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Abstract
Limited views are often obtained in the setting of cardiac ultrasound, however, the likelihood of missing left ventricular 
(LV) dysfunction based on a single view is not known. We sought to determine the echo views that were least likely to 
miss LV systolic dysfunction in consecutive transthoracic echocardiograms (TTEs). Structured data from TTEs performed 
at 2 hospitals from September 25, 2017, to January 15, 2019, were screened. Studies of interest were those with reported 
LV dysfunction. Views evaluated were the parasternal long-axis (PLAX), parasternal-short axis at mitral (PSAX M), 
papillary muscle (PSAX PM), and apical (PSAX A) levels, apical 2 (AP2), apical 3 (AP3), and apical 4 (AP4) chamber 
views. The probability that a view contained at least 1 abnormal segment was determined and analyzed with McNe-
mar’s test for 21 adjusted pair-wise comparisons. There were 4102 TTE studies included for analysis. TTEs on males 
comprised 72.7% of studies with a mean LV ejection fraction of 42.8 ± 9.7%. The echo view with the greatest likelihood 
of encompassing an abnormal segment was the AP2 view with a prevalence of 93.4% (p < 0.001, compared to all other 
views). The PLAX view performed the worst with a prevalence of 82.5% (p < 0.015, compared to all other views). The 
best parasternal view for the detection of abnormality was the PSAX PM view at 90.4%. In conclusions, a single echo 
view will contain abnormal segments > 82% of the time in the setting of LV systolic dysfunction, with a prevalence of 
up to 93.4% in the apical windows.
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Abbreviations
AP2	� Apical 2 chamber
AP3	� Apical 3 chamber
AP4	� Apical 4 chamber
LVEF	� Left ventricular ejection fraction
TTE	� Transthoracic echocardiogram
PLAX	� Parasternal long-axis
POCUS	� Point of care ultrasound
PSAX A	� Parasternal short-axis view at the level of the 

apex

PSAX M	� Parasternal short-axis view at the level of the 
mitral valve

PSAX PM	� Parasternal short-axis view at the level of the 
papillary muscle

RWMA	� Regional wall motion abnormality

Introduction

Cardiac ultrasound is a widely available and convenient 
imaging modality that has become a standard component 
of medical school and residency training [1–6]. The pur-
pose of cardiac ultrasound at the bedside is to allow for the 
rapid assessment of cardiac structure and function in time-
sensitive settings. Given the brisk uptake of cardiac point 
of care ultrasound (POCUS), abbreviated protocols have 
been adopted to ensure that this supplement to the physical 
exam can be completed quickly as a part of routine care. The 
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clinical utility of cardiac POCUS has been demonstrated in 
numerous investigations [7–14] and is a tool that has been 
especially relevant in the setting of the COVID-19 pandemic 
[15, 16]. Various guidelines have been published by different 
specialty groups including critical care, emergency medi-
cine, and cardiology for the training and targets of cardiac 
ultrasound [17–21].

Though not uniformly accepted, the evaluation of regional 
wall motion abnormalities (RWMA) has been included as 
a target of cardiac POCUS in critical care [18, 21]. Iden-
tification of LV dysfunction and RWMA is of significant 
interest to numerous specialties and may alter care pathways 
and triaging. The likelihood that abnormal segments will be 
visualized using only limited cardiac views is not known. 
We sought to evaluate the proportion of time that a single 
standard echocardiographic view would contain abnormal 
LV segments when LV dysfunction was present to determine 
the view that would be least likely to miss abnormalities. 
These results may have implications for training, leading to 
the practice of imaging views of highest yield. Additionally, 
clinician scanners will have a greater awareness of the prob-
ability of missing LV dysfunction in the setting of limited 
cardiac ultrasound images.

Material and methods

Procedures and protocols were approved by the institutional 
review board for all aspects of the study. A waiver of consent 
was approved for this study.

Transthoracic echocardiogram case selection

The transthoracic echos (TTE) of interest were studies com-
pleted at Vancouver General Hospital and University of Brit-
ish Columbia Hospital from September 25, 2017, to January 
15, 2019. Transesophageal and stress echocardiograms were 
not included for the purposes of this analysis. Studies with 
any of the 16 segments scored as 0, unable to grade due to 
quality or technical factors, were excluded. Structured data 
was obtained from the reporting database and no images 
were over-read for the purpose of this study.

Echocardiographic examinations

All TTEs were performed by professional sonographers on 
commercially available echocardiographic platforms using 
phased-array transducers. The TTE studies were acquired 
and interpreted in accordance with the American Society of 
echocardiography standards [22] and ultrasound enhance-
ment agent was utilized as clinically indicated. Structured 
data used for analysis in the study were extracted from the 
clinical record, reported by experienced echocardiographers 

with level 3 training (6 interpreters). Each of the 16 LV wall 
segments was coded from 1 to 5 based on the following 
criteria [22]: Normal = 1 (systolic increase in thickening 
greater than 40%), hypokinesis = 2 (less than 40% thick-
ening), severe hypokinesis or akinesis = 3 (less than 10% 
thickening), dyskinesis (paradoxical systolic motion away 
from the center of the LV) = 4, and aneurysmal (diastolic 
deformation) = 5. These standard segmental labels were 
documented in the echocardiography database as part of 
the clinical report.

Data review and imputations

Following the export of structured TTE data, the entries 
were reviewed for comprehensiveness. In TTEs where none 
of the 16 segments were labeled, all segments were imputed 
as (1) normal if the LVEF was > 52% and (2) hypokinetic 
if the LVEF was < 52%. The threshold of LVEF > 52% was 
considered normal based on current guidelines from the 
American Society of Echocardiography [22]. Studies with 
the absence of labelled RWMA and LVEF greater than 52% 
were considered normal. Analysis for the probability of a 
view containing abnormal segments was only performed on 
TTEs regarded as abnormal: LVEF < 52% or the presence of 
at least 1 segment of RWMA.

Calculation of single‑view prevalence for abnormal 
segments

The echo views of interest for this study were obtained from 
parasternal and apical windows. These views are key com-
ponents of a standard TTE. The 7 views chosen were the 
parasternal long-axis (PLAX), parasternal short axis at the 
mitral valve level (PSAX M), parasternal short axis at the 
papillary muscle level (PSAX PM), parasternal short axis at 
the apex (PSAX A), apical 2 chamber (AP2), apical 3 cham-
ber (AP3), and apical 4 chamber (AP4) view. A schematic 
of the component segments of each view is shown in Fig. 1. 
Only TTEs with at least 1 segment that was designated as 
abnormal (segment score greater than 1) were used in the 
evaluation of single-view probability for detection of LV 
dysfunction. For each of the 7 TTE views, we calculated the 
proportion of time that a view would contain segments that 
would demonstrate abnormalities, providing the marginal 
percentages for the purpose of analysis.

Statistical analysis

McNemar’s test was adjusted for 21 pair-wise comparisons 
against the 7 views for the likelihood of detecting LV dys-
function. All analyses were performed overall and separated 
into males and females for subgroup analysis. Comparison 
of differences in proportions based on sex was evaluated 
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with a 2 tailed z-test. Subgroup analyses were performed on 
TTEs with RWMA only (exclusion of global LV dysfunc-
tion samples), LVEF < 40%, and LVEF ≥ 40%. The analyses 
were performed using SAS v9.4 (SAS Institute, Cary, North 
Carolina). A p-value of less than 0.05 was considered statis-
tically significant.

Results

There were a total of 19,835 TTE studies from Septem-
ber 25, 2017, to January 15, 2019. There were 34 studies 
excluded due to the presence of at least 1 segment coded as 
0 (unable to evaluate). There were 15,733 studies regarded 
as normal, LVEF > 52% and absence of RWMA. This left 
a total of 4102 TTEs with graded segments and abnormal 
LV function (21%) for analysis. Approximately half of the 
abnormal LV TTEs were due to global LV systolic dysfunc-
tion (49.4%) with the remaining 50.5% attributed to RWMA. 
Males encompassed 72.7% of this cohort (2983/4102) and 
the mean age was 67.7y ± 14.2y. The average body mass 
index of the cohort was 26.0 ± 5.5 with a mean LV ejection 
fraction of 42.3 ± 9.7%. The segment most likely to be des-
ignated as abnormal was the apical septal segment (79.6% of 

the time) and the segment least likely to be coded as abnor-
mal was the basal anterolateral segment (55.9% of the time). 
A summary of the distribution of abnormalities by segment 
is shown in Supplemental Fig. 1 and 2.

Single‑view probability for containing abnormal LV 
segments

There were 4102 TTEs that met inclusion criteria. Using the 
7 previously described views of interest, the proportion of 
time that a view would contain at least 1 abnormal segment 
was as follows: PLAX 82.5%, PSAX M 86.5%, PSAX PM 
90.4%, PSAX A 84.7%, AP2 93.4%, AP3 90.4%, and AP4 
90.4% (Fig. 2). Overall, the PLAX view was the least likely 
to include abnormal LV segments (p < 0.015, compared to 
all other views). The parasternal view that was most likely to 
demonstrate LV dysfunction was the PSAX PM which was 
significantly better than the PSAX A (p < 0.001) and PSAX 
M (p < 0.001) views and comparable to the AP3 (p = 1.0) 
and AP4 views (p = 1.0). The AP2 chamber view performed 
best overall and was superior to the AP3 (p < 0.001) and 
AP4 (p < 0.001) views. Summary of study findings shown 
in Fig. 3. 

Fig. 1   Echocardiographic 16 segment model. Schematic diagram 
of each of the 7 echo views of interest and the segments included in 
each view. AP2 apical 2 chamber view, AP3 apical 3 chamber view, 
AP4 apical 4 chamber view, PLAX parasternal long-axis view, PSAX 

A parasternal short-axis view at the level of the apex; PSAX M par-
asternal short-axis view at the level of the mitral valve, PSAX PM 
parasternal short-axis view at the level of the papillary muscle



754	 The International Journal of Cardiovascular Imaging (2022) 38:751–758

1 3

When these results were examined by sex, the overall 
result was similar but there were differences in LV abnor-
mality prevalence for 2 views between males and females 
(Fig. 4). In females, the PSAX PM view was significantly 
less likely to include abnormalities as compared to males 

88.3% versus 91.2% (p = 0.005) and was not superior to the 
PSAX A and PSAX M views. Additionally, the AP4 view 
was more likely to contain LV abnormalities in females com-
pared to males, 91.7% versus 89.8% (p = 0.006), performing 
comparably to the AP2 view (93.3%, p = 1).

Fig. 2   Single echo view prevalence of abnormal left ventricular sys-
tolic function. Percentage of time that a single view will contain at 
least 1 segment coded as abnormal when left ventricular dysfunc-
tion is present. McNemar’s test with 21 adjusted pair-wise compari-
sons. *p < 0.05, compared to all other groups; †p < 0.05, PSAX PM 
vs. PLAX, PSAX M, PSAX A, AP2. AP2 had the greatest likelihood 
of including an abnormal segment and the PLAX was least likely to 

include an abnormal segment. AP2 apical 2 chamber view, AP3 api-
cal 3 chamber view, AP4 apical 4 chamber view, PLAX parasternal 
long-axis view, PSAX A parasternal short-axis view at the level of the 
apex; PSAX M parasternal short-axis view at the level of the mitral 
valve, PSAX PM parasternal short-axis view at the level of the papil-
lary muscle

Fig. 3   Graphical summary of study findings
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Single‑view probability for containing abnormal LV 
segments: RWMA subgroup

Similar results are observed when examining echocardio-
grams reporting RWMA, excluding samples designated as 
global dysfunction. There were 2072 TTEs with a mean age 
of 68.6 ± 12.7 years, LVEF 44.4 ± 10.0%, and 75.6% male. 
Using the 7 views of interest, the proportion of time that a 
view would contain at least 1 abnormal segment was as fol-
lows: PLAX 65.4%, PSAX M 73.2%, PSAX PM 80.9%, PSAX 
A 69.8%, AP2 87.3%, AP3 81.0%, and AP4 80.9%. Again, the 
PLAX view was the least likely to include abnormal LV seg-
ments (p < 0.015, compared to all other views) and the AP2 
chamber view performed best overall (p < 0.001, compared to 
all other views).

Single‑view probability for containing abnormal LV 
segments: LVEF < 40% subgroup

When focusing on a sample with abnormal LV systolic func-
tion (global or RWMA) and LVEF < 40%, there are slight 
differences in view performance. There were 1338 TTEs 
with males making up 75.9% of the cohort. The proportion 
of time that a view would contain at least 1 abnormal seg-
ment was as follows: PLAX 96.5%, PSAX M 94.3%, PSAX 
PM 99.2%, PSAX A 96.5%, AP2 98.0%, AP3 98.9%, and 
AP4 97.9%. The view that was least likely to include abnor-
mal LV segments was the PSAX M (p < 0.001, compared to 
all other views except the PSAX A view). The view with best 

performance was the PSAX PM view though there was no 
statistical difference compared with the AP2 and AP3 view. 
The PSAX PM view was significantly better than the PLAX 
(p < 0.001), PSAX M (p < 0.001), PSAX A (p < 0.001), and 
AP4 view (p = 0.028).

Single‑view probability for containing abnormal LV 
segments: LVEF ≥ 40% subgroup

For echocardiograms with abnormal LV systolic function 
(global or RWMA) and LVEF > 40% there were 2764 sam-
ples with males making up 71.2% of the cohort. The propor-
tion of time that a view would contain at least 1 abnormal 
segment was as follows: PLAX 75.7%, PSAX M 82.7%, 
PSAX PM 86.1%, PSAX A 79.1%, AP2 91.4%, AP3 86.3%, 
and AP4 86.8%. The view that was least likely to include 
abnormal LV segments was the PLAX view (p < 0.008, com-
pared to all other views). The view with the best perfor-
mance was the AP2 (p < 0.001, compared to all other views).

Combination view probability for detection 
of abnormal LV segments

Recognizing that LV systolic dysfunction is best detected 
with multiple views, additional analysis was performed to 
determine the second view that would be of highest yield. 
The AP2 view failed to detect LV dysfunction in 6.6% of 
samples when abnormalities were present. The view that was 
most likely to detect the remaining abnormalities was the 

Fig. 4   Single echo view prevalence of abnormal left ventricular 
systolic function by sex. Percentage of time that a single view will 
contain at least 1 segment coded as abnormal when left ventricular 
dysfunction is present by sex. 2 tailed z-test was performed to deter-
mine the difference in proportion between sexes. *p < 0.01. There was 
a lower prevalence of abnormal segments in females for the PSAX 
PM (p = 0.00496) and a greater prevalence of abnormal segments in 
females for the AP4 (p = 0.00614). The AP2 view demonstrated LV 

dysfunction most frequently regardless of sex with similar probability 
of containing an abnormal segment. AP2 apical 2 chamber view, AP3 
apical 3 chamber view, AP4 apical 4 chamber view, PLAX parasternal 
long-axis view, PSAX A parasternal short-axis view at the level of the 
apex; PSAX M parasternal short-axis view at the level of the mitral 
valve, PSAX PM parasternal short-axis view at the level of the papil-
lary muscle
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AP4 view, picking up an additional 78.4%. When the AP2 
and AP4 view are used in combination, 98.6% of samples 
with LV systolic dysfunction were detected in this cohort. 
As an alternate to the apical windows, the best parasternal 
window for a second view would be the PSAX PM which 
would detect an additional 76.5% of missed samples. When 
used in combination, the AP2 and PSAX PM view would 
detect 98.5% of samples with LV systolic dysfunction.

Discussion

The principal findings of the study were: (1) in patients with 
LV systolic dysfunction, a single echocardiographic view 
would include abnormal LV segments over 82% of the time, 
(2) the best parasternal short-axis window is at the papillary 
muscle level (PSAX-PM), and (3) the apical views are more 
likely to include LV abnormalities when one is present. This 
study demonstrates that even single views obtained on echo 
can be useful for the evaluation of LV systolic abnormali-
ties with a relatively low probability of excluding abnormal 
segments. However, given the lower likelihood of includ-
ing abnormal segments using the PLAX view, acquisition 
from the apical windows would be advised if only limited 
images can be acquired due to technical or clinical factors. 
Given the lower number of segments included in the PLAX 
and PSAX A views, it is not unexpected that these would 
be the views that are of the lowest yield, however, the dis-
tribution of RWMA is not uniform. Furthermore, the eti-
ology for RWMA is mostly likely secondary to coronary 
artery disease which is more likely to impact the distal seg-
ments. Therefore, the apical views have been expected to 
be of greatest likelihood of including abnormalities due to 
the presence of the apical segments. Our finding highlights 
the need for proficiency in apical window scanning even in 
clinician scanners who would typically acquire only limited 
images. These results quantify the probability of missing LV 
systolic dysfunction if relying on single views and supports 
the standard practice of attempting to acquire multiple views 
to improve accuracy and diagnostic confidence.

This study is technically theoretical in that it examines 
the prevalence of RWMA that would be expected to be vis-
ualized in each respective view. The labels for abnormali-
ties themselves are derived from full TTE studies, typically 
with over 100 video loops that allowed for comprehensive 
evaluation of each LV myocardial segment. We chose to 
focus on only abnormal studies to determine the likelihood 
of missing abnormalities using a single echo view. The 
abnormality prevalence we report would be dependent on 
adequate image quality for each view and visualization 
of every segment which may not have been possible in 
practice. The values calculated in our study is a reflection 
of the real-world distribution of RWMAs in consecutive 

patients at a tertiary care hospital. The prevalence and ter-
ritories of RWMA will depend on the population and the 
indication for echocardiogram as demonstrated in other 
investigations for prediction of acute coronary syndrome. 
In a cohort without prior revascularization admitted with 
non-ST elevation myocardial infarction, 52% of patients 
had RWMA on echocardiogram with the most commonly 
impacted segments in the inferior distribution (31.7%) 
[23]. Similar results were observed in a study with pre-
hospital echo performed by emergency physicians. In 
patients with confirmed subsequent NSTEMI, the most 
frequent RWMA localization was at posterior wall (70% of 
the cases) [24]. Given these findings we would expect that 
the AP2 view would perform well for detection of abnor-
malities for the aforementioned studies, in agreement with 
our study, though the performance characteristics may dif-
fer by cohort composition.

An important limitation of this study is that we relied 
on the use of structured echo reports for the designation 
of LV dysfunction and RWMA. We did not review any 
images to verify the accuracy of LVEF or RWMA reported 
and acknowledge that intra and interobserver variability in 
reporting of RWMA can be significant [25–27] in addition 
to the potential for mislabeling. Reported values for interob-
server agreement for reporting of LV segment scores varies 
from 76 to 100% with intraobserver agreement of 82–92% 
in small studies [26, 27]. Furthermore, the issue of clini-
cal disagreement is likely accentuated in settings of poor 
image quality, something that was not evaluated in the cur-
rent study. That being said, these were clinical reports that 
were used in patient care, interpreted by advanced trained 
echocardiographers, scanned by professional sonographers 
and would generally be regarded as the reference standard. 
Although these findings may be most relevant to settings 
of limited cardiac ultrasound performed by clinicians, we 
recognize that there will be differences in the scanning and 
diagnostic ability of the broad range of physicians who per-
form limited cardiac ultrasound that is not captured by this 
study. The abnormality that we focused on was LV systolic 
dysfunction and therefore these results do not apply to the 
detection of other important pathology such as right heart 
dysfunction, valve disease, or pericardial effusion.

Conclusions

We demonstrate that in TTE studies with documented LV 
dysfunction, single-views will contain at least 1 abnormal 
LV segment 82–93% of the time. We also show that there 
is a slight variation in terms of LV wall motion abnormal-
ity by sex which may represent difference in distribution of 
coronary artery disease between males and females. Future 
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studies examining image quality, ease of view acquisition, 
and sensitivity for detection of other abnormalities includ-
ing pericardial effusion, right ventricular dysfunction, and 
major valve disease would be of value to determine the opti-
mal views to learn and acquire in limited echo and cardiac 
POCUS.
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