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Introduction and objectives. The effect of statins has
been monitored mainly in peripheral arteries. It is now
possible to study coronary microcirculation by analyzing
coronary reserve with transthoracic echocardiography.
The aim of this study was to use this noninvasive techni-
que to evaluate the effect of atorvastatin on peripheral en-
dothelial function and on the coronary microvasculature in
patients with dyslipidemia.

Patients and method. We included 21 patients with
dyslipidemia but no clinical antecedents of atherosclero-
sis. Mean (SD) age was 64.9 (11) years, and women
made up 61.9% of the group. All patients were treated
with 20 mg atorvastatin during 3 months. Lipid profile, ca-
rotid intima-media thickness, endothelium-dependent va-
sodilation and coronary flow reserve were determined at
baseline and at the end of treatment. All studies were per-
formed with echocardiographic techniques.

Results. Together with improvements in the lipid profi-
le, we found a 43% increase in endothelium-dependent
vasodilation (4.3 [4.4] to 6.2 [3.8]; P=.07) and a 25% in-
crease in coronary flow reserve (2.5 [0.6] vs 3.1 [0.8];
P=.002). The increase in endothelium-dependent vasodi-
latation correlated with age (r=–0.60; P=.004), intima-me-
dia thickness (r=–0.47; P=.029), low-density lipoprotein
level before treatment (r=–0.43; P=.05), and baseline en-
dothelium-dependent vasodilatation (r=–0,63; P=.002).
The increase in coronary flow reserve correlated with low-
density lipoprotein level after treatment (r=–0.51; P=.04).

Conclusions. Short-term treatment with atorvastatin
improved the lipid profile, coronary microvascular function
and endothelium-dependent vasodilation in the peripheral
circulation. The noninvasive assessment of coronary re-
serve is feasible with transthoracic echocardiography.

Key words: Endothelial function. Coronary microcircula-
tion. Hypercholesterolemia.
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Determinación no invasiva del efecto 
de atorvastatina en la microvasculatura coronaria 
y la función endotelial periférica de pacientes
dislipémicos

Introducción y objetivos. La monitorización del efecto
de las estatinas se ha estudiado fundamentalmente en el
ámbito arterial periférico. Es posible estudiar la microcir-
culación coronaria mediante la evaluación de la reserva
coronaria (RC) con ecocardiografía transtorácica. El obje-
tivo del estudio fue evaluar, de forma no invasiva, el efec-
to de atorvastatina en la función endotelial periférica y la
microvasculatura coronaria en pacientes dislipémicos.

Pacientes y método. Se incluyó a 21 pacientes disli-
pémicos sin antecedentes de aterosclerosis clínica (edad,
64,9 ± 11 años; mujeres, 61,9%). Se valoraron, basal-
mente y a los 3 meses de tratamiento con 20 mg/día de
atorvastatina, el perfil lipídico, el grosor mediointimal
(GMI) carotídeo, la vasodilatación dependiente del endo-
telio (VDE) y la reserva coronaria (RC) de la arteria des-
cendente anterior (DA). Los estudios se realizaron con
ecocardiografía.

Resultados. Simultáneamente con la mejoría del perfil
lipídico se apreció un incremento del 43% de la VDE (el
4,3 ± 4,4% frente al 6,2 ± 3,8%; p = 0,07) y un 25% de
mejoría de la RC (2,5 ± 0,6 frente a 3,1 ± 0,8; p = 0,002).
El incremento de la VDE se correlacionaba con la edad (r
= –0,60; p = 0,004), el GMI carotídeo (r = –0,47; p =
0,029), el colesterol unido a lipoproteínas de baja densi-
dad (cLDL) basal (r = –0,43; p = 0,05) y con la VDE basal
(r = –0,63; p = 0,002). El incremento de la RC se correla-
cionaba con el cLDL final (r = –0,51; p = 0,04).

Conclusiones. El tratamiento a corto plazo con ator-
vastatina mejora no sólo el perfil lipídico, sino también la
función microvascular coronaria y la vasodilatación perifé-
rica dependiente del endotelio. Es posible su monitoriza-
ción de manera no invasiva con ecocardiografía.

Palabras clave: Endotelio. Microcirculación. Hipercoles-
terolemia.
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INTRODUCTION

The endothelium is a monolayer of highly specia-
lized cells that secrete various substances involved in
maintaining vascular hemostasis.1

The term endothelial dysfunction (ED) refers to any
alteration in the physiology of the endothelium which
produces a decompensation in its regulatory functions
and is considered the leading cause of development
and progression of the atherosclerotic process.2 The
state of endothelial function may reflect the propensity
of an individual to develop clinical atherosclerotic dis-
ease.3 It is accepted that ED arises in response to the
presence of coronary risk factors,4 especially to abnor-
mal values of circulating lipids associated with the pro-
duction of free radicals and the reduction in nitric ox-
ide bioavailability.5-7 These risk factors not only cause
dysfunction of the large vessels, but also of the coro-
nary and peripheral microcirculation. In other words,
ED represents a systemic disorder that affects the vas-
culature in general.8,9 Alterations in endothelium-de-
pendent vasoreactivity are normally taken as being
synonymous with ED.10 When vascular dilatation oc-
curs in response to agents which stimulate the secretion
of nitric oxide, this is known as endothelium-dependent
flow-mediated vasodilation (FMD), whereas the re-
sponse to direct vascular smooth muscle relaxants is
called non-endothelial dependent vasodilatation.

This alteration in endothelial function is pharmaco-
logically reversible and some studies have demonstra-
ted that hypolipidemic treatment with statins improves
ED in hypercholesterolemic patients with and without
coronary disease.11-14 In recent years, various non-in-
vasive techniques have been developed for the evalua-
tion of coronary and peripheral endothelial function.
Doppler ultrasonography is one of these techniques
and basically consist in detecting alterations in arterial
vasoreactivity under different physiological and phar-
macological stimuli.15,16

The main aim of the present study was to non-inva-
sively evaluate the short-term effect of atorvastatin
treatment on the vasodilator response at the peripheral
vascular and coronary microcirculation level in pa-
tients with dyslipidemia but without clear clinical

atherosclerotic disease. The secondary aim was to
evaluate the presence of possible predictive factors for
a better response to treatment.

PATIENTS AND METHODS

Twenty-one dyslipidemic patients without clinical
diagnosis or suspicion of atherosclerotic disease were
included. The average age of the patients was 64.9±1
years with women making up 61.9% of the group. The
baseline characteristics of the group are presented in
Table 1.

Patients were defined as dyslipidemic when they
had total cholesterol greater than 250 mg/dL or low-
density lipoprotein cholesterol (LDL-C) greater than
160 mg/dL. The patients had not received hypolipi-
demic treatment in the 3 months prior to inclusion in
the study. Patients were diagnosed as hypertensive if
they had blood pressure greater than or equal to
140/90 mm Hg or if they had received antihyperten-
sive treatment in the last 3 months. The American Dia-
betes Association 2002 criteria were used to identify
diabetic patients (glycemia after fasting greater than or
equal to 126 mg/dL on more than 2 measurements).
The subject considered him/herself a smoker if he/she
had consumed any quantity of tobacco in the last
month.

The presence of atherosclerotic disease was ruled
out through careful study of the case history and de-
tailed physical exploration. Patients with doubtful
symptomatology that could be related to clinical mani-
festations of atherosclerosis were excluded.

A baseline echocardiographic study was carried out
with the ATL HDI 5000 system (Phillips, USA), which
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ABBREVIATIONS

ED: endothelial dysfunction.
FMD: flow-mediated vasodilation.
CR: coronary reserve.
IMT: intima-media thickness.
LAD: left anterior descending artery.

TABLE 1. Baseline Characteristics of the Patients*

Mean ± Standard 

Deviation

Age, years 64.9±11.2

Total cholesterol, mg/dL 251.4±39.3

HDL-C, mg/dL 52.7±13.3

LDL-C, mg/dl 171.6±32.3

Triglycerides, mg/dL 128.1±56.3

SAP, mm Hg 135.2±17.6

DAP, mm Hg 81.9±7.1

Glycemia, mg/dL 95.2±12.7

Cardiovascular risk 19.7±13.4

n (%)

Sex, female 13 (61.9%)

Hypertension 13 (61.9%)

Diabetes 2 (9.5%)

Smoking habit 2 (9.5%)

Hypertriglyceridemia 3 (14.3%)

*HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density li-
poprotein cholesterol; DAP, diastolic arterial pressure; SAP, systolic arterial
pressure.



evaluated carotid intima-media thickness (IMT), pe-
ripheral endothelial function in the brachial artery and
coronary reserve (CR) distal to the left anterior des-
cending artery (LAD). A blood sample was also taken
to analyze lipid profile and glycemia. After baseline
evaluation, atorvastatin treatment was started at 20
mg/day for 3 months. No other treatment was changed
during this period. A final evaluation was done at the
end of treatment consisting of an analytical and
echocardiographic study. The studies were conducted
by the same echocardiographist. The protocol for the
baseline and final studies was the same. This com-
prised a preparation period during which the patient
fasted, and had not smoked or received his/her usual
medication in the last 12 h. The temperature was kept
constant in the room where the study took place. All
the patients gave their written consent to participate in
the study.

Analytic Study

Once the patient was placed in the dorsal decubitus
position, a vein was cannulated and a full blood analy-
sis done which included glycemia and lipid profile.
After leaving the patient to rest for 10 min, baseline
blood pressure was obtained and the following para-
meters were measured in the following order.

Measurement of Carotid IMT

Based on the classic studies by Pignoli et al17 and
Salonen and Salonen,18 with the patient at rest and in
dorsal decubitus position, the right common carotid
artery was explored with a scanner using a 12-MHz
linear transducer. Once the image was optimized, the
bifurcation was located in the internal and external
carotid artery and the echocardiograph zoom lens in-
troduced. Carotid IMT was measured between the bi-
furcation and 1 cm proximal to it. To this end at least 5
points in the segment under study were measured and
this was fully repeated on 2 occasions. A mean IMT
value was thus obtained for the right common carotid
artery. The procedure was repeated in the left carotid
artery and the mean carotid value was obtained from
the 2 values.

Measurement of Endothelial Function 
in the Brachial Artery

A protocol similar to the guidelines recently pu-
blished for that purpose was followed.19 A 12-MHz
linear transducer was used. After a 10-min rest period
in the dorsal decubitus position, the brachial artery
was located between 3 cm and 5 cm above the cubital
fossa in the longitudinal plane, with gain and depth
optimized and constant. Once an optimal image was
acquired, the position was maintained with an external

holding device attached to the arm of the patient.
Baseline measurement (obtained from the mean of 2
measurements with at least 5 points measured in each
of them) of arterial diameter and flow velocity were
taken. Subsequently, the forearm was compressed at
300 mm Hg for 4 min. After loosening, reactive hyper-
emia (i.e. change in the flow speed) was assessed, and
1 min later the new diameter and arterial flow velocity
were measured. The percentage change between the
diameter after removing compression (D2) and base-
line measurement (D1) was called EDV (or FMD)

EDV=([D2–D1]/D1])×100

Ten minutes later, when the artery returned to its
baseline condition, 300 µg of nitroglycerin was ad-
ministered and 4 min later the new dilatation of the
artery observed. The percentage change between the
diameter after nitroglycerin (D3) and baseline mea-
surement (D1) was denominated endothelium-indepen-
dent or nitroglycerin-dependent vasodilatation. Thus

EDVnitro=([D2–D1]/D1])×100

Measurement of Coronary Reserve 
With Dipyridamole

The CR study20 began immediately after the en-
dothelial function study. The nitrites administered du-
ring the endothelial function study ensured that the
epicardial arteries maintained maximum dilatation
throughout the study. As the LAD section is not modi-
fied, the velocity quotient obtained can be extrapolated
to the flow quotient, thus coming closer to actual CR.

After placing the patient in the left lateral decubitus
position, the study commenced by deploying a 5-8
MHz probe using an apical 4-chamber view, such that
the apex of both ventricles was visualized and the adi-
pose triangular interventricular sulcus was observed
which the LAD passes through. A pulse frequency of
2000 Hz was used, with the color area centered on the
interventricular sulcus. The LAD appeared as a small
red circular structure visible in diastole. In this view
the flow was analyzed with pulsed Doppler ultra-
sound. We attempted to obtain the best alignment of
the Doppler ultrasound with the LAD flow. We did not
adjust the values of the pulsed Doppler ultrasound by
the angle between the two axes. The pulsed Doppler
ultrasound study was done during unforced post-exha-
lation apnea and peak velocity was recorded. For the
CR study, LAD flow was determined in baseline con-
ditions and after infusing 0.84 mg/kg dipyridamole
over 6 min. The mean of 3 measurements was used.
The quotient between the final and baseline peak dias-
tolic velocity was taken to be the CR in the LAD. In
all cases contrast agents were used (SonoVue®-Rovi)
to homogenize the results.
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The analytical study, IMT and FMD were deter-
mined in all patients. The evaluation of CR was not
carried out in 6 patients. In 2 cases this was due to
associated bronchial disease, in another 2 it was sus-
pended due to symptoms of arterial hypotension and
bradycardia after administration of nitrites and
dipyridamole infusion, and in the remaining 2 cases
the quality of the data/registries was not good
enough.

Statistical Analysis

Baseline characteristics are presented as mean and
standard deviation for the continuous variables, and as
frequency and percentage for the discrete ones. Stu-
dent’s t test was used for paired data to assess the ef-
fect of atorvastatin on FMD and CR. Pearson correla-
tions were carried out to study the relationship
between continuous variables. Multiple linear regres-
sion models were constructed using the increase in CR
and FMD as dependent variables. The independent
variables in each model were selected from the clinical
variables that could affect the FMD or CR (age, dia-
betes, tobacco use) and the significant variables from
the bivariate analysis.

All the analyses were carried out with SPSS 10.0
software. A value of P<.05 was considered statistically
significant.

RESULTS

Total cholesterol, LDL-C, and triglyceride levels
were significantly reduced (27.1%, 36.5%, and 24.2%,
respectively) after treatment with atorvastatin versus
baseline, whereas high-density lipoprotein cholesterol
(HDL-C) increased slightly (9.6%) (Table 2).

Intima-media thickness was not significantly modi-
fied by the end of follow-up (from 0.972 mm to 0.943
mm; P=.41) and good correlation was observed be-
tween the baseline and final studies (r=0.79; P=.001).

Flow-mediated dilation presented an increase of
43% versus baseline (from 4.3±4.4 to 6.2±3.8) which
did not reach statistical significance (P=.07) (Figure).

There was no correlation between the baseline and fi-
nal FMD results (r=0.30; P=.18). Coronary reserve in-
creased by 25% versus baseline at 3-month follow-up
(from 2.5±.6 to 3.1±.8; P=.002), indicating good cor-
relation between the 2 studies (r=0.53; P=.04) (Table
2).

Correlation analysis of baseline and final CR and
FMD and their increases yielded the following results:
baseline CR and FMD: r=0.11, P=.60; final CR and
FMD: r=0.45, P=.09; increases in FMD and CR:
r=–0.32, P=.23. A higher baseline FMD did not in-
crease its value whereas it did in those patients with
lower FMD. However, CR increased homogeneously,
and in the final study the results of both studies tended
to correlate.

In the bivariate analysis it was found that the in-
crease in FMD was significantly and negatively corre-
lated with age, baseline IMT and baseline LDL-C,
such that the FMD improved more in the younger pa-
tients, with smaller IMT and lower baseline LDL-C.
Flow-mediated dilation also increased in those with
smaller FMD in the initial study. The increase in CR
only showed negative correlation with LDL-C at the
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TABLE 2. Comparison of Baseline and Final Means*,a

Baseline Final P

Total cholesterol, mg/dL 251.4±39.3 183.5±25.6 .001

HDL-C, mg/dL 52.7±13.3 57.8±12.8 .330

LDL-C, mg/dl 171.6±32.3 109.0±24.6 .001

Triglycerides, mg/dL 128.1±56.3 97.4±36.4 .009

IMT, mm 0.972±3.3 .943±2.7 .417

FMD, % 4.3±4.4 6.17±3.8 .073

CR 2.5±0.6 3.10±0.8 .002

*HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density li-
poprotein cholesterol; IMT, carotid intima-media thickness; CR, coronary re-
serve; FMD, flow-mediated dilation. 
aStudent t test.

Fig. 1. Coronary reserve (CR) and endothelium-dependent vasodila-
tion (EDV) values before and after treatment.



end of the treatment such that the lower the final LDL-
C, the greater the increase in CR (Table 3).

Multiple linear regression showed that clinical
variables such as diabetes and tobacco use did not
modify the end result. Regarding the increase in FMD,
baseline FMD was the only significant variable in the
final model (B=–0.64; P=.002). Considering the in-
crease in CR, final LDL-C was the only significant
variable in the final model (B=–0.014; P=.002).

DISCUSSION

These results show that after 3 months of treatment
with 20 mg/day atorvastatin in dyslipidemic patients
without clinical atherosclerosis, in addition to the im-
provement in lipid profile, there was a significant im-
provement in CR and also an improvement in FMD,
although the latter did not reach statistical signifi-
cance. As was expected, the IMT value did not show
any change after treatment. The fall in percentages of
cholesterol and triglycerides, as well as the slight rise
in HDL-C, were similar to those described in the liter-
ature.21

Intima-media thickness is an atherosclerosis marker
and has been associated with the prevalence of cardio-
vascular disease.22,23 It is known that minimal reduc-
tions in IMT obtained with statins are important in
cardiovascular prognosis.24 However, our study was
not designed to evaluate the effect of statins on IMT.
The measurement of IMT was used to non-invasively
determine the degree of atherosclerotic disorder in pa-
tients.25,26

The evaluation of FMD in the brachial artery pro-
vides information on peripheral artery endothelial
function,16 which has deteriorated in dyslipidemic pa-
tients who have other risk factors27 (an FMD>4.5% is
considered to be normal).19 The mean value of the
FMD in our series was below this value (4.3±4.4) and,
although it increased by 43% after treatment with ator-
vastatin, it did not reach statistical significance. This
increase would probably have been significant if the
sample had been larger. The poor correlation between
baseline FMD and after 3 months of treatment indi-
cates that not all patients equally respond to treatment.

Hypercholesterolemia affects the vasodilator res-
ponse to dipyridamole (CR) in high-risk patients with
presumably normal epicardial coronary vessels28,29 due
to the presence of microvascular abnormalities in the
early stages of atherosclerosis.30 Hypercholesterolemia
produces inflammation and microvascular dysfunc-
tion, and changes the antiinflammatory phenotype into
a proinflammatory one.31 Coronary reserve in normal
subjects is greater than 3 and drops in patients with
epicardial injuries and in those with microvascular
damage. A low CR of 2.5 was obtained in our patients.
As coronary angiography was not carried out we can-
not rule out the presence of epicardial lesions, but the

characteristics of our sample suggest that the low va-
lue of CR would depend exclusively on microvascular
damage. After 3 months of treatment a significant im-
provement in the evolution of CR was found of 25%
versus baseline. The good correlation between the CR
baseline values and those obtained after treatment in-
dicate, in contrast to what occurs with FMD, that most
patients respond homogeneously to the treatment.

The increase in FMD after 3 months of treatment
with atorvastatin was greater in the younger patients, a
smaller carotid artery IMT, and lower values of base-
line LDL-C, i.e., in those with less baseline atheroscle-
rotic load. It was also greater in patients with smaller
baseline FMD, who have more damage to endothelial
function. We have described an inverse correlation be-
tween the baseline LDL and maximum relaxation due
to acetylcholine in the brachial artery of hypercholes-
terolemic patients.32

The increase in CR is not correlated with age, with
IMT or with baseline lipid values. Coronary reserve
increases more in those individuals in whom, after
treatment, lower final values of LDL are obtained.
Similar results were obtained in a study conducted
with dyslipidemic patients with normal coronary an-
giography in whom coronary vessel resistance with in-
tracoronary acetylcholine and intracoronary Doppler
ultrasound after 6 months of treatment with pravas-
tatin was evaluated.33 There is also evidence of im-
provement in the vasodilator response of the epicardial
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TABLE 3. Correlation of Increases in Endothelium-

Dependent Vasodilatation (EDV) and Coronary

Reserve (CR) After Treatment With Different

Variables*,a

FMD Increase CR Increase

Baseline

Age r=–0.60; P=.004 r=–0.05; P=NS

IMT r=–0.47; P=.029 r=–0.15; P=NS

CR r=–0.23; P=NS r=–0.27; P=NS

EDV, % r=–0.60; P=.02 r=–0.42; P=.1

Cholesterol r=–0.35; P=NS r=–0.26; P=NS

LDL-C r=–0.43; P=.05 r=–0.32; P=NS

HDL-C r=–0.32; P=NS r=–0.22; P=NS

Final

Cholesterol r=–0.20; P=NS r=–0.45; P=NS

LDL-C r=–0.15; P=NS r=–0.51; P=.04

HDL-C r=–0.25; P=NS r=–0.16; P=NS

Increase

Cholesterol r=–0.41; P=NS r=–0.25; P=NS

LDL-C r=–0.37; P=NS r=–0.25; P=NS

HDL-C r=–0.17; P=NS r=–0.05; P=NS

EDV, % — r=–0.32; P=NS

CR r=–0.32; P=NS —

*HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density li-
poprotein cholesterol; IMT, carotid intima-media thickness; CR, coronary re-
serve; EDV, flow-mediated dilation.
aSpearman test.



arteries to acetylcholine in relation to the LDL-C value
obtained at the end of the treatment.34

The increase in CR was more significant and ho-
mogeneous than that of FMD. In order to interpret
these different behaviors it would be necessary to take
into account the structural differences between the 2
beds. The brachial artery is a main vessel and CR as-
sesses the coronary microvasculature. Although both
territories are resistant to atherosclerosis, the brachial
artery presents intimal thickening as an adaptive res-
ponse,35,36 whereas the microcirculation does not pre-
sent obvious anatomic alterations. Furthermore, des-
pite the association between ED in the brachial artery
and the extent of coronary disease,37 some studies
have demonstrated that a weak correlation exists be-
tween endothelial function of coronary and brachial
regions,37,38 and that atherosclerosis would weaken
this correlation.38 It has been suggested that there are
variations between ED mechanisms in both vascular
beds39 and differences in the magnitude of the va-
sodilator response in the microcirculation and main
arteries.40 Finally, the different methods used to assess
response to treatment have to be taken into account.
At the brachial level, we measure the dilatation in a
single artery, whereas when analyzing CR we take
into account the increase in flow that is produced
when dilating all the microvascular network depen-
dent on the LAD. It is possible that a greater and
more homogeneous response is obtained at the coro-
nary level because the microvasculature barely has
any structural damage that can limit the vasodilator
response. In addition, CR evaluation used to analyze
flow increase in the total microvascular network
might be more sensitive to the changes than brachial
FMD measurement.

In this study an improvement in CR dependent on
LDL-C was not proven. This might depend on the si-
multaneous effects of statins on the vascular wall, ta-
king into account that the microcirculation would be
the main target organ of the antiinflammatory proper-
ties of statins.41

We emphasize the importance of being able to di-
rectly and non-invasively evaluate CR without having
to extrapolate the results obtained in the brachial area,
as various studies have suggested.

STUDY LIMITATIONS

The lack of coronary angiography made it impossi-
ble to confirm the absence of coronary lesions and to
compare the measurement of CR with already stan-
dardized invasive methods. This was not considered
necessary given the non-invasive character of our
study.

Unlike FMD and IMT, CR was not determined in all
patients. Patients with bronchial disease should be ex-
cluded and likewise those with atrioventricular con-

duction disorders. It is known that in approximately
10% of cases the quality of the data makes it impossi-
ble to draw conclusions, even when contrast agents are
used. The present study had to be suspended in 2 pa-
tients because of hypotension and bradycardia due to
the quantity of vasodilators to which they were subject
(nitrites plus high-dose dipyridamole). One of the pa-
tients recovered following an infusion of saline and
the other required atropine.

CONCLUSIONS

Short-term treatment with atorvastatin, in addition
to having a beneficial and significant effect on lipid
profile, is associated with an improvement in periphe-
ral FMD and CR in the coronary microvasculature.
The increase in CR after hypolipidemic treatment is
more pronounced and homogeneous than the increase
in FMD in the brachial artery and its improvement is
related to the levels of cLDL attained at the end of
treatment. By contrast, the short-term increase in pe-
ripheral FMD is less pronounced and more heteroge-
neous and improvement depends on factors that indi-
cate less atherosclerotic involvement and more
baseline endothelial injury. Note that both estimations
can be monitored non-invasively in the echocardiogra-
phy unit. The behavior of the 2 vascular beds after hy-
polipidemic treatment indicates that they cannot be
considered equivalent, which suggests that caution
should be exercised when extrapolating the results
from the peripheral study to the coronary microvascu-
lature.
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