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ABSTRACT

ÖZET

Objectives: Isovolumic acceleration assessed by tissue
Doppler imaging has been proposed as a preload-independent indicator of left ventricular contractility. We investigated the utility of isovolumic acceleration in the prediction
of preclinical right and left ventricular systolic dysfunction in
hypertensive and obese subjects.
Study design: Seventy-eight obese subjects (BMI >30 kg/m2;
57 women, 21 men; mean age 51±8 years) were prospectively
enrolled. Fifty patients (64.1%) had hypertension and 33 patients (42.3%) had diabetes mellitus. All the subjects were
assessed by conventional and tissue Doppler echocardiography. Myocardial velocities of the left ventricular septal and
lateral mitral annulus and lateral tricuspid annulus were determined. Isovolumic contraction wave was defined as the preceding wave of the systolic wave that began before the peak
of the R wave on the electrocardiogram. Myocardial isovolumic acceleration was measured by dividing the peak velocity
by the time passed from the onset of the wave (zero-crossing)
during isovolumic contraction to the peak velocity of the wave.
Results: Waist circumference was in positive correlation
with left ventricular end-systolic (r=0.22, p=0.047) and enddiastolic (r=0.384, p=0.001) diameters, and in negative correlation with the peak systolic velocity of the tricuspid annulus
(r= -0.311, p=0.006). Although hypertensive and normotensive
(n=28) obese subjects had similar myocardial velocities, lateral tricuspid annular isovolumic acceleration (p=0.027), septal isovolumic acceleration (p=0.026), and septal isovolumic
contraction myocardial velocity (p=0.018) were significantly
lower in hypertensive patients.
Conclusion: Isovolumic acceleration and isovolumic contraction myocardial velocity analysis may be useful in the
diagnosis of subclinical left and right ventricular dysfunction in hypertensive obese patients.

Amaç: Doku Doppler görüntüleme ile değerlendirilen izovolümik akselerasyon, sol ventrikül kasılmasının önyükten
bağımsız bir göstergesi olarak önerilmektedir. Çalışmamızda, hipertansif obez kişilerde sağ ve sol ventrikül sistolik
disfonksiyonun erken dönemde öngörülmesinde izovolümik akselerasyonun kullanımı araştırıldı.
Çalışma planı: Yetmiş sekiz obez kişi (beden kütle indeksi
>30 kg/m2; 57 kadın, 21 erkek; ort. yaş 51±8) ileriye dönük
olarak çalışmaya alındı. Elli hastada (%64.1) hipertansiyon,
33 hastada (%42.3) diabetes mellitus vardı. Tüm katılımcılar konvansiyonel ve doku Doppler ekokardiyografi ile
değerlendirildi. Sol ventrikül septal ve lateral halka ile lateral triküspit halkaya ait miyokart hızları ölçüldü. İzovolümik
kasılma, elektrokardiyografide R dalgası zirvesinden önce
başlayan ve sistolik dalganın öncesinde gelen dalga olarak
tanımlandı. Miyokart izovolümik akselerasyonu, zirve hızın,
izovolümik kasılma sırasında görülen dalganın başlangıcından (sıfır noktasından) bu dalganın zirve hıza ulaşmasına kadar geçen süreye bölünmesiyle hesaplandı.
Bulgular: Bel çevresi, sol ventrikül sistol sonu (r=0.22,
p=0.047) ve diyastol sonu (r=0.384, p=0.001) çapları ile
pozitif ilişki, triküspit halka zirve sistolik hızı ile negatif ilişki (r= -0.311, p=0.006) gösterdi. Hipertansif ve normotansif
(n=28) obez kişilerde doku Doppler ile ölçülen miyokart
hızları benzer bulunmasına karşın, hipertansif hastalarda
triküspit lateral halka izovolümik akselerasyonu (p=0.027),
septal izovolümik akselerasyon (p=0.026) ve septal izovolümik miyokart kasılma hızı (p=0.018) anlamlı derecede
düşük bulundu.
Sonuç: İzovolümik akselerasyon ve izovolümik miyokart
kasılma hızı analizi, hipertansif obez bireylerde subklinik
düzeydeki sol ve sağ ventrikül disfonksiyonu tanısında yararlı olabilir.
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O

besity is the emerging public health problem in
developed countries. It is very common and has
significant morbidity and mortality.[1,2] The association between body weight and blood pressure is wellestablished.[3,4] Elevated intracardiac pressure and
left ventricular hypertrophy impair left ventricular
diastolic filling and eventually cause heart failure in
hypertensive patients.[5-9] Obesity is also closely associated with right- and left-sided heart failure.[10-17]
Myocardial acceleration during isovolumic contraction and isovolumic contraction myocardial velocity
are two echocardiographic parameters that predict
ventricular functions independent of preload.[18,19]
These two parameters seem to reflect myocardial contractility with a better sensitivity than TDI-derived
peak systolic velocities. We investigated the utility of
IVA, IVV, and myocardial systolic and diastolic velocity measurements on the assessment of left and right
ventricular functions among normotensive and hypertensive obese individuals.
PATIENTS AND METHODS

Seventy-eight obese subjects (body mass index >30
kg/m2) were enrolled prospectively in this study.
There were 57 women and 21 men with a mean age

of 51±8 years. The
patients were se- Abbreviations:
lected
randomly IVA Myocardial isovolumic
acceleration
from the population IVV Isovolumic contraction
myocardial velocity
of internal medicine
Left ventricular
outpatient clinic in LV
TDI Tissue Doppler imaging
a consecutive manner and gave written
consent to participate in the study. Exclusion criteria
included the presence of the following: left ventricular ejection fraction <55%, history of coronary artery disease, evidence for ischemic heart disease on
the electrocardiogram, echocardiography, or cardiac
stress test; chronic obstructive lung disease, organic
valvular heart disease, chronic renal failure, and poor
echocardiographic image quality. All patients were in
sinus rhythm. The local ethics committee approved
this cross-sectional study.
Echocardiography was performed in all patients in
the left lateral decubitus position with standard views
using a Vivid 5 machine (GE Vingmed, Horten, Norway). Left atrial systolic dimension and LV internal
dimensions and wall thicknesses were measured from
two-dimensional guided M-mode tracings obtained
at the midchordal level in the parasternal long-axis
view according to the criteria of the American So-

Figure 1. Measurement of myocardial isovolumic acceleration from two separate velocity curves by
dividing the peak velocity by the time interval from the onset of the wave (zero-crossing) during isovolumic contraction to the peak velocity of the wave.
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measured by dividing the peak velocity by the time
interval from the onset of the wave (zero-crossing)
during isovolumic contraction to the peak velocity
of this wave as previously described (Fig 1, 2).[19] The
ratio of peak early diastolic mitral inflow velocity by
pulsed-wave Doppler to peak early diastolic mitral
annular velocity by TDI was calculated as a measure
of LV filling pressure. Peak tricuspid annular systolic, early diastolic, and late diastolic velocities were
also measured from three consecutive cardiac cycles
and averaged.

Figure 2. Isovolumic acceleration (IVA) is calculated by dividing the peak isovolumic velocity (IVV) by the delta time (∆T).

ciety of Echocardiography.[20] Left ventricular mass
was calculated using the method of Devereux et al.[21]
and normalized to height in meters. Percent fractional
shortening and ejection fraction were calculated using the Teichholz formula.[22] Mitral inflow velocities
were obtained by pulsed-wave Doppler in the apical
4-chamber view with the sample volume placed at the
tips of the mitral valve leaflets. The peak early (E) and
late (A) diastolic mitral inflow velocities, deceleration time, E/A ratio, and isovolumic relaxation time
were measured and averaged over three cardiac cycles
according to the recommendations of the American
Society of Echocardiography.[23] Color tissue Doppler
imaging was performed from the apical 4-chamber
view using a 2.5-MHz transducer and frame rates of
>80/sec and the images were digitized. Derivation and
analysis of TDI-derived velocity profiles were performed offline using a commercial computer software
(Echopac, GE Vingmed). Myocardial velocity profiles
of the basal septal and lateral mitral annulus were obtained by placing a 6-mm sample volume at the junction of the mitral annulus with the septum and lateral
myocardial wall. Myocardial velocities of the lateral
tricuspid annulus were obtained similarly by placing the sample volume at the junction of the tricuspid
valve annulus and right ventricular free wall.
Isovolumic contraction wave was determined as
the preceding wave of the systolic wave that began
before the peak of the R wave on the electrocardiogram. Myocardial isovolumic acceleration was

Descriptive statistics were shown as mean ± standard
deviation. Parameters with and without normal distribution were compared with the Student’s t-test
and Mann-Whitney U-test, respectively. Categorical
variables were compared with the Fisher’s exact test
(chi-square). The Pearson’s correlation coefficient was
used to assess the association between anthropometric
and echocardiographic data. A p value <0.05 was accepted as significant for all statistics.
RESULTS

Demographic, clinical, and echocardiographic characteristics of the study population are shown in Table
1. Fifty patients (64.1%) had a history of hypertension and 33 patients (42.3%) had diabetes mellitus.
Of the diabetic patients, 23 were hypertensive, and
10 were normotensive. There were no significant correlations between body mass index and echocardiographic parameters. However, waist circumference
was in positive correlation with left ventricular endsystolic (r=0.22, p=0.047) and end-diastolic (r=0.384,
p=0.001) diameters, and in negative correlation with
TDI-derived peak systolic velocity of the tricuspid annulus (r= -0.311, p=0.006).
The patients were divided into two groups based on
the presence (n=50) or absence (n=28) of hypertension
(Table 1). Compared to normotensive obese subjects,
hypertensive patients exhibited significantly lower
values of right ventricular IVA (p=0.027), septal IVA
(p=0.026), and septal IVV (p=0.018). The remaining
echocardiographic characteristics were similar in the
two groups.
DISCUSSION

In our study, we did not find any significant difference in the TDI-derived myocardial systolic velocities
between hypertensive and normotensive individuals.
However, right and left ventricular IVA values were
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Table 1. Demographic, clinical, and echocardiographic characteristics of the obese subjects
n

Total (n=78)

Hypertensives (n=50)

%

n

Age (years)

Mean±SD

%

51±8

Mean±SD

Normotensives (n=28)
n

%

50±9

Mean±SD
51±8

Gender

p
0.875
0.065

Female

57

73.1

40

80.0

17

60.7

Male

21

26.9

10

20.0

11

39.3

Hypertension

50

64.1

Diabetes

33

42.3

23

46.0

10

35.7

0.378

Body mass index (kg/m2)

34±5

34.5±5

33.8±4

Waist (cm)

109±9

110±10

108±9

0.291

Basal heart rate

86±16

91±14

89±16

0.544

Left atrium (cm)

3.5±0.4

3.4±0.4

3.5±0.4

0.676

End-diastolic diameter (cm)

5.0±0.5

5.0±0.5

4.9±0.5

0.395

End-systolic diameter (cm)

3.1±0.5

3.0±0.5

3.0±0.4

0.817

70±7

70±7

70±6

0.972

Mass (g/m2)

149±48

150±45

147±53

0.789

Interventricular septum (cm)

1.3±0.2

1.3±0.2

1.3±0.2

0.594

Posterior wall (cm)

1.1±0.2

1.1±0.2

1.1±0.2

0.830

0.524

Left ventricle

Ejection fraction (%)

Mitral E velocity (m/sec)

0.7±0.1

0.7±0.1

0.7±0.1

0.811

Mitral A velocity (m/sec)

0.8±0.2

0.8±0.2

0.8±0.2

0.564

E/A

0.9±0.3

0.9±0.3

0.9±0.7

0.704

E-wave deceleration time (msec)

282±92

282±88

283±101

0.980

Isovolumic relaxation time (msec)

118±25

118±25

116±27

0.727

Systolic velocity (cm/sec)

10.7±1.9

10.6±2.2

10.8±1.5

0.629

Isovolumic acceleration
(cm/sec2)

210±80

196±74

237±84

0.027

Isovolumic contraction velocity
(cm/sec)

8.4±2.4

8.2±2.4

8.7±2.4

0.361

Septal annular systolic velocity
(cm/sec)

6.1±1.1

5.9±1.0

6.3±1.0

0.158

Septal annular early diastolic
velocity (cm/sec)

5.1±1.6

4.9±1.4

5.4±2

0.191

Septal annular late diastolic
velocity (cm/sec)

7.9±1.6

7.8±1.6

8.2±1.6

0.260

Isovolumic acceleration
(cm/sec2)

143±53

133±56

161±43

0.026

Isovolumic contraction velocity
(cm/sec)

3.4±1.7

3.6±1.7

4.6±1.4

0.018

6.9±1.7

6.9±1.8

7.0±1.7

0.656

Early diastolic velocity (cm/sec)

7.1±2.7

6.8±2.6

7.2±2.1

0.190

Late diastolic velocity (cm/sec)

8.6±2.0

8.6±1.8

8.5±2.3

0.874

15.2±7.0

15.2±5.0

15±10

0.916

Right ventricle

Septum

Tricuspid lateral annulus
Systolic velocity (cm/sec)

E/E’
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significantly lower in the hypertensive group. This
finding suggests that basal septal and tricuspid annular
IVA measurements may be superior to conventional
techniques for the diagnosis of preclinical myocardial
systolic dysfunction.

Segmental LV shortening that occurs before the
onset of LV ejection represents an active contraction;
it not only results in changes in the global LV geometry by mobilizing blood and allowing the protrusion
of the mitral leaflets into the left atrium during systole,
but also contributes to the isovolumic contraction velocities measured by TDI.[24,25] Peak endocardial acceleration is caused by vibrations that are generated
and transmitted throughout the heart by the isometric contraction of the myocardium during isovolumic
contraction.[26] Vogel et al.[18,19] measured tricuspid and
mitral ring velocities by TDI and observed a relationship between IVA and the global right ventricular and
LV contractility. Lyseggen, et al.[25] also found a correlation between IVA and LV dP/dtmax during incremental dobutamine infusion and during mild reductions in
preload, and the responses were similar for measurements taken near the mitral ring (basal segments) and
more distally in the LV wall.

Although TDI-derived systolic myocardial velocities are accepted as reliable, sensitive, and relatively
load-independent parameters for the detection of
preclinical LV systolic dysfunction,[27] measurements
of IVA and IVV may better predict myocardial contractility. Considering that TDI-derived parameters
were similar for both right and left ventricles of
hypertensive and normotensive obese subjects, we
hypothesize that IVA analysis may provide further
information on myocardial contractility, ventricular function, and preclinical systolic dysfunction in
obese individuals.
Obesity is an independent risk factor for the development of hypertension.[4,28,29] The prevalence of
hypertension in overweight or obese individuals is as
high as 50%, and this is proportional to the severity
of obesity.[28] Hypertension is one of the most common causes of heart failure. Diastolic dysfunction is
common among hypertensive individuals due to left
ventricular hypertrophy and increased intracardiac
pressures. The E/E’ ratio obtained from TDI is a reliable parameter in predicting elevated left ventricular
filling pressures.[6,9,30,31] However, in our study, the conventional and TDI-derived echocardiography parameters indicating diastolic dysfunction were similar in
hypertensive and normotensive obese subjects. On the
other hand, obesity itself is associated with impaired
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diastolic function independent of the presence of hypertension.[12,13]

Studies on right ventricular functions in obese
patients reported conflicting results. Otto et al.[15]
found that right ventricular relaxation and filling
were impaired in obesity. However, this study did not
find a significant difference in the TDI-derived tricuspid annular peak systolic velocity between obese
and non-obese groups. On the other hand, Wong et
al.[17] demonstrated that increased body mass index
was associated with right ventricular dysfunction
and this finding was independent from sleep apnea.
Willens et al.[16] reported improvement in right ventricular dysfunction following weight loss. We did
not find any significant difference in the TDI-derived
peak systolic velocities of the tricuspid lateral annulus between hypertensive and normotensive subjects. However, we found that right ventricular IVA
was significantly lower in hypertensive patients. As
right ventricular dysfunction is a major determinant
of impaired functional capacity in obese individuals,
early diagnosis of right ventricular dysfunction by
IVA analysis may be useful in the management of
these patients.
Limitations

Our study population was not homogenous and had a
disproportionate number of female subjects and diabetics. In addition, the patients were taking antihypertensive medications, and these medications were not
stopped before the study. These drugs may have effects on echocardiographic measurements. Finally, we
did not exclude patients with obstructive sleep apnea.
However, Wong et al.[17] demonstrated that subclinical
right ventricular dysfunction was independent from
obstructive sleep apnea, diabetes, hypertension, and
other comorbidities in obesity.
In conclusion, IVA and IVV analysis may be useful
in the diagnosis of subclinical left and right ventricular dysfunction in hypertensive and obese subjects.
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