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Data Selection

Sources: Medical literature published in any language since 1980 on trandolapril/verapamil SR, identified using Medline and EMBASE,
supplemented by AdisBase (a proprietary database of Adis International). Additional references were identified from the reference lists of
published articles. Bibliographical information, including contributory unpublished data, was also requested from the company developing
the drug.

Search strategy: Medline search terms were ‘verapamil trandolapril’ or ‘trandolapril verapamil’ and ‘hypertension’. EMBASE search
terms were ‘verapamil trandolapril’ or ‘trandolapril verapamil’ and ‘hypertension’. AdisBase search terms were ‘verapamil trandolapril’ or
‘trandolapril verapamil’ and ‘hypertension’. Searches were last updated 30 Oct 2002.

Selection: Studies in patients with hypertension who received trandolapril/verapamil SR. Inclusion of studies was based mainly on the
methods section of the trials. When available, large, well controlled trials with appropriate statistical methodology were preferred.
Relevant pharmacodynamic and pharmacokinetic data are also included.

Index terms: Verapamil SR, trandolapril, hypertension, pharmacodynamics, pharmacokinetics, therapeutic use.
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Summary
Abstract In well designed studies in patients with mild to moderate hypertension, combi-

nations of the sustained-release (SR) formulation of the nondihydropyridine cal-
cium channel antagonist verapamil 120 to 240 mg/day and the ACE inhibitor
trandolapril 0.5 to 8 mg/day were significantly more effective in reducing sitting
systolic blood pressure (SBP) and diastolic blood pressure (DBP) from baseline
than placebo. In most randomised studies, combinations of verapamil SR 120 to
240 mg/day and trandolapril 0.5 to 8 mg/day were significantly more effective
in lowering sitting DBP and SBP than the corresponding monotherapies admin-
istered at the same dosage. Trandolapril/verapamil SR 2/180 mg/day provided
significantly more effective 24-hour ambulatory blood pressure (BP) control than
of the corresponding monotherapies. Moreover, trandolapril/verapamil SR re-
duced BP in patients inadequately controlled with either of the corresponding
monotherapies.

The antihypertensive efficacy of trandolapril/verapamil SR 2/180 mg/day was
generally similar to that of other combinations of antihypertensive agents
(metoprolol/hydrochlorothiazide, atenolol/chlorthalidone, lisinopril/hydrochlo-
rothiazide, enalapril/hydrochlorothiazide) in patients with hypertension, includ-
ing those with type 2 diabetes mellitus.

Trandolapril/verapamil SR reduced BP in patients with hypertension and type
2 diabetes or primary renal disease, Black patients and elderly patients.
Trandolapril/verapamil SR was more effective than the individual components
administered as monotherapy in reducing proteinuria in patients with type 2 di-
abetes or primary renal disease. Trandolapril/verapamil SR had a neutral or ben-
eficial effect on metabolic parameters (glucose, insulin, lipids) in patients with
hypertension, including those with type 2 diabetes.

Trandolapril/verapamil SR preserved left ventricular function in patients with
heart failure. Fewer cardiac events occurred after therapy with trandolapril/ver-
apamil SR than after trandolapril alone in post-myocardial infarction patients
with congestive heart failure.

The incidence of adverse events in recipients of trandolapril/verapamil SR was
similar to that of the individual components, and that of other combination ther-
apies. In placebo-controlled trials conducted in the US, headache, upper respira-
tory tract infections, cough, constipation, atrioventricular block (first degree) and
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dizziness were the most commonly reported adverse events in recipients of com-
binations of verapamil SR (120 to 240 mg/day) and trandolapril (0.5 to 8 mg/day).

In conclusion, the fixed-dose combination of trandolapril/verapamil SR is an
effective treatment for patients with hypertension, including those with type 2
diabetes. Trandolapril/verapamil SR tended to be more effective than monother-
apy with either verapamil SR or trandolapril, and generally showed antihyper-
tensive efficacy similar to that of other combination antihypertensive therapies.
Current data support the use of trandolapril/verapamil SR as an alternative treat-
ment when monotherapy with either agent is not effective. Data from large clin-
ical trials currently being conducted will assist in fully defining the role of
trandolapril/verapamil SR as a cardio- and renoprotective agent.

Pharmacodynamic
Profile

Verapamil is a nondihydropyridine calcium channel antagonist that reduces blood
pressure via the inhibition of the inward flow of calcium ions through the L-type
channels. Verapamil appears to exert its antihypertensive effects without activat-
ing any counter-balancing mechanisms such as tachycardia, water or sodium
retention or the stimulation of the renin-angiotensin-aldosterone system.

Trandolapril exerts its antihypertensive effects through inhibition of ACE. The
decrease in angiotensin II levels leads to decreased vasopressor activity and de-
creased aldosterone secretion. Trandolapril also reduces the breakdown of bra-
dykinin (a vasodilator).

The combination of trandolapril/verapamil sustained-release (SR) generally
had no effect on heart rate in patients with hypertension; although a small, but
significant, reduction in heart rate was reported in a randomised, double-blind
study. In patients with hypertension, trandolapril/verapamil SR had a positive
effect on aortic elastic properties (assessed according to pulse wave velocity) and
decreased left ventricular (LV) mass. Trandolapril/verapamil SR improved LV
ejection fraction in patients with angina pectoris (noncomparative study) and in
patients with heart failure (comparative study). Fewer cardiac events occurred
after trandolapril/verapamil SR than after monotherapy with trandolapril in post-
myocardial infarction patients with congestive heart failure.

Trandolapril/verapamil SR had a neutral or beneficial effect on metabolic
parameters (glucose, insulin, lipids) in patients with hypertension with or without
type 2 diabetes mellitus. Trandolapril/verapamil SR reduced proteinuria in pa-
tients with hypertension and diabetic nephropathy and in patients with primary
renal disease.

Pharmacokinetic Profile In volunteers administered a single dose of trandolapril/verapamil SR (dose not
stated), peak plasma concentrations (Cmax) values of verapamil, trandolapril and
trandolaprilat were reached after 4 to 15, 0.5 to 2 and 2 to 12 hours, respectively.

The pharmacokinetics of trandolapril and trandolaprilat were the same when
trandolapril was administered as monotherapy or as a fixed combination with
verapamil SR. The verapamil area under the concentration-time curve (AUC) and
Cmax increased by 65 and 54% when verapamil SR 240mg was administered in
combination with trandolapril 4mg.

Trandolapril is rapidly converted in the liver to trandolaprilat, the biologically
active diacid. The bioavailability of trandolapril is about 10% and that of
trandolaprilat is about 70%. The bioavailability of trandolapril was not affected
by the presence of food. The bioavailability of verapamil is low (10 to 20%),
because of the rapid biotransformation of verapamil during hepatic first-past
metabolism.
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Plasma protein binding of verapamil is about 90%; that of trandolapril is about
80% and is independent of drug concentration. Trandolaprilat is highly bound to
plasma protein in a concentration-dependent manner (94% at 0.04 µg/L).

Plasma concentrations of verapamil and trandolaprilat at steady-state (reached
after approximately 1 week of once-daily trandolapril/verapamil SR) were up to
2-fold higher than those obtained with a single dose of trandolapril/verapamil SR.

The bioavailability and the time to Cmax of verapamil were decreased by the
presence of food. The bioavailabilities of verapamil and trandolapril were in-
creased in elderly patients, relative to younger patients, administered trandolapril/
verapamil SR.

Approximately 70% of verapamil is excreted as metabolites in the urine, and
15% in the faeces. After administration of a radioactive dose of trandolapril,
approximately 33% of the radioactivity was recovered in the urine and 66% in
the faeces. Elimination of trandolaprilat is triphasic, with an effective elimination
half-life of about 10 hours and a prolonged terminal elimination half-life.

In patients with hypertension administered trandolapril/verapamil SR, the pre-
sence of fatty liver disease did not alter the pharmacokinetics of verapamil. How-
ever, trandolaprilat Cmax and AUC24h values were elevated.

The pharmacokinetics of trandolapril were unchanged in patients with renal
impairment; however, renal trandolaprilat clearance decreased with increasing
renal insufficiency.

Therapeutic Use In randomised, double-blind studies, combination therapy with once-daily
trandolapril 0.5 to 8mg and once-daily verapamil SR 120 to 240mg was signifi-
cantly more effective in lowering sitting systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) than placebo in patients with mild to moderate
hypertension. The number of responders to treatment with trandolapril/verapamil
SR 2/180, 2/240 and 4/240 mg/day was significantly higher than that with pla-
cebo. In most randomised studies, combinations of trandolapril 1 to 4 mg/day and
verapamil SR 120 to 240 mg/day were significantly more effective in lowering
sitting DBP and SBP than the corresponding monotherapies administered at the
same dosage. The mean reduction in 24-hour ambulatory blood pressure (BP)
was significantly greater with combination trandolapril/verapamil SR 2/180
mg/day than with either of the monotherapies administered at the same dosage.
Moreover, trandolapril/verapamil SR was effective in reducing BP in patients
unresponsive to either of the agents administered as monotherapy.

Trandolapril/verapamil SR was effective in reducing BP in special populations
of patients with hypertension, including those with type 2 diabetes or primary
renal disease, and black or elderly patients.

Reductions in BP were generally similar in recipients of trandolapril/verapa-
mil SR 2/180 mg/day to those in recipients of other antihypertensive combi-
nations (metoprolol/hydrochlorothiazide, atenolol/chlorthalidone, lisinopril/
hydrochlorothiazide, enalapril/hydrochlorothiazide) in patients with hyperten-
sion, including those with type 2 diabetes.

Tolerability Trandolapril/verapamil SR is generally well tolerated and the adverse event pro-
file corresponds to that of the monocomponents. In placebo-controlled trials, the
incidence of adverse events was 28, 34, 27 and 26% in recipients of trandolapril/
verapamil SR 2/180 mg/day, trandolapril 0.5 to 8 mg/day, verapamil SR 120 to
240 mg/day and placebo, respectively. In placebo-controlled trials conducted in
the US, headache, upper respiratory tract infections, cough, constipation, atrio-
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ventricular block (first degree) and dizziness were the most commonly reported
adverse events in recipients of combinations of trandolapril (0.5 to 8 mg/day) and
verapamil SR (120 to 240 mg/day). The incidence of prolongation of the PQ
interval was similar in recipients of trandolapril/verapamil SR, the monotherapy
components or placebo.

There were no significant differences in the incidence of adverse events in
recipients of trandolapril/verapamil SR (34%), atenolol/chlorthalidone (32%),
lisinopril/hydrochlorothiazide (29%), or placebo (21%) during a well designed,
trial in patients with hypertension.

Dosage and
Administration

In the US, the fixed combination of trandolapril/verapamil SR is approved for
the treatment of hypertension, but not for initial therapy. The recommended usual
dosage of verapamil SR is 120 to 480 mg/day administered as a single dose or as
two divided doses. The recommended usual dosage of trandolapril is 1 to 4
mg/day administered as a single dose or as two divided doses. Clinical trials of
trandolapril/verapamil SR have only investigated once-daily dosing. The fixed
combination of trandolapril/verapamil SR is available as 2/180, 1/240, 2/240 and
4/240mg tablets.

In European countries, the fixed combination of trandolapril/verapamil SR is
available as 2/180mg capsules. The usual dosage is one capsule, taken once-daily
in the morning.

Trandolapril/verapamil SR should be administered with food.
The safety and efficacy of trandolapril/verapamil SR has not been established

in patients aged under 18 years. Trandolapril/verapamil SR is contraindicated in
patients who are hypersensitive to an ACE inhibitor or verapamil. Trandolapril/
verapamil SR is also contraindicated in patients with severe LV dysfunction,
hypotension (SBP <90mm Hg) or cardiogenic shock, in patients with sick sinus
syndrome (except those with an artificial ventricular pacemaker), second or third
degree atrioventricular block (except those with an artificial ventricular pace-
maker), in patients with atrial flutter or atrial fibrillations and an accessory bypass
tract, and in patients with a history of ACE inhibitor-related angioedema.
Trandolapril/verapamil SR should be administered with caution to patients with
renal or hepatic impairment.

1. Introduction

Essential hypertension, defined as resting dias-
tolic blood pressure (DBP) ≥90mm Hg and/or
systolic BP (SBP) ≥140mm Hg,[1] is a disease of
unknown aetiology. Chronically elevated blood
pressure (BP) is associated with an increased risk
of cardiovascular morbidity and mortality, and
with end-stage renal failure.[2]

Although single-agent drug therapy remains the
recommended initial treatment for hypertension,[1-

3] patients are commonly unable to achieve BP
goals with monotherapy.[4] Consequently, combi-

nation therapy, employing different classes of an-
tihypertensives simultaneously, has been used.
Moreover, combination therapy, particularly when
low doses or drugs from different classes are in-
volved, may have additive or synergistic effects
on BP and minimise dose-dependent adverse
events.[2]

One such combination involves trandolapril, an
ACE inhibitor with a long duration of action, and
a sustained-release (SR) formulation of verapamil,
a nondihydropyridine calcium channel antagonist.
Both trandolapril[5,6] and verapamil[7,8] are well es-
tablished treatment options for patients with hyper-
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tension and have been previously reviewed in
Drugs.

This review provides an overview of the use of
trandolapril/verapamil SR in the treatment of pa-
tients with predominantly mild to moderate hyper-
tension. Although a fixed combination tablet is
available, this review also includes studies in
which the combination was administered as sepa-
rate tablets or capsules. Trandolapril/verapamil SR
has been briefly reviewed previously in Drugs.[9]

2. Pharmacodynamic Profile

Available data concerning the pharmacody-
namic effects of trandolapril and verapamil SR
when coadministered are reasonably limited (see
section 2.3). Consequently, this review also pro-
vides a brief summary of the pharmacodynamic
properties of each individual agent (section 2.1 and
section 2.2) as previously reviewed in Drugs.[5-8]

In addition, data from more recently published
studies have also been added.[10-13] The main phar-
macodynamic properties of trandolapril and vera-
pamil are summarised in table I.

2.1 Trandolapril

Trandolapril exerts its antihypertensive effects
through inhibition of ACE, preventing the conver-

sion of angiotensin I to angiotensin II.[18] The de-
crease in angiotensin II levels results in decreased
vasopressor activity, decreased aldosterone secre-
tion and provides negative feedback for renin se-
cretion. Since ACE is structurally identical to ki-
nase II, one of the enzymes responsible for the
transformation of bradykinin into inactive pep-
tides, trandolapril can also degrade bradykinin, a
potent vasodilator.[5,6,16,19,20]

Trandolapril markedly reduced both SBP and
DBP throughout a 24-hour post-dose period, while
generally having no effect on heart rate, stroke vol-
ume or cardiac output.[5,6] Trandolapril 2 to 4
mg/day for 1 year significantly improved diastolic
function and reduced left ventricular (LV) hyper-
trophy in patients with hypertension and LV hyper-
trophy.[5,6] Trandolapril generally had no effect on
metabolic parameters (including lipid and glucose
levels and insulin sensitivity).[5,6,10,12]

2.2 Verapamil

Verapamil is a nondihydropyridine (phenyl-
alkylamine) calcium channel antagonist that inhib-
its the inward flow of calcium ions through the
L-type calcium channels.[7,8,19-21] This causes a di-
latation in peripheral and coronary blood vessels,
and results in decreased blood pressure. Verapamil

Table I. Overview of the pharmacodynamic properties of verapamil and trandolapril in patients with essential hypertension

Trandolapril (trandolaprilata) Verapamil

Reduces blood pressure via the inhibition of the
angiotensin-converting enzyme. The decrease in angiotensin II
levels leads to decreased vasopressor activity, decreased
aldosterone secretion and increased plasma renin[5,6]

Reduces blood pressure via the inhibition of the inward flow of
calcium ions across the cell membrane of cardiac and vascular
smooth muscle cells[7,8]

Reduces the breakdown of bradykinin (a vasodilator)[5,6] Inhibits sympathetic nervous cell activation[13]

Has a neutral or moderating effect on heart rate without affecting
cardiac output or stroke volume[5,6]

Has a neutral or a moderating effect on heart rate without altering
cardiac output[7,8,14]

Reduces left ventricular hypertrophy[5,6] Reduces left ventricular hypertrophy[15]

Reduces sodium and water retention and leads to a small increase
in serum potassium (via inhibition of aldosterone production)[5,6,16]

Does not induce water or sodium retention[7,8]

Neutral effect on lipid metabolism[5,6] and improves[11] or has a
neutral effect on[10,12] insulin sensitivity

Neutral effect on glucose and lipid metabolism[7,8]

Improves elastic properties of large arteries - increases arterial
compliance and brachial artery diameter, and decreases forearm
vascular resistance and carotid-femoral pulse wave velocity[5,6]

Does not alter serum calcium levels[17]

a Trandolapril is a prodrug which is de-esterified to form trandolaprilat.
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appears to exert its antihypertensive effect without
activating any counter-balancing mechanisms
such as tachycardia, water or sodium retention, or
stimulation of the renin-angiotensin-aldosterone
system.[8]

Verapamil may have benefits over the dihy-
dropyridine calcium antagonists in terms of acti-
vation of the sympathetic nervous system.[13,22]

The effects of Verapamil and Amlodipine on auto-
nomic function in Patients with Hypertension at
Rest and during Exercise (VAMPHYRE) study
randomised 145 patients with DBP ≥95mm Hg to
verapamil SR 240 mg/day or amlodipine 5 mg/day
for 8 weeks. In this double-blind study, the 24-hour
low-frequency/high-frequency ratio was higher
after amlodipine than after verapamil SR (4.66 vs
4.10; p = 0.001, intention-to-treat analysis). Plasma
norepinephrine levels (1.59 vs 1.32 nmol/L; p <
0.0001) were higher after amlodipine than verapa-
mil SR treatment. These results suggest amlodip-
ine, but not verapamil SR, induced a shift towards
sympathetic predominance. The increase in baro-
reflex sensitivity was significantly higher with ver-
apamil SR (27%; p = 0.01) than with amlodipine
(21%), suggesting more effective restoration of
short-term autonomic control of BP by verapamil
SR.[13]

2.3 Trandolapril/Verapamil
Sustained-Release (SR)

2.3.1 Cardiovascular Effects

Heart Rate
Treatment with trandolapril/verapamil SR did

not generally affect heart rate in patients with mild
to moderate essential hypertension. There was no
change in heart rate in several randomised, double-
blind studies (see section 4 for study details).[23-25]

Nonetheless, small but statistically significant re-
ductions from baseline in mean 24-hour heart rates
were recorded in one study in 234 patients receiv-
ing verapamil SR 180mg once daily (4.5 beats/
min; p < 0.01) or trandolapril/verapamil SR 1/180mg
once daily (3.9 beats/min; p < 0.01) for 8 weeks,
but not in recipients of trandolapril 1mg once daily
or placebo for 8 weeks.[26]

Total Peripheral Resistance
In a 6-month, double-blind, randomised study

in patients with hypertension (DBP ≥90 and
<115mm Hg), trandolapril/verapamil SR 1/180mg
once daily (n = 26) reduced total peripheral resis-
tance by 14% (from 1596 to 1370 m/s/cm–5).[25]

This reduction was not statistically significant, but
was considered clinically relevant by the re-
searchers. Treatment with metoprolol/hydrochlo-
rothiazide 100/12.5mg once daily (n = 25) did not
affect this variable (1646 m/s/cm–5 at baseline and
1629 m/s/cm–5 after treatment).[25]

Arterial Structure and Function
Treatment with trandolapril/verapamil SR pos-

itively affected aortic elastic properties (assessed
according to pulse wave velocity [PWV]) in pa-
tients with mild to moderate hypertension in
randomised, double-blind studies.[25,27,28]

After six months’ treatment, trandolapril/vera-
pamil SR 1/180 mg/day significantly (p < 0.05)
reduced PWV during isometric exercise (4 minute
value) by 9% versus baseline in 26 patients with
hypertension (DBP ≥90 and <115mm Hg).[25]

Treatment-induced reductions from baseline in
PWV in 25 patients treated with metoprolol/hydro-
chlorothiazide 100/12.5 mg/day were small and
nonsignificant. Reductions in PWV at rest did not
reach significance in either of the treatment
groups.[25]

Likewise, treatment with trandolapril/verapa-
mil SR 2/180 mg/day for 6 months significantly
reduced PWV from baseline by 14% (p < 0.05) in
one study (n = 69),[28] and by 27% in another (n =
41: data presented as an abstract, significance vs
baseline not stated).[27] PWV was reduced by 24%
in recipients of atenolol/chlorthalidone 100/25
mg/day,[27] but this reduction was not signifi-
cantly different from that in recipients of
trandolapril/verapamil SR. Post-ischaemic maxi-
mal forearm blood flow also improved to a greater
extent in recipients of trandolapril/verapamil SR
than in recipients of atenolol/chlorthalidone (18 vs
8%; p = 0.002).[27]
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Left Ventricular Structure and Function
LV hypertrophy is an independent risk factor

for cardiac and cerebral morbidity in patients with
hypertension, and it has been speculated that its
regression during antihypertensive therapy may re-
duce the risk of complications including myocar-
dial infarction, stroke and heart failure.[29]

Trandolapril/verapamil SR had beneficial effects
on LV structure in patients with hypertension, ac-
cording to data from one randomised, double-
blind[28] and two noncomparative [30,31] trials.

In a study in 14 patients with mild to moderate
hypertension, trandolapril/verapamil SR 2/180mg
once or twice daily or 4/240mg once daily for 12
weeks decreased LV septal wall thickness by 8%
(p = 0.007) and posterior wall thickness by 8% (p
= 0.009).[30] These changes resulted in decreases in
LV mass (9%; p = 0.007), and were accompanied
by small, but significant, increases (12%; p = 0.05)
in systolic function (assessed according to midwall
fractional fibre shortening).[30]

Similarly, trandolapril/verapamil SR 2/180mg
once daily reduced LV mass by 6% (p = 0.01 vs
baseline) in 138 patients with mild-to-severe hy-
pertension treated for 6 weeks[31] and the LV mass
index by 8% (p < 0.01 vs baseline) in 23 patients
with mild to moderate hypertension treated for 6
months.[28]

In a noncomparative study in 14 patients with
angina pectoris and an LV ejection fraction of
<40%, trandolapril/verapamil SR (2/180mg once
daily for 2 weeks then 2/180mg twice daily for 10
weeks) increased LV ejection fraction from 28 to
35% (p = 0.03) and LV wall motion index from 1.0
to 1.2 (p = 0.03).[32] Moreover, exercise duration
(6.9 to 7.7 minutes; p = 0.01) and the ratio of exer-
cise to resting rate-pressure product (2.2 to 2.5; p
= 0.02) also increased. Nitroglycerin use and the
number of angina pectoris attacks were reduced (p
< 0.02).[32]

Patients with Heart Failure
Preliminary evidence from a randomised, dou-

ble-blind study (data presented in an abstract) sug-
gests trandolapril/verapamil SR preserves LV
function in patients with heart failure.[33] In 84 pa-

tients with New York Heart Association (NYHA)
class I and II heart failure (LV ejection fraction of
35 to 50%; 69% in NYHA class I and 31% in
NYHA class II), trandolapril/verapamil SR 2/180
mg/day for two weeks improved the mean LV ejec-
tion fraction from 45.3 to 48.3% (significance not
stated). There was no change in pulmonary capil-
lary wedge pressure or cardiac index. Further stud-
ies are required to determine if this effect is main-
tained when treatment is given for a longer period
of time.

Post-Myocardial Infarction Patients with 
Congestive Heart Failure
Cardiac events occurred less frequently after

trandolapril/verapamil SR (0.5/120mg twice
daily for 1 month then 1/180mg twice daily for 2
months) than after monotherapy with trandolapril
(0.5mg twice daily for 1 month then 1mg twice
daily for 2 months) in a double-blind, randomised
trial in 100 patients with congestive heart failure
after an acute myocardial infarction.[34,35] All pa-
tients received diuretics throughout the study and
the use of aspirin, long-acting nitrates and digoxin
was also permitted.[34] The combined cardiac event
rate (death, reinfarction, unstable angina or read-
mission due to worsening congestive heart failure)
was significantly lower in trandolapril/verapamil
SR than trandolapril recipients (14 vs 35%; p =
0.015). Reinfarction was also significantly less fre-
quent in trandolapril/verapamil SR recipients than
in patients treated with trandolapril (2 vs 14%; p <
0.03).[34,35]

2.3.2 Effects on Metabolic Profile
Trandolapril/verapamil SR had a neutral or a

beneficial effect on metabolic parameters (glu-
cose, insulin, lipids) in patients with hypertension
with [36,37] or without[27,38] type 2 diabetes mellitus.

Patients with Uncomplicated Hypertension
In two randomised studies,[27,38] treatment with

trandolapril/verapamil SR 2/180 mg/day did not
adversely affect lipid or glucose metabolism in pa-
tients with mild to moderate hypertension.

During a 16-week, nonblind, crossover trial in
100 patients with mild to moderate hypertension,
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glucose levels increased from 5.17 mmol/L at
baseline to 5.33 mmol/L after treatment with
captopril/hydrochlorothiazide 50/25mg once
daily, but did not increase with trandolapril/vera-
pamil SR (5.17 vs 5.13 mmol/L); the between-
group difference was significant (p = 0.001).[38]

There were no significant differences between the
groups with respect to the effect of treatment on
low density lipoprotein (LDL) cholesterol, total
cholesterol or triglyceride levels. However, high
density lipoprotein (HDL) cholesterol levels, were
significantly higher after trandolapril/verapamil
SR than captopril/hydrochlorothiazide treatment
(1.39 vs 1.35 mmol/L; p < 0.03).

Similar results were obtained during a 24-week
double-blind study in 41 patients with mild to mod-
erate hypertension (published as an abstract).[27]

Glucose levels increased and HDL cholesterol lev-
els decreased with atenolol/ chlorthalidone 100/25
mg/day, but these parameters did not change with
trandolapril/verapamil SR 2/180 mg/day; the be-
tween-group difference was significant (p =
0.004 and p < 0.05). Potassium levels decreased
with atenolol/ chlorthalidone, but showed no
change with trandolapril/verapamil SR treatment
(p = 0.0007 for the between-group difference).

Patients with Hypertension and Type 2 Diabetes
Glycosylated haemoglobin (HbA1c) level is an

important determinant of mortality risk in patients
with diabetes as demonstrated in a large prospec-
tive trial in 4662 men.[39] This study demonstrated
that a 1% increase in HbA1c was associated with a
28% (p = 0.002) increase in all cause mortality
after adjustment for age, SBP, serum cholesterol,
body mass index, cigarette smoking habit, and a
history of myocardial infarction or stroke.[39]

HbA1c levels were maintained over 6[37] or 3[36]

months in recipients of trandolapril/verapamil SR
in two randomised, double-blind studies in 103[37]

and 24[36] patients with hypertension and type 2
diabetes. In contrast, HbA1c levels were not main-
tained in recipients of enalapril/hydrochlorothia-
zide[37] or atenolol/chlorthalidone[36] in these stud-
ies. In both studies, patients maintained the same

oral antihyperglycaemic medication during the
study as that used prior to entry into the study.

For example, in the larger study, HbA1c values
showed little change during treatment with
trandolapril/verapamil SR 2/180 mg/day over a 6-
month period (HbA1c 5.91% at baseline vs 5.94%
at treatment end).[37] In contrast, HbA1c levels in-
creased from 5.96 to 6.41% in patients treated with
enalapril/hydrochlorothiazide 20/12.5 mg/day; the
between-group difference was significant (p =
0.04). Mean blood glucose levels decreased by
16.8% in trandolapril/verapamil SR recipients and
0.8% in enalapril/hydrochlorothiazide recipients;
however, the between-group difference was not
significant. Lipid levels did not change in any
group during treatment; there were no significant
between-group differences.[37]

Similarly, in the 3-month study, there were no
significant changes from baseline in plasma
HbA1c, fasting plasma glucose or insulin levels, or
the insulin sensitivity index in recipients of
trandolapril/verapamil SR (mean dosage 1.6/180
mg/day).[36] However, in patients treated with at-
enolol/chlorthalidone (mean dosage 71/18 mg/day),
there was a reduction in the insulin sensitivity in-
dex compared with baseline (0.8 vs 0.3 × 10–4

min/µU/ml; p < 0.05). Changes in insulin sensitiv-
ity, plasma glucose levels and area under the glu-
cose curve differed significantly between the aten-
olol/chlorthalidone and trandolapril/verapamil SR
groups (p < 0.05 for all comparisons). Lipid indices
did not change during trandolapril/verapamil SR
treatment. In contrast, serum total triglyceride lev-
els increased (p < 0.03) and HDL cholesterol levels
decreased (p < 0.02) in atenolol/ chlorthalidone
recipients.[36]

2.3.3 Effects on Renal Function
Trandolapril/verapamil SR was effective in re-

ducing proteinuria in patients with hypertension
and type 2 diabetes with or without overt nephrop-
athy[36,37,40,41] and in patients with hypertension
and primary renal disease.[42]

Patients with Type 2 Diabetes and Nephropathy
In randomised studies in patients with hyperten-

sion and type 2 diabetes and nephropathy, signifi-

Trandolapril/Verapamil Sustained-Release: A Review 2547

 Adis International Limited. All rights reserved. Drugs 2002; 62 (17)



cant reductions in albuminuria occurred in recipi-
ents of trandolapril/verapamil SR[36,37,40,41] and en-
alapril/hydrochlorothiazide,[37] but not in those re-
ceiving atenolol/chlorthalidone.[36]

In a 1-year nonblind trial in 37 patients with
hypertension, type 2 diabetes and nephropathy
(proteinuria >300 mg/day), the fixed combination
of trandolapril/verapamil SR (mean dosage
2.9/219 mg/day) was more effective in reducing
proteinuria than monotherapy with either verapa-
mil SR (mean dosage 315 mg/day) or trandolapril
(mean dosage 5.5 mg/day).[40] The reduction in
proteinuria was greater in trandolapril/verapamil
SR (62%; p < 0.05) than in verapamil SR (27%) or
trandolapril (33%) recipients. There were no sig-
nificant differences between the groups in the
changes in glomerular filtration rate, or urinary so-
dium excretion. SBP/DBP was lowered to a similar
extent in all treatment groups.[40]

Similarly, treatment with trandolapril/verapa-
mil SR 2/180 mg/day for 6 months significantly
reduced urine albumin levels (54%; p < 0.001 vs
baseline) in patients (n = 30) with hypertension,
type 2 diabetes and nephropathy (proteinuria >300
mg/day) who were nonresponders after previous
treatment with an ACE inhibitor for at least 6
months.[41] There was no significant change in cre-
atinine clearance in these patients.

Patients with hypertension and type 2 diabetes
(n = 24) were randomised to trandolapril/verapa-
mil SR (mean dosage 1.6/180 mg/day) or aten-
olol/chlorthalidone (71/18 mg/day) in a 12-week
double-blind study.[36] Patients had varying levels
of albuminuria at baseline (twelve were normoalb-
uminuric [<30 mg/day], eight had microalbuminu-
ria [30 to 300 mg/day] and four had overt protein-
uria [>300 mg/day]). The median reduction in
albuminuria was significant during trandolapril/
verapamil SR treatment (33%; p < 0.025), but not
with atenolol/chlorthalidone treatment (11%).[36]

There was no significant difference in the anti-
proteinuric effect of trandolapril/verapamil SR
(2/180 mg/day) and enalapril/hydrochlorothiazide
(20/12.5 mg/day) in a 6-month, randomised, dou-
ble-blind study in 103 patients with hypertension,

type 2 diabetes and microalbuminuria (≤300
mg/day) or macroalbuminuria (>300 mg/day).[37]

Globally, there was a significant (p < 0.001) reduc-
tion from baseline in albuminuria after treatment,
with no significant difference between trando-
lapril/verapamil SR (601.5 to 339.8 mg/day) or en-
alapril/hydrochlorothiazide (409.9 to 161.5 mg/day)
recipients. In patients with microalbuminuria at
baseline or in patients with overt proteinuria at
baseline, there was no significant difference be-
tween the treatment groups in the reduction of al-
buminuria.[37]

Patients with Primary Renal Disease
The effect of trandolapril/verapamil SR on pro-

teinuria was also investigated in 119 patients with
hypertension and primary renal disease (protein-
uria >1 g/day) in a double-blind study.[42] Patients
were initially randomised to trandolapril/verapa-
mil SR 2/180 mg/day, trandolapril 2 mg/day, ver-
apamil SR 240 mg/day or atenolol 50 mg/day. At
week 4, all treatment dosages were doubled. At
week 8, dosages could be halved if tolerance of the
treatment was poor. After 6 months of treatment, a
significant reduction from baseline in proteinuria
(adjusted for baseline values and SBP and DBP)
occurred in recipients of trandolapril (40.2%) and
trandolapril/verapamil SR (48.0%). Moreover, the
reduction in proteinuria in recipients of trando-
lapril/verapamil SR was significantly greater (p =
0.001) in recipients of combination therapy than
verapamil SR monotherapy. Creatinine clearance
did not change throughout the study in any treat-
ment group, although serum creatinine increased
significantly (p = 0.013) in all treatment groups
(there was no significant between-group differ-
ence). There was no significant difference in the
BP reductions between the groups (see section
4.5.2).

3. Pharmacokinetic Profile

Available data on the pharmacokinetic effects
of trandolapril and verapamil when coadmin-
istered are currently limited (section 3.3). Conse-
quently, this review also provides a brief overview
of the pharmacokinetic properties of each individ-
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ual agent (section 3.1 and section 3.2) adminis-
tered as monotherapy. Data reported in section 3.3
are primarily derived from the US prescribing in-
formation for the fixed combination of trandolapril
and verapamil SR (dosage not clearly stated)[17]

and from a clinical study.[43]

3.1 Trandolapril

The pharmacokinetic properties of trandolapril
have been published previously in Drugs [5,6] and
are summarised in this section. Details regarding
the pharmacokinetics of trandolapril have also
been obtained from the US prescribing informa-
tion for trandolapril/verapamil SR[16] and that for
trandolapril.[17]

Trandolapril was rapidly absorbed from the
gastrointestinal tract, reaching peak plasma con-
centrations (Cmax) of 1.68 to 1.88 µg/L within 0.5
to 1.5 hours when a single oral dose of 2mg was
administered to healthy volunteers.[44,45] Cmax val-
ues for trandolaprilat (the biologically active di-
acid metabolite) were 2.09 to 2.80 µg/L, and were
reached after approximately 3 to 12 hours.[44,45]

The absolute bioavailability of trandolapril is
about 10% and that of trandolaprilat is about
70%.[16] Serum protein binding of trandolapril is
about 80% and is independent of drug concentra-
tion.[6] However, binding of trandolaprilat is con-
centration-dependent: 94% at 0.04 µg/L decreas-
ing to 80% at 22.5 µg/L.[6]

Trandolapril is converted to trandolaprilat in
the liver.[5,6] In addition to trandolaprilat, at least
seven other metabolites (principally glucuronide

or de-esterification products) have been identi-
fied.[16]

After an oral radioactive dose of trandolapril,
about 82% of the radioactivity was excreted over
48 hours and excretion was virtually complete
(99.2%) after 7 days.[6] Approximately 33% of the
radioactivity was recovered in the urine and 66%
was recovered in the faeces.[6]

Trandolapril is rapidly eliminated, with a mean
elimination half-life of about 1 hour.[6] Elimina-
tion of trandolaprilat is triphasic (initial rapid de-
cline, effective elimination phase and terminal
elimination phase).[17] The effective elimination
half-life of trandolaprilat is about 10 hours.[17] The
prolonged terminal elimination phase (see table II)
probably represents binding/dissociation kinetics
of the trandolaprilat/ACE complex.[6]

The pharmacokinetics of trandolapril were un-
changed in patients with renal impairment; how-
ever, renal clearance of trandolaprilat decreased
with increasing renal insufficiency.[6] The Cmax

and the area under the plasma concentration-time
curve from 0 to 24 hours (AUC24h) values of
trandolaprilat in patients with severe renal impair-
ment (creatinine clearance ≤1.8 L/h/1.73m2) were
approximately 2-fold higher than those in healthy
individuals.[6]

3.2 Verapamil

The pharmacokinetic properties of verapamil
have been reviewed previously in Drugs[7,8] and
are summarised in this section. Additional infor-

Table II. Pharmacokinetic parameters of verapamil and trandolaprilata in patients with hypertension with, or without, fatty liver disease
administered oral trandolapril/verapamil sustained-release 1/180mg once daily for 7 days[43]

Pharmacokinetic parameter Patients with hypertension (n = 10) Patients with hypertension and fatty liver disease (n = 9)

trandolaprilat verapamil trandolaprilat verapamil

tmax (h) 5.3 5.6 5 7

Cmax (µg/L) 3.1 76.5 4.4* 110.5

AUC24h (µg • h/L) 50 941.2 65.1* 1260.6

t1⁄2 (h) 75 9.2 92.8 9.8

a The active metabolite of trandolapril.

AUC24h = area under the plasma concentration-time curve from 0 to 24 hours; Cmax = maximum plasma concentration; tmax = time to reach
Cmax; t1⁄2 = terminal elimination half-life; * p < 0.05 vs patients with hypertension without fatty liver disease.
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mation from the US prescribing information for
verapamil SR is also included.[46]

Following oral administration, about 90% of
verapamil, administered as the immediate-release
formulation, is absorbed.[8] A similar extent, but a
delayed rate, of absorption is observed with the SR
formulation.[8] Verapamil undergoes hepatic first-
past metabolism and has a low systemic bioavail-
ability of 10 to 20% after oral administration.[7,8]

Verapamil is extensively bound to plasma proteins
(about 90%).[46]

Twelve metabolites have been identified in the
plasma; all except norverapamil, the active
desmethyl metabolite, are present in trace
amounts.[46] About 3 to 4% of a single dose of ver-
apamil is excreted unchanged in the urine. Approx-
imately 70% of verapamil is excreted as metabo-
lites in the urine and 15% in the faeces within 5
days.[7,8]

The terminal elimination half-life of verapamil
SR is 5 to 10 hours.[8] Verapamil pharmacokinetic
parameters are unchanged in patients with im-
paired renal function.[8]

3.3 Trandolapril/Verapamil SR

The pharmacokinetic parameters of verapamil
and trandolapril in patients with hypertension
(with [n = 9] or without [n = 10] fatty liver disease)
administered oral trandolapril/verapamil SR
1/180mg once daily for 7 days are summarised in
table II.[43]

Following administration of a single dose of
trandolapril/verapamil SR (dose not stated) in
healthy volunteers, Cmax was achieved within 0.5
to 2 hours for trandolapril and within 4 to 15 hours
for verapamil.[17] Cmax values for norverapamil
were reached within 5 to 15 hours, and within 2 to
12 hours for trandolaprilat.[17]

The pharmacokinetics of trandolapril and tra-
ndolaprilat were the same, irrespective of whether
trandolapril was administered as monotherapy or
in combination with verapamil.[17] In contrast, the
AUC for verapamil and norverapamil increased by
65 and 32% when verapamil SR 240mg was ad-
ministered concomitantly with trandolapril 4mg;

the verapamil and norverapamil Cmax values in-
creased by 54 and 30%, respectively.[17]

Plasma concentrations of verapamil and
trandolaprilat at steady-state (reached after ap-
proximately 1 week of once-daily trandolapril/ver-
apamil SR) were up to 2-fold higher than those
obtained with a single dose of trandolapril/verapa-
mil SR.[17]

The bioavailability of verapamil, but not
trandolapril, was altered by the presence of a high
fat meal in volunteers administered trandolapril/
verapamil SR 4/240mg. The verapamil Cmax and
AUC decreased by 37 and 28%, respectively. Food
decreased the time to Cmax for both verapamil and
norverapamil by approximately 7 hours.[17]

In elderly individuals aged ≥65 years adminis-
tered a fixed dose of trandolapril/verapamil SR
[dosage not stated], the bioavailability values of
verapamil, norverapamil and trandolapril were 87,
77 and 35% higher than those in younger individ-
uals.[17]

The presence of fatty liver disease did not alter
verapamil pharmacokinetic parameters in patients
with hypertension (see table II for details of dos-
ages and study design). However, trandolaprilat
Cmax and AUC24h values for patients with fatty dis-
ease were significantly higher (42 and 30%; p <
0.05) than in patients with normal liver func-
tion.[43]

4. Therapeutic Use

The antihypertensive efficacies of verapa-
mil[7,8] and trandolapril[5,6] administered as mono-
therapy have been previously reviewed in Drugs.
This review focuses on the antihypertensive effi-
cacy of verapamil SR and trandolapril adminis-
tered as combination therapy in dose-ranging stud-
ies (section 4.1), and in comparison with placebo
(section 4.1 and section 4.2), verapamil SR or
trandolapril monotherapy (section 4.1 and section
4.3) or other fixed combination antihypertensive
therapies (section 4.4). Although a fixed combina-
tion of trandolapril/verapamil SR was used in some
studies, it was not always possible to determine
whether verapamil SR and trandolapril were
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coadministered or administered as a fixed tablet or
capsule. The blood pressure lowering effects of
trandolapril/verapamil SR have also been studied
in special populations of patients with hyperten-
sion (section 4.5), including those with type 2 dia-
betes (section 4.5.1) or primary renal disease (sec-
tion 4.5.2), black patients (section 4.5.3) and
elderly patients (section 4.5.4).

The review focuses on randomised, double-
blind trials of up to 6 months’ duration. In these
trials, combinations of trandolapril/verapamil SR
were administered orally at dosages of 1/180 (not
commercially available), 2/180, 2/240, 4/240 or
8/240mg (not commercially available) once daily.

Patients included in these trials generally had
mild to moderate hypertension (sitting DBP rang-
ing from 90 to 115mm Hg) after a 2- to 4-week,
placebo run-in period. In addition, two studies as-
sessed the efficacy of trandolapril/verapamil SR in
patients inadequately controlled with verapamil
SR[47] or trandolapril[48] monotherapy.

Generally, the primary endpoint was the mean
reduction from baseline in trough (24 hour after
administration) sitting DBP values, but reductions
in trough supine DBP, trough sitting or supine
SBP, and standing DBP and SBP were also re-
ported. In some studies, patients were classified as
responders (patients whose DBP was reduced to
≤90mm Hg or by ≥10mm Hg[24,25,49-52] or <95mm
Hg[53]). Monitoring of 24-hour ambulatory BP also
occurred in some studies.[23,24,26,36,37,54]

4.1 Dose-Ranging Studies

In two 6-week, randomised, double-blind, pla-
cebo-controlled dose-ranging studies, the optimal
antihypertensive combinations of trandolapril/ver-
apamil SR were 1/180 (not commercially avail-
able), 2/180, 2/240 and 8/240mg (not commer-
cially available) administered once daily in
746[49,50] and 456[55] patients with mild to moder-
ate hypertension (see table III for results of com-
mercially available fixed-dose combinations and
the respective monotherapies; see section 4.2 for
other studies comparing trandolapril/verapamil
SR with placebo).

In one study,[49,50] patients were randomised to
placebo, trandolapril 0.5, 2 or 8 mg/day and vera-
pamil SR 120, 180, or 240 mg/day administered as
monotherapy or coadministered. Reductions in su-
pine DBP (primary endpoint) and sitting DBP and
SBP were significantly (p < 0.05 for all compari-
sons) greater with all trandolapril/verapamil SR
combinations than placebo (see section 4.2 and
table III). All combinations had a significantly
greater percentage of responders than the placebo
group (p < 0.01).[49,50] The combination of tra-
ndolapril/verapamil SR 2/240 mg/day achieved
the highest percentage of responders (63%); this
value was significantly greater than those with the
corresponding monotherapies. Mean trough-to-
peak ratios of supine DBP were >0.5 for all
trandolapril/verapamil SR combinations, except
trandolapril/verapamil SR 2/120, 8/120 and
0.5/180 mg/day.[49] Mean trough-to-peak ratios for
sitting DBP for all trandolapril/verapamil SR com-
binations were ≥0.5[50]; that of trandolapril/vera-
pamil SR 2/180 mg/day was 0.74.

Similarly, in another dose-ranging study,[55] all
combinations of trandolapril (0.5, 1.0 or 2.0
mg/day) and verapamil SR (120 or 180 mg/day)
reduced sitting DBP and SBP to a significantly
greater extent than placebo (p < 0.005).

In these two studies,[49,50,55] trandolapril/vera-
pamil SR 0.5/180 (not commercially available),
1/180, 2/180, 2/240 and 8/240 (not commercially
available) mg/day generally had a significantly
greater antihypertensive effect than that of the cor-
responding monotherapies administered at the
same dosage (also see section 4.3 for other studies
comparing trandolapril/verapamil SR with the cor-
responding monotherapies).

In one study,[49,50] reductions in mean sitting
trough DBP were significantly greater in recipients
of trandolapril/verapamil SR 2/180 and 2/240
mg/day (see table III) than the respective mono-
therapies administered at the same dosages (2/240
mg/day; p < 0.05 and 2/180 mg/day; p < 0.01). In
the other dose-ranging study,[55] the mean reduc-
tion in sitting DBP was significantly greater (p <
0.05) in recipients of trandolapril/verapamil SR
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Table III. Efficacy of trandolapril/verapamil SR (TRA/VER) compared with that of trandolapril (TRA), verapamil SR (VER) or placebo (PL) in
patients with mild to moderate[26,48-53,55] or mild to severe[47] hypertension in randomised, double-blind studies. All agents were administered
orally once daily.

Reference Treatment
duration
(wk)

Placebo
run-in
period (wk)

Treatment
regimen
(mg/day)

No. of
evaluable
pts

Mean baselinea sitting
SBP/DBP (mm Hg)

Mean reduction in
sitting SBP/DBP (mm
Hg) from baselinea

Responders
(%)b

Dose-ranging multifactorial studiesc

Scholze et al.[55] 6 4 TRA/VER 2/180 50 NR/100-115d 18.8**§§/15.2**§§‡‡e NR
VER 180 29 NR/100-115d 9.3**/8.9**e NR
TRA 2 30 NR/100-115d 16.4**/13.9**e NR
PL 30 NR/110-115d 8.1**/8.7**e NR

DeQuattro et al.[49,50] 6 4 TRA/VER 2/180 66 152.1/NR 10.2§§/NR 55§§‡f

TRA/VER 2/240 43 152.0/NR 12.0§§†/NR 63§§†

VER 180 57 153.4/NR 6.7/NR 37§§f

VER 240 48 150.3/NR 5.5§/NR 30§§f

TRA 2 67 149.7/NR 5.1§/NR 40§§f

PL 53 153.7/NR 3.5/NR 4

Trandolapril/verapamil SR 1/180 mg/day
Veratran Study Group[26] 8 4 TRA/VER 1/180 77 160.3/104.1 18.9*§/13.4*§ NR

VER 180 56 156.0/104.2 10.5*/10.0* NR
TRA 1 50 159.3/103.6 21.2*§/13.0*§ NR
PL 51 158.2/103.5 9.7*/6.1* NR

Trandolapril/verapamil SR 2/180 mg/day
Karlberg et al.[53]g 8 4 TRA/VER 2/180 192 166.1/102.0h 19.6†††/15.1††† 93

VER 240 96 166.1/102.0h 13.3/12.4 89
TRA 2 96 166.1/102.0h 14.2/10.5 79

Viskoper et al.[51] 8 4 TRA/VER 2/180 103 164.7/103.3 17.6††/13.2†e 69.9
VER 180 102 162.2/103.1 10.3/9.6e 49.0
TRA 2 105 161.6/103.3 12.5/10.9e 59.0

Trandolapril/verapamil SR 4/240 mg/day
Messerli et al.[52] 6 4 TRA/VER 4/240 163 152.3/101.4 12.9§§††/8.1§§††i 64§§††f

VER 240 155 151.1/100.8 8.0§§/4.3§§i 38§§f

TRA 4 155 151.8//101.3 9.0§§/4.5§§i 41§§f

PL 152 153.6/100.5 NA 18f

Nonresponders to monotherapy
Beevers et al.[48]

[TRA non-respondersj]k
12 2 TRA/VER 2/180 381l NR/101.5m 8.0**/6.2**e NR

TRA 2 NR/101.3m 0.6**/2.3**e NR
Sever et al.[47]

[VER non-respondersn]k
12 2 TRA/VER 2/240 230 156.7/102.3o 9.8**/6.4**e NR

VER 240 233 158.2/101.8o 4.5**/3.8**e NR
a End of the placebo run-in period.
b Pts whose DBP was reduced to ≤90mm Hg or by ≥10mm Hg[49-52] or <95mm Hg.[53]

c Only the values for the commercially available fixed-combination dosages and the respective monotherapies are shown.
d Inclusion criteria.
e Adjusted mean value.
f Estimated from a graph.
g Crossover study.
h Mean value for all patients.
i Difference from PL for both DBP and SBP.
j DBP ≥95mm Hg and difference from wk 6 to wk 8 was ≤5 mm Hg after 8 wks of treatment with TRA 2 mg/day.
k Published as an abstract.
l Total randomised to both TRA/VER and TRA.
m Assessed at the end of 8 wks of single-blind treatment with TRA 2 mg/day.
n DBP > 95mm Hg after 8 wks of treatment with VER 240 mg/day.
o Assessed at the end of 12 wks of single-blind treatment with VER 240 mg/day.
DBP = diastolic blood pressure; NA = not applicable; NR = not reported; pts = patients; SBP = systolic blood pressure; SR = sustained-release.
* p < 0.01, ** p < 0.001 vs baseline; † p < 0.05, †† p < 0.01, ††† p < 0.001 vs monotherapy with VER or TRA; ‡ p < 0.05, ‡‡ p < 0.001 vs
VER; § p < 0.05, §§ p < 0.01 vs PL.
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2/180 mg/day than that in recipients of verapamil
SR 180 mg/day (p = 0.0003), but not in recipients
of trandolapril 2 mg/day (see table III). Reductions
in mean trough sitting DBP were significantly
greater with combinations of verapamil SR 180
mg/day and trandolapril 0.5 and 1 mg/day than
with either of the monotherapies administered at
the same dosage.[55]

4.2 Comparisons with Placebo

Data from randomised, double-blind trials in
patients with mild to moderate hypertension indi-
cated that the combination of once-daily verapamil
SR (120 to 240mg) and once-daily trandolapril
(0.5 to 8mg) was more effective in lowering sitting
SBP and DBP than placebo (see table III, table IV
and section 4.1).[24,26,49,50,52,55]

In one study,[26] clinic sitting SBP and DBP, but
not mean 24-hour SBP/DBP, were significantly re-
duced from baseline after treatment with placebo
for 8 weeks. The reductions in both clinic sitting
and 24-hour SBP and DBP after treatment with
combination therapy were significantly greater
than those with placebo.

The number of responders to treatment with
trandolapril/verapamil SR 2/180, 2/240 and 4/240
mg/day (55 to 72%) was significantly higher than
that with placebo (4 to 32%), according to data
from three comparative trials (table III and table
IV).[24,49,50,52]

4.3 Comparisons with Verapamil SR or
Trandolapril Monotherapy

In most studies, trandolapril/verapamil SR
1/180 (not commercially available), 2/180, 2/240,
4/240 and 8/240 (not commercially available)
mg/day was significantly more effective than ei-
ther of the corresponding monotherapies adminis-
tered at the same dosage in lowering sitting BP in
patients with mild to moderate hypertension (table
III and section 4.1).

Trandolapril/verapamil SR 2/180 mg/day re-
duced sitting DBP and SBP to a significantly
greater extent than verapamil SR 180 mg/day or
trandolapril 2 mg/day in two 8-week trials[51,53]

(table III) and a dose-ranging study[49,50] (see sec-
tion 4.1). The response rate was higher in recipi-
ents of combination therapy than in recipients of
monotherapy administered at the same dosage in
both the 8-week trials; however, significance val-
ues were not reported (table III).[51,53]

Similarly, trandolapril/verapamil SR 2/240,[49,50]

4/240[52] (see table III) and 8/240 mg/day[49,50] (see
section 4.1) was significantly more effective in re-
ducing mean sitting SBP and DBP than either of
the monotherapies administered at the same dos-
age. In addition, the percentage of patients re-
sponding to trandolapril/verapamil SR 4/240
mg/day was significantly higher than that with
either of the monocomponents in one trial (p <
0.01).[52] In this same trial,[52] trough-to-peak sit-
ting DBP ratios were >0.5 in both the recipients of
trandolapril 4 mg/day (0.75) and trandolapril/ver-
apamil SR 4/240 mg/day (0.67) at the end of treat-
ment. The trough-to-peak sitting DBP ratio for ver-
apamil SR 240 mg/day was 0.47.

Reductions in 24-hour ambulatory SBP and
DBP were generally greater with combination
trandolapril/verapamil SR therapy than with either
of the corresponding monotherapies administered
at the same dosages, according to results from two
trials.[23,26]

An analysis of 24-hour ambulatory BP monitor-
ing of a subset of 90 patients[23] from a randomised
double-blind trial[51] (see table III for study design
details) indicated that the reductions in DBP and
SBP were significantly greater with trandolapril/
verapamil SR 2/180 mg/day (18.1/11.1mm Hg)
than after monotherapy with verapamil SR 180
mg/day (6.9/6.7mm Hg) or trandolapril 2 mg/day
(10.7/6.4mm Hg). The antihypertensive agents
were administered between 08.00 and 10.00 hours.
Reductions with combination therapy during the
day- and night-time periods were also significantly
greater than those with the corresponding mon-
otherapies. Combination therapy had the most pro-
nounced effect on blunting the early morning rise
in BP; however, the between-group difference was
not statistically significant.[23]
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Similarly, in another 8-week trial [26] (see table
III for details of trial design), the mean reduction
in 24-hour ambulatory SBP was significantly
greater with trandolapril/verapamil SR 1/180
mg/day therapy than with verapamil 180 mg/day
(p < 0.05), and the mean reduction in 24-hour am-
bulatory DBP was significantly greater with com-
bined therapy than treatment with either monother-
apy (p < 0.05).

Data from two randomised, double-blind trials
(both published as abstracts) in patients with hy-
pertension uncontrolled by verapamil SR[47] or
trandolapril monotherapy[48] (see table III for de-
tails of trial design and dosages) indicated that
treatment with trandolapril/verapamil SR was sig-
nificantly (p < 0.001) more effective than contin-

ued therapy with the respective monocomponent
(verapamil SR[47] or trandolapril[48]).

4.4 Comparisons with Other Combinations
of Antihypertensives

In randomised, double-blind trials in patients
with mild to moderate hypertension (without or
with type 2 diabetes [also see section 4.5.1]),
reductions in BP were generally similar in recipi-
ents of trandolapril/verapamil SR to those in recip-
ients of various other antihypertensive combina-
tions (metoprolol/hydrochlorothiazide, atenolol/
chlorthalidone, lisinopril/hydrochlorothiazide, en-
alapril/ hydrochlorothiazide; see table IV).

The reductions in sitting DBP and SBP were not
significantly different in recipients of trando-

Table IV. Efficacy of trandolapril/verapamil SR (TRA/VER) compared with that of other drug combinations in patients with mild to moderate
hypertension with or without type 2 diabetes mellitus in randomised, double-blind studies. All agents were administered orally once daily.

Study Duration
(wk)

Placebo
run-in
period (wk)

Treatment regimen
(mg/day)

No. of
evaluable
patients

Baselinea mean sitting
SBP/DBP (mm Hg)

Mean reduction in
sitting SBP/DBP (mm
Hg) from baselinea

Respondersb

(%)

Patients without type 2 diabetes
Breithaupt-Grögler
et al.[25]

24 2 TRA/VER 1/180 26 155.9/101.0 22.3*/14.4*† 81

MET/HCTZ 100/12.5 25 149.9/100.8 15.9*/9.2* 64

de Leeuw
et al.[24]

8 4 TRA/VER 2/180 50 170/106 27‡‡/13‡‡ 72‡

ATE/CHL 100/25 50 171/107 28‡‡/13‡‡ 76‡

LIS/HCTZ 20/12.5 52 169/107 23‡‡/12‡‡ 69‡

PL 53 169/107 3/3 32

Ramos et al.[27]c 24 2 TRA/VER 2/180 19 149/102 15/15 NR

ATE/CHL 100/25 22 156/103 33†/22† NR

Patients with type 2 diabetes
Fernández
et al.[37]

24 4 TRA/VER 2/180 48 158/97 16.0***/11.2*** NR

ENL/HCTZ 20/12.5 45 157/99 17.7***/13.2*** NR

Schneider
et al.[36]

12 4 TRA/VER 1.6/180d 12 171/108 20**/9 NR

ATE/CHL 71/18d 12 159/106 18*/12* NR

a End of the placebo run-in period.

b Patients with sitting DBP <90mm Hg or reduction of ≥10mm Hg.

c Published as an abstract.

d Mean dosage.

ATE/CHL = atenolol/chlorthalidone; DBP = diastolic blood pressure; ENL/HCTZ = enalapril/hydrochlorothiazide; LIS/HCTZ = lisinopril/hy-
drochlorothiazide; MET/HCTZ = metoprolol/hydrochlorothiazide; NR = not reported; PL = placebo; SBP = systolic blood pressure; SR =
sustained-release; wk = week(s). * p < 0.05, ** p < 0.01, *** p < 0.001 vs baseline; ‡ p < 0.001, ‡‡ p = 0.0001 vs PL; † p < 0.05 vs other
antihypertensive combinations.
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lapril/verapamil SR 2/180 mg/day, atenolol/
chlorthalidone 100/25 mg/day and lisinopril/hy-
drochlorothiazide 20/12.5 mg/day in an 8-week
trial; all combination therapies were significantly
more effective than placebo (table IV).[24] The per-
centages of trandolapril/verapamil SR recipients
with normalisation of blood pressure (DBP
<90mm Hg) or showing a response to treatment
(table IV) were broadly similar with all combined
antihypertensive treatments; these response rates
were significantly greater with all combination
therapies than with placebo treatment.[24] How-
ever, in another trial of longer duration (24 weeks)
treatment with atenolol/chlorthalidone 100/25
mg/day resulted in significantly greater reductions
for both sitting DBP and SBP than those achieved
with trandolapril/verapamil SR 2/180 mg/day (ta-
ble IV) [published as an abstract].[27]

In a 24-week trial,[25] the reduction in sitting
DBP, but not SBP, was significantly greater in re-
cipients of trandolapril/verapamil SR 1/180
mg/day than in recipients of metoprolol/hydro-
chlorothiazide 100/12.5 mg/day (table IV).

4.5 Special Patient Populations

4.5.1 Patients with Type 2 Diabetes
In randomised, double-blind trials, tran-

dolapril/verapamil SR was effective in controlling
BP in patients with mild to moderate[36,37] hyper-
tension and type 2 diabetes (see table IV and sec-
tion 4.4 for details of study design, drug dosage
and baseline BP). This fixed combination was also
effective in reducing proteinuria (see section
2.3.3) and did not have an adverse effect on meta-
bolic parameters in these patients (see section
2.3.2).

Moreover, in these trials, trandolapril/verapa-
mil SR was as effective in controlling BP as other
antihypertensive combinations (enalapril/hydro-
chlorothiazide, atenolol/chlorthalidone) in pa-
tients with type 2 diabetes and hypertension (see
table IV and section 4.4).[36,37] In a 6-month,
multicentre trial,[37] reductions in sitting SBP and
DBP were broadly similar for recipients of
trandolapril/verapamil SR 2/180 mg/day and re-

cipients of enalapril/hydrochlorothiazide 20/12.5
mg/day (see table IV). Likewise, there were no sig-
nificant between-group differences in the reduc-
tion in 24-hour ambulatory SBP and DBP.[37] Re-
ductions in mean sitting (see table IV), supine and
ambulatory daytime BP were also similar in recip-
ients of trandolapril/verapamil SR (mean dosage
1.6/180 mg/day) and atenolol/chlorthalidone (mean
dosage 71/18 mg/day) in a 12-week trial, with no
significant between-group differences.[36]

Similarly, trandolapril/verapamil SR 2/180 mg/
day reduced BP in a randomised, double-blind trial
in previously untreated patients with type 2 diabe-
tes with high-normal and borderline isolated sys-
tolic hypertension (SBP >130 and <159mm Hg,
and DBP >80 and <89mm Hg) [data presented as
an abstract].[56] After 16 weeks of treatment, the
reduction in mean SBP from baseline was similar
in 165 recipients of trandolapril 2 mg/day (10.1mm
Hg) and 172 recipients of trandolapril/verapamil
SR (10.9mm Hg), but greater than that in 84 pla-
cebo recipients (3.9mm Hg; p < 0.001). However,
the reduction in mean SBP from baseline after 16
weeks of treatment was greater in recipients of
trandolapril/verapamil SR (7mm Hg) than in recip-
ients of trandolapril alone (5.3mm Hg; p < 0.05) or
placebo (3mm Hg; p < 0.001). At 16 weeks, 36.5,
37.8 and 14.9% of recipients of trandolapril mono-
therapy, trandolapril/verapamil SR or placebo, re-
spectively, had a SBP <130mm Hg and DBP
<85mm Hg.[56]

In a large (n = 727 evaluable patients), ran-
domised, nonblind, multicentre trial in patients
with type 2 diabetes and hypertension inade-
quately controlled with antihypertensive mono-
therapy (drugs and dosages not stated),[57] 8 weeks
of treatment with trandolapril/verapamil SR 2/180
mg/day was significantly more effective in reduc-
ing sitting DBP (5.6mm Hg; p < 0.0005) than an-
tihypertensive monotherapy (2.9mm Hg; drugs
and dosages not specified). However, the reduc-
tion in sitting SBP was not significantly different
between the two treatment groups (11.1 vs 10.0mm
Hg). In addition, a significantly greater number of
patients treated with combination therapy (82%; p
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= 0.012) than monotherapy (74%) reached
normalisation of DBP (<90mm Hg).

4.5.2 Patients with Primary Renal Disease
Trandolapril/verapamil SR was effective in re-

ducing BP in a randomised, double-blind, multi-
centre trial in patients with hypertension (BP
≥130/85mm Hg) who had primary renal disease
(proteinuria ≥1 g/day and creatinine clearance ≥50
ml/min/1.73m2).[42] This trial was conducted by
the PROCOPA study group. Patients were rand-
omised to receive trandolapril/verapamil SR 2/180
mg/day, atenolol 50 mg/day, trandolapril 2 mg/day
or verapamil SR 240 mg/day. All drug dosages
were doubled after 4 weeks of active treatment. In
patients with a poor tolerance, the dosages were
reduced by half after 8 weeks of treatment. In ad-
dition, furosemide (40 mg/day) was added in the
case of poor response (DBP ≥85mm Hg).

After 6 months of treatment, mean reductions
from baseline in SBP/DBP were similar in all treat-
ment groups; 13.6/11.9mm Hg for trandolapril/
verapamil SR (n = 29), 11.5/9.6mm Hg for atenolol
(n = 31), 13.6/10.2mm Hg for trandolapril (n = 30)
and 8.3/7.0mm Hg for verapamil (n = 29).[42] The
effects of these agents on proteinuria and creati-
nine clearance in these patients are reviewed in
section 2.3.3.

4.5.3 Black Patients
Hypertension is common in African-Caribbean

and African-American Blacks.[58,59] Moreover, in
the US, the prevalence of essential hypertension is
greater in Black patients than in White patients.[60]

A noncomparative[54] and a comparative, non-
blind, multicentre, nonrandomised[61] trial demon-
strated that trandolapril/verapamil SR was effec-
tive in Black patients with mild to moderate (mean
12-hour daytime DBP ≥90 and ≤114mm Hg)[54] or
severe (supine DBP 115 to 135mm Hg)[61] hyper-
tension.

In one trial,[54] Black patients (n = 21) received
trandolapril/verapamil SR (2/180 to 4/360 mg/day
or 4/360 mg/day plus hydrochlorothiazide 12.5
mg/day) titrated according to response. Significant
reductions in mean 24-hour ambulatory BP (from
150/96 to 131/82mm Hg; p < 0.001) occurred after

16 weeks. Significant reductions in 12-hour day-
time or night-time SBP and DBP also occurred (p
< 0.001). Two patients required additional hydro-
chlorothiazide.[54]

Similarly, 58 White patients and 32 Black pa-
tients received trandolapril (2 to 8 mg/day) or
trandolapril/verapamil SR (4/180 or 8/180
mg/day), titrated according to response in the com-
parative trial.[61] Hydrochlorothiazide 12.5 to 25
mg/day was added as required to achieve the goal
BP (supine DBP ≤90mm Hg). Reductions from
baseline in mean supine SBP/DBP were significant
in both Black (14.5/13.1mm Hg) and White
(14.6/14.3mm Hg) recipients of trandolapril/vera-
pamil SR (p = 0.001). The addition of hydrochlo-
rothiazide to combination therapy also resulted in
significant reductions from baseline in mean su-
pine BP in both Black and White patients (p =
0.001). In Black patients, the reductions in mean
supine SBP/DBP were significantly greater in re-
cipients of combination therapy than those in re-
cipients of trandolapril monotherapy (1.2/6.2mm
Hg; p = 0.001).

4.5.4 Elderly Patients
A noncomparative, multicentre trial demon-

strated that trandolapril/verapamil SR reduced BP
in 254 elderly (aged 63 to 92 years) patients with
mild to moderate hypertension.[62] Trandolapril/
verapamil SR (0.5/120 to 2/180 mg/day) was ad-
ministered for 6 months, starting with a response-
dependent titration period of 12 weeks. At the end
of treatment, the mean reduction in sitting
SBP/DBP was 21.9/17.1mm Hg, with most of the
BP reduction occurring in the first 3 months of
treatment (mean reduction 21.4/15.8mm Hg).
Moreover, 82% of patients showed normalisation
of DBP (<90mm Hg) and 85% of patients were
responders (normalisation and/or reduction in
DBP by ≥ 10mm Hg).

5. Tolerability

5.1 Therapeutic Oral Dosages

The tolerability profile of trandolapril/verapa-
mil SR reported during clinical trials in patients

2556 Muijsers et al.

 Adis International Limited. All rights reserved. Drugs 2002; 62 (17)



with hypertension was similar to that of verapamil
SR or trandolapril administered as monotherapy
(see section 4 for design details).[17,26,49-53,55,63]

Trandolapril/verapamil SR was generally well tol-
erated.

Combined analysis of four double-blind,
randomised trials (data presented in a review[63])
indicated that the percentages of patients with hy-
pertension with documented adverse events during
treatment with trandolapril/verapamil SR 2/180
mg/day (n = 208), verapamil SR 120 to 240 mg/day
(n = 263), trandolapril 0.5 to 8 mg/day (n = 411)
or placebo (n = 199) were 27.9, 34.2, 27.3 and
25.6%, respectively. Corresponding percentages
of patients who withdrew due to adverse events
were 3.4, 4.9, 1.9 and 3.0%, respectively. The tol-
erability profile of combined therapy with
trandolapril/verapamil SR 2/180 mg/day was sim-
ilar to that of monotherapy with trandolapril and
verapamil (see figure 1).[63] Headache, constipa-
tion, cough and asthenia were the most commonly
reported adverse events, and were reported in 4.8,
2.9, 1.9 and 1.4% of patients treated with com-
bined therapy in this pooled analysis.[63]

Adverse events occurring in ≥1% of 541 recip-
ients of combinations of trandolapril (0.5 to 8
mg/day) and verapamil SR (120 to 240 mg/day)
who participated in placebo-controlled trials con-
ducted in the US are presented in figure 2.[17]

The incidence of prolongation of the PQ inter-
val was similar in recipients of trandolapril/vera-
pamil SR, the monotherapy components of this
combination or placebo.[63] The PQ interval in-
creased from <200ms at the start of therapy to
>200ms after therapy in 3 of 253 (1.2%) verapamil
SR recipients, 7 of 397 (1.8%) trandolapril recipi-
ents, 4 of 205 (2.0%) trandolapril/verapamil SR
2/180 mg/day recipients, 1.2% of recipients of all
the dosage combinations of trandolapril/verapamil
SR (0.5/120, 1/180 or 2/180 mg/day) and 2 of 185
(1.1%) placebo recipients.[63]

No changes in laboratory parameters were re-
ported, apart from an increase in serum potassium
levels of 0.1 and 0.08 mmol/L during treatment
with trandolapril/verapamil SR 1/180 and 2/180

mg/day.[63] Liver abnormalities have been re-
ported in 3.2% of patients receiving trandol-
april/verapamil SR (see section 6).[17]

In addition, there were no significant differ-
ences in the incidence of adverse events after treat-
ment with trandolapril/verapamil SR 2/180 mg/day
(34%), atenolol/chlorthalidone 100/25 mg/day (32%),
lisinopril/hydrochlorothiazide 20/12.5 mg/day
(29%), or placebo (21%) during a well designed,
8-week trial in 205 patients with hypertension (see
section 4.4 for details of trial design).[24]

5.2 Overdose

No specific data are available regarding the ef-
fects of overdose with trandolapril/verapamil
SR.[17]

However, reports of overdose with conven-
tional and SR verapamil have been thoroughly re-
viewed.[7,64-67]

Clinical features of verapamil intoxication are
pronounced hypotension, and cardiac rhythm dis-
turbances, ranging from sinus bradycardia to com-
plete heart block and asystole.[7] Other symptoms
such as hyperglycaemia, hypokalaemia, renal fail-
ure, and convulsions may be present.[7,17]

Treatment of verapamil intoxication is aimed at
preventing the further absorption of verapamil
from the gastrointestinal tract, increasing atrioven-
tricular nodal conduction, increasing vascular tone
and maintaining tissue oxygenation and metabolic
support.[7,17] β-Adrenergic stimulation or paren-
teral administration of calcium solutions have
been effectively used in the treatment of deliberate
overdosing with verapamil.[17] Other measures, in-
cluding atropine, isoprenaline (isoprotenerol), epi-
nephrine and norepinephrine, dopamine, dobutam-
ine, glucagon and a pacemaker have been used
with varying success.[17,65]

The most likely clinical manifestations of
trandolapril intoxication are symptoms attribut-
able to severe hypotension.[17] Suggested treat-
ment of trandolapril overdose is the administration
of an infusion of normal saline solution.[17]
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6. Dosage and Administration

6.1 Dosage Recommendations

In the US, the fixed combination of
trandolapril/verapamil SR is approved for the
treatment of hypertension, but not for initial ther-
apy.[17] The recommended usual dosage of verapa-
mil SR is 120 to 480 mg/day administered as a
single dose or as two divided doses.[17] The recom-
mended usual dosage of trandolapril is 1 to 4
mg/day administered as a single dose or as two
divided doses.[17] Clinical trials of trandolapril/
verapamil SR have only investigated once-daily
administration. In the US, the fixed combination of
trandolapril/verapamil SR is available as 2/180,
1/240, 2/240 and 4/240 tablets. Trandolapril/vera-
pamil SR should be taken with food.[17]

In European countries, the fixed combination of
trandolapril/verapamil SR is available as 2/180mg
capsules. The usual dosage is one capsule, taken
once-daily in the morning, with or after break-
fast.[68]

The safety and efficacy of trandolapril/verapa-
mil SR has not been established in patients aged

under 18 years. Trandolapril/verapamil SR therapy
is contraindicated in patients with:
• hypersensitivity to any ACE inhibitor or verapa-
mil
• severe left ventricular dysfunction (ejection
fraction <30%, pulmonary wedge pressure >20mm
Hg or severe symptoms of cardiac failure)
• hypotension (SBP <90mm Hg) or cardiogenic
shock
• sick sinus syndrome (except in patients with an
artificial ventricular pacemaker)
• or second or third degree atrioventricular block
(except in patients with an artificial ventricular
pacemaker)
• atrial flutter or atrial fibrillation with an acces-
sory bypass tract.[17]

In addition, patients with a history of ACE in-
hibitor-related angioedema should not receive
trandolapril/verapamil SR therapy.[17]

Liver abnormalities have been reported in 3.2%
of patients receiving trandolapril/verapamil SR;
periodic monitoring of liver function in tran-
dolapril/verapamil SR recipients is therefore ad-
visable.[17] Trandolapril/verapamil SR should be
administered with caution to patients with renal or
hepatic impairment.

ACE inhibitors can cause injury and death to the
developing fetus if used in pregnancy during the
second and third trimesters. Therefore, tran-
dolapril/verapamil SR should be discontinued as
soon as pregnancy is detected.[17]

6.2 Drug Interactions

The information in this section was largely ob-
tained from the US prescribing information for
trandolapril/verapamil SR[17] and verapamil
SR.[46]

Verapamil may increase levels of digoxin
(maintenance digoxin doses should be reduced)
and lithium; patients should be carefully monitored
during coadministration.[17] Coadministration with
verapamil may also increase exposure to ethanol,
carbamazepine, cyclosporin or theophylline.[17]
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Fig. 1. Adverse event profile of trandolapril/verapamil sus-
tained-release (SR) 2/180 mg/day (n = 208), trandolapril 0.5 to
8 mg/day (n = 411), verapamil SR 120 to 240 mg/day (n = 263)
and placebo (n = 199) in a pooled analysis of randomised, dou-
ble-blind trials in patients with hypertension.[63]
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Verapamil may also increase levels of
simvastatin, [69,70] but does not appear to signifi-
cantly increase pravastatin levels.[69]

Phenobarbital may increase verapamil clear-
ance.[46] The clearance of single doses of verapa-
mil was reduced after coadministration with cimet-
idine in healthy volunteers.[46]

Inhibitors of cytochrome P3A4 (such as eryth-
romycin, ritonavir) may reduced plasma levels of
verapamil.[46] Elevations in plasma levels of vera-
pamil have been reported with inducers of cyto-
chrome P3A4 (such as rifampicin).[17,46] Intake of
grapefruit juice has also been associated with in-
creased levels of verapamil.[46]

An increase in bleeding time may occur when
verapamil is coadministered with aspirin.[46]

Additive adverse effects on heart rate, atrio-
venticular conduction and/or cardiac contractibly
may result from coadministration of verapamil and
beta blockers; caution and close monitoring are
recommended.[17]

Data on interactions between verapamil and an-
tiarrhythmic agents are limited; adverse cardiovas-
cular interactions are possible. Coadministration
of flecainide and verapamil may have an additive
effect on myocardial contractibility, AV conduc-
tion and repolarisation.[46] Disopyramide and
quinidine should not be coadministered with vera-
pamil.[17] Careful dose titration is recommended
during coadministration of verapamil and inhala-
tion anaesthetics to avoid excessive cardiovascular
depression.[17]

Verapamil may potentiate the effects of neuro-
muscular blocking agents; dosage reduction may
be necessary for one or both agents.[17]

An additive effect on the lowering of BP usually
occurs when verapamil is administered concomi-
tantly with oral antihypertensive agents such as va-
sodilators, ACE inhibitors, diuretics and β-block-
ers.[46]

Initiation of trandolapril in patients receiving
diuretic therapy may result in hypotension; the
possibility of such effects can be minimised by dis-
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Fig. 2. Adverse events occurring in ≥1% of 541 recipients of combinations of trandolapril 0.5 to 8 mg/day and verapamil sustained-
release (SR) 120 to 240 mg/day and 206 recipients of placebo who participated in trials conducted in the US.[17]
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continuing the diuretic or cautiously increasing
salt intake prior to starting trandolapril/verapamil
SR treatment.[17] Alternatively, the initial tran-
dolapril/verapamil SR dosage can be reduced.[17]

Trandolapril may increase potassium levels;
careful monitoring of serum potassium levels is
recommended for patients receiving trandolapril in
addition to potassium-sparing diuretics, potassium
supplements or potassium-containing salt substi-
tutes in order to avoid hyperkalemia.[17]

7. Place of Trandolapril/Verapamil SR in
the Management of Essential
Hypertension

Hypertension plays a central role in the patho-
genesis of coronary artery disease, congestive
heart failure, stroke and renal failure.[1-3,71] These
conditions impose an enormous financial burden
on healthcare systems and have major social impli-
cations.[1,2] Consequently, the effective prevention
and treatment of hypertension is a major public
health challenge in most countries. In the US, for
example, it is estimated that 50 million adults have
hypertension.[1] Moreover, nearly three of four
adults in the US are not controlling their BP to below
140/90mm Hg.[1]

The goal of antihypertensive treatment is to re-
duce morbidity and mortality by the least intrusive
means possible.[1,72] Current guidelines differ
slightly in their recommended BP goals, but they
all take into consideration the patient’s risk cate-
gory.[1-3]

For patients with uncomplicated hypertension,
the sixth report of the Joint National Committee on
prevention, detection and treatment of high blood
pressure (JNC-VI)[1] recommends reducing BP be-
low 140/90mm Hg if tolerated, the World Health
Organisation-International Society of Hyperten-
sion (WHO-ISH)[2] recommends BP levels below
130/85mm Hg, and the British Hypertension Soci-
ety (BHS) recommends BP below 140/85mm
Hg.[3]

More aggressive reductions in BP may be rec-
ommended in hypertensive patients with addi-
tional risk factors, including cardiovascular dis-

ease, evidence of target organ disease or comorbid
conditions (such as diabetes mellitus or renal fail-
ure).[1-3,73,74] Guidelines have emphasised the im-
portance of aggressive BP reduction in patients
with diabetes mellitus. The WHO-ISH[2] and JNC-
VI[1] guidelines suggest a BP goal of <130/85mm
Hg to be optimal for hypertensive patients with
diabetes mellitus. However, recent recommenda-
tions by the American Diabetes Association
(ADA)[73] and the joint recommendations of the
British Cardiac Society, British Hyperlipidaemia
Association, BHS and the British Diabetic Associ-
ation[75] suggest an even more aggressive target of
<130/80mm Hg is optimal in these patients.

Lifestyle modifications such as weight reduc-
tion, reduced salt intake, limited alcohol consump-
tion, regular physical exercise and a healthy diet
are an integral part of the management of patients
with less than optimal BP.[3,72] Although sustained
changes in lifestyle may be difficult to achieve,
they can obviate or reduce the need for pharmaco-
logical intervention.[1] Nevertheless, pharmaco-
logical intervention is required for a large propor-
tion of patients in order to optimise BP control.[1]

There is a vast array of pharmacological inter-
ventions available for the optimisation of BP, in-
cluding diuretics, ACE inhibitors, α- and β-block-
ers, angiotensin II receptor antagonists, and calcium
channel antagonists.[76] The JNC-VI guidelines for
the initial treatment of mild uncomplicated hyper-
tension emphasise, as the principle strategy, sin-
gle-drug therapy with step-wise dose increases or
the substitution of an alternative drug if the re-
sponse is minimal.[1] The JNC-VI and BHS guide-
lines recommend diuretics and β-blockers as initial
therapy for hypertension, unless there are strong
indications for another drug class (or β-blockers or
diuretics are contraindicated).[1] This recommen-
dation is based on evidence from numerous clinical
trials that have shown a reduction in mortality and
morbidity in patients treated with these agents. In
contrast, the WHO-ISH guidelines state that all
drug classes (diuretics, α- and β-blockers, calcium
channel antagonists, ACE inhibitors, angiotensin
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II antagonists) are suitable for the initiation and
maintenance of treatment.

However, as acknowledged in the JNC-VI, the
WHO-ISH and the BHS guidelines,[1-3] most pa-
tients with hypertension will require a combination
of antihypertensives to achieve optimal control.
Consequently, the JNC-VI, WHO-ISH and BHS
guidelines recommend the addition of a second
agent in patients who have tolerated the first agent
but are not able to reach the target BP.[1-3]

On average, the number of antihypertensive
agents required to achieve optimal control of BP
varies between two to four, with comorbid condi-
tions such as diabetes mellitus or renal failure ne-
cessitating greater drug requirements. Although
underpowered, the Hypertension Optimal Treat-
ment (HOT) study indicated that 3.3 antihyperten-
sives were needed on average to attain BP
goals.[77] In the United Kingdom Prospective Dia-
betes Study (UKPDS), tight BP control (<150/
85mm Hg) in patients with type 2 diabetes required
a greater increase in the number of antihyperten-
sives administered than did less tight BP control
(<1/18005mm Hg).[78] Similarly, in the Appropri-
ate Blood Pressure Control in Diabetes (ABCD)
trial, 2.8 antihypertensives were need to achieve a
BP goal of <75mm Hg DBP.[79]

JNC-VI and WHO-ISH guidelines emphasise
the use of long-acting antihypertensives that are
able to provide 24-hour efficacy on a once-daily
basis.[1] The JNC-VI also recommends that at least
50% of the peak effect should remain at the end of
24 hours.[1] Such agents improve adherence to
therapy, minimise BP variation and result in
smoother more consistent BP control.[2] As a con-
sequence, they may provide greater protection
against the risk of major cardiovascular events and
the development of target organ damage.[1,2]

Drugs from different classes generally affect
different pathophysiological mechanisms, result-
ing in an additive effect on BP when used in com-
bination. Thus, lower dosages of the individual
components of the combination therapy can be ad-
ministered for the same antihypertensive efficacy
as that achieved with high dosages of monother-

apy.[3,80] Given the fact that many of the adverse
effects associated with antihypertensive therapy
are dose related, an improved tolerability profile
with low-dose combination therapy over high-
dose monotherapy could also be expected.

Another rationale for using combination ther-
apy is that each component of the combination
may neutralise the counter regulatory mechanism
activated by the other.[4,80] For example, the acti-
vation of the sympathetic nervous system and the
renin-angiotensin aldosterone axis by a dihydro-
pyridine calcium channel antagonist can be
counter-balanced by coadministration of an ACE
inhibitor.[4]

Combinations of antihypertensive drugs may be
given as fixed-dose combinations or as individual
drugs. Some of the advantages of combination for-
mulations of antihypertensive drugs are that before
registration, their efficacy and tolerability have
been evaluated in randomised, multifactorial,
comparative trials and the optimal dosages of the
individual components have been determined.[4]

Moreover, combination formulations allow for
simpler regimens because of the decrease in the
number of tablets or capusles (in some countries
outside the US). Thus, the likelihood of compli-
ance is increased.[80] In addition, the acquisition
cost of fixed combinations is generally lower than
extemporaneous combinations. Fixed combina-
tions involve only one dispensing fee, and the drug
price is typically less than if the two components
were administered separately.[81]

A potential disadvantage of fixed-dose combi-
nations is the lack of dose administration flexibil-
ity. However, while it is common practice in clin-
ical trials to titrate drug therapy to achieve target
BP goals, this is often not the case in the commu-
nity.[4,80] Although physicians generally increased
the frequency of patient visits in response to high
BP in the office, at five Department of Veteran
Affairs sites in New England, US, they rarely ti-
trated or modified BP therapy.[82] Moreover, this
advantage of coadministering individual drugs
may be counterproductive, given the inverse rela-
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tionship between compliance and the complexity
of the dose administration regimen.[80]

A plethora of fixed-dose combinations for use
in the treatment of hypertension have become com-
mercially available in the past twenty years, with
the majority containing a diuretic.[4,80,83] Fixed-
dose combinations outlined in the JNC-VI, BHS
and WHO-ISH guidelines include not only the
combination of diuretics with β-blockers and di-
uretics with ACE inhibitors (or an angiotensin II
receptor antagonist), but also the combination of
calcium channel antagonists with β-blockers and
calcium channel antagonists with ACE inhibitors.
To date, only the combination of captopril/hydro-
chlorothiazide and bisoprolol/hydrochlorothiazide
have been approved in the US for first-line therapy
in this indication.[83]

Theoretically, the combination of an ACE in-
hibitor and a calcium channel antagonist is appeal-
ing. Both ACE inhibitors and calcium channel an-
tagonists reduce peripheral vasconstriction and
facilitate salt and water excretion.[19] However, the
mechanism of the two agents is distinctly different.
The negative sodium balance induced by the cal-
cium channel antagonist may facilitate the antihy-
pertensive effects of the ACE inhibitor. Con-
versely, the ACE inhibitor may blunt the stimulatory
effects of the calcium channel antagonist on the
renin-angiotensin system.[84]

While not approved in the US for first-line ther-
apy, fixed combinations of calcium channel antag-
onists and ACE inhibitors available for use in pa-
tients with hypertension in the US include
amlodipine/benazepril, diltiazem/enalapril, felodip-
ine/enalapril and trandolapril/verapamil SR.[1] The
felodipine/ramipril combination is also available
in Europe.[85]

The fixed combination of trandolapril/verapa-
mil SR combines ACE inhibition with calcium
channel antagonism to effectively lower BP in pa-
tients with mild to moderate essential hyperten-
sion. Both verapamil SR and trandolapril reduce
total peripheral resistance without affecting car-
diac output (see section 2 and table I). Importantly,
verapamil is a nondihydropyridine calcium chan-

nel antagonist and its use is not associated with
adverse effects (like tachycardia or flush) that are
commonly reported with dihydropyridine calcium
channel antagonists.[86] The use of two long-acting
drugs (see section 3) provides BP control over a
24-hour period (see section 4.3). The potential ad-
vantages of such long-acting antihypertensive
drugs include increased compliance, minimisation
of blood pressure variation, and thus a greater pro-
tection against the risk of major cardiovascular
events and the development of target organ dam-
age.[2]

Trandolapril/verapamil SR had significantly
greater antihypertensive efficacy than placebo (see
section 4.2) and tended to have greater antihyper-
tensive effect than that of the monotherapy compo-
nents administered at the same dosage (see section
4.3). Combination therapy was also effective in pa-
tients with hypertension inadequately controlled
with either trandolapril or verapamil (see section
4.3). Reductions in BP were generally similar in
recipients of trandolapril/verapamil SR 2/180
mg/day to those in recipients of other antihyperten-
sive combinations (metoprolol/hydrochlorothia-
zide, atenolol/chlorthalidone, lisinopril/hydrochl-
orothiazide, enalapril/hydrochlorothiazide) in
patients with hypertension, including those with
type 2 diabetes (see section 4.4 and section 4.5.1).
Studies comparing the efficacy of trandolapril/ver-
apamil SR with that of other fixed combinations of
ACE inhibitors/calcium channel antagonists have
not been conducted. Trandolapril/verapamil SR
provided effective 24-hour ambulatory control that
was significantly better than that provided by ei-
ther of the monotherapies administered at the same
dosage (see section 4.3). Interestingly, a ran-
domised, double-blind study[23] showed that the at-
tenuation of the early morning rise in BP was
greater in recipients of combination therapy than
monotherapy with either trandolapril or verapamil
SR; however, the between-group difference was
not significant. In this study, patients received
once-daily doses of combination or monotherapies
administered in the morning. The effect of evening

2562 Muijsers et al.

 Adis International Limited. All rights reserved. Drugs 2002; 62 (17)



administration of these agents on 24-hour BP con-
trol was not investigated in this study.

A fixed combination of a calcium channel an-
tagonist and an ACE inhibitor may be particularly
useful because of the beneficial effects of each
agent on cardiac and renal parameters.[20,87-89] Un-
less contraindicated, ACE inhibitors are recom-
mended in hypertensive patients with heart failure,
LV dysfunction or type 1 diabetic nephropathy in
the JNC-VI, WHO-IS and BHS guidelines.

The ADA also recommends the use of ACE in-
hibitors or angiotensin receptor antagonists as
first-line therapy in patients with diabetes and
microalbuminuria or clinical albuminuria.[73] The
ADA also notes that nondihydropyridine calcium
channel antagonists reduce the level of albumin-
uria in diabetic patients.[90]

Trandolapril/verapamil SR was effective in re-
ducing BP in patients with type 2 diabetes (see
section 4.5.1). Moreover, data from a limited num-
ber of studies in patients with hypertension and
type 2 diabetes indicated significant reductions in
albuminuria in recipients of trandolapril/verapa-
mil SR and enalapril/hydrochlorothiazide, but not
atenolol/chlorthalidone (see section 2.3.3). The re-
duction in albuminuria with combination therapy
was greater than that with either monotherapies
(see section 2.3.3). Interestingly, this effect ap-
peared to be independent of the BP lowering effect
of trandolapril/verapamil SR in one of the stud-
ies.[40]

Further evidence of the renoprotective effects
of trandolapril/verapamil SR 2/180 mg/day, vera-
pamil SR 240 mg/day, trandolapril 2 mg/day and
placebo therapy is being sought in the large (ap-
proximately 2400 patients), randomised Bergamo
Nephrology Diabetes Complications trial (BENE-
DICT).[91] The effectiveness of these agents in the
prevention of microalbuminuria in hypertensive
(SBP ≥140mm Hg or DBP ≥90mm Hg) patients
with type 2 diabetes will be assessed in the first
3-year phase of the trial. In the second phase of the
trial (2 years), the efficacy of combination therapy
and monotherapy with trandolapril in the preven-
tion of the progression to macroalbuminuria (uri-

nary albumin excretion rate >200 µg/min in two
of three overnight urine collections) will be deter-
mined in those patients who developed
microalbuminuria during the first phase of the
trial.[91]

Trandolapril/verapamil SR demonstrated car-
diovascular benefits in a limited number of
randomised clinical studies in patients with hyper-
tension (see section 2.3.1). Reductions in LV mus-
cle mass, total peripheral resistance and pulse
wave velocity were reported in these trials. In-
creases in LV ejection fraction and LV wall motion
index were also reported in patients with angina
pectoris and an ejection fraction of <40%. Nitro-
glycerin use and the number of angina pectoris at-
tacks were also reduced. Preliminary data suggest
that trandolapril/verapamil SR preserved LV func-
tion in patients with heart failure (see section
2.3.1). Moreover, fewer cardiac events occurred
after therapy with trandolapril/verapamil SR than
after trandolapril alone in post-myocardial infarc-
tion patients with congestive heart failure (see sec-
tion 2.3.1).

Data regarding the cardiovascular outcomes
after therapy with trandolapril/verapamil SR are
expected with the completion of the large (n =
27 000) internet-based, randomised International
Trandolapril/verapamil SR Study (INVEST).[92]

The primary objective of this study is to compare
the effects of calcium channel antagonist-based
regimens (including trandolapril/verapamil SR)
with those of β-blocker/diuretic-based regimens
on mortality, nonfatal myocardial infarction and
nonfatal stroke in patients with hypertension and
coronary artery disease.[92]

Arterial hypertension may be associated with
other comorbidities (such as diabetes mellitus,
dyslipidaemia), which in themselves are risk fac-
tors for cardiovascular morbidity and mortality.
Thus, antihypertensives should have at least a neu-
tral or beneficial effect on these conditions.[80] In
this regard, trandolapril/verapamil SR for 3 to 6
months was effective in maintaining glycaemic
control in two randomised, double-blind studies in
patients with hypertension and type 2 diabetes (see
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section 2.3.2). In contrast, glycaemic control was
not maintained in recipients of the ACE inhibi-
tor/diuretic combination of enalapril/hydrochloro-
thiazide or the β-blocker/diuretic combination of
atenolol/chlorthalidone in these studies.

Trandolapril/verapamil SR was also effective in
reducing BP in other high risk groups, including
Black patients (see section 4.5.3) and elderly pa-
tients (see section 4.5.4).

Hypertension is common in African-Caribbean
and African-American Black patients.[1,3,58,59]

These groups are associated with higher risks of
complications, particularly stroke, renal failure
and LV hypertrophy.[1,3] Interestingly, both the
BHS and JNC-VI suggest that ACE inhibitors and
β-blockers may be ineffective as monotherapy in
Black patients, because the renin angiotensin sys-
tem is frequently suppressed in this population
group.[1,3] However, the BHS guidelines suggest
that Black patients may respond to an ACE inhib-
itor or β-blocker, when used in combination with
drugs that activate the renin-angiotensin system,
such as diuretics, calcium channel antagonists or
α-blockers.[3] A noncomparative trial and a non-
randomised, comparative trial demonstrated that
trandolapril/verapamil SR (administered over a
range of dosages) was effective in Black patients
with mild to moderate or severe hypertension (see
section 4.5.3). Notably, in one study in Black pa-
tients with mild to moderate hypertension,
trandolapril/verapamil SR provided sustained an-
tihypertensive effects over a 24-hour period.[54]

Further comparative trials are required to deter-
mine the efficacy of trandolapril/verapamil SR in
comparison with that of other appropriate antihy-
pertensive combinations in Black patients.

In conclusion, trandolapril/verapamil SR is an
effective treatment for patients with hypertension,
including those with type 2 diabetes. Tran-
dolapril/verapamil SR tended to be more effective
than monotherapy with either verapamil SR or
trandolapril, and generally showed antihyperten-
sive efficacy similar to that of other combination
antihypertensive therapies (metoprolol/hydrochlo-
rothiazide, atenolol/chlorthalidone, lisinopril/hyd-

rochlorothiazide, enalapril/hydrochlorothiazide).
Current data support the use of trandolapril/vera-
pamil SR as an alternative when monotherapy with
either agent is not effective. Data from large clini-
cal trials currently being conducted will assist in
fully defining the role of trandolapril/verapamil SR
as a cardio- and renoprotective agent.
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