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Improvement of Coronary Microvascular
Function After Angiotensin Receptor Blocker
Treatment With Irbesartan in Patients With
Systemic Hypertension
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Patients with hypertension exhibit changes in
vessel conductance and resistance. The aim of
this study was to evaluate the effect of the angio-
tensin receptor blocker irbesartan on coronary
microvascular function. Thirty-six hypertensive
patients without coronary artery or systemic
disease were examined. Coronary flow velocity
reserve (CFR) was measured using transthoracic
Doppler echocardiography in 18 men
(54�9 years) before and after 3 months of
treatment with 600 mg ⁄ d of irbesartan and in
18 controls (55�11 years). Carotid intima-media
thickness (IMT) was evaluated with high-resolu-
tion echocardiography. Baseline CFR did not
differ between groups. CFR significantly
improved in the irbesartan group (from 2.87�.42
to 3.78�.32; P<.001), but remained unchanged
in controls (from 2.94�.61 to 3.06�.72; P=not
significant). CFR improved with treatment
independent of associated risk factors. BP
decreased from 150�18 mm Hg to 129�25 mm

Hg (P<.001) during treatment, whereas IMT and
left ventricular mass index showed no significant
differences at the end of the follow-up period in
both groups. Three-month irbesartan treatment
significantly increased CFR in patients with
hypertension. This improvement is attributed to
blockade of the renin-angiotensin system.
Coronary microvascular function was shown to
improve independent of hypertrophy regression.
Patients with lower baseline CFR tended to show
a more pronounced CFR response.
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In patients with systemic hypertension, micro-
vascular damage occurs early and prior to the

development of stenotic lesions. The resulting
microvascular dysfunction may lead to signs and
symptoms of myocardial ischemia despite angio-
graphically normal coronary arteries.1 Coronary
flow reserve (CFR) is considered an important
physiologic parameter in the coronary circulation,
reflecting the function of large epicardial arteries
and the microcirculation in the absence of epicar-
dial coronary stenosis. Moreover, in normal coro-
nary arteries or in those with only minor
arteriosclerosis, CFR is an independent predictor
of long-term outcome.2

Structural and functional alterations of the vas-
culature may contribute to complications of hyper-
tension. The pathophysiologic mechanisms leading
to microvascular alterations, angina, ischemia, and
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reduced CFR in patients without coronary artery
disease (CAD) are not fully understood. The renin-
angiotensin system (RAS) plays an important role
early in the development of hypertension-induced
vascular alterations such as changes in vascular
tone and inflammation, cell growth, cardiac hyper-
trophy, remodeling, and apoptosis.3

Because angiotensin II (Ang II) may be pivotal in
some of these vascular abnormalities, angiotensin-
converting enzyme (ACE) inhibitors and Ang II
type I receptor blockers (ARBs) are likely to influ-
ence these microvascular alterations, not only by
improving loading conditions, but also by direct
action on the vascular wall. ARBs specifically block
the RAS and inhibit effects of Ang II such as vaso-
constriction and cell growth, without affecting Ang
II type 2 receptor–mediated effects of Ang II, such
as vasodilatation and inhibition of cell growth.
Thus, in addition, ARBs seem to have anti-inflam-
matory, metabolic, and vascular effects, albeit inde-
pendent of their BP-lowering effect. Clinical studies
showed that the anti-inflammatory effect of ARBs
could be related to the dosage and ⁄or the length of
the treatment.4 Histopathologic data from animal
studies also show a reduction of interstitial and
perivascular fibrosis under treatment with ARBs.5

Therefore, clinical effects of ARBs on the coronary
microvascular perfusion in humans could be of
prognostic significance.

CFR can be assessed in a reliable, reproducible,
and noninvasive manner using high-resolution
transthoracic Doppler echocardiography (TTDE).
Several studies have demonstrated TTDE-derived
CFR to be of similar excellent quality as CFR mea-
sured by invasive methods or by using positron
emission tomography.6–9

ACE inhibitors have been shown in several stud-
ies to improve CFR in arterial hypertension.10,11

Our objective was to evaluate the effect of a high-
dose, long-acting ARB, irbesartan, on CFR in
patients with arterial hypertension without relevant
left ventricular hypertrophy.

METHODS
Patients and Study Design
Thirty-six consecutive male patients with hyperten-
sion underwent 24-hour ambulatory blood pressure
(BP) monitoring for initial patient screening. Hyper-
tension was diagnosed in 18 patients with an aver-
age daytime BP >135 ⁄85 mm Hg and an average
nighttime BP >125 ⁄75 mm Hg. These 18 patients
constituted the study population. The control
patients included 18 hypertensive age-matched male
volunteers. Each patient was screened by clinical

history, physical examination, electrocardiography,
echocardiography, stress echocardiography, and
routine chemical analysis to rule out any other sys-
temic disease.

Exclusion criteria for the treatment group were
current treatment with ACE inhibitors or ARBs,
relevant left ventricular hypertrophy (septal thick-
ness >14 mm), and evidence of overt atheroscle-
rotic disease (CAD, peripheral vascular disease, and
stroke). Significant CAD was excluded on the basis
of clinical history, ergometry, and baseline echocar-
diography. A dynamic stress echocardiogram posi-
tive for ischemia was considered an exclusion
criterion. The same criteria were applied to the
control group, with the exception that pretreatment
with ACE inhibitors or ARBs for more than 1 year
was not an exclusion criterion in this group.

ARB treatment with irbesartan was started at a
dose of 150 mg ⁄d for 1 week, and subsequently
increased continuously until 300 mg twice a day
was reached after 4 weeks of treatment. Treatment
was continued over 3 months. Previous concomi-
tant treatment was maintained. The treatment of
the control group was not changed during the study
period. Written informed consent was obtained
from each participant, and the institutional ethics
committee approved the study protocol.

Echocardiography
Each participant was examined with an electronic
phased-array ultrasound system. Left ventricular
diastolic diameter and septal and posterior wall
thickness were assessed in M-mode images of
parasternal long- and short-axis views. Left ventric-
ular mass index (LVMI) was calculated according
to the recommendations of the American Society of
Echocardiography.12 Transthoracic M-mode echo-
cardiographic measurements were taken by one
investigator blinded to the patient data.

Measurement of CFR
In all patients, TTDE evaluation of CFR was per-
formed in the left anterior descending artery by one
experienced echocardiographer blinded to the
patient data. Measurements were performed at
baseline and at the 3-month follow-up. Two-dimen-
sional images were recorded with a 7.0-MHz
transducer at 3.5 MHz and coronary flow was
visualized using high-frequency 5.0-MHz color
Doppler technique with a Nyquist limit of 12 cm ⁄ s
to 16 cm ⁄ s. Coronary flow velocity was measured
using PW Doppler technique at 3.5 MHz with min-
imal angle correction. Stop frames and clips were
digitally recorded and stored on magneto-optical
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disks. All measurements were performed off-line
using an ultrasound machine–incorporated analysis
and calculation package.

Visualization of Coronary Flow
A systematic approach was made to visualize the
supra-apical portion of the distal left anterior
descending artery (LAD). This portion of the LAD
was chosen to reliably perform both CFR measure-
ments at the same segment of the vessel. For this
purpose, the transducer was shifted from the typical
apical 4-chamber view position 3 cm to 4 cm medi-
ally and cranially and rotated into a sagittal plane
to obtain a modified 2-chamber view of the apical
left ventricle and the anterior groove. LAD was
identified by systolic-diastolic color blood flow seen
in the region of the anterior groove of the left ven-
tricle. For the following PW Doppler measurement
the transducer was carefully rotated to minimize
angle correction.

Echocardiographic Measurement of CFR
The intake of xanthin-containing food or beverages
was stopped the day before the examination. PW
Doppler recording of coronary flow was guided by
color Doppler. Flow velocity recordings were per-
formed with stable transducer position at rest
and maximal hyperemia, which was induced by

administration of intravenous adenosine (140 lg ⁄
kg ⁄min). CFR was calculated using the ratio of
hyperaemia-induced systolic-diastolic coronary flow
to coronary flow at rest (Figure 1). The values of 3
consecutive beats were averaged to calculate the
average peak velocity. Off-line analysis of spectral
Doppler tracings required consensus of 2 examiners.

Measurement of Carotid Intima-Media Thickness
An 8.0-MHz linear array transducer was used.
Based on the recommendations of the American
Society of Echocardiography,13 a longitudinal scan
of the common carotid artery of the patient in the
supine position was recorded. Zoom was deployed
on the carotid bifurcation and the cranial portion
of the common carotid artery. Carotid intima-
media thickness (IMT) was measured between the
bifurcation and 1 cm proximal to the bifurcation.
At least 3 points were measured in the studied seg-
ment. The maximum IMT of both carotid arteries
was recorded for subsequent follow-up.

Statistical analysis
Data were analyzed with SPSS version 9.0 (SPSS
Inc, Chicago, IL). Quantitative variables were
expressed as means and standard deviations, and
discrete variables as frequencies and percentages.
Comparisons of continuous variables were carried

before 
CFR = 300%

after 3 months
CFR = 430 %

Figure 1. Assessment of coronary flow reserve in a hypertensive patient before (left panel) and after (right panel)
treatment with irbesartan. CFR indicates coronary flow reserve.
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out with Student t test. To evaluate the effect of
therapy, a paired t test was used. Statistical signifi-
cance was established at a P value <.05.

RESULTS
Clinical and echocardiographic patient characteris-
tics of both groups were similar (Table I). CFR in
the treatment and control groups were 2.87�.42
and 2.94�.61, respectively.

CFR was increased in all irbesartan-treated
patients after 3 months (from 2.87�.42 to 3.78�
.32; P<.001 [31.5% increase]) (Figure 2, Table II),
whereas no change in CFR was observed in the
control group (2.94�.61 to 3.06�.72; P=not signif-
icant).

The increase in CFR was correlated with basal
CFR (R=).43, P=.03). Patients with lowest baseline
CFR responded better to therapy.

Irbesartan led to a significant reduction in systolic
and diastolic BP (150�18 mm Hg to 129�25 mm

Hg, P=.001 and 88�11 mm Hg to 81�12 mm Hg;
P=.03) in the treatment group. BP remained
unchanged in the control group (Table II).

Target organ damage measured as IMT was
mild at baseline in both groups, and IMT was not
significantly modified at the end of the follow-up
(1.058�.34 to 1.038�.30; P=.225).

DISCUSSION
Numerous trials have demonstrated that antihyper-
tensive therapy is effective in reducing major vascu-
lar events, including stroke and coronary
heart disease.14 However, several forms of specific
end organ damage, which primarily involve the
microcirculation, are thought to be secondary to
hypertension, including nephropathy, retinopathy,
lacunar infarction, and microvascular angina. Thus,
it is to be expected that there will be additional
benefits from targeting the microcirculation during
antihypertensive therapy in terms of the prevention
of or reduction in end organ damage.

The aim of this study was to noninvasively evalu-
ate the effect of the ARB irbesartan on coronary
microvascular function and thus on CFR in hyper-
tensive patients. We found a significant improvement
in CFR as measured by TTDE in the irbesartan treat-
ment group compared with the control group. Irbe-
sartan treatment also led to a significant reduction in
systolic and diastolic BP, whereas BP remained
unchanged in the control group.

CFR is considered a marker of coronary micro-
circulatory function if epicardial stenosis is not
present, and is significantly lower in patients with
prehypertension than in normotensive patients.
Decrease in CFR is found to be even more

Table I. Baseline Clinical Characteristics and Medication

of the Study Population

Variable

Irbesartan

(n=18)

Control

(n=18)

P
Value

Age, % 54�9 55�11 ns
Systolic BP,

mm Hg

150�18 147�22 ns

Diastolic BP,
mm Hg

88�11 89�13 ns

LVMI, g ⁄ m2 135�35 134�29 ns

IMT, mm 1.058�.34 1.003�.46 ns
CFR 2.87�.42 2.94�.61 ns
Comorbid

conditions,
No. (%)
Diabetes 3 (16.7) 4 (22.2) ns

Dyslipidemia 7 (38.9) 6 (33.3) ns
Concomitant

medication,
No. (%)

ASA 7 (38.9) 9 (50.0) ns
Diuretic 8 (44.4) 10 (55.5) ns
b-Blocker 5 (27.8) 6 (33.3) ns

CCB 5 (27.8) 6 (33.3) ns
ARB ⁄ ACE
inhibitor

0 (0) 5 (27.8) <.01

Statin 5 (27.8) 6 (33.3) ns

Values are mean � standard deviation unless otherwise
indicated. Abbreviations: ACE, angiotensin converting
enzyme; ARB, angiotensin II type I receptor blocker; BP,

24-h ambulatory blood pressure; CCB, calcium channel
blocker; CFR, coronary flow velocity reserve; IMT, intima-
media thickness; LVMI, left ventricular mass index; ns, not

significant.

Figure 2. Coronary flow reserve values before and
after treatment. CFR indicates coronary flow reserve.
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pronounced in patients with systemic hyperten-
sion.15 This observation supports the premise that
pharmacologic improvement of CFR is of prognos-
tic relevance for patients with hypertension.

Impairment of CFR may independently occur
long before left ventricular hypertrophy is detected
in hypertensive patients, leading to perivascular
fibrosis and subsequent ischemia.15,16 Reduction in
CFR is seen as a result of increased microvascular
coronary resistance. Several studies support the
notion that structural changes in the coronary vas-
culature significantly contribute to a reduction in
CFR and that these effects are independent of vas-
cular tone.16–19 Animal studies of Ang II–dependent
hypertension have shown that cardiac fibrosis was
associated with left ventricular hypertrophy, both of
which were prevented by treatment with the selec-
tive AT1 receptor antagonist irbesartan.5 Further-
more, structural remodeling of the intramyocardial
coronary arterioles and the accumulation of fibrillar
collagen were found to be causative for a reduced
coronary dilatory capacity in patients with arterial
hypertension and angina pectoris in the absence of
relevant coronary artery stenoses.19 CFR thus
enables detection of alterations in the coronary
microcirculation in a noninvasive manner, with the
objective to prevent further microvascular damage
by pharmacologic intervention.

Because lower CFR of hypertensive patients is
presumably caused, at least in part, by structural
and functional abnormalities within the coronary
microcirculation, Ang II is likely to play a role in
the development of the vascular alternations, since
it is known to cause oxidative stress, vasoconstric-
tion, inflammation, and vascular thrombosis and
remodelling.20–23 Blocking this system by treatment
with an ACE inhibitor was previously shown to
cause remodelling regression, as well as improve-
ment in CFR and endothelial function.10,11,24 Stud-
ies on the effect of ARBs on CFR are scarce.

Kitakaze and colleagues25 report that infusion of
an ARB into canine coronary arteries causes an
increase in coronary blood flow, and that the com-
bination of an ACE inhibitor and an ARB mediates
an even greater increase in coronary blood flow. A
study by Hinoi and colleagues26 demonstrates that
antihypertensive therapy with telmisartan (ARB),
but not with nifedipine (calcium channel blocker),
had a beneficial effect on coronary microcirculation
and insulin resistance among essential hypertensive
patients. Further, Goette and colleagues27 were able
to show, in a model of pacing-induced microvascu-
lar flow abnormalities, that these are in part related
to the induction of oxidative stress and that this
induction was related to the presence of Ang II. On
the other hand, the addition of irbesartan to these
experiments abolished the majority of pacing-
induced alterations with an improvement in micro-
vascular flow and a reduction in oxidative stress. In
accordance with our results, Tomás and colleagues3

found an improvement in CFR of hypertensive
patients treated with the ARB candesartan, and,
similar to our findings, patients with lower baseline
CFR responded better to therapy, suggesting that
histopathologic changes are more pronounced in
patients with more depressed CFR, thus making
beneficial effects of ARB treatment more significant.
AT1 receptor blockade by treatment with irbesartan
(ARB) was also shown to improve peripheral but
not coronary endothelial dysfunction in patients
with CAD.28

The impact of the RAS on hypertension thus
extends beyond the increase in arterial pressure to
encompass several aspects of hypertensive heart dis-
ease, including left ventricular hypertrophy, coro-
nary insufficiency, endothelial dysfunction, and
occlusive coronary artery disease.29 The potential
mechanism explaining the improvement in vasodila-
tor reserve are multiple and include hemodynamic
changes secondary to BP lowering, the regression of

Table II. Baseline and Final Values of BP, IMT, CFR, and LVMI

Irbesartan Control

Baseline 3 Month P Value Baseline 3 Month P Value

SBP, mm Hg 150�18 129�25 .001 145�23 147�22 ns
DBP, mm Hg 88�11 81�12 .003 89�13 87�16 ns
IMT, mm 1.06�.34 1.04�.30 .225 1.00�.46 .97�.52 ns

CFR 2.87�.42 3.78�.32 .0001 2.94�.61 3.06�.72 ns
LVMI, g ⁄ m2 135�35 131�37 ns 134�29 132�33 ns

Abbreviations: CFR, coronary flow velocity reserve; DBP, diastolic 24-h ambulatory blood pressure; IMT, intima-media

thickness; LVMI, left ventricular mass index; ns, not significant; SBP, systolic 24-h ambulatory blood pressure.
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pathologic left ventricular hypertrophy, or vascular
remodelling.

The ARB-induced reduction of interstitial peri-
vascular fibrosis documented in several animal stud-
ies seems to be responsible for at least part of the
beneficial effect of CFR improvement.5,30,31 As a
consequence, an improvement of vasodilation
capacity can be expected under ARB treatment
with irbesartan, explaining at least part of the CFR
improvement.

CONCLUSIONS
Microvascular changes are hallmarks of the long-
term complications of hypertension and diabetes;
however, it is now clear that microvascular changes
occur very early in these conditions and may be
important in their pathogenesis and progression. It
is noteworthy that microvascular changes that
result from one risk factor could predispose to
other risk factors.

Three-month treatment with the ARB irbesartan
for hypertensive patients without relevant arterio-
sclerosis and without significant left ventricular
hypertrophy resulted in significant improvement in
CFR as a marker of coronary microcirculatory
function. Since impairment of CFR indicates an ele-
vated risk for cardiovascular morbidity, this finding
may add valuable information for first-line treat-
ment of systemic hypertension.
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