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Abstract Background: The role of tissue Doppler imaging (TDI) in the assessment of diastolic dysfunction in elderly

patients seen in echocardiographic practice is poorly defined.

Objective: The aim of this study was to investigate the prevalence of diastolic dysfunction in a cohort of

elderly patients referred to an echocardiographic examination for routine clinical indications and to com-

pare the findings obtained by conventional Doppler with those obtained by TDI.

Methods: A total of 457 elderly patients with preserved left ventricular (LV) systolic function (mean age

73 – 5 years, 45% men, 76% with hypertension) underwent a comprehensive echo-Doppler examination;

diastolic dysfunction was defined by the following conventional and TDI criteria: E/A ratio (ratio between

transmitral peak velocity of E andAwaves) <0.7 or >1.5 and lateral annular early diastolic peak velocity (Ei)
<8 cm/sec, respectively.
Results: Diastolic dysfunction was present in 130 patients (28.4%) according to the conventional Doppler

criterion, namely 119 (26.0%) because of E/A <0.7 and 11 because of E/A >1.5. A higher proportion of

participants (60.1%) had LV diastolic dysfunction according to TDI. Notably, more than one-half of the

patients with ‘normal’ diastolic function by conventional criterion exhibited an abnormal Ei value.

Conclusions:A large proportion of elderly patients with normal E/A ratios may have more subtle alterations

in LV diastolic mechanics characterized by a reduced annular motion velocity. Thus, evaluation of diastolic

function by the simple E/A ratiomaymarkedly underestimate diastolic abnormalities. This finding supports

the view that diastolic function should be routinely assessed by comprehensive Doppler methodologies

including both conventional and tissue Doppler measurements in order to improve the management of

elderly patients seen in clinical practice.
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Introduction

Heart failure represents the most common cause of hospita-

lization among major forms of cardiovascular disease, followed

by cerebrovascular and coronary heart disease; hospitalization

rates of congestive heart failure (CHF) are increasing world-

wide.[1-3] Several factors have been advocated for this trend

including aging of the population, substantial survival im-

provement among subjects with hypertension, diabetes melli-

tus, coronary disease and kidney disease.[4,5]

CHF related to left ventricular (LV) diastolic dysfunction, is an

emerging clinical entity involving up to 50% of patients managed

in current practice.[6] The likelihood of diastolic dysfunction as a

leading cause of heart failure is high in the elderly population as a

consequence of the high prevalence of hypertension, degenerative

valve diseases, LV hypertrophy (LVH), large artery stiffness,

metabolic syndrome and diabetes in this group.[7,8]

Echocardiography is recommended by international guide-

lines for identifying heart failure with preserved ejection frac-

tion and detecting diastolic abnormalities in asymptomatic
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high-risk patients.[9] A large amount of evidence indicates that

the assessment of diastolic parameters either by conventional

Doppler or by tissue Doppler imaging (TDI) may provide in-

dependent predictive information about cardiovascular mor-

bidity and mortality.[10-12]

In the last decade, the TDI technique has been extensively

validated in a variety of cardiac pathologies.[13,14] At the pres-

ent time, TDI (as well as new imaging technologies such as

strain rate and speckle tracking) may offer incremental in-

formation onmyocardial function compared with conventional

echocardiography.[15] The role of these new technologies in the

assessment of diastolic dysfunction in clinical practice remains

undefined.

In the present study, we sought to evaluate the prevalence of

LV diastolic dysfunction in a large cohort of elderly hyperten-

sive patients with preserved LV systolic function seen in current

echocardiographic practice; to this purpose we compared data

obtained by conventionalDoppler andTDI criteria to assess the

role of TDI in detecting age-related diastolic abnormalities.

Methods

A total of 475 consecutive individuals aged ‡65 years, referred
to the out-patient echocardiographic service of the Istituto

Auxologico Italiano (Meda, Italy) by their general practitioners

during a 15-month period from February 2009 to April 2010,

were enrolled in the study. Main exclusion criteria were: (i) im-

paired LV ejection fraction (LVEF) [<40%]; (ii) previous myo-

cardial infarction or coronary bypass history; (iii) previous

hospitalization for heart failure; (iv) significant cardiac valve

disease (regurgitation>1 atDoppler examination, stenosis of any

degree, presence of prosthesis and mitral annulus calcification);

(v) atrial fibrillation; and (vi) left bundle branch block.

After an informed consent had been obtained, patients’ de-

mographic data, medical history and medications were col-

lected at the echocardiographic laboratory in a questionnaire

administered by the attending physician. Obesity was identified

as bodymass index (BMI) ‡30 kg/m2. High blood pressure (BP)

was defined as systolic BP (SBP) ‡140mmHg and/or diastolic
BP (DBP) ‡90mmHg in untreated subjects or current anti-

hypertensive therapy regardless of BP values. Diabetes was

defined by patients’ self-reports.

Measurements

Bodyweight was recorded to the nearest 0.1 kg using a cali-

brated electronic scale with the subjects wearing indoor clothing

without shoes. Height was recorded to the nearest 0.5 cm using a

standardized wall-mounted height board. BMI was computed

as weight in kilograms divided by the squared height in metres.

Clinic BP was measured by mercury sphygmomanometer

with appropriate-sized cuffs; measurements were performed

after the subjects had been resting for 3–5 minutes in the sitting

position. Three measurements were taken from the non-

dominant arm at 1-minute intervals and the average was used to

define the patients’ representative values.

Echocardiography

Echocardiographic and Doppler examinations were per-

formed according to a standardized protocol. In brief,M-mode,

2-dimensional and Doppler echocardiographic examinations

were carried out with a commercially available instrument

(Vivid 7, GE, Horten, Norway).

End-diastolic (d) and end-systolic (s) LV internal diameters

(LVID), interventricular septum thickness (IVS) and posterior

wall thickness (PWT) were measured from 2-dimensionally

guided M-mode tracings recorded at a speed of 50–100 cm/sec,
during at least three consecutive cycles according to the Penn

convention. Relative wall thickness (RWT) was defined by the

ratio of PWT plus IVS thickness to LVIDd; LV mass was esti-

mated by Devereux’s formula {1.04 [(IVSd+PWTd+LVIDd)3-
LVIDd3]- 13.6}[16] and indexed to height to the allometric power

of 2.7. LVH was defined as LV mass index >50g/h2.7 in both

genders.[17] Patterns of abnormal LV geometry were defined as

follows: (i) LV concentric remodelling (normal LV mass index

combined with RWT ‡0.43); (ii) eccentric LVH (increased LV

mass index combined with RWT <0.43); and (iii) concentric LVH
(increased LV mass index combined with RWT ‡0.43).[18]

LVEF was measured from the four-chamber apical projec-

tion in the standard fashion fromLV end-diastolic and LV end-

systolic volume.

Left atrium diameter was determined at end-systole in the

parasternal long-axis view, by the leading edge-to-leading edge

maximal distance between end-systolic posterior aortic root wall

and posterior left atrium wall.[18] Left atrium volume was mea-

suredat end-systole in the apical four-chamber viewbyplanimetry.

Conventional Doppler Measurements

LV filling was assessed by recording mitral flow by standard

pulsed Doppler technique in apical four-chamber view; the

following parameters were considered: early diastolic peak flow

velocity (E), late diastolic peak flow velocity (A), their ratio

(E/A) and E-wave deceleration time (from peak E-wave to

baseline).
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Tissue Doppler Measurements

A TDI of the mitral annulus movement was obtained from

the apical four-chamber view. A 2.0 mm sample volume was

sequentially placed at the lateral and septal annular sites. Filters

and gains were adjusted to minimize background noise and

maximize tissue signal. Analysis was performed for early (Ei)

and late (Ai) diastolic peak velocities and their ratio (Ei/Ai). LV

filling index was determined by the ratio of transmitral flow

velocity to annular velocity (E/Ei).

Definition of Left Ventricular Diastolic Dysfunction

The primary criterion for defining diastolic dysfunction was

an E/A ratio (ratio between transmitral peak velocities of E and

A waves) <0.7 or >1.5; these cut-off values were chosen based

on the results of the Cardiovascular Health Study,[19] a pro-

spective trial carried out in an elderly population, showing that

these values are predictive of subsequent CHF. A lateral TDI-

derived (Ei) velocity <8 cm/sec was considered an index of

altered LV relaxation.[20,21]

Statistical Analysis

Statistical analysis was performed by SAS System (version

6.12; SAS Institute Inc., Cary, NC, USA) and was mostly de-

scriptive; values were expressed as means – standard deviations

or as percentages. Mean values have been compared by Stu-

dent’s t-test for independent samples and categorical data

analysed by chi-square test or Fisher’s exact test when appro-

priate. The strength of correlation between variables was tested

by linear correlation analysis and multiple regression analysis.

A p-value <0.05 was considered statistically significant.

Results

A total of 457 of 475 elderly individuals (254 women,

203 men) fulfilled all study criteria and constituted the study

population. Major indications for echocardiographic assess-

ment were: arterial hypertension (36%); palpitations, pre-

syncope or syncope (22%); dyspnoea (11%); suspected valve

disease or murmurs (10%); chest discomfort (7%) and other

reasons (14%). As reported in table I, 75% of the study sam-

ple were hypertensive, 34% were obese and 10% had type 2

diabetes.

For the present analysis, patients were divided in two groups

according to the E/A ratio: group 1 E/A ratio ‡0.7–1.5 (n = 327)

and group 2 E/A ratio <0.7 (n = 119). A third group with an E/A

ratio >1.5 was excluded from the study due to the small size of

the sample (n = 11).

Table II shows the clinical characteristics of the study pop-

ulation according to such E/A categorization. SBP, anthropo-

metric variables including BMI as well as prevalence of obesity,

type 2 diabetes, hypertension and antihypertensive drugs were

similar in both groups. Age, DBP and prevalence of current

smokers were greater in group 2.

Echocardiographic parameters are depicted in table III.

Mean values of LV internal diameter, interventricular wall

thickness, RWT, absolute and indexed LV mass, did not sig-

nificantly differ in the two groups. As expected, mitral E veloc-

ity and E/A ratio were higher in group 1 than in group 2. This

was also the case for Ei, Ei/Ai and E/Ei ratio, whereas decel-
eration time was shorter.

When alterations in LV structure and geometry as well as in

TDI relaxation pattern were analysed as categorical traits in the

two groups, the following findings were observed: (i) LVH

prevalence, in particular concentric LVH, was similar in both

groups (40% group 1 and 42% group 2, p =not significant); and

Table I. Demographic and clinical characteristics of the study population

(n = 457)

Parameter Dataa

Age (y) 73.4 – 5.3

Gender (men %) 44.5

Clinic BP (mmHg) 142 – 18/80 – 8

Heart rate (beats/min) 72 – 10

Bodyweight (kg) 72.3 – 13.8

Height (cm) 160.2 – 9.1

BSA (m2) 1.75 – 0.19

BMI (kg/m2) 28.1 – 4.6

Hypertension (%) 75.7

Obesity (%) 34.2

Current smokers (%) 10.5

Type 2 diabetes mellitus (%) 10.7

LV mass (g) 207 – 589

LV mass index (g/height2.7) 58 – 15

LVH (%) 64.9

E/A ratio <0.7 (%) 26.0

E/A ratio 0.7–1.5 (%) 71.5

E/A ratio >1.5 (%) 2.5

a Data are shown as mean – SD or percentage.

A = late diastolic mitral flow; BMI = body mass index; BP = blood pressure;

BSA = body surface area; E = early diastolic mitral flow; LV = left ventricular;

LVH = left ventricular hypertrophy.
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(ii) an abnormal LV relaxation pattern was more frequently

observed in group 2 (79% vs 54%, p= 0.02).

Reclassification of Diastolic Dysfunction According to

Tissue-Doppler Criteria

As a result of the primary criterion (i.e. E/A ratio <0.7 or

>1.5) 130 patients (28.4%) had diastolic dysfunction, defined as

E/A ratio <0.7 or >1.5, in particular 119 (26.0%) because of E/A
<0.7. When diastolic function was assessed by tissue Doppler

parameters a markedly higher proportion of patients were

classified as having a LV diastolic dysfunction, as in the total

study population 275 patients (60.1%) were found to have an

altered relaxation pattern.

Notably, 178 of 327 patients (54%) with ‘normal’ diastolic

function according to the conventional criterion (i.e. E/A ratio

0.7–1.5) exhibited an abnormal TDI relaxation pattern. The

components of this subgroup were slightly older (average dif-

ference in age was >1.2 years), had higher prevalence of LVH

(76% vs 52%, p< 0.05), lower E/A ratio (0.80 – 0.13 vs 0.93 –
0.21, p< 0.01) and prolonged deceleration time (247 – 63 vs

231 – 52 msec, p < 0.05) when compared with individuals with

normal Ei pattern.

Conversely, 25 of 119 patients (21%) with an altered E/A
ratio (<0.7) showed a normal Ei velocity. These patients,

compared with those with altered relaxation pattern defined by

both conventional and TDI criteria, were slightly younger

(average difference in age was >1.3 years), had a lower pre-

valence of LVH (46% vs 67%, p < 0.05), similar E/A ratio

(0.58 – 0.07 vs 0.56 – 0.06) and shorter deceleration time.

Correlation Analyses

In the whole population, E/A ratio was positively associated

with Ei (r = 0.42, p < 0.0001), LVEF (r = 0.12, p= 0.02) and in-

versely associated with deceleration time (r= 0.20, p< 0.0001),

heart rate (r = 0.19, p < 0.0001), clinic DBP (r= 0.15, p = 0.002)

and RWT (r = 0.12, p = 0.02). No relationship was found with

age, SBP, BMI and LV mass index.

When these variables were tested in multiple regression anal-

yses, Ei (b= 0.303, p< 0.0001), followed by deceleration time

(b= -0.217, p< 0.0001), heart rate (b= -0.147, p= 0.001) and

DBP (b= -0.118, p= 0.008) were the best correlates of E/A ratio.

Of note, at variance from E/A ratio, Ei was inversely and in-

dependently correlated to LV mass index (b= -0.146, p= 0.001).

Discussion

The principal finding of the present study is that in a cohort

of elderly subjects, most of whom were hypertensive on anti-

Table II. Clinical characteristics of the study population categorized according to E/A ratioa

Group 1

(E/A ratio ‡0.7–1.5; n = 327)

Group 2

(E/A ratio <0.7; n = 119)

p-Valueb

Age (y) 72.8 – 5.1 74.8 – 5.7 <0.001

Gender (men %) 43.6 45.7 0.69

Clinic SBP (mmHg) 142 – 18 142 – 18 0.80

Clinic DBP (mmHg) 79 – 9 81 – 9 0.02

Heart rate (beats/min) 72 – 10 72 – 10 0.38

Bodyweight (kg) 72.7 – 14.3 70.8 – 12.2 0.39

Height (cm) 160 – 9 160 – 9 0.92

BSA (m2) 1.75 – 0.20 1.73 – 0.18 0.32

BMI (kg/m2) 28.3 – 4.7 27.7 – 4.0 0.23

Hypertension (%) 77.3 78.9 0.31

Obesity (%) 36.3 31.0 0.23

Smokers (%) 8.2 16.6 0.03

Diabetes mellitus (%) 12.8 8.8 0.29

Treatment (%) 76.2 77.3 0.79

a Data are shown as mean – SD or percentage.

b p-Value: women vs men.

A = late diastolic mitral flow; BMI = body mass index; BSA = body surface area; DBP = diastolic blood pressure; E = early diastolic mitral flow; SBP = systolic

blood pressure; Smokers = currently smoking; Treatment = antihypertensive treatment.
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hypertensive treatment, free from clinically evident CHF, from

asymptomatic systolic dysfunction (LVEF <40%) or coronary

artery disease, more than one-half of participants with a normal

Doppler-derived index of LV diastolic function, defined ac-

cording to prognostically validated partition values, presented

an abnormal TDI-derived LV relaxation pattern.

This finding suggests that the assessment of transmitral E/A
flow velocity ratio may not fully detect LV diastolic abnorm-

alities; this is probably because E/A index is affected by several

factors unrelated to intrinsic LV diastolic properties such as

age, heart rate, pre-load and after-load.[22] In an elderly pop-

ulation, a normal E/A ratio (i.e. the so-called pseudo-normal

pattern) may occur in the presence of a decreased LV com-

pliance. This pattern can be differentiated from a ‘true normal’

pattern by taking into account other parameters such as iso-

volumic relaxation time, deceleration time or pulmonary vein

flow; unfortunately, none of these time-consuming evalua-

tions is routinely performed in echocardiographic practice.

From our data, TDI may be regarded as an effective, easily

implementable method for refining LV diastolic assessment in

patients referred for routine echocardiography.

Several aspects of the present study deserve to be discussed.

At difference from previous reports, where diastolic dys-

function was defined by criteria proposed by guidelines or au-

thoritative scientific bodies, in the present analysis we adopted

the reference criteria provided by the Cardiovascular Health

Study,[19] the first prospective survey performed in an elderly

population, showing that diastolic dysfunction is predictive of

incident CHF. In particular, E/A ratio was related to the rel-

ative risk of incident heart failure according to a U-shaped

curve, namely for E/A values <0.7 the risk was 1.88 and for

ratios >1.5 the risk was up to 3.50 compared with intermediate

E/A values.

By using the same criteria, we found that LV diastolic ab-

normalities were present in about one-quarter of the sample. In

the relatively healthy cohort such as the one we examined, with

an average LVEF of 65%, diastolic abnormalities were mostly

represented by an E/A ratio <0.7; the value >1.5 suggestive of

Table III. Echocardiographic findings of the study population categorized according to E/A ratioa

Group 1

(E/A ratio ‡0.7–1.5; n = 327)

Group 2

(E/A ratio <0.7; n = 119)

p-Valueb

LVIDd (mm) 47.2 – 4.7 47.2 – 4.9 0.37

LVIDs (mm) 28.0 – 4.7 27.5 – 4.8 0.03

IVSTd (mm) 10.8 – 1.4 11.2 – 1.5 0.03

PWTd (mm) 9.7 – 1.2 9.6 – 1.5 0.45

RWT 0.44 – 0.05 0.44 – 0.06 0.19

AR (mm) 33.6 – 3.7 34.2 – 3.8 0.10

LA (mm) 38.9 – 5.4 38.6 – 6.2 0.66

LVEF (%) 65.7 – 4.8 64.2 – 5.2 0.005

LVM (g) 204.9 – 56.1 206.9 – 56.9 0.81

LVM/h (g/m2.7) 57.3 – 14.7 58.3 – 15.3 0.85

E velocity (cm/sec) 71.6 – 17.4 53.1 – 11.3 <0.0001

A velocity (cm/sec) 84.7 – 64.6 95.1 – 19.7 <0.0001

E/A ratio 0.86 – 0.19 0.56 – 0.06 <0.0001

DT (msec) 239.5 – 56.9 262.5 – 78.1 0.001

Ei velocity (cm/sec) 7.6 – 2.5 6.5 – 4.1 <0.0001

Ai velocity (cm/sec) 10.4 – 3.0 11.2 – 2.7 0.01

Ei/Ai ratio 0.73 – 0.27 0.56 – 021 <0.0001

E/Ei ratio 10.9 – 3.8 9.8 – 3.2 0.008

a Data are shown as mean – SD or percentage.

b p-Value: women vs men.

A = late diastolic mitral flow; Ai = late diastolic peak velocity; AR = aortic root; DT = deceleration time; E = early diastolic mitral flow; Ei = early diastolic peak

velocity; IVSTd = interventricular septum thickness diastole; LA = left atrium; LVEF = left ventricular ejection fraction; LVIDd = left ventricular internal diameter

diastole; LVIDs = left ventricular internal diameter systole; LVM = left ventricular mass; LVM = left ventricular mass; LVMI = left ventricular mass index;

PWTd = posterior wall thickness diastole; RWT = relative wall thickness.
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a restrictive pattern was found in a small fraction of subjects

(2.4%). Comparison of prevalence rates of diastolic dysfunction

in the present study and in previous ones carried out in elderly

populations is difficult due to differences in clinical character-

istics of samples as well as in diagnostic criteria. Prevalence

rates of diastolic dysfunction reported in recent literature rang-

ed from 28% in the Olmsted County study including a relatively

elderly population (mean age 63 years) to 45% in 331 hospita-

lized elderly.[23-25]

Our figures are similar to those reported (27%) in the

APROSdiadys (Assessment of PrevalenceObservational Study

of Diastolic Dysfunction) by Zanchetti et al.[26] in 2545 elderly

hypertensive patients free of overt cardiovascular disease; also

Zanchetti et al.’s study adopted the Cardiovascular Health

Study E/A ratio thresholds as primary criterion for defining

diastolic dysfunction.[19] In the APROS diadys study, patients

with diastolic dysfunctionmore frequently presentedLVH than

their counterparts without it (55% vs 42%). This was not the

case in our series as LVH rate was not different in patients with

an E/A ratio <0.7 (64%) compared with those with an appar-

ently normal ratio (65%). This finding supports the view that

E/A ratio may be unrelated to LV mass and other factors (i.e.

heart rate, BP, annular relaxation velocity) may influence mi-

tral flow velocities in the elderly beyond ultrasonographic

structural LV alterations. This observation is strengthened by

univariate and multivariate analyses, which failed to demon-

strate a significant correlation between E/AandLVmass index.

In contrast, we found an independent, inverse relationship be-

tween annular relaxation velocity (Ei) and LVmass index in the

total study population; this finding may reflect an interplay

between reducedmyocardial diastolic velocity and an increased

cardiac mass.

A notable aspect of the study is that in our cohort differences

in clinical characteristics between the two groups were small

and limited to a slightly older age, higher DBP and greater

prevalence of current smokers in patients with abnormal E/A
ratio. This observation is in keeping with the results of the

APROS diadys study[26] and suggests that alterations in con-

ventional Doppler diastolic indexes in the elderly are largely

independent from clinical and echocardiographic variables.

This is not the case for alterations in TDI parameters. Indeed,

patients with a reduced annular motion velocity exhibited a

greater LVmass (data not shown) as well as a higher prevalence

of LVH compared with their counterparts with normal TDI

indexes (figure 1).

It has been shown that invasive measures of diastolic func-

tion better correlate to early diastolic tissue velocity than to

early mitral flow velocity or E/A ratio.[27] A reduced Ei velocity

in patients with impaired LV systolic function as well as in those

with hypertension and LVH has been reported to predict

mortality more than clinical and echocardiographic data.[28,29]

Furthermore, the E/Ei ratio reliably correlates with LV filling

pressure and is an independent predictor of heart failure.[30]

Limitations of the study

As our data were obtained from a selected population of

elderly Caucasians, the results may not be extended to different

ethnic groups or clinical settings. Furthermore, it is worth

noting that we could not access some clinical data including

metabolic and renal parameters that were reported to correlate

with diastolic dysfunction. Finally, our investigation was based

on standard echocardiographic methods; more sophisticated

methods such as strain imaging and colour flow propagation

are not presently used as routine screening tools.

Conclusions

Overall, our finding indicates that evaluation of LV diastolic

function by E/A ratio criteria is inaccurate and may under-

estimate the risk of incident heart failure in asymptomatic

patients with preserved systolic function. Our data show that

the association between an abnormal E/A ratio <0.7 with a

normal Eı̀ velocity identifies a subgroup of subjects with less
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Fig. 1. Prevalence rates of left ventricular hypertrophy (LVH) in patients with

reduced E/A ratio (ratio between transmitral peak velocity of E and A waves)

or reduced annular motion velocity compared with their counterparts with

normal E/A ratio or annular motion velocity. Ei = early diastolic peak velocity;

lat = lateral annulus; * indicates Ei lat <8 vs Ei lat ‡8.
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advanced subclinical cardiac alterations compared with their

counterparts with an altered relaxation pattern according to

both criteria. Conversely, an abnormal TDI pattern in patients

with normal E/A identifies a subgroup of subjects with a more

pronounced risk for heart failure due to the higher prevalence

of LVH. Thus, for a proper cardiovascular risk stratification

and therapeutic-making strategy, diastolic function should be

assessed in everyday clinical practice by a comprehensive

Doppler methodology including both conventional and tissue

Doppler measures.
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