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Summary: In a parallel-group multicenter study, the effi- 
cacy and safety of combination therapy with ramipril5 mg 
plus hydrochlorothiazide 25 mg were compared double- 
blind with those of 5 mg and 10 mg ramipril monotherapy 
in patients with mild to moderate hypertension who had 
not responded adequately to ramipril5 mg alone. Patients 
were initially treated single-blind for 1 week with ramipril 
2.5 mg and 3 weeks with ramipril5 mg. Of 240 patients 
enrolled, 165 were subsequently classed as nonresponders 
(diastolic blood pressure > 90 mmHg) and were random- 
ized to one of the three double-blind treatments for a fur- 
ther 4 weeks. In the double-blind phase, the mean reduc- 
tions in supine systolic and diastolic blood pressures at end 
point were significantly greater in the 5 mg plus 25 mg 
combination group (11.6h0.6 mmHg) than in the groups 
receiving ramipril5 mg (6.2/5.9 mmHg; both p<O.Ol) and 
ramipril 10 mg (7.4/7.1 mmHg; both p <0.05). The propor- 
tion of responders at end point was also higher for combi- 
nation therapy (72%) than for monotherapy (48% for rami- 
pril 5 mg and 62% for ramipril 10 mg). All three treat- 
ments were well tolerated. Analysis of laboratory values 
revealed no clinically important changes. 
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Introduction 

Hypertension, which affects 10-15% of the world's pop- 
ulation, is known to contribute to an increased incidence of 
cardiovascular morbidity and mortality in all races and age 
groups. Indeed, for every 10 mmHg rise in mean arterial 
blood pressure (BP), there is a 30% rise in cardiovascular 
risk. l4 Nevertheless, effective antihypertensive treatment 
has been developed that significantly reduces this risk in 
patients with essential hyperten~ion.~-'l 

A large number of antihypertensive agents are now 
available, which differ in their mechanisms of action and 
adverse reaction profiles, but which have comparable effi- 
cacies. Normalization of high BP can, therefore, generally 
be achieved by the use of a single antihypertensive agent in 
50 to 70% of patients with mild to moderate hypertension. 
Response rates of 45% have been reported for hydrochlor- 
othiazide monotherapy in mild hypertensives. l2  For pa- 
tients who are inadequately controlled by monotherapy, 
the treatment options include: increasing the dose of exist- 
ing therapy, substituting a different class of antihyperten- 
sive, or adding a second agent. While upward titration of 
monotherapy can lead to a higher incidence of adverse re- 
actions and substitution may prove complicated, combin- 
ing low doses of agents with complementary mechanisms 
of action can increase efficacy and may even improve the 
adverse reaction profile. 13-15 

Angiotensin-converting enzyme (ACE) inhibitors have 
become increasingly popular over the last 10 years as alter- 
natives to established first-line therapies, such as diuret- 
ics, beta blockers and calcium channel blockers. ACE in- 
hibitors are generally most effective in patients with high 
renin levels16-18 and have the advantage of good tolerabil- 
ity, no adverse metabolic effects16J9 and no clinically rele- 
vant electrolyte effects other than a tendency to raise serum 
potassium concentrations in some patients with renal im- 
pairment.16 The drugs also exert a positive influence on 
left ventricular hypertrophy and improve quality of life; 
patients comply much more with ACE inhibitor therapy 
than with other evaluated antihypertensive agents. 16+20,21 
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ACE inhibitors reduce peripheral vascular resistance by 
directly inhibiting the angiotensin-converting enzyme in 
the circulatory system and tissues to prevent the conversion 
of angiotensin I to the vasoconstrictor form, angiotensin 
II.16,22,23 The potent new long-acting ACE inhibitor rami- 
pril is a prodrug which is hydrolyzed to its active metabo- 
lite ramiprilat in the liver by de-esterification. Because of 
its physicochemical and enzyme kinetic properties, rami- 
pril possesses a higher affinity for and stronger binding to 
the converting enzyme as compared with other ACE in- 
hibitors both in the circulation and in tissues such as the 
heart, blood vessels, and k i d n e ~ . ~ ~ . ~ ~  Maximum ACE inhi- 
bition is achieved between 1 and 4 h after administration of 
a single dose of ramipril and the inhibitory effect is main- 
tained for more than 24 h. In chronic treatment, single daily 
dosing is sufficient to maintain the antihypertensive effect. 
It is known, however, that increasing the ramipril dose to 
more than 10 mg given as monotherapy in nonresponders 
is unlikely to achieve further reductions in BP; similar 
findings have been reported for other ACE  inhibitor^.^^+^^ 

Thiazide diuretics, such as hydrochlorothiazide (HCTZ), 
have been first-line antihypertensive agents for many 
 year^.^^.^^ Acting directly on the kidney, they increase the 
renal excretion of sodium and chloride and may ultimate- 
ly produce long-term decreases in systemic vascular resis- 
tance. Adversely, the ensuing reduction in plasma and ex- 
tracellular fluid volume may cause a compensatory rise in 
plasma renin a~ t iv i ty .~* .~~  Patients who are unresponsive 
to the usual dose range of HCTZ (25 to 50 mg/day) conse- 
quently do not benefit from higher dosages and are more 
likely to experience adverse reactions.30 

In theory, therefore, the combination of ramipril and 
HCTZ makes sound therapeutic sense due to their different 
but complementary mechanisms of action. In addition, the 
two drugs are each given as a once-daily dosage and are 
pharmacokinetically ~ o m p a t i b l e . ~ ~ , ~ ~  A dose-finding study 
in patients indicated that a ramipri1:HCTZ dosage ratio of 
1:5 is appropriate for optimum blood pressure 
Further, since it has been recommended that the dose of 
HCTZ best suited to adjunctive therapy is I 25 mg/da~,3~ 
the logical dose of the combination appears to be ramipril 
5 mg together with HCTZ 25 mg. 

The aim of this study was to compare the efficacy and 
safety of combination therapy with ramipril 5 mg plus 
HCTZ 25 mg with that of ramipril5 mg and 10 mg mono- 
therapy in patients with mild to moderate essential hyper- 
tension unresponsive to treatment with ramipril5 mg alone. 

Methods 

ramipri12.5 mg for 1 week and ramipril5 mg for 3 weeks. 
Patients whose supine and standing diastolic blood pres- 
sures (DBP) were I 9 0  mmHg at the end of the week on 2.5 
mg ramipril (Week 3) were classified as responders and 
excluded from the rest of the study. Patients who were 
responders at Week 6 (supine and standing DBP 590 
mmHg) continued single blind on 5 mg until the end of 
Week 10. Nonresponders at Week 6 were eligible to enter 
the double-blind phase (Weeks 7-10) and were randomly 
allocated to receive ramipril 5 mg, ramipril 10 mg, or the 
combination of ramipril5 mg plus HCTZ 25 mg. 

Sample size calculation indicated that 42 patients per 
double-blind treatment group were required to detect, with 
80% power, a difference of 5 mmHg between two treat- 
ment groups, using a two-tailed test and an alpha of 5%, 
and assuming a standard deviation of 8 mmHg. At a re- 
sponder rate to ramipril5 mg of under 50%, 240 patients 
were needed to ensure at least 126 patients in the double- 
blind phase. 

Patients 

Men and women aged between 21 and 70 years with a 
diagnosis of mild to moderate hypertension (WHO Stage 
I-II) were included. Patients had to be either previously 
untreated, unresponsive to current antihypertensive therapy, 
or experiencing tolerability problems with existing medi- 
cation. Informed consent to participate in accordance with 
the Declaration of Helsinki was obtained from all patients. 

Patients were excluded from the study if they were re- 
ceiving concomitant treatment with other antihypertensives 
or had been treated with an investigational drug or any 
ACE inhibitor within the previous 4 weeks. Other reasons 
for exclusion were: pregnancy, secondary hypertension, 
severe hypertension or DBP <95 or > 120 mmHg in the 
placebo phase, history of malignant hypertension, hepatic, 
renal, or cardiac abnormalities, low leucocyte count, hered- 
itary angioneurotic edema, and alcohol or drug abuse. 

Efficacy Variables 

At admission and at Weeks 1,2,3,4,6,7,8,  and 10, BP 
and heart rate measurements were taken after 15 min in 
the supine position and after 2 min standing using Korot- 
koff Phase V for DBP. One reading was taken at each as- 
sessment except at the beginning of active treatment (Week 
2) when, for safety reasons, the procedures were carried 
out immediately before drug intake and at 30-min inter- 
vals for up to 2 h afterwards. Patients were instructed not 
to take their study drug on visit days until after the BP and 
heart rate measurements had been taken. 

Study Design 
Safety variables 

The study was conducted as a multicenter parallel-group 
trial. Following a 2-week single-blind placebo run-in phase 
(Weeks 1-2), patients entered a 4-week single-blind active 
treatment period (Weeks 349, during which they received 

At each assessment, adverse reactions were recorded by 
the investigator and graded for their relationship to thera- 
py (unrelated, remote, possible, probable, or highly proba- 
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ble) and severity (mild, moderate, or severe). In addition, 
biochemical and hematological tests and urinalysis were 
performed at Weeks 3, 6, and 10. ECG and audiometry 
were performed at admission and at Week 10. 

sponders and continued on 5 mg ramipril monotherapy until 
the end of the trial. This report presents only the results for 
the 165 patients randomized to double-blind treatment. 

Withdrawals 
Statistical Analysis 

Baseline and efficacy variables were analyzed for differ- 
ences between the double-blind treatment groups using 
descriptive statistics, analysis of variance, and Mantel- 
Haenszel tests. In patients who entered the double-blind 
phase, an efficacy analysis was performed on change in BP 
from Week 6 to Weeks 7,8, and 10 and to end point (each 
patient’s last measurement in the double-blind phase, i.e., 
an intent-to-treat analysis). All statistical tests for treatment 
group comparisons are presented using two-sided p values 
(p values ~ 0 . 0 5  are considered statistically significant). 
Safety data were analyzed using descriptive statistics. 

Results 

Patient Numbers 

Of the 240 patients enrolled by 13 centers in the study, 
224 entered the second active phase (Weeks 7-10); 165 pa- 
tients (73.7%) were nonresponders at Week 6 and were ran- 
domized to double-blind treatment: ramipril5 mg, ramipril 
10 mg, or combination therapy. There were no significant 
differences between the three randomized treatment groups 
with respect to demographic characteristics (Table I). The 
remaining 59 of the 224 patients were classified as re- 

Four patients were withdrawn from the double-blind 
phase: two because of DBP >120 mmHg (both 10 mg); one 
because of hospitalization due to a road accident (5 mg), 
and one because of an adverse reaction (10 mg; see below). 
Consequently, 16 1 patients completed the study. 

Efticacy 

BP changes: BP measurements were generally taken 21 
to 30 h after the last dosage of study medication. There 
were no significant differences between the randomized 
treatment arms at Week 6 for supine or standing DBP or 
supine systolic blood pressure (SBP), but standing SBP at 
Week 6 was significantly higher in the combination group 
than in the ramipril5 mg group. 

Table I1 shows the mean changes in supine BP over time 
for the 164 evaluable patients randomized to receive dou- 
ble-blind treatment (one other patient had no baseline data). 
The decrease in supine DBP from baseline (Week 6) was 
significantly greater in the combination group than in either 
monotherapy group at all visits and end point. Supine SBP 
was also significantly reduced in combination patients 
compared with the monotherapy groups at nearly all visits 
and end point. Figures 1 and 2 show supine BP (mean k 
SEM) in the double-blind phase for the nonresponders for 
whom complete data were obtained. 

TABLE I Demographic and background characteristics of the 165 nonresponders who entered the double-blind phase of the trial 

Ramipril5 mg Ramipril 10 mg Combination‘ 
Characteristics (n = 54) (n = 53) (n = 58) 

Sex 
Males 
Females 

Age (years) 
Mean k SD 
Range 

BMI (kg/m2)” 
Males 

Females 

Supine DBP (mmHg)b 
<95 
95- 104 
105-115 

n @) 27 (50) 
n 27 (50) 

53.4 f 11.3 
25-70 

Mean f SD 
Median 26.0 
Mean f SD 
Median 26.3 

26.5 f 2.1 

27.2 f 4.8 

1(2%) 
29 (54%) 
24 (44%) 

24 (45) 
29 (55 )  

55.0 f 10.5 
29-78 

26.9 f 3.3 
26.5 

27.1 f 4.0 
25.6 

0 (0%) 
28 (53%) 
25 (47%) 

31 (53) 
27 (47) 

54.7 f 8.8 
3 1-69 

27.2 k 2.7 
26.9 

28.6 f 4.6 
27.3 

2 (3%) 
34 (59%) 
22 (38%) 

a Body mass index defined as weight in kg/(height in metersy. 
Supine DBP = supine diastolic BP at end of placebo run-in phase (Week 2). 
Combination = ramipril5 mg plus HCTZ 25 mg. 
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TABLE I1 Mean changes in supine diastolic and systolic blood pressures from baseline (Week 6) to end point for the 164* evaluable 
patients randomized to treatment with ramipril5 mg, 10 mg, and combination therapy 

Mean change from baseline 
Baseline 

Week 8 Week 10 End point mean f SD Week 7 

Diastolic 
Rarnipril5 mg 96.6 f 6.1 (n=54) -2.8 (n=54) -4.9 (n=54) -6.0 (n=53) -5.9 (n=54) 
RamiprilIO mg 97.5 k 6.8 (n=53) -3.8 (n=53) -5.6 (n=52) -7.6 (n=50) -7.1 (n=53) 
Combination 97.6 k 6.4 (n=57) -8.2 (n=57)" -9.3 (n=57)b - 10.6 (n=57)b - 10.6 (n=57)b 

Ramipril5 mg 158.9 +_ 17.4 (n=54) - 3.7 (n=54) -5.8 (n=54) -6.2 (n=53) -6.2 (n=54) 
Ramipril 10 mg 160.7f 16.5 (n=53) -4.8 (n=53) -5.9 (n=52) -8.2 (n=50) -7.4 (n=53) 
Combination 160.5 f 16.1 (n=57) - 10.5 (n=57)" - 11.8 (n=57)a -11.6 (n=57)C - 1 1.6 (t1=57)~ 

Systolic 

End point = last measurement for each patient. 
* One other patient was excluded because no data were available for baseline (Week 6). 
a p<O.Ol compared with ramipril5 mg and ramipril 10 mg. 

p<O.O1 compared with ramipril5 mg and <0.05 compared with ramipril 10 mg. 
p<O.O1 compared with ramipril5 mg. 

The mean decrease in standing DBP was significantly 
greater in the combination group than in either monothera- 
py group at Weeks 7 (pc0.01) and 8 (pcO.O5), but not at 
Week 10 or end point. Standing SBP was also reduced to a 
greater extent in the combination group than in either 
monotherapy group at all visits and end point, but the dif- 
ferences were not statistically significant. 

There were no significant differences between ramipril 
5 mg and ramipril 10 mg at any visit or at end point com- 
pared with baseline. 

Responders: The proportion of responders for each ran- 
domized treatment group is shown in Table 111. The pro- 
portion of responders in patients receiving combination 

loo T 
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FIG. 1 Supine diastolic BP (mean f SEM) in the nonresponders 
to ramipril5 mg for whom complete BP data were obtained. Pa- 
tients received either ramipril5 mg (+, n=53), ramipril 10 mg 
(0, n=50), or ramipril5 mg + HCTZ 25 mg (A, n=57). 

therapy was greater than in those receiving ramipril alone. 
The difference was significant at all assessments and at end 
point compared with patients receiving ramipril5 mg (p< 
0.01) and at Week 7 (pcO.001) compared with the 10 mg 
patients. Of the combination group, 72% were responders 
at end point compared with only 48 and 62% in the ram- 
ipril5 mg and 10 mg groups, respectively. 

Safety 

Adverse reactions: Nine adverse reactions were report- 
ed by 6 of the 165 patients randomized to double-blind 
treatment (one on 5 mg, two on 10 mg, three on combina- 

165 I 

145 I 

6 7 8 9 10 
Weeks 

FIG. 2 Supine systolic BP (mean f SEM) in the nonresponders 
to ramipril5 mg for whom complete BP data were obtained. Pa- 
tients received either ramipril 5 mg (+, n=53), ramipril 10 mg 
(0, n=50), or ramipril.5 mg + HCTZ 25 mg (A, n=57). 
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TABLE 111 Proportion of responders from Week 7 to end point 
(last measurement for each patient) 

Ramipril5 mg Ramipril lOmg Combination 
(%I (a) (%I 

Week 7 28 23 59b 
Week 8 40 52 64“ 
Week 10 49 64 72“ 
End point 48 62 12“ 

a p <0.01 compared with ramipril5 mg. 

with ramipril10 mg. 
p <0.01 compared with ramipril5 mg and p ~0.001 compared 

TABLE IV Adverse reactions in the 165 patients randomized to 
double-blind treatment (severity in brackets) 

Adverse Ramipril Ramipril 
reaction 5 mg 10 mg Combination 

“Seeing stars” 
Cough increased 
Dizziness 
Ear disorder 
Extrasystole 
Tachycardia 
Tickling in throat 
Tiredness 

- - 1 (moderate) 
- 1 (moderate) - 
- - 1 (moderate) 
- - 1 (moderate) 
- - 1 (moderate) 
- - 1 (moderate) 
- 1 (mild)a 1 (mild) 

1 (moderate) - - 

No. of patients 1 2 3 

tion). Mild tickling in the throat was reported by two pa- 
tients (one on ramipril 10 mg, one on combination). All 
other adverse reactions were moderate and were reported 
only once each. In all but one case (tiredness), the adverse 
reactions were considered at least possibly related to study 
medication. The patient in the ramipril 10 mg group who 
experienced tickling in the throat was subsequently with- 
drawn because the laryngeal symptoms persisted. Two 
other patients (both on combination) were withdrawn tem- 
porarily because of their adverse reactions. One of these 
two patients reported dizziness, “seeing stars,” and an ear 
disorder 1 day before the end of the study; the other expe- 
rienced tachycardia and ventricular extrasystoles 2 days 
before the end of the study. Both patients were subsequent- 
ly enrolled in the follow-up study and treated with ramipril 
5 mg (Table IV). 

Laboratory tests: No clinically relevant changes in he- 
matological, biochemical, or electrolyte values occurred 
during therapy; specifically, there were no relevant changes 
in serum triglycerides, cholesterol, or blood glucose. Para- 
meters reflecting renal and hepatic function were not sig- 
nificantly affected by treatment. 

Other clinical investigations: None of the study popula- 
tion experienced first-dose hypotension, and there was no 
significant change in heart rate, nor were there differences 
between treatment groups at any stage of the trial. No clin- 
ically relevant changes were observed in the findings from 
ECG and audiometry. 

Discussion 

The rapid advances made in the treatment of hypertension 
in recent years have produced a large number of antihy- 
pertensive agents with different pharmacology but similar 
potency. Consequently, the management of hypertensive 
patients now involves tailoring treatment for a specific patient 
by taking into account factors such as hemodynamic status, 
concomitant diseases, and risk factors such as cholesterol lev- 
els.3 The goal of antihypertensive therapy is not simply to 
reduce high BP, but also to achieve regression of left ventric- 
ular hypertrophy and protection of target organ functi0n.3~ 

a Patient withdrawn. 

The present study demonstrates that patients who are 
resistant to monotherapy with ramipril5 mg respond bet- 
ter to treatment with a combination of ramipril5 mg plus 
HCTZ 25 mg than to ramipril 10 mg or continuation of 
ramipril5 mg. These results support the findings of other 
studies in which the addition of a diuretic to ACE inhibitor 
monotherapy produced further reductions in BP and in- 
creases in the number of responders compared with mono- 
therapy. I 6 w 3 *  

A consideration of the complementary antihypertensive 
mechanisms of ramipril and HCTZ may help to explain 
these effects. The volume depletion and BP reduction seen 
with thiazide diuretics ultimately leads to a stimulation of 
the renin-angiotensin-aldosterone system and a rise in re- 
nin levels and angiotensin 11. These are the physiological 
conditions in which ACE inhibitors are most e f f e ~ t i v e . ~ ~ . ~ ~  

The fact that there were no significant differences in re- 
sponse between the two monotherapy groups confirms evi- 
dence from previous studies that addition of HCTZ is more 
effective than doubling the dosage of ACE inhibitor mono- 
therapy.41 

Few adverse reactions were reported in this study. One 
patient on ramipril 10 mg had treatment discontinued per- 
manently because of tickling in the throat. No unusual or 
previously unreported events occurred for either ramipril 
monotherapy or the combination. 

Neither renal nor hepatic function were significantly af- 
fected by ramipril monotherapy or ramipril plus HCTZ 
combination therapy. Although renal insufficiency has 
been reported in connection with ACE inhibitor therapy, it 
usually occurs only in patients with renal artery ~ t e n o s i s . ~ ~  
In fact, available data suggest that ACE inhibitors can lead 
to long-term improvements in or reversal of renal abnor- 
malities in hypertensive ~ a t i e n t s . 4 ~ ~ ~  

No clinically relevant changes in laboratory values were 
noted during the study. Previous experience with thiazide 
diuretics has demonstrated a tendency to cause hyperurice- 
mia, hyperglycemia, hypercholesterolemia, and hypokale- 
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mia, all of which can be attenuated by ACE inhibitor ther- 
apy.39,46 Prevention of hypercholesterolemia is particular- 
ly beneficial in hypertensive patients as cholesterol levels 
are intimately related to coronary heart disease risk.33 

In conclusion, the addition of HCTZ to ramipril mono- 
therapy has been demonstrated to be more effective than dou- 
bling the ACE inhibitor dose. The tolerability of the com- 
bination was comparable to that of ramipril monotherapy. 
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