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Cardiac hypertrophy is a morphological
adaptive increase in myocardial mass in re-
sponse to chronic work overload and is a
common clinical finding affecting 23% of
men and 33% of women over the age of 59
years1. Pressure or volume overload on the
myocardium results in an increase in my-
ocardial wall stress and hypertrophy may be
seen as an attempt to normalise wall stress
and oxygen demand2,3. The increased my-
ocardial mass requires an increase in coro-
nary blood flow to maintain function. In-
deed, ventricular hypertrophy may be asso-
ciated with myocardial ischaemia even with
angiographically normal coronary arter-
ies4-6. Left ventricular hypertrophy (LVH)
significantly increases the risk of myocar-
dial infarction, congestive heart failure and
sudden cardiac death7-9. It is also associated
with a greater prevalence of cardiac ar-
rhythmias10 and is an important risk factor
for cardiac morbidity and mortality11,12.

Coronary vasodilator reserve
in left ventricular hypertrophy

The coronary vasodilator reserve
(CVR), defined as the ratio of myocardial
blood flow (MBF) during near maximal
hyperaemia to baseline MBF, is reduced in
LVH due to hypertension13, aortic steno-
sis14, aortic regurgitation15, supravalvar
aortic stenosis and hypertrophic cardiomy-
opathy16 and in experimental models of
LVH17-20 (Fig. 1). The reduced CVR limits
the ability of hypertrophied hearts to meet
the metabolic requirements when demand
is increased. Despite normal myocardial
oxygen consumption20 and myocardial per-
fusion per unit mass21,22 at rest, the hyper-
trophied heart is more vulnerable to is-
chaemia23-26. 

Experiments in animals3,23 have demon-
strated that the impairment of CVR is more
marked in the subendocardial layers of the
left ventricle, with some evidence of an al-
teration in the normal subendocardial-
subepicardial distribution of perfusion dur-
ing near maximal vasodilatation in patients
with hypertrophic cardiomyopathy27. More
recently14 we have demonstrated that CVR
is impaired in patients with LVH secondary
to aortic stenosis and that the impairment
correlates with the severity of the trans-
valvular gradient. In addition, as the gradi-
ent increases, subendocardial CVR be-
comes progressively more impaired than
subepicardial CVR (Fig. 2).

Effect of left ventricular hypertrophy
regression on the impairment
of coronary vasodilator reserve

Experimental studies have reported that
antihypertensive treatment of spontaneous-
ly hypertensive rats reduces LVH28-31 with
improvements in left ventricular compli-
ance and reduced vulnerability to is-
chaemia although CVR remained im-
paired32. In contrast, other studies have
demonstrated some recovery in coronary
vascular morphology33,34 and CVR35 with
regression of experimental hypertrophy.
Reduction in echocardiographically mea-
sured left ventricular mass has been ob-
served clinically after treatment36-43 in pa-
tients with hypertension. Regression of
LVH does occur following aortic valve re-
placement44 but may remain incomplete in
50% of such patients45. In contrast to the in-
tense interest in regression of left ventricu-
lar mass, few studies have examined
whether this is accompanied by reversal of
the pathophysiological effects of LVH. Pre-
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liminary results from our study in patients with aortic
stenosis and LVH show that reduction in left ventricu-
lar mass following aortic valve replacement is associat-
ed with a marked improvement of overall CVR14. It is
unclear whether similar changes occur with regression
of LVH in hypertension. One study has demonstrated
an improvement in CVR with antihypertensive treat-
ment46, although it remains to be established whether
regression of LVH correlates with improvement in
CVR. 

References

1. Savage DD, Garrison RJ, Kannel WB, et al. The spectrum
of left ventricular hypertrophy in a general population sam-
ple: the Framingham study. Circulation 1987; 75 (Suppl 1):
I26-I33.

2. Kuhn H. The definition of ventricular hypertrophy. Eur
Heart J 1982; 3 (Suppl A): 5-8.

3. Chilian WM, Marcus ML. Coronary vascular adaptations to
myocardial hypertrophy. Annu Rev Physiol 1987; 49: 477-
87.

4. Pichard AD, Gorlin R, Smith H, Ambrose J, Meller J.
Coronary flow studies in patients with left ventricular hy-
pertrophy of the hypertensive type. Evidence for an im-
paired coronary vascular reserve. Am J Cardiol 1981; 47:
547-53.

5. Opherk D, Mall G, Zebe H, et al. Reduction of coronary re-
serve: a mechanism for angina pectoris in patients with ar-
terial hypertension and normal coronary arteries. Circula-
tion 1984; 69: 1-7.

6. Marcus ML, Doty DB, Hiratzka LF, Wright CB, Eastham
CL. A mechanism for angina pectoris in patients with aortic
stenosis and normal coronary arteries. N Engl J Med 1982;
307: 1362-7.

7. Kannel WB. Prevalence and natural history of electrocar-
diographic left ventricular hypertrophy. Am J Med 1983; 75
(Suppl 3A): 4-11.

8. Kannel WB. Left ventricular hypertrophy as a risk factor for
arterial hypertension. Eur Heart J 1992; 13 (Suppl D): 82-8.

9. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP.
Prognostic implications of echocardiographically deter-
mined left ventricular mass in the Framingham Heart Study.
N Engl J Med 1990; 322: 1561-6.

10. Levy D, Anderson KM, Savage DD, Balkus SA, Kannel
WB, Castelli WP. Risk of ventricular arrhythmias in left
ventricular hypertrophy: the Framingham Heart Study. Am
J Cardiol 1987; 60: 560-5.

11. Cooper RS, Simmons BE, Castaner A, Santhanam V, Ghali
J, Mar M. Left ventricular hypertrophy is associated with
worse survival independent of ventricular function and
number of coronary arteries severely narrowed. Am J Car-
diol 1990; 65: 441-5.

12. Gordon T, Kannel WB. Premature mortality from coronary
heart disease. The Framingham study. JAMA 1971; 215:
1617-25.

13. Choudhury L, Rosen SD, Patel D, Nihoyannopoulos P,
Camici PG. Coronary vasodilator reserve in primary and
secondary left ventricular hypertrophy. Eur Heart J 1997;
18: 108-16.

14. Rajappan K, Rimoldi O, Ariff B, Pennell DJ, Sheridan DJ,
Camici PG. The impairment of coronary vasodilator reserve
is related to the severity of aortic stenosis. (abstr) Circula-
tion 2000; 102 (Suppl 2): II-785.

15. Pichard AD, Smith H, Holt J. Coronary vascular reserve in
left ventricular hypertrophy secondary to chronic aortic re-
gurgitation. Am J Cardiol 1983; 51: 315-20.

PG Camici - Coronary microvascular dysfunction in LVH

21S

Figure 1. Myocardial blood flow measured by position emission tomography with oxygen-15 labelled water at rest and during near-maximal coronary
vasodilatation (dipyridamole 0.56 mg/kg) in normal subjects (left panel), in patients with hypertrophic cardiomyopathy (HC, middle panel), and in pa-
tients with left ventricular hypertrophy (LVH) secondary to hypertension or aortic stenosis (right panel). Note the significant reduction in hyperaemic
blood flow both in HC and LVH compared to normals.

Figure 2. Correlation of coronary vasodilator reserve (CVR) with aortic
valve gradient. Relationship between full thickness (transmural-Tm),
subendocardial (Endo) and subepicardial (Epi) CVR (measured by
positron emission tomography with oxygen-15 labelled water at rest and
during near-maximal coronary vasodilatation with dipyridamole 0.56
mg/kg) and severity of aortic valve gradient in patients with aortic steno-
sis. Note the progressive decline of CVR with the increase of the gradi-
ent severity particularly in the subendocardial layers.
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