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

The vascular endothelium secretes numerous 
factors such as nitric oxide (NO), prostacyclin, and 
the endothelium derived hyperpolarising factor, 
through which regulates vascular tone, cell growth, 
infl ammatory response, coagulation, and thrombocyte 
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




        




adhesion. The blood vessels have the capacity to 
respond to physical or chemical stimuli present in the 
lumen through selfregulation of  vascular tone. Many 
blood vessels respond to an increase in fl ow or shear 
stress by dilating.

Endothelial function has been largely assessed as 
impaired endothelium-dependent vasodilation because 
endothelium-derived nitric oxide, is a major mediator 
of  endothelium-dependent vasodilation, involved 
in the regulation of  other protective properties of  
endothelium.1,2

Common conditions such as dyslipidemia, 
hypertension, diabetes and smoking are associated with 
endothelial dysfunction, being in the same time risk 
factors which promote the development, progression, 
and complications of  atherosclerosis.
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
Endothelial function, defi ned as fl ow mediated 

dilatation is defi ned as the percentage increase in 
vessel diameter from baseline conditions to maximum 
vessel diameter, during hiperaemia. Most laboratories 
estimate FMD as the percentage change of  the brachial 
artery diameter from rest, to the vessel diameter 60 
seconds after the ischaemia cuff  is released.4


After a 12 hour fasting period, the subject is 

positioned in a supine position, in a quiet room, 
with constant temperature, the arm is placed in a 
comfortable position for assessing the brachial artery, 
and must remain under constant conditions for at least 
10 minutes. 

All vasoactive drugs must be discontinued at least 
12 hours before the study, and the patient must not 
ingest substances that might affect FMD such as 
caffeine, high-fat food and vitamin C nor smoke, for 
at least six hours before the study.6


The brachial artery is imaged above the antecubital 

fossa in the longitudinal plane, using a linear array 
transducer (with frequency 7–12 MHz) attached to 
a high quality mainframe ultrasound system. The 
ultrasound systems must be equipped with vascular 
software for two-dimensional (2D) imaging, color 
and spectral Doppler, an internal electrocardiogram 
monitor and a high-frequency vascular transducer.

Initially the diameter of  the brachial artery is 
determined at rest, and blood fl ow is estimated by time 
averaging the pulsed Doppler velocity signal obtained 
from a mid artery sample volume. The diameter 
of  the brachial artery can be determined manually 
with electronic calipers or automatically using edge 
detection software. To decrease the variability of  the 
measurements, the brachial artery diameter should 
be determined by the average derived from multiple 
diameter measurements along a segment of  the vessel. 
During image acquisition, anatomic landmarks such as 
veins or fascial planes should be noted in order to help 
maintain the same image of  the artery throughout the 
study.6

Usually, ischaemia is produced by infl ating a cuff  
placed at the distal forearm, at a pressure 50 mm Hg 
greater than the systolic blood pressure , for 5 minutes. 
Alternatively the ischaemia cuff  can be placed at the 
upper arm instead of  the forearm, resulting in a 
greater hyperaemic fl ow and higher brachial artery 
vasodilation after its release.  Another possibility in 

Accumulating clinical studies suggest an important 
pathophysiological role of  endothelial dysfunction, 
as determined by impaired endothelium-dependent 
vasodilation, by demonstrating a close association 
of  the degree of  coronary or peripheral endothelial 
dysfunction with cardiovascular events.3

Endothelial function is altered in patients 
with cardiovascular risk factors and this alteration 
is thought to play an important role in the 
development, progression, and clinical complications 
of  atherosclerosis. That is why the evaluation of  
endothelial function is useful in identifying subjects at 
high risk for atherosclerosis. Endothelial dysfunction 
is also an independent prognostic factor in patients 
with advanced atherosclerosis.4







During the last few years a number of  non-invasive 
techniques have been developed to assess endothelial 
function in humans. These techniques are easily applied 
directly into the coronary arteries or in peripheral 
conduit arteries, and can be used as screening tests for 
identifi cation of  early onset atherosclerosis.4

Flow-mediated vasodilation (FMD), is an endothelium-
dependent function, mainly explored by a noninvasive 
technique, in the brachial artery. 

The brachial arteries are scanned, with high 
resolution ultrasound imaging, at rest and during 
hiperaemia. Hiperaemia can be induced by infl ation 
and defl ation of  a sphygmomanometer cuff  around 
the forearm, distal to the site scanned later with 
ultrasound.

Peripheral arteries, including the brachial artery, 
respond to physical and chemical stimuli by adjusting 
vascular tone and regulating blood fl ow.5 

Increased blood fl ow in peripheral arteries is 
leading to increased shear stress stimuli, increased 
NO production, and vasodilation.4,5 The vasodilatory 
response of  the brachial artery to increased shear stress 
is called fl ow mediated dilation (FMD), and refl ects 
the ability of  vascular endothelium to produce NO.5

NO is the main mediator for shear induced 
vasodilatation, there have been idenzifi ed but other 
internal molecules such as endothelium derived 
prostanoids or endothelium derived hyperpolarising 
factor that may also contribute invarious degrees of  
fl ow mediated vasodilation.4
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
The absolute mean FMD values vary across 

population, ranging from -1,9 to 19,2. These differences 
are due to differences in risk factor profi les of  various 
study populations or are consequences of  various 
aspects of  measurement methodology, because the 
methodology which excludes mainly the reference 
values of  FMD. The technical aspects of  measurements, 
the location and the duration are the most important 
factors that infl uence FMD.11,12

In various studies published in the literature, the 
FMD response with an upper arm occlusion showed 
a higher FMD value, compared with a lower arm 
occlusion.13-17 A longer duration of  ischemia increased 
the FMD and the measurement of  FMD at the radial 
artery can lead to a lower absolute FMD value.18

The type of  equipment, location of  the measurement 
and occlusion presure had no effect on FMD values. 
Neither the differences in technical aspects nor the 
risk factor distribution can completely explain the 
differences among different FMD studies, that is why 
it is necessary to implement a standardization of  the 
FMD measurements. 



Recent data suggest that endothelial function is a 
useful prognostic marker in coronary artery disease 
patients.19

In these patients, it has been reported that 
endothelial dysfunction is an independent prognostic 
factor and may predict future events, irrespective of  
the angiographic severity of  the disease.19,20

Individuals with endothelial dysfunction require 
better control of  their lipid profi le, C reactive protein, 
serum glucose, blood pressure, and smoking, since it 
is well known that all these factors affect endothelial 
function signifi cantly.

Moreover, blunted endothelial function may refl ect 
early atherosclerosis, and should lead to a detailed 
evaluation (and control) of  all the conventional and 
newer risk factors, such as infection/ infl ammation, 
homocysteine.

Persisting severe endothelial dysfunction in 
patients with advanced atherosclerosis may require a 
more aggressive control of  risk factors and probably 
modifi cation of  current medication.21



Assessment of  endothelial function with invasive 
and non-invasive techniques in the peripheral 

studying FMD is to use other vessels such as radial, 
axillary or superfi cial femoral arteries, but these vessels 
must have a diameter larger than 5 mm. Although it is 
still unclear which is the most preferable position to 
place the ischaemia cuff, it seems that placing it at the 
upper arm results are less accurate, data acquisition is 
poor because  the image ca be distorted by collapse of  
the brachial artery or a shift in soft tissues.4,7-9

The ischaemia cuff  is released after fi ve minutes 
and is leading to an increase in forearm blood fl ow, 
resulting in a vasodilation of  the brachial artery. The 
maximum blood fl ow velocity is detected by analysing 
mid artery pulsed Doppler signal immediately after 
or up to 15 seconds after cuff  release, while the 
maximum diameter of  the brachial artery is determined 
approximately 60 seconds after release or 45–60 
seconds after the peak hyperaemic fl ow.9

Additional information may be offered by the 
evaluation of  the ‘‘area under the curve’’ of  the diameter 
versus time from ischaemic cuff  release. It is important 
to measure the diameter of  the brachial artery at the 
same period of  the cardiac cycle, in order to avoid any 
effect of  arterial compliance on the measurements.
Therefore, simultaneous ECG recordings are essential 
to achieve the most reliable results. 

All the determinations are carried out on tape by 
two independent observers, since the brachial artery 
is continuously monitored from 30 seconds, before to 
120 seconds after ischaemia cuff  release.4

Often, the comparison of  FMD with endothelium 
dependent dilation in the brachial artery, produced 
after glyceryl trinitrate administration, helps to 
elucidate changes in smooth muscle function or arterial 
compliance, that may affect the observed changes in 
FMD.4,6

Flow-mediated vasodilation is an endothelium-
dependent process that refl ects the relaxation of  
a conduit artery when exposed to increased shear 
stress.

This method has the advantage of  being non-
invasive, safer, and faster than invasive methods, 
while its results are closely correlated with endothelial 
function in the coronary arteries. However, it seems 
to be highly operator dependent, requires excellent 
patient cooperation, and has relatively poor resolution 
relative to arterial size.4

The method of  FMD is reproducible, with a 
coeffi cient of  variation for repeated measurements 
of  brachial artery diameter, in a good laboratory, of  
about 3–4% in short term (two hour interval), as 
well as in longer term (three week interval) repeated 
measurements.10
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circulation is believed to be a window to the coronary 
arteries. Ultrasound assessment of  brachial artery 
FMD provides important information about vascular 
function in health and disease.

Endothelial dysfunction in the brachial artery 
will identify patients at risk for developing coronary 
artery disease, cerebral or peripheral vascular disease. 
By screening it with a non-invasive technique, such as 
the evaluation of  endothelial function, is important 
for the study of  the earliest stages of  atherosclerosis 
in children and young adults, thus providing maximal 
opportunity for prevention. 
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