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Tissue Doppler imaging is an echocardiographic technique that directly
measures myocardial velocities. Diastolic tissue Doppler velocities
reflect myocardial relaxation, and in combination with conventional
Doppler measurements, ratios (transmitral early diastolic
velocity/mitral annular early diastolic velocity [E/Ea]) have been devel-
oped to noninvasively estimate left ventricular (LV) filling pressure.
Consequently, mitral E/Ea can help to establish the presence of clinical
congestive heart failure in patients with dyspnea. However, E/Ea has a
significant ‘gray zone’, and is not well validated in nonsinus rhythm
and mitral valve disease. B-type natriuretic peptide (BNP) is a protein
released by the ventricles in the presence of myocytic stretch, and has
been correlated to LV filling pressure and, independently, to other car-
diac morphological abnormalities. In addition, BNP is significantly
affected by age, sex, renal function and obesity. Given its correlation
with multiple cardiac variables, BNP has high sensitivity, but low
specificity, for the detection of elevated LV filling pressures. Taking
into account the respective strengths and limitations of BNP and
mitral E/Ea, algorithms combining them can be used to more accu-
rately estimate LV filling pressures in patients presenting with dyspnea.
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Lassociation de I’imagerie Doppler tissulaire et
de la mesure du peptide natriurétique de type B
dans I’évaluation de la pression de remplissage
du ventricule gauche : Analyse documentaire
et recommandations cliniques

Limagerie Doppler tissulaire est une technique d’échocardiographie qui mesure
directement les vitesses myocardiques. Les vitesses Doppler tissulaires
diastoliques sont un reflet du degré de relaxation du myocarde, et leur
association a des mesures Doppler classiques a donné lieu a I'élaboration de
rapports (vitesse protodiastolique transmitrale/vitesse protodiastolique
annulaire mitrale [VP/VPA]) permettant d’évaluer de facon non effractive la
pression de remplissage du ventricule gauche (VG). Le rapport VP/VPA mitral
peut donc aider a déterminer la présence d'insuffisance cardiaque congestive
clinique chez des patients dyspnéiques. Cependant, le rapport VP/VPA est
associé A une grande « zone grise », et son utilisation n’est pas vraiment validée
dans les cas de rythme non sinusal et de valvulopathie mitrale. De son coté, le
peptide natriurétique de type B (PNB) est une protéine libérée par les
ventricules lorsqu'il y a étirement des myocytes et il est corrélé avec la pression
de remplissage du VG et, de facon indépendante, avec d’autres anomalies
morphologiques du cceur. De plus, le PNB est grandement influencé par I'age,
le sexe, le fonctionnement rénal et I'obésité. Comme il est en corrélation avec
de nombreuses variables cardiaques, le PNB a une forte sensibilité mais une
faible spécificité pour la détection de pressions élevées de remplissage du VG.
Compte tenu des atouts et des lacunes du PNB et du VP/VPA mitral, il est
possible d’appliquer des algorithmes associant les deux mesures afin d’évaluer
plus précisément qu'on le fait aujourd’hui les pressions de remplissage du VG
chez des patients dyspnéiques.

yspnea is a common presenting symptom in patients seeking
Dmedical attention. However, determining the exact cause of
dyspnea in a given patient can prove to be difficult, especially in
patients with a noncardiac cause of dyspnea in the setting of
known cardiac disease. Although invasively measured left ventric-
ular (LV) filling pressure is the reference standard for establishing
that pulmonary venous pressure elevation is contributing to symp-
toms of dyspnea in a given patient, it is not clinically feasible to
subject all patients presenting with dyspnea to cardiac catheteriza-
tion. Therefore, noninvasive methods of estimating LV filling
pressures — B-type natriuretic peptide (BNP) measurement and
the tissue Doppler (TD)-derived transmitral early diastolic/annu-
lar velocity ratio (E/Ea) — have attracted attention. Both BNP and
mitral E/Ea possess important strengths and limitations.
Therefore, in certain clinical scenarios, combining these indexes
is superior to using either in isolation. However, there has been, to
date, no clear consensus on the optimal clinical use of BNP and
E/Ea in patients presenting with dyspnea. Therefore, the present

paper comprehensively reviews the current literature on BNP and
E/Ea, and makes clinical recommendations on the optimal use of
these variables in patients with dyspnea and suspected congestive

heart failure (CHF).

A BRIEF HISTORY OF TD IMAGING
TD imaging of the heart is a Doppler technique that measures the
frequency of ultrasound returning from moving myocardium to
estimate the velocity of the myocardial wall. In 1989, Isaaz et al
(1) were the first to describe clinical applications of TD in cardiac
disease, demonstrating that low myocardial velocities at the poste-
rior mitral annulus correlated with abnormal posterior wall
motion on LV angiography. Gulati et al (2) demonstrated in 1996
that TD systolic mitral annular velocities correlated with global
LV ejection fraction (EF), as assessed by radionuclide ventriculog-
raphy. It was then shown that TD-derived Ea correlated with the
invasively measured LV time constant of relation (Tau), establish-
ing Ea as a relatively load-independent measure of myocardial
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Figure 1) A Tissue Doppler velocities in a patient with a normal heart. Both systolic annular velocity (Sa) and early diastolic annular velocity (Ea)
are greater than 10 cm/s, indicating normal myocardial contractility and relaxation. B Tissue Doppler velocities in a patient with cardiac disease but
normal left ventricular ejection fraction. Note that both the Sa and Ea are approximately 5 cm/s, indicating severely depressed myocardial velocities.
This patient had a left ventricular ejection fraction of 64%, demonstrating myocardial disease in the presence of a normal ejection fraction. Spectral
broadening (dashed arrow) can result in overestimation of tissue Doppler wvelocities; thus, Doppler gains must be minimized. Aa Late diastolic
myocardial velocity; IVC Isovolumic contraction velocity; IVR Isovolumic relaxation velocity

relaxation in patients with cardiac disease (3). Using spectral TD
imaging for patients 50 years of age or older, impaired myocardial
relaxation is generally present when Ea is less than 10 cm/s and
severely impaired when Ea is less than 6 cm/s (4). Figure 1 shows
the typical appearance of TD velocities at the mitral annulus in a
patient with a normal heart, and in a patient with cardiac disease

but normal LVEE

TD for the assessment of diastolic function and estimation of
LV filling pressures

According to Starling’s Law, in patients with normal myocardial
relaxation, increases in cardiac preload are absorbed by a normally
elastic LV, resulting in an increase in stroke volume and mainte-
nance of normal left atrial (LA) pressures. However, in impaired
relaxation, the LV is unable to accommodate increases in volume,
resulting in an increase in LA pressure (5). Thus, given its ability
to accurately measure myocardial relaxation relatively independ-
ently of LV filling pressures in patients with cardiac disease, Ea can
be used to noninvasively assess LV relaxation (3). Given that Ea is
virtually always depressed in patients with depressed LVEF, when
transmitral E is greater than late transmitral diastolic flow (A), it
can be assumed that there is elevated LV pressure (pseudonormal
pattern) (6). However, with preserved LVEEF, Ea is needed to deter-
mine whether the LV has normal diastolic suction, and hence,
normal LA pressures (normal Ea velocity-normal filling pattern),
or abnormal relaxation and elevated LA pressures (depressed Ea
velocity-pseudonormal filling pattern) to determine the meaning
of an E/A ratio greater than 1 in a given patient (6).

Given that peak transmitral pulsed Doppler velocity (E) varies
markedly with volume, but Ea does not in patients with cardiac
disease, dividing E by Ea forms an index of volume load, corrected
to myocardial relaxation (3,7-10). Nagueh et al (9) first demon-
strated that E/Ea correlated well (r=0.87, P<0.001) with pul-
monary capillary wedge pressure using the lateral mitral annulus
for the measurement of Ea. Ommen et al (10) demonstrated that
E/Ea (using the mitral septal annulus) had a reasonable correlation
(r=0.64, P<0.001) with mean LV diastolic pressures in patients
referred for left heart catheterization (10). Mitral E/Ea has since
been used in multiple patient populations to noninvasively esti-
mate LV filling pressures in patients with cardiac disease. The
main clinical uses of TD imaging are summarized in Table 1.
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Limitations of the use of mitral E/Ea for the estimation of LV
filling pressure and as an aid in the diagnosis of clinical CHF
The accuracy of E/Ea for estimating LV filling pressure appears to
be better in patients with depressed LVEF (less than 50%) than in
patients with preserved LVEF (50% or greater). In a study of
71 patients undergoing cardiac catheterization (11), E/Ea had a
significant correlation (r=0.80) with LV filling pressure in patients
with LVEF less than 50% compared with a significant, but lower,
correlation of 0.57 in patients with LVEF 50% or greater. There
have also been varying data on which mitral annulus to use for the
measurement of Ea in the apical four-chamber view. Given that
the septal myocardial velocities are generally lower than the lateral
velocities, an E/Ea of 12 or greater at the lateral mitral annulus
and an E/Ea of 15 or greater at the septal annulus reflect elevated
LV filling pressures (9-11). Particularly when regional wall motion
abnormalities are present, the laboratory at the Baylor College of
Medicine (Houston, USA) generally averages the Ea from the
septal and lateral mitral annuli, with an E/Ea of 15 or greater
reflecting elevated LV filling pressures (12).

E/Ea has not been validated in patients with severe mitral
annular calcification, mitral stenosis or a prosthetic mitral valve.
In the setting of significant mitral regurgitation, initial reports
have indicated that E/Ea can be used to estimate LV filling pres-
sure (13). In addition, in patients with paced rhythm, mitral E/Ea
can be difficult to measure and has not been validated for LV fill-
ing pressure estimation. In patients with atrial fibrillation, one
group (14) has demonstrated that mitral E/Ea correlates (r=0.79)
with invasively measured LV filling pressure (P<0.001), assuming
that velocities from 10 cardiac cycles are averaged. However, in
atrial fibrillation, we find that shortened mitral E acceleration and
deceleration times are as valuable as E/Ea in predicting elevated
filling LV filling pressures (15).

Importantly, there is evidence suggesting a ‘gray zone’ when
using E/Ea for the estimation of LV filling pressures. In general, an
an E/Ea of 15 or greater suggests a pulmonary capillary wedge pres-
sure of 15 mmHg or more, while an E/Ea of 10 or less suggests a
pulmonary capillary wedge pressure of less than 15 mmHg (9).
However, for patients with an E/Ea from 11 to 14, it can be diffi-
cult to accurately estimate LV filling pressures using E/Ea alone. In
such a scenario, a normal LA volume index (less than 32 mL/m?)
is relatively specific for normal LV filling pressures (16). In
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TABLE 1

Evaluating LV filling pressures

Summary of key information provided by tissue Doppler imaging

Variable Physiological meaning

Clinical use

Systolic annular
velocity (Sa)

contractile function, while Sa <5 cm/s indicates severely

impaired contractile function
Early diastolic annular
velocity (Ea)

myocardial relaxation, an Ea <10 cm/s reflects impaired
myocardial relaxation and an Ea <5 cm/s reflects severely

impaired myocardial relaxation
Transmitral early
diastolic velocity/tissue
Doppler Ea (E/Ea)

measure of left ventricular filling pressure

Sa is a more direct measure of myocardial systolic contractile
function than ejection fraction alone. Sa =10 cm/s indicates
normal contractile function, Sa <10 cm/s indicates impaired

Ea has been correlated to the invasively measured time
constant of relaxation (Tau), thus providing a measure of
myocardial relaxation. An Ea >10 cm/s reflects normal

Dividing E by Ea results in a ratio (E/Ea) that reflects left
ventricular filling pressure. It should be noted that in patients
with completely normal hearts (ie, normal structure, function
and tissue Doppler indexes), the E/Ea is not a reliable

While Sa is always depressed in the setting of abnormally
depressed ejection fraction, a depressed Sa can reflect
myocardial disease in the setting of normal ejection fraction
(eg, hypertrophic cardiomyopathy)

Ea distinguishes a normal transmitral filling pattern (normal
relaxation with normal left ventricular filling pressures) from a
pseudonormal pattern (impaired relaxation with elevated left
ventricular filling pressures), because both of these are seen as
transmitral early diastolic velocity > late diastolic velocity (E>A)
on the transmitral filling profile

An E/Ea <10 indicates normal left ventricular filling pressures,
while an E/Ea >15 indicates elevated left ventricular filling
pressures. An E/Ea from 11 to 14 is a gray zone, in which
case other variables are needed to determine whether left
ventricular filling pressures are elevated (see Table 2)

TABLE 2
Important limitations of tissue Doppler variables

Variable Limitations

Doppler angulation
error of myocardial velocities

Which annulus:
septal or lateral?

The vector of the Doppler sample volume must deviate <20° from vector of myocardial motion to avoid significant underestimation

Given that early diastolic annular velocity (Ea) at the septal annulus is lower than Ea at the lateral annulus, the early diastolic velocity to
Ea (E/Ea) ratio at the septal annulus is almost always higher than E/Ea at the lateral annulus. Ea at both annuli can be averaged to

calculate E/Ea, especially in patients with regional wall motion abnormalities. Thus, E/Ea (septal) >15, E/Ea (lateral) >12 and E/Ea

(average) >15 can be used to reflect elevated left ventricular filling pressures

Preserved ejection
fraction (>50%)
versus normal hearts

ejection fraction

E/Ea ‘gray zone’

In general, E/Ea is more accurate in estimating left ventricular filling pressures in patients with depressed, rather than preserved,

An E/Ea between 11 and 14 is a gray zone, in which case other variables are needed to accurately estimate left ventricular filling pressure:

left atrial volume indexed to body surface area (a normal volume, <32 mL/m?2, effectively rules out significant left atrial pressure

elevation), pulmonary venous flow profile (systolic wave > diastolic wave, implying normal left ventricular filling pressures) and B-type
natriuretic peptide (a level <50 pg/mL effectively excluding elevated left ventricular filling pressure)

Clinical situations in
which E/Ea has not
been well validated

The E/Ea is not generally used in patients with severe mitral annular calcification, mitral stenosis and mitral prosthetic valves. In patients
with hemodynamically significant mitral regurgitation and in patients with atrial fibrillation, caution must be used when using E/Ea (see
text). The E/Ea has not been validated in paced rhythm

addition, given that the gray zone of the mitral E/Ea can be fre-
quently encountered in clinical practice, BNP can be added to the
equation to more accurately rule in or rule out LV filling pressure
elevation. The limitations of using TD in patients to assess dias-
tolic function are summarized in Table 2.

BNP for the estimation of LV filling pressures

Given that BNP is a protein released from the cardiac ventricles in
response to myocytic stretch, elevated LV diastolic pressures cause
elevation of plasma BNP (17). Although a significant correlation
(r=0.72) has been shown between BNP and pulmonary capillary
wedge pressure in patients with depressed LVEF and CHF (18),
there are important limitations to consider. In patients with
advanced systolic CHF admitted to hospital who had markedly
elevated wedge pressure and marked elevation of BNP, after intra-
venous diuresis and afterload reduction, wedge pressure returned
to normal (less than 15 mmHg), but BNP remained markedly ele-
vated (18). Thus, the underlying cardiac structural derangements
that were unchanged by diuresis caused persistent elevation in
BNP levels, despite normalization of wedge pressure. In another

Can J Cardiol Vol 23 No 12 October 2007

study of 72 patients with symptomatic LV dysfunction (19), BNP
had a significant but modest correlation (r=0.57) with LV end
diastolic pressure. In critical care patients with indwelling pul-
monary artery catheters, our group demonstrated (20) a weak cor-
relation (r=0.32) between BNP level and pulmonary capillary
wedge pressure. In a study by Forfia et al (21) measuring peptide
levels in a heterogeneous group of 40 critical care patients who
had invasive measurement of pulmonary capillary wedge pressure,
concentrations of BNP (median 420 pg/mL) and N-terminal
proBNP (NT-proBNP) (median 3304 pg/mL) were markedly ele-
vated; however, both BNP (r=0.40) and NT-proBNP (r=0.32) had

weak correlations with pulmonary capillary wedge pressure.

BNP as an aid in the clinical diagnosis of CHF

BNP has been also used to detect CHF in outpatients with dysp-
nea (22) and clinical CHF in patients presenting emergently with
dyspnea (23). In a multicentre trial of 1586 patients presenting to
the emergency department with acute dyspnea (23), BNP levels
greater than 80 pg/mL had a sensitivity of 93% and a specificity
of 74% for identifying clinical CHF based on the Framingham
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criteria. Higher cut-off values of BNP had higher specificity, but
lower sensitivity for the diagnosis of CHF, while lower BNP cut-off
values had higher sensitivity but lower specificity for CHE In gen-
eral, the ‘sicker’ the patient population, and the higher the preva-
lence of cardiac disease, the higher the BNP cut-off is needed to
rule in (or out) CHF as the cause of dyspnea. For instance, in
163 patients admitted to hospital for suspected CHF, the best cut-
off value of BNP for the clinical diagnosis of CHF was greater than
300 pg/mL, with a sensitivity of 88% and a specificity of 87%; to
rule out CHF with 93% accuracy, a BNP level greater than
80 pg/mL was needed (24).

BNP versus NT-proBNP

NT-proBNP is the amino terminal fragment of the BNP molecule,
and has also been used to reflect elevated LV filling pressures and
support the diagnosis of CHF in patients presenting with dyspnea.
In a pooled analysis of 1256 patients with dyspnea (25), an NT-
proBNP level of less than 300 pg/mL had a 98% negative predic-
tive value to exclude acute CHF (with a specificity of 60%).
Similar to the findings for BNP, Joung et al (26) compared inva-
sively measured LV filling pressures to NT-proBNP levels in
214 patients referred for diagnostic angiography, finding that there
were significant, but weak, correlations of NT-proBNP levels with
LV end-diastolic pressure (r=0.33) and LV preatrial contraction
pressure (r=0.31).

Although both natriuretic peptides are affected by renal func-
tion, NT-proBNP may be more significantly affected by renal
impairment than BNP. In the study by Forfia et al (21), both natri-
uretic peptide levels were four times greater in patients with
impaired (estimated glomerular filtration rate of less than
60 mL/min/1.73 m?) versus normal renal function, despite similar
wedge pressure, cardiac index and LVEE In addition, both BNP
and NT-proBNP showed stronger correlations with pulmonary
capillary wedge pressure in patients with preserved (BNP r=0.58,
NT-proBNP r=0.73) compared with impaired renal function
(BNP r=0.48, NT-proBNP r=0.34). However, overall, studies of
NT-proBNP show relative comparability with BNP, although dif-
ferent cut-off values are necessary to rule in or rule out elevated LV
filling pressures.

Limitations of BNP for the estimation of LV filling pressure
and as an aid in the diagnosis of clinical CHF
Because multiple cardiac factors, independent of LV filling pres-
sure, can cause BNP elevations (depressed LVEF, increased LV
mass, depressed right ventricular [RV] function, elevated pul-
monary artery pressure, significant mitral regurgitation and signifi-
cant aortic stenosis), BNP elevation alone does not point to
elevation of LV filling pressures per se, but to a significant func-
tional or morphological cardiac abnormality (20,26-31). In addi-
tion, severe systemic syndromes, such as sepsis, can produce
elevated BNP levels in the absence of CHE A recent study (32)
demonstrated that in 249 critically ill patients, patients with CHF
confirmed by invasive hemodynamic measurements had BNP and
NT-proBNP levels comparable with those of patients with sepsis,
who did not have invasive hemodynamic evidence of CHE
Studies (33-34) have also shown that significant BNP eleva-
tions can occur in acute pulmonary embolism without any evi-
dence of LV heart failure. In addition, elevation of BNP has
prognostic importance in pulmonary embolism; in one study
(33), a BNP level of less than 21.7 pg/mmol excluded fatal pul-
monary embolism with 99% accuracy, while a second study (34)
demonstrated that a BNP level of less than 50 pg/mmol excluded
an adverse outcome from acute pulmonary embolism with 95%
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accuracy. Similar findings were made with NT-proBNP levels in
patients with acute pulmonary embolism (35). Therefore, being
released by RV dysfunction in the absence of LV dysfunction, BNP
elevations do not always suggest the presence of LV failure.

In patients with atrial fibrillation, there is conflicting evidence
on the use of BNP to reflect LV filling pressure elevation. Some
studies have demonstrated that atrial fibrillation can cause elevated
BNP levels (36), whereas others have demonstrated that atrial fib-
rillation in isolation does not cause BNP elevation (37). Another
potential limitation to the use of BNP is in patients who are obese
(body mass index of 30 kg/m? or greater). Various studies (38-42)
have demonstrated that BNP (and NT-proBNP) levels are lower in
obese patients, with and without heart failure, than in nonobese
comparators. The mechanisms behind lower circulating BNP levels
in obese patients are unclear, but may include decreased production
combined with increased clearance of BNP. Nevertheless, some
investigators have suggested significantly lower BNP cut-off values
in obese patients to indicate the presence of CHEF, although there
has been no consensus on which levels are appropriate (43).

BNP and NT-proBNP levels also appear to also be affected by
sex and age. In a cohort of normal patients identified from the
Olmsted county database (44), BNP measured using the commonly
used Biosite assay (Biosite Inc, USA) was 80% greater in women
than in men, and increased progressively with age (by roughly
10 pg/mL per decade). Similarly, data on normal patients from the
same population revealed that NT-proBNP levels were approxi-
mately three times greater in women than men, also increasing by
approximately 10 pg/mL to 20 pg/mL per decade (45).

Overall, because BNP is elevated by multiple cardiac abnor-
malities, independent of LV filling pressure, BNP has a very high
sensitivity, but low specificity, for elevated LV filling pressures. In
addition, important patient factors such as age, sex, renal function
and obesity affect BNP (and NT-proBNP) levels. Given such lim-
itations, there has been interest in combining BNP with the E/Ea
to more accurately assess LV filling pressures.

Combining BNP and TD in the assessment of LV filling pressures
There are relatively few data comparing the accuracy of using BNP
or the E/Ea alone, or in combination, for the diagnosis of CHE
However, given the limitations associated with using either vari-
able alone, there is interest in combining BNP and the E/Ea to aid
in the diagnosis of CHE In 106 patients with symptomatic systolic
heart failure (LVEF less than 35%), BNP had a significant, but
modest, correlation (r=0.51) with the mitral E/Ea, because it sig-
nificantly and independently correlated with LVEE RV systolic
dysfunction, mitral regurgitation grade, age and creatinine clear-
ance (31). In 122 patients hospitalized with dyspnea and suspected
CHEF (46), we demonstrated that BNP 250 pg/mL or greater and a
mitral of E/Ea 15 or greater were comparably accurate (80%) in
diagnosing clinical CHF using the Framingham criteria. In
78 patients with confirmed diastolic heart failure (LVEF 45% or
greater) compared with 38 patients with noncardiac dyspnea, BNP
greater than 146 pg/mL (sensitivity of 90% and specificity of 76%)
and the E/Ea greater than 11.5 (sensitivity of 80% and specificity
of 94%) were similarly accurate for predicting decompensated
CHE, and the E/Ea added independent additional information to
clinical judgment and BNP (47). In 108 patients referred for
echocardiography (48), although BNP levels correlated to E/Ea,
using either index alone was inferior to combining them for the
estimation of LV filling pressure.

In unselected critical care patients with indwelling pulmonary
artery catheters, the E/Ea greater than 15 and BNP greater than
300 pg/mL have been shown to be highly and comparably
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TABLE 3

Evaluating LV filling pressures

Pros and cons of tissue Doppler-derived early diastolic velocity to early diastolic annular velocity ratio (E/Ea) and B-type
natriuretic peptide for the estimation of left ventricular filling pressures

B-type natriuretic peptide

E/Ea

Pros
Point-of-care
Inexpensive
Rapid result
Excellent negative predictive value
Well validated for clinical congestive heart failure, less so with invasive
hemodynamic indexes

Cons
‘Gray zone’
Low specificity
Renal failure can create false-positive results
Unclear use in obese patients

Cannot distinguish among causes of heart failure (valvular, diastolic, restrictive,

right ventricular, etc)
Unclear use in atrial fibrillation

B-type natriuretic peptide ‘memory’ — may not respond rapidly to volume changes

High specificity

Accompanying echocardiographic Doppler information, is very useful to
determine cause of dyspnea

Can be used in obese patients

Rapidly changes in response to volume changes

Validated in multiple studies and patient populations

‘Gray zone’

In general, not point-of-care

More expensive

Can be unclear in patients with poor echocardiographic windows

Not well validated in mitral valve disease (stenosis, regurgitation, prosthesis)
Not well validated in nonsinus rhythm

Mitral E/Ea
=100 cm/s /5 emis
=20

Pulmonary capillary wedge pressure

=21 mmHg by pulmonary
artery occlusion method

Evelccit; &
A

AL

Mitral E/Ea
=50 cm/s /5 cmis
=10

Pulmonary capillary wedge pressure
=13 mmHg

Vol

Ea velocity

B-type Natriuretic Peptide=355 pg/ml

B-type Natriuretic Peptide=213 pg/ml | =

Figure 2) A Tissue Doppler imaging in the prediction of left ventricular (LV) filling pressures: normal LV ejection fraction. This patient had an LV
ejection fraction of 67% and clinical congestive heart failure. The mitral early diastolic pulsed Doppler transmitral inflow velocity to early diastolic
annular velocity ratio (E/Ea) was 20, indicating elevated LV filling pressures. Simultaneous pulmonary capillary wedge pressure by Swan-Ganz
catheterization was 21 mmHg. Given the elevated filling pressures, in the presence of preserved ejection fraction, the B-type natriuretic peptide level
was elevated (213 pg/mlL). Thus, this patient had heart failure with a normal ejection fraction. B Tissue Doppler imaging in the prediction of LV fill-
ing pressures: depressed LV ejection fraction. This patient had known depressed LV function with an ejection fraction of 29%, but did not have clini-
cal congestive heart failure. The mitral E/Ea ratio was 10, indicating normal LV filling pressures. Simultaneous pulmonary capillary wedge pressure
by Swan-Ganz catheterization was 13 mmHg. Despite the normal filling pressures, the B-type natriuretic peptide level was elevated (355 pg/mL),

owing to LV dilation and depressed ejection fraction

sensitive for pulmonary capillary wedge pressure of greater than
15 mmHg, but the E/Ea was more specific because it is not ele-
vated by cardiac structural abnormalities alone (independent of
LV filling pressure) (20). However, in patients with structurally
normal hearts (such as young trauma patients), BNP was shown to
correlate better than E/Ea with pulmonary capillary wedge pres-
sure, because Ea varies significantly with volume load in normal
hearts.

Therefore, because BNP is elevated by multiple cardiac condi-
tions in addition to elevated filling pressures, it can be seen as a
marker of cardiac disease in general, leaving open a window for
the addition of the TD-derived mitral E/Ea, because the latter is

Can J Cardiol Vol 23 No 12 October 2007

more specific for LV filling pressures. While BNP has an excellent
negative predictive value for the presence of CHF (levels greater
than 50 pg/mL in patients presenting to the emergency depart-
ment with acute dyspnea effectively excluding acute CHF [23]),
elevated levels need to be followed by determination of the E/Ea
to specifically assess LV diastolic function. In addition, a compre-
hensive echocardiographic Doppler study (6) also identified causes
of elevated BNP independent of elevated LV filling pressures, such
as depressed LV and RV function, dilated heart chambers, signifi-
cant valve disease, pericardial disease and pulmonary hyperten-
sion. The pros and cons of using TD and BNP to estimate LV
filling pressures are summarized in Table 3.
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BNP<50 pg/mL (or NT-proBNP<300 pg/mL)

Yes No\

E/Ea

N

<10 11-14 >15

LAVi enlarged

No Yes

Normal LV filling pressures Elevated LV filling pressures

Figure 3) Using B-type natriuretic peptide (BNP) and the early dias-
tolic velocity to early diastolic annular velocity ratio (E/Ea) to predict
left ventricular (LV) filling pressures in patients presenting with acute
dyspnea. Left atrial volume indexed to body surface area (LAVi)
>32 mL/m? is enlarged and LAVi <32 mL/m? is normal. NT-proBNP
N-terminal proBNP

Figure 2A demonstrates a case of heart failure with a preserved
LVEF and elevated BNP, while Figure 2B illustrates that patients
with depressed LVEF but normal filling pressures have normal
E/Ea, but elevated BNP levels. Thus, using BNP alone in this lat-
ter scenario may falsely result in a diagnosis of clinical CHF in a
patient with well-compensated LV filling pressures but with LV
systolic dysfunction. Figure 3 provides an algorithm for combining
BNP (or NT-proBNP) and the E/Ea to assess LV filling pressures in
patients presenting with dyspnea.

CONCLUSIONS

TD imaging directly measures myocardial velocities and is an
important variable in assessing LV diastolic function. The TD-
derived E/Ea is being used to noninvasively estimate LV filling
pressures in a widening group of patients with dyspnea and sus-
pected CHE BNP (and NT-proBNP) are also valuable aids in
diagnosing CHF in patients with dyspnea. However, because both
the E/Ea and BNP have important limitations, there is interest in
defining their complementary roles in the clinical setting. In gen-
eral, E/Ea is generally more specific than BNP for elevated filling
pressures because BNP is elevated by cardiac structural abnormal-
ities alone. However, BNP has a high negative predictive value
for excluding CHE Therefore, an algorithm combining BNP and
the E/Ea can be used to estimate LV filling pressures in patients
presenting with acute dyspnea and suspected CHE
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