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Backgrounds. For emergency physicians performing a goal-directed transthoracic echocardiogram (TTE), a reliable estimate of
LVEF must be obtained rapidly. We compared rapid LVEF estimates obtained from short axis sections to those obtained from
apical sections using two methods of evaluation. Methods. The TTE’s of 6 patients were interpreted by 16 echo-proficient readers
(PRO group) and 105 novice readers (NOV group). LVEF was assessed by each group. The strategies consisted of either a global
visual estimation (VIS) of LVEF or semiquantitative (SQ) methods. Results. Using RNV and BIP as a reference standard, NOV
readers performed better with the SQ method than global visual estimation. For NOV readers, best agreement was achieved with
the 234C sequence in low LVEF situations, but with the BMA series in normal LVEF settings. Neither series of views was better than
the other in the setting of mild LVEF depression. Conclusion. Semi-quantitative method was superior to global visual estimation
of LVEF in NOV group in most of the LVEF ranges.

1. Introduction

Emergency and intensive care physicians and other non-
cardiologists are frequently called upon to manage critical-
ly ill patients with various pathologies that impact cardi-
ac function, including pericardial effusion, pulmonary em-
bolism, sepsis, and hypovolemic shock. Accurate and timely
assessment of global cardiac function can be critical in sub-
sequent diagnostic assessment and medical decision mak-
ing. As such, bedside echocardiography is becoming a
tool of increasing clinical relevance in a variety of car-
diac diseases (coronary artery disease and congestive heart
failure) from the emergency department to the intensive care
unit [1]. Although algorithm-derived computations of the
left ventricular ejection fraction (LVEF), such as the Simpson
biplane method (BIP) [2], are well established; they are
somewhat time consuming, especially in the setting of an
emergency “quick-look” situation. There is therefore much
interest in developing a reliable method for the rapid assess-
ment left ventricular ejection fraction (LVEF). We evaluated

the performance of two transthoracic echocardiography-
based methods of LVEF estimation in both experienced and
novice readers with the objective of determining whether a
simple semiquantitative method could improve LVEF esti-
mation in both novice and experienced echocardiographers.

2. Methods

2.1. Study Setting. The study was conducted at a tertiary care
academic teaching hospital in Montréal, QC, Canada. Data
collection was conducted from July 2007 to February 2008.
Most of the data was collected in small group sessions of
approximately one hour in duration with between 5 and 7
readers at a time.

2.2. Participants. Five certified echocardiographers and 11
clinical echocardiography fellows and technicians comprised
the expert image-reader group (PRO), and 105 medical
students and physicians without any formal training in ech-
ocardiography comprised the novice group (NOV).
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(a) Short-axis view of the left ventricular
(LV) base
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(b) Short-axis view of the mid-LV
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(c) Short-axis view of the LV apex
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(d) Apical 2-chamber view
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(e) Apical 3-chamber view
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(f) Apical 4-chamber view

Figure 1: Standardized views of the BMA (a, b, c) and 234C (d, e, f) views.

2.3. Reference Imaging Data. Six representative cases were
selected from a previous study [3]. These patients had
LVEF established either by radionucleotide ventriculogra-
phy (RNV) or by ultrasound using the biplane Simpson’s
method (BIP) [2]. Recorded-loop transthoracic images were
obtained within three days of the LVEF evaluation using
a Helwett-Packard Sonos 1500 or 5000 model ultrasound
machine with a 2.5 MHz transducer. Care was taken to
ensure that the two-dimensional images displayed sufficient
endocardial definition so as to allow for the unfettered
evaluation of global and regional contractility of the left
ventricle.

The six studies were comprised of two patients with low
LVEF (≤30%), two patients with moderate LVEF (31% to
49%), and two patients with normal LVEF (≥50%). Each
of the six studies was comprised of three classic parasternal
short axis views—the basal (B) or mitral valve level, the
mid (M) or papillary muscle level, and the apical (A) level
(Figures 1(a), 1(b), and 1(c), resp.)—and three classical
apical views—the two- (2C), three- (3C), and four-chamber
(4C) views (Figures 1(d), 1(e), and 1(f), resp.) a total of 36
clips. Both the BMA and 234C series of views were sufficient
to allow determination of regional contractilities in each case.

2.4. Study Protocol

2.4.1. Global Visual Estimation (VIS). Readers were shown
the six sets of images out of sequence and asked to evaluate
the ejection fraction. They were asked to provide a global
estimate of the LVEF based on a rapid appraisal of the three
BMA and three 234C views, each shown for a mean of 15
cardiac cycles (minimum 10) in order to simulate quick-look
conditions.

Prior to the test series, the echo-inexperienced group
(NOV) was presented two brief sample cases: (i) a normal
heart with normal segmental LV function in the three short
axis and three apical views and (ii) an abnormal exam show-
ing both hypokinesis (diminished movement and thickening
of the LV wall segment) and akinesis (absence of movement
and thickening of the LV wall segment). Participants were
told that the normal exam represented an LVEF of 60%. They
were further told that an exam that was globally hypokinetic
should be given an LVEF of 40% and one that was global
akinetic 20%. An exam presenting both normokinesis and
hypokinesis would be ascribed a global LVEF of 50% and
one that had mixed hypokinesis and akinesis 30%. Similar
instructions were given the participants in the echo-trained
group (PRO). For example, their visual estimation was 50%.

2.4.2. Semiquantitative Estimation (SQ). After the visual est-
imation of the LVEF of the six studies, the 105 NOV re-
aders and 16 PRO readers received a brief explanation of
the principle underlying the simplified WMSI-derived semi-
quantitative method [3]. The original WMSI used a 16-seg-
ment paradigm for the division of the LV, as proposed by the
ASE [4] (Figure 2). Each segment is given a score based on its
systolic function (normal = 1, hypokinesis = 2, akinesis = 3).
The index (WMSI) is calculated by dividing the total of the
wall motion scores of each segment by 16. We have previously
reported the linear regression model predicting RNV LVEF
by WMSI [3] and several other studies have documented the
good correlation of WMSI to LVEF [5–9].

2.4.3. BMA Series. Based on two published linear regression
models [3, 9], it can be inferred that normal wall motion
grossly corresponds to an LVEF of 60%, mild hypokinesis
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Figure 2: Sixteen-segment model as suggested by the American
society of Echocardiography.
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Figure 3: Schematic LVEF.

to 50%, moderate hypokinesis to 40%, severe hypokinesis
to 30%, and akinesis to 20% LVEF (Figure 3). Using this
approximation, a simplified WMSI (sWMSI) was created
such that readers would be asked to evaluate each image
in the series and to provide a gradation of wall motion as
either normal (N), hypokinetic (H), or akinetic (A). Based
on the reader’s evaluation, the overall semiquantitative (SQ)
LVEF was calculated for the BMA series by adding the
inferred segmental LVEF’s of each image and dividing by
3. For example, a BMA series evaluated as Base normal,
Mid hypokinetic, and Apex akinetic would have a simplified
WMSI LVEF of (60% + 40% + 20%)/3 = 40%.

2.4.4. 234C Series. For the series of apical views, the sWMSI
was applied similarly to the method for the BMA series for
the 105 participants in the NOV group.

2.5. Statistical Analysis. To assess agreement between each
method of LVEF estimation and the gold standard (RNA
or BIP), LVEF estimates and scores were transformed in-
to 3 ordinal categories: severe depressed (≤30%), mildly
depressed (31–49%), and normal (≥50%) LVEF. All analyses
were performed separately for each patient and for each
group (NOV and PRO). A concordance coefficient (between
0 and 100%) was calculated, defined as the total number
of agreement (LVEF in the same category by estimate and
gold standard) divided by the total number of cases scored.
Differences in the performance of LVEF estimation methods
were evaluated using the chi-square method. Where a dif-
ference between the four estimation methods (VIS-BMA,
VIS-234C, SQ-BMA, and SQ-234C) was observed, data was
aggregated to compare the VIS and SQ methods, as well as
the BMA and 234C series of views. The significance level for
all analyses was set at 0.05 and performed with SPSS version
17.0.

3. Results

All 16 members of the PRO group evaluated the six echo-
cardiograms using both the VIS and SQ methods. Of those
in the NOV group, 103 evaluated the six studies using the
VIS method and 101 using the SQ method. The percent
concordance of reader LVEF estimates with the reference
standard are given in Table 1.

Experienced readers (PRO) fared equally well with either
visual estimates or using the SQ method. NOV readers, on
the other hand, performed better when using the VIS method
for low LVEF situations, but with the SQ methods for normal
or mildly depressed LVEFs.

Similarly, PRO readers performed equally well with either
series of views. NOV readers had significantly better con-
cordance with the reference standard in low LVEF situations
using the 234C series of views. However, in estimating nor-
mal LVEFs, the BMA series resulted in better agreement. Ei-
ther series of views resulted in similar agreement rates in the
setting of mildly depressed LVEF.

4. Discussion

The accurate estimation of LVEF is central to the echographic
assessment of patients in a multitude of settings. Increasingly,
noncardiologists are called upon to rapidly evaluate echo-
graphic data, particularly in the emergency and critical care
fields. It is therefore paramount to identify a reliable means of
assessing LVEF for the noncardiologist. The principle finding
of the present study is that a simplified wall-motion score
index with relatively little instruction results in markedly
improved LVEF estimates among echo-naı̈ve readers.

The visual estimation of LVEF is widely used by experi-
enced echocardiographers and has been shown to correlate
well with the LVEF obtained from RNV (r = 0.89 [10];
r = 0.91 [11]). Akinboboye et al. [12] demonstrated that
a good rate of correspondence using visual estimation can
be obtained after only 60 evaluations if proper feedback is
given to novice readers. Moreover, it has been suggested
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Table 1: Percent concordance between RNA/BIP and participant estimates for each method and for each patient.

Type of observer BMA 234C Sig best

Patient Visual SQ Visual SQ BMA/234C Method

Professional (N = 16) (N = 16) (N = 16) (N = 16)

Patient 1 (EF = 18%) 100 100 100 100 NS NS

Patient 2 (EF = 29%) 81.3 50.0 81.3 75.0 NS NS

Patient 3 (EF = 36%) 81.3 93.8 75.0 75.0 NS NS

Patient 4 (EF = 40%) 56.3 81.3 75.0 81.3 NS NS

Patient 5 (EF = 63%) 94.8 94.8 87.5 81.3 NS NS

Patient 6 (EF = 72%) 100 100 93.8 93.8 NS NS

Novice (N = 103) (N = 101) (N = 103) (N = 101)

Patient 1 (EF = 18%) 82.5 52.5 86.4 69.6 234C Visual

Patient 2 (EF = 29%) 20.4 4.0 93.3 60.2 234C Visual

Patient 3 (EF = 36%) 53.9 84.8 60.2 67.3 NS SQ

Patient 4 (EF = 40%) 65.7 86.3 63.1 75.2 NS SQ

Patient 5 (EF = 63%) 90.4 96.1 63.1 70.6 BMA NS

Patient 6 (EF = 72%) 93.2 98.0 67.6 83.0 BMA SQ

Sig best: significant best method with a P value ≤0.05; NS: nonsignificant.

that teaching LVEF visual estimation by means of pat-
tern recognition may be even more efficient in providing
a rate correlation with RNV-derived measurements that
approaches that experienced readers (r = 0.88) [13].

We have previously described usefulness of a semiquan-
titative wall-motion score index (WMSI) method of LVEF
estimation for experienced echocardiographers [3], and a
systematic review revealed that WMSI, Simpson biplane
(BIP) and visual estimation by experience readers were
nearly equivalent when RNV was used as a reference standard
[14].

In the present study, a simplified version of the WMSI
(sWMSI) demonstrated the capacity to improve the per-
formance of novice-echocardiogram readers. Moreover, this
improvement in the rate of correspondence with RNV was
obtained with little prior instruction in the technique (only
two example ultrasounds were provided to teach the scoring
of the sWMSI.)

Certain limitations deserve mention here. First, although
prospective in nature, the present study was not randomized.
Second, although an attempt was made to recreate the con-
ditions of an acute care scenario by limiting the views to an
average of only 15 images, this may not have been sufficient
to reproduce the stress of performing an examination in
the setting of the emergency room or intensive care unit.
As such, it may be that performance would not be as good
under real life circumstances. On the other hand, readers in
the real world may review images multiple times in order to
form an opinion, which may compensate for any decreased
performance due to stressful conditions. (Short viewing
times were also felt to be essential in order to minimize
any training effect.) Additionally, it should be noted that a
number of wall motion abnormalities normally encountered
in day-to-day practice were not evaluated in this analysis,
such as hyperkinesia and dyskinesia and aneurysm and asso-
ciation of significant valvular disease (mitral insufficiency

etc.). Finally, it is important to underline that the present
study is one of interpretation of echo images and does not
speak at all to the extensive training required for the proper
acquisition of images [15]. The images used in this study
were obtained by expert ultrasonographers, and the results
of this study should in no way be interpreted to mean that
the sWMSI could substitute for rigorous hands-on training
in echo technique.

5. Conclusion

While visual estimation may be an adequate method to
rapidly evaluate LVEF in experienced readers, the present
study suggests that a semiquantitative method involving a
simplified WMSI can improve LVEF estimates in novice-
echo readers and can be used as a support in the training
procedure. The present study, however, should not be inter-
preted to underscore the necessity of formalized rigorous
training (three months) [15] in proper image acquisition
technique and interpretation, within which the use of
this simple, semiquantitative LVEF estimation method and
appropriate feedback could be incorporated.

Abbreviations

LVEF: Left ventricular ejection fraction
BMA: Classical short axis of LV Base, Mid and

Apex
234C: Classical apical view 2 chambers, 3

chambers, and four chambers
RNV: Radionucleotide ventriculography
BIP: Planimetric LV biplane Simpson’s method
SQ: Semiquantitative evaluation of LVEF
VIS: Visual evaluation of LVEF
PRO: Experienced readers
NOV: Novice readers
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WMSI: Wall-motion score index
sWMSI: Simplified version of wall-motion score

index.
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