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Background: Normal left ventricular (LV) systolic function is present in as many as 50% of patients with
congestive heart failure. The majority of such patients have systemic hypertension. Recent studies have
demonstrated LV dyssynchrony among patients with heart failure and normal systolic function. However, it is
unclear whether such abnormalities exist in hypertensive patients who have not developed clinical evidence
of heart failure.
Methods: Hospitalized patients with established hypertension undergoing echocardiography who met the
following criteria were eligible for the study: LV ejection fraction (EF) ≥50%, wall thickness ≥11 mm, absence
of valvular or known ischemic disease, and normal QRS duration. Complete 2-Dimensional and Doppler
echocardiography studies with tissue Doppler imaging (TDI) were performed in all patients. Dyssynchrony
was measured using time from QRS to peak systolic velocity on TDI (T-P) in 3 apical views. Normal values for
dyssynchrony were established in a group of normotensive patients with normal echocardiography studies.
Results: The study included 42 patients (19 women, 23 men with a, mean age of 59.6 y (range 32–96 y).
Left ventricular dyssynchrony was common, occurring in 20 of 42 patients (47.6%). Dyssynchrony assessed
with the maximum T-P (T-Pmax) was significantly related to LV mass (r = 0.32, p = 0.036), left atrial volume
(r = 0.59, p<0.0001), and LV sphericity index (0.32, p = 0.037). Dyssynchrony was not related to age or LV
filling pressure calculated from the Doppler study.
Conclusions: Left ventricular dyssynchrony is common among hypertensive patients with normal LV systolic
function and no evidence of congestive heart failure. The severity of LV dyssynchrony is related to the
magnitude of LV hypertrophy, left atrial size, and LV remodeling.
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Introduction
Systemic hypertension is present in approximately 60 mil-
lion individuals in the US.1 Such individuals are predisposed
to the development of major cardiovascular events, includ-
ing congestive heart failure. Indeed, hypertension is a
major cause of heart failure with normal left ventricu-
lar (LV) systolic function. Such individuals make up as
many as 50% of patients treated for heart failure. Although
the causes of systolic heart failure have been well exam-
ined, the mechanism of diastolic heart failure, or heart
failure with normal systolic function, has been the subject
of continued discussion.2,3 Abnormal LV relaxation with
elevated LV filling pressures secondary to a stiff, hypertro-
phied ventricle has been the most common explanation.2

Recent studies have demonstrated significant LV dyssyn-
chrony among patients with heart failure and preserved LV
systolic function, providing further insight into the mech-
anism of heart failure with normal LV systolic function.4,5

Whether LV dyssynchrony is only concomitant with heart
failure or precedes the development of heart failure is
unclear. The present study assessed LV dyssynchrony in
hypertensive patients with normal systolic function and

without the clinical syndrome of congestive heart fail-
ure.

Methods
The study group consisted of inpatients at George Washing-
ton University Hospital (Washington, DC, USA) undergoing
clinically indicated transthoracic echocardiography studies
and who met the following criteria: LV wall thickness ≥11
mm, LV ejection fraction (EF) ≥50%, and QRS duration
<120 msec. Patients were excluded from the study if the
following were present: congestive heart failure using Fram-
ingham criteria,6 LV segmental wall motion abnormalities,
evidence of valvular heart disease (regurgitation more than
mild or any degree of stenosis), pulmonary hypertension,
pericardial disease, atrial fibrillation, or renal insufficiency
with creatinine ≥1.5.

Each patient had complete 2-Dimensional and Doppler
echocardiography study using commercially available
equipment (Philips Medical, Andover, Mass., USA). In
addition, pulsed tissue Doppler imaging (TDI) record-
ings were obtained in basal and mid-LV segments from
3 apical views. Digital images were saved on magneto
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Clinical Investigations continued

optical (MO) disc or network, and were analyzed off-line
(Freeland System AccessPoint, Westminster, Colo., USA,
and Encompass HeartLab, Westerly, RI, USA). Left ventric-
ular measurements were made according to recommen-
dations of the American Society of Echocardiography.6

Left ventricular mass was calculated using a previously
published formula7 and indexed to both body surface
area (BSA) (g/m2) and height (g/m).8 Left ventricu-
lar sphericity index was calculated as the ratio of LV
end-diastolic diameter (in parasternal long-axis view) to
diastolic longitudinal length obtained from an apical
4-chamber view. Left atrial volume was calculated from atrial
area and length (L) in apical 2-chamber (A2) and 4-chamber
(A1) views using the formula [(0.85 × A1 × A2)/L].6 Left
atrial measurements were made at maximum atrial size just
prior to mitral valve opening. Left atrial volume was indexed
to BSA (g/m2).

Pulsed wave tissue Doppler samples were obtained from
basal and mid segments in 3 apical views: 4-chamber, 2-
chamber, and apical long-axis. Gain and filter settings were
adjusted to obtain optimal TDI images. The sonographer
ensured that the electrocardiogram (ECG) recording during
TDI samples was adequate for temporal measurement.
The TDI measurements were made by a single reader.
Left ventricular and left atrial measurements were made
independently by a second observer.

Assessment of Left Ventricular Systolic Dyssynchrony

Left ventricular dyssynchrony was assessed from measure-
ments of time intervals from onset of the QRS complex
to the peak systolic velocity on the pulsed tissue Doppler
waveform (T-P) in the 3 apical views. The maximum T-P
was measured as the maximal difference of T-P between
any 2 opposing LV walls. Additional LV dyssynchrony mea-
surements included maximum interval between onset of
QRS complex to onset of systolic velocity on pulsed tissue
Doppler (T-Omax), and difference in T-P between the septal
and lateral walls (i.e., septal-lateral delay).

A control group of 20 normotensive patients with normal
echocardiography studies was used to establish normal
values of LV synchrony. Controls were selected based on
the presence of a normal echocardiography and Doppler
study, normal ECG (QRS duration 84.8±9.6 msec), and
absence of major medical problems including diabetes
mellitus, hypertension, and coronary artery disease. Mean
age of the controls was 50.7±12.7 y. Left ventricular wall
thicknesses were normal (i.e., septal thickness 0.87±0.14
and posterior wall thickness 0.88±0.13). Left ventricular
mass and mass index were within sex-specific normal limits
(i.e., 142.1±46.2 g and 83.6±25.1 g/m, respectively).8 A T-
Pmax value of 50 msec was selected as the cut point for LV
dyssynchrony. This value exceeded 2 standard deviations
(SDs) of the mean value in the control group, 20.4±9.9 msec,
and is comparable to previously published T-Pmax criteria

for defining dyssynchrony.9 The previously published LV
dyssynchrony cut point of 40 msec was also assessed.9

Similiarly, a cut point of 40 msec was selected for both T-
Omax and septal-lateral delay based on mean control values
(T-Omax 14.4±7.9; septal-lateral delay 10.7±8.5).

Data Analysis

Microsoft Excel with Analyse-it add-on software was used to
analyze the data (Microsoft Corp., Redmond, Wash., USA).
Continuous data are expressed as means±SDs. Pearson
correlations with 2-tailed analysis were used to test associa-
tions between continuous data sets (e.g., between LV mass
and dyssynchrony, and between left atrial size and dyssyn-
chrony). Values were considered significant at p <0.05.

Results
Baseline Characteristics

The study included 42 patients; 19 women and 23 men.
Mean age was 59.6±13.6 y and ranging from 32–96 y.
Mean LV mass/height was 124.3±42.3 g/m; 7 men and
13 woman met sex-specific criteria for LV hypertrophy.8

Patient demographics are summarized in Table 1. Patients
were on a variety of antihypertensive medications (Table 1),
including 22 of 42 patients taking 2 or more drugs (52%) and
13 of 42 patients (31%) taking 3 or more antihypertensive
medications. Mean systolic blood pressure performed
within 6 h of the echocardiography study was 144±21 mm
Hg. Mean systolic blood pressure on admission to the
emergency department was 162±40 mm Hg. No patient was
currently hospitalized for congestive heart failure or met
Framingham criteria for prior episodes of heart failure. The
QRS duration in hypertensive patients was 86.5±11.7 msec
and did not differ from controls (84.8±9.6 msec, p = ns).

Left ventricular systolic dyssynchrony, using T-Pmax
>50 msec, was commonly identified in patients in the
hypertensive study; 20 of 42 patients (47.6%; Figure 1). The
T-Pmax in hypertensives with dyssynchrony ranged from
51 to 217 msec. Using a 40-msec cut point, 22 of 42 patients
(52.4%) met the criterion for LV systolic dyssynchrony, with
T-Pmax ranging from 42 to 217 msec. Dyssynchrony based
on septal–lateral delay identified 24 of 42 patients (57.1%),
whereas T-Omax identified only 4 patients.

Correlates of Left Ventricular Dyssynchrony

Left ventricular dyssynchrony assessed by T-Pmax was
significantly associated with LV mass/height, that is,
greater LV dyssynchrony was observed with increasing
LV mass/height (r = 0.32, p = 0.036) (Figure 2). A
similar relationship was observed between T-Pmax and
left atrial volume (r = 0.59, p<0.0001) or left atrial volume
index (r = 0.51, p = 0.001) (Figure 3). In addition, LV
systolic dyssynchrony was significantly associated with LV
remodeling. The T-Pmax showed positive correlation to
increasing LV sphericity (r = 0.32, p = 0.036) (Figure 4).
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TABLE 1: Characteristics of 42 hypertensive patients without heart failure

Age (y) 59.6±13.6

Gender (male/female) 23/19

BSA (m2) 1.92±0.23

Height (m) 1.69±0.11

Systolic blood pressure (mm Hg) 147.4±22.5

Hyperlipidemia (%) 19 (45%)

Diabetes (%) 10 (24%)

Antihypertensive medicationsa

ACEi or ARB 18 (43%)

β-blocker 15 (36%)

CCB 13 (31%)

Diuretic 18 (43%)

Alpha-2 agonist 3 (7%)

ECG Findings

QRS duration (msec) 86.5±11.7

PR interval (msec) 165±23.5

aTwenty-two of 42 patients were on ≥2 anti-hypertensive medications;
13 of 42 patients were on ≥3. Abbreviations: ACEi = angiotensin-
converting enzyme inhibitor; ARB = angiotensin-receptor blocker;
BSA = body surface area; CCB = calcium channel blocker; ECG =
electrocardiogram.

Left ventricular dyssynchrony assessed by septal–lateral
delay showed nearly similar, but not superior, correlations
to LV mass/height (r = 0.29, p = 0.058), left atrial volume
(r = 0.54, p<0.0003), left atrial volume index (r = 0.48, p =
0.0018), and LV sphericity (r = 0.31, p = 0.044) (Table 2).
The QRS duration did not differ among hypertensive
patients with or without LV dyssynchrony (87.0±13.7 versus
85.7±9.6 msec, p = ns).

Discussion
The present study demonstrates that LV systolic dyssyn-
chrony occurs frequently among hypertensive patients with
normal systolic function and without clinical evidence of con-
gestive heart failure. Left ventricular dyssynchrony among
such patients is related to the magnitude of LV hypertro-
phy and left atrial size. These findings extend the findings
of previous reports of LV dyssynchrony in diastolic heart
failure, most commonly associated with hypertension.6,7

Patients with heart failure and preserved LV systolic
function constitute as many as 50% of the heart failure
population. The presence of this clinical entity is well
recognized and appears to be related to age, sex, and
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Figure 1: Scatter plot showing distribution of LV systolic dyssynchrony
between controls (patients without hypertension or echocardiographic
evidence of cardiac disease) and hypertensive patients. T-Pmax systole =
maximal time difference from onset QRS to peak myocardial systolic
velocity between any 2 LV segments.

TABLE 2: Echocardiographic findings in 42 hypertensive study patients

Ejection fraction (%) 65.7±9.3

LV mass (g) 211.4±78

LV mass indexed to BSA (g/m2) 109.8±36.3

LV mass indexed to height (g/m) 124.3±42.3

LV septal thickness (mm) 1.36±0.24

LV posterior wall thickness (mm) 1.26±0.24

LA volume (mL) 54.7±19.4

LA volume indexed to BSA (mL/m2) 28.6±9.6

Sphericity index 0.48±0.07

T-Pmax to Systole (msec) 58.2±49.6

Patients with dyssynchrony by T-Pmax >50 msec 20/42 (46%)

Patients with dyssynchrony by T-Pmax >40 msec 22/42 (52.4%)

Patients with dyssynchrony by septal–lateral delay 24/42 (57.1%)

Abbreviations: BSA = body surface area; EF = ejection fraction; LA =
left atrial; LV= left ventricular; T-Pmax=maximumQRS to peak systolic
velocity on TDI.

the presence of systemic hypertension. The mechanism by
which heart failure occurs in certain patients meeting this
clinical profile but not in others is less clear.

In patients with heart failure because of decreased LV
systolic function, dyssynchrony is a frequent finding9–12

and is associated with poor clinical outcomes. In such
patients, dyssynchrony appears to be related to abnormal
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Figure 2: Scatter plot with linear regression analysis showing correlation
between LV mass normalized by height and LV systolic dyssynchrony
measured with T-Pmax systole. Abbreviation same as those in Figure 1.
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Figure 3: Scatter plot with linear regression analysis showing correlation
between left atrial volumes and LV systolic dyssynchrony, or T-Pmax
systole. Abbreviation same as those in Figure 1.

remodeling of the heart with consequent mitral regurgi-
tation. Improvement of synchrony following biventricular
pacemaker placement is associated with improved cardiac
symptoms, favorable remodeling with reduced mitral regur-
gitation, and improved survival.12–17

Previous investigations have reported evidence of LV
dyssynchrony in patients with normal systolic function
and congestive heart failure. In a study by Yu et al.5 of
patients with diastolic and systolic heart failure, systolic
asynchrony was observed in 39% of patients with normal
LV systolic function. Hypertensive heart disease was found
in 60% of the cohort studied. The study by Wang et al.
also assessed Left vetnricular dyssynchrony in patients with
heart failure and preserved systolic function, 66% of whom
were hypertensive.4 Left ventricular systolic dyssynchrony
was observed in 33% of patients. These investigators
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Figure 4: Scatter plot with linear regression analysis showing correlation
between LV remodeling (measured with sphericity index) and LV systolic
dyssynchrony, or T-Pmax systole. Abbreviations same as those in Figure 1.

TABLE 3: Pearson’s Correlations of Left Ventricular Systolic Dyssynchrony
with LV Mass, Left Atrial Size and LV Remodeling

Pearson Correl. p-value

LV Mass/Height index 0.320 0.036

LA volume 0.590 <0.0001

LA volume index 0.51 0.0007

LV remodeling (sphericity index) 0.320 0.037

also showed significant correlation to invasively measured
pulmonary wedge pressure.

Our study extends the findings of these studies, and
identifies LV dyssynchrony in hypertensive patients without
clinically overt congestive heart failure or evidence of
conduction abnormalities. The relationships observed in
our study between dyssynchrony and LV mass, left atrial
size, and ventricular sphericity provide further insight into
the effects of hypertension on LV function and the potential
mechanism for the development of clinical heart failure
in patients with normal systolic function. Hypertension
results in LV hypertrophy, increased LV filling pressure, and
ultimately increased left atrial volume. The latter has been
demonstrated to have important prognostic implications
for cardiovascular events.18–21 Left ventricular remodeling
(abnormal LV sphericity) parallels the development of
hypertrophy and changes in left atrial size. These changes
are accompanied by changes in ventricular synchrony that
may precede the development of clinical heart failure.

Conclusions
Patients with systemic hypertension but without clinical
heart failure often demonstrate LV systolic dyssynchrony
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by TDI. The severity of dyssynchrony is significantly related
to LV mass, left atrial volume, and LV remodeling. Systolic
dyssynchrony may identify hypertensive patients at risk
for the development of congestive heart failure, and who
may benefit from more intensive hypertension control at
an earlier stage in their disease process. Follow-up study
will be necessary to determine whether LV dyssynchrony
in hypertensive patients is associated with the subsequent
development of heart failure.
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