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Abstract Tissue Doppler echocardiography (TDE) is used in the assessment of
diastolic function, however, it is unclear whether the medial (E' med) or lateral
(E’ lat) annulus should be used. Our aim was to compare the diagnostic utility of E’
med and E’ lat. In 232 subjects left ventricular (LV) systolic and diastolic function
was assessed via transthoracic echocardiography with TDE measurements obtained
from both annuli. LV function was normal in 91 subjects (39%), with diastolic
dysfunction found in 141 subjects (61%). TDE velocities decreased with age and
progressive diastolic dysfunction for either annulus. E' med recorded significantly
lower myocardial velocities than E’ lat. Receiver operator curves showed improved
area under the curve (AUC) for E’ med than E’ lat. Furthermore the AUC was
significantly improved compared to E/A ratio and deceleration time. For diagnosing
diastolic dysfunction, an E’ med < 11 cm/s provided a sensitivity of 78%, specificity
of 67% and positive predictive value of 70%. Whilst for diagnosing elevated filling
pressures an E/E’ medial ratio > 8 provided values of 56%, 93% and 91%,
respectively. In conclusion, although either annulus can be used, E’ med provides
better diagnostic utility.
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Background

Diastolic heart failure arising from left ventricular
diastolic dysfunction (DD) is a significant cause
and predictor of morbidity and mortality."? Left
ventricular diastolic function is determined by
left ventricular relaxation and compliance
properties, which can be assessed non-invasively
via Doppler techniques in the echocardiography
laboratory.

Traditional Doppler-derived parameters of di-
astolic function are obtained from transmitral and
pulmonary venous recordings, but are dependent
upon loading conditions.3~® This results in diastolic
parameters exhibiting a U shaped parabolic pattern
when progressing from normal to worsening de-
grees of diastolic dysfunction,” which makes de-
termining whether a subject’s Doppler pattern
corresponds with ‘better’ or the ‘left’ side or
‘worse’ or the ‘right’ side of the parabola difficult.
Newer modalities such as tissue Doppler echocar-
diography (TDE) have now been developed which
exhibit relatively linear properties and are inde-
pendent of loading conditions. These modalities
can be used to complement traditional Doppler
methods for the assessment of diastolic function in
subjects undergoing transthoracic echocardio-
graphic examination (TTE).®

TDE data display myocardial velocities through-
out the cardiac cycle. The Doppler signals of the
myocardium are of low intensity and high ampli-
tude compared to that of red blood cells, which
are of high velocity and low amplitude. Spectral
pulsed wave Doppler (PW) provides better tempo-
ral and velocity resolution compared to the color
method.®'° Previous investigators have shown that
the ratio of early diastolic mitral inflow (E) to early
diastolic mitral annular tissue velocity (E’) has
a good correlation with left ventricular filling
pressure and can be used to diagnose diastolic
dysfunction.’* However, a variety of sites have
been used to obtain spectral PW TDE data in-
cluding the medial mitral annulus (E’ med) or the
lateral mitral annulus (E’ lat) or an average sum of
both. Consequently, a variety of cutoff values for
the diagnosis of diastolic dysfunction and/or high
left ventricular filling pressures have been advo-
cated.” 214716 A study by Sohn et al."! found that
an E’ med < 8.5cm/s and E' /A’ ratio < 1 discrim-
inated a pseudonormal from normal pattern with
a sensitivity of 88% and specificity of 67%. For the
estimation of filling pressures a study by Nagueh
et al."” using E' lat found that an E/E’ lat
ratio > 10 correlated with raised filling pressures.
In contrast a study by Ommen et al."? using E’ med

found that an E/E’ med ratio > 15 correlated with
elevated filling pressures.

Hence, to date there has been no consensus on
the most appropriate annulus to be used for TDE
assessment of diastolic function and filling pres-
sures. Our aim was to compare both the medial
and lateral annuli in consecutive subjects attend-
ing a TTE examination to determine which site
provides the best diagnostic utility.

Methods

This study was approved by the Austin Health’s
Human Research Ethics Committee, with written
informed consent obtained from all participants.
Two hundred and sixty-one consecutive subjects
referred for a TTE to assess left ventricular function
were enrolled. Exclusion criteria were the presence
of significant valvular heart disease, mechanical
valvular prosthesis or technically difficult trans-
thoracic imaging. Twenty-nine subjects met these
criteria and were excluded from further analysis.

Definitions

Subjects were classified as having normal diastolic
function or diastolic dysfunction according to the
definitions published by the Canadian consensus on
diastolic dysfunction by echocardiography,’ which
was further sub-classified into abnormal relaxa-
tion, pseudonormal and restrictive patterns. To
distinguish normal subjects from those with pseu-
donormal diastolic dysfunction, evidence of raised
LV filling pressures with a positive Valsalva maneu-
ver was required. A positive test was designated if
E/A reversal, DT prolongation and a greater than
25% decrease in E velocity occurred on a strain
phase of Valsalva.'® %2

Echocardiography

TTE examination was performed using a commer-
cially available ultrasound system (Acuson Sequoia,
3.5 MHz transducer) in the left lateral decubitus
position. Standard parasternal and apical views
were used to assess for left ventricular hypertrophy
(LVH), systolic (SD) and diastolic (DD) dysfunction.
All recordings and measurements were obtained
according to the published recommendations of the
American Society of Echocardiography.?*~%°
M-Mode echocardiography was used to measure
cardiac dimensions and wall thickness. Fractional
shortening was calculated as LV end-diastolic minus
end-systolic/end-diastolic dimensions X 100. LV
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ejection fraction (EF) was calculated via modified
Simpson’s rule and M-Mode measurements. Left
ventricular mass index (LVMI) was calculated by
dividing LV mass by the body surface area (BSA)
obtained using the ASE corrected convention.

Parameters of diastolic function measured at
the mitral leaflet tips over three consecutive
cardiac cycles included mitral E and A wave (early
and late diastolic peak filling velocities), E/A ratio,
mitral E wave deceleration time (DT), isovolumic
relaxation time (IVRT) and mitral A wave duration
(A dur). Pulmonary venous flow recordings were
obtained from the apical four-chamber view with
the sample volume placed 1—-2 cm into the right
upper pulmonary vein. Measurements obtained
over three consecutive cardiac cycles were peak
systolic pulmonary venous inflow velocity during
ventricular systole (Smax), peak diastolic pulmo-
nary venous inflow velocity during early phase of
atrial diastole (Dmax), S/D ratio, peak reversed
systolic A wave during atrial contraction (AV ax)
and A wave duration (pul A dur).

Tissue Doppler echocardiography velocities
were obtained using a commercially available
software package (Acuson, DTl package), which
lowered the Nyquist limit, with low wall filter
settings and minimal optical gains. In the apical
four-chamber view, a 2 mm pulse wave Doppler
sample gate was placed alternately at the medial
then lateral mitral annulus to obtain the peak
early diastolic (E’), atrial (A’) and systolic tissue
velocities (S’) in three consecutive cardiac cycles
for each site (Fig. 1). These values were used to
calculate the E/E’ ratio.

Subjects were classified as having normal func-
tion or diastolic dysfunction according to the
definitions published by the Canadian consensus
on diastolic dysfunction by echocardiography by
two independent, experienced echocardiogra-
phers.”

Statistical analysis

Continuous data are presented as mean + SEM
unless otherwise specified. Dichotomous variables
were expressed as percentages. The unpaired
t test (2-tailed) was used to assess differences
between continuous variables. The chi-square or
Fisher exact test was used to compare categoric
variables between groups. One way repeated
analysis of variance (ANOVA) was used for multi-
variate analysis. Statistical analyses were per-
formed using Stata (StataCorp, Texas, 1997) and
StatView (SAS Institute, Cary, 1998). A value of
p < 0.05 was considered statistically significant.

Results

Ninety-one subjects had a normal TTE exam-
ination, whilst 141 had diastolic dysfunction,
classified into abnormal relaxation (n = 57), pseu-
donormal (n = 83) or restrictive (n = 1) patterns.
Thirty subjects with diastolic dysfunction also had
systolic dysfunction. The data from the restrictive
group was excluded from further analysis.

Clinical characteristics

The clinical characteristics of the groups are
shown in Table 1. Subjects in the normal group
were younger than the diastolic dysfunction
groups. Subjects with abnormal relaxation were
the oldest and reflect the relationship between
impaired left ventricular compliance and ageing.
In contrast the pseudonormal group were signifi-
cantly older than the normals but significantly
younger than the abnormal relaxation group. The
majority of subjects were male with normal
systolic function as reflected by LVEF measure-
ments. Subjects with diastolic dysfunction were
more likely to have had a previous cardiac event
and be hypertensive, as reflected by significantly
increased LVMI. Left atrial area (LAA) increased
significantly with worsening diastolic function.

Traditional Doppler measurements

Traditional Doppler measurements for the groups
are given in Table 2 and exhibit the expected U
shaped parabolic curve from normal to worsening
diastolic dysfunction. Peak E velocity decreased
significantly in the abnormal relaxation group, but
was unchanged from normal in the pseudonormal
group. The E/A ratio, IVRT and DT exhibited similar
parabolic patterns.

Pulmonary venous Doppler recordings were only
obtainable in 72% of TTE examinations performed
(Table 2). The S/D ratio exhibited a bimodal
pattern with the highest ratio in the abnormal
relaxation group. There was no statistically signif-
icant difference detected in the pulmonary AV ax
velocities across all groups with a trend towards
higher velocities in the pseudonormal group.

Tissue Doppler echocardiography
measurements

TDE measurements obtained at E’ med were lower
than E’ lat in all cases (E' med 13 +1cm/s vs E’
lat 15+ 1 cm/s, p < 0.001, A’ med 15 + 1 cm/s vs
A’ lat 19 + 1 cm/s, p < 0.001). Furthermore age
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Figure 1  A. Lateral mitral annular cursor placement for TDE data. Transthoracic apical four-chamber view showing
cursor placement for TDE measurement of lateral myocardial tissue velocity. B. TDE measurements from lateral mitral
annulus. Tissue Doppler myocardial velocities obtained at lateral mitral annulus. E' = peak early diastolic myocardial
tissue velocity, A’ = peak late (atrial contraction) diastolic myocardial tissue velocity, systolic = peak systolic
myocardial tissue velocity. C. Medial mitral annular cursor placement for TDE data. Transthoracic apical four-chamber
view showing cursor placement for TDE measurement of medial myocardial tissue velocity (arrow). D. TDE
measurements from medial mitral annulus. Tissue Doppler myocardial velocities obtained at medial mitral annulus.
E’ = peak early diastolic myocardial tissue velocity, A’ = peak late (atrial contraction) diastolic myocardial tissue
velocity, systolic = peak systolic myocardial tissue velocity.

Table 1 Clinical characteristics of subjects according to left ventricular diastolic function

Cardiac function Normal Diastolic dysfunction Abnormal relaxation Pseudonormal
N =91 N = 141 N =57 N =83

Age (yrs) 51 +1 64 + 1* 67 £ 1* 63 £ 1*1

Male (%) 58% 58% 61% 56%

LA area (cm?) 19.0 £ 0.4 23.4 + 0.5* 22.7 + 0.7* 23.9 + 0.6*

LVEF (%) 60 + 1 56 £+ 1 57 £2 56 +2

Phx cardiac event 18 28* 24* 32*

LVMI ( g/m?) 88 +3 116 + 3* 117 + 5* 115 £+ 4*

Hypertensive (%) 49 84* 85* 83*

LA area = left atrial area, LVEF = left ventricular ejection fraction, LVMI = left ventricular mass index. *p < 0.001 vs normal
cardiac function. p < 0.001 vs abnormal relaxation group.
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Table 2 Traditional mitral and pulmonary Doppler measurements of subjects according to diastolic function
Cardiac function Normal Diastolic dysfunction Abnormal relaxation Pseudonormal

N =91 N=141 N =57 N=283
Transmitral
E (m/s) 0.79 £+ 0.02 0.78 £+ 0.02 0.68 + 0.02* 0.83 + 0.02*
A (m/s) 0.71 + 0.02 0.92 + 0.02* 0.94 + 0.03* 0.90 + 0.02*
E/A ratio 1.15 + 0.06 0.89 + 0.03* 0.75 &+ 0.05* 0.94 £ 0.03*
IVRT (ms) 85+2 94 + 2* 96 + 2* 92 + 21
DT (ms) 184 + 3 229 + 5* 2711+ 7 203 + 4%
Pulmonary
Smax (M/s) 0.59 + 0.02 0.62 &+ 0.01 0.61 + 0.02 0.62 + 0.02
Dinax (M/s) 0.48 + 0.01 0.47 £ 0.01 0.41 £ 0.01° 0.50 £ 0.02
S/D ratio 1.29 + 0.04 1.4+ 0.04 1.54 + 0.07¢ 1.32 £ 0.06
AVihax (M/s) 0.31 + 0.01 0.32 £ 0.01 0.32 £ 0.01 0.34 £+ 0.01

E = early diastolic transmitral filling velocity, A = late/atrial contraction transmitral velocity, E/A ratio = early to late
transmitral filling ratio, IVRT = isovolumic relaxation time, DT = early diastolic transmitral filling deceleration time,
S = pulmonary venous systolic velocity, D = pulmonary venous diastolic velocity, S/D ratio = systolic to diastolic pulmonary
venous ratio, AVmax = pulmonary venous atrial reversal maximal velocity. p < 0.01, *p < 0.001 vs normal group. *p < 0.001 vs

abnormal relaxation group.

(= 60 yrs) significantly decreased TDE measure-
ments at £’ lat and E’ med. After adjustment for
age, sex and hypertension the difference in E (lat)
and E (med) between subjects with normal and
diastolic dysfunction remained highly significant
(p < 0.001) (Fig. 2).

TDE velocities showed a significant linear de-
crease with progressive diastolic dysfunction for
both annulli (Table 3). Similarly, the systolic TDE
velocities (S') were significantly reduced in the
pseudonormal group for both medial and lateral
annuli compared to the normal group. A significant
(p < 0.001) reduction for S’ at the medial annulus
was also found between abnormal relaxation and
pseudormal groups. The E/E’ ratios correlating
with left ventricular filling pressure showed a sta-
tistically significant linear increase for either
annuli with worsening diastolic dysfunction (Table
3). Conversely A’ velocities showed a parabolic
pattern and were significantly higher in the abnor-
mal relaxation group for both annuli and signifi-
cantly reduced for the pseudonormal group at the
medial annulus. This is a similar parabolic pattern
to that seen with transmitral peak A velocities
(Fig. 3). The E’' /A’ ratios also exhibited a parabolic
pattern at either annulus with the lowest ratio in
the abnormal relaxation group and subsequent
increase in the pseudonormal group (Table 3).

Diagnostic utility of tissue Doppler
echocardiography

Receiver operated curves (ROC) were generated
for E’ (lat) and E’ (med) ratios for the diagnosis of
any diastolic dysfunction (Fig. 4) with similar area

under curves (AUC) of 76%, however, the medial
annulus provided improved sensitivity and speci-
ficity for the diagnosis of diastolic dysfunction
compared to E’ (lat) at a cutoff of 11.4 cm/s. For

.16 4
E(lat) mean £ SEM

14 1

12

Norm <60 yr Norm >60yr DD <60yr DD >60 yr

16

15
14
A3 1

12 E(med) mean + SEM
A14

N
.09

Norm<60 yr  Norm >60yr DD <60yr DD >60 yr
| [—
Normal Diastolic Dysfn

*= p<0.001 vs Normal group < 60 yrs

Figure 2 Effects of age on myocardial tissue Dop-
pler velocities in subjects with normal and diastolic
dysfunction.
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Table 3 Tissue Doppler velocities at medial and lateral mitral annuli according to diastolic function

Cardiac function Normal Diastolic dysfunction Abnormal relaxation Pseudonormal
N =91 N = 141 N =57 N =283

E’ lateral (cm/s) 17.3 £ 0.5 13.3 £ 0.3* 12.8 + 0.4* 13.2 +£ 10.4*
E’ medial (cm/s) 13.9 £ 0.4 10.7 £ 0.3* 11.0 £ 0.5* 10.6 + 0.3*
A’ lateral (cm/s) 17.0 £ 0.6 18.7 + 0.5 20.8 £ 0.9* 17.9 £ 0.7
A’ medial (cm/s) 141+ 0.4 15.5 + 0.4 17.8 £ 0.9* 14.8 £ 0.7"
S’ lateral (cm/s) 14.0+ 0.4 12.1 +0.3¢ 12.8 + 0.6* 11.9 + 0.4¢
S’ medial (cm/s) 11.1 £0.3 10.5 £ 0.2 10.9 £ 0.5 10.3 £ 0.2™
E/E’ lateral 4.7+ 1.4 6.2 +£0.2* 5.7 £ 0.3 6.5 £ 0.2*"
E/E’ medial 5.9 +0.2 7.8 +0.3* 6.4 £ 0.4 8.5 + 0.4
E'/A’ lateral 1.10 £ 0.04 0.73 + 0.02* 0.64 + 0.03* 0.79 + 0.03*
E'/A" medial 1.010 + 0.04 0.73 £+ 0.03* 0.65 + 0.02* 0.77 £+ 0.04*

E’ lateral = lateral mitral annular early diastolic myocardial velocity, E' medial = medial mitral annular early diastolic
myocardial velocity, A’ lateral = lateral mitral annular atrial contraction diastolic myocardial velocity, A’ medial = medial mitral
annular atrial contraction diastolic myocardial velocity, S’ lateral = lateral mitral annular systolic myocardial velocity, S
medial = medial mitral annular systolic myocardial velocity. p < 0.05, 'p < 0.01, *p < 0.001 vs normal group. "p < 0.001 vs

abnormal relaxation group.

E/E" (lat) and E/E’ (med) the AUC was 68% and
70%, respectively (Fig. 5).
ROC curves were also constructed for E/E’ (lat)

and E/E’ (med) for the diagnosis of diastolic 34 « x

dysfunction and elevated filling pressures with 5 ] § . § §
improved AUC for the medial annulus (77% vs _ R e e o
79%, respectively). When compared to traditional 5 2] « x o x ok xg%) X o
Doppler measurements of E/A ratio and DT the @ ] e s e Sy x%&:. o
AUC for TDE measurements were significantly x Norm e 9%%%9@ o® ¢
improved. Indeed, when correcting for subjects T ooomn S Lk
aged over 60 yrs tissue Doppler measurements .05 ‘ ; ; © —

maintained AUC, whilst the AUC for E/A, E'/A’
(lateral) ratio and DT reduced, indicating reduced

diagnostic utility of these measurements in this ;g, X x Norm

O DDAbn
age group (Table 4). 231 * ) ® DDPseudo

In the diagnosis of diastolic dysfunction, an E’ 5 '1'5: * < xxx o g ©

lat velocity of <12 cm/s provided a sensitivity of 2 5] e K xx% PR
90%, specificity of 37% and positive predictive o124 i x.;*xx*' -‘g;‘p ¥ . o
value (PPV) of 59%. For an E’ lat of <13 cm/s 0';: - go? " %i!' g3 ©
the values were 80%, 52% and 63%, respectively. In 05 - MR Ch
comparison, an E’ med < 10 cm/s provided a sen- 03

sitivity of 89%, specificity of 52% and PPV of 65%,
for an E’ med < 11 cm/s these values were 78%,
67% and 70%, respectively (Table 5).

In the assessment of left ventricular filling
pressures and differentiation between a normal

1.6

141 x Norm

O DDAbn °

1.24 | ® DDPseudo

~ L e ooé)(;.@ oo®
and pseudonormal diastolic filling pattern at the § ] x &: ooé ofog &e
lateral annulus, an E/E’ ratio > 6 provides a sensi- < 8 o “»5;* b ve 39
tivity of 56%, specificity of 83% and PPV of 77%. An 81 T g f&; xo %
E/E' ratio > 7 provides values of 33%, 92% and 44 o Yo o
81%, respectively. In comparison at the medial 24

mitral annulus an E/E’ ratio > 7 provided a sensi-
tivity of 69%, specificity of 72% and PPV of 75%. An
E/E’ ratio > 8 provided values of 56%, 93% and
91%, respectively (Table 5).

Figure 3 E’ (lateral), E' (medial) and A peak vs age
and diastolic function.
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Figure 4 Receiver operated curve for E (lateral) and E
(medial) for the diagnosis of diastolic dysfunction.

Discussion

The classification of diastolic function on echocar-
diographic criteria can be difficult, with the
differentiation of normal from pseudonormal
diastolic dysfunction most problematic. Hence, a
variety of measurements for the diagnosis of
diastolic dysfunction have been used and include
transmitral and pulmonary venous profiles along
with hemodynamic maneuvers. However, obtain-
ing adequate pulmonary venous profiles and/or
a hemodynamic maneuver to unmask a pseudonor-
mal filling pattern may be difficult to achieve in all
subjects. Indeed, traditional Doppler and 2D as-
sessments of diastolic function, such as the Cana-
dian consensus are known to be semiquantitative
with poor concordance and requiring refinement,
yet continue to be applicable to studying large
numbers of subjects.?®?” Such refinement has
been advocated with a combined approach with
the inclusion of age related criteria and newer
modalities of color M Mode and TDE, with tradi-
tional Doppler.?®?°

In contrast to traditional Doppler methods, TDE
has the advantage that data is easily obtainable in
the majority of subjects and does not require
patient and sonographer education in hemody-
namic maneuvers. Previous studies with TDE have
recommended a variety of criteria and values for
the diagnosis of diastolic dysfunction including

E/E’ (lateral annulus)
Area under ROC curve = 0.6840
1 1 1
1.00+ =

0.75+ /FM
0.50 fﬁ
0.25+ -

0.00 ‘ N
0.00 0.25 0.50 0.75 1.00
1 - Specificity
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E/E’ (medial annulus)
Area under ROC curve = 0.6999
1 1 1
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0.75- - W -
> fw
=
® 0.50- i =
C
]
3 f
0.25- L
0.00]
T T T T T
0.00 0.25 0.50 0.75 1.00
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E/E’ = ratio of early transmitral diastolic filling peak velocity to peak early
diastolic myocardial tissue velocity

Figure 5 Receiver operated curves for E/E’ (lateral)
and E/E’ (medial) for the diagnosis of diastolic dys-
function.

Table 4 Area under curve measurements from
receiver operated curves for traditional and tissue
Doppler measurements for the differentiation of
normal and pseudonormal diastolic dysfunction

TTE measure AUC all AUC subjects
subjects (%) age > 60 (%)

E’ (lateral) 77 69

E’ (medial) 80 78

E/E' (lateral) 77 72

E/E’ (medial) 79 82

E'/A’ (lateral) 74 52

E'/A" (medial) 80 77

E/A ratio 74 67

Deceleration time 68 60

AUC = area under curve, E’' lateral = lateral mitral annular
early diastolic myocardial velocity, E' medial = medial
mitral annular early diastolic myocardial velocity, E/A
ratio = early to late transmitral filling ratio.
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Table 5 Diagnostic utility of tissue Doppler echocardiography in the diagnosis of diastolic dysfunction

Lateral Medial

E' <12cm/s E' <13cm/s E' <10cm/s E' <11cm/s
(i) Tissue Doppler E’ velocity in the diagnosis of diastolic dysfunction
Sensitivity (%) 90 80 89 78
Specificity (%) 37 52 52 67
PPV (%) 59 63 65 70

E/E' > 6cm/s E/E' > 7cm/s E/E' > 7cm/s E/E' > 8cm/s
(ii) E/E’ ratio in the assessment of filling pressures (normal vs pseudonormal)
Sensitivity (%) 56 33 69 56
Specificity (%) 83 92 72 93
PPV (%) 77 81 75 91

E’ = early diastolic myocardial tissue velocity, E/E’ = ratio of early transmitral diastolic filling peak velocity to peak early

diastolic myocardial tissue velocity.

taking an average or sum of multiple sites. Alter-
natively cutoff values have been suggested accord-
ing to the site sampled i.e. E’ med < 8—-10cm/s,
with some investigators including the E’ /A’ ratio in
the diagnosis of diastolic dysfunction to improve
sensitivity and specificity. The initial validation
studies correlating invasive hemodynamic mea-
surement of filling pressure with TTE findings
found lower TDE velocities across all groupings
(normal and diastolic dysfunction) for both sites
when compared to our results.’ """ They also
found a correlation between high filling pressures,
diastolic dysfunction and an E/E’ ratio > 10—15.
In this study, TDE velocities were measurable in
all subjects assessed. We found that TDE myocar-
dial velocities were significantly reduced with
ageing and worsening grades of diastolic dysfunc-
tion. However, after adjustment for age the differ-
ences in TDE velocities between subjects with
normal and those with diastolic dysfunction re-
mained highly significant (p < 0.001) for either
annulus. Furthermore TDE velocities exhibited
a unimodal, linear pattern compared to the para-
bolic pattern of traditional Doppler methods.
Our data also shows that when comparing E’ med
and E’ lat, the former has lower TDE velocities
and provides better diagnostic utility for the di-
agnosis of diastolic dysfunction at the medial
annulus using E’ velocities and E'/A’ ratio. In the
differentiation of normal from elevated filling
pressure curves the medial annulus provides better
utility as assessed by AUC from ROC. This is likely
to be due to the fact that E’ med is less affected
by translational movement of the heart due to the
apex being relatively fixed throughout the cardiac
cycle. In addition, Doppler beam angle errors
are less likely to occur since the motion of the
base of the heart is in an axial plane and parallel
to the Doppler cursor when compared to sampling

for the lateral annulus. E’ lat myocardial velocities
may also be affected by myocardial ischaemia
and/or infarction, which is less likely to occur
at E’ med. Indeed, a recent invasive hemodynamic
study in normal healthy volunteers showed
that E' med TDE velocities in subjects with
preserved LV systolic function have a good corre-
lation with LV filling pressure, whilst E’ lat do
not.3°

Our results show that high filling pressures were
detectable at a lower E/E’ ratio than previously
published reports. The likely cause for this dis-
crepancy is almost entirely due to the higher TDE
velocities measured resulting in lower E/E’ ratios.
For example, in our study a subject with normal
diastolic function and a subject with pseudonormal
diastolic dysfunction had a mean E' med of 14 cm/s
and 11 cm/s, respectively. In the study by Sohn
et al."" using E’ med, these velocities were found
to be 10cm/s and 8.5 cm/s, respectively. The
higher TDE velocities recorded in our study may
result from a variety of reasons. Firstly, the initial
validation studies of TDE were performed upon
symptomatic patients with known cardiac disease
undergoing invasive cardiac procedures in the
supine rather than lateral decubitus position.'""”
In addition, a large percentage of subjects with
diastolic dysfunction in these studies also had
reduced systolic function, which is known to re-
duce myocardial velocities.'® However, in our co-
hort only 20% of subjects had systolic dysfunction,
which is likely to be a realistic representation of
referral patterns to echocardiography labs. In-
deed, previous studies have shown that subjects
with combined LV systolic and diastolic dysfunc-
tion have a better correlation between LV filling
pressures and E/E’' ratios than those with pre-
served systolic function.'? In contrast our group of
subjects had predominantly normal LV systolic

ST0Z ‘0T AelN uo 1s8nb Aq wouy papeojumod



Lateral vs medial mitral annular tissue Doppler in echocardiography 105

function without known cardiac disease and stud-
ies were performed in the left lateral decubitus
position. Other reasons for this discrepancy in
velocities measured may include technical factors
relating sample gate size and positioning of PW
gate i.e. myocardium vs true annulus. Recently
published studies have documented myocardial
tissue velocities with values similar to that ob-
tained in this study in subjects with normal LV
systolic function.® 3!

In patients with diastolic and systolic heart
failure it is known that in the longitudinal left
ventricular axis systolic TDE velocities are de-
creased.>>* In our cohort we found a trend to
lower systolic velocities at the medial annulus with
worsening diastolic function and a statistically
significant reduction in velocities at the lateral
annulus. This is consistent with previous studies in
subjects with isolated diastolic dysfunction and
not diastolic heart failure.??

Clinical applications

To date, there have been limited studies on the
use of TDE in subjects with normal systolic func-
tion, and this study is a large series showing its
utility in the non-invasive assessment of LV filling
pressures and diastolic function. In the echocar-
diographic assessment of diastolic function the
currently recommended approach involves tradi-
tional 2D, Doppler and Valsalva methods combined
with newer modalities of tissue Doppler and color
M Mode.?®2° Qur results provide important infor-
mation on the relative use of E’ med and E’ lat in
TDE measurements. Whilst the E’ lat may be used,
we suggest that £’ med provides better diagnostic
utility. In addition, with increasing age and wors-
ening LV systolic function it may be prudent to
lower the diagnostic range for TDE velocity with
a subsequent increase in the diagnostic range for
the E/E’ ratio.

Study limitations

In this study, diastolic function was classified
according to established echocardiographic crite-
ria but no invasive hemodynamic measurements
were performed. However, the effect of loading
conditions was assessed by the Valsalva maneuvre,
which has been shown to be an effective non-
invasive means of determining LV filling pres-
sure.'®20:22 Fyrthermore other investigators have
shown a strong correlation between TDE mea-
surements and invasively assessed LV filling
pressures.’1°

Conclusion

Myocardial velocities obtained with TDE in conjunc-
tion with traditional Doppler methods provide an
important non-invasive means of assessing diastolic
function and filling pressures in man. Myocardial
velocities are reduced with increasing age, dias-
tolic and systolic dysfunction. These measurements
are easily obtained with pulse wave Doppler tech-
niques compared to pulmonary venous profiles.
Either annulus may be used, but the medial mitral
annulus provides better diagnostic utility.

References

1. Zile MR, Brutsaert DL. New concepts in diastolic dysfunction
and diastolic heart failure: Part I: diagnosis, prognosis, and
measurements of diastolic function. Circulation 2002;105:
1387-93.

2. Redfield MM, Jacobsen SJ, Burnett Jr JC, Mahoney DW,
Bailey KR, Rodeheffer RJ. Burden of systolic and diastolic
ventricular dysfunction in the community: appreciating the
scope of the heart failure epidemic. JAMA 2003;289:194—
202.

3. Appleton CP, Firstenberg MS, Garcia MJ, Thomas JD. The
echo-Doppler evaluation of left ventricular diastolic
function. A current perspective. Cardiol Clin 2000;18:513—
46, ix.

4. Nishimura RA, Tajik AJ. Evaluation of diastolic filling of left
ventricle in health and disease: Doppler echocardiography is
the clinician’s Rosetta Stone. J Am Coll Cardiol 1997;30:8—
18.

5. Tak T, Choudhary RS, Chatterjee S, Widerhorn J,
Rahimtoola SH, Chandraratna PA. Effect of loading
conditions on Doppler-derived transmitral flow indices in
normal subjects and patients with coronary artery disease.
Echocardiography 1992;9:467—74.

6. Nishimura RA, Abel MD, Hatle LK, Holmes Jr DR,
Housmans PR, Ritman EL, et al. Significance of Doppler
indices of diastolic filling of the left ventricle: comparison
with invasive hemodynamics in a canine model. Am Heart J
1989;118:1248—-58.

7. Rakowski H, Appleton C, Chan KL, Dumesnil JG, Honos G,
Jue J, et al. Canadian consensus recommendations for the
measurement and reporting of diastolic dysfunction by
echocardiography: from the investigators of consensus on
diastolic dysfunction by echocardiography. J Am Soc
Echocardiogr 1996;9:736—60.

8. Farias CA, Rodriguez L, Garcia MJ, Sun JP, Klein AL,
Thomas JD. Assessment of diastolic function by tissue
Doppler echocardiography: comparison with standard trans-
mitral and pulmonary venous flow. J Am Soc Echocardiogr
1999;12:609—17.

9. Waggoner AD, Bierig SM. Tissue Doppler imaging: a useful
echocardiographic method for the cardiac sonographer to
assess systolic and diastolic ventricular function. J Am Soc
Echocardiogr 2001;14:1143—52.

10. Garcia MJ, Thomas JD. Tissue Doppler to assess diastolic left
ventricular function. Echocardiography 1999;16:501—8.

11. Sohn DW, Chai IH, Lee DJ, Kim HC, Kim HS, Oh BH, et al.
Assessment of mitral annulus velocity by Doppler tissue

ST0Z ‘0T Ae uo 1senb Ag woly papeojumod



106

P.M. Srivastava et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

imaging in the evaluation of left ventricular diastolic
function. J Am Coll Cardiol 1997;30:474—80.

Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK,
Redfield MM, et al. Clinical utility of Doppler echocardiog-
raphy and tissue Doppler imaging in the estimation of left
ventricular filling pressures: a comparative simultaneous
Doppler-catheterization study. Circulation 2000;102:1788—
94.

Nishimura RA, Appleton CP, Redfield MM, Ilstrup DM, Holmes
Jr DR, Tajik AJ. Noninvasive Doppler echocardiographic
evaluation of left ventricular filling pressures in patients
with cardiomyopathies: a simultaneous Doppler echocar-
diographic and cardiac catheterization study. J Am Coll
Cardiol 1996;28:1226—33.

Nagueh SF, Mikati |, Kopelen HA, Middleton KJ, Quinones MA,
Zoghbi WA. Doppler estimation of left ventricular filling
pressure in sinus tachycardia. A new application of tissue
Doppler imaging. Circulation 1998;98:1644—50.

Price DJ, Wallbridge DR, Stewart MJ. Tissue Doppler
imaging: current and potential clinical applications. Heart
2000;84(Suppl. 2):11-8.

Garcia MJ, Thomas JD, Klein AL. New Doppler echocardio-
graphic applications for the study of diastolic function.
J Am Coll Cardiol 1998;32:865—75.

Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA,
Quinones MA. Doppler tissue imaging: a noninvasive tech-
nique for evaluation of left ventricular relaxation and
estimation of filling pressures. J Am Coll Cardiol 1997;30:
1527-33.

Dumesnil JG, Gaudreault G, Honos GN, Kingma Jr JG. Use of
Valsalva maneuver to unmask left ventricular diastolic
function abnormalities by Doppler echocardiography in
patients with coronary artery disease or systemic hyper-
tension. Am J Cardiol 1991;68:515—9.

Brunner-La Rocca HP, Attenhofer CH, Jenni R. Can the
extent of change of the left ventricular Doppler inflow
pattern during the Valsalva maneuver predict an elevated
left ventricular end-diastolic pressure? Echocardiography
1998;15:211-8.

Rocca HP, Rickli H, Attenhofer Jost CH, Jenni R. Left
ventricular end-diastolic pressure can be estimated by
either changes in transmitral inflow pattern during Valsalva
maneuver or analysis of pulmonary venous flow. J Am Soc
Echocardiogr 2000;13:599—607.

Schwengel RH, Hawke MW, Fisher ML, Gottlieb SS,
Plotnick GD. Abnormal Valsalva blood pressure response in
dilated cardiomyopathy: association with “pseudonormali-
zation” of echocardiographic Doppler transmitral filling
velocity pattern. Am Heart J 1993;126:1182—6.

Hurrell DG, Nishimura RA, Ilstrup DM, Appleton CP. Utility of
preload alteration in assessment of left ventricular filling
pressure by Doppler echocardiography: a simultaneous
catheterization and Doppler echocardiographic study.
J Am Coll Cardiol 1997;30:459—67.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Henry WL, DeMaria A, Gramiak R, King DL, Kisslo JA,
Popp RL, et al. Report of the American Society of
echocardiography committee on nomenclature and stand-
ards in two-dimensional echocardiography. Circulation
1980;62:212—7.

Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R,
Feigenbaum H, et al. Recommendations for quantitation of
the left ventricle by two-dimensional echocardiography.
American Society of Echocardiography Committee on Stand-
ards, Subcommittee on  Quantitation of Two-
Dimensional Echocardiograms. J Am Soc Echocardiogr
1989;2:358—67.

Gardin JM, Adams DB, Douglas PS, Feigenbaum H, Forst DH,
Fraser AG, et al. Recommendations for a standardized
report for adult transthoracic echocardiography: a report
from the American Society of Echocardiography’s Nomen-
clature and Standards Committee and Task Force for
a Standardized Echocardiography Report. J Am Soc Echo-
cardiogr 2002;15:275-90.

Yamada H, Goh PP, Sun JP, Odabashian J, Garcia MJ,
Thomas JD, et al. Prevalence of left ventricular diastolic
dysfunction by Doppler echocardiography: clinical applica-
tion of the Canadian consensus guidelines. J Am Soc
Echocardiogr 2002;15:1238—44.

Petrie MC, Hogg K, Caruana L, McMurray JJ. Poor concor-
dance of commonly used echocardiographic measures of
left ventricular diastolic function in patients with suspected
heart failure but preserved systolic function: is there
a reliable echocardiographic measure of diastolic dysfunc-
tion? Heart 2004;90:511—7.

De Boeck BW, Cramer MJ, Oh JK, van der Aa RP, Jaarsma W.
Spectral pulsed tissue Doppler imaging in diastole: a tool
to increase our insight in and assessment of diastolic
relaxation of the left ventricle. Am Heart J 2003;146:
411-9.

Khouri SJ, Maly GT, Suh DD, Walsh TE. A practical approach
to the echocardiographic evaluation of diastolic function.
J Am Soc Echocardiogr 2004;17:290—7.

Firstenberg MS, Levine BD, Garcia MJ, Greenberg NL,
Cardon L, Morehead AJ, et al. Relationship of echocardio-
graphic indices to pulmonary capillary wedge pressures in
healthy volunteers. J Am Coll Cardiol 2000;36:1664—9.
Garcia-Fernandez MA, Azevedo J, Moreno M, Bermejo J,
Moreno R. Regional left ventricular diastolic dysfunction
evaluated by pulsed-tissue Doppler echocardiography.
Echocardiography 1999;16:491—500.

Yu CM, Lin H, Yang H, Kong SL, Zhang Q, Lee SW. Progression
of systolic abnormalities in patients with “isolated” di-
astolic heart failure and diastolic dysfunction. Circulation
2002;105:1195—-201.

Yip G, Wang M, Zhang Y, Fung JW, Ho PY, Sanderson JE. Left
ventricular long axis function in diastolic heart failure is
reduced in both diastole and systole: time for a redefinition?
2002;87:121-5.

ST0Z ‘0T Ae uo 1senb Ag woly papeojumod



	Lateral vs medial mitral annular tissue Doppler in the echocardiographic assessment of diastolic function and filling ...
	Background
	Methods
	Definitions
	Echocardiography

	Statistical analysis
	Results
	Clinical characteristics
	Traditional Doppler measurements
	Tissue Doppler echocardiography measurements
	Diagnostic utility of tissue Doppler echocardiography

	Discussion
	Clinical applications
	Study limitations

	Conclusion
	References


