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Editorial

Flow associated or flow mediated dilatation? More than just
semantics

When blood flow increases through a blood vessel the ves-
sel dilates. This phenomenon-flow dependent dilata-
tion-has been demonstrated in a number of vessels in
vitro' and in vivo,2 in animals and humans.3 Flow depen-
dent dilatation appears to be an autoregulatory process
that might oppose classical Bayliss-type pressure depen-
dent contraction (the process by which a vessel constricts if
the intraluminal pressure rises) .4 In mostl2 but not all ves-
sels studied,5 flow dependent dilatation was contingent on
the presence of an intact endothelial layer. The endothe-
lium appears to act as a mechanotransducer, sensing
changes in shear stress and modifying the output of dilator
factors accordingly.6 The precise sensing mechanism is
not known, but stretch activated cation channels,7 shear
stress activated potassium channels,8 and sodium chan-
nels9 in the endothelial cell membrane have all been impli-
cated. The major effector of flow mediated dilatation
appears to be endothelium derived nitric oxide.'0 The
physiological role of flow dependent dilatation is not
known, but it is possible that it is a mechanism to keep
shear stress constant in the face of alterations in the vol-
ume of blood delivered to tissues."

It was on the background of these basic studies that
Celermajer and colleagues'2 devised an ingenious method
to study endothelial function in humans. They postulated
that an increase in flow through the brachial artery should
be sufficient to induce dilatation of the vessel, and that the
degree of dilatation should be an indication of the func-
tional state of the endothelium. Increase in flow through
the brachial artery was induced by causing post-ischaemic
dilatation in a downstream vascular bed-the hand. This
was achieved by inflating to suprasystolic pressure a cuff
placed around the wrist to produce ischaemia in the hand,
and then releasing the pressure in the cuff to restore flow
into the dilated bed. The subsequent increase in flow
through the brachial artery caused a dilatation of this vessel
that was assessed using an ultrasonic device to detect the
vessel wall. This technique has been widely adopted as a
non-invasive means to explore endothelial function, and
changes in flow dependent dilatation have been associated
with virtually all of the major cardiovascular risk factors. 134
As a control, the response of the brachial artery to sublin-
gual glyceryl trinitrate was recorded.

Stimulus for dilatation
Dilatation of the brachial artery occurs after flow is
increased, but is the increased flow the stimulus for the
dilatation? Leeson and colleagues measured flow and
brachial artery diameter simultaneously and, as reported
in this issue,'5 they showed that, following hand ischaemia,
the increase in blood flow through the brachial artery was
immediate and short lived, whereas the subsequent dilata-
tion of the artery was slow in onset, progressive (it reached
a peak up to two minutes after cuff deflation), and persis-
tent (it lasted for 10 to 20 minutes). In other words, the
dilatation of the brachial artery was maximal after blood

flow has returned to baseline values. Similar results have
been reported by Corretti et al.'6

These observations raise the question of whether flow
really is the stimulus initiating the dilatation of the
brachial artery that seems to occur during the recovery
from hand ischaemia. One possibility is that the biochemi-
cal changes which result from transient endothelial expo-
sure to increased flow can in some way induce sustained
changes in the endothelial nitric oxide pathway that persist
after the flow stimulus is removed. Alternatively, it is pos-
sible that some metabolite washed out of the ischaemic
hand contributes to the phenomenon, perhaps by activating
perivascular nerves. Until these complex issues are
resolved, it may be preferable to refer to the observed
vascular response in the brachial artery as flow associated
rather than flow mediated dilatation.

Role ofthe endothelium
In most vessels an intact endothelium is a prerequisite for
flow dependent dilatation. However, this is not a universal
finding and in some vessels flow dependent constriction or
dilatation may occur in vessels denuded of endothelium.5 It
is not possible to test directly whether the response of the
brachial artery is endothelium dependent, but studies in a
similar sized vessel, the femoral artery of the dog,2 clearly
demonstrated that an intact endothelium was essential. It
has also been demonstrated that flow associated dilatation
in the brachial artery is abolished by the nitric oxide syn-
thase inhibitor L-NMMA.17 18 While it is possible that the
nitric oxide derives from nerves, the simplest interpreta-
tion of the experimental findings is that endothelium
derived nitric oxide mediates the flow associated dilatation
of the human brachial artery. Impairment of flow associ-
ated dilatation of the brachial artery appears to correlate
with a diminished response to endothelium dependent
dilators in other vascular beds, including the coronary cir-
culation, suggesting that the measure has some validity as a
non-invasive surrogate of endothelial fumction.

Glyceryl trinitrate as a control
A preserved response of the brachial artery to sublingual
glyceryl trinitrate or other nitrates, in the face of an
impaired flow associated dilatation, is usually interpreted
as evidence for a specific defect in endothelial function.
However, the dose of nitrate used is often sufficient to
produce significantly greater dilatation than that seen as
flow associated dilatation. Typically flow associated dilata-
tion is in the order of 6% whereas nitrate induced dilatation
is in the order of 15%. Assuming that both responses are
mediated by nitric oxide, one from an endogenous source
the other exogenous, the interpretation of similar or differ-
ent responses may not be entirely straightforward. Indeed,
if the smooth muscle is in some way insensitive to the
actions of nitric oxide, or if the nitric oxide is more rapidly
destroyed in disease states, it would be possible to see a
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Nitric oxide concentrations produced byflow or glyceryl trinitrate (GTN).
(A) Standard interpretation. Diseased endothelium (a) generates less
bioactive nitric oxide in response toflow and this results in less dilatation.
The dilatation in response to GTN remains unchanged in healthy and
diseased vessels, and the dose used produces maximal dilatation in both
conditions. (B) Alternative interpretation. Diseased endothelium gener-
ates equivalent bioactive nitric oxide in response toflow (a), but the
smooth muscle response to nitric oxide is reduced (broken line), resulting
in a rightward shift of the curve. The resultant dilatation toflow is
reduced in the diseased vessel. The response to GTN appears unchanged
as the dose used is supramaximal and produces a maximal dilatation in
both healthy and diseased vessels. Use of lower doses ofGTN to construct
a dose-response relationship might unmask such differences.

picture of responses that is indistinguishable from that
produced by endothelial dysfunction (fig).
Even using a high dose, the dilator response to nitrates

appears to be attenuated in certain disease states,19 sug-
gesting that reduced sensitivity to released nitric oxide
might contribute to the reduction in flow associated
dilatation. This means that the defect might not lie at the
level of the endothelium. An alternative explanation is that
part of the response to nitrates is also flow mediated (these
drugs will increase flow in the arm), and it is this part of
the response which is lost in the presence of cardiovascular
disease.

Summary
Dilatation of the brachial artery occurs after flow is
increased, and an attenuation in this response is seen in
subjects with cardiovascular risk factors, and in those with
established coronary artery disease. The mechanisms link-
ing ischaemia, flow changes, and brachial artery dilatation
are unclear, and it is not known how these are affected by
arterial disease. For the present it might be more appropri-
ate to refer to flow associated rather than flow mediated
dilatation, to describe the phenomenon in the brachial
artery.

Despite these caveats, the non-invasive measurement of
brachial artery following ischaemic dilatation represents a
significant advance, and its suitability as a surrogate
marker for coronary artery dysfunction appears promising.
The technique has potential as a tool for screening those
at high risk of vascular disease, and as a surrogate end-

point in intervention studies. Further research should clar-
ify the mechanisms involved, and lead to greater insights
into the nature of endothelial dysfunction and cardiovas-
cular disease.
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