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Abstract

Background: Some hypertensive patients experience dyspnea with exercise due to rise in filling pressures. So, exercise is helpful to
determine left ventricular filling tension.
Objectives: This study aims to evaluate the effect of dobutamine stress echocardiography on diastolic function in hypertensive
patients with normal ejection fraction.
Methods: In this study, 30 hypertensive patients (52.7 ± 3.6 years) and 30 sex and age matched healthy controls (50.8 ± 7.6 years)
were examined. Exclusion criteria were patients with coronary artery disease, significant valvular heart disease, hypertrophic car-
diomyopathy, left ventricular systolic dysfunction (EF (ejection fraction) < 50%), atrial fibrillation and bad echogenic view. We per-
formed complete echocardiography and dobutamine stress echocardiography with pulsed wave Doppler tissue imaging at rest and
during peak stress to measure primary mitral inflow diastolic wave rate (E), late mitral inflow diastolic wave rate (A), E/A ratio, pri-
mary diastolic myocardial wave rate (E′) and late diastolic myocardial wave velocity (A’).
Results: At rest, E’ was significantly lower in patients than controls (8.2± 1.6 vs 14.7± 2.6 P value < 0.001) and E/E (early mitral inflow
diastolic wave rate/early myocardial diastolic wave rate) was significantly higher in patients (7.6± 1.2 vs 4.8± 1.0 P value <0.001). At
peak stress, E/A ratio was significantly lower in patients (P < 0.001) while E/E′ was significantly higher in patients than controls (8.3
± 2.1 vs 4.7 ± 0.7 P value < 0.001).
Conclusions: Dobutamine stress echocardiography with Doppler tissue study is effective in the evaluation of hypertensive patients
with dyspnea on exertion with normal resting echocardiography.

Keywords: Hypertension, Diastolic Function, Dobutamine Stress

1. Background

Hypertension is one of the common, identifiable, and
reversible risk factors for myocardial infarction, stroke,
heart failure, atrial fibrillation, aortic dissection, and pe-
ripheral arterial disease (1, 2). Left ventricular diastolic dys-
functions is a common problem in hypertensive patients,
especially if left ventricular hypertrophy is present, even
with normal systolic function (3).

In almost all patients with essential hypertension with-
out ischemic heart disease, systolic and diastolic function
of left ventricular is normal at rest but it may respond ab-
normally during exercise and the patient experiences dys-
pnea on exertion. This event may show impaired left ven-
tricular diastolic filling at stress and this is named lack of
diastolic reserve (4).

Impaired diastolic reserve is defined as normal or im-
paired relaxation (stage 1 diastolic dysfunction) with nor-
mal filling pressure at rest that is converted to advanced
stage of diastolic dysfunction with elevated filling pres-
sure and symptom of dyspnea under stress (4).

In subjects with normal myocardial relaxation, E and
E’ rates increase proportionally with stress and exercise,
and the E/E’ ratio remains firm or is decreased (4). Never-
theless, in patients with impaired myocardial relaxation,
the enhancement in E’ with exercise is less than that of mi-
tral E rates, such that the E/E’ ratio enhances and E/E’ was
shown to relate significantly to LV (left ventricular) filling
load pending stress, when Doppler echocardiography was
acquired simultaneously with cardiac catheterization (5).

A precise and noninvasive modality that is used for
the finding of ischemic heart disease (IHD) is Dobutamine
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stress echocardiography (DSE). Using doppler tissue imag-
ing (DTI), reduction in the peak annular rates in systole and
diastole with dobutamine has been demonstrated with
known IHD (6, 7).

Dobutamine stress echocardiography is most helpful
in hypertensive patients with unknown dyspnea on exer-
tion who have mild diastolic dysfunction and normal fill-
ing load at rest. In those patients, E/E’ ratio increases with
stress (5).

2. Methods

2.1. Patient Selection

We calculate sample size according to α = 0.05 and β
= 0.2 with regard to compare the two means. Thirty hyper-
tensive patients (14 males and 16 females) with mean age
(52.7 ± 3.6) years were enrolled in the study who were re-
ferred to our clinic in Mashhad University of Medical Sci-
ence and 30 age and sex matched patients were considered
as the control group. All participants were provided with
informed consent and the study protocol was approved by
our institute commission. Hypertension was known as a
prior blood pressure recording on 2 separate occasions of
> 140 mmHg systolic or > 90 mmHg diastolic or the con-
tinuing prescription of antihypertensive cure (8).

Patients with documented CAD, significant valvular
heart disease, cardiomyopathies, chronic renal failure, left
ventricular systolic dysfunction (EF < 50%), AF (atrial fibril-
lation) and bad echogenic view were excluded.

2.2. Conventional Echocardiography

Echocardiographic evaluation was done by using the
commercially available Vivid 6, (general electric health-
care) equipped with a 1.7 - 4 MHz phased-array transducer.
Echocardiographic imaging was obtained in the paraster-
nal long- and short-axis, and apical two-, three- and four-
chamber views using standard transducer positions (LV
end-diastolic and end-systolic diameters, septal and poste-
rior wall thickness and ejection fraction) were measured
in accordance with the recommendations of the American
society of echocardiography (9).

A 1 - 2 mm pulsed Doppler sample volume was placed
at the mitral valve tip, and mitral flow rates from 5 to 10
cardiac cycles were recorded from the apical window. The
mitral inflow rates were traced and the following variables
were attained: peak rate of primary diastolic wave rate (E),
late diastolic wave rate (A) and E/A ratio.

Doppler tissue imaging of mitral annulus was ac-
quired from the apical 4-chamber view. A 1.5-mm sample
volume was placed at the lateral annulus. Analysis was ap-
plied for the assessment of systolic wave rate (S’), primary

diastolic wave rate (E’), late diastolic wave rate (A’), E’/A’ ra-
tio and E/E’ ratio that were computed at rest (10, 11).

2.3. Protocol of Dobutamine Stress

48 hours prior to the study, Beta-adrenergic blocking
drugs were stopped. Dobutamine was infused at doses of
5, 10, 20, 30 and 40µg/kg/min for every 3 minutes. A 12-lead
electrocardiogram, blood pressure, and two-dimensional
(2D) echocardiograms were taken at baseline, at low dose
dobutamine, peak dobutamine, and at improvement.

Transmitral flow was used to measure early diastolic
wave velocity (E), late diastolic wave velocity (A) and E/A ra-
tio at peak dose using DTI lateral mitral annular velocities;
systolic wave ratio (S’), early diastolic wave velocity (E’), late
diastolic wave rate (A’), E’/A’ and E/E’ ratio were measured
at peak dose of dobutamine.

The dobutamine stress test was stopped when 85% of
the maximal predicted heart rate was achieved, or earlier
if the patient had progressive or severe chest pain, danger-
ous ventricular arrhythmia, systolic blood pressure > 240
mmHg, symptomatic hypotension or systolic blood pres-
sure < 80 mmHg or life-threatening side effects.

2.4. Statistical Analysis

Using statistical package for the social science soft-
ware (SPSS) version 19, data from the patients and con-
trols group were collected and analyzed with Independent
-Sample T test. The level of significance is 95%. So, P value
less than 0.05 was considered a non-significant result and
that less than 0.001 was considered a highly significant re-
sult.

3. Results

Patients with hypertension had mean age of 52.7 ± 3.6
compare to control group with mean of 50.8± 7.6 (P value
= 0.41). In patients with hypertension, we had 14 males and
16 females, in control group 11 males and 19 females (P value
= 0.34). In patients with hypertension, E’ and E’/A’ were
significantly lower while E/E’ ratio was significantly higher
than control group (Table 1 and Table 2).

At peak stress, Hypertensive patients have significantly
higher A (late mitral inflow diastolic wave velocity) and
prominently lower E/A ratio than control group.

Hypertensive patients in TDI have significantly lower
E’ and A’ at peak stress than control group. On the other
hand, both E’/A’ ratio and E/E′ ratio were significantly
higher in hypertensive patients than control (Table 3).

All conventional echo measurements were signifi-
cantly higher at peak stress than at rest in hypertensive pa-
tients (P value < 0.001).
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Table 1. Echocardiographic Parameter of Patients and Control Groups at Rest

Patients No. = 30 Controls No. = 30 P Value

EF% 59.6± 2.7 61.5± 2.3 0.24

E 69.6± 9.4 72.4± 3.3 0.14

A 74.3± 10.3 72.3± 6.6 0.54

E/A 0.94± 0.15 0.98± 0.14 0.16

S’ 8.4± 0.9 8.7± 1.1 0.08

E’ 8.2± 1.6 14.7± 2.6 < 0.001

A’ 10.1± 2.3 11.0± 3.4 0.22

E’/A’ 0.97± 0.26 1.35± 0.49 < 0.001

E/E’ 7.6± 1.2 4.8± 1.0 < 0.001

Table 2. Comparison Between Echocardiographic Data of Patients and Control Groups at Peak Stress

Patients No. = 30 Controls No. = 30 P Value

EF% 71.3± 1.9 72.2± 1.6 0.33

E 78.1± 15.6 82.3± 8.9 0.39

A 97.3± 12.3 86.5± 11.5 0.005

E/A 0.78± 0.11 0.96± 0.17 0.001

S’ 13.2± 1.9 13.9± 1.8 0.11

E’ 9.6± 2.3 16.5± 3.2 < 0.001

A’ 11.2± 1.7 14.3± 3.5 0.001

E’/A’ 0.88± 0.26 1.30± 0.35 < 0.001

E/E’ 8.3± 2.1 4.7± 0.7 < 0.001

Table 3. Comparison Between Resting and Stress Echo Data in the Patients Group

Resting Peak Stress P Value

EF% 59.6± 2.7 71.3± 1.9 < 0.001

E 69.6± 9.4 78.1± 15.6 0.03

A 74.3± 10.3 97.3± 12.3 < 0.001

E/A 0.94± 0.15 0.78± 0.11 < 0.001

S’ 8.4± 0.9 13.2± 1.9 < 0.001

E’ 8.2± 1.6 9.6± 2.3 0.39

A’ 10.1± 2.3 11.2± 1.7 0.002

E’/A’ 0.97± 0.26 0.88± 0.26 0.12

E/E’ 7.6± 1.2 8.3± 2.1 0.16

In hypertensive patients, there was a highly prominent
increase in systolic wave velocity (S’) (P value < 0.001) and
a significant increase in late diastolic wave velocity (A’) by
DTI (P value < 0.05) at peak stress compared to rest.

E/E’ was higher at peak stress compared to rest in pa-

tients with hypertension but it did not reach a prominent
value (P value > 0.05).

In echocardiography; ejection fraction, E (early mitral
inflow diastolic wave rate) and A (late mitral inflow dias-
tolic wave rate) were significantly higher at peak stress
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than at rest in control groups (P value < 0.001) as showed
in Table 4.

The comparison between resting and stress echo data
in the control group by tissue Doppler revealed that there
was a highly significant increase in systolic wave velocity
(S’) and late diastolic wave velocity (A’) (P value < 0.001) at
peak stress than at rest. Similarly, there was a prominent
increase in early diastolic wave velocity (E’) (P value < 0.05)
at peak stress. E/E’ was lower at peak stress than at rest in
control group but it did not reach a statistically significant
value (P value > 0.05).

4. Discussion

The most prevalent reason of diastolic dysfunction is
chronic hypertension. Left ventricular hypertrophy and
increased connective tissue thickness are the result of di-
astolic dysfunction, which influence cardiac compliance.
The diastolic pressure-volume curve will have an acute
slope in the left ventricular hypertrophy. It means that
slight activity can cause a significant increase in left ven-
tricular end-diastolic pressure (12, 13).

The symptoms such as dyspnea due to increase in left
ventricular diastolic pressure (LVDP), which are observed
in diabetic and hypertensive patients, are independent of
exertional ischemia (14-16).

Ejection fraction in patients with diastolic heart failure
is maintained (17-20). Even with the existence of probable
myocardial structural disease, normal resting diastolic fill-
ing could be achieved (21).

It has been demonstrated that by using Doppler tech-
niques, LVDP is measured in resting situations (22). It has
been shown that there is a relationship between the ra-
tio of primary diastolic transmitral rate to tissue rate (E/E’)
and LVDP. Increase in LVDP is demonstrated by E/E’ more
than 15. When E/E’ is evaluated during physical activity, it
could provide more data of the effect of physical activity on
LVDP (23).

In this study the patients were divided into two groups
(30 patients with hypertension and 30 patients in control
group). All patients had normal ejection fraction. Then
heart diastolic function was evaluated by conventional
Echocardiography and DTI in both rest position and peak
dobutamine stress test. Then we assessed the diastolic dys-
function in patients with hypertension.

DTI is utilized for the evaluation of mitral annulus rate
at lateral wall. Some studies recently mentioned that lat-
eral tissue Doppler signals (E/E’ and E’/A’) have a close re-
lationship with LV filling pressure, especially in patients
with reserved EF. Therefore, in these patients, the use of lat-
eral tissue Doppler signals is supported (24).

In this study, it is demonstrated that there is no signif-
icant difference at primary diastolic wave rate (E), late di-
astolic wave rate (A) and E/A ratio in patients with hyper-
tension compared to control group. This result is matched
with the study of Verdecchia et al. They reported no signif-
icant difference in E, A and E/A ratio between hypertensive
patients and control group (25).

We also found no significant difference in late diastolic
velocity of the mitral annulus (A) between the two groups.

Ommen et al. showed a remarkable lower E’ in hy-
pertensive patients which was a different result from our
study. Reduction in early diastolic velocity (E’) is demon-
strated in inadequate relaxation situation, where increase
in LV filling pressure causes E to decrease (23).

Resting E/E’ ratio was significantly higher in hyperten-
sive patients than controls. Nagueh et al. concluded that
E/E’ is helpful as a tool for assessing LV filling pressures
that combines the efficacy of transmitral driving pressure
and myocardial relaxation and it is identified as the best
parameter for diagnosis when compared to other doppler
measures (24-29).

Ommen et al. found that E/E’ ratio had a better cor-
relation with invasively measured LVDP than did other
Doppler variables for all levels of diastolic function and
they concluded that E/E’ ratio could be used as the ini-
tial measurement for the estimation of LV filling pressures,
particularly in those patients with preserved systolic func-
tion (23).

Regarding diastolic function, there was a significant
decrease in E/A ratio at peak stress in patients than con-
trols; this was similar to Hildo et al. who revealed that E/A
ratio decreased at peak stress in hypertensives than con-
trols (30).

In our study, E/E’ ratio showed a significant increase in
hypertensive group at peak stress than at rest. This can be
explained as subjects with normal myocardial relaxation,
E and E’ rates enhance proportionally, and E/E’ ratio re-
mains firm or decreases. However, in patients with im-
paired myocardial relaxation, enhancement in E’ with ex-
ercise is much less than that of mitral E rate so that E/E’ ra-
tio enhances. In that regard, when Doppler echocardiogra-
phy was acquired simultaneously with cardiac catheteriza-
tion, E/E’ was shown to relate significantly to LV filling load
during exercise (1).

Malcolm et al. concluded that E/E′ correlates with in-
vasively evaluated LVDP during exercise. It can be used to
reliably recognize patients with measured LVDP during ex-
ercise and decreased exercise capacity. This increase in fill-
ing load is an identified phenomenon in a significant pro-
portion of patients complaining of dyspnea and supports
a cardiac cause of dyspnea (31).
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Table 4. Comparison Between Resting and Stress Echo Data in the Control Group

Resting Peak Stress P Value

EF% 61.5± 2.3 72.2± 1.6 < 0.001

E 72.4± 3.3 82.3± 8.9 0.003

A 72.3± 6.6 86.5± 11.5 < 0.001

E/A 0.98± 0.14 0.96± 0.17 0.16

S’ 8.7± 1.1 13.9± 1.8 < 0.001

E’ 14.7± 2.6 16.5± 3.2 0.01

A’ 11.0± 3.4 14.3± 3.5 < 0.001

E’/A’ 1.35± 0.49 1.30± 0.35 0.08

5. Conclusion

Dobutamine stress doppler tissue imaging is very use-
ful in hypertensive patients with preserved left ventricu-
lar systolic function presented by exertional dyspnea. Di-
astolic dysfunction can be revealed in these hypertensive
patients by increased E/E′ ratio at stress echocardiography.
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