
journal of lnternal Medicine 1993:  234: 271-279 

The influence of antihypertensive therapy on the structural 
arteriolar changes in essential hypertension : different effects 
of enalapril and hydrochlorothiazide 

B. DAHLOF & L. HANSSON 
Departrtierit of Medicine. University of Goteborg. Ostra Hospital. Gliteborg. Sweden 

Abstract. Dahlof B, Hansson L (Department of 
Medicine, University of Goteborg, Ostra Hospital, 
Goteborg. Sweden). The influence of 
antihypertensive therapy on the structural arteriolar 
changes in essential hypertension : different effects of 
enalapril and hydrochlorothiazide. Journal of Internal 
Medicine 1993;  234: 271-279. 

Objectives. To assess the peripheral and central 
haemodynamics, in particular the effect on minimal 
resistance in the hand, with an ACE inhibitor in 
comparison with a diuretic. 
Design. Double-blind randomized parallel group 
study. 
Subjects. Twenty-eight previously untreated men 
with essential hypertension (supine diastolic blood 
pressure > 95 mmHg repeatedly on placebo). 
Methodslintervention. Casual and intra-arterial blood 
pressure, dye-dilution technique, water plethysmo- 
graphy at rest and at ischaemia, enalapril ( n  = 14), 
hydrochlorothiazide ( n  = 14). 
Results. After 6 months the mean arterial pressure 
was reduced from 112.7 to 96.9 mmHg (change 
-15.9 mmHg; 95%confidenceinterval (CI) -21.9. 
-9.8) on enalapril and from 110.1 to 101.5 mmHg 
(change -8.6 mmHg; CI -14.4, -2.8). Heart rate 

did not change on any of the therapies. Enalapril 
reduced blood pressure mainly through a reduction 
in total peripheral resistance ( A  -3.0 PRU,,,; CI 
- 5.6, - 0.4) while hydrochlorothiazide reduced 
blood pressure mainly through a reduction in cardiac 
output ( A  -0.8 l/min-’: CI - 1.5, -0.07). Minimal 
vascular resistance (mean of right and left hand) 
displayed a significant time x treatment interaction 
indicating a different trend with enalapril than 
hydrochlorothiazide with a change of -0.12 PKU,(,, 
(CI -0.33, 0.05) on enalapril and a change of 0.14 
(CI -0.29, 0.56) on hydrochlorothiazide. The re- 
sistance level after 6 months was significantly higher 
on hydrochlorothiazide than on enalapril ( P  = 
0.0105). 
Conclusion. Enalapril reduced blood pressure through 
vasodilatation and hydrochlorothiazide through dec- 
reased cardiac output. The two therapies also affected 
minimal vascular resistance (an indirect measure of 
vascular wall thickness) differently ; with enalapril 
showing a favourable response in contrast to hydro- 
chlorothiazide. 

Keywords: ACE inhibition, diuretic, essential 
hypertension, haemodynamics, structural vascular 
changes. 

Introduction 
In established hypertension the elevated blood pres- 
sure is determined by an increase in total peripheral 
vascular resistance, whilst cardiac output is normal 
or even somewhat reduced under resting conditions 
[ 1 4 1 .  Total peripheral resistance is also increased 
under conditions of complete vascular relaxation 
suggesting structural alterations in the peripheral 
vasculature [l, 5-61. The elevated resistance appears 
to be present in all organs of the body [7-91 and is 

mainly dependent on structural vascular narrowing 
in the precapillary resistance vessels [ l ,  5, 10-131. 

It is evident from experiment a1 studies that low- 
ering the blood pressure is not always sufficient to 
achieve regression of vascular structural changes. 
Increased levels of trophic factors can obviously 
counteract the favourable effects of blood pressure 
reduction in this respect [14, 151. 

Because of the methodological difficulties in exam- 
ining structural vascular changes in man there are 
few studies on this subject. With the plethys- 
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mographic technique it is possible to measure period and again after approximately 6 months of 
maximal flow during ischaemia (minimal resistance) 
as an indication of structural changes and also to 
show reversal of such changes following antihyper- 

active therapy. 

Haemodynamic investigation 
tensive treatment [16-191. This method has been 
used for several decades and constitutes the best 
available technique for the evaluation of the integ- 
rated physiological importance of structural vascular 
changes, in particular those affecting the precapillary 
resistance vessels [20]. 

It is well documented that ACE inhibitors seem to 
be particularly effective in reducing cardiac hyper- 
trophy [21,22]. However, in man there is only one 
study (unfortunately uncontrolled) of the effect of 
an ACE inhibitor on structural vascular changes 
[19]. It showed that captopril reduced forearm 
minimal resistance significantly after 6 months of 
treatment. 

The purpose of the present study was to assess the 
peripheral and central haemodynamic effects and the 
effect on structural vascular changes of an ACE 
inhibitor (enalapril) in comparison with diuretic 
treatment (hydrochlorothiazide) in previously un- 
treated hypertensives. Enalapril and hydrochloro- 
thiazide were compared in a double-blind, random- 
ized, parallel group design. The effects of treatment 
were evaluated after 6 months as compared to the 
baseline placebo assessment. 

The study was approved by the local Ethics 
Committee at the University of Goteborg and per- 
formed in agreement with the Declaration of Helsinki. 
All patients gave their informed written consent to 
participate. 

Patients and methods 

Patients 

Previously untreated males (aged 22-64, mean 46 
years) with non-malignant essential hypertension 
(diastolic blood pressure > 95 mmHg at least three 
times on placebo) were randomized (after a 4-6-week 
placebo period) to double-blind treatment with either 
enalapril or hydrochlorothiazide if no secondary 
hypertension or signs of cardiovascular end-organ 
damage (except left ventricular hypertrophy and 

The patients arrived at the laboratory in the morning 
(07.30 hours) in a fasting state without having 
taken their medication. Before starting the investi- 
gation they were thoroughly informed about the 
scheduled procedure. 

The catheter for measuring intra-arterial blood 
pressure was placed in the non-dominant arm by 
means of the Seldinger technique [23] and a central 
venous line (subaxillary vein) was opened in the 
same arm through an indwelling venous catheter 
(Venflon ; Viggo, Helsingborg, Sweden). Arterial 
blood pressure was recorded according to the method 
previously described [24]. 

Mean arterial pressure ( M A P ,  mmHg) was 
obtained by electrical dampening of the pressure 
signal. Intra-arterial blood pressure was recorded 
continuously, when appropriate, throughout all 
investigations. Calibration was made against a mer- 
cury manometer and the level of the right atrium 
was considered the zero level. Heart rate ( H R ,  b.p.m.) 
was derived directly from the electrocardiogram. 

Before the cardiac output measurements were 
performed, repeated indirect (mercury sphygmoman- 
ometer, adequate cuff size, Korotkoff sounds 1 and 5) 
and supine intra-arterial blood pressure measure- 
ments were made. Cardiac output (CO, 1 min-') at  
rest was determined by the dye-dilution technique 

After having rested for 45  min in the recumbent 
position, M A P ,  H R  and CO were measured repeatedly 
during 20-30-s periods for 1 h. The mean of at  least 
five curves of good quality was used to determine 
cardiac output. 

Total peripheral resistance (TPR,  PRU,,,) was 
calculated from the formula TPR = MAP/CO.  Stroke 
volume (SV,  ml) was calculated from the formula SV 

After a 1 h lunch break, during which the patients 
had the opportunity to eat a sandwich and have a 
glass of fruit juice, they went through the procedure 
of water plethysmography. 

~251. 

= CO/HR.  

hypertensive retinopathy) was evident [22]. The 
groups were well balanced regarding demographic Hand plethysmography 

variables, cardiac hypertrophy and retinopathy [22]. 
Haemodynamic investigations with an invasive 

technique were performed after the 4-6-week placebo 

Hand (predominantly skin vessel bed) blood flow at 
rest and during maximal dilatation was determined 
with venous occlusion plethysmography with the 
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Table 1 Comparison of indirect versus intra-arterial resting supine blood pressure, measured immediately before CO measurements. at 
baseline (placebo) and after 6 months of treatment with enalapril or hydrochlorothiazide 

Enalapril 
~ ~ 

Hydrochlorothiazide 

Mean (SEM) indirect intra-arterial indirect intra-arterial 

Baseline 152/102 (4.3/2.1) 154/85 (5.7/2.2) 153/100 (4.9/1.7) 153/82 (5. L/1.8) 
6 months 134/89 (4.1/2.3) 132/73 (4.2/2.7) 137/94 (2.8/2.5) 137/78 (3.5/1.9) 
A 18.5/13.3 (3.0/1.5) 21.5/11.6 (3.8/2.7) 16.1/6.4 (4.5/2.3) 15.8/4.8 (4.6/2.1) 
P 0.0001/0.0001 0.0002/0.0023 0.0009/0.0177 0.0023/0.0438 

~ ~~~~~~~~~ ~ 

There was no statistically significant difference in response between groups. 

patient resting in the supine position. Both hands 
were placed in rubber gloves in separate water 
plethysmographs with a temperature of 33 O C .  One 
hour before the studies of hand blood flow and 
throughout the whole experiment, the subjects were 
exposed to general indirect heating with an electric 
heating arch to induce intense perspiration (fluid 
losses were replaced with intravenous saline). This 
heating procedure was aimed at abolishing the 
sympathetic vasoconstrictor activity to the skin blood 
vessels of the hand [26, 271. Resting (sympatho- 
plegic) blood flow was determined in both hands at 
least five times with simultaneous recordings of 
intra-arterial MAP.  

The temperature in the plethysmographs was then 
increased to the maximum tolerable (approximately 
43°C). Furthermore, arterial flow to both arms was 
occluded (cuff pressure 250-300 mmHg, i.e. at least 
50  mmHg above the systolic blood pressure) for 4-5 
min followed by hand exercise (squeezing a handle 
inside the plethysmograph) until exhaustion and 
ischaemic pain to produce maximal dilatation [ 121. 
After having released the arterial occlusion, maximal 
blood flow curves and simultaneous M A P  were 
recorded immediately and repetitively three to four 
times. This procedure (maximal dilatation) was 
repeated four to five times. 

Blood flow (BF,  ml min-’ 100 g-’) was calculated 
with a coefficient derived from a line (tangent) that 
best fitted the plethysmographic curve during the 
first pulse waves after the release of arterial occlusion 
taking the volume of the hand into account. The 
mean of three separate blood flow determinations 
was used for calculating resting (BFrest) and maximal 
(BF,,,) BF respectively. Resistance ( R ,  PRU,,,) at 
rest (R,,,,) and minimal R (R,,,,) were determined by 
applying the formula R = M A P / B F  where R is 
resistance, and M A P  is the corresponding blood 
pressure recorded simultaneously with the blood 
flow (BF) .  Flow and resistance values for the right 

and left hands separately as well as the mean of both 
are given. 

The critical point of this method for evaluating 
RmIn is to obtain maximal dilatation. This will be 
considered further in the discussion. 

Statistical methods 

Standard statistical methods were used and values 
are given as meankstandard error of the mean 
(SEM). With respect to within-group comparisons a 
non-parametric (distribution-free) permutation test 
for paired observations was used (Pitman’s). For 
between-group comparisons a test of relation (cor- 
relation) with Pitman’s (Fisher’s) non-parametric 
permutation test was performcd. Furthermore a 
repeated measure (two-way ANOVA), with one 
between-group factor being treatment and one 
within-group factor being time of observation, was 
performed. To estimate the magnitude of a difference 
(change) in outcome, 95% confidence intervals (GI) 
using the t-distribution were calculated. All tests 
were two-sided and P < 0.05 was considered stat- 
istically significant. Statistical analysis system (SAS) 
was used for all analyses. 

Results 
All patients were still on randomized monotherapy 
after 6 months and were included in the analysis 
irrespective of blood pressure response. The average 
daily doses of enalapril and hydrochlorothiazide were 
34.9 and 53.5 mg, respectively. 

Blood pressure 

Mean arterial blood pressure ( M A P ) ,  in the supine 
position, for the whole group of patients, was 
significantly reduced from 11 8 to 106 mmHg 
( -  12.3 mmHg. 10.4%; n = 28) measured indirectly 
and from 111 to 99 mmHg (-12.2 mmHg, 11%; n 
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Table 2 Haemodynamic variables after 6 months of treatment with enalapril or hydrochlorothiazide compared to baseline. Changes are 
shown with 95% confidence intervals (CI) 

Mean (SEM) 

0 6 months Change (95% CI) P 

MAP i.a. E 112.7 (3.5) 96.9 (2.8) -15.9 (-21.9, -9.8) 0.0001 
average during H 110.1 (2.5) 101.5 (2.0) -8.6 (-14.4, -2.8) 0.0059 
CO measurements P NS NS 
(mmHg) 
H R  E 61.7 (2.0) 61.3 (2.1) -0.4 (-4.0, 3.2) 0.8315 
average during H 62.2 (2.3) 61.1 (1.8) -1.1 (-4.0. 1.7) 0.4240 
COmeasurements P NS NS 
(beats min-') 
SV (ml) E 105.6 (5.3) 112.5 (9.3) 6.9 (-12.8, 26.6) 0.4595 

H 117.5 (7.2) 104.7 (5.3) -12.8 (-25.5. -0.05) 0.0504 
P NS NS 

CO (I min-') E 6.5 (0.3) 6.7 (0.4) 0.22 (-0.72, 1.16) 0.6184 
H 7.2 (0.3) 6.4 (0.3) -0.8 ( - 7 . 5 ,  -0.07) 0.0365 
P NS NS 

T P R  (PRU,,,) E 17.9 (0.9) 14.9 (0.7) -3.0 (-5.6, -0.4) 0.0264 
H 15.7 (0.7) 16.4 (0.7) -0.7 ( -  1 .O, 2.4) 0.3705 
P NS NS 

E, enalapril (n = 14): H. hydrochlorothiazide (n = 14). 
CO. cardiac output: HR.  heart rate: MAP, mean arterial pressure intra-arterially (i.a.) : SV. stroke volume: TPR. total peripheral 
resistance. 
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Fig. 1 The haemodynamic changes after 6 months of treatment 
with enalapril 
as the percentage changes from placebo baseline. Both 
significances in comparison with baseline and between 
therapies are given. CO. cardiac output: MAP, mean arterial 
pressure intra-arterially : R,,,. minimal resistance in hand 

or hydrochlorothiazide .. Changes are given 

diastolic blood pressure measured both indirectly and 
intra-arterially for both treatment groups. There 
were no statistically significant differences in blood 
pressure response between the two treatment groups. 
For technical reasons two patients did not participate 
in the plethysmographic investigations and were 
therefore withdrawn from the analysis. 

Haemodynamic study 

The results from the invasive haemodynamic investi- 
gations are summarized in Table 2. Intra-arterial 
MAP was reduced slightly more with enalapril than 
with hydrochlorothiazide but the difference was not 
statistically significant. The TPR was significantly 
reduced with enalapril ( -  17%;  P < 0.05) and CO 
significantly reduced with hydrochlorothiazide 

A comparison of the haemodynamic responses to 
the two drug regimens with the corresponding 
percentage changes from baseline is shown in Fig. 1. 

(-11%; P < 0.05). 

circulation (mean of both hands): TPR. total peripheral 
resistance. Plethysmographic study 

In Table 3 the results from the plethysmographic 
study are summarized. The maximal blood flow at 
baseline was significantly correlated to weight ( r  
= -0.40, P < 0.05; n = 28). 

= 28) measured intra-arterially before the haemo- 
dynamic investigations. 

Table 1 shows the results regarding systolic and 
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Table 3 Hand plethysmography at rest and at ischaemia. Changes are shown with 95% confidence intervals (CI) 

Mean (SEM) 

0 6 months Change (95% CI) P 

MAP i.a. E 99.6 (2.9) 86.7 (2.9) - 12.9 (- 18.8. - 6.9) 0.0013 
supine after H 97.8 (2.7) 90.8 (1.8) -7.0 (=11.9. -2.1) 0.0059 
1 h general heating P NS NS 

BF,,,, (ml min-I E 16.8 (2.1) 15.1 (1.5) - 1.8 (-4.4, 0.9) 0.1714 
(mmHg) 

100 g-') H 15.5 (1.8) 13.9 (1.9) -2.6 ( -  7.6, 2.4) 0.2211 
P NS NS 

Rr,,, (PRU,,,) E 
H 
P 

MAP La. E 
at ischaemia H 

P 

'',ax E 
H 
P 

7.0 (0.8) 6.6 (0.8) - 0.4 
8.9 (2.6) 6.9 (0.4) -2.1 

NS NS 

126.5 (4.8) 107.1 (4.0) - 19.4 

NS NS 
127.2 (4.2) 116.7 (3.2) - 10.5 

62.7 (2.9) 58.6 (3.1) -4.0 
56.7 (3.8) 50.2 (3.2) - 6.6 

NS NS 

- 1.7. 0.9) 0.5109 
-7.4, 3.2) 0.8232 

-27.8, - 11.0) 0.0005 
-19.7. -1.3) 0.0249 

-9.1. 1.0) 0.1082 
-14.9, 1.8) 0.1250 

E 2.03 (0.09) 1.90 (0.11) -0.12 (-0.33, 0.05) 0.2236 
H 2.35 (0.15) 2.48 (0.17) 0.14 (-0.29, 0.56) 0.5269 

R,," (PRU,,,) 

- P NS P = 0.0105 
~ ~ ~ ~ ~ ~ ~~ ~ 

E. enalapril (n = 14); H. hydrochlorothiazide (n = 12). BF,,,. blood flow at maximal dilatation: BF,,,,, blood flow at rest after 1 h of 
general heating: MAP, mean arterial pressure intra-arterially (La.): R,,,. minima1 resistance (mean values for both hands are given) : 
R,,,,. vascular resistance after 1 h of general heating. 
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Fig. 2 Minimal resistance at  
baseline and after 6 months of 
therapy with either enalapril or 
hydrochlorothiazide. The mean 
values. percentage change and 
corresponding 95 % confidence 
intervals are given. 
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Blood flow increased considerably when ischaemia 
was induced. Flow values in the order of 55-60 ml 
min-' 100 g-' tissue (range 41-84) were obtained. 
Therefore, the resistance calculated corresponds to 
minimal resistance. There was a significant (P < 
0.05) difference in the effect of enalapril and hydro- 
chlorothiazide on Rmi,. In spite of the fact that 
patients on hydrochlorothiazide had a higher Rmi, 
(mean of right and left hand) at baseline (0.32 
PRU,,,, 15.8%; NS) they increased their resistance 
(+0 .14  PRU,,,, 5.8%; NS) while patients on enal- 
april treatment decreased their Rmin ( -  0.12 PRU,,,, 
6.4 %; NS) on average. The difference in Rmin between 
groups after 6 months of treatment was therefore 
larger than at baseline (0.58 PRU,,,, 30.5%; P =  
0.0105). In Fig. 2 the mean values of R,,, at 
baseline and after 6 months of treatment with 
corresponding 95 % confidence intervals are given. 
Since the determinations of blood flow in the right 
and left hand were made independently they were 
also analysed separately. In the right hand R,,,, was 
10.2 % (NS) higher on hydrochlorothiazide and 
increased (+0.07 PRU,,,. 3.1%; NS) on treatment 
while R,,,, decreased in the enalapril-treated group 
( - 0.1 7 PRU,,,, - 8.3 %; NS). The difference between 
groups in the right hand after 6 months was 
significant (0.45 PRU,,,, 23.2%; P = 0.0394). In 
the left hand RminL was 24.5% (NS) higher on 
hydrochlorothiazide and increased ( + 0.23 PRU,,,, 
9.2%; NS) while RminL decreased in the enalapril 
group (-0.09 PRU,,,, -4.5%; NS). The difference 
between the groups in the left hand after 6 months 
was also significant (0.83 PRU,,,, 43.5%; P =  
0.0112). 

Discussion 
In the present study the main objective was to 
evaluate the importance of structural vascular 
changes in the precapillary resistance vessels in 
relation to the haemodynamic effects of two different 
kinds of first-line antihypertensive treatment. 

In established hypertension the blood pressure 
amplifying properties of the hypertrophied heart and 
blood vessels contribute considerably more to the 
maintenance of elevated blood pressure than the 
basic underlying cause (triggering mechanisms), 
both in primary and secondary hypertension [5, 13,  
28, 291. It is therefore of interest to look at the 
therapeutic aspects of arterial hypertension in this 
perspective [30]. 

When antihypertensive therapy is initiated under 
common clinical conditions the structural cardio- 
vascular changes are usually well established and 
the structure of the vascular system is redesigned to 
maintain a higher than normal pressure. In fact, 
structural vascular changes will not only maintain 
but also cause progression of the elevated blood 
pressure [ l ,  14, 291, i.e. act as a 'vascular amplifier' 
[15, 281. 

As early as 1956 it was proposed by Folkow that 
the characteristic property of a resistance amplifier 
was an increase in the vessel wall to lumen ratio 
with medial hypertrophy encroaching on the lumen 
[5]. Later Korner pointed out that it is the narrowing 
of the average internal radius of the resistance vessels 
that is the critical determinant [28]. 

The present study aimed at investigating the 
concept that certain antihypertensive agents may 
have more favourable haemodynamic long-term 
effects than others by correcting peripheral 
resistance-including an effect on haemodynamic 
amplifying mechanisms-which maintains blood 
pressure irrespective of cause. Whilst enalapril re- 
duced blood pressure mainly through a reduction of 
total peripheral resistance, hydrochlorothiazide acted 
predominantly by lowering cardiac output. In addi- 
tion, minimal vascular resistance was affected in 
opposite directions with enalapril (reduction) and 
hydrochlorothiazide (increase), which basically 
mirrors how they affected total peripheral resistance 
(Fig. 1). 

The haemodynamic response observed here with 
enalapril (i.e. a reduction in blood pressure as a result 
of a reduction in vascular resistance with no signi- 
ficant effects on heart rate, stroke volume or cardiac 
output) is in agreement with previous studies with 
enalapril and other ACE inhibitors [3 1-33]. 

Thiazides may initially lower cardiac output which 
eventually returns towards the pretreatment level, 
whilst total peripheral resistance is reduced gradually 
[34, 351. In the present study, however, the blood 
pressure was reduced through a reduction in stroke 
volume (cardiac output) even after 6 months of 
hydrochlorothiazide therapy, whilst there was a 
tendency towards increased total peripheral resis- 
tance. 

The investigation of hand circulation was per- 
formed under conditions devoid of vasomotor nerve 
activity, illustrated by the fairly high resting blood 
flow values, as all flow determinations were made 
during indirect heating which is known to produce 
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complete inhibition of the activity in these nerves 
[26, 271. The crucial question with this methodology, 
however, is whether truly maximal vasodilatation of 
the vessels in question is obtained. If not, a difference 
in vascular tone, instead of in vascular structure, 
could explain observed differences. Maximal blood 
flow values of 55-60 ml min-' 100 g-' which were 
obtained in the present study indicate that neural, 
humoral and myogenic mechanisms, that may affect 
resistance, had been made inoperative by way of 
naturally occurring vasodilator metabolites [15, 36, 
371. 

Even with supramaximal doses of pharmacological 
agents it is not possible to reach higher flow values 
[38] or to override the maximum dilatation induced 
with ischaemia [36, 371. Thus, under the conditions 
used here (maximal vasodilatation) resistance is 
most probably entirely as a result of the geometry, 
i.e. the structure, of the resistance vessels and not to 
tone. 

Furthermore, the assessment of structural vascular 
changes with an indirect technique as in the present 
study (i.e. the calculating of minimal vascular 
resistance) has the great advantage of giving an 
integrated measure of the total effect of structural 
changes in a certain vascular bed. 

The difference in blood pressure response between 
therapies, although not statistically significant, in 
theory could have influenced the outcome in terms of 
effect on vascular hypertrophy. However, the higher 
baseline minimal resistance in the hydro- 
chlorothiazide-treated group should have favoured a 
greater reduction in that group, not the opposite, if 
such an effect was to exist. 

From animal studies it is evident that adequate 
lowering of blood pressure is not sufficient to achieve 
regression or normalization of vascular structural 
changes [15, 391. In a study highlighting these 
conditions captopril prevented the development of 
vascular hypertrophy while dihydralazine did not, in 
spite of having a similar effect on blood pressure [40]. 
The activation of trophic factors obviously can 
counteract the favourable effects of blood pressure 
reduction [40]. 

There are few studies in man with the indirect 
plethysmographic technique at maximal vasodilata- 
tion, but forearm minimal resistance has been shown 
to fall after 6 months of treatment with either 
pindolol, captopril or nitrendipine [17-191. 

In another study previously untreated hyper- 
tensives were given triple therapy (beta blocker + 

hydralazine + diuretic). Studying the same vascular 
bed and using the same technique as in the present 
study, a reduction in minimal resistance after 5 years 
of treatment was reported [16]. The positive effect of 
enalapril on minimal resistance in the hand vascula- 
ture after 6 months of therapy reducing minimal 
resistance to the same level as the normotensive 
control group in the mentioned study [16] is, 
therefore, encouraging. 

Most antihypertensive agents can prevent (if ther- 
apy is started early) the genetically determined blood 
pressure rise in spontaneously hypertensive rats but 
only ACE inhibitors are associated with a persistent 
effect on blood pressure after withdrawal of therapy 
in adult rats [4042] .  This suggests that simply 
keeping blood pressure down alonc is not sufficient to 
inactivate the amplifying mechanism or to prevent a 
subsequent rise in blood pressurc. Probably one of 
the main explanations for this difference between 
therapies is that ACE inhibitors are more effective in 
preventing vascular hypertrophy, which in turn has 
been attributed to the lack of activation or blocking 
of trophic factors [40, 42, 431. 

It has been shown that angiotensin I1 has powerful 
trophic effects in cell cultures [44] and blocking of 
angiotensin I1 may be of importance for reducing 
growth in the vascular wall. 

Finally, enalapril reduces blood pressure through a 
reduction in both structural and functional vascular 
amplifying mechanisms. In that way the ACE in- 
hibitor probably puts a stop to the 'amplifying vicious 
circle ' that operates in established hypertension [ 14, 
291. This could prevent progression of hypertension 
and help to maintain an achieved normal blood 
pressure even after discontinuation of antihyper- 
tensive treatment. On the other hand, hydrochloro- 
thiazide does not seem to affect the amplifying 
mechanisms positively in any respect. 

The positive effects of ACE inhibitors on vascular 
structural changes shown in the present study, as 
well as the efficacious reduction of left ventricular 
hypertrophy (LVH) with such treatment [2 1, 221 
could mean that this class of compounds would exert 
even more positive effects on morbidity and mortality 
than diuretics [4547] ,  a possibility that is being 
evaluated in e.g. the ongoing Captopril Prevention 
Project (CAPPP) trial [48]. 
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