
Clin. Cardiol. 16,47-52 (1993) 

Combination of Ramipril and Hydrochlorothiazide in the Treatment of 
Mild to Moderate Hypertension-Part 2: An Open Long-Term Study of 
Efficacy and Safety 
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Summary: In an open, multicenter extension of a short- 
term study, 159 patients with mild to moderate hyperten- 
sion were treated with either ramipril monotherapy or a 
combination of ramipril and hydrochlorothiazide for up to 
1 year. Patients started with either 5 mg ramipril once daily 
(responders in the short-term study) or a combination of 
ramipril5 mg plus hydrochlorothiazide 25 mg once daily. 
The dose could be adjusted and nonresponders to ramipril 
monotherapy could have hydrochlorothiazide added. In the 
38 patients treated with ramipril monotherapy, the largest 
drop in mean blood pressure (BP) had already occurred in 
the previous short-term study; from Week 2 in the long- 
term study, the BP remained stable with means below 150/ 
90 mmHg. In the 83 patients treated with the combination 
for 50 weeks or more, mean BP continued to decrease until 
around Week 10 in the long-term study while therapy was 
being adjusted. Thereafter, it also remained stable with 
means below 150/85 mmHg. Both treatment groups show- 
ed good mean reductions at end point, as did the group of 38 
patients treated with the combination for less than 50 weeks. 
High response rates (84-95%) were seen in all groups at 
end point. The combination was well tolerated and the effi- 
cacy of ramipril in combination with hydrochlorothiazide 
was maintained over the 1-year period of investigation. 
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Introduction 

In the treatment of hypertension, the goal should not 
only be the short-term reduction of blood pressure (BP), 
but also sustained reduction of BP levels to within normal 
range in order to reduce cardiovascular risk.’ As long-term 
(if not lifelong) treatment will be necessary to achieve this 
aim? treatment needs to be well tolerated as well as effec- 
tive, with no long-term adverse metabolic or physiologic 
effects. 

A multitude of antihypertensive therapies has now been 
developed, which differ in their pharmacological and ad- 
verse reaction profiles, but which have comparable effica- 
cies. If a patient is unresponsive to monotherapy with one 
agent, the options are either to increase the dose, substitute 
with another agent, or add a second agent with a different 
mechanism of action to the original therapy. As increasing 
the dose of monotherapy does not always offer further ben- 
efit, and the substitution of another agent may be compli- 
cated, combination therapy will frequently be pursued. The 
use of combination therapy can improve tolerability, as 
agents with complementary modes of action not only im- 
prove efficacy, but may also allow lower doses of the indi- 
vidual components to be employed. 

A combination of angiotensin-converting enzyme (ACE) 
inhibitors and thiazide diuretics makes sound therapeutic 
sense due to their different, but complementary, mecha- 
nisms of action.”10 The new long-acting ACE inhibitor 
ramipril (as its active metabolite ramiprilat) has been shown 
to be pharmacokinetically compatible with hydrochloro- 
thiazide (HCTZ); they both require once-daily dosage and 
achieve maximum hypotensive effect approximately 4 h 
after administration. 1 1 ~ 1 2  

Since previous studies have ascertained the short-term 
efficacy and safety of a combination of ramipril5 mg and 
HCTZ 25 rng,l3J4 the object of this study was to test the 
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long-term efficacy, tolerability, and safety of this regimen 
in patients with mild to moderate essential hypertension. 

drug on visit days until after BP and heart rate measure- 
ments were taken. 

Safety Variables 
Methods 

Study Design 

This study was a long-term open extension of a previous 
8-week short-term studyi3 that had compared ramipril 
monotherapy (5 mg or 10 mg) and a combination of rami- 
pril5 mg plus HCTZ 25 mg. Patients who had responded to 
either monotherapy or combination therapy in the short- 
term study (supine and standing diastolic blood pressure 
1 9 0  mmHg) were to start treatment in this long-term study 
with ramipril 5 mg once daily. Patients who had not re- 
sponded were to receive a combination of ramipril 5 mg 
plus HCTZ 25 mg once daily at the start of this study. Treat- 
ment was continued for up to 1 year. The investigator was 
permitted to adjust study therapy according to BP response 
and tolerability. If BP was not normalized by monotherapy, 
then patients were transferred to combination therapy. Un- 
responsive patients in the combination group had their ram- 
ipril dosage doubled to 10 mg. If response was still inade- 
quate, the dosage of HCTZ was doubled to 50 mg. Patients 
who remained resistant to this regimen were prescribed an 
additional antihypertensive agent. 

If an adverse event occurred which was considered to be 
related to study medication, the dosage of ramipril was to 
be halved for 3 days; if the problem persisted, medication 
was to be stopped and the patient withdrawn from the 
study. 

Patients 

Patients aged between 21 and 70 years with a diagnosis 
of mild to moderate essential hypertension (WHO Stage 
1-11) were eligible to participate in this study if they had 
completed the short-term study according to protocol. 
Among the exclusion criteria for the study were: concomit- 
ant use of other antihypertensives, pregnancy, secondary 
hypertension, history of malignant hypertension, various 
hepatic, renal, or cardiac abnormalities, and alcohol or drug 
abuse. Informed consent in accordance with the Declar- 
ation of Helsinki was obtained from all patients. 

Efficacy Variables 

Efficacy variables were supine and standing diastolic 
blood pressure (DBP) and systolic blood pressure (SBP), 
the primary variable being supine DBP. Response was de- 
fined as supine and standing DBP 190 mmHg. Patients 
were examined at Week 0 (end of the short-term study) 
and at Weeks 2,4,6,  10,22,34,46, and 52. BP and heart 
rate measurements were taken after 15 min in the supine 
position and after 2 min standing using Korotkoff Phase V 
for DBP. Patients were instructed not to take their study 

Adverse events (including intercurrent illnesses) were 
assessed by the investigator for their relationship to thera- 
py (unrelated, remote, possible, probable or highly proba- 
ble) and severity (mild, moderate, severe). Biochemical 
and hematological tests and urinalysis were performed at 
baseline (end of the placebo run-in in the previous short- 
term study) and at Weeks 10,34 and 52. ECG and audiom- 
etry were performed at Week 0 and at the end of the study. 
Chest x-ray and fundoscopy were done at baseline and at 
the end of the study. 

Statistical Analysis 

Descriptive statistics were used for analyses of efficacy 
and safety. Efficacy analysis was performed on change in 
BP from baseline. The Wilcoxon matched pairs signed- 
rank test was used for analysis of laboratory data. 

Results 

Patient Numbers 

Of the 159 patients enrolled by 12 centers, 38 received 
ramipril monotherapy throughout the study (Group A), 83 
received combination therapy for 50 weeks or more (Group 
B), and a further 38 received combination therapy for less 
than 50 weeks (Group C). The baseline demographic and 
background characteristics of the three groups are shown 
in Table I. 

Withdrawals 

Of the 159 patients, 15 withdrew from the study early; 7 
were in Group A, 2 in Group B, and 6 in Group C. The with- 
drawals were due to adverse reactions or intercurrent illness 
(n = 8); patient refusal (n =4); patient relocation (n = 2); and 
erroneous enrollment in another study (n = 1). 

Efficacy 

BP changes: Most BP measurements were taken be- 
tween 18 and 30 h after the last intake of study medication. 
The supine DBP and SBP over time for patients with com- 
plete BP data in Groups A and B are shown in Figures 1 
and 2. Data are not included for Group C as the treatment 
varied between ramipril monotherapy and combination in 
most of the patients in this group during the study. 

In Group A (monotherapy), the largest drop in mean BP 
had already occurred in the previous short-term study; from 
Week 2 in the long-term study, the BP then remained stable 
with means below 150/90 mmHg. In Group B (2 50 weeks’ 
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TABLE I Baseline demographic and background characteristics of the treatment groups 

Characteristic 
Group A 
(n = 38) 

Group B 
(n = 83) 

Group C 
(n = 38) 

Sex Males 24 (63%) 50 (60%) 12 (32%) 
Females 14 (37%) 33 (40%) 26 (68%) 

Age (years) Mean f SD 52.5 f 11.2 54.8 f 10.4 55.7 f 9.0 

BMI (kg/m2) Mean It SD 26.0 f 2.8 27.0 f 2.7 28.6 f 3.3 
(males) Obese (> 28) 5 (21%) 15 (30%) 6 (50%) 

BMI (kg/m2) Mean f SD 24.6 f 2.5 27.2 k 4.2 28.9 f 5.0 
(females) Obese (> 28 ) 1(7%) 10 (30%) 14 (54%) 

Supine DBP I95  4 8 9 
(mmHg) 96- 105 31 55 27 

106-115 3 20 2 

Range 27-78 25-70 27-7 1 

Mean f SD 101.5 f 4.09 103.6 f 5.14 99.9 f 4.6 

Abbreviations: Supine DBP = supine diastolic blood pressure at baseline (end of placebo run-in phase in short-term study); BMI = body 
mass index, defined as weight in kg/(height in meters)*. 

combination), mean BP continued to decrease until around 
Week 10 in the long-term study while therapy was being ad- 
justed. Thereafter, it also remained stable with means below 
150/85 d g .  Table 11 presents the mean changes in su- 
pine BP from baseline for all patients in Groups A and B. 
The findings are in good agreement with those for the pa- 
tients with complete data. 

All treatment groups showed good mean reductions in 
BP at end point (last measurement for each patient). The 
mean reductions in supine (standing) DBP at end point 
were: 17.9 (16.4), 20.3 (17.9), and 16.5 (16.7) mmHg in 
Groups A, B, and C, respectively. The mean reductions in 
supine (standing) SBP at end point were: 23.1 (21.7), 29.5 
(29.0), and 25.7 (21.6) mmHg for Groups A, B, and C, re- 
spectively. 

Systolic I 
E 

140 

'' '2 4 '6 10 22 34 46 52 
Baseline Weeks 

FIG. 1 Mean supine diastolic and systolic BP values (mean f 
SEM) of the 31 patients receiving ramipril monotherapy (Group 
A) for whom complete BP data are available. Baseline = end of 
placebo run-in phase in previous 8-week short-term study. 

In patients receiving combination therapy, the response 
rates were 84 and 74% for Groups B and C, respectively; 
the ramipril monotherapy group consisted by definition of 
responders, and the response rate of this group approached 
100%. 

Dosage distribution: In patients receiving ramipril plus 
HCTZ, the most frequent combination given was 5 mg 
plus 25 mg. Of the patients on combination at the end of 
the study, 76% were being treated with this dosage. 

Tolerability and Safety 

Adverse events: Adverse events (including intercurrent 
illnesses) were reported by 11 of 38 patients in Group A, 

. .  , I ,  ' ' ' 

2 4 6 10 22 34 46 52 
Baseline Weeks 

FIG. 2 Mean supine diastolic and systolic BP values (mean f 
SEM) of the 81 patients receiving combination therapy with 
ramipril + HCTZ for 250 weeks (Group B) for whom complete 
data are available. Baseline as in Fig. 1. 
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TABLE I1 Reductions in mean supine BP (mmHg) from baseline (mean f SD) to end point. Patient numbers are given in parentheses 

Diastolic Systolic 

Group B Group A Group B Week Group A 

Baseline BP k SDa 101.5 f 4.0 (38) 103.6 f 5.14 (83) 168.2 f 16.79 (38) 176.7 f 16.79 (83) 
2 - 16.4 (37) - 13.2 (82) -22.1 (37) -24.1 (82) 
4 - 17.3 (35) - 15.8 (83) -22.0 (35) -25.6 (83) 
6 - 17.6 (35) - 17.7 (83) -22.2 (35) -28.7 (83) 

10 - 17.1 (36) - 19.6 (83) -22.6 (36) -30.3 (83) 
22 - 17.8 (35) - 19.3 (83) -24.9 (35) -28.8 (83) 
34 - 15.5 (34) - 20.5 (83) -21.5 (34) -30.1 (83) 
46 - 18.0 (33) -20.5 (83) -24.5 (83) -30.8 (83) 

- 18.0 (32) - 20.6 (82) -24.5 (32) -30.8 (82) 52 
End pointb - 17.9 (38) -20.3 (83) -23.1 (38) -29.5 (83) 

I' BP at end of placebo run-in phase in short-term study. 
Last BP measurement for each patient. 

23 of 83 patients in Group B, and 10 of 38 patients in Group 
C. In two cases in Group C (combination c 50 weeks), the 
events occurred while the patients were on ramipril mono- 
therapy. 

The most frequently reported adverse events were dis- 
orders of the locomotor apparatus (24 cases), although all 
of these events were assessed as unrelated to therapy. No 
cases of headache or tiredness were reported. Orthostatic 
reaction, dizziness, and cardiac arrhythmia were each re- 
ported only once. Eighteen patients experienced symptoms 
of nasopharyngeal or respiratory origin, three of them cases 
of cough. Gastrointestinal complaints were reported in three 
cases. Apart from one case of acne, no skin complaints 
were documented which might have been connected with 
the study medication. 

All but seven of the events were of a mild or moderate 
nature. Of the seven severe events, five were considered 
unrelated to study medication. A case of severe sleep dis- 
order was attributed to study medication (ramipril 10 mg 
plus HCTZ 25 mg); the patient was withdrawn. A case of 
retroperitoneal fibrosis secondary to inflamed aortic aneu- 
rysm was considered only remotely related to treatment 
(ramipril 10 mg plus HCTZ 50 mg; patient withdrawn). 
One patient on ramipril5 mg died of massive cerebral hem- 
orrhage. Comedication with Marcumar (phen-procoumon) 
was being given at the time of death. The investigator saw 
no connection with the study medication. 

Eighty-five percent of all events reported in the study 
were considered not related to study medication. Only four 
patients reported events considered possibly related to com- 
bination treatment (Table 111). 

The two patients with cough in Group C (one of them 
accompanied by tongue pain, gingivitis, and pharyngitis) 
were withdrawn from study medication. A third patient 
from Group C was also withdrawn because of cough, but 
the causality to study medication was not reported (case 
not listed in Table 111). The patient from Group B with a 
sleep disorder had to be withdrawn. 

Laboratory tests: No evidence was found that ramipril 
monotherapy or the combination of ramipril and hydro- 
chlorothiazide had any clinically relevant effects on hema- 
tology, electrolyte balance (serum potassium, Fig. 3), or 
liver function. There was no indication of any trend to a de- 
terioration in renal function or glucose metabolism (Fig. 
4). Mean increases in uric acid were observed for both 
monotherapy and combination therapy (Fig. 5) .  The high- 
est mean values were measured at the end of Week 34; 
thereafter, the values tended to decrease. The median val- 
ues followed a similar pattern, but uric acid levels were 
not significant in the Wilcoxon matched-pairs test on base- 
line versus end point for monotherapy or combination ther- 
apy. With respect to cholesterol, no statistically significant 
differences were detected between baseline and end point 
with either monotherapy or combination therapy, the medi- 
an increases being 0.57 mmol/l and 0.1 mmoM in Groups 
A and B, respectively. 

There were no clinically relevant ECG, chest x-ray, fun- 
doscopy, or audiometry changes attributed to the trial med- 
ications. 

TABLE 111 Adverse events occurring under combination thera- 
py which were considered possibly drug-related. Numbers refer 
to number of patients 

Adverse event Group B Group C Total 

Cough increased - 2 2 (1.7%) 
Gingivitis - 1 1(0.8%) 
Pharyngitis - 1 1(0.8%) 
Sleep disorder I - 1(0.8%) 
Sore throat 1 - 1(0.8%) 
Tongue pain - I 1 (0.8%) 
Patients with any 

adverse event 2 (2.4%) 2 (5.3%) 4 (3.3%) 
Total patients 83 38 121 
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FIG. 3 Mean serum potassium values (mean f SEM) of patients 
receiving ramipril5 mg (+, n = 32) or a combination of ramipril 
+ HCTZ for 250 weeks (A, n=79) for whom complete data are 
available. Baseline as in Fig. 1. 
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Fig. 4 Mean blood glucose values (mean f SEM) for patients 
receiving ramipril5 mg (+, n = 32) or a combination of ramipril 
+ HCTZ for 2 50 weeks (A, n = 79) for whom complete data are 
available. Baseline as in Fig. 1.  
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FIG. 5 Mean serum uric acid values (mean f SEM) for patients 
receiving ramipril 5 mg (+, n=32) or a combination of ramipril 
+ HCTZ for t 50 weeks (A, n = 79) for whom complete data are 
available. Baseline as in Fig. 1. 

Discussion 

The wide range of antihypertensive agents available to 
the physician means that it is now possible (and prefer- 
able) to tailor the treatment of hypertension to individual 
requirements, taking into account factors such as hemody- 
namic status, concomitant diseases, and risk factors -for 
example, cholesterol  level^.'^.^^ Further, since hyperten- 
sion is a disorder which requires long-term therapy, long- 
term safety as well as sustained efficacy are both critical 
considerations when choosing the most appropriate antihy- 
pertensive treatment. In this study, the efficacy and safety of 
a combination of ramipril and HCTZ were investigated 
over 1 year. 

The reduction in BP achieved in the previous short-term 
study and the first phase of the long-term study was subse- 
quently maintained over the remainder of the 1-year study 
period. In the combination group, the continued fall in BP 
up to Week 10 can be explained by the dosage adjustment 
and addition of HCTZ which were necessary in these pa- 
tients in the early stages of the trial. The percentage of re- 
sponders at end point was high in all three treatment groups. 
Although dose titration allowed for diverse combinations of 
ramipril and HCTZ, the fact that most patients receiving 
combination therapy remained on ramipril5 mg plus HCTZ 
25 mg suggests that this is an effective regimen for patients 
not responding to ramipril monotherapy. 

During the course of this long-term trial, 44 patients re- 
ported adverse events. The most commonly reported events 
were neuralgia-type symptoms, joint pain and spinal prob 
lems. Nearly all the events were considered unrelated to 
study therapy. In general, those events which were judged to 
be possibly related to combination therapy (eight events af- 
fecting four patients) were mild, transient, and had been pre- 
viously encountered with either ramipril or HCTZ therapy. 
These events also tended to resolve spontaneously under 
continued treatment. There were no deaths in patients re- 
ceiving combination therapy; the only death (from cerebral 
hemorrhage) occurred in the ramipril5 mg group and was 
considered to be unrelated to therapy. 

The only ACE inhibitor-specific adverse event reported 
was cough, a symptom which occurred in three patients 
on combination therapy (5 mg plus 25 mg). Cough is a 
common symptom, particularly in smokers, and assigning 
its cause to a drug may be difficult. The incidence of cough 
seen in this study (2%) is somewhat lower than that seen in 
other studies.6 

The only serious adverse reaction which was considered 
by the investigator to be related to therapy, albeit remotely, 
was a case of retroperitoneal fibrosis which occurred dur- 
ing therapy with ramipril 10 mg plus HCTZ 50 mg. Al- 
though this condition has occasionally been described in 
connection with HCTZ treatment, a causal relationship 
seems unlikely. 

Ramipril in combination with HCTZ demonstrated no 
deleterious effects on hematology, electrolyte balance, hep- 
atic or renal function, or glucose metabolism. Increases in 
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uric acid occurred in the first part of the study, but values 
subsequently declined again. The lack of clinically signifi- 
cant laboratory findings may reflect the attenuation by 
ACE inhibitors of thiazide-induced metabolic complica- 
t i o n ~ . ' ~ , ' ~  

Conclusion 

This study demonstrates that the combination of rami- 
pril and HCTZ is effective in patients with mild to moder- 
ate essential hypertension for up to 1 year, is well tolerat- 
ed and does not appear to produce any clinically relevant 
unwanted metabolic effects. Without the need for dose- 
titration of individual components, the physician should 
find antihypertensive therapy with the fixed combination 
of ramipril and HCTZ simpler to administer; reliable anti- 
hypertensive treatment using a once-daily regimen should 
also optimize patient compliance. 
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