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The coronary circulation is unique since it is the only
circulatory system that sustains its own existence by virtue
of its mandatory role in cardiac viability and thus life.
Similar to many regional circulations, its arterial system
consists of large conduit vessels and the microcirculation,
both of which can be afflicted by pathological states
although most medical and revascularisation therapies
primarily target the former.

The Coronary Microvasculature — Not Just Smaller
Vessels

The coronary microcirculation differs both structurally and
functionally to the large conduit arteries. Structurally, all of
these vessels have an endothelium, media and adventitia but
the microvessels have a well-developed vascular smooth
muscle layer whereas the large vessels have more elastic
properties for their conduit function. Functionally, the
microvasculature differs both physiologically and pharma-
cologically to the large conduit arteries. Physiologically, the
microvessels (especially the arterioles and pre-arterioles) are
resistance vessels and the principal site for the regulation of
coronary blood flow whereas the conduit vessels have lim-
ited impact on blood flow except in pathological states.
Furthermore, the endothelial regulation of vascular tone in

these vessels differs with nitric oxide playing a greater role
in the conduit vessels whereas endothelium-dependent
hyperpolarising factor is more important in microvessels [1].

Pharmacological differences between these vessels are also
evident; for example, there is heterogeneity in responses to
calcium channel blockers (CCB). In large vessels the com-
bined L/T-type CCB (mibefradil and efonidipine) have similar
efficacy to the conventional L-type CCB (verapamil and
nifedipine) in inhibiting vasoconstrictor responses, however
in microvessels the L/T-type CCB are more potent than the
conventional CCBs [2]. In part, this may be due to the greater
prevalence of T-type calcium channels in the microvessels [2].

Advances in Nitrate Pharmacology from Coronary
Microvascular Disorders

Medical science frequently advances from understanding
pathological conditions, thus investigations into coronary
microvascular disorders may provide further insights into the
human coronary microvasculature. The challenge in investi-
gating these disorders is the inability to directly visualise the
microvasculature so that clinical studies require indirect mea-
sures of coronary microvascular dysfunction such as the pres-
ence of ischaemia or impaired coronary blood flow, both of
which can be influenced by obstructive coronary artery
disease. Accordingly, microvascular dysfunction must be
evaluated in the absence of significant epicardial coronary
artery disease even though large vessel and microvascular
dysfunction can co-exist [3].

Cardiac syndrome X has been the most extensively studied
coronary microvascular disorder and is conventionally de-
fined by predominantly exertional angina, significant ST de-
pression on exercise stress testing, normal coronary
angiography, and the absence of other cardiac disorders. In
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this condition, beta blockers [4], calcium channel blockers [5],
nicorandil [6], enalapril [7], and trimetazidine [8] have each
been shown to be effective anti-ischaemic/anti-anginal thera-
pies in randomised clinical trials whereas nitrates have only
limited benefits [9].

In the current issue of Cardiovascular Drugs and Therapy,
Russo et al. [10] further explored the role of nitrates in cardiac
syndrome X patients by evaluating exercise-induced
ischaemic ECG changes with/without low dose nitrates
(5 mg sublingual isosorbide dinitrate), comparing these to
stable angina patients who had single vessel disease. As in a
previous study [9], they demonstrated an improvement in
exercise-induced ischaemia with nitrate pre-treatment in half
of the stable angina patients but in only 1 of the 29 syndrome
X patients. Furthermore they demonstrated a blunted coronary
blood flow response to 25mcg of sublingual nitroglycerine in
the cardiac syndrome X patients compared to patients with
single vessel disease, when blood flow was assessed in a
vessel without an epicardial stenosis and thus reflective of
microvascular function.

These findings have two important implications. Firstly
consistent with previous literature, the microvascular disorder
appears to be hypo-responsive to nitrates as compared with
large vessel disorder in preventing exercise-induced ischaemia.
Secondly, the blood flow responses suggest that the nitrate
microvascular hypo-responsiveness is specific to syndrome X
since the nitrate response is impaired relative to the microvas-
cular (blood flow) responses in patients with obstructive coro-
nary artery disease. Thus nitrate vasomotor responses may not
only be blunted in microvessels compared with large vessels
but especially within the microvessels of syndrome X patients.

It has long been appreciated that nitrates are potent va-
sodilators of large coronary vessels but that higher doses are
required to alter coronary blood flow in the resting circula-
tion, reflecting a reduced potency in microvessels [11]. This
microvascular hypo-responsiveness to nitrates is reversed
when nitroglycerine is administered with L-cysteine or
N-acetylcysteine [12], presumably by generating
S-nitrocysteine. More recently, studies by Eaton and co-
workers [13, 14] have established that the molecular ‘tar-
gets’ for organic nitrates are sensitive to changes in oxida-
tive stress. In particular, protein kinase G becomes less
sensitive to nitric oxide under increased redox stress, while
responding more readily to other activators such as S-
nitrocysteine and hydrogen peroxide. The observation of
tissue resistance to nitric oxide [15, 16], a common finding
in association with redox stress, may therefore provide a
potential pharmacological solution to microvascular nitrate
hypo-responsiveness. Future therapeutic studies should ex-
plore this pharmacological target to improve the efficacy of

nitrates in the coronary microvasculature, particularly in
patients with syndrome X.
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