose not specified in licensed
product information), itraconazole (400 mg daily),
or ketoconazole (400 mg daily). 

• A maximum dose of vardenafil 2.5 mg every 24
hours is recommended in patients taking HIV-pro-
tease inhibitors. This dose should be reduced to
2.5 mg every 72 hours in those taking ritonavir-
boosted regimens, although this combination may be
best avoided (see also Interactions, above). 

For doses in hepatic or renal impairment, see below.
◊ Reviews.
1. Keating GM, Scott LJ. Vardenafil: a review of its use in erectile

dysfunction. Drugs 2003; 63: 2673–2703. 
2. Crowe SM, Streetman DS. Vardenafil treatment for erectile dys-

function. Ann Pharmacother 2004; 38: 77–85. 
3. Kendirci M, et al. Vardenafil: a novel type 5 phosphodiesterase

inhibitor for the treatment of erectile dysfunction. Expert Opin
Pharmacother 2004; 5: 923–32. 

4. Markou S, et al. Vardenafil (Levitra) for erectile dysfunction: a
systematic review and meta-analysis of clinical trial reports. Int
J Impot Res 2004; 16: 470–8. 

5. van Ahlen H, et al. The real-life safety and efficacy of vardena-
fil: an international post-marketing surveillance study—results
from 29 358 German patients. J Int Med Res 2005; 33: 337–48. 

6. Montorsi F, et al. Vardenafil for the treatment of erectile dys-
function: a critical review of the literature based on personal
clinical experience. Eur Urol 2005; 47: 612–21.

Administration in hepatic impairment. An initial dose of
5 mg of vardenafil is recommended by UK licensed product in-
formation in patients with mild to moderate hepatic impairment
(Child-Pugh category A to B), which may be increased if neces-
sary, according to response and tolerability. The maximum dose
recommended in patients with moderate hepatic impairment is
10 mg. Vardenafil has not been evaluated in severe hepatic im-
pairment (Child-Pugh category C).

Administration in renal impairment. In the UK, an initial
dose of 5 mg of vardenafil is recommended by licensed product
information in patients with a creatinine clearance of less than
30 mL/minute, which may be increased to 10 mg and then to
20 mg if necessary, according to response and tolerability. US
licensing information does not consider adjustment to be neces-
sary. The pharmacokinetics of vardenafil have not been studied
in patients requiring dialysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Levitra; Austral.: Levitra; Austria: Levitra; Belg.: Levitra; Braz.: Lev-
itra; Vivanza; Canad.: Levitra; Chile: Levitra; Cz.: Levitra; Vivanza; Denm.:
Levitra; Fin.: Levitra; Fr.: Levitra; Ger.: Levitra; Gr.: Levitra; Hong Kong:
Levitra; Hung.: Levitra; Indon.: Levitra; Irl.: Levitra; Israel: Levitra; Ital.:
Levitra; Vivanza†; Malaysia: Levitra; Mex.: Levitra; Neth.: Levitra; Vivan-
za; Norw.: Levitra; NZ: Levitra; Philipp.: Levitra; Pol.: Levitra; Port.: Lev-
itra; Vivanza; Rus.: Levitra (Левитра); S.Afr.: Levitra; Singapore: Levitra;
Spain: Levitra; Swed.: Levitra; Switz.: Levitra; Thai.: Levitra; Turk.: Levit-
ra; UK: Levitra; USA: Levitra; Venez.: Levitra.

Yohimbine Hydrochloride (BAN)

Aphrodine Hydrochloride; Chlorhydrate de Québrachine; Co-
rynine Hydrochloride; Yohimbina, hidrocloruro de; Yohimbine,
chlorhydrate de; Yohimbini hydrochloridum. Methyl 17α-hy-
droxy-yohimban-16α-carboxylate hydrochloride.

C21H26N2O3,HCl = 390.9.
CAS — 146-48-5 (yohimbine); 65-19-0 (yohimbine hydro-
chlor ide).
ATC — G04BE04.
ATC Vet — QG04BE04.

(yohimbine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Yohimbine Hydrochloride). A white or slightly yel-
lowish, crystalline powder. Sparingly soluble in water; practical-
ly insoluble in alcohol and in dichloromethane. A 1% solution in
water has a pH of 3.5 to 5.5. Store in airtight containers. Protect
from light. 
USP 31 (Yohimbine Hydrochloride). A white to yellow powder.
Slightly soluble in water and in alcohol; soluble in boiling water.
Store in airtight containers.

Profile
Yohimbine is the principal alkaloid of the bark of the yohimbe
tree, Pausinystalia yohimbe (Corynanthe yohimbi) (Rubiaceae);
it is also found in Rauwolfia serpentina. It is an alpha2-adreno-
ceptor blocker with a short duration of action. It has an antidiu-
retic effect and produces increases in heart rate and blood pres-
sure. It has been reported to cause CNS effects including anxiety
and manic reactions. It has been given orally in the treatment of
erectile dysfunction (p.2179) and for its alleged aphrodisiac
properties but convincing evidence of such an effect is lacking. It
is contra-indicated in renal or hepatic disease.

Adverse effects. A warning about the potential adverse effects,
including anxiety, manic reactions, bronchospasm, and a lupus-
like syndrome, associated with yohimbine taken in health food
products.1 Interactions with tricyclic antidepressants and with
phenothiazines might also occur.

1. De Smet PAGM, Smeets OSNM. Potential risks of health food
products containing yohimbe extracts. BMJ 1994; 309: 958.

Uses. References to the use of yohimbine in erectile dysfunc-
tion.

1. Ernst E, Pittler MH. Yohimbine for erectile dysfunction: a sys-
tematic review and meta-analysis of randomised clinical trials. J
Urol (Baltimore) 1998; 159: 433–6. 

2. Tam SW, et al. Yohimbine: a clinical review. Pharmacol Ther
2001; 91: 215–43. 

3. Lebret T, et al. Efficacy and safety of a novel combination of L-
arginine glutamate and yohimbine hydrochloride: a new oral
therapy for erectile dysfunction. Eur Urol 2002; 41: 608–13. 

4. Guay AT, et al. Yohimbine treatment of organic erectile dysfunc-
tion in a dose-escalation trial. Int J Impot Res 2002; 14: 25–31.

Preparations

USP 31: Yohimbine Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Yohimex†; Austria: Yocon; Belg.: Yocoral; Braz.: Yomax; Canad.:
Yocon; Chile: Yocon; Denm.: Virigen; Fr.: Yocoral; Ger.: Pluriviron mono†;
Yocon; Port.: Zumba; Singapore: Urobine†; UK: Prowess Plain; USA:
Aphrodyne; Yocon.

Multi-ingredient: Arg.: Ferona; Optimina Plus; Austria: Pasuma-Dra-
gees; Braz.: Geravitine†; Libiplus; Testofran†; Tonaton; Fin.: Potentol†;
Hong Kong: Wari-Procomil; Indon.: Sirec; Israel: Tesopalmed Forte cum
Yohimbine; Thai.: Wari-Procomil†; UK: Prowess.
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