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Looking beyond ejection fraction: what we have in echocardiography
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Abstract

Left ventricular ejection fraction (LVEF) is the most frequently used echocardiographic parameter. LVEF based heart
failure classification, timely intervention in a patient with valvular disease (e.g. aortic stenosis, mitral regurgitation),
deterioration of myocardial function in a patient treated with chemotherapy; all need a simple LVEF value for decision-
making process. An echocardiographic examination also contains several parameters with invaluable importance.
Measurement and evaluation of these parameters should be made in every patient suspected of having myocardial

disease.
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Introduction

Ejection Fraction

Left ventricular ejection fraction (LVEF), fraction of end
diastolic volume (EDV) ejected with each heartbeat, has
a very strong place in any decision-making process in
patients with various cardiovascular diseases including
heart failure, cardiomyopathy, valvular heart problems.
Every 1% decrease of baseline LVEF value points to 4%
increase in incident heart failure risk (1, 2). LVEF can
also be used for sudden cardiac death prediction, and
hence, an implantable cardiac defibrillator (ICD)
implantation decision (3). Recent valvular heart diseases
guideline contains pathways for decisions based on
LVEF value especially in patients with mitral
regurgitation (MR) (4).

Ejection fraction is directly affected by stroke volume
(SV) and end-diastolic volume (EDV). A dilated left
ventricle with increased end-diastolic and end-systolic
volumes (ESV) as in heart failure or athlete’s heart

generates normal SV with lower LVEF values. Contrary
to this, a small ventricle with decreased volumes may
show normal LVEF value albeit with low SV.

Besides contractility, EDV and ESV are mainly affected
by afterload and preload, respectively. Any confounder
having an effect on preload, afterload and contractility
also has direct relationship with calculated LVEF value
(Fig. 1).

Main tools available for LVEF measurement are cardiac
magnetic resonance imaging (cMR), computerized
tomography, nuclear scintigraphy and
echocardiography. cMR is a standard test for LVEF
measurement due to its high spatial and contrast
resolution. In spite of its inherent disadvantages (lower
measured volumes compared to cMR, lower spatial
resolution and worse test-retest reliability), 2D
echocardiography is the most frequently used method
for LVEF measurement due to its easy availability,
usability and practicality.
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Figure 1. Factors affecting ejection fraction

The biplane method of disks (modified Simpson’s rule)
is the currently recommended 2D method to assess
LVEF (5). LVEF <52% for men and <54% for women
should be considered abnormal (5). Another
echocardiographic method, 3D echo based LVEF
measurement, provides more reproducible and
accurate data without any geometric assumption (5).

Echocardiographic LVEF measurement has many pitfalls,
which directly affects reliability of the measurement. A
good image quality, an image without apical
foreshortening and correct geometric assumptions (2D
echocardiography) are prerequisites. This is not always
the case. A distorted ventricular shape due to ischemic
heart disease makes any geometric assumption useless.
Poor imaging quality due to obesity or chronic
obstructive lung disease brings a very strong obstacle to
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correct LVEF measurement. Moreover, it is usually not
possible to obtain same echocardiographic imaging
windows in a patient on repeated examinations. Very
low or very high heart rate, irregular rhythms such as
atrial fibrillation (AF) and conduction problems as in left
bundle branch block also decrease reliability of LVEF
calculation. All those factors certainly limit reliability
and robustness of echocardiographic LVEF calculation
(Fig. 2).

In experienced hands, 2D measurement has a standard
error of 6.3%, an upper limit of confidence of 11.4%,
and an inter-observer variability of 8.2% (6). The
smallest LVEF change detected with 95% confidence
was 0.11 (7). More than 10 percentage point change is
needed for accepting meaningful LVEF difference (8).
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Figure 2. Physiological and technical factors affecting ejection fraction measurement
AF-atrial fibrillation, AS-aortic stenosis, LVH-left ventricular hypertrophy, MR-mitral regurgitation

Apart from technical difficulties, a simple LVEF value
cannot be a surrogate for left ventricular systolic
function. Left ventricle undergoes repetitive cycles of
deformation in three directions during each heartbeat:
longitudinal lengthening-shortening, circumferential
lengthening-shortening and radial thinning-thickening.
Rotation around its long-axis should also be added to
this framework. 2D echocardiography LVEF calculation
from apical views as recommended by guidelines (5)
mainly contains information about longitudinal
shortening and radial thickening. Longitudinal
subendocardial myocardial fibers are accepted as most
susceptible to myocardial damage. Stokke et al showed
that major contribution to LVEF comes from
circumferential shortening (9). They also determined
that any loss of longitudinal myocardial function could
be compensated by a change in other two parameters
(circumferential and radial). Therefore, LVEF can be
within normal limits in spite of a decreased longitudinal
shortening.

Previous studies showed that LVEF has prognostic
significance particularly when LVEF<40%. However,
LVEF lost its relation with outcome and prognostic
power when it has values more than 40% (2). Inherent
insensitivity of LVEF to subtle myocardial damage
particularly in longitudinal direction leads to missing a
patient with subclinical left ventricular dysfunction.

In any patient with normal LVEF but suspected as having
myocardial  dysfunction, an  echocardiographic

examination should include other parameters beyond a
simple LVEF value. Various patient subgroups such as
heart failure with preserved ejection fraction (HFpEF),
aortic stenosis (AS), MR and receiving chemotherapy
certainly need more in-depth echocardiographic
analysis. Non-invasive estimation of left ventricular
filling pressure, left atrial (LA) volume and function
analysis, left ventricular shape-wall thickness and left
ventricular myocardial longitudinal deformation should
be interrogated for obtaining relevant information
about occult myocardial damage.

LOOKING BEYOND EF

+

1) High Left Ventricular Pressure: E/E’ ratio

Left ventricle has to be relaxed during diastolic period
for allowing filling and providing enough SV to next
systole. Myocardial relaxation, myocardial and chamber
stiffness are main determinants of this period (10).
Diastolic dysfunction can be defined, in strictest term,
as an increase in end-diastolic pressure (LVEDP) with
same amount of volume loading. LVEDP, LA or
pulmonary pressures are not identical and they can
show an increased value irrespective of each other.
Mitral stenosis may increase LA pressure with normal
LVEDP or pulmonic vein stenosis causes high pulmonary
artery pressure with normal LA and ventricular filling
pressure (10).
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Many echocardiographic parameters have been used
for estimating left ventricular filling pressures (LVFPs)
such as mitral inflow E/A ratio, difference between
mitral A wave duration-pulmonary vein A duration but
E/e’ ratio has emerged as most robust parameter. It has
very high specificity (77-100%) but poor sensitivity (0-
73%) (11) for an increased LVEDP. It has modest
correlation with invasively determined LVFP (12).
Despite this pitfall, high E/e’ ratio is a strong surrogate
marker for cardiovascular death, heart failure
hospitalization, or aborted cardiac arrest (13).

2016 update of diastolic function evaluation guideline
suggested E/e’ cutoff value of 14 (14). In contrast,
recent HFpEF diagnostic algorithm proposed an E/F’
ratio 215 as a major criterion. Intermediate values
between 10 and 14 are less sensitive but accepted as
minor criterion (15).

2) Left Atrium

2a) Volume Analysis

The evaluation of left atrium shows an evolution from
an anteroposterior diameter measurement to left atrial
volume (LAV) and functional analysis using speckle
tracking. Left atrial volume index (LAVi), LAV divided by
body surface area, is measured from apical 4- and 2-
chamber views using Simpsons’ or Area-Length
methods. It is a powerful surrogate marker for long-
standing high LVFPs (16). LAVi>34mL/m? independently
predicts death, heart failure, AF and ischemic stroke in
patients without AF or valvular heart disease (16, 17).
Permanent AF causes larger LAV, which usually 35%
more dilated than LAV in sinus rhythm (18). Cut-off
values for LAVi are provided in Figure 3.

A dilated LA ((34 ml/m?) in combination of high E/e’
ratio (>14) and peak tricuspid regurgitation velocity
more than 2.8 m/sec is used as a marker for high LVFP
(19, 20) (Fig. 4a-b).

Left Atrial Volume Index

Sinus Rhytm

Major Criterion: >34 ml/m2

Minor Criterion: 29-34 ml/m2

Major Criterion: >40 ml/m2

Minor Criterion: 34-40 ml/m2

Modified from Pieske B, Tschépe C et al . How to diagnose heart failure with preserved ejection fraction: the HFA-PEFF diagnostic
algorithm: a consensus recommendation from the Heart Failure Association (HFA) of the European Society of Cardiology (ESC). Ewr Heart

J2019.

Figure 3. Cut-off values for abnormally increased LAVi
LAVi — left atrial volume index
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Algorithm for Estimating LV Filling Pressure in
Depressed or Normal EF with Myocardial
Infarction
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Modifed from Andersen OS, Smiseth OA, Dokainish H, et al. Estimating Left Ventricular Filling Pressure by Echocardiography. J Am Coll Cardiol
2017;69:1937-1948.

Algorithm for Estimating LV Filling Pressure in
Depressed or Normal EF with Myocardial
Infarction

*E/e’ ratio >14

*Peak tricuspid requrgitation FILLIN vPRESSURE
velocity >2.8 cm/sn

*Left atrial maximal volume
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Modifed from Andersen OS, Smiseth OA, Dokainish H, et al. Estimating Left Ventricular Filling Pressure by Echocardiography. J Am Coll Cardiol
2017;69:1937-1948.
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Figure 4. Algorithm for estimating left ventricular filling pressure in depressed or normal EF with myocardial infarction
EF — ejection fraction, LV — left ventricle
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2b) Functional Analysis of Left Atrial Global Strain
During Reservoir Phase

Left atrium has three main functions: reservoir during
ventricular systole, conduit during early diastolic phase,
additional pumping of blood via atrial contraction
during late phase of diastole. Volumetric analysis can be
used for LA functional analysis but speckle-based
deformation imaging seems to more suitable.

LA global reservoir strain shows reverse correlation
with decreasing left ventricular diastolic function (21). It
has higher sensitivity compared to LAV for detecting
diastolic dysfunction. Morris et al. showed in 517
patients with hypertension, diabetes, and coronary
artery disease with preserved LV ejection fraction that
LA strain was reduced in 62%, whereas LAV was
enlarged only in 34% (22).

A non-foreshortened apical 4-chamber view with end-
diastolic reference point is recommended for LA global
reservoir strain measurement (23) (Fig. 5). Normal LA
global reservoir strain value is above 35% (21). A far
posterior localization of LA and its thin wall create a
difficulty for LA strain measurement, but nevertheless,
LA global strain value lower than 20-23% or points to
very severely reduced LA function (21, 24).

3) Left Ventricular Global Longitudinal Strain (LV-GLS)

Among myocardial deformation parameters, global
longitudinal strain has a prominent role in the detection
of early myocardial dysfunction. Tissue Doppler data
could be used for strain analysis, but nowadays, angle
independent speckle-tracking based strain imaging is
the preferred route for this purpose.

Technical details about how to measure LV-GLS can be
found elsewhere (25) (Fig. 6). Normal value for LV-GLS
is around -20% (5). A GLS value lower than -12% roughly
corresponds to a LVEF value worse than 35%. LV-GLS
has better inter-observer and intra-observer variability
(5% to 8% relative difference) compared to 8% to 10%
for LVEF (26). It should be kept in mind that a LV-GLS
measurement may show variation according to a
particular software or vendor but there is ongoing effort
to reduce this problem (27).

As mentioned previously, LVEF does not provide
prognostic information in patients with normal or near
normal LVEF values. LV-GLS has an adjunctive role in

these patient groups. Identifying left ventricular
dysfunction via LV-GLS calculation is a very logical target
in various disease states.

In a population based prospective study, participants
with low LV-GLS had a higher cardiovascular event risk
compared to participants with normal LV-GLS (28). The
LV-GLS prognostic value was incremental to risk factors
and LVEF both in the overall population and in
participants with normal LVEF. Another study supports
this finding by showing that the change in LV-GLS is a
stronger predictor of all-cause mortality than change in
LVEF value (29).

HFpEF is a syndrome encompassing heterogeneous
patient groups with several comorbidities. More than
70% of heart failure patients older than the age of 65
years have normal ejection fraction (30). Besides age
and female sex, hypertension, diabetes mellitus,
obesity, renal dysfunction, anemia, and chronic
obstructive pulmonary disease are usually coexist in a
particular HFpEF patient. These patients usually have
following clinical presentations: (1) exercise intolerance
with elevated LV filling pressures, (2) volume overload,
or (3) right heart failure (31).

LV-GLS has been found to be decreased in patients with
HFpEF compared to controls (32) and has an added
useful prognostic information (32). The recent
consensus recommendation about how to diagnose
HFpEF put GLS (<16%) to minor functional abnormality
in its diagnostic algorithm (15).

3a) LV-GLS in Chemotherapy-Related Cardiac
Dysfunction

A cancer patient with symptoms of heart failure is
considered to have a chemotherapy-related cardiac
dysfunction (CTRCD) if their baseline LVEF value drops
more than 5% points to below 53% during follow-up
(33). More than 10 points reduction is required for the
CTRCD diagnosis in an asymptomatic patient (33). LV-
GLS has been found to be a more sensitive parameter
for detecting cardiac toxicity. An 11% reduction in LV-
GLS has a sensitivity of 65% and a specificity of 94% for
subsequent cardiotoxicity during chemotherapy (34). In
a recent report, chemotherapy-related cardiac
dysfunction is defined as a LV-GLS with >15% relative
reduction from baseline with preservation of LVEF (33).
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3b) LV-GLS in Aortic Stenosis

Severe AS patients with decreased LVEF value (<50%)
should undergo surgery regardless of symptomatic
status (35). Unfortunately, the occurrence of low LVEF
(<50%) in the absence of symptoms in severe AS is very
rare (0.4%) (36). Irrespective of symptomatic status,
patients with severe AS may have a subclinical left
ventricular dysfunction determined by a decreased LV-
GLS value (37). Recent studies suggested that even
patients with LVEF value between 50% and 59% had
unfavorable postoperative outcome compared to
patients with LVEF value more than 60% (36).
Identifying AS patients with normal LVEF value but
concealed myocardial dysfunction is very important for
decision-making. An asymptomatic severe AS patient
with normal LVEF and normal LV-GLS (>-18%) should be
followed regularly (1-2 years) but similar patient with a
decreased LV-GLS (<-16.7%) should undergo further
evaluation with cMR (36).

3c) LV-GLS in Mitral Regurgitation

Mitral valve surgery is recommended in severe MR
patients having LVEF<60% and/or left ventricular end-
systolic diameter >45mm. Early surgery in severe MR
patients is associated with preserved left ventricular
function and lower incident heart failure risk (38, 39).
Bijvoet et al made a literature review about usefulness
of LV-GLS in asymptomatic MR patients (40). They
found that an impaired LV-GLS (range: —17.9 and -
21.7%) is a predictor of both left ventricular dysfunction
and an increased mortality (40).

4) Left Ventricular Wall Thickness, Shape and Volume

Left ventricular geometry can be described based on
mass and relative wall thickness (RWT). An increase in
left ventricular mass points to the presence of left
ventricular hypertrophy, which is associated with
heightened cardiovascular mortality (41). Simplest way
of left ventricular hypertrophy determination s
echocardiography (2D or M-Mode) via using Devereux
formula (42). Left ventricular mass is usually indexed to
body surface area. 3D echocardiographic left ventricular
mass measurement has best correlation with cMR (5),

but needs high quality images, which is not always
possible.

RWT (2x end-diastolic posterior wall thickness divided
by left ventricular end-diastolic diameter) should also
be calculated. In hypertensive patients, an increased
left ventricular mass index (LVMI) (115 g/m? for men
and >95 g/m? for women) and RWT (< or > 0.42) are
used for definition of four categories:

o Normal geometry (normal LVMI and RWT
<0.42)

o Concentric remodeling (normal LVMI with
increased RWT >0.42)

. Eccentric hypertrophy (increased LVMI and
RWT <0.42)

o Concentric hypertrophy (increased LVMI and
RWT >0.42)

Concentric hypertrophy in a hypertensive patient is a
bad prognostic marker (41). Increased wall thickness
with normal left ventricular mass, concentric
remodeling, is associated with normal LVEF, reduced
longitudinal deformation and a compensatory increased
circumferential deformation (43).

Patients having excessive long-standing afterload
(severe AS, hypertension) may show transition from a
state characterized by increased wall thickness and
normal left ventricular diameter to another state
associated with left ventricular dilatation and decreased
wall thickness (low RWT). At the beginning, myocardial
thickness increase is actually very helpful for decreasing
wall stress and providing enough SV. When left ventricle
begins to dilate, wall stress is also increased due to
Laplace’s law (wall stress: pressure x radius divided by
wall thickness). Nevertheless, a dilated ventricle could
provide enough SV in even a low contractile state.
Diastolic dimension of left ventricle is the denominator
of RWT equation, and hence, any increase in diastolic
diameter would decrease RWT. Myocardial thinning (a
low RWT value) further increase wall stress and
myocardial energy consumption. In a failing heart,
compensatory mechanism for providing enough SV is
eventually exhausted and cardiac output declines. Dini
et al. showed in heart failure patients that very severe
left ventricular hypertrophy (LVMI: 148 g/m? in men and
122 g/m? in women) concomitant with decreased RWT
(<0.34) was a harbinger of poor survival (44).
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Conclusion

Ejection fraction per se should not be used for defining
the presence or absence of myocardial disease. We
know that at least half of heart failure patients have
normal LVEF value. Other parameters obtained from a
detailed echocardiographic examination can be used for
better delineation of myocardial dysfunction. The more
sensitive parameters - high left ventricular filling
pressure, left atrial dilatation; low left atrial global
reservoir strain warn the clinician about occult
myocardial dysfunction. Left ventricular mass and
thickness may also provide additional information and
should be taken into account.
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