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Nearly one in three or four adults in the world (over 
50 million people in the US alone) has systemic hyper-
tension, many of whom are unaware and untreated. 
Hypertension is listed among the three leading risk 
factors for death from cardiovascular diseases by the 
World Health organization and thus, has been called 
“the silent killer”. It is also a leading cause of heart 
failure with preserved ejection fraction. Although the 
mechanisms by which hypertension leads to heart fail-
ure are not well elucidated, studies over the past three 
decades have identified changes in vascular stiffness, 
structural remodeling of the left ventricle and devel-
opment of diastolic dysfunction (impaired relaxation 
and decreased compliance) as important components. 
(1) The term, “diastolic heart failure” has been used 
for years and preceded the more recently proposed 
term, “heart failure with preserved ejection fraction”. 
Regardless how these factors interact with each other, 
the fact is that by the time clinical manifestations of 
heart failure occur, patients show clear evidence of di-
astolic dysfunction and the majority have enlargement 
of the left atrium (LA). (2)

Subtle abnormalities of myocardial contraction and 
relaxation have been documented in asymptomatic hy-
pertensive patients with normal left ventricular (LV) 
ejection fraction. In 1992, Habib et al reported abnor-
malities of diastolic filling consistent with impaired 
relaxation in both ventricles of asymptomatic hyper-
tensive patients using pulsed- wave Doppler. (3) The 
magnitude of changes in the right ventricle paralleled 
those observed in the left. Since then a multiple of pub-
lications have described diastolic abnormalities in hy-
pertensive patients, and although they tend to worsen 
with concentric hypertrophy, they can occur in the 
absence of hypertrophy and improve with sustained 
blood pressure reduction.(4) Likewise, there are sever-
al reports of reduced systolic mid-wall circumferential 
strain, longitudinal systolic strain and mitral annular 
descent in asymptomatic hypertensive patients with 
normal EF. (5-7) Furthermore, contraction abnormali-
ties have been shown to relate closely with diastolic 
abnormalities, implying a functional and/or structural 
effect of the disease on the contractile apparatus of the 
myocardium. (6)

In this issue of Revista Argentina de Cardiología, 
Deschle et al report finding subtle contractile abnor-
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malities in asymptomatic young (mean age, 44; range, 
30-50 years) hypertensive patients compared to age-
matched athletes and sedentary control subjects with-
out hypertension. Similar to previous reports, LV 
longitudinal global systolic strain was reduced in the 
hypertensive group, and was seen in the absence of 
concentric LV hypertrophy or depressed EF. Further-
more, the authors observed a reduction in LA reservoir 
function (as depicted by the average peak longitudinal 
strain) and an increase in a noninvasive index of LA 
stiffness in these patients.

The left atrium acts as a reservoir for pulmonary 
venous return during ventricular systole, as a con-
duit for LV inflow during early and mid-diastole, and 
as a pump that boosts LV filling in late diastole. (8) 
LA enlargement occurs in response to elevated LV fill-
ing pressures and is, therefore, common in conditions 
leading to diastolic dysfunction including hyperten-
sion, particularly when concentric LV hypertrophy is 
present. Chronic LA enlargement has been found to be 
a marker for increased risk of heart failure in hyper-
tensive patients, but also predicts higher incidence of 
cardiovascular events and mortality in patients with a 
variety of cardiovascular disorders. (9,10) LA enlarge-
ment has been also associated with higher incidence 
of atrial fibrillation in different populations including 
hypertensive patients, those with coronary artery dis-
ease, heart failure, chronic mitral regurgitation and /
or obesity. (8) Recent studies have reported a strong 
association between LA enlargement and the occur-
rence of post-operative atrial fibrillation in patients 
undergoing coronary bypass or valve surgery. (11)

The function of the LA during each of its phases de-
pends on several factors (Figure); some are inherent to 
the atrium while others are interlaced with the func-
tion of the left ventricle. (8) The reservoir function 
is influenced by atrial compliance during ventricular 
systole, by atrial contractility and relaxation, by the 
descent of the LV base during systole (a function of 
longitudinal systolic contraction) and LV end-systolic 
volume. Conduit function is influenced by atrial com-
pliance, LA V-wave pressure and importantly by LV 
relaxation and compliance. Finally, the effectiveness 
of the atrial booster function depends on the timing 
of atrial contraction, atrial contractility, the degree of 
venous return (atrial preload) and left ventricular end 
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diastolic pressure (atrial afterload). It is, therefore, 
not surprising that parameters reflecting any of these 
functional phases have been found to be abnormal in 
hypertensive patients with subclinical systolic and di-
astolic dysfunction. What is interesting about the ob-
servations made by Deschle is that the patients were 
younger than those previously reported, did not have 
concentric LV hypertrophy or severe LV relaxation ab-
normalities nor did they have LA enlargement. 

The findings by Deschle suggest that functional 
contraction and relaxation abnormalities in the left 
ventricle and atrium precede ventricular and atrial 
remodeling changes and occur early in the natural his-
tory of hypertension. Similar observations have been 
made previously in older patients and collectively they 
all provide strong support to Deschle’s findings. (12) 
What the studies cannot answer is whether LA func-
tional abnormalities occur in response to ventricular 
abnormalities or whether both chambers respond si-
multaneously to the load imposed by hypertension. An 
attractive hypothesis is that changes in ventricular 
function and compliance precede the atrial abnormali-
ties. In Deschle’s study, the mean E/e’ for the hyper-
tensive group was 10.48 (a value previously found to 
relate to a mean LA pressure between 12-15 mmHg 
[13]) with a standard deviation of 2.98, which implies 
that a subgroup of patients in the study had elevated 
filling pressures at rest. This ties well with the author’s 
observation of increased LA stiffness in the hyperten-
sive group given that the index of stiffness used by 
Deschle, and initially described by Kurt and associates 
(14), was found to relate well with pulmonary artery 
pressures by these authors. Thus, it is quite possible 
that subcritical diastolic dysfunction is the precursor 

of the functional abnormalities observed in the LA and 
that these abnormalities precede enlargement of the 
atrium.

The application of strain imaging has allowed the 
early detection of functional abnormalities in hyper-
tensive patients who otherwise show no signs of cardi-
ac disease. Most of the newer ultrasound machines are 
equipped with strain imaging and software that facili-
tate measurements of regional and global strain. So, 
why not incorporate these measurements as part of a 
routine clinical examination? There are a few reasons 
to limit the use of these measurements, for now, to 
clinical research applications. First, acquisition of reli-
able strain curves requires echocardiographic images 
of good quality, training and attention to meticulous 
technique, without which the data loses accuracy and 
reproducibility. Second, measurements derived from 
these curves vary between different ultrasound ven-
dors, which limit the establishment of normal ranges. 
Third, multiple parameters have been described by 
different investigators and we currently lack consen-
sus as to which ones should be adopted for clinical use. 
Finally, at this time we do not know how to apply re-
sults into the management of a hypertensive patient. 
Would we do anything different than to treat the hy-
pertension with an effective medication? Perhaps, a 
specific group of agents would be better for a patient 
who has subclinical functional abnormalities but this 
is a hypothesis that needs to be tested; until such data 
are available the routine use of strain to detect early 
LV and /or LA abnormalities in a patient with hyper-
tension is of limited clinical value and has the danger 
of over diagnosing and creating unnecessary patient 
anxiety.

Fig. 1. Plots of LV and LA pressure 
curves indicating the3 phases of LA 
function. The table below lists the 
factors that modify these phases. 
Abbreviations: LVESV= LV end-
systolic volume; LVEDP = LV end-
diastolic pressure.

LA FUNCTION

FACTORS 
THAT 
MODIFY 
LA 
FUNCTION

Atrial compliance Atrial compliance Atrial contractility

LAP V-wave Atrial preload

Atrial contractility LV relaxation (pre-A LA volume)

Descent of LV base LV compliance Atrial afterload

LVESV (LVEDP)

Reservoir Conduit Boost

LA
LV
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