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Learning curve-cumulative summation analysis
of visual estimation of left ventricular function
in novice practitioners
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Abstract
The aim of the present study was to determine the value of cumulative summation (CUSUM) analysis in assessing the proficiency of
novice practitioners in estimating the left ventricular ejection fraction (EF).
Seven novice practitioners with no echocardiography experience were recruited in this observational study. Each practitioner

assessed EF from echocardiographic video files of 100 cases, one by one, and received feedback and teaching. We obtained a
CUSUM score through comparison of the gold standard values of EF and the EF values determined by the practitioners. Then, the
practitioners underwent the same test 4 weeks later, except without feedback and teaching, using echocardiographic video files from
100 other cases.
The mean number of visual estimation cases required to pass the learning curve (LC)-CUSUM test was 56.3±9.1 (95% CI 47.8–

64.7). The LC-CUSUM average of the 7 novice practitioners showed improvement in visual estimation skill, with an average
acceptable level achieved after a mean experience of 55 cases. In the test performed after 4 weeks, 5 of the 7 novice practitioners
showed significantly good overall agreement. All novice practitioners had a kappa coefficient greater than .8, and significant and
almost perfect agreement was observed. All the participants exhibited a percentage of correct answers greater than 81%.
We found that the novice practitioners could acquire an acceptable level of skill for estimating EF with short-term, self-learning-

focused echocardiographic training.

Abbreviations: CUSUM = cumulative summation, ED = emergency department, EF = ejection fraction, FADE = Focused
Assessment Diagnostic Echocardiography, ICU = intensive care unit, LC = learning curve, LC-CUSUM = learning curve-cumulative
summation, LV = left ventricular, LVEF = LV ejection fraction, MSM = Modified Simpson’s method.

Keywords: Cumulative summation analysis, echocardiography, ejection fraction, learning curve, visual assessment

1. Introduction

Echocardiography is a noninvasive method of providing immedi-
ate assessment of cardiac function at the bedside and is the most
commonly used echocardiographic parameter for evaluating left
ventricular (LV) systolic function, known as the LV ejection

fraction (LVEF).[1] The reliable assessment of LVEF is essential,
especially for evaluating the hemodynamic status of unstable, time-
sensitive, critically ill patients.[2,3] Although the modified Simpson
method (MSM) has been regarded as the standard method for
evaluating EF, several critical care physicians have focused on
visually estimating EF (eyeballing EF) due to its high reliability and
simple application. Thus, this method of estimating EF has been
widely used as an alternative method for evaluating cardiac
contractility, especially in the emergency department (ED) and
intensive care unit (ICU). However, several studies have shown
that although eyeballing EF is fairly well correlated with the
MSM,[4] this method is dependent on the operator’s experience.
Therefore, we investigated how much experience a novice
physician without any experience with echocardiography would
require to achieve anacceptable level of performance for eyeballing
EF using learning curve-cumulative summation (LC-CUSUM)
analysis. LC-CUSUM analysis was developed to signal when an
individual’s performance had achieved a predefined level of
competence.Thismethodhasbeenapplied to the analysisof theLC
and quality control for monitoring clinical performance.[5]

Additionally, to the best of our knowledge, LC-CUSUM analysis
of competence and quality of visual estimation of LV function
through echocardiographic video images in theEDhasnot yet been
studied in the emergency medicine literature.
This study aimed to investigate the process of visual estimation

skill acquisition for evaluating EF using 100 echocardiographic
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video files by 7 novice practitioners, and a follow-up investigation
was conducted after 4 weeks using the LC-CUSUM test.

2. Methods and materials

2.1. Study design and setting

This study was conducted to analyze the consecutive attempts of
novice practitioners of eyeballing EF between July 2015 and
November 2015 at an academic ED in a tertiary urban hospital.
The institutional review board of our institution approved this
study (HYI-15-149-1). We registered the study protocol at
ClinicalTrials.gov before study initiation (Clinicaltrials.gov:
NCT02866318)

2.2. Study participants

Echocardiographic video files, without personal information,
from 200 patients (aged > 18 years) who visited the ED with a
complaint of chest pain or dyspnea between July 2014 and June
2015 were collected in this study. The standard EF values were
measured by a cardiologist using the MSM. Two echocardio-
graphic specialists reviewed the videos, and values that had been
incorrectly measured were excluded. Patients whowere intubated
and pregnant were excluded, and those who had arrhythmia, a
previous valvular disease or a history of cardiac surgery were also
excluded.
Seven medical students who had no experience with

echocardiography prior to the study were recruited as novice
practitioners to analyze the performance of eyeballing EF. They
received a 1 hour lecture including echocardiographic videos that
had been classified into 4 categories of wall motion according to
the reduced degree of EF (Table 1). A total of 20 patient video files
(5 samples of each category) were provided during the training
session, and the participants were instructed on how to estimate
EF by observing the LV contractility. The movement of the
anterior leaflet of the mitral valve (E-point septal separation),
percentage of myocardial thickening, fractional shortening, and
level of ascent of the base of the heart in the apical 4 chamber view
were mainly used when eyeballing EF.[6]

2.3. Equipment and materials

We use a Logiq 7 ultrasonographic system (M7R model) and a
3.6-MHz microconvex transducer (GE Medical Systems, Mil-
waukee, USA) to evaluate cardiac function in our ED. The video
files of the parasternal long axis, parasternal short axis, and
apical 4-chamber view of each patient were transferred to a
desktop computer. We used 100 of 200 patient video files, and
each case was randomly assigned a number from 1 to 100 for the
learning course, regardless of their EF values. We created a
PowerPoint presentation that showed each case in order of the
assigned number. The reference slide consisted of the correct

answer (appropriate classification of 4 predesigned categories),
and an explanation followed each case. The last slide of each case
compared the echocardiographic videos of that case and the
sample videos for each of the 4 categories. Using another 100
patient files, we prepared a follow-up test after 4 weeks. We
arranged the PowerPoint file with cases in a random order and
distributed them randomly to each practitioner, minimizing the
impact of case order on the practitioner’s education.

2.4. Intervention

The novice participants attempted eyeballing EF by watching the
predesigned PowerPoint slide on a desktop monitor. They
determined the EF according to the preclassified 4 categories of
wall motion (Table 2). After rating the EF, the participants
viewed the next slide, which contained the correct answer and an
explanation. They could verify whether their rating was correct.
Lastly, they compared the wall motion of each case with those of
the preselected reference videos representing the 4 categories of
wall motion. They received feedback after determining the EF of
each case and in this manner could learn how to correctly eyeball
EF via self-learning.
The second procedure was performed after 4 weeks to evaluate

the same participants’ ability to eyeball EF. The participants
eyeballed the EF while watching a randomly assigned prede-
signed slide containing only echocardiographic videos of each
case. The participants did not receive any feedback in this phase
(Fig. 1).

2.5. Outcomes and statistical analysis

The LC-CUSUM test has a holding barrier of zero, which
prevents the score from drifting too far from the decision limit

Table 1

Baseline characteristics of patients of video echocardiographic
files.

Patients (n=100) Primary learning Follow-up test

Sex (F: M) (%) 61: 39 63: 37
Age (F: M) (mean±SD) 74.3±11.5: 67.5±13.8 76.7±9.8: 69.1±15.7

F= female, M=male, SD= standard deviation.

Table 2

Four categories of wall motion according to the reduced degree of
ejection fraction.

Categories of wall motion Values (%)

1. Normal > 50
2. Mild reduced 40–49
3. Moderated reduced 30–39
4. Severe reduced < 30

Figure 1. Flow diagram.
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range. When the graph approaches this limit, it stays in the limit
area, which includes zero, and monitoring continues. Therefore,
the participants do not have to compensate for all the
accumulated failures to show acceptable performance. The
CUSUM is designed to detect a shift from an adequate to an
inadequate performance level. The concordance outcome is
recorded above the x-axis. The CUSUM score increased with
discordance and decreased with concordance between the gold
standard and the EF value estimated by the participant. The
CUSUM can be used after the LC-CUSUM has shown that the
novice practitioner reached proficiency to ensure that the
performance is maintained within an acceptable range.
To analyze the LC-CUSUM test, we assigned points to each

case by comparing the categories determined by the novice
practitioners and those determined by the MSM (standard
values). If the category range of the 2 methods was concordant,
we assigned zero points. If the category according to the 2
methods was discordant by as much as 1 category range, we
assigned±1 point. Using this rule, we also assigned±2 and±3
points for each case. When the score reached a certain predefined
limit, the LC-CUSUM test indicated that the visual estimation
skill of the participant had reached an adequate level. For
example, 0 points were assigned when the EF range of the gold
standard result matched the category rating of the participant.
LC-CUSUM calculations were performed using SAS University

Edition (SAS Institute Inc, Cary, NC). Continuous variables are
expressed as the means with 95% CIs, while categorical
variations are expressed in numbers and percentages.
The primary outcomes of 7 practitioners were the LC-CUSUM

graph and the number of cases of visual estimation required to
achieve an acceptable EF visual estimation performance level.
After 4 weeks, 2 practitioners were not participated because
of personal circumstances. The secondary outcome of 5

practitioners was the weighted kappa index of each novice
practitioner’s evaluation performance level after 4 weeks.

3. Results

A total of 100 echocardiographic video files were analyzed by 7
novice practitioners for visual assessment self-learning. Among
the 100 cases, 61 patients were female with a mean age of 74.3±
11.5 years old, and 39 patients were male with a mean age of
67.5±13.8 years. After 4 weeks, another 100 echocardiographic
video files were analyzed by 5 novice practitioners among the 7
participants. Among 100 cases, 63 patients were female, 37
patients were male with average ages of 76.7±9.8 and 69.1±
15.7 years, respectively (Table 2).

3.1. LC-CUSUM analysis of visual assessment of LV
systolic function by novice practitioners

The mean number of visual estimation cases required to reach a
proficient level according to the LC-CUSUM test was 56.3±9.1
(95%CI 47.8–64.7). The LC-CUSUM graph of visual estimation
by 7 novice practitioners is presented in Figure 2. This figure
shows that the novice practitioners reached an acceptable level at
a minimum of 40 cases and a maximum of 71 cases.
In the CUSUM chart of novice practitioner 1, the first 4 cases

were judged to be lower than the standard result of the MSM;
after feedback and self-learning, the results were judged to be
higher than the standard result of the MSM. As this pattern
repeated, it gradually reached the acceptable range, and from the
40th case onward, the results exhibited an acceptable level.
In the CUSUM chart of practitioner 2, at first, the ratings were

lower than the standard results. After feedback and self-learning,
the ratings increased. After another feedback and self-learning

Figure 2. Each novice practitioner’s Learning Curve-CUSUM charts.

Lee et al. Medicine (2019) 98:14 www.md-journal.com

3

http://www.md-journal.com


phase, the ratings that had decreased below the standard result
were more highly rated. The rating, which was now higher,
decreased again with the feedback and self-learning system, and
finally the ratings reached an acceptable range after 56 cases.
In the CUSUM chart of practitioner 3, the acceptable range

wasmaintained beginning at the 15th case, but the ratings did not
exceed the limit of the novice practitioner, and eventually, the
ratings started to deviate from the acceptable range after the 15th
case. The practitioner repeatedly judged the function of LV to be
higher and then lower than the standard, and finally returned to
an acceptable range at case 54.
In the CUSUM chart of novice practitioner 4, from the

beginning, LV function was judged to be lower than the standard
results. The ratings were corrected through the feedback and self-
learning system, but then the ratings were higher than the
standard results. Through this process, the practitioner reached
the acceptable range at the 20th case, which seemed to be well
maintained, but the 50th case was again out of range. Eventually,
from the 60th case onward, the ratings were maintained in the
acceptable range.
In the CUSUM chart of novice practitioner 5, the participant

mainly under-estimated LV function, and after receiving the
feedback and self-learning, repeatedly slightly over-estimated and
under-estimated LV function until reaching the acceptable range
after 57 cases.
In the CUSUM chart of novice practitioner 6, initially

the practitioner varied in and out of the acceptable range
but did not maintain a pattern until the 70th case. From the 71st
case onward, the ratings were maintained within the
acceptable range.
In the CUSUM chart of novice practitioner 7, this practitioner

under-estimated LV function from the beginning. However,
through the feedback and self-learning system, this practitioner
entered the acceptable range after 56 cases.
The LC of the novice practitioners showed improvement in

visual estimation skill (Fig. 3), with an average acceptable level
after 55 cases according to the CUSUM charts.

3.2. Effect of the feedback and self-learning program after
4 weeks

In the test 4 weeks later, 5 practitioners among the 7 novice
practitioners exhibited significantly good overall agreement
(Table 3). All the novice practitioners had kappa coefficients
higher than 0.8, and significant, almost perfect agreement was
observed. All the participants provided at least 81% correct
answers (Table 3).

4. Discussion

Echocardiography is an essential study for evaluating patients
with symptoms related to cardiac problems. Its use has been
widely adopted in various areas such as EDs and ICUs.
Considering that cardiology experts are not always available,
we believe that emergency physicians, intensivists, and critical
care physicians should be able to perform emergency echocardi-
ography, including determining cardiac function. Eyeballing EF
is known to be a relatively accurate and easily applicable method
for determining cardiac function;[1] thus, noncardiologists have
focused on eyeballing EF instead of using the standard MSM in
emergency situations. We were interested in a teaching method to
help beginners achieve an acceptable level of skill for eyeballing
EF. In this study, as a first step, we determined the number of
cases with feedback that would be required for beginners to reach
an acceptable rating level. We are confident that this study

Figure 3. Average of 7 novice practitioner’s Learning Curve-CUSUM charts.

Table 3

Effect of feedback and self-learning program.

In test (after 4 wks) Weighted Kappa (P value)

Novice Practitioner 1 0.8272 (<.0001)
Novice Practitioner 2 0.9207 (<.0001)
Novice Practitioner 3 0.8102 (<.0001)
Novice Practitioner 5 0.8544 (<.0001)
Novice Practitioner 6 0.8821 (<.0001)

Lee et al. Medicine (2019) 98:14 Medicine

4



provides useful information to educators in the field of emergency
echocardiography.
We obtained several interesting results through the self-

learning course. On average, approximately 50 cases with
feedback were required for novice practitioners to reach an
acceptable level of skill for eyeballing EF in this study. Individual
differences were noted in acquiring the skill among the 7 novice
practitioners. We cannot explain why practitioner 1 required 40
cases and practitioner 6 required 71 cases to reach an acceptable
performance level. The reason is likely related to differences in
learning ability, attitude, and other characteristics among the
learners. Practitioner 1 showed excellent ability and attitude for
learning in other fields, such as intubation skill acquisition
(unpublished data). Although individual differences were noted
in learning the skill of eyeballing EF, the skills for all practitioners
improved as the learning course progressed. The error range of
eyeballing EF compared with the standard value in each case was
wide in the early stage, and this range narrowed in the process of
the learning course. Eventually, the error was maintained within
an acceptable range, which indicates that our teaching method
for eyeballing EF introduced in this study might be effective for
acquiring the skill. Although an average of approximately 50
cases was needed to reach an acceptable level of skill, a minimum
of 80 cases with feedback should be provided in the self-learning
with feedback course, considering the variation in learning
among the practitioners. We believe 100 cases would be sufficient
for beginners.
We confirmed that the skills for eyeballing EF were highly

maintained without any learning or feedback after 4 weeks,
which indicates that the skill acquired from repetitive learning in
this self-learning course could be effectively maintained for a
certain time period (4 weeks in this study). The weighted kappa
values of all practitioners were greater than 0.8 (Table 3), which
represents almost perfect (very good) agreement between the
judgement values by eyeballing EF and standard values obtained
using the MSM. The weighted kappa is calculated using a
predefined table of weights that measures the degree of agreement
between the 2 raters, and greater agreement results in a higher
weight.[7] The weighted kappa index value is interpreted as
follows: 0.01 to 0.2 indicates poor agreement, 0.21 to 0.4
indicates fair agreement, 0.41 to 0.6 indicates moderate
agreement, 0.61 to 0.8 indicates good agreement, and 0.81 to
1.0 indicates very good agreement.
Various studies related to the learning effects of focused

echocardiographic training for novice practitioners have been
conducted. Vignon et al[8] reported that effective focused
echocardiography training was conducted in an ICU for novice
residents. Townsend et al[9] provided a Focused Assessment
Diagnostic Echocardiography (FADE) course to surgical resi-
dents and reported an accuracy of 45% in primary education and
improved diagnostic ability through FADE, showing 88%
accuracy at the fourth session. These findings indicate that
novice practitioners could effectively acquire a certain level of
skill via short-term, focused echocardiographic training. To our
knowledge, this study is the first to analyze the learning curve for
skill acquisition of novices in eyeballing EF using CUSUM
analysis. Most previous studies using CUSUM analysis dichoto-
mized the decision parameter, for example, whether trainees
correctly diagnosed a condition (acceptable measurement,
success or failure); however, we classified the decision parameter
into 4 categories (normal, mildly reduced, moderately reduced,
and severely reduced).[5,10–15] We believe that this detailed

categorization could more accurately reflect the practitioner’s
skill level than dichotomous classification.
There are several limitations of this study. First, the sample size

was very small (7 participants), and 2 of the 7 participants left the
study after 4 weeks. Second, this self-learning system alone does
not allow beginners to acquire an expert level of eyeballing EF.
We classified the decision parameter into 4 categories with an
interval of 10%, and the novice practitioners could effectively
distinguish a 10% difference after self-learning with feedback,
which indicates that they could distinguish normal (EF > 50%),
mildly reduced (40–49%), moderately reduced (30–39%), and
severely reduced LV function (< 30%) relatively well. However,
the practitioners might not be able to distinguish the more
detailed differences, such as differentiating moderate to severely
reduced LV function (30–34%) from moderately reduced LV
function (35–39%). If the decision parameter is subdivided in
detail into 7 categories with an interval of 5% (normal: > 55%,
borderline: 50–55%, mildly reduced: 45–49%, mild to moder-
ately reduced: 40–44%, moderately reduced: 35–39%, moderate
to severely reduced: 30–34%, severely reduced: < 30%), more
cases would be needed to achieve an acceptable skill level.
However, we suggest that the detection of a difference of
approximately 10% in wall motion might be sufficient to
evaluate LV function in an emergency situation. Finally, this
study did not evaluate the skill of echocardiographic image
acquisition. We investigated only a restricted competence in
visual assessment of LV function by watching echocardiographic
video files that had been acquired in advance. This study
determined the number of cases necessary to correctly interpret
the EF via eyeballing estimation. However, image acquisition is
another important skill involved in echocardiography. Further
studies focusing on image acquisition (how to use an ultrasound
device, including manipulation of the cardiac probe and how to
find an optimal view for the echocardiographic image) are
needed.

5. Conclusion

We found that novice practitioners could acquire an acceptable
skill level for eyeballing EF via short-term, self-learning-focused
echocardiographic training.
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