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Introduction

Left ventricular hypertrophy (LVH) is a
recognized independent risk factor for sub-
sequent cardiovascular disease events1-3.
The main pathologic consequence of LVH
leading to increased cardiovascular morbid-
ity and mortality is the development of con-
gestive heart failure and of coronary artery
disease including myocardial infarction4-6.
In particular, LVH determines an impair-
ment of left ventricular (LV) diastolic func-
tion, which alone may produce a congestion
of the pulmonary veins7,8 as well as a reduc-
tion in coronary flow, even in the absence of
overt coronary artery stenosis9,10. Because
coronary blood flow occurs predominantly

during the diastolic phase of the cardiac cy-
cle, it may be interesting to investigate the
relations existing between the LV myocar-
dial diastolic properties and the microvessel
coronary circulation in hypertensive pa-
tients affected by LVH.

On these grounds, the aim of the present
study was to assess the possible association
between LV myocardial diastolic dysfunc-
tion and coronary flow reserve (CFR) in
hypertensive patients with and without
LVH, by the combined non-invasive use of
color Doppler tissue imaging (DTI) off-line
quantitative analysis during dobutamine
stress echocardiography and second har-
monic Doppler echocardiography during
dipyridamole infusion.
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Background. The aim of the study was to assess the possible association, in hypertensive patients,
between left ventricular myocardial diastolic dysfunction and coronary flow reserve (CFR) in rela-
tion to the presence of left ventricular hypertrophy (LVH).

Methods. Twenty-eight untreated hypertensives (22 males, 6 females, mean age 53.1 years), free of
coronary artery disease, were enrolled in the study. Standard Doppler echocardiography, color
Doppler tissue imaging of the posterior septum during dobutamine stress and second harmonic
Doppler of the distal left anterior descending coronary vessel, at baseline and after maximal hyper-
emia induced by dipyridamole, were performed. CFR was estimated as the ratio between hyperemic
and baseline diastolic velocities. Hypertensives were divided into two groups according to the left ven-
tricular mass index: 15 without LVH (left ventricular mass index < 51 g/m2.7) and 13 with LVH (left
ventricular mass index > 51 g/m2.7). The two groups were comparable for sex prevalence, age, body
mass index, baseline heart rate and blood pressure.

Results. Color Doppler tissue imaging did not show any significant difference of both the baseline
and high-dobutamine septal systolic peak velocities between the two groups. The ratio between my-
ocardial early and atrial peak velocities (Em/Am ratio) was lower in patients with LVH, either at base-
line (p < 0.01) or at high-dose dobutamine (p < 0.0001). Also, CFR was lower in the presence of LVH
(p < 0.01). After adjusting for age, body mass index, left ventricular mass index, diastolic blood pres-
sure and high-dose dobutamine heart rate by a multiple linear regression analysis, the high-dose
dobutamine Em /Am ratio was an independent contributor of CFR in the overall hypertensive popu-
lation (� = 0.65, p < 0.0001) (cumulative r2 = 0.38, p < 0.0001).

Conclusions. The combined use of second harmonic Doppler and color Doppler tissue imaging
identifies, in arterial hypertension, an association between myocardial diastolic properties and CFR,
independent of the presence of LVH. In hypertensive patients free of coronary artery stenosis, left ven-
tricular myocardial diastolic dysfunction may be a determinant in the impairment of the coronary mi-
crovessel vasodilation capacity or a marker of silent ischemia involving the microvascular circulation.

(Ital Heart J 2001; 2 (9): 677-684)



Methods

Study population. This study was approved by the In-
stitutional Committee of the “Federico II” University
of Naples (Italy). By an initial screening, 135 patients
affected by newly diagnosed arterial hypertension
(WHO/ISH grade 1-2) were studied at the outpatient
clinic of the Division of Emergency Medicine, Depart-
ment of Clinical and Experimental Medicine of the
“Federico II” University between September 1998 and
December 2000. The exclusion criteria were: antihy-
pertensive therapy, coronary artery disease (based on
the presence of angina pectoris and of negative findings
at both the maximal stress exercise test and at effort
myocardial perfusion scintigraphy), diabetes mellitus,
congestive heart failure, valvular heart disease, atrial
fibrillation, and echocardiograms of inadequate quality.
Thus, 103 patients were excluded: 59 because of coro-
nary artery disease, 19 because of diabetes mellitus, 5
because of congestive heart failure, 6 because of valvu-
lar heart disease, 2 because of chronic atrial fibrillation,
and 12 because of inadequate echocardiograms. By this
selection, 32 hypertensive patients underwent both
dipyridamole infusion for CFR evaluation and dobuta-
mine stress echocardiography, after having given their
informed consent. Of these, 2 patients did not complete
the dobutamine test because of the occurrence of severe
ventricular arrhythmias while the visualization of coro-
nary flow was not adequate in 2 other patients. Thus,
the final study group comprised 28 hypertensive pa-
tients (22 males, 6 females, mean age 53.1 years). They
were divided into two groups: 13 with LVH (LV mass
index > 51 g/m2.7 according to the Cornell criteria11)
and 15 without LVH.

Procedures. Hypertensive patients underwent trans-
thoracic echocardiography, color DTI dobutamine
stress echocardiography and CFR determination by the
dipyridamole test. 

Transthoracic echocardiography. Standard echocardio-
graphic examinations were performed using a System
FiVe, Vingmed Sound AB machine (GE, Horten, Nor-
way) inclusive of a 2.5 MHz transducer equipped with
second harmonic capability. All patients were examined
in the left lateral decubitus position. M-mode echocar-
diographic analysis was performed according to the cri-
teria of the American Society of Echocardiography12.
The LV mass was calculated according to the Penn Con-
vention13 and indexed for body height powered to 2.7
(Cornell adjustment11). The relative diastolic wall thick-
ness was estimated as follows: (septal wall thickness +
posterior wall thickness)/LV end-diastolic diameter.

Color Doppler tissue imaging dobutamine stress echo-
cardiography. Color DTI dobutamine stress echocar-
diography was recorded using the same System FiVe
Vingmed machine and employing the standard setting

for Doppler tissue imaging. The dobutamine stress
protocol was performed according to standard meth-
ods14. The ECG was monitored continuously during
the test. Blood pressure and a 12-lead ECG were
recorded at rest and at the end of each stage. Wall mo-
tion analysis was performed by two experienced read-
ers who were blinded to the other data and who evalu-
ated the dobutamine stress echocardiography (super
VHS) recording completely. Color DTI acquisition of
the posterior septal wall was performed in real time
and superimposed on two-dimensional images both at
rest and at the end of high-dose dobutamine infusion.
Color DTI was stored in digital format and color DTI
analysis was performed off-line on a color DTI cine-
loop15. The region of interest was the middle segment
of the posterior septal wall where the myocardial ve-
locity profile was obtained at rest and at high-dose
dobutamine. The choice of the middle posterior sep-
tum for color DTI measurements was based on the as-
sumption that the perfusion of this myocardial seg-
ment is provided by a branch of the left anterior de-
scending coronary artery (LAD). CFR was also deter-
mined at the distal LAD. In addition, because of a re-
duced heart translation movement, optimal imaging
and analysis of the color DTI septal pattern is obtainable
in apical 4-chamber views. Figure 1 shows the color
DTI of the posterior septal wall at baseline and at high-
dose dobutamine: a systolic velocity (Sm) and two dias-
tolic velocities – early (Em) and late (Am) – are de-
tectable. All color DTI measurements were analyzed
without knowledge of the patients’ clinical data. The re-
producibility of color DTI measurements was tested, in
a sample of 10 randomly selected patients, by two read-
ers (MG and AP). The intra and interobserver variabili-
ty was < 3% and < 6% respectively for all the measure-
ments, both at baseline and at high-dose dobutamine.

Coronary flow reserve determination. CFR assessment
was performed by a Acuson Sequoia ultrasound system
(Acuson Corporation, Mountain View, CA, USA), in-
clusive of a transducer with second harmonic capabili-
ty 1.7 MHz transmitting and 3.5 MHz receiving. The
methods employed by our laboratory for the measure-
ment of coronary blood flow have been previously re-
ported16. The distal portion of the LAD was visualized
by means of a modified foreshortened 2-chamber view
obtained by sliding the transducer on the upper part and
medially from an apical 2-chamber view in order to
achieve the best alignment to the interventricular sul-
cus16-19. The contrast agent (Levovist®, SHU-508A,
Schering AG, Berlin, Germany) 300 mg/ml and an in-
fusion rate of 1 ml/min17), administered by an infusion
pump into the right cubital vein, was used in case of
suboptimal color Doppler imaging (3 patients). By
placing the sample volume on the color signal of the
LAD, spectral Doppler of the LAD flow showed the
characteristic biphasic flow pattern with a larger dias-
tolic and a smaller systolic component. Coronary blood
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flow velocities were recorded under color-guided
pulsed-wave Doppler at baseline and after dipyri-
damole administration (0.56 mg/kg over 4 min). Figure
2 shows the coronary blood flow both at baseline and
after dipyridamole-induced hyperemia. The diastolic
peak velocities were measured at baseline and after
dipyridamole, by averaging the highest three spectral
Doppler signals for each measurement. CFR was de-
fined as the ratio of hyperemic to basal diastolic peak
velocities. All images were recorded on a magneto-op-
tical disk and subsequently analyzed by two observers
blinded to the standard Doppler echo and color DTI da-
ta. Measurements were made off-line by use of the
built-in calculation package of the ultrasound machine.
CFR reproducibility was tested by two observers (LDS
and SC) on a sample of 10 patients. The intraobserver
variability was 1.9% (LDS) and 3.2% (SC) respective-
ly; the interobserver variability was 4.2%.

Statistical analysis. The analyses were performed us-
ing SPSS for Windows release 8.0 (Chicago, IL, USA).
Data are presented as mean values ± SD. The Student’s
t test for unpaired data was used to assess intergroup
differences. Linear regression analyses and the partial
correlation test using Pearson’s method were per-

formed in order to assess univariate relations between
CFR and potential determinants. Prediction of CFR
was obtained by stepwise, forward, multiple regression
analysis that included potential confounding variables
not obviously related to each other. Differences were
considered statistically significant at p < 0.05.

Results

Clinical characteristics and stress response of the
two study groups. The clinical characteristics and both
the baseline and high-dose dobutamine heart rate and
blood pressure of the two study groups are listed in
table I. Only systolic blood pressure at high-dose dobu-
tamine was higher in hypertensive patients with LVH.
No patient complained of chest discomfort and no is-
chemic ST-segment changes occurred during either
dobutamine or dipyridamole stress.

Doppler echocardiographic analysis. The compari-
son of the Doppler echocardiographic measurements
between the two groups is reported in table II. The sep-
tal and posterior wall thickness as well as the relative
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Figure 1. Color Doppler tissue imaging of the posterior septum at base-
line (upper panel) and at high-dose dobutamine (lower panel) in a hy-
pertensive patient. From baseline to high-dose dobutamine, we can ob-
serve a great increase in the Sm and Am peak velocities while the Em peak
velocity remains almost unchanged. Am = myocardial atrial velocity, Em
= myocardial early diastolic velocity, Sm = myocardial systolic velocity.

Figure 2. Coronary blood flow both at baseline (upper panel) and after
dipyridamole infusion (lower panel) in a hypertensive patient with a nor-
mal coronary flow reserve. The ratio between the hyperemic and base-
line coronary blood flows is > 2.



diastolic wall thickness were significantly higher in hy-
pertensive patients with LVH than in those without
LVH. Except for the transmitral E peak velocity, the
other Doppler indexes of LV global diastolic function
were all significantly impaired in patients with LVH. 

Dobutamine test and color Doppler tissue imaging
analysis. No wall motion abnormality was observed in
both the study groups. The color DTI analyses at base-
line and at maximal dobutamine infusion are summa-
rized in table III. No Sm difference was found between
the two groups both at baseline and at high-dose dobu-
tamine. The Em/Am peak velocity ratio was significant-
ly lower in hypertensive patients with LVH at baseline
(p < 0.01) and, more significantly (p < 0.001), at high-
dose dobutamine. This was due at baseline mainly to a
lower Em peak velocity, and at high-dose dobutamine to
a higher Am peak velocity (both p < 0.05).

Coronary flow reserve analysis. CFR was significant-
ly different between the two groups, being 1.8 ± 0.3 in
patients with LVH and 2.2 ± 0.8 in those without LVH

(p < 0.05). This was due to a lower hyperemic diastolic
peak velocity in the LVH group compared to that in the
control group (0.48 ± 0.07 vs 0.58 ± 0.12 cm/s, p
< 0.01) while the difference in the baseline diastolic
peak velocities was not significant (0.29 ± 0.08 vs 0.27
± 0.04 cm/s, p = NS).

Relationship between coronary flow reserve and col-
or Doppler tissue imaging measurements. In the over-
all hypertensive population, CFR was not related to
Doppler standard diastolic measurements. On the other
hand, CFR was positively related to the color DTI Em
peak velocity at baseline (r = 0.45, p < 0.01) while the re-
lation with the other color DTI measurements at baseline
(with Am: r = -0.10, with Em/Am: r = 0.25, with Sm: r =
0.12) was not significant. Among color DTI measure-
ments at high-dose dobutamine, the Em peak velocity (r =
0.39, p < 0.05), the Am peak velocity (r = -0.41, p < 0.05)
and the Em/Am peak velocity ratio (r = 0.60, p < 0.0001)
(Fig. 3) were significantly related to the CFR at univari-
ate analysis while the relation between the Sm peak ve-
locity and the CFR (r = 0.10) was not significant.
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Table I. Characteristics of the study population.

Variable Hypertensives Hypertensives p
without LVH with LVH

(n=15) (n=13)

Sex (M/F) 12/3 10/3 NS
Age (years) 52.9 ± 5.8 53.3 ± 5.8 NS
Body mass index (kg/m2) 26.8 ± 2.3 27.6 ± 2.7 NS
Baseline SBP (mmHg) 146.7 ± 9.6 150.4 ± 13.3 NS
Baseline DBP (mmHg) 99.3 ± 1.8 100.8 ± 4.5 NS
Baseline HR (b/min) 75.8 ± 6.5 73.8 ± 6.6 NS
Dobutamine SBP (mmHg) 159.3 ± 7.8 172.3 ± 15.9 < 0.01
Dobutamine DBP (mmHg) 98.3 ± 3.1 99.6 ± 5.8 NS
Dobutamine HR (b/min) 134.3 ± 7.2 134.5 ± 5.5 NS

DBP = diastolic blood pressure; HR = heart rate; LVH = left ventricular hypertrophy; SBP = systolic blood pressure.

Table II. Standard Doppler echocardiographic analysis.

Variable Hypertensives Hypertensives p
without LVH with LVH

(n=15) (n=13)

Septal wall thickness (mm) 10.2 ± 0.2 12.3 ± 0.2 < 0.001
Posterior wall thickness (mm) 7.9 ± 0.2 9.7 ± 0.1 < 0.01
LV internal diastolic diameter (mm) 50.5 ± 1.3 54.5 ± 0.5 NS
LV internal systolic diameter (mm) 32.1 ± 1 36.8 ± 0.4 NS
Endocardial fractional shortening (%) 30.9 ± 4.6 32.2 ± 5.5 NS
Relative diastolic wall thickness 0.37 ± 0.06 0.42 ± 0.07 < 0.01
LV mass index (g/m2.7) 43.6 ± 4.1 63.0 ± 6.5 < 0.00001
Peak E velocity (m/s) 0.58 ± 0.12 0.56 ± 0.10 NS
Peak A velocity (m/s) 0.55 ± 0.14 0.65 ± 0.12 < 0.01
Peak E/A ratio 1.05 ± 0.25 0.86 ± 0.15 < 0.001
E wave deceleration time (ms) 170.7 ± 54 210.1 ± 40 < 0.01
Isovolumic relaxation time (ms) 72 ± 17 106.7 ± 37 < 0.02

LV = left ventricular; LVH = left ventricular hypertrophy.



overt coronary artery stenosis. This yields a low speci-
ficity for myocardial perfusion scintigraphy20,21. This is
mainly due to microvessel coronary alterations which
may be detected by a CFR reduction in the distal LAD.
Thus, in hypertensive patients the identification of the
determinants of CFR is crucial. In order to investigate
this issue, we selected a homogenous population in
which patients with myocardial scintigraphic perfusion
defects were excluded by selection. By using off-line
quantitative color DTI analysis and non-invasive
Doppler CFR assessment, the present study under-
scores an important association between LV myocar-
dial diastolic function and CFR in arterial hyperten-
sion. According to the levels of the LV mass, hyperten-
sive patients with LVH have a reduced CFR as well as
a myocardial diastolic dysfunction which is evident at
baseline and, more significantly, at high-dose dobuta-
mine. In the overall hypertensive population however,
CFR was positively associated with the high-dose
dobutamine Em/Am peak velocity ratio, independently
of the effect of clinical confounders and of the presence
of LVH.

Myocardial diastolic dysfunction in patients with
left ventricular hypertrophy. In accordance with pre-
vious reports22-24, the main indexes of the Doppler-de-
rived diastolic function in the present study were im-
paired in the presence of LVH. Color DTI off-line
analysis provided additional information about my-
ocardial diastolic function even during dobutamine
stress. Of note, standard Doppler transmitral inflow
cannot allow reliable recording of the relationships ex-
isting between the E and A velocities during dobuta-
mine infusion since they overlap at the highest heart
rate. The DTI-determined Em peak velocity may be
considered a reliable index of energy-dependent my-
ocardial relaxation while the Am peak velocity reflects
atrial activity and probably the intrinsic distensibility of
LV myocardial fibers. Thus, the Em/Am ratio is a good
index of LV myocardial compliance. Changes in LV re-
laxation in arterial systemic hypertension may be de-
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Figure 3. Scatter plot and regression line of the positive association be-
tween the high-dose dobutamine color Doppler tissue imaging-deter-
mined Em/Am peak velocity ratio and the coronary flow reserve (CFR) in
the overall hypertensive population. Empty circles are hypertensives
without left ventricular hypertrophy; filled circles are hypertensives with
left ventricular hypertrophy.

Table III. Color Doppler tissue imaging analysis at baseline and at high-dose dobutamine.

Variable Hypertensives Hypertensives p
without LVH with LVH

(n=15) (n=13)

Baseline
Em velocity (cm/s) 6.95 ± 1.8 5.78 ± 1.7 < 0.05
Am velocity (cm/s) 7.02 ± 1.5 7.40 ± 1.4 NS
Em/Am ratio 0.99 ± 0.25 0.80 ± 0.37 < 0.01
Sm velocity (cm/s) 5.0 ± 0.5 5.3 ± 0.7 NS

High-dose dobutamine
Em velocity (cm/s) 7.70 ± 1.8 6.12 ± 2.2 NS
Am velocity (cm/s) 9.11 ± 1.8 10.90 ± 2.4 < 0.05
Em/Am ratio 0.95 ± 0.24 0.63 ± 0.21 < 0.001
Sm velocity (cm/s) 10.6 ± 1.6 11. 8 ± 2.1 NS

CFR was also negatively related to both high-dobu-
tamine heart rate (r = -0.41, p < 0.05) and diastolic
blood pressure (r = -0.40, p < 0.05) as well as to the LV
mass index (r = -0.42, p < 0.02) while the relations with
age (r = -0.32) and body mass index (r = -0.14) did not
reach statistical significance.

On the grounds of all these univariate relations, a
stepwise forward multiple regression analysis was per-
formed to identify the independent contributors to CFR.
After adjusting for age, LV mass index and both high-
dose dobutamine heart rate and diastolic blood pressure,
the high-dobutamine Em/Am ratio was an independent
determinant of CFR (standardized � coefficient = 0.65,
p < 0.001) (cumulative r2 = 0.38, p < 0.0001). 

Discussion

In arterial hypertension, abnormalities of myocar-
dial perfusion are very frequent, even in the absence of



termined either by increased afterload or by changes in
the LV structure25,26. In the present study, the color
DTI-derived Em/Am ratio of the posterior septum was
lower in patients with LVH at baseline, where it was
due to an impairment of myocardial relaxation. At
high-dose dobutamine, the reduction in the Em/Am ratio
was further evident in the LVH group, being mainly due
to the Am peak velocity increase while the reduction in
the Em peak velocity had a marginal role. 

Coronary flow reserve reduction in patients with
left ventricular hypertrophy. Hypertensive patients
with LVH had a significantly lower CFR, mainly due to
the reduction in the dipyridamole diastolic peak veloc-
ity. Several mechanisms are involved in the develop-
ment of coronary flow impairment in the presence of
LVH: microvessel alterations, increased coronary resis-
tance, increased LV cavity pressures and wall stress,
greater systolic compression index, and an impaired va-
sodilator function27-30. Worthy of note, the LV myocar-
dial diastolic impairment itself has been suggested as a
possible determinant of CFR reduction in hypertensive
LVH31. 

Independent association between color Doppler tis-
sue imaging Em/Am ratio and coronary flow reserve.
In the overall hypertensive population of the present
study, CFR was inversely related with the color DTI Em
peak velocity at baseline, indicating how an impair-
ment of myocardial relaxation may, even at rest, nega-
tively influence the vasodilator capacity of coronary
microvessels in arterial hypertension. In addition and
more important, we found a strong positive association
between color DTI Em/Am peak velocity ratio of the
posterior septum at high-dose dobutamine and CFR. It
is likely that myocardial diastolic dysfunction exerts
negative effects on CFR since LV diastolic properties
participate in the regulation of the relation between
coronary flow and perfusion pressure32. The diastolic
time fraction has been found to be a determinant of the
coronary flow increase when the autoregolatory mech-
anism is exhausted since the fractional diastolic time at
a lower perfusion pressure is longer both in the pres-
ence and in the absence of coronary artery stenosis32.
On these grounds, LV diastolic impairment has been
demonstrated to influence the early diastolic coronary
flow both in dogs33,34 and in humans31. This mechanism
may be active even in hypertensive patients without ev-
idence of coronary artery disease. In addition, mi-
crovessel alterations of the hypertensive heart induced
by extravascular diastolic compression35 may not be ev-
ident at baseline but become overt during faster heart
beating as shown by using cardiac pacing31. 

The association observed between color DTI septal
Em/Am ratio and CFR was tested by a multiple linear
regression analysis adjusting for several confounders.
Age, heart rate and diastolic blood pressure were in-
cluded in the model as possible determinants because

of their recognized influence on both the LV diastolic
function24,36,37 and the CFR38-41. The role of the LV
mass was assessed in view of the adverse effect exert-
ed by LVH on both myocardial flow42-44 and LV my-
ocardial diastolic properties23,24. By this analysis, the
association between stress-determined myocardial di-
astolic function and CFR remained independent of the
influence exerted by all these variables. It is remark-
able that this association was independent of the ef-
fects exerted by the heart rate, that is by the tachycar-
dia usually evident at high-dose dobutamine, and
above all of the effects exerted by the different values
of LV mass. These findings suggest that LV diastolic
dysfunction may itself be responsible for the alter-
ations in the microvessel coronary circulation, proba-
bly through the perivascular fibrosis which impairs
myocardial oxygen supply and through the deteriora-
tion of myocardial diastolic properties which hampers
myocardial perfusion, even in the early stages of arte-
rial hypertension. Early changes in both CFR27,29,45 and
LV diastolic function22-24 have been observed in hyper-
tensive patients before the development of LVH. Alter-
natively, a reduced CFR may itself exert an influence
on LV myocardial diastolic properties. In the ischemic
process, LV diastolic dysfunction occurs early, preced-
ing the development of wall motion abnormalities and
of LV systolic failure46. In such a context, LV diastolic
dysfunction itself may be consequent to the reduced
CFR and represent a marker of multiple episodes of
transient subendocardial ischemia, regardless of the
evidence of LVH. The occurrence of LV diastolic ab-
normalities might then aggravate CFR inducing a vi-
cious circle. 

Clinical implications. The present study provides evi-
dence of an association between LV myocardial dias-
tolic function estimated during maximal dobutamine
infusion and CFR in arterial systemic hypertension, in-
dependent of changes in afterload and LV mass. In hy-
pertensive patients without overt coronary heart dis-
ease, the alterations in LV myocardial diastolic proper-
ties should be taken into account as determinants of
coronary blood flow reduction and possibly to explain
angina pectoris or else may themselves be a conse-
quence of microvessel CFR changes. The novel non-in-
vasive technology allows quantification of the relations
occurring between the myocardial functional reserve
and the hyperemic coronary blood flow supply. 
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