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Facts and Fiction about Endothelial Function:

a New Tool for the Clinician
Marta Sitges

Instituto de Enfermedades Cardiovasculares. Hospital Clinic i Provincial. Barcelona. Espana.

The literature from the last decade contains nume-
rous articles about the study of endothelial function.
Without looking any further, since 1999, more than
1300 articles related to the endothelium have been pu-
blished in a single journal that has a great impact on
the field of cardiovascular disease. The first question
one asks, given such scientific plethora, is, why is the-
re so much interest in studying endothelial function,
and, can we really evaluate it in a reliable manner?

The complex function is known, at least in part, of
this single layer of cells called the endothelium that
separates the vascular wall from the arterial lumen.
These cells act like a barrier with selective permeabi-
lity for the exchange of various substances, and inclu-
des cells that allow the endothelium to provide an an-
tithrombotic and anti-inflammatory effect, as well as a
vasodilator effect in physiological conditions.
Although all the functions of the endothelium can be
studied individually, the most commonly studied, and
the one on which many authors are concentrating at
the present time, is vasoreactivity. For this reason,
changes in endothelium-dependent vasoreactivity are
often used as a synonym for endothelial dysfunction.

Vasoreactivity studies evaluate the capacity of dila-
ting the artery with nitric oxide freed by the endothe-
lial cell in response to shearing forces (produced by
hyperemia) or the administration of acetylcholine.
Endothelium-dependent vasodilation (EDV) is always
compared with nonendothelium-dependent vasodila-
tion produced by a direct provider of nitric oxide such
as nitroglycerine, which acts directly on smooth vas-
cular muscle cells without passing through the endot-
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helium, and the integrity of the muscular cap is proved
to be intact.

In the vascular coronary tree, both the EDV in mi-
crocirculation (by analyzing the coronary reserve) and
in the epicardial arteries can be studied. Quantitative
coronary angiography allows the evaluation of chan-
ges in the diameter of the epicardial arteries in respon-
se to the infusion of acetylcholine, which under nor-
mal conditions produces vasodilation, and in the case
of endothelial dysfunction, induces vasoconstriction.
Initially, all the studies performed on endothelial func-
tion focused on coronary vasoreactivity studied with
this technique. It has since been shown that endothe-
lial dysfunction is found in very early stages of athe-
rosclerosis, including in patients without heart disease,
but with risk factors for it.! Researchers also observed
that endothelial dysfunction is a reversible phenome-
non, at least in part. Thus, hypolipemiant drugs, angio-
tensin-converting enzyme inhibitors (ACEI), estro-
gens, and physical exercise, among other regimens,
have been shown to improve coronary vasoreacti-
vity.>? Finally, the most important particular of coro-
nary endothelial dysfunction has been recently shown
to be its prognostic value. In the broadest and most re-
cent study published to date, Halcox et al* showed, in
300 patients (more than half of whom did not have an-
giographic evidence of heart disease), that coronary
endothelial dysfunction of the epicardial arteries and
the microcirculation has independent prognostic value
for the presence of heart disease; consequently, the de-
gree of EDV allowed identification of 2 groups of pa-
tients with different incidence rates for cardiovascular
events during nearly 4 years of followup.

Therefore, there seems to be ample evidence that
coronary endothelial dysfunction may be evaluated
and is of interest as a prognostic factor. What remains
to be shown is whether the reversal of such dysfunc-
tion results in a significant clinical benefit, although in
view of the existing data it seems to be a reasonable
conclusion that has probably motivated the intense se-
arch for treatments that reverse endothelial dysfunc-
tion, with the hope of changing the clinical course of
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cardiovascular illness.

On the other hand, the invasive nature (and therefo-
re not without risks) of coronary angiography techni-
ques and the scarce availability of such resources for
studying the coronary endothelial function has limited
its application to large population centers and its use
as a followup tool, giving rise to a great interest in the
use of other methods to study endothelial function.
The evaluation of the coronary reserve by noninvasive
methods such as nuclear magnetic resonance or posi-
tron emission tomography is attractive, but these tech-
niques continue to be laborious and are not always ac-
cessible to all medical centers. Given these limitations
and the fact the atherosclerosis is a systemic illness,
the study of peripheral endothelial function in the fore-
arm has become very popular. This has been evaluated
by means of venous occlusion pletismography and 2-
dimensional echography of the humeral artery. Due to
its non-invasive character and its greater accessibility,
the latter is the technique that has been adopted by
many groups.

At the level of the humeral artery and using 2-di-
mensional echography, an abnormal response to hype-
remia has been described; in other words, endothelial
dysfunction in almost all cases in which it has been
described at the coronary level—in patients with risk
factors, in menopausal patients, in patients with car-
diac insufficiency, etc.’ Similarly, peripheral endothe-
lial dysfunction is also reversible, at least partially, and
improves with certain treatments (ACEI, estrogens,
hypolipemiants) at the coronary level.*” In addition,
although there are few studies on the subject, there se-
ems to be a correlation between coronary and periphe-
ral endothelial dysfunction.”® Finally, an association
has also been shown between peripheral endothelial
dysfunction and heart disease.” What is less clear is the
prognostic significance of peripheral endothelial dys-
function, although data clarifying this process are just
recently being published. Thus, using pletismography
and intraradial infusion of acetylcholine, it has been
shown that patients with a better response to periphe-
ral vasodilation have less adverse events during follo-
wup; this factor is independent of the number of disea-
sed coronary vessels present.'© Another small study
also showed that endothelial dysfunction was a predic-
tive factor for cardiac events in patients undergoing
vascular survery.'!

Similarly, in this issue of REVISTA ESPANOLA DE
CARrDIOLOGIA, Novo Garcia et al'? have published a
provocative study concerning the possible usefulness
of EDV of the humeral artery in the followup of pa-
tients with heart disease to monitor the efficacy of se-
condary preventative treatment. The authors evaluated
endothelial function with vascular echography in 665
patients with established heart disease, in association
with followup pharmacological treatment, which was
always monotherapy. They observed that EDV was
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significantly better in the group treated with ACEIs
and also tended to be better in the group treated with
statins; nonendothelium-dependent vasodilation, me-
diated by nitroglycerine, was not different for the dif-
ferent groups. Treatment with ACEI and statins was,
together with age, an independent predictor of norma-
lization of endothelial function. This labor-intensive
and far-reaching study confirms previous findings on
the beneficial effect of statins and ACEI on endothelial
function, but above all makes an interesting contribu-
tion by suggesting that the noninvasive study of endot-
helial function may be one more tool for monitoring
vascular risk in patients with heart disease.

The baseline heterogeneity of the various groups
comprising the study population has an inevitable li-
mitation, in part compensated for by the large sample
size and by the multivariate analysis. Nevertheless, it
is still a fact that their findings coincide with other stu-
dies in which statins and ACEI, but not calcium anta-
gonists, have been shown to improve EDV. More con-
troversial is the effect of beta-blockers, which have
been shown in other studies to have a beneficial effect
on endothelial function.!* What seems to be clear is
that the beneficial effect of various drugs on the mor-
tality and morbidity of patients with heart disease may
be due in part to such medications effect on endothe-
lial function. Another question is whether or not the
drugs that did not specifically have an effect on endot-
helial function are efficacious in the prevention of sud-
den death, as is the case with beta-blockers. Therefore,
in spite of the fact that in the study by Novo Garcia et
al beta-blockers did not reverse endothelial dysfunc-
tion, there is no doubt that their efficacy has been
shown as a secondary preventative measure in patients
with heart disease.

Conversely, the use of vascular echography of the
humeral artery is undoubtedly attractive for evaluating
EDV due to its noninvasive character, and it is appa-
rently easy and repeatable for followup studies.
Nevertheless, it must be pointed out that there are also
limitations to its use, especially in view of the large
number of groups and studies that have used this tech-
nique in recent years. There is notable biological va-
riation in the baseline artery diameter and, particularly,
there can be great variability with regard to the echo-
graphy technique used that, in part, depends on the
technician. Slight changes in the diameters of arteries
that are already very small have been evaluated, and
therefore, it is of primary importance that the techni-
que be standardized as much as possible, and that it be
rigorously and meticulously practiced when used.
Groups that have a great deal of experience, such as
Novo Garcia et al, may be conscious of the great va-
riability than can occur if a standardized technique is
not used. To this end, an international study group'*
has recently published guidelines for performing these
studies. Each laboratory must be responsible for main-
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taining adequate internal control, but without a doubt,
all the measures implemented to decrease variability,
such as the use of a specific process for the measure-
ment of 1 continuous arterial segment and compliance
with uniform criteria for performing the technique,
must be praised. What all this means is that at present
this technique is probably adequate for interventional
studies or comparisons between groups of patients; ne-
vertheless, its impact on categorizing individuals and
on the normalization of endothelial function is still in
the incubation stage, particularly in light of the varia-
bility of the normal EDV values described. Although
the cutoff point of 4% proposed by Novo Garcia et al
coincides with that previously described by other aut-
hors, higher normal values have also been published,
especially when the occlusion is performed on the ar-
terial segment studied.’

Finally, as the authors conclude in their article, this
technique may be an additional tool for following pa-
tients with heart disease and monitoring the effect of
the therapies used. Nevertheless, caution is in order at
present, as studies are still needed to confirm the prog-
nostic value of peripheral endothelial dysfunction as
evaluated by vascular echography, independently of
heart disease; even more importantly studies are nee-
ded to evaluate whether or not reversal of peripheral
endothelial dysfunction translates into an improved
clinical prognosis. Most likely in the future when the-
se points have been clarified, the use of this technique
for measuring vascular risk will help the clinician to
categorize the individual risk of each patient and even
be useful in designing therapies or drug regimens. In
the meantime, our efforts should also be directed to
the refinement of this technique and to making it suffi-
ciently reproducible so that the evaluation of EDV by
vascular echocardiography can be a clinically useful
measurement of individual cardiovascular risk.

REFERENCES

1. Ludmer PL, Selwyn AP, Shook TL, Wayne RR, Mudge GH,
Alexander RW, et al. Paradoxical vasoconstriction induced by
acetylcholine in atherosclerotic coronary arteries. N Engl J Med
1986;315: 1046-51.

2. Egashira K, Hirooka Y, Kai H, Sugimachi M, Suzuki S, Inou T,

31

10.

11.

12.

13.

14.

15.

et al. Reduction in serum cholesterol with pravastatin improves
endothelium-dependent coronary vasomotion in patients with hy-
percholesterolemia. Circulation 1994;89:2519-24.

. Roque M, Heras M, Roig E, Masotti M, Rigol M, Betriu A, et al.

Short-term effects of transdermal estrogen replacement therapy
on coronary vascular reactivity in postmenopausal women with
angina pectoris and normal results on coronary angiograms. J Am
Coll Cardiol 1998;31:139-43.

. Halcox JP, Schenke WH, Zalos G, Mincemoyer R, Prasad A,

Waclawiw MA, et al. Prognostic value of coronary vascular en-
dothelial dysfunction. Circulation 2002;106:653-8.

. Celermajer DS, Sorensen KE, Bull C, Robinson J, Deanfield JE.

Endothelium-dependent dilation in the systemic arteries of
asymptomatic subjects relates to coronary risk factors and their
interaction. J Am Coll Cardiol 1994;24:1468-74.

. Dupuis J, Tardif JC, Cernacek P, Theroux P. Cholesterol reduction

rapidly improves endothelial function after acute coronary syndro-
mes. The RECIFE (reduction of cholesterol in ischemia and func-
tion of the endothelium) trial. Circulation 1999;99:3227-33.

. Sitges M, Heras M, Roig E, Duran M, Masotti M, Zurbano MJ, et

al. Acute and mid-term combined hormone replacement therapy
improves endothelial function in post-menopausal women with
angina and angiographically normal coronary arteries. Eur Heart
J2001;22:2116-24.

. Anderson TJ, Uehata A, Gerhard MD, Meredith IT, Knab S,

Delagrange D, et al. Close relation of endothelial function in the
human coronary and peripheral circulations. ] Am Coll Cardiol
1995;26: 1235-41.

. Schroeder S, Enderle MD, Ossen R, Meisner C, Baumbach A,

Pfohl M, et al. Noninvasive determination of endothelium-media-
ted vasodilation as a screening test for coronary artery disease: pi-
lot study to assess the predictive value in comparison with angina
pectoris, exercise electrocardiography, and myocardial perfusion
imaging. Am Heart J 1999;138(4 Pt 1):731-9.

Heitzer T, Schlinzig T, Krohn K, Meinertz T, Munzel T. Endothelial
dysfunction, oxidative stress, and risk of cardiovascular events in pa-
tients with coronary artery disease. Circulation 2001;104:2673-8.
Gokce N, Keaney JF Jr., Hunter LM, Watkins MT, Menzoian JO,
Vita JA. Risk stratification for postoperative cardiovascular
events via noninvasive assessment of endothelial function: a pros-
pective study. Circulation 2002;105:1567-72.

Novo Garcia E, Balaguer J, Jiménez E, Garcia Lled6 A, Caballero
M, Chaparro M. Anadlisis de las diferencias encontradas en la dila-
tacién mediada por flujo segtin la terapia seguida en pacientes con
enfermedad coronaria. Rev Esp Cardiol 2003;56:128-36.

Matsuda Y, Akita H, Terashima M, Shiga N, Kanazawa K,
Yokoyama M. Carvedilol improves endothelium-dependent dilata-
tion in patients with coronary artery disease. Am Heart J
2000;140:753-9.

Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D,
Charbonneau F, Creager MA, et al. Guidelines for the ultrasound
assessment of endothelial-dependent flow-mediated vasodilation
of the brachial artery. J Am Coll Cardiol 2002;39:257-65.
Hijmering ML, Bots ML, Stroes ESG, Morrison P, Rabelink TJ.
Non-invasive evaluation of vascular function. Eur Heart J Suppl
1999;1(Suppl M):M18-26.

Rev Esp Cardiol 2003;56(2):121-3 123



