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Dear Sir 

Angiotensin converting enzyme (ACE) inhibitors have become 
established antihypertensive agents and it has been suggested 
that once-daily dosing, with its improved patient compliance, 
may be adequate for blood pressure (BP) control [1,2]. To better 
characterize their effects, particularly evaluating duration of ac- 
tion and early morning rise of BP, we used 24-hour ambulatory 
monitoring to study therapy with once-daily enalapril/hydrochlo- 
rothiazide (E/H) and captopril/hydrochlorothiazide (C/H) in pa- 
tients with moderate hypertension. 

Ambulatory monitoring was performed with the Spacelabs 
model #90202 (Washington, USA) oscillometric system. Valida- 
tion of this system has been previously performed in our labora- 
tory [3] during resting conditions. Blood pressure and heart rate 
were automatically measured every 20 minutes between 6:00 
and 24:00 hours, and hourly between 24:00 and 6:00. Patients 
were randomized with a cross-over method to either E/H (10/25 
mg) or C/H (50/25 rag), each regimen being given to each patient 
for 6 weeks. 

Eighteen Caucasian patients (aged 18-65) with moderate hy- 
pertension (diastolic BP of 105-120 mmHg) were enrolled in the 
study, while 12 patients (7 male, 5 female, 45.7 -+ 14.6 years) 
with a mean duration of hypertension of 7.6 +- 6.4 years com- 
pleted the full protocol. Reasons for drop-out included protocol 
violation in five patients and a rise in serum creatinine level in 
one patient (previously heart  transplanted and on cyclosporine 
therapy). 

Both regimens were effective in significantly lowering the 
casually measured systolic and diastolic BP (Table 1). Ambula- 
tory monitoring also revealed a significant reduction by both 
drugs in systolic and diastolic blood pressure during the daytime 
and nighttime periods (Table 1), although there was a slight 
trend towards lower values in the enalapril group. The variabil- 
ity of BP as measured by the standard deviation of mean blood 
pressure during the daytime did not differ among groups (base- 
line: 11.4 • 2.4 mmHg; captopril: 10.9 • 2.5 mmHg; enalapril 
11.1 • 2.9 mmHg). Both regimens lowered BP during the early 
morning hours, although the slope of the rise (Figure 1) was not 
affected. The diastolic BP with enalapril treatment was signifi- 
cantly lower at 6:00 and 10:00 am (22 and 26 hours after the last 
dose of medication) than with captopril treatment, and there 
was a trend for lower systolic values at 10:00 am as well (Table 
2). 

There was no significant change found in the serum creati- 
nine (baseline, 1.1 • 0.2 mg/dl; captopril, 1.1 -+ 0.4 mg/dl; enala- 
pril 1.2 • 0.3 mg/dl) or potassium levels (baseline, 4.3 • 0.3 
mmol/l; captopril, 4.3 • 0.3 mmolA; enalapril, 4.3 -+ 0.6 mmol/ 
1). Both regimens were equally well accepted by patients. 

Thus BP reduction for more than 24 hours can be achieved 
in patients with moderate hypertension by using a combination 
of an ACE inhibitor and hydrochlorothiazide, thus affording the 
benefit of increased compliance with once-a-day therapy. It 
should be noted that a placebo effect cannot be excluded, as a 
randomized placebo phase was not employed. The BP lowering 
effects of these agents used alone are dose dependent and range 
from 6 to 10 hours for captopril, while enalapril alone has been 
shown to be effective from 18 to 30 hours [1]. Fogari et al. used 
ambulatory monitoring to evaluate patients treated with once- 
daily C/H and found a significant reduction in BP, however, 
between 4:00 and 8:00 am diastolic BP was not significantly 
lower, as compared to placebo [4]. We found a continued normal- 
ization of BP values throughout more than 24 hours after dosing, 

Table 1. Casual and ambulatory blood pressure and heart rate 
at baseline, after 6 weeks of captopril/hydrochlorothiazide 
(HCTZ) and after 6 weeks of enalapril/hydrochlorothiazide 

Blood pressure mmHg (mean • sd) 

Baseline Captopril/HCTZ Enalapril/HCTZ 
(n = 12) (n = 12) (n = 12) 

Casual 
Systolic BP 160 -+ 16 132 • 12 ~ 128 -+ 13 a 
Diastolic BP 110 - 6 89 - 6 a 87 • 3 a 
Ambulatory 
24-hour BP 

Systolic 143 • 6 130 • 6 a 127 -+ 10 a 
Diastolic 97 • 6 86 -+ 7 a 84 • 9 a 
Mean 107 -- 5 97 -- 8 a 94 -+ 9 a 

Day BP 
Systolic 146 • 6 133 • 6 a 130 • 10 a 
Diastolic 99 • 6 88 • 8 a 87 -+ 9 a 
Mean 110 • 6 99 • 8 a 97 -+ 9 ~ 

Night BP 
Systolic 134 _+ 9 123 • 7 a 118 -+ 12 a 
Diastolic 86 • 7 77 • 7 a 75 • 11 a 
Mean 98 • 7 88 • 8 a 85 -+ 11 a 

Heart  ra te(bpm) 7 8 •  10 7 9 •  79-+ 10 
(24-hr) 

ap < 0.005 compared to baseline. 

Table 2. Hourly mean systolic and diastolic blood pressure 
values during the early morning period (5:00 am to 10:00 am) 
as assessed by ambulatory monitoring 

Baseline Captopril E nalapril 
(n = 12) (n = 12) (n = 12) 

5:00 130/90 120/75 a 116/75 a 
6:00 140/89 123/80 a 120/73 a 
7:00 145/100 127/83 a 124/83 a 
8:00 146/100 134/93 130/88 
9:00 149/101 139/94 a 135/93 a 

10:00 156/104 145/98 a 135/92 b 

ap < 0.05 as compared to baseline. 
b6:00 and 10:00 am enalapril diastolic pressures were significantly 
lower, as compared to captopril (p < 0.05). 
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Fig. 1.24~hour ambulatory profile of 12 patients with essential 
hypertension at baseline and after 6 weeks of therapy with i0 
mg enalapril/25 mg hydrochlorothiazide (open boxes) and 6 
weeks of therapy with 50 mg captopril/25 mg hydrochlorothia- 
zide (stars). Medication was taken at 8:00 a.m., followed by 
continuous monitoring for 26 hours through 10:00 a.m. the fol- 
lowing day. The 10:00 a.m. systolic BP of the foUowing day (26 
hours after medication) was significantly better controlled with 
the enalapril combination, although both regimens provided ef- 
fective control throughout the 24-hour period. 

including the "early-morning rise" period. The enalapril combi- 
nation had a statistically better effect during the 22nd and 26th 
hours, although this difference may be due to the doses chosen. 
Furthermore, the normal circadian rhythm pattern of blood 
pressure was maintained, although at significantly lower abso- 
lute values of blood pressure. 
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